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& GRUAN Lidar Programme

m) Definition
The overall infrastructure underlying the lidar measurement and the subsequent
production of a GRUAN lidar product, from data acquisition to data product management.

= Domains of application

Setup, modification and maintenance of the instrumentation, the standard operating
procedures for the acquisition of the raw data and the lidar calibration, and the
complete and homogenized upload of the raw data and meta-data onto the GRUAN
lidar data handling center for subsequent centralized processing

= Mandatory components

- The GRUAN Lidar Guide defining the complete framework of the Programme,
from instrumentation to retrieval ©

- A lidar instrument &

- Dedicated and motivated staff ©

- An Individual GRUAN Lidar Instrumentation and Measurement Protocol (1IGLIMP)

- The LidarRunClient utility for traceable data and meta data recording and upload

- The centralized GRUAN Lidar Analysis Software Suite (GLASS) for consistent data processing

JPRPL GRUAN ICM-6, Mar 10-14, 2013, Greenbelt, MD, USA
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Lidar Programme
Modus Operandi

GRUAN Site

Lidar Programme “X”
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Dark Blue = Lidar Programme Staff
Red = GRUANLC
Cyan = GRUAN TT-AM

Orange = LC and WG-GRUAN
Green = TT-AM and WG-GRUAN
Purple =TT-AM and LC
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Progress Summary on Required Components

=) GRUAN Lidar Guide
0%0 of this presentation: No progress in 2013.
Progress to resume mid-2014 with anticipated finalization late 2014

m) Lidar Instrument
0%b of this presentation: Potential GRUAN lidar sites are well-known

= IGLIMP

0%0 of this presentation: No progress in 2013.
Will be finalized based upon completion of all other components of the Programme

=) |idarRunClient Utility
20%0 of this presentation: Overview of the first version of the GRUAN LidarRunClient

m) GRUAN Lidar Analysis Software Suite (GLASS)

75%0 of this presentation: Uncertainty Budget
Large heritage from the results of the ISSI Team on NDACC Lidar Algorithms,
In this presentation: reviewing selected material which is currently being compiled

in 3 AMT papers (under preparation) and a 90 pp Report (under revision)

5%6 of this presentation: The first-ever GRUAN Lidar Product
from Payerne! (for your eyes only... ©)
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4&3 LidarRunClient

m) Concept

Concept and design similar to that of RsLaunchClient,
w/ additional functionality adapted to multiple lidar channels

=) Essential for Raw data and Meta Data Uploading/Archiving

PRD upload onto GRUAN data archive center must be performed
using LidarRunClient

No PRD shall be accepted if not uploaded through LidarRunClient

=) Uploading frequency
Non-continuously-operated lidars: immediately after each measurement period
For 24/7-operated lidars: Once a day, uploading all data from the same UT date

m) Uploading before and after a change event

If one or several changes of instrumentation or operating procedure occurred during
a given 24 hours cycle, the PRD must be uploaded separately for each of the
multiple, uninterrupted data acquisition periods

Each of these periods shall be considered as a separate GRUAN lidar observation

JPRPL GRUAN ICM-6, Mar 10-14, 2013, Greenbelt, MD, USA



GEUAN

LidarRunClient Start Page

JP

= el d ~— -
] LidarRunClient v0.L5 (2014-03-04) o i ’ -

- &

L S ———

GBUAN

Program: LidarRunClient
Version: 0.1.5(2014-03-04)

Nevgaton |

Operational Functions ——

i Start page i

[ Listmanagement |

’ Maintenance ]

General

’ Show log ]

Mavigation

[ Exit Program ]

Temperes

Please choose atemplate and create a new measurement event.

If you are an administrator, you can manage the list of templates: create a new one,
edit a current one, delete an old one.

Manage New... Edit.. Delete

Choose v

This listincludes all opened (started) measurement events, which are not uploaded
(completed) till now. Please select one and finish it.

Qic Code Date w No. Version Setup =
Firsttest of template v2 |2014-03-03 12:00 |1 1 TEST-1 |[PAY| ™
]
<
View... Edit... Delete...

J General Info ]| Closed Measurements || Archived Measurements |

GRUAN Metadatafrom  [2014-02-20 11:25 | News A
Lastuse of RsLaunchClient (2014-03-03 12:37 | Welcome to GRUAN LidarRunClient
Count of templates [‘Iﬁ
Count of opened events [‘I—] General GRUAN News
In future here you will find current news of GRUAN.
Count of closed events e
Count of archived events 2 Last Version
Client Mode [Operator Mode | In future here you will find news about latest released version of LidarRunClient.
Version History of LidarRunClient
In future here you will find older news about history of LidarRunClient.
L Contact v
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LidarRunClient “Observation” page

P
o

Aotr oF

Program: LidarRunClient
Version: 0.1.5(2014-03-04)

4. Operating procedures

SR T c o it Please select an obsemvation type for which the new event should be created.

( | £ LidarRunClient v0.1.5 (2014-03-04) - - : - @ﬂg
Info ‘; StartPage x| LidarRun [1]2014-03-10T12]1] =
I St Observation
eeaion - GRUAN Station | PAY | Payeme v
3: Channels - Measuring System | PAY-LI-01 | Payerne Raman WV Lidar (RALMO) 1 at Payerne v

6. Attach files Observation Type  Payerne LidarRun (Test 1) (PAY-LI-01) v
Navigati 7. Upload
Please choose the scheduled date and time of LidarRun event and add following details.
Operational Functions ——
p| | - Scheduled Date (UT) | 2014-03-10 12:00 3‘
Start page '
Measurement No. 12
[ Listmanagement |
Version 12
| Maintenance |
Measurement D || |
General
| Show log | Main Operator | PAY-PUS | Purro, Stéphane v
Comments
Mavigation -
| Exit Program | E
Experiment [_] This eventis an experimental measurement. {Data will not be published)
Please choose the campaign and add it with a specific code for this event.
Campaigns Add
Remave

JPL

GRUAN ICM-6, Mar 10-14, 2013, Greenbelt, MD, USA




8

y
R

iy

o AT
Moo

@UAN LidarRunClient “New Measurement” page

[£] LidarRunClient v0.1.5 (2014-03-04) ’ - L=

tempates

@J A N Please choose atemplate and create a new measurement event. This listincludes all opened (started) measurement events, which are not uploaded
(completed) till now. Please select one and finish it.
Ifyou are an administrator, you can manage the list of templates: create a new one,
_ _ edit a current one, delete an old one. oic Code Date Mo. | Version Setup ==
FREENE LEERITe e Firstiest of template v2 |2014-03-0312:00 |1 |1 TEST-1 |PAY A
Version: 0.1.5 (2014-03-04) Manage MNew... Edit... Delete |
_i Choose RALMO-20130821-v2 — TEST-1 at PAY-LI-01 ' |
Operational Functions —— ’ Selected template
[ Start page | |£| Create New Measuren_w_ i M
[ List management | Name RALMO-201304 Measurement details
[ waintenance | Descripion  [Second RALMO System |PAY-LI01 ]
intervention of 24 I S |
General - Setup [TESTA _u
. ~ w
Show log Schedule Date | 201403101200 |3 ] Al
’ | Lastchange  [2014-03-0313] | = [2]
Navigation . S (LAY, T~ Edit . Delete...
’ Exit Program | 5 Briefing I

You can create this new measurement. I

J General Info ]| Closed Measure| I
(I

~
Lastuse of ReLaunchClient [20] N LidarRuncClient
[ ImeCreate |[ Cancel
Count of templates =
PE— General GRUAN News

Count of opened events

In future here you will find current news of GRUAN.
Count of closed events 0

Count of archived events 2 Last Version
Client Mode Operator Mode In future here you will find news about latest released version of LidarRunClient.

Version History of LidarRunClient

In future here you will find older news about history of LidarRunClient.

<l

L Contact

JPL GRUAN ICM-6, Mar 10-14, 2013, Greenbelt, MD, USA



LidarRunClient “Instrumentation” page

amange,
e 3

ot o

-

| £ LidarRunClient v0.1.5 (2014-03-04) -

Program: LidarRunClient
Version: 0.1.5(2014-03-04)

Navigati

Operational Functions ——

| Start page |

[ Listmanagement |

| Maintenance |

General

| Show log |

Mavigation

| Exit Program |

3| StartPage x | LidarRun [112014-03-10T12/1] |

LETTT)

Steps

Instrumentation

2. Instrumentation
N nannels

4. Operating procedures
5. Measurement conditions
6. Attach files

7. Upload

=

=

Instruments and Sounding Components

[ Add a part

= Emitter
00 - YAGLO1/Laser (TBADD1)
01 - PBPO1 / Mirror/Lens (TBADD3)
02 - BEX01/ MirroriLens (TBAOO4)
= Receiver
03 - HWPO1 / Filter (TBADD2Z)
04 - TELO1 / Mirror/Lens (TBADO4)
05 - TELOZ [ Mirror/Lens (TBADOS)
06 - TELO3 [ Mirror/Lens (TBADOE)
07 - TELO4 ! Mirror/Lens (TBADOT)
08 - REFD1 / Filter (TBADDS)
09 - REF02/ Filter (TBAQDS)
10 - REFO3/ Filter (TBAD11)
11 - REFD4 / Filter (TBAD12)
12 - FIBO1 / FieldStop (TBAD13)
13 - FIBO2 { FieldStop (TBAD14)
14 - FIBO3 | FieldStop (TBAD15)
15 - FIBO4 / FieldStop (TBAO16)
16 - FIBO5 / FieldStop (TBAD1T)
17 - L5501/ MirroriLens (TBAQ18)
18 - REFO5 / Filter (TBAD19)
19 - LS02 / MirroriLens (TBAD20)
20 - HGO1 / Filter (TBAD21)
21 - RM0O1 / MirroriLens (TBAD22)
22 - F301/FieldStop (TBAD23)
23 - FLS01 [ Mirror/Lens (TBAD24)
24 - PMTO1 / PhotoDetector (TBAD25)
25 - TRPCO1 / DataAnalyzer (TBAD26)
26 - DACO01 / Computer (TBAD27)
27 - DASD1 / Software (TBADZ28)

Descrinti
Type
Sub-type
Model

SN /Part 1D

Change

Function

[not defined]

Comments

[ Fiter | FulName Add Property

Clear List

MName

Value

Unit

sasnw

[ <Prev || Nex=

Finish

Close

JPL
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LidarRunClient “Channels” page

JPL

il Y
£ LidarRunClient v0.1.5 (2014-03-04) e e - =gEC | X
Info % | StatPage x | LidarRun [1]2014-03-10T12]1] I
Steps Channels

1. Observation

Channel Information

. Instrumen
3. Channels

General Information

Program: LidarRunClient : procedures 407PC (CHO1) Y Code | |
Version: 0.15(2014-03-04) | |5 sasuremant conar 8 00: 00 - YAGLO1/ Laser (TBADOT) ] ] | 1
L A g 01: 01 - PBPOA / Mirror/Lens (TBAO03)
Navigation o Wil 02: 01 - PBPO1 / MirroriLens (TBAOD3)
: ) 03: 02 - BEX01 / MirroriLens (TBADD4) -
Operational Functions —— D t
04: 03 - HWPOA / Filter (TBAG02) esenption
| Start page | 05: 04 - TELOA / MirroriLens (TBAGO4)
. 06: 05 - TELO2 / Mirror/Lens (TBAGOS) —
List management . r )
| | 07: 06 - TEL03 / Mirror/Lens (TBADB) SELIEEEIER,
| Maintenance | 08: 07 - TELO4 / Mirror/lLens (TBADOT) i )
09: 09 - REF02 / Filter (TBAQ09) Special Channel 'fq”'pmem ]
General ————————— 10: 08 - REF01 / Filter (TBADOS) Laser
| Show log | 11: 10 - REF03 / Filter (TBAQ11) Detector | )
12: 11 - REF04 / Filter (TBAQ12) L seeor
Mavigation . 13: 12 - FIB01 / FieldStop (TBAO13) 3 Data Analyzer [ |
[ EitProgram || : Data Aquisition | ‘

# Available Components
+ X A A

Paths of Channel

00 - YAGLO1 / Laser (TBADD1) A -
01-PBPO1 / Mirror/Lens (TBADD3) Emitter Path
02 - BEX01/ MirrariLens (TBADD4)
03 - HWPO1 / Filter (TBADDZ)

04 - TELO1 / Mirror/Lens (TBAOD4)
05 - TELO2 / Mirror/Lens (TBAQOS)
06 - TELO3 / Mirror/Lens (TBAODG)
07 - TELO4 / Mirror/Lens (TBAOO7)
08 - REF01 / Filter (TBADOS)

09 - REF02 / Filter (TBADDD)

10 - REF03 / Filter (TBAD11)

11 - REF04 | Filter (TBAD12)

12 - FIBO1 / FieldStop (TBAD13)
13 - FIBO2 / FieldStop (TBAD14) v

Receiver Path

[ <prev |[ nem> Einish
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LidarRunClient “Measurement Conditions” page @

JPL

il Y
|2 LidarRunClient v0.1.5 (2014-03-04) . . P B
Info V| StatPage x | LidarRun [1[2014-03-10T12]1) I
Steps Measurement conditions

1. Observation Comments |Clear sky nighttime measurement.|

2. Instrumentation
3. Channels

Program: LidarRunClient

Version: 0.15(2014-03-04) {_ |- Measurement conditions

— 7. Upload Praperties [ Filter | FullName AddPropery —Clear List

Operational Functions —— Name = — =

ObsCondition.Clounds Text H

| Start page | ObsCondition.Comment H

| — | -\ ObsCondition.DaylightText H

ObsCondition EmitterT ext H

| Maintenance | ObsCondition.InstrumentMaintenance H

- ObsCondition.MoonlightText H

General ObsCondition. ReceiverText H

| Show log | ObsCondition. TemperatureText H

ObsCondition WindTaxt H

Mavigation

LETTT)

| Exit Program |

- seses

[ <prev |[ nem> Einish
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LidarRunClient “Attach Files” page

| £/ LidarRunClient v0.1.5 (2014-03-04) =
Info 1 Start Page % LidarRun [1/2014-03-10T121] =
Steps Attach files i
1. Gbservation
2. Instrumentation LSS
3. Channels | 27 - DASO1/ Software (TBA028) B
Program: LidarRunClient 4. Operating procedures ‘ ZIP - Packed Lidar Raw Files (*.zip) !v'IISr'c‘.IN?_[reqmred] -
i A-RAW - Lidar Raw File (Payerne) (a*.*) [optional] -
Version: 0.1.5 (2014-03-04) T Sl 1 £
6. Attach files
—
Operational Functions —— -
4| Choose Local Fil S
| Start page | | oose Local Files L |
. W
[ Listmanagement | [ L GRUAN v]
| Maintenance | Seleu:lulﬂenfuﬂ | ] a1140500.080811
a1140500.091019 -
— — 4 =] — Actions —
BEIEE 1| | a1140500.101227 =)
| Show log | Part 27{1"% || RALMO_20120510_20120511.dat Add Files
Linked T 1] || TMW_RawData_Obs_a1140.070688
Mavigation = Instruments
[ ExtProgram || :
[ This if)
[RALMO_20120510_20120511.dat |
JR—
Type [2P-Pacll  [uiFiles v]
Required? |[required]
| Accept File(s) || Cancel |

Status | Warning:||

Remove File

File Mame
File Path | | Add File
Checksum | | Check File

ew File

Size

Please, add all red marked required data files.
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@ The GRUAN Lidar Analysis Software Suite (GLASS) @

Raw qata Me‘Ea data

, ; GRUAN
- vV Vv SITE
LidarRunClient :
. Select instrument
: Select date
i --------- Select time window
E_’E Instrument config. file —===a=aa-- P> Load instrument parameters
i1 Raw data files =~ memesee- > Load raw data
= Select raw data™ Main focus
, Compute effective time ;
External meas. data files in 2013
Model data files ~ ==mmmeee- > Load a priori data
Lab. data files Simulate signals (With emphasis on
GRUAN LIDAR Correct for saturation* Uncertainty budget)

ARCHIVE CEN

Correct for background noise’

Glue AD and PC*
Correct for overlap’

Ready for species retrieval

Calculate H20/N2 ratio Apply DIAL Correct for solid angle® Caleul

e RR1/RR2 ratio

13,19

orrect for molec. extinction®™  Correct for molec. extinction®®  Correct for molec. extinction®®  Fit ratig to modeled ratio

1,12

orrect for interfering gases™"  Correct for interfering gases™"”  Correct for interfering gases

Calibrate®*' Normalize density

Temperature

Integrate from top™'*'%"”
Ozone 9 P

A




R Terminology and general approach

Terminology Agreed by ISSI Team on NDACC Lidar Algorithms:

1. The NDACC-lidar-standardized uncertainty is the combined standard uncertainty u
as defined by the BIPM technical documents JCGM-100 (2008) and JCGM-200 (2008)

2. u must be obtained from known, traceable standard uncertainty components u,
associated with multiple sources of uncertainty x

3. If no traceable standard uncertainty is available for x, u, must be taken as the
standard deviation o, of the normally distributed probability function describing x

4. The contribution of multiple standard uncertainty components u, to the combined
standard uncertainty u must follow the fundamental law of variance propagation, i.e.:

If y is defined as a function of the independent variables x,, x,,.., X, :
- Oy
Y= F (X0 X0 Xy ) = Yo + DX,
= OX,

And if u, = u(x,) is the standard uncertainty for the source x,,,
then the combined uncertainty for y is:

N

*“yZZ

n=1

N

2
u? +i > ﬂﬂcov(xn,xm)

m=1\ n=1(n=m) aXn axm

&y
OX,,
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Q’E Sources of Measurement and Retrieval Uncertainty

) Addressed by 1SSI Team and included in GLASS:

=) 1. Photon Counting statistical noise

2. Saturation (pile-up): dead-time ¢

Background correction: Fitting coefficients b,
Molecular extinction: cross-sections values og,,
. 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, 02, SO2

. Gravity g(z,lat) for temperature integration

© © N O 0 b W

. A priori (tie-on) air density or pressure T,(z), N,(2), p,(2)
10. Raman backscatter cross-section temperature dependence og,,(T(2))

m) 11. Water Vapor Calibration (including uncertainty in a priori source)

Each of the above sources is considered uncorrelated with the others, BUT...

=) ... sources 2 and 3 require covariance computation
when processing requires use of multiple altitude bins
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ﬁg& Sources of Measurement and Retrieval Uncertainty (cont.)

m) Currently not yet finished to be addressed, or not addressed at all by ISSI Team:
1. Analog Detection (AD) noise (quantization)
2. PC and AD gluing: gluing (fitting) coefficients w;
3. Particulate backscatter and extinction (affects all species)
4. Calibration curve and spectral stability of the RR lines (RR Temperature only)
5. Overlap and shutter correction: O(z), fitting coefficients o; (all species)

6. Fluorescence contamination (H20 only)

= Sources 1, 2 anticipated to be included soon in a more advanced
version of GLASS (2014)

m) Source 3 often requires questionable assumptions on the state of atmospheric
particulate matter (composition, size, etc.)
= will be included in GLASS eventually, but requires careful consideration first

m) Source 4 specific to RR temperature lidar. To be addressed in concert with RR
temperature experts when (if) GRUAN ready for GRUAN RR Temperature Product

m) Sources 5 and 6 can be minimize/removed by instrument re-design or optimization
They are instrument-dependent and often time-dependent within the same instrument
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Did it feel somewhat long to get to this point?

Reason #1: 2013 = (too) busy year , not enough time dedication available

Reason #2: =

Each lidar
has its own
characteristics

= Huge quantity
of work to compile

“There is one RS92
for many sites
but
as many lidars

as there are sites!”

JPL
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Propagating Uncertainty with Correlated Terms

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

JPL

Incomplete overlap mp Nominal range
signal increase with heighi ;
(slg 9'm saturation (signal decrease with height)

(“plateau’-like shape)
\ s /

) Background noise
(flat signal)

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

299nm Rayleigh (tropo. O3 “OFF")

Photon counts

background noise level
depends on wavelength
and detector specs.

Altitude (km)

= Monte Carlo Simulations are required to compute covariance matrix

and estimate the resulting impact of correlated terms on uncertainty
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B Estimating the Impact of Correlated Terms

By use of Lidar Signal Simulations and Monte Carlo Runs...

Modus operandi:
=) 1. Start from assumed atmospheric state [T(z), p(z), 03(z), H20(z)] (“true” profiles)

m) 2. Simulate lidar signals using typical real lidar system parameters (forward model)
=) 3. Analyze simulated signals with GLASS
=) 4. Ensure consistency between GLASS and forward model (i.e., ensure retrieved = "truth™)
5. For each source of uncertainty, run Monte Carlo simulations by:
m) 5Sa. Setting ALL uncertainty sources to 0, except the one to be addressed
m) Sb. Turning “OFF” all corrections except the one for which uncertainty is to be addressed
m) 5c. Creating a set of (1000) random, normally distributed values of the parameter(s)
used to perform the correction
= 5. Setting the 1-standard uncertainty of the source being addressed to the value of the
standard-deviation used to produce the random distribution
m) b5e. Produce the corresponding set of (1000) retrieved profiles
=) 6. Compute standard deviation of the retrieved profiles and compare to calculated uncertainty

=) 7. Repeat steps 5-6 for each uncertainty source separately, then for all sources together
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e Quantifying saturation correction uncertainty ‘@'
R~ 4

< on Temperature
50 ’ LI I LI | LI I LILIL I 1 LI LI i LILILI I 11 I LI I I LI I LI I LI
t i Bottom plots: r -
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3 Quantifying saturation correction ‘@ '
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J «-;3! Quantifying saturation correction ‘@'
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Now Getting Closer to the Real World of GRUAN... ‘w‘

= Simulation using actual lidar parameters of Payerne
NDACC lidar: Payerne ; #MC runs: 200 ; std1d2ev(tau) = 0.0%, 10.0%
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Last but not Least... First GRUAN Lidar Product?...
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B CONCLUSION

= GRUAN Lidar Product development is ongoing

= 2013 progress slower than expected

= 2014 progress expected to be faster:
- Lidar Guide should be completed by the end of the year

- An anticipated LidarRunClient advanced version should lead
to operational mode

- GLASS should see significant development (data selection, portability, etc.)

= Hoping for a GRUAN Lidar “operational” Product in 2015
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