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Abstract (First part of stance) 
/0 01tain relia1le 6al0ri7etri6 in80r7ati0n 8r07 t9e 8l"0re,6en6e ,tati0n,, t9e 
at70,;9eri6 60nditi0n, at t9e *=G?@A, ,ite need t0 1e 70nit0red 60ntin"0",lB d"rin+ 
0;erati0n.  Cne 08 t9e 607;0nent, 08 t9e 01,ervat0rBA, at70,;9eri6 70nit0rin+ ,B,te7 
i, a ,et 08 80"r ela,ti6 1a6E,6atter lidar ,tati0n,, 0ne ,tati0n at ea69 08 t9e 8l"0re,6en6e 
dete6t0r ,ite,.  Fn t9i, ;art it will 1e de,6ri1ed t9e de,i+n, 6"rrent ,tat",, ,tandard 
0;erati0n ;r06ed"re, and ;er80r7an6e 08 t9e lidar ,B,te7 08 t9e Hierre *"+er 
C1,ervat0rB.  Ie,ide,, a 9"71le ;r0;0,al 80r 0ne eJten,i0n t0 t9e lidar 60ntr0l ,B,te7 
will 1e intr0d"6ed. *6tivitie, d0ne at t9e Kalar+"e ,ite. 
 
Abstract (Second part of stance) 
=; t0 n0w, t9e *F@?S K0nte6arl0 ;r0+ra7 d0e, n0t 9ave a ,"1r0"tine t0 60n,ider 
eJ0ti6,, in t9i, ,e6ti0n it will 1e de,6ri1ed t9e 8ir,t atte7;t t0 write MC@/@*N 60de t0 
60n,ider de rea6ti0n OPQOPQPQPQ pXkpNk !"! #$ # . /9e,e a6tivitie, were d0ne at 
=niver,idad Na6i0nal de Ra Hlata. 
 
Introduction: (First part) 
 
/9e Hierre *"+er C1,ervat0rB i, a 9B1rid dete6t0r w9i69 6071ine, a lar+e ,"r8a6e 
dete6t0r QSSP arraB 08 area 3''' E72 and a ,B,te7 08 80"r 8l"0re,6en6e tele,60;e, QMSP 
at t9e ,a7e ,ite.  
 
U9ile t9e SS ;r0vide, t9e well-de8ined a;ert"re and t9e 1'' W d"tB 6B6le needed t0 
a69ieve 9i+9 ,tati,ti6,, t9e MS ;r0vide,, 80r a ,"1,et 08 ,90wer,, t9e 6al0ri7etri6 
in80r7ati0n t0 6ali1rate t9e SS. 
 
M0r t9e 6ali1rati0n t0 1e 7eanin+8"l, t9e ;r0;ertie, 08 t9e 6al0ri7eter,  Qt9e 
at70,;9ereP, 7",t 1e well-En0wn.  
Harti6le, in t9e at70,;9ere, C9erenE0v radiati0n and t9e weat9er need t0 1e 8a6t0red 
int0 t9i, 6ali1rati0n.  
 
Ml"0re,6en6e li+9t 8r07 air ,90wer, i, a88e6ted 1B t9e a1,0r;ti0n and ,6atterin+ 0n 
70le6"le, and aer0,0l,, and, in additi0n, ,07e 8ra6ti0n 08 t9e C9erenE0v radiati0n 8r07 
t9e relativi,ti6 ;arti6le, in t9e air ,90wer 6a,6ade i, ,6attered int0 t9e dete6t0r.  
 
/9i, C9erenE0v li+9t 6ann0t 1e ,e;arated 8r07 t9e 8l"0re,6en6e li+9t, and ,0 t9e 
60nta7inati0n 1B C9erenE0v li+9t need, t0 1e 70deled and ,"1tra6ted t0 +ive an 
a66"rate ener+B e,ti7ate 80r t9e 60,7i6 raB ,90wer. 



 
K0re0ver, t9e li+9t tran,7i,,i0n ;r0;ertie, 08 t9e at70,;9ere are n0t 60n,tant 0ver t9e 
lar+e dete6t0r v0l"7e 08 t9e Hierre *"+er C1,ervat0rB, and eY"allB i7;0rtant, t9eB are 
n0t 60n,tant in ti7e. C9an+in+ weat9er 60nditi0n, inevita1lB 7ean 69an+in+ 
tran,7i,,i0n ;r0;ertie,. C0n,eY"entlB, t9e ;r0;ertie, 08 t9e at70,;9ere need t0 1e 
70nit0red 60ntin"0",lB. 
 
/9e Hierre *"+er C1,ervat0rB 9a, an eJten,ive ;r0+ra7 t0 70nit0r t9e at70,;9ere 
wit9in t9e MS a;ert"re and 7ea,"re at70,;9eri6 atten"ati0n and ,6atterin+ ;r0;ertie, in 
t9e 3'' t0 Z'' n7 ,en,itivitB ran+e 08 t9e MS,. Uit9in t9i, ,B,te7, a 6entral r0le i, 
;laBed 1B a ,B,te7 08 80"r ela,ti6 1a6E,6atter lidar Qli+9t dete6ti0n and ran+in+P 
,tati0n,, 0ne at ea69 8l"0re,6en6e ,ite.  
 
/9e ,B,te7 i, 6"rrentlB "nder 60n,tr"6ti0n, wit9 t9ree 0"t 08 80"r ,tati0n, 0;eratin+. *t 
ea69 lidar ,tati0n, a 9i+9-re;etiti0n =[ la,er ,end, ,90rt la,er li+9t ;"l,e, int0 t9e 
at70,;9ere in t9e dire6ti0n 08 intere,t. /9e 1a6E,6attered ,i+nal i, dete6ted a, a 8"n6ti0n 
08 ti7e 1B ;90t07"lti;lier t"1e, at t9e 806", 08 ;ara10li6 7irr0r,. /9e la,er and t9e 
7irr0r, are 70"nted 0n a ,teerin+ 8ra7e t9at all0w, t9e lidar t0 60ver t9e 8"ll azi7"t9 
and elevati0n. 
 
M0r ea69 90"r 08 MS data taEin+, t9e 80"r lidar, ;er80r7 a r0"tine ,6an 08 t9e ,EB 0ver 
ea69 MS, ;r0vidin+ a 7ea,"re7ent 08 t9e aer0,0l ,6atterin+ and a1,0r;ti0n ;r0;ertie, 08 
t9e at70,;9ere. M"rt9er70re, t9e lidar ;r0vide, in80r7ati0n a10"t t9e 9ei+9t and 
60vera+e 08 6l0"d, a, well a, t9eir de;t9 and 0;a6itB.  
 
Fn additi0n t0 t9i, r0"tine 0;erati0n, t9e lidar ,B,te7 i, ",ed 80r real ti7e 70nit0rin+ 08 
t9e at70,;9eri6 9070+eneitB 1etween t9e MS, and ,ele6ted 60,7i6 raB event,. M0r 
eJa7;le, i8 a 9i+9 ener+B ]9B1rid^ event i, 01,erved wit9 t9e SS and 0ne 0r 70re MS,, 
t9e r0"tine ,6an i, interr";ted and t9e lidar ,6an, t9e ,90wer dete6t0r ;lane re;0rted 1B 
t9e MS wit9in a 8ew 7in"te, 08 t9e dete6ti0n 08 t9e event. /9i, ;r06ed"re i, 6alled 
^,900t t9e ,90wer^ QStSP and all0w, 80r a re_e6ti0n 08 event, w9ere t9e li+9t ;r08ile 
8r07 t9e tra6E i, di,t0rted 1B 6l0"d, 0r 0t9er aer0,0l n0n-"ni80r7itie, t9at are n0t 
69ara6terized well 1B t9e avera+e 90"rlB aer0,0l 7ea,"re7ent,. 
 
Operation 
 
/9e lidar i, a6tive 1etween t9e end 08 a,tr0n07i6al twili+9t 08 0ne daB and t9e 
1e+innin+ 08 twili+9t t9e 80ll0win+ daB. Fn t9i, waB, a +00d ,i+nal-t0-n0i,e rati0 i, 
a,,"red 80r t9e w90le lidar data,et.  
 
*8ter t9e tele,60;e 60ver i, 0;ened, an initializati0n ;r06ed"re i, eJe6"ted t0 6ali1rate 
t9e in6re7ental en60der, ",ed t0 deter7ine t9e tele,60;e ;0,iti0n. * we16a7 l06ated in 
t9e interi0r 08 t9e tele,60;e 60ver i, ",ed t0 ,";ervi,e t9at t9e,e ta,E, are eJe6"ted 
60rre6tlB. Fn t9i, waB, 1e80re ,tartin+ a r"n, t9e 0;erat0r 9a, in80r7ati0n a10"t t9e ,tat", 
08 t9e tele,60;e in real ti7e and a10"t t9e weat9er 60nditi0n, 08 ea69 ,ite t9r0"+9 t9e 
in80r7ati0n 1ein+ ,ent t0 t9e lidar we1 ,ite. 
 
M0ll0win+ initializati0n, t9e ,B,te7 enter, an 0;erati0nal 70de 6alled *"t0S6an. Fn 
*"t0S6an 70de, t9e tele,60;e ;er80r7, a 6B6le 08 ,teerin+ ,6ri;t,, "nle,, 0t9erwi,e 
interr";ted "ntil t9e end 08 t9e ni+9t. U9en t9e la,er i, 8ired, t9e tele,60;e ;0,iti0n i, 



deter7ined 1B t9e 600rdinate, 60ntained in t9e,e ,6ri;t,. /9ere are 80"r 7ain ,teerin+ 
,trate+ie,` t9ree 7aEin+ "; t9e *"t0S6an ;attern and a 80"rt9, ,900t-t9e-,90wer, t9at 
;eri0di6allB interr";t, t9e *"t0S6an. /9e,e ,trate+ie, are di,6",,ed 1el0w` 
 
Continuous scans:  
 
Fn t9i, ,6an, t9e tele,60;e i, 70ved 1etween tw0 eJtre7e ;0,iti0n, wit9 a 8iJed an+"lar 
,;eed w9ile t9e la,er i, ,90t.  
 
/9e tele,60;e ,wee;, t9e ,EB al0n+ tw0 0rt90+0nal ;at9,, ea69 08 t90,e wit9 an 
a;ert"re an+le 08 a'b.  
 
/9e ;"r;0,e 08 t9e,e ,6an, i, t0 ;r0vide ",e8"l data 80r ,i7;le 6l0"d dete6ti0n 
te69niY"e, and t0 ;r01e t9e at70,;9ere 80r 90riz0ntal 9070+eneitB. *n eJa7;le 08 t9e 
data ;r0d"6ed 1B t9i, Eind 08 ,6an i, ;re,ented in t9e neJt 8i+"re. 
 

 
 
 
Discrete scans:  
 
/9e tele,60;e i, ;0,iti0ned at a ,et 08 ;arti6"lar 600rdinate,. /9e an+"lar di,tan6e 
1etween tw0 ,"1,eY"ent ;0int, in6re7ent, wit9 a 8iJed ,te; in ! Qzenit9 an+le 08 t9e 
tele,60;e ;0,iti0nP.  
 
/9e ;"r;0,e 08 t9i, an+"lar di,tri1"ti0n i, t0 ,";;lB a 60n,tant ,te; in 9ei+9t at a +iven 
90riz0ntal di,tan6e 8r07 t9e lidar everB ti7e t9e tele,60;e 70ve, 1etween tw0 
;0,iti0n,. Ie6a",e t9e di,6rete ,90t, in6re7ent in ,te;, 08 eY"al 9ei+9t, and t9e 
tele,60;e re7ain, at t9e ,a7e 600rdinate, 80r l0n+er ti7e ;eri0d, t9an 0n t9e 
60ntin"0", ,6an,, t9e data 01tained 8r07 di,6rete ,6an, are verB ",e8"l t0 deter7ine t9e 
verti6al di,tri1"ti0n 08 aer0,0l, in t9e at70,;9ere. 
 
 
 



 
Shoot the Shower:  
 
/9i, ra;id re,;0n,e 70de i, ",ed t0 7ea,"re t9e at70,;9eri6 atten"ati0n in t9e line 08 
,i+9t 1etween t9e MS tele,60;e, and a dete6ted 60,7i6 raB ,90wer. /9i, ,6annin+ 70de 
,",;end, anB 08 t9e ;revi0",lB 7enti0ned ,wee;,.  
 
/9e len+t9 08 t9e lidar r"n de;end, 0n t9e len+t9 08 a,tr0n07i6al twili+9t, w9i69 varie, 
0ver t9e 60"r,e 08 t9e Bear 8r07 le,, t9an 8ive 90"r, d"rin+ t9e ,"77er t0 al70,t 
80"rteen 90"r, d"rin+ t9e winter. /9i, 9a, a dire6t i7;a6t 0n t9e a70"nt 08 data 
+enerated 1B ea69 ,tati0n d"rin+ a data a6Y"i,iti0n r"n. 
 
* ;ri7arB de,i+n reY"ire7ent 08 t9e lidar ,B,te7 i, t9at it ;r01e, t9e at70,;9ere al0n+ 
t9e tra6E, 08 60,7i6 raB, 01,erved 1B t9e MS,.  
 
/9i, 8"n6ti0n, 6alled ,900t-t9e-,90wer QStSP, eJi,t, t0 ;r0vide t9e MS, wit9 at70,;9eri6 
1a6E,6atterin+ and a1,0r;ti0n 60e88i6ient, 80r ,90wer, 08 ;arti6"lar intere,t. StS i, 
7eant t0 607;en,ate 80r "n","al and 9i+9lB l06alized at70,;9eri6 60nditi0n, t9at 6an 
a88e6t MS 01,ervati0n, at di88erent ti7e, 08 t9e Bear.  /9e,e in6l"de t9e ;re,en6e 08 l0w 
and 8a,t 6l0"d,, and l0w-level aer0,0l, d"e t0 80+, d",t, 0r land 8ire,. 
 
/9e 1a,i6 0;erati0n 08 StS i, de;i6ted in t9e neJt 8i+"re.  /9e aJi, 08 a 60,7i6 raB air 
,90wer, w9en ;r0_e6ted 0nt0 t9e 8ield 08 view 08 an 01,ervin+ air 8l"0re,6en6e dete6t0r, 
de8ine, a ;lane 6alled t9e ,90wer-dete6t0r ;lane, 0r SSH.  
 

 
 
U9en a lidar ,tati0n ,900t, t9e ,90wer, it ;er80r7, a ,erie, 08 la,er ,90t, wit9in t9i, 
;lane, deter7inin+ t9e at70,;9eri6 tran,7i,,i0n 1etween t9e ,90wer ,e+7ent and t9e 
MS. M0r a +iven ,90wer, "; t0 ,iJtB ,90t, 7aB 1e taEen, all wit9in t9e MS 8ield 08 view. 
 
/0 0;erate e88e6tivelB, t9e lidar 7",t ,900t ,90wer, 08 i7;0rtan6e t0 t9e 0verall 
dete6t0r analB,i, wit9 a 7ini7"7 08 delaB a8ter ea69 ,90wer 066"r, and wit9 7ini7"7 
di,r";ti0n t0 t9e n0r7al 0;erati0n, 08 t9e MS.  
 
 



H9B,i6, event, are 7ade availa1le t0 t9e lidar 1B ;i6Ein+ 088 t9e SS and MS data ,trea7 
,ent 60ntin"0",lB t0 t9e 01,ervat0rBA, Central Sata *6Y"i,iti0n SB,te7 QCS*SP, 
l06ated in t9e 01,ervat0rBA, 6entral 6a7;",. * ;r0+ra7 r"nnin+ in CS*S 70nit0r, 
in607in+ data, 69e6E, 80r 9B1rid and ,tere0 event,, and 6al6"late, StS tra_e6t0rie,. StS 
reY"e,t, are ,ent t0 t9e lidar ,tati0n data a6Y"i,iti0n and 60ntr0l HC, QRidarHC,P, w9i69 
initiate t9e la,er ,90t,. 
 
C077"ni6ati0n 1etween t9e lidar ,tati0n, and CS*S, ,90wn ,69e7ati6allB in t9e neJt 
8i+"re, 066"r, 0ver t9e netw0rE linE, 1etween t9e 6entral 6a7;", and t9e 80"r MS 
,"1netw0rE,. ?a69 RidarHC li,ten, 0n an 0;en /CH ;0rt 80r StS reY"e,t, 8r07 t9e 
MScSS K0nit0r r"nnin+ in CS*S.  
 
*, t9e lidar ,900t,, it ret"rn, 1a,i6 dia+n0,ti6 in80r7ati0n, ,"69 a, ,900tin+ dire6ti0n, 
and HK/ ,i+nal ;eaE,, 1a6E t0 CS*S 80r di,;laB. * /CH ,06Eet ,erver 0;eratin+ in 
CS*S 7ana+e, t9e 1idire6ti0nal 8l0w 08 data ;a6Eet, 1etween t9e 6entral 6a7;", and 
t9e lidar ,tati0n,. See neJt 8i+"re. 
 

 
 
 
Ridar, re6eivin+ StS reY"e,t, 8r07 CS*S a"t07ati6allB ,t0; t9e de8a"lt ,900tin+ 
0;erati0n Q*"t0S6anP, 70ve t0 t9e MS 8ield 08 view, initiate t9e StS, and t9en re,"7e 
t9e *"t0S6an w9en StS i, 607;lete. F8 t9e lidar re6eive, a StS reY"e,t w9ile ,900tin+ 
an0t9er ,90wer, t9e reY"e,t i, ;",9ed int0 a Y"e"e 80r later ;r06e,,in+. 
 
 
/0 7ini7ize t9e MS dead-ti7e intr0d"6ed 1B StS, t9e lidar ,08tware 6"t, 0n event ,ize, 
red"6in+ t9e n"71er 08 reY"e,t, t0 ,everal ;er MS ,ite ;er ni+9t. * 8"rt9er red"6ti0n in 
t9e rate i, a69ieved 1B re_e6tin+ event, 6a",ed 1B En0wn arti8i6ial li+9t ,0"r6e, in t9e 
dete6t0r, ,"69 a, 0t9er lidar ,tati0n,. 



Fn additi0n, t9e inten,itB 08 t9e 9i+9-re;etiti0n la,er 7ean, t9at t9e lidar 7",t 6are8"llB 
av0id in6ident, 08 6r0,, 8ire int0 0t9er "nvet0ed MS 1"ildin+, d"rin StS. /9ere80re, 
an+"lar wind0w, 08 a;;r0Ji7atelB db in azi7"t9 and 1'b in zenit9 are de8ined ar0"nd 
ea69 MSe t9e lidar i, 80r1idden 8r07 enterin+ t9e,e wind0w, d"rin+ StS.  /9e an+"lar 
wind0w, are drawn in t9e neJt 8i+"re. 
 
 

 
 
 
/9e neJt 8i+"re ,90w, t9e ,6an, de,6ri1ed a10ve.  /9e +reen d0t, are a ,et 08 di,6rete 
,6an,, t9e 1l"e d0t, are t9e 60ntin"0", ,6an and t9e ;"r;le d0t, are t9e ,900t t9e ,90wer 
,6an. 
 

 



S"rin+ t9e ,9i8t ti7e,, ,;e6ial 6are 9a, t0 1e taEen wit9 t9e en60der, t9at ,et t9e lidar 
;0,iti0n t0 zer0 in azi7"t9 and zenit9.  
 
* ,et 08 ,"1r0"tine, in Cff and @CC/ were written t0 veri8B t9at t9e zer0 ;0,iti0n wa, 
rea69 60rre6tlB. /9e neJt 80"r 8i+"re ,90w t9e re,"lt, 01tained.   
 
 

 

 
 



 
 

 
 
Mr07 t9e la,t 8i+"re, we realized t9at t9e lidar did n0t rea69 t9e zer0 ;0,iti0n a, wa, 
eJ;e6ted. /9e,e ;l0t, 9el;ed t0 7ea,"re t9e ri+9t ,i+nal 1B ,"1,tra6tin+ t9e 8al,e zer0.  
 
/9e a6tivitie, a, ,9i8ter were ,69ed"led 80r w0rEin+ 0ne weeE 80r t9e S"r8a6e Sete6t0r 
and tree weeE, 80r t9e Ml"0re,6en6e Sete6t0r. 
 



/9e w0rE 80r t9e S"r8a6e Sete6t0r 60n,i,ted 7ainlB in d0in+ water de;l0B7ent, at la 
;a7;a a7arilla.   
 
Introduction: (Second part) 
 
M0r t9e ,e60nd 70nt9 F wa, w0rEin+ wit9 Hr08e,,0r Ser+i0 S6i"t0 8r07 =niver,idad 
Na6i0nal de Ra Hlata.  
 
/9e w0rE at =NRH 60n,i,ted in 6al6"latin+ t9e *,B7;t0ti6 ne"trin0-n"6le0n 6r0,, 
,e6ti0n 80r t9e ;r06e,, 
 

                            OPQOPQPQPQ pXkpNk !"! #$ #  
 
/9e re,"lt 607;ared t0 t9at in 9e;-;9c'd122da i, ,90wn in t9e neJt 8i+"re. 
 
 

 
Further work 
 
/9e neJt ,te; will 1e 6al6"late t9e 7ean 8ree ;at9 a, de,6ri1ed in 9e;-;9c'd122da 
 

%

it9 t9e,e we will 1e a1le t0 eJtend t9e *F@?S ;r0+ra7 wit9 a t0B 70del 80r 

                                PgP,QhQPQ &' EznE iii
()  

1

U
,i7"latin+ w9at we 6alled t9e d0"1le 1an+ i.e. t9e d0"1le intera6ti0n 08 0ne ne"trin0 
wit9 t9e at70,;9ere. 
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