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2- ldentify instrument
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3- Instrument enrollment... NDACC-style ?
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Instrument enrollment... GRUAN-style (basic)
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GRUAN Lidar Group

LidarRunClient
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GRUAN lidar Programme, version 2:

1- Centralized processing and archival

2- IGLIMP meta data file for full
traceability of meta data



7- Enrollment, GRUAN-style (optimal)....
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2013-2014:
Definition and Design of the LidarRunClient

= “LidarRunClient” first prototype, presented to WG-GRUAN, ICM-6 (2014)

' v
£ LidarRunClient v0.L5 (2014-03-04) o e . B>
Info ‘s Start Page % LidarRun [1|2014-03-10T12[1] = I
Steps Instrumentation
el W
a rigz 1. Observation
2. Instrumentation =Tl T L1 LEEEL T
3. Channels Add a part V| Type
Program: LidarRunClient 4. Operating procedures
- A v Sub-type
Version: 0.15 (2014-03-04) 5. Measurement conditions
G. Attach files = Emitter Model Change
R 7. Upload 00 - YAGLO1 /Laser (TBAOOT) -
Navigation
- _ 01 - PBPO1/ MirroriLens (TBADO3) SN /Part 1D
Operational Functions —— 02 - BEX01 / MirroriLens (TBAO04)
Start page = Receiver ) e
: 03 - HWPO1 / Filter (TBAG02) Function  [not defined]
T 04 - TELO1 / Mirror/Lens (TBADO) Comments
05 - TELOZ / Mirror/Lens (TBAOOS)
06 - TELO3 / Mirror/Lens (TBAOOG)
General ———— 07 - TELO4 / Mirror/Lens (TBAOOT)
08 - REFO1 / Filter (TBADDS)
Show log .
09 - REF02 / Filter (TBADOS) :
T 10 - REFO3 [ Filter (TBAQ11) [ Fiter | Fuiname  addPropery  Clear Lt
11 - REF04 [ Filter (TBAO12) MName Value Unit

Exit Program 12-FIB01 / FieldStop (TBAD13)
13- FIB02 / FieldStop (TBAO14)

14 - FIBO3 / FieldStop (TBAO15)

15 - FIBO04 / FieldStop (TBAO1E)

16 - FIBO5 / FieldStop (TBA017)

17 -LS01 / Mirror/Lens (TBAO18)

18 - REF05 / Filter (TBA019)

19- 1502/ Mirror/Lens (TBAO20)

20 - HGO1 / Filter (TBA021)

21-RMO1 / Mirror/Lens (TBA022)

22 -FS01/ FieldStop (TBAD23)
23-FLS01/ MirroriLens (TBAD24)
24 - PMT01/ PhotoDetector (TBA025)
25-TRPCO1 / DataAnalyzer (TBAO2E)
26 - DACO1 / Computer (TBA027)

27 - DAS01/ Software (TBA028) v

Finish




2014-2015:

Development of the Centralized Data Processing

=2 “GLASS” first prototype, presented to WG-GRUAN, ICM-7 (2015)

o e

GRUAN LC | < tGLIMP _____ 3 _Ny=Afesund- Potenza

Instrument =g More
! ! config. : s sites...
' v history -
! _LidarRunClient
N —— ¢ .
' . -—--| LidarRuncClient LidarRunClient LidarRunClient LidarRunClient
| for Payerne for Ny-Alesund for Potenza for more sites
i Upload raw &
: == Y meta data \ 4 \ 4 \ 4
v Centralized GRUAN lidar raw and meta data repository

IGLIMP (instr. config. history)

FULL NAME: Water Vapor lidar in Payerne
RALMO : System name
Payerne : Site name

6.90 : Site Longitude (E)

46.80 : Site Latitude (N)

491. : Site Elevation (m)

Chan Ch Nomin. Wvl

Date/time start Date/time end Name # Alt(m) (nm)

2 2001/01/01 00:00:00 2050/12/31 23:59:59 355M O 2000 354.80...
32001/01/01 00:00:00 2050/12/31 23:59:59 357L 0 2000 354.80..
4 2001/01/01 00:00:00 2050/12/31 23:59:59 357M 0 5000 354.80...
52001/01/01 00:00:00 2050/12/31 23:59:59 387L 4 2000 354.80..
6 2001/01/01 00:00:00 2050/12/31 23:59:59 387H 2 7500 354.80...

Co/i0/04 a0 Co.C

PP e ac4 g

y

Ancillary data

Select measurement date to process

(GRUAN and

\ 4

non-GRUAN)

-=> Meta data consistency check

v

Ancillary data

Select/reject raw datasets based on their quality

(e.qg.,
radiosonde)

v

Select vertical sampling and time sampling

v

-===> Start Core Data Processing
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2014-2015:
Development of the Centralized Data Processing

=2 “GLASS” first prototype, presented to WG-GRUAN, ICM-7 (2015)
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EO ) POUTT T e S S S 1| O PR | o SRR SRR
L~ 6 """"""""""""""" E """" i i 1
£ 13:32-14 1 1
= 14:01-14 ; = : : ] y TS : ]
9 14:31-1 4 [ ‘ SN o T ] 4 g 7, prrmm——
3 15:01-15 ] . ]
< gl R — ] _ :
4 )| SRR o e | S SRR 5| (TN R — |
O-I 11 : 11 1 : I-‘l 1 : 11 1 : L1 l- 0- 11 IIIIII: 1 1 llllll: 11 IllIlI-‘
) FOTPRUO RO > - gt SN 0 20 40 60 80 100 0.1 1.0 10.0 100.0
Relative Humidity (%RH) RH Uncertainty (%RH)
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<3

What was planned next after ICM-77?

&

= Put the puzzle pieces together

1- Finalize IGLIMP meta data definition

2- Finalize LidarRunCLient

3- Embed IGLIMP and LidarRunCLient into GLASS

4- Expand/improve GLASS

5- Resume/finalize GRUAN Lidar Guide based on all of the above

How much of the above has been done?

= Very little! ® but....

1- Uncertainty budget for lidar raw signals, ozone and temperature is
now published (AMTD NDACC Special Issue) and was implemented
into GLASS

2- Will work on LidarRunClient and IGLIMP as early as NEXT WEEK

3- The new “GRUAN Lidar Technical Document” is a straightforward
adaptation of the old “GRUAN Lidar Guide”
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iR GRUAN Lidar Technical Document

1. INTRODUCTION.. somesnsesss snssesissssasedsisissississsssssssssss ssasiossissesasrsayimssmmmm s 4

Technical document structure Lol LTEIBE DUBTHEEE convernnanssnsiona osnsisnsin s 558000004005 5830 S R A TSR N S PP 4

3 Ipbedueten V 1.2.  The purpose of lidars within GRUAN ...........cccvemmeessmssssmsemsesesecressssssssesssssssssessosssssssssnsenssnss 4

59 " s — 1.3.  Organisation and design of GRUAN Lidar Programmes ........cocoeeesvereremennieninsssssenscssnesens 5
. nstramen erfage explain sometining o e MSstq 3 .

Hon D e s orithie seienahcniseeforthad st 1.4. Implementation of GRUAN Lidar Ptogrammes ..................................................................... 6

Links to partner networks and satellite-based measurement programmes.........c.covevvevennenene 7

extent does this measurement system, fulf# the WM 1.5
is th mapability of thi stem?

The role of the 1nstrurnent in GRUAN _And the data products it will provide. What GRUAN = “old”
serve (connect to Section 7.8)? Which essential climate rom o
variables does this measurement programme target? Which GRUAN Task Team(s) will GRUAN Lidar Guide

oversee the operation of thisinstoumaont?

1.3 ¢ Organisation and design concepts of the GRUAN measurement pr@% the de-

SCTIpT used in the document {(terminology), _andsshesie=pesmomsible for what. (The
included 5 o ‘operational’saspects than 1.2 above.)

1.4 % the various components of the net-

= = g Lo Tt (E g. in terms of instruments being operated

at multtple sites, raw data and meta- data flowing to centralised data processing, dissemina-

tion of the resultant data products, QA/QC across the programme, oversight that the proto-
R re adhered to, etc.)

1.2

what other networks is this instrument used and where else can

1.6 Use of this instrument in serving GRUAN’s key user communities E%Validaﬁon mon-
itoring changes in climate, numeric redicti studies) — how has thls in-

strument been used to meet the needs of these groups and how might it be used in these roles

tentlal users of tht trument wﬂl want some indication of these values. If the 1nstrument
relies on other instrumen r the generation of data products (see Section 6.2) those costs
should be included in the estima

To be added (there was no financial
considerations in the old Lidar Guide)
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& GRUAN Lidar Technical Document (cont.)

From “old” GRUAN Lidar Guide

2. GRUA AR TECHNIQUES AND MEASUREMENT PRINCIPLES........cccoooiiiiiiiniinn 10

Moved to section 3 / 2.1. ............................................................................................................... 10
o . v 2.0, RAMAT WATET VADIOUL vuvetirssisissssoh s eseises s voas s oss vosios s sy s avas s st o s oo s b 13
Uncertai nty BUdget 2.3. Rayleigh and Vibrational Raman TempPerature .........ccocooeiiveieniiiiiiniiiiiis e 14

24. Rotational Raman TemMPEratilte... ... cooimmscimsssnssmmanssrasmstrnsshssstsspstesansnpansone st et ssis sois 16
. 2:8.  OZONE DIAL wiviisicmminamim st oo s s i e i s a9 o S S aied SM s s S S AR 17
2 Instrynentation 2:6. Rayleighand Raiian ActoSol . am i e s s a S e 18

2.1 C Terminology Xﬁnes hpx¢ the terms measurement aCCUTACY, MEasOTenlent uncertaiity,

measarement error, randém error, random uncertainty, systematic error stability, correction
lifetime are used in#fe context of this measurement syster.

he technical detrils on how the measurement is made. €—

ustification for instrument selection

Now: 2.1 Measurement technique
2.2 Instrumentation

2.2
2.3

sImig : e na e
L4 nstrument redundanc xat other measurement systems mjght provide the redundant

measurements required to validate the measurements and their un\ertainties? Moved to section 4
xt are the key considerations for assesging the location of this “Reference Measurements”

ext of related measyrement systems?
Calibration, validation and maintenance — %cedures need to be\implemented to en-
SUre tret=the—calibration, et an
GRUAN?

From “old” GRUAN Lidar Guide

4. GRUANLIDAR INSTRUMENTATEON ..cccoccioiisiismnsisnasstonmanst 48 aiisssiessins s ssdisiisss stese iy indins 31
4.1. General considerations from section 6.1 of the GRUAN Guide ........ccoovivcvieiieniinrinreninnn, 31
419, “Typicallidasemitliers. .. onmnmsmnmarmssnmsmmm S R 32
A3, TyPICal Hdar OO IVETS vusuuvavssviin i ssssvihiia v biaiassainsis i swsvms va e ssas s Uuhasons s s sasssnians srasyis dnsgasansss 32
4.4, Typical GRUAN lidar data acquisSition SYStEIMS.....cevurieieiininriiirienieinie it 35

GRUAN ICM-8, Apr 25-29, 2016, Boulder, Colorado



& GRUAN Lidar Technical Document (cont.)

Moved down to Section 4 (“Uncertainty” is now Section 3)

To be added (there was no focused material on this
in the old Lidar Guide)

3  Reference measurements
3.1 <Making reference measurements —What are the processes that need to be in place to make

reference measurements with this measurement system? (Connect to Section 4.2 for stand-
ard operating procedures)

3.2 Managing change = sort of changes might need to be managed and how will that man-
age T are the key steps in managing change events for this measurement
system? (This describes process of ‘managing’ the changes at different sites rather than
‘mandating’ how sites quantifig the effects of changes. Align with content of GRUAN Guide

to Operations.)

7. MANAGING CHANGES......cottitrritietnie ittt sttt stss et s bbb s bttt see st s eneserane 50

7.1, GUIding PrinCiPlEs ..uvieiiiiiciiriiiiiiiet ittt te ettt ettt tns st sae e rnss et s s s ses b nens 50

1.2. Managing changesin instumEntatio . s rmasersmsvermmsse s T Sy RS 51

. » 7.3.  Managing changes in operating procedures and operating environment ...........ccccvevevrnneeen. 52

From “old 7.4. Managing changes in dZta profeising algorithms%). ......... g .................................................... 53

GRUAN Lidar Guide 7.5.  Managing changes in CaliBIAtion ..........coeueueiuieemiece ettt seese s st ee st tes et eeeseneans 54
7.6. Validating changes using parallel 0bServations........c.ccocevviieueieceicierie e e 54

7.7.  Implementation of Network-wide Changes.........c.covviieriecccini et s 56

7.8.  Data and metadata traceability .......ccoocoievieiirieiiietieniieerts et et 57
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IR GRUAN Lidar Technical Document (cont.)

6. DATA PROCESSING AND UNCERTAINTY BUDGET .....ccovvnninimnreriiiinninssesneeesssnnesenns 40

6.1. Principles and rationale for the definition and propagation of uncertainty ............c.ccoeeueinn. 41

6:2.. Signal processing priorito:species reltieVal v oo s R T 42

6.3 Ramanrwater vapoil Telrieval g s s s B s vy s ires st naspamns 44

6.4. Rayleigh and vibrational-Raman temperature retrieVal.........ccceceeeuveeeeeereeveiiiece e 45

Moved up to Section 3 6.5. Rotational-Raman temMpPerature TetriEVAL ........c.co.ioeiieeeiieeeeeee e et eeeeee et ee e e ee e eeeeeeeeneeeereeees 46
6.6. Ozone DIAL relrieval s i isssasysaiosss st r i st s snssnannssing 46

6.7. Temporal integration (SUIMIMINE) ...cc.veerivreeeriireieaarreeeriereeisiteesreeestaeessseesessessneeesssssseeesssesenns 46

6:8. Combining altitideiran@e s v rmansnrmsessmsmsmimemis i s N S e SR s 47

6.9. Vertical filtering (vertical or range reSOIUtION)......viiiiiiiieiiiiiiiiiiecieee e e ee e e eereeeeeeaeeeees 47

4 Usasiranmaniincersh fy 6.10. Archived GRUAN lidar data ProdUCES ........eviieevriavirioisiisiieissiisisiecsieseeeseeeeaeeesessesesseenens 48

41 C Evaluat'mg measurement uncertainﬁ}%is this done for this measurement systemy From “old”
Ideally papers 1 tte peer reviewed literature would be cited here. <«——GRUAN Lidar Guide
4.2 @rt’mg measurement uncert@mw the measurement uncertainty be reported u

users of the datay

4.3 C Eeducing measurement uncertaini>- what jegfhe way forward for reducing measuremeng un-
certainty Tor this measurement system?

4.4 educing operational uncertain ho%t uncertainties related to instrument se up,Grouped

sampling Tates and e application of algorhms for data analysis be reduced? From ISSI Team

4.5 Validating measurements — what is the%ss for validating the measurements and the on NDACC lidar
measurement uncertaintes?

algorithms

Leblanc, T., et al.: Proposed standardized definitions for vertical resolution and uncertainty in the NDACC lidar
ozone and temperature algorithms - Part 1: Vertical resolution, Atmos. Meas. Tech. Discuss., 2016, 1-40,

10.5194/amt-2016-119, 2016.
Leblanc, T., et al.: Proposed standardized definitions for vertical resolution and uncertainty in the NDACC lidar ozone and
temperature algorithms - Part 2: Ozone DIAL uncertainty budget, Atmos. Meas. Tech. Discuss., 2016, 1-55,
10.5194/amt-2016-121, 2016.

Leblanc, T., et al.: Proposed standardized definitions for vertical resolution and uncertainty in the NDACC lidar ozone and
temperature algorithms - Part 3: Temperature uncertainty budget, Atmos. Meas. Tech. Discuss., 2016, 1-55,
10.5194/amt-2016-121, 2016.
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g GRUAN Lidar Technical Document (cont.)

5. GRUAN LIDAR MEASUREMENT SCHEDULING AND DATA ACQUISITION................ 36
5.1. General considerations from Section 7 of the GRUAN Guide .......ccoovveriveiiriiniiciicienn 36
5.2. GRUAN Lidar measurement SCheduling........c.ccovvreriiniiniiiniiiinniiinie e 36
5.3. Rawdata acquisition and archiVing . wesaemrsmsis st ivosmmsimn stonsssstsansasssastars 37

From “old”

_ GRUAN Lidar Guide
5 Measurement scheduling

5.1 Guiding principles — what e kev considerations for deciding measurement scheduling=
for this Tnstrument?

5.2 Factors affecting measu e%du]ing — likely references here to the peer reviewed liter-
ature fo jusaty measurement sCheduling needs. —
5.3 Qﬁterplay of science goalé)nd%]ing frequency — discuss how different requirements on ~
measurement scneduling across different user groups might be balanced.

5.4 CMeasurement schedule —)Vh%e GRUAN recommended measurement schedule for this
instrument? T here are likely to” be a number of different schedules tailored for sites at differ-

ent stages of development e.g. entry-level sites and fully equipped sites. —
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& GRUAN Lidar Technical Document (cont.)

6. DATA PROCESSING AND UNCERTAINTY BUDGET ......cccciiiiiiiiiiniimiininiiiereii e 40

6.1. Principles and rationale for the definition and propagation of uncertainty ............cc.cccooeueen. 41

6:2. Signal processing prior to species TefrIeVAl . iiissvisivsiiss s s s 42

6.3 Ramanrwater vapoil TetrTEVal s mimm o s s s i i s asn s oo 47 s i semnbies sman 44

6 Datam ariagemer t 6.4. Rayleigh and vibrational-Raman temperature retrieVal............ccooceiuvviieeeiieeeecceeeeceeeeereneeenn 45
6.1 @;iﬁf_dﬂith@ d\q;g/‘ﬁe the differenl 6.5. Rotational-Raman temperature retrieVal i wssesisisissi sisisissosmssvsissvasniessaiises v 46
Describe 11 and how these d¥fa might be requir 6.6. “Qzone DTAL, tettieValsemimn e s o s e i e s s s aiasaing 46

if so, the processing required for NF(' data deli 6.7. Temporal integration (SUIMMINE) vueiecriireeriiiiieeereerirerteesieesseieesseessesseesseeseeessessesseeenssenseesesenas 46

6.0 @nstrument depen@ e ., O Al R, i R s s 47
pend on measurements made by other instrufne 6.9. Vertical filtering (vertical or range reSolUtion)........coooiieeieieniieiie s eeeeeee et e eeeeeaeeaaeaeeenns 47

6.2 Software/analysis packages o be the dlese 6.10. Archived GRUAN lidar data products ........cveeeereririneeneenmmesisssenesessssisssssesssssssssessseens 48

data streams, as well as, to the extent pos- ¢ |

6.4 entralized data processin ibe how] the cenfralized data processing for this instru-
ment will occur. If a centralized”data procedsing facflity for this GRUAN product has been “ "
From “old

identified, this can be documented here, inclfiding defails of its operation.
6.5 W sceae any constraints on the provisiof of these data to users via the GRUAN GRUAN Lidar Guide
data base.

6.6 @ﬁon of meta@) de an in-depth descrip of the metadata that need to be col- €——
lated for this measurement system to meet the goals ¢f GRUAN.

5: e the format(s) in which the dath will be provided to users.

to facilifafe the collation and processing of
sible, how it is to be implemented and by whom.

6.7

6.8 V will the data be distributed tojusd 3. GRUAN LIDAR PROGRAMMES .......ccooviiimmimmesisninistsisie st sisscaanes 19
6.0 whig data (including metadata) nped 3.1.  General certification considerations from section 5 of the GRUAN Guide..........covevveinarnnas 21
arciTrving T ‘ j 3.2. GRUAN Lidar Programme assessment and certification process...........cococovieeinivininnieinnn, 21

6.10C Creation of the GRUAN data product)- how will the d 3.3. GRUAI\.I I.Jidar Training Pr.ogramme............‘ ......................................................................... 22
oren : ay be that it will be us 3.4. The Individual GRUAN Lidar Instrumentation and Measurement Protocol (/GLIMP)....... 22

ments. Of particular interest is the use of the data in Integ 3.5, The:LidarRumCHent LY.« commmiimmiuniiisnmimmminimssaisminsssisisnri i i 23

3.6. The GRUAN Lidar Analysis Software System (GLASS)...ooooonioeiiivmiciceeeeein, 23

3.7. 'GRUAN lidars calibration maiapeiienith . s s sm i it 25

3.8. GRUAN Lidar Programme data Management........ccovmurimrenrensieniiieeieieenescestesnsississnonanes 28

3.9. GRUAN Lidar Programme versioning SYSteIM .........ccociiiniiiiirimiismssresessssmsssenees 30

3.10. GRUAN Lidar Programme auditifg.........c.cccccioiiiiiiiiinimminiii s 30
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& GRUAN Lidar Technical Document (cont.)

@rocessfng analysis and feed@

‘What processes will be implemented 1o allow users to provide feedback on the quality and utility of
the data being produced by this measurement system?

4

8 ( Quality management
‘What pro i i ented for quality assurance/quality control for thig ingtrument sys-
tem?
8. 'QUALITY MANAGEMENT :.ccccomvimmmnomasonionsv e o sssisi s s scamm 64
From “old” 8.1. Uncompromi.sing‘ GRUAN Lidar Programme certification .........cccueeeeeeececeeivnecnrenisrierens 64
] ) 2. Raw datavalidation. cosimmasitrs oo s i st it nanranss st saniose asea e st 64
GRUAN Lidar Guide 88, LA PR VAT ATION e e sisinsoimsesimusvimsnrsssmssenssss i s e s S YR 65
B4,  Perforimance informationssysteil. s s e e 65
8.5. Perfommance Mon oI SYSTEM v s s armram s o s e i s s somsss s saenansnsarag 65
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& GRUAN Lidar Technical Document (cont.)

3. GRUANTIDAR PROGRAMMES....ccsenesssesnaims i s s e Susais s 19
3.1. General certification considerations from section 5 of the GRUAN Guide.........ccceevrinnns 21
L 3.2. GRUAN Lidar Programme assessment and certification process..........cocvevmreresieinnneninnn. 21
3.3, 'GRUAN Lidar Training PrOZIaIINe :...a.ssssiisisvisisisosiassssisiosssiniviasssonssvnons iansasess vesvassasoss 22
3.4. The Individual GRUAN Lidar Instrumentation and Measurement Protocol (/GLIMP)....... 22
3.5, ‘The:LidarRunCHenE TIIEY o ot s msisased s i A e 23
3.6. The GRUAN Lidar Analysis Software System (GLASS)...oueoeiovriiirieceiet i 23
3.7. GRUAN lidars calibration management..........ccceceiriiiiiniciiiiiincnsenmiiess s sse s 25
3.8. GRUAN Lidar Programme data management.......cocovuruiiimmnieminree e ssensssnennes 28
3.9. GRUAN Lidar Programme versioning SYSteIM.........ccccoeruriiiiiiarianiiiiimisinmsiss e 30
14 B R L B R L e L L T ——————— 30
9 ( Site assessment and certification v
9.1 should this measurement programme be assessed at the time From “old”
of GRUAN site assessment and certification? (L.e.: What are the minimum requirements for — . .
that programme to be certified.) ( . GRUAN Lidar Guide

9.2 Standard operating procedures — what is the GRUAN recommended standard operating pro-
cedure for this instrument? Which aspects of the standard operating procedure are mandat-

ory?
9.3  Ciriteria for assessing added value — when a site using this measurement system applies for

GRUAN certification, how should the added value that this measurement system brings to
the network be assessed in the context of existing similar measurement systems?

9.4  Auditing — what specific aspects of the measurement systemn must be considered at the time
of site auditing (noting that andits will occur some years after the certification or previous
audit)?
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& GRUAN Lidar Technical Document (cont.)

10 Appendices

All materrat-tirawould be too detailed for the main body text should go here. This might include,
for example, instructions on using the data collation/analysis tools (including screen shots), list of
acronyms, etc.

VAppendix A: Acronyms
Appendix B: Water Vapor Lidar (Raman)
V’Appendix C: Temperature Lidar (backscatter)
Appendix D: Temperature Lidar (rot-Raman)
V Appendix E: Ozone DIAL
Appendix F: Aerosol lidars
Appendix G: IGLIMP Meta data file example
Appendix H: LidarRunClient Manual

All appendices on specific target species include the following:

- technique-specific measurement principle (details of retrieval)

- technique-specific calibration requirements

- technique-specific uncertainty budget

- technique-specific certification and measurement scheduling

- technique-specific SOP, meta-data inventory, and LidarRunClient specifics
- technique-specific data management

- technique-specific post-processing
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B CONCLUSION

PLEASE BE PATIENT!
Yes, this year’s conclusion is just the same as last year’s:
Putting the puzzle pieces together...

GRUAN Lidar Products from a Centralized data processing
are coming up, slowly, but surely...

THANK YOU
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Raw data quality check and ingestion procedure

GRUAN LC

)
|
)
v

DR gy g g g g S g

IGLIMP (instr. config. history)

——-=>

g

(traceability)

X \l“., : 2 " .,do;d'/‘.
e K N‘l/;%sd" nd
1= r o

LidarRunClient LidarRuncCli

for Payerne

for Ny-Alesund

LidarRunClient
for Potenza

ent

Upload raw &
v Mmeta data v

\ 4

v
LidarRunClient
for more sites

Centralized GRUAN lidar raw and meta data repository

FULL NAME: Water Vapor lidar in Payerne
RALMO : System name
Payerne : Site name
6.90 : Site Longitude (E)
46.80 : Site Latitude (N)
491. : Site Elevation (m)
Chan Ch Nomin. Wvl
Name # Alt(m) (nm)

Date/time start Date/time end

2 2001/01/01 00:00:00 2050/12/31 23:59:59 355M O 2000 354.80..
3 2001/01/01 00:00:00 2050/12/31 23:59:59 357L O 2000 354.80...
4 2001/01/01 00:00:00 2050/12/31 23:59:59 357M 0 5000 354.80..
5 2001/01/01 00:00:00 2050/12/31 23:59:59 387L 4 2000 354.80...
6 2001/01/01 00:00:00 2050/12/31 23:59:59 387H 2 7500 354.80..
7 2001/01/01 00:00:00 2050/12/31 23:59:59 407L 3 2000 354.80...

I GRUAN ICM-8, Apr 25-29, 2016, Boulder, Colorado

Ancillary data
Select measurement date to process (ClR et
non-GRUAN)
i
v :
——q==p Meta data consistency check E
1
iAnciIIary data

v i(e.g., radiosonde)
Select/reject raw datasets based on their quality i
i
v i
Select vertical sampling and time sampling i
1
1
\ 4 i
1
--------- > Start Core Data Processing —————a--

' GLASS ,
[



Core data processing

Upgr ! :
¥ GLASS | i
Saturation correction !
1
Usat1 | i
AR A !
Background/baseline noise extraction i
T Ancillafyi
Sy 4 ud dafa
. . . (e.g., radiosonde;
__ IVI'er'ge' multiple signal rangesf(optlonal) __ from GRUAN
; If temper. If ozone Ly 1
If H20 lidar 1 1 A o database)!
VA \ A/ \ A/ lidar § lidar LA );
1
H20/N2 signal ratio Range correction LOg(ON/OFF signal ratio) E
——t I T T 1 i
s 1 (I !
v v vy \ A v \ A A/ 4 H
Molecular extinction correction Molecular extinction correction Differentiation (DIAL) ]
Unat Yol 1 1 1 ] | | UgUng T !
¥V Y YV Y yvvy v vy R ;
Calibration of H20/N2 signal ratio Density/temperature integration Molecular extinction correction -
a2 T T T O (VP (V 2% 1 1 1 Yoy Pna jUoq
yY YV VVY YVYVY Vv ¥V V3V VYV Vy VvV ¥
Merge multiple ranges (optional) Merge multiple ranges (optional) Merge multiple ranges (optional) ‘l
1 1 1 11 11 1 1 1 1 11 1 1 1
1 1 1 L1l L1l 1 1 1 1 L1l 1 1 1
vV VvV VvV ¥V V¥ YVYVY Vv ¥V V3V VYV Vy VvV ¥
GRUAN H20 Lidar Product* GRUAN temperature Lidar Product* GRUAN ozone Lidar Product*

Centralized GRUAN lidar data product repository (NCDC)

* Product is tailored to user need and/or science application (determined by time and vertical sampling options)
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GRUAN lidar data products

List of measured and derived products, available today through the GLASS.:

1. Water vapor (covering troposphere up to 6-18 km depending on instrument):
- Volume Mixing Ratio

- Mass Mixing Ratio
- Relative Humidity (derived from MR using Hyland/Wexler w.r.t. water)

2. Ozone (covering both troposphere and stratosphere up to 50 km):
- Ozone Number Density

- Ozone Mixing Ratio (derived from ND using best available ancil. p-T profile)

3. Temperature (stratosphere and mesosphere covering 12-90 km):
- Temperature

- Air Density and Pressure (derived using lidar and best available ancil. p-T)
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GRUAN lidar data products (cont.)

Four “pools” of GRUAN lidar data products, each pool dedicated to
a specific user needs and/or science application:

1. Climatology and trends:
- time average: optimized for low noise (i.e., hours rather than minutes)
- vertical resolution: optimized for low noise (i.e., km rather than m)

2. Process studies:
- time average: optimized for target science application (minutes to hours)
- vertical resolution: optimized for target science application (m to km)

3. Redundancy and validation:
- time average: optimized to best match coincident measurement
- vertical resolution: optimized to best match coincident measurement

4. Operational and assimilation:
- time average: optimized to best match assimilation scheme
- vertical resolution: optimized to best match assimilation scheme

One instrument can produce GRUAN data products of one or several pools
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3 Example 1: Ny-Alesund, water vapor

KARL 2014/12/01 08:06-15:05 dz =75-m dt= 30-min

7_h0ur average 10 I IIIIII: .‘_';IIIIII: LI IIIIII:l LI IIIIII: 10 l I\I IIIIII:: | IIIIII: I ; Iil[ll LT T TTH
- f : J - L = : . -
(daytime, winter) i : | % i s B
H v '! . | | 7
- . \ i - '
: T - i : I | B
- i : \ 5 H '
Left pIOt' ) E T T r .................. 8 ! ........ \ .............. || ...............
Red, purple and blue solid lines: i - ' \\ :: .
lidar, individual ranges ! 407H/387H | | . - - k
o | 407U/387L | | ] : - ¥ |
Black solid ?lne- 660H/607‘H 2 P D
||dar, Comblned ranges g 6 ...................................................... 6 ............. :..,.\. ............ \ii .................
Black dotted line: = % o
lidar, total uncertainty g o i & £l !:
= 7 B A 0 ]
Red , purple and blue dashed lines: << 4|................... r ............................ 4 ..’..; ............... \,\Jll .................
lidar, vertical resolution, in meters § | i # \ ‘\:’_.@' ! ! 1
(NDACC-standardized) ¥ | ; W g J _
. g T
x| & S ]k
Grey dashed line: : ] [ [ : A o 1
CO—|OC&ted I’adIOSOHde 2 ........................ t' .......................... 2 \\)‘QI!; .................
1 - S Rt (1N i
’ . |, F 7 & N l'\ll 4
. 5 e T N
Right plot: : : r A e : il i
Solid lines: Olovvn v vy v virnet 0 S e (0} T I N1 TS WA R AT GO B A A N1 1L B W R AT
. ) . 10 100 1000 10000 0.01 0.10 1.00 10.00 100.00
Combined Uncertainty Water Vapor MR (ppmv) Water Vapor Uncertainty (%)
Dotted, dashed, dash-dotted, etc. lines:
Individual uncertainty components Raw lidar data provided by
Christoph Ritter,
= Example of suitable GRUAN product for climatology and trends AWI, Potsdam
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Example 2: Ny-Alesund, water vapor

30-minute slices
(daytime, winter)

Left plot: MMR (g/kg)
Right plot: RH (%)

Colored lines:
lidar, combined ranges,
30-min slices

Grey line:
Radiosonde

Note:

- Moving dry and moist layers
as time goes

- Calibration reflects late day
radiosonde coincidence

Altitude (km)

dt = 30-min

KARL 2014/12/01 08:06-15:05 dz =75-m
10 T TTTI, T T T, T T T T T 1T 10 1
i . . 08:06-08:35 | i .
E 0:9:35-10:04 .
| 10:04-10:34
Q) [remems R & L B [remomesy
11:04-11:34 4
11:34-12:03 |
] SRR X R 03132, 6f--&
N 13:32-14:01
14:01-14:31 7
14:31-15:01 -
’55:01-15:05 i
Bf-neeesnenndrneee b M 4
| (ERRRRNRRR SRR D -, - <= LT AR—— 2t-
0 AR RTINS RTT T S R TTTT RATTT (o] I
0.001 0.010 0.100 1.0 10 0 20

Water Vapor MMR (g/kg)

= Example of suitable GRUAN product for process studies
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40
Relative Humidity (%RH)

Raw lidar data provided by
Christoph Ritter,
AWI, Potsdam



@ Example 3: Payerne, water vapor

RALMO  2012/05/10 20:59-23:59 dz =75-m dt= 30-min

3_hour average LI : LI ' LI ' L : LI LI IIIII: L IIIII: LA
(nighttime) A SO SN SOVTTOE N | [ S, . j
B 7 s R B = r 1
Left plot: e s R e e 7 P ]
12 Combined M. U 3 . 12 : feennnsg - R
Red, purple and blue solid lines: ! : e, : ] P YA ) ]
lidar, individual ranges : e : ' i} ( : 7
Black solid line: 10 ; __ --------- 10 - -----------------
lidar, combined ranges I | T e = ] L. ; ]
Black dotted line: 5 Gl = it 0 ST S A | ™ S 4 ' . !
lidar, total uncertainty 3 : . 1
=) ' b =
Red , purple and blue dashed lines: § = 1 1
lidar, vertical resolution, in meters o] (R ikt Mttt thttit ] ] e i i e
(NDACC-standardized) ; ] |
Grey dashed line: Y || S %..1“ '....; ......... a; ......... a; ......... 4 . i E““. ............. ; ................
co-located radiosonde [ ; : ] 2 A% | ]
.| [REUE JRSI - 3 ................... )| . N .. S SO
Right plot: | ] |
Solid lines: O-I L1 L |-\| ] 111 L1 1- O- 11 ||||||E L1 ||||||E 11 ||||||-‘
Combined Uncertainty 0 20 40 60 80 100 0.1 1.0 10.0 100.0
Relative Humidity (%RH) RH Uncertainty (%RH)
Dotted, dashed, dash-dotted, etc. lines:
Individual uncertainty components Raw lidar data provided by

Gianni Martucci,
= Example of suitable GRUAN product for climatology and trends Meteoswiss, Payerne
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Example 4: Payerne, water vapor

RALMO  2012/05/10 20:59-23:59 dz =75-m dt= 30-min

30_min time Slices I IIIIIII: I IIIIIII: I IIIIIII: LLLLLLLL LILEL : LI : LI : L : LI
(nighttime) 7 SR, U S— S (2} N NENSS S A
. 12-
Left and right plots: i
Curves and colors same as before i
10
E i
~ 8
() L
©
g L
< 5
Note: 41
- Moist lidar bias above i
10 km needs investigation 2|
0- IllIIIIIE Illlllll: Illlllll: L1 11l O-IIIEIIIEIII:III:III
0.001 0.010 0.100 1.000 10.000 0 20 40 60 80 100
Water Vapor MMR (g/kg) Relative Humidity (%RH)

Raw lidar data provided by
Gianni Martucci,

= Example of suitable GRUAN product for process studies Meteoswiss, Payerne
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@ Example 5: Potenza, water vapor (CIAO lidar)

PEARL 2011/09/01 18:24-20:23 dz =75-m dt=30-min

2-hour average 6T T L0 L B B LB L L 6T TTTTIT, T T T T 77T
(nighttime) ; PR ] . ]
Left and right plots: 5f ead L SLTIERPIL ERRELPRED ] B e reee e R e ]
Curves and colors same as before . ] - -
Nt et REET L PP LT PP PEPEEPEPRPEE ] Qfrermrmrr ]
Note: . ] s ]
€ [ : C ]
- Only 1 range here = ] : ]
(red curves, no blue curves)s 3} S S S ] S S ]
- Easier to look at individual < F ] F .
uncertainty components P SO SO 1 ASUNONE SVOS S ] P8 SRRTNN -1 KONV SO ]
- Comparison with RALMO and | ] : ]
KARL shows that every . ] : :
instrument yields different 1t i — ] 1t ]
answer regarding uncertainty f ] - ]
(e.g., saturation) - , : : : ] C : : ]
O-l | I I N N NN A N N N M N A I 0- 1 L1111l 1 AT 1 L1 111if

0 20 40 60 80 100 0.1 1.0 10.0 100.0

Relative Humidity (%RH) RH Uncertainty (%RH)

= Standardization concept holds at “definition” and “approach” Raw lidar data provided by
Fabio Madonna,

levels but breaks down at the quantitative estimates level CIAO, Potenza
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Example 6: JPL Table Mountain, CA, water vapor

30-min slices
(nighttime)

Left and right plots:

Curves and colors same as before

Note:

- MOHAVE-2009 night
- 4 radiosonde launches

in one night

- Optimized calibration:
GLASS computes one
single calibration constant

using all flights

TMW  2009/10/22 02:40-12:30 dz =75-m dt = 30-min

: : 02:40-03:10 :

224
{
LDy
=~ 30n
s

N : 04:10-04:40 :
15 |- -pf LTRSS DR —— 04:40-05:10. ......

P ; 05:10-05:40 :
05:40-06:11 @ A

06:11-06:40 :

68:11-08:41

_ 08:41-09:11 :
Xy, SREES 09:11-09:41- - - -

: YN 09:41-10:11 :

Altitude (km)

11:11-11:41
S 11:41-12:12
12:12-12:30 :

. . ' 1% e .
' ' . .
IEERITN 1 111, 1 111, I EETIR

|3_;11|n, T TTTI T T TTI T T T, L L L L L I L L L L L L
H . . x : . . .

10 100 1000 10000 0
Water Vapor VMR (ppmv)

Many NDACC (and non-NDACC) lidars measuring water

vapor could be added to GRUAN
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@ Example 7: Maido, Reunion Is., stratospheric ozone

LIO3S 2014/09/22 18:55-20:40 dz =240-m dt = 30-min

2—h0ur a_vera_ge 50 R{ALLLLLLLMLELLLLLE ML LLLL M LLLLLLLM LLLLLELLMLLLLLLLLLY 50 MELLILLLLL M R LU B LR L B I RLLLL
(nighttime) H R S S I : : : :
. . 308H/355H B g
ik : : : 3Q8M/355M 1 [ ]
. : i SACMIORIM [ ]
Left and right plots: e s s da e I 4
E : H : : i | 2 ]
Curves and colors same as before " N - L\ -
E . . b 1
E & 1 E
Note: AP R . LT : ]
) o _g 30 -:. ....... . ........ ‘. ....... r__ .- 30 _.r.f i
- Instrument still waiting 2 F : : g s ¢ ]
for NDACC validation < - R ;
i . K l?_‘-): o B -
- Typical expected maximurnr B —~ - ".:.;,_ o i E :
. E I e | i . i
range is 50 km B e i — S e ]
. y < r ‘ 4
[ d N ]
t | i B ;
| . 1t ]
10-:IIlll\lll:lllllllll:lllllIllI:IIIIIIIll:lllllllll:lllllllll- 10- | lllllll: | lllllll: Ll llllll: | .| Illllf

0 1 2 3 4 3 6 0.01 0.10 1.00 10.00 100.00

Ozone Number Density (1e12 molec.cm-3) Ozone ND Uncertainty (%)

. . . Raw lidar data provided b
Many NDACC lidars measuring stratospheric ozone e p oY
Thierry Portafaix,

could be added to GRUAN LACy, U. Reunion
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3 Example 8: Mauna Loa, temperature (JPL lidar)

MLO  2009/03/13 05:44-07:44 dz =300-m dt=30-min

2-hour average T T P T T T T T T T T LLRLLLE S S L B BN L B %5 7L L

(nighttime) e~ A : \\ | Lt ]
_ 80 b SBpdsieeeeees TRTT TR . 1] T TR PRI 01V AR forens

Left and right plots: ot : [ P

Curves and colors same as before

.................................................................

o2}
o
7.

Note:

- 355H and 355M (Rayleigh
too cold below 39 km
because of stratospheric ; :
aerosols, which is why we 40} ke S SR
have 387M (Raman) : : -

- 387M and 355H combined
automatically at 39 km

Altitude (km)

- Procedure uses minimum
difference between the twc :
L 1

ranges, and minimization 180 200 220 240 260 280 0.01 0.10 1.00  10.00
of the total uncertainties Temperature (K) Temperature Uncertainty (K)

i s R e

Raw lidar data from
Many NDACC lidars measuring temperature JPL-Lidar

could be added to GRUAN
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3 Example 9: Huntsville, tropospheric ozone

RO3QET 2013/06/04 00:59-03:06 dz=60-m dt=120-min
2-hour average L T L B R B L L BT W 0 o TR F TR TR P o

Left and right plots:

-
[\e]

Curves and colors same as before

=k
o

Note:

- Combined profile cut-off
at bottom to avoid wrong
measurements below
1.5 km

- This error at bottom is
typical of lidar as it is
related to incomplete overlap |
of the beam and telescope 2
field of view i

(o0}

Altitude (km)

(o))

_ An Hempiricalﬂ CorreCtlon IS 0 -E | [ | 1.1 1 L.1..] 111 111 Ll 0 L1 lIIIIIE | . IIIlIIE 11 IIIllIE L1 | 0LLI]
. 0O 20 40 60 80 100 120 140 0.01 0.10 1.00 10.00  100.00
possible but very dangerous Ozone VMR (ppbv) Ozone Uncertainty (ppbv)
due to its lack of traceability and
potential resulting misinterpretation Raw lidar data provided by
Mike Newchurch,
Several tropospheric ozone lidars (NDACC and U. Alabama, Huntsville

Nnon-NDACC) could be added to GRUAN
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Q& Other sites/stations/lidars....

VvV Mauna Loa, JPL and NOAA lidars:
- Water vapor, Stratospheric ozone, Temperature

vV+VvV JPL- Table Mountain Facility, CA:
- Water vapor, Tropospheric ozone, Stratospheric ozone, Temperature

vvvyv  NASA-GSFC Mobile lidars, NDACC and TOLNet (Pl: McGee):
- Water vapor, Tropospheric ozone, Stratospheric ozone, Temperature

v NASA-Langley Mobile lidar, TOLNet (Pl: DeYoung):
- Tropospheric ozone (TOLNet)

v/~ Observatoire de Haute-Provence, NDACC (PI: Godin-Beekmann, Keckhut, etc.):
- Water vapor, Tropospheric ozone, Stratospheric ozone, Temperature

vV« Reunion Island, NDACC (PI: Portafaix, Duflot, etc.):
- Water vapor, Tropospheric ozone, Stratospheric ozone, Temperature

" Lauder, NDACC (Pl: Swart):
- Stratospheric ozone, Temperature

vV Rio Gallegos, NDACC (PI: Quel):
- Stratospheric ozone, Temperature

WW Many more NDACC...

(Eureka, Univ. W. Ontario, Hohenpeissenberg, Zugspitze, etc.)
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GLASS: the Good, the Bad and the Ugly....

&

The Good:
1) High degree of flexibility:

- time sampling
- vertical sampling and vertical resolution
- multiple options for range-merging optimization
- multiple options for profile cut-off optimization
2) Comprehensive and “standardized” uncertainty budget (ISSI Team Report):

- ~10 independent uncertainty sources for each product

- Each uncertainty source propagated “in parallel”
and traceable all the way to the archived product

The Bad:
1) Progress in 2014 has been slow due to lack of time availability

2) Potential issue on where/when/how raw lidar data will be archived
and analyzed

The Ugly:

What’'s awaiting ahead of us...
- Linking together the pieces of the puzzle (LidarRunClient+GLASS+IGLIMP)

- Automating data processing for “mass-production”
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Sources of Measurement and Retrieval Uncertainty

Addressed by ISSI Team and included in GLASS:

1. Photon Counting statistical noise

© ®m N OO A ®N

I
R O

. Saturation (pile-up): dead-time ¢

Background correction: Fitting coefficients b;
Molecular extinction: cross-sections values oy,

A priori air density N,(z) for molecular extinction correction

. Absorption cross-sections 0,(T(z)) for O3, NO2, 02, SO2

A priori Number Density of interfering gases N,;(z) for O3, NO2, SO2

. Gravity g(z,lat) for temperature integration
. A priori (tie-on) air density or pressure T,(z), N,(2), p.(2)
. Raman backscatter cross-section temperature dependence o, (T(2))

. Water Vapor Calibration (including uncertainty in a priori source)
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Propagating Uncertainty with C

orrelated Terms

Uncertainty owed to background noise and saturation corrections cannot
be propagated assuming the corrected signals are uncorrelated in altitude!

Incomplete overlap
(signal increase with helghb SEfiEEa

(“plateau’-like shape)
\ s /

Photon counts

Altitude (km)

m) Nominal range
(signal decrease with height)

—T T ) Background noise

(flat signal)

407nm Raman H,O (WV)
387nm Raman N, (T and WV)
355nm Rayleigh (T and strato. O3 “OFF")

2899nm Rayleigh (tropo. O3 “OFF")

background noise level
depends on wavelength
and detector specs.

= Monte Carlo Simulations are required to compute covariance matrix

and estimate the resulting impact of corre

lated terms on uncertainty
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Quantifying saturation correction uncertainty
on water vapor (example using simulated signals)

| J Bottt{m plots: : I | I '
[ ]_ ---- . Std-Dev if uncorrelated [ ' i .
L —-IUncertainty,ea-}eu-la-ted- ] q! 1 ]
L — Uncertainty, #tneorretated- | 01FE | | ]
151 ] | from covariance | i I l
o '
|| o L ]
_ | | 407H/387H X e | 407H/387H
é | | 660H/607H = E ] ] 660H/607H
2 10H | l 407L/387L {2 'E\I i 407L/387L
2 | | j 660L/607L :CS 1Ly f 660L/607L
< I ; . ] >
\" ! S j j Z
N/ 10.0F\ ) .
144 ' P
I N | -5"'\"\ e
N i NS |
K5 k — e, : - "‘"‘-—.____: J
S _ 100.0f 3
0IiIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 ) 0 1 2 3 4 )
H2O StDev and Uncertainty (%) H20O StDev and Uncertainty (%)

Uncertainty due to saturation is either overestimated
or underestimated If assumed uncorrelated!
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