
CAMS27 QA/QC B. Langerock



CAMS27 QA/QC B. Langerock



CAMS27 QA/QC B. Langerock



CAMS27 QA/QC B. Langerock

CAMS 27: QA/QC

• Consistency of reported variables:  
conversions of VMR profile -> partial column profile  
profiles -> integrated data  
uncertainty covariances -> standard deviations on integrated data  
AVK’s acting on profile -> column AVK’s  
conversions and reported ancillary data (eg partial column of air and 
pressure/temperature) 

• Uncertainties: 
covariances should be symmetric and semi-positive definite  
std’s should be strictly positive  
std’s should be within expected values (to be defined)  
random and systematic uncertainty variables must contain physical 
data (no fill values!)
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• Location:  
consistency between solar position variables and reported 
measurement time  
consistency between altitude grid and instrument’s height 
no fill values in any lat/lon/time variable 

• Averaging kernels:  
sensitivity curve for 2D AVK should not go wild (0<:<1.5) 
DOF should be within expected thresholds (DOF > 0.8) 
1D column AVK data should not go wild (0<:<1.5) 
availability of apriori profiles (not only fill values!)

properties of the AVK are used to check the quality of the retrieval! 
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QC trhesholds
Characteriza*on-of-in-ver*cal-profile-retrievals-from-the-

Fourier7transform-infrared-spectrometers-in-the-NDACC-IRWG--
&-strategies-to-make-a-more-homogeneous-global-Dataset-

-
-

James-Hannigan,-Mar*ne-de-Mazière-and-the-members-of-the-NDACC-IRWG-
Contact:-jamesw@ucar.edu-

Abstract-
Over-the-now-more-than-20-year-*me-frame-of-the-Network-for-the-Detec*on-of-Atmospheric-Composi*on-Change-(NDACC)-both-instrumenta*on-and-data-analysis-techniques-have-improved.--Adap*ng-to-such-changes-has-been-an-important-effort-
within-the-Infrared-Working-Group-(IRWG).--During-the-last-decade-the-data-produced-by-an-IRWG-group-has-increased-many-fold.--The-number-of-required-archival-gases-has-doubled,-ini*ally-these-were-O3,-HCl,-HF,-ClONO2,-and-HNO3,-and-recently-has-
been-increased-to-include-N2O,-CH4,-CO,-C2H6-and-HCN.--The-informa*on-about-each-gas-has-increased-where-ini*ally-only-the-daily-average-total-column-and-its-uncertainty-were-delivered-now-profiles-and-their-associated-uncertainty-covariences-as-well-
as-averaging-kernels-are-available-at-the-archive-for-data-users.--This-is-done-for-each-measurement-which-may-be-several-per-day.--The-higher-ver*cal-resolu*on-data-product-places-a-more-stringent-demand-on-instrumenta*on-and-processing.--It-requires-
careful-instrument-lineshape-(ILS)-calibra*on,-more-sophis*cated-retrieval-processing-and-network-wide,-requires-more-homogeneous-sets-of-input-retrieval-parameters-to-obtain-the-desired-quality-of-global-data-products.---
-
The-use-by-all-groups-and-instruments-of-HBr-calibra*on-cell-spectra-was-adopted-early-and-has-increased-to-where-55-HBr-cells-have-been-carefully-produced-in-3-large-batches-with-equal-amounts-of-low-pressure-HBr.--The-consistent-use-of-a-retrieved-
lineshape-from-these-spectra- in-modeling-atmospheric-spectra- is-now-rou*ne.- -The-common-use-of- the-op*mal-es*ma*on-(OE)-method-for-cons*tuent-retrieval- is-also-now-fully-adopted-and-this- for- instance-has-allowed-more-formal-and-rigorous-
comparisons-with-satellite-retrievals.--It-also-relies-on-a-priori-informa*on-that-consequently-constrains-the-network-to-have-this-as-consistent-as-possible.--Here-we-review-the-network-wide-effort-that-has-lead-to-sets-of-common-and/or-consistent-data-to-
be-used-by-all-sites.--These-include-in-part-the-spectral-regions-used-for-each-species,-line-parameters,-interfering-species,-and-ini*al-cons*tuent-profiles.--The-use-of-common-parameters-is-confounded-by-site-humidity,-al*tude-and-la*tude.--For-all-species-
and-sites-common-spectral-regions-are-obtained.--Common-a-priori-profiles-are-far-from-appropriate.--An-approach-similar-to-pressure7temperature-profiles-was-adopted-in-that-a-specified-general-Whole-Atmosphere-Community-Climate-Model--(WACCM)-
model-output-was-determined-to-be-the-most-consistent-source-for-both-the-target-and-interfering-species.--The-implementa*on-and-characteriza*on-of-these-parameters-are-given-by-the-consistent-uncertainty-budgets-and-informa*on-content-derived-
from-the-retrievals-from-across-the-network.-
-
Here-we-show-the-common-features-of-the-harmonized-system.-Then-via-several-examples-illustrate-the-quality-of-the-current-data-products.-

Filter,#, Band,Width, Detector, Number,
of,Scans, Gases,Columns,/,Profiles,Retrieved,

0- 4500-7-5100- InSb- 2F-7-2B- CO2-

1- 4000-7-4300- InSb- 2F-–-2B- HF,-CO-

1b- 3850-7-4500- InSb- 2F-–-2B- HF,-CO-

2- 3030-7-3850- InSb- 2F-–-2B- O3,-HCN,-C2H2-

3- 2440-–-3125- InSb- 2F-–-2B- CH4,-HCl,-N2O,-HBr-(cell),-H2CO,-C2H6,-H2O,-
HDO,-NO,-NO2,-C2H4,-CO2,-O3-

4- 2000-–-2560- InSb- 2F-–-2B- CO,-OCS,-CO2,-N2-

5-
1590-–-1850- InSb---

2F-–-2B- COF2,-CO,-OCS-
1850-7-2170- HgCdTe-

6- 750-–-1350- HgCdTe- 8F-–-8B- HNO3,-O3,-CCl2F2,-CCl3F,-ClONO2,-CH3OH,-
HCOOH,-SF6,-SO2,-CH4,-N2O,-CHClF2,-NF3-

Table,1,

Spectral,Regions,in,the,Mid,&,Near,–IR,The-mid7IR-is-segmented-into-several-
sub7regions-with-op*cal- filters- to- increase- sensi*vity- to- targeted-absorp*on-
features- by- gas.- - Though- a- given- gas-may- have- thousands- or- only- just- one-
spectral- feature- in- the- mid7IR,- appropriate- choices- for- retrieval- have- been-
paired- down- over-many- years.- - Table- 1- above- gives- filter- regions- currently-
employed-to-cover-op*ons.- -Highlighted-in-blue-are-ini*al-filter-regions-used-
by-all-groups-since-1991.--Recently-this-has-been-extended-to-the-two-regions-
in-orange.--This-gives-extended-sensi*vity-to-HF-(1b)-and-to-near7IR-CO2-and-its-
isotopes-(0).-

Gas, µJwindow(s),,
[cmJ1], OpQonal,µw, OPD,Max,,

[cm],
Interfering,species,fit,

simultaneously,
a,Priori,
profiles,

Typical,,
DOFS,

--

O3- 1000.071005.0- 250- H2O,-CO2,-CH4,-O668,-
O686- WACCMV5- 3-7-5-

-- 782.567782.86-
-- -788.857789.37-
-- -993.307993.80-

HCl- 2727.7372727.83- 250- O3,-HDO- WACCMV5- 1.5-73-
-- 2775.7072775.80- -N2O,-O3-
-- 2925.8072926.00- -O3,-CH4,-NO2-
HF- 4038.81-4039.07- >180- H2O,-HDO,-CH4- Other-Ref- 1.5-72.5-

-- 4000.8674001.10- H2O,-O3- (WACCM&
2012)&

-- 4109.7774110.07- H2O,-HDO,-CH4-
ClONO2- 780.107780.35- >50- H2O- WACCMV5- 1-

-- 780.07781.3- CO2,-O3- (total-column-
only)-

-- 779.07780.0- H2O-
HNO3- 867.057870.00- WACCMV5- 1.5-7-3-

-- 872.257874.00-
N2O- 2481.3072482.60- 250- WACCMV5- 2-–-4.-
-- 2526.4072528.20-
-- 2537.8572538.80-
-- 2540.1072540.70-

CH4- 2613.7072615.40- -- 250- HDO,-CO2- WACCMV5- 1.5-–-3-
-- 2650.6072651.30- Op-mal& HDO,-CO2-
-- 2835.5072835.80- CH4&
-- 2903.6072904.03- Retrieval& NO2-
-- 2921.0072921.60- TBD& HDO,-NO2,-H2O-
-- 2611.6072613.35- At&this& HDO,-CO2-
-- 2613.7072615.40- Time& CH4,-CO2,-HDO-
-- 2914.7072915.15- -- CH4,-NO2,H2O,HDO-
-- 2941.2372942.23- -- CH4,H2O,O3-
CO- 2057.7072058.00- 250- O3,-CO2,-OCS- WACCMV5- 2-–-3-
-- 2069.5672069.76- O3,-CO2,OCS-
-- 2157.5072159.15- O3,-CO2,-OCS,-N2O,-H2O-

C2H6- 2976.6672976.95- 250- H2O,-O3,-CH4- WACCMV5*- 1-–-2.5-
-- 2983.2072983.55- H2O,-O3,-CH4-

HCN- 3268.05-7-3268.40- 250- H2O,-C2H2- WACCMV5*- 1.5-–-2.5-
-- 3287.10-7-3287.35- H2O,-CO2,-C2H2-
-- 3299.40-7-3299.60- H2O,-H218O-
-- 3277.775-–-3277.950-- H2O-
-- 3286.168-–-3288.482-- H2O-
-- 3301.030-–-3301.300-- H217O-

-- 3304.825-–-3305.60- H2O,-H218O,-H217O,-
C2H2--

Table,2,

Examples-from-MLO- Examples-from-TAB-

Profile,CharacterizaQon- informa*on-for-users-derived-from-data-delivered-in-
the-GEOMS- compliant- IRWG-HDF- files- is- required- for- proper- use- of- the-OE-
retrieved- profiles.- Data- includes- a- priori- and- es*ma*ons- of- random- and-
systema*c- uncertainty- covariances- for- both- mixing- ra*o- profiles- and- total-
columns.- - Also- given- are- averaging- kernels- for- mixing- ra*os- and- the- total-
column-on-the-retrieval-grid-(see-far-right),-temperature-and-pressure-at-the-
observa*on-site-and-on-the-retrieval-grid-and-retrieved-water-vapor-used-for-
the-retrieval.-
-
Note&on&variability:&at&a&given&site&data&quality& is&maintained&at&a&high& level&
and&poorer&data/retrievals&screened&out,&nevertheless&sensi-vity&is&effected&by&
viewing& geometry& given& its& direct& effect& on& measured& solar& spectra:& the&
features&of&the&target&and&interfering&species.&&This&is&the&primary&source&of&on&
site&variability.&
Primary&sitePtoPsite&variability&is&due&to&sta-on&al-tude&and&interfering&species&
essen-ally& water& vapor& (see& Table& 2& for& accommoda-ons& of& water& vapor).&&
Though&mi-gated& its&effect&on& istePtoPsite&differences& in&final&data&cannot&be&
eliminated.&

!"#$%&'()*+,-')(%

Globally,Consistent,a,Priori,The-OE-technique-used-
in-current-state-of-the-art-retrievals-rely-on-a-priori-
informa*on- as- a- star*ng- point- and- to- provide-
informa*on-where-the-measurement-is-not-sensi*ve-
[Rogers,- 200].- - For- the- wide- range- of- species-
currently-and-expected-to-be-retrieved,-background-
species,- various- emission- factors,- global- coverage-
(see- map- of- sites- above)- the- IRWG- chose- to- use-
output- from- the- WACCM- (Whole- Atmosphere-
Community-Climate-Model)-as-a-priori.- -Specifically-
we- use- as- a- priori,- for- each- species,- an- average-
profile-over-1980–2020-from-the-monthly-output-of-
a- CCMVal- experiment- that- employs- the- A1B- GHG,-
AB/HALOGEN- &- AR4/SST- scenarios- (Eyring- et- al.,-
2007].- - This- provides- the- network- reasonable-
globally- consistent- input- to- the- retrievals- not-
available-otherwise.---
-
The-model-output-is-interpolated-to-a-near-common-
grid- for- all- sites.- (see- right).- - These- grid- layers-
increase- by- approximately- 10%- per- level- in-
ascending-al*tude-and-is-the-same-for-all-sites-above-
~10km.- - Below,- to- accommodate- actual- sta*on-
observa*on-heights-the-levels-are-adjusted-to-arrive-
at- the- actual- sta*on- al*tude- while- trying- to-
maintain-the-step-ra*o.- -At-right-are-examples-from-
the- sta*on- height- to- 20km- for- three- sta*ons.-
Number-if-levels-range-from-40748.-

Summary,of,common,Parameters,,Above-in-Table-2-is-a-summary-of-common-parameters-
used- in- all- retrievals- network- wide.- - On- the- lem- are- the- ten- current- primary- gases- for-
retrieval-by-the-IRWG,-though-many-groups-submit-data-for-more-species-and-s*ll-others-
may-be-available-upon-request-to-the-PI.- -The-next-two-columns-give-the-narrow-spectral-
regions- covering- only- those- absorp*on- features- required.- - Followed- is- the- spectral-
resolu*on- needed- for- retrieval- and- the- species- which- must- be- accounted- for- in- some-
consistent- manner- for- a- proper- retrieval.- - Typically- these- can- be- ‘fit’- or- retrieved-
simultaneously.- - But- progressively-&- especially- for- interferences- by-H2O- and-HDO- these-
must-be-fit-prior-to-a-retrieval-of-the-target-gas-thereby-removing-a-varying-‘background’.--
While- not- a- new- technique- it- has- become- increasingly- cri*cal- for- consistent- profile-
retrievals.--Next-is-the-reference-profile-source-and-the-range-of-informa*on-content.&&&
&
Of& note:& finaliza-on& of& the& CH4& retrieval& parameters& are& in& process,& given& are& several&
possible& regions.& Model& output& for& HF& (and& other& Fluorine& containing& species& will& be&
available&to&the&network&in&early&2012.& &The&profile&data&product&is&available&for&all&species&
here&&except&ClONO2.&
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Table 3    HCL, ,, ,,   HF, ,, ,,   CO, ,, ,,   N2O, ,, ,,   CH4, ,, ,,   HNO3, ,, ,,   HCN, ,, ,,   C2H6, ,, ,,   O3, ,, ,, ,,   
-- -- RNN- TAB- MLO- -- RNN- TAB- MLO- -- RNN- TAB- IZN- -- RNN- TAB- KRN- -- RNN- IZN- KRN- -- RNN- TAB- MLO- -- RNN- KRN- IZN- -- TAB- MLO- IZN- -- TAB- MLO- IZN-- -- --
  -- -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- -- --   

DOFS, -- 1.23- 2.3- 1.18- 2.01- 1.73- 1.27- 3.01- 2.3- 3.1-- 3.11- 2.8- 3.7-- 1.94- 2.56- 2.7-- 1.1- 2.25- 1.2- 2.12- 2.25- -2.4- 1.6- 1.16- -1.6- 4.79- 4.5- 4.36-- -- DOFS,
  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   

Column,Uncertainty,
Components, -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Column,Uncertainty,

Components,
Smoothing- %- 2.1- 0.98- 1.09- 11.02- 0.78- 0.68- 0.11- 0.26- -- 0.01- 0.04- -- 0.31- -- -- 14.33- 0.53- 1.7- 4.59- -- -- 0.95- 1.88- -- 0.19- 0.18- -- %- Smoothing-

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Retrieval-noise- %- 0.72- 0.67- 0.58- 3.24- 0.48- 1.9- 0.15- 0.15- -- 0.03- 0.07- -- 0.15- -- -- 6.2- 0.46- 1.4- 4.79- -- -- 1.15- 1.12- -- 0.18- 0.24- -- %- Retrieval-noise-

Fiued-parameters- %- 0.53- 1.7- 0.87- 0.68- 0.78- <0.01- 0.03- 0.25- -- <.01- <0.01- -- <-0.01- -- -- 0.18- <0.01- <0.01- 0.4- -- -- 0.18- 0.11- -- <0.01- <0.01- -- %- Fiued-parameters-
Interfering-species- %- 0.01- 0.73- 0.26- 1.64- 0.21- 0.85- 0.04- 0.03- -- 0.58- 0.03- -- 0.05- -- -- 0.82- 0.05- 0.08- 4.36- -- -- 0.05- 0.1- -- 0.05- 0.02- -- %- Interfering-species-

Temperature- %- 0.54- 0.22- 0.17- 0.47- 0.25- 0.14- 1.08- 0.26- -- 0.07- 0.05- -- 0.84- -- -- 2.59- 0.37- 0.39- 10.55- -- -- 0.22- 0.24- -- 0.26- 0.27- -- %- Temperature-
Solar-zenith-angle- %- 0.36- 0.42- 0.25- 0.2- 0.34- 0.17- 0.34- 0.28- -- 0.34- 0.47- -- 0.32- -- -- 0.48- 0.42- 0.51- 0.45- -- -- 0.3- 0.6- -- 0.16- 0.24- -- %- Solar-zenith-angle-

Modula*on-amplitude- %- 0.31- 0.08- 0.01- 0.44- 0.12- 0.03- 0.24- 0.17- -- 0.07- 0.09- -- 0.04- -- -- 0.16- <0.01- 0.13- 0.06- -- -- 0.02- 0.1- -- 0.38- 0.19- -- %- Modula*on-amplitude-
Modula*on-phase- %- 0.08- <0.1- 0.02- 1.61- <0.01- 0.02- 0.12- 0.43- -- 0.02- <0.01- -- 0.35- -- -- 0.09- <0.01- <0.01- 9.19- -- -- <0.01- 0.01- -- <0.01- 0.02- -- %- Modula*on-phase-
Total,Random, -- 1.15- 2.02- 1.12- 4.09- 1.04- 2.1- 0.6- 0.5- -0.5- 0.5- 0.48- 0.53-- 0.6- -0.54- .50-- 2.2- 0.73- 1.83- 8.5- -13.2- 14.9-- 1.2- 1.31- 1.67-- 0.52- 0.47- -1.79- -- Total,Random,

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Intensity- %- 1.67- 7.71- 3.4- 3.3- 1.18- 0.52- 2.4- 1.13- -- 2.45- 3.45- -- 1.51- -- -- 2.71- 5.95- 5.7- 10.87- -- -- 10- 12.18- -- 1.33- 1.5- -- %- Intensity-

Broadening- %- 1.98- 1.44- 0.36- 0.14- 1.69- 0.32- 0.42- 0.32- -- 0.94- 0.92- -- 0.6- -- -- 0.17- 1.04- 2.44- 11.49- -- -- 3.88- 5.88- -- 1.23- 0.62- -- %- Broadening-
Total,Spectral, %- 2.59- 7.85- 3.42- 3.3- 2.06- 0.61- 2.3- 1.17- -2.12- 2.4- 3.57- 2.81- 1.4- -2.29- 2.2-- 2.6- 6.04- 6.2- 10.9- 13.8-- -14.7- 10.8- 13.53- 2.9-- 1.81- 1.62- 2.18-- %- Total,Spectral,

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Total,Random,+,

Spectral, %- 3.74- 9.87- 4.54- 7.39- 3.1- 2.71- 2.9- 1.67- 2.6-- 2.9- 4.05- 3.35-- 2- -2.84- -2.7- 4.8- 6.77- 8.03- 19.4- 27- -29.7- 12- 14.84- -4.6- 2.33- 2.09- 3.97-- %- Total,Random,+,Spectral,

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Total,+,Smooth, %- 5.84- 10.85- 5.63- -- 18.41- 3.88- 3.39- -- 2.71- 1.38- -- -- 2.91- 4.09-   -- 2.71- -- -- -- 19.13- 7.3- 9.73- -- 23.99- -- -- -- 12.95- 16.72- -- -- 2.52- 2.27- -- %- Total,+,Smooth,

Above-are-examples-from-sta*on-at-KRN-from-a-given-HDF-file.--Above-lem-for-
4-profiles-of-HCN- from-Jun- ‘05,- total- random-uncertainty- is- in- the- lem-panel-
(see- below- right- for- example- components)- and- every- third- retrieval- grid-
kernel- on- lem- (for- one- observa*on)-with- the- sum- in- red.- - Above- right- Is- a-
similar-plot-for-34-profiles-of-N2O-in-Jul-’08.--Note-the-kernels-are-for-only-one-
retrieval-profile.-
Below- lem- is- C2H6- at- IZN- (35- profiles- Feb- ‘11)- and- at- right- O3- at- TAB- (130-
profiles-in-2010).-

Components, of, UncertainQes- that- are- currently- accounted- for- in- most-
retrieval-processing-schemes-are-given-at-right-for-several-gases-as-examples-
from-MLO-and-TAB.--Covariances-for-each-component-can-be-created-and-the-
uncertainty-rigorously-computed.- -Those-shown-are-for-a-single-observa*on.--
The-smoothing-component-typically-is-counter-to-the-other-components-since-
it- is-minimized-where- the-measurement- has- the-most- informa*on- and- the-
other-components-dominate.,

Key:&data&used&here&are&from&several&IRWG&sta-ons:&
&
IZN&–&Izana,&Tenerife&Is.&&&&&&&&&EKA&P&Eureka&
KRN&–&Kiruna,&Sweden&&&&&&&&&&&TAB&P&Thule&Greenland&
RNN&–&Reunion&Is.&&&&&&&&&&&&&&&&&&MLO&–&Mauna&Loa,&HI&&&&&
LDR&–&Lauder,&NZ&&&&&&&&&&&&&&&&&&&&PRB&–&Paramaribo,&Suriname&

Total,Column,UncertainQes-broken-down-by-component-are-shown-as-an-example-for-a-typical-measurement-from-various-sites-for-all-ten-IRWG-species.-

Summary-The-combined-effect-of-recent-advances-in-retrievals-&-uncertainty-
es*ma*on,-the-addi*on-new-species,-and-the-use-of-HDF-data-files-provides-a-
very- large- amount- of- new- - data- for- end- users- from- the- observa*onal-
program- carried- out- by- the- NDACC7IRWG.- Summarizing- this- effort- is- a-
challenge,-we-have- tried- to-show-the-common-components-of- the- retrieval-
system-and--representa*ve-examples-of-the-data-currently-available.-
-
Please-see-the-data-archive-at:-mp://mp.cpc.ncep.noaa.gov-
The-NDACC-web-site-at-hup://www.ndacc.org-
The-IRWG-web-site-at:-hup://www.acd.ucar.edu/irwg/index.html--

Characteriza*on-of-in-ver*cal-profile-retrievals-from-the-
Fourier7transform-infrared-spectrometers-in-the-NDACC-IRWG--
&-strategies-to-make-a-more-homogeneous-global-Dataset-

-
-

James-Hannigan,-Mar*ne-de-Mazière-and-the-members-of-the-NDACC-IRWG-
Contact:-jamesw@ucar.edu-

Abstract-
Over-the-now-more-than-20-year-*me-frame-of-the-Network-for-the-Detec*on-of-Atmospheric-Composi*on-Change-(NDACC)-both-instrumenta*on-and-data-analysis-techniques-have-improved.--Adap*ng-to-such-changes-has-been-an-important-effort-
within-the-Infrared-Working-Group-(IRWG).--During-the-last-decade-the-data-produced-by-an-IRWG-group-has-increased-many-fold.--The-number-of-required-archival-gases-has-doubled,-ini*ally-these-were-O3,-HCl,-HF,-ClONO2,-and-HNO3,-and-recently-has-
been-increased-to-include-N2O,-CH4,-CO,-C2H6-and-HCN.--The-informa*on-about-each-gas-has-increased-where-ini*ally-only-the-daily-average-total-column-and-its-uncertainty-were-delivered-now-profiles-and-their-associated-uncertainty-covariences-as-well-
as-averaging-kernels-are-available-at-the-archive-for-data-users.--This-is-done-for-each-measurement-which-may-be-several-per-day.--The-higher-ver*cal-resolu*on-data-product-places-a-more-stringent-demand-on-instrumenta*on-and-processing.--It-requires-
careful-instrument-lineshape-(ILS)-calibra*on,-more-sophis*cated-retrieval-processing-and-network-wide,-requires-more-homogeneous-sets-of-input-retrieval-parameters-to-obtain-the-desired-quality-of-global-data-products.---
-
The-use-by-all-groups-and-instruments-of-HBr-calibra*on-cell-spectra-was-adopted-early-and-has-increased-to-where-55-HBr-cells-have-been-carefully-produced-in-3-large-batches-with-equal-amounts-of-low-pressure-HBr.--The-consistent-use-of-a-retrieved-
lineshape-from-these-spectra- in-modeling-atmospheric-spectra- is-now-rou*ne.- -The-common-use-of- the-op*mal-es*ma*on-(OE)-method-for-cons*tuent-retrieval- is-also-now-fully-adopted-and-this- for- instance-has-allowed-more-formal-and-rigorous-
comparisons-with-satellite-retrievals.--It-also-relies-on-a-priori-informa*on-that-consequently-constrains-the-network-to-have-this-as-consistent-as-possible.--Here-we-review-the-network-wide-effort-that-has-lead-to-sets-of-common-and/or-consistent-data-to-
be-used-by-all-sites.--These-include-in-part-the-spectral-regions-used-for-each-species,-line-parameters,-interfering-species,-and-ini*al-cons*tuent-profiles.--The-use-of-common-parameters-is-confounded-by-site-humidity,-al*tude-and-la*tude.--For-all-species-
and-sites-common-spectral-regions-are-obtained.--Common-a-priori-profiles-are-far-from-appropriate.--An-approach-similar-to-pressure7temperature-profiles-was-adopted-in-that-a-specified-general-Whole-Atmosphere-Community-Climate-Model--(WACCM)-
model-output-was-determined-to-be-the-most-consistent-source-for-both-the-target-and-interfering-species.--The-implementa*on-and-characteriza*on-of-these-parameters-are-given-by-the-consistent-uncertainty-budgets-and-informa*on-content-derived-
from-the-retrievals-from-across-the-network.-
-
Here-we-show-the-common-features-of-the-harmonized-system.-Then-via-several-examples-illustrate-the-quality-of-the-current-data-products.-

Filter,#, Band,Width, Detector, Number,
of,Scans, Gases,Columns,/,Profiles,Retrieved,

0- 4500-7-5100- InSb- 2F-7-2B- CO2-

1- 4000-7-4300- InSb- 2F-–-2B- HF,-CO-

1b- 3850-7-4500- InSb- 2F-–-2B- HF,-CO-

2- 3030-7-3850- InSb- 2F-–-2B- O3,-HCN,-C2H2-

3- 2440-–-3125- InSb- 2F-–-2B- CH4,-HCl,-N2O,-HBr-(cell),-H2CO,-C2H6,-H2O,-
HDO,-NO,-NO2,-C2H4,-CO2,-O3-

4- 2000-–-2560- InSb- 2F-–-2B- CO,-OCS,-CO2,-N2-

5-
1590-–-1850- InSb---

2F-–-2B- COF2,-CO,-OCS-
1850-7-2170- HgCdTe-

6- 750-–-1350- HgCdTe- 8F-–-8B- HNO3,-O3,-CCl2F2,-CCl3F,-ClONO2,-CH3OH,-
HCOOH,-SF6,-SO2,-CH4,-N2O,-CHClF2,-NF3-

Table,1,

Spectral,Regions,in,the,Mid,&,Near,–IR,The-mid7IR-is-segmented-into-several-
sub7regions-with-op*cal- filters- to- increase- sensi*vity- to- targeted-absorp*on-
features- by- gas.- - Though- a- given- gas-may- have- thousands- or- only- just- one-
spectral- feature- in- the- mid7IR,- appropriate- choices- for- retrieval- have- been-
paired- down- over-many- years.- - Table- 1- above- gives- filter- regions- currently-
employed-to-cover-op*ons.- -Highlighted-in-blue-are-ini*al-filter-regions-used-
by-all-groups-since-1991.--Recently-this-has-been-extended-to-the-two-regions-
in-orange.--This-gives-extended-sensi*vity-to-HF-(1b)-and-to-near7IR-CO2-and-its-
isotopes-(0).-

Gas, µJwindow(s),,
[cmJ1], OpQonal,µw, OPD,Max,,

[cm],
Interfering,species,fit,

simultaneously,
a,Priori,
profiles,

Typical,,
DOFS,

--

O3- 1000.071005.0- 250- H2O,-CO2,-CH4,-O668,-
O686- WACCMV5- 3-7-5-

-- 782.567782.86-
-- -788.857789.37-
-- -993.307993.80-

HCl- 2727.7372727.83- 250- O3,-HDO- WACCMV5- 1.5-73-
-- 2775.7072775.80- -N2O,-O3-
-- 2925.8072926.00- -O3,-CH4,-NO2-
HF- 4038.81-4039.07- >180- H2O,-HDO,-CH4- Other-Ref- 1.5-72.5-

-- 4000.8674001.10- H2O,-O3- (WACCM&
2012)&

-- 4109.7774110.07- H2O,-HDO,-CH4-
ClONO2- 780.107780.35- >50- H2O- WACCMV5- 1-

-- 780.07781.3- CO2,-O3- (total-column-
only)-

-- 779.07780.0- H2O-
HNO3- 867.057870.00- WACCMV5- 1.5-7-3-

-- 872.257874.00-
N2O- 2481.3072482.60- 250- WACCMV5- 2-–-4.-
-- 2526.4072528.20-
-- 2537.8572538.80-
-- 2540.1072540.70-

CH4- 2613.7072615.40- -- 250- HDO,-CO2- WACCMV5- 1.5-–-3-
-- 2650.6072651.30- Op-mal& HDO,-CO2-
-- 2835.5072835.80- CH4&
-- 2903.6072904.03- Retrieval& NO2-
-- 2921.0072921.60- TBD& HDO,-NO2,-H2O-
-- 2611.6072613.35- At&this& HDO,-CO2-
-- 2613.7072615.40- Time& CH4,-CO2,-HDO-
-- 2914.7072915.15- -- CH4,-NO2,H2O,HDO-
-- 2941.2372942.23- -- CH4,H2O,O3-
CO- 2057.7072058.00- 250- O3,-CO2,-OCS- WACCMV5- 2-–-3-
-- 2069.5672069.76- O3,-CO2,OCS-
-- 2157.5072159.15- O3,-CO2,-OCS,-N2O,-H2O-

C2H6- 2976.6672976.95- 250- H2O,-O3,-CH4- WACCMV5*- 1-–-2.5-
-- 2983.2072983.55- H2O,-O3,-CH4-

HCN- 3268.05-7-3268.40- 250- H2O,-C2H2- WACCMV5*- 1.5-–-2.5-
-- 3287.10-7-3287.35- H2O,-CO2,-C2H2-
-- 3299.40-7-3299.60- H2O,-H218O-
-- 3277.775-–-3277.950-- H2O-
-- 3286.168-–-3288.482-- H2O-
-- 3301.030-–-3301.300-- H217O-

-- 3304.825-–-3305.60- H2O,-H218O,-H217O,-
C2H2--

Table,2,

Examples-from-MLO- Examples-from-TAB-

Profile,CharacterizaQon- informa*on-for-users-derived-from-data-delivered-in-
the-GEOMS- compliant- IRWG-HDF- files- is- required- for- proper- use- of- the-OE-
retrieved- profiles.- Data- includes- a- priori- and- es*ma*ons- of- random- and-
systema*c- uncertainty- covariances- for- both- mixing- ra*o- profiles- and- total-
columns.- - Also- given- are- averaging- kernels- for- mixing- ra*os- and- the- total-
column-on-the-retrieval-grid-(see-far-right),-temperature-and-pressure-at-the-
observa*on-site-and-on-the-retrieval-grid-and-retrieved-water-vapor-used-for-
the-retrieval.-
-
Note&on&variability:&at&a&given&site&data&quality& is&maintained&at&a&high& level&
and&poorer&data/retrievals&screened&out,&nevertheless&sensi-vity&is&effected&by&
viewing& geometry& given& its& direct& effect& on& measured& solar& spectra:& the&
features&of&the&target&and&interfering&species.&&This&is&the&primary&source&of&on&
site&variability.&
Primary&sitePtoPsite&variability&is&due&to&sta-on&al-tude&and&interfering&species&
essen-ally& water& vapor& (see& Table& 2& for& accommoda-ons& of& water& vapor).&&
Though&mi-gated& its&effect&on& istePtoPsite&differences& in&final&data&cannot&be&
eliminated.&

!"#$%&'()*+,-')(%

Globally,Consistent,a,Priori,The-OE-technique-used-
in-current-state-of-the-art-retrievals-rely-on-a-priori-
informa*on- as- a- star*ng- point- and- to- provide-
informa*on-where-the-measurement-is-not-sensi*ve-
[Rogers,- 200].- - For- the- wide- range- of- species-
currently-and-expected-to-be-retrieved,-background-
species,- various- emission- factors,- global- coverage-
(see- map- of- sites- above)- the- IRWG- chose- to- use-
output- from- the- WACCM- (Whole- Atmosphere-
Community-Climate-Model)-as-a-priori.- -Specifically-
we- use- as- a- priori,- for- each- species,- an- average-
profile-over-1980–2020-from-the-monthly-output-of-
a- CCMVal- experiment- that- employs- the- A1B- GHG,-
AB/HALOGEN- &- AR4/SST- scenarios- (Eyring- et- al.,-
2007].- - This- provides- the- network- reasonable-
globally- consistent- input- to- the- retrievals- not-
available-otherwise.---
-
The-model-output-is-interpolated-to-a-near-common-
grid- for- all- sites.- (see- right).- - These- grid- layers-
increase- by- approximately- 10%- per- level- in-
ascending-al*tude-and-is-the-same-for-all-sites-above-
~10km.- - Below,- to- accommodate- actual- sta*on-
observa*on-heights-the-levels-are-adjusted-to-arrive-
at- the- actual- sta*on- al*tude- while- trying- to-
maintain-the-step-ra*o.- -At-right-are-examples-from-
the- sta*on- height- to- 20km- for- three- sta*ons.-
Number-if-levels-range-from-40748.-

Summary,of,common,Parameters,,Above-in-Table-2-is-a-summary-of-common-parameters-
used- in- all- retrievals- network- wide.- - On- the- lem- are- the- ten- current- primary- gases- for-
retrieval-by-the-IRWG,-though-many-groups-submit-data-for-more-species-and-s*ll-others-
may-be-available-upon-request-to-the-PI.- -The-next-two-columns-give-the-narrow-spectral-
regions- covering- only- those- absorp*on- features- required.- - Followed- is- the- spectral-
resolu*on- needed- for- retrieval- and- the- species- which- must- be- accounted- for- in- some-
consistent- manner- for- a- proper- retrieval.- - Typically- these- can- be- ‘fit’- or- retrieved-
simultaneously.- - But- progressively-&- especially- for- interferences- by-H2O- and-HDO- these-
must-be-fit-prior-to-a-retrieval-of-the-target-gas-thereby-removing-a-varying-‘background’.--
While- not- a- new- technique- it- has- become- increasingly- cri*cal- for- consistent- profile-
retrievals.--Next-is-the-reference-profile-source-and-the-range-of-informa*on-content.&&&
&
Of& note:& finaliza-on& of& the& CH4& retrieval& parameters& are& in& process,& given& are& several&
possible& regions.& Model& output& for& HF& (and& other& Fluorine& containing& species& will& be&
available&to&the&network&in&early&2012.& &The&profile&data&product&is&available&for&all&species&
here&&except&ClONO2.&
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Table 3    HCL, ,, ,,   HF, ,, ,,   CO, ,, ,,   N2O, ,, ,,   CH4, ,, ,,   HNO3, ,, ,,   HCN, ,, ,,   C2H6, ,, ,,   O3, ,, ,, ,,   
-- -- RNN- TAB- MLO- -- RNN- TAB- MLO- -- RNN- TAB- IZN- -- RNN- TAB- KRN- -- RNN- IZN- KRN- -- RNN- TAB- MLO- -- RNN- KRN- IZN- -- TAB- MLO- IZN- -- TAB- MLO- IZN-- -- --
  -- -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- --   -- -- -- --   

DOFS, -- 1.23- 2.3- 1.18- 2.01- 1.73- 1.27- 3.01- 2.3- 3.1-- 3.11- 2.8- 3.7-- 1.94- 2.56- 2.7-- 1.1- 2.25- 1.2- 2.12- 2.25- -2.4- 1.6- 1.16- -1.6- 4.79- 4.5- 4.36-- -- DOFS,
  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   

Column,Uncertainty,
Components, -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Column,Uncertainty,

Components,
Smoothing- %- 2.1- 0.98- 1.09- 11.02- 0.78- 0.68- 0.11- 0.26- -- 0.01- 0.04- -- 0.31- -- -- 14.33- 0.53- 1.7- 4.59- -- -- 0.95- 1.88- -- 0.19- 0.18- -- %- Smoothing-

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Retrieval-noise- %- 0.72- 0.67- 0.58- 3.24- 0.48- 1.9- 0.15- 0.15- -- 0.03- 0.07- -- 0.15- -- -- 6.2- 0.46- 1.4- 4.79- -- -- 1.15- 1.12- -- 0.18- 0.24- -- %- Retrieval-noise-

Fiued-parameters- %- 0.53- 1.7- 0.87- 0.68- 0.78- <0.01- 0.03- 0.25- -- <.01- <0.01- -- <-0.01- -- -- 0.18- <0.01- <0.01- 0.4- -- -- 0.18- 0.11- -- <0.01- <0.01- -- %- Fiued-parameters-
Interfering-species- %- 0.01- 0.73- 0.26- 1.64- 0.21- 0.85- 0.04- 0.03- -- 0.58- 0.03- -- 0.05- -- -- 0.82- 0.05- 0.08- 4.36- -- -- 0.05- 0.1- -- 0.05- 0.02- -- %- Interfering-species-

Temperature- %- 0.54- 0.22- 0.17- 0.47- 0.25- 0.14- 1.08- 0.26- -- 0.07- 0.05- -- 0.84- -- -- 2.59- 0.37- 0.39- 10.55- -- -- 0.22- 0.24- -- 0.26- 0.27- -- %- Temperature-
Solar-zenith-angle- %- 0.36- 0.42- 0.25- 0.2- 0.34- 0.17- 0.34- 0.28- -- 0.34- 0.47- -- 0.32- -- -- 0.48- 0.42- 0.51- 0.45- -- -- 0.3- 0.6- -- 0.16- 0.24- -- %- Solar-zenith-angle-

Modula*on-amplitude- %- 0.31- 0.08- 0.01- 0.44- 0.12- 0.03- 0.24- 0.17- -- 0.07- 0.09- -- 0.04- -- -- 0.16- <0.01- 0.13- 0.06- -- -- 0.02- 0.1- -- 0.38- 0.19- -- %- Modula*on-amplitude-
Modula*on-phase- %- 0.08- <0.1- 0.02- 1.61- <0.01- 0.02- 0.12- 0.43- -- 0.02- <0.01- -- 0.35- -- -- 0.09- <0.01- <0.01- 9.19- -- -- <0.01- 0.01- -- <0.01- 0.02- -- %- Modula*on-phase-
Total,Random, -- 1.15- 2.02- 1.12- 4.09- 1.04- 2.1- 0.6- 0.5- -0.5- 0.5- 0.48- 0.53-- 0.6- -0.54- .50-- 2.2- 0.73- 1.83- 8.5- -13.2- 14.9-- 1.2- 1.31- 1.67-- 0.52- 0.47- -1.79- -- Total,Random,

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Intensity- %- 1.67- 7.71- 3.4- 3.3- 1.18- 0.52- 2.4- 1.13- -- 2.45- 3.45- -- 1.51- -- -- 2.71- 5.95- 5.7- 10.87- -- -- 10- 12.18- -- 1.33- 1.5- -- %- Intensity-

Broadening- %- 1.98- 1.44- 0.36- 0.14- 1.69- 0.32- 0.42- 0.32- -- 0.94- 0.92- -- 0.6- -- -- 0.17- 1.04- 2.44- 11.49- -- -- 3.88- 5.88- -- 1.23- 0.62- -- %- Broadening-
Total,Spectral, %- 2.59- 7.85- 3.42- 3.3- 2.06- 0.61- 2.3- 1.17- -2.12- 2.4- 3.57- 2.81- 1.4- -2.29- 2.2-- 2.6- 6.04- 6.2- 10.9- 13.8-- -14.7- 10.8- 13.53- 2.9-- 1.81- 1.62- 2.18-- %- Total,Spectral,

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Total,Random,+,

Spectral, %- 3.74- 9.87- 4.54- 7.39- 3.1- 2.71- 2.9- 1.67- 2.6-- 2.9- 4.05- 3.35-- 2- -2.84- -2.7- 4.8- 6.77- 8.03- 19.4- 27- -29.7- 12- 14.84- -4.6- 2.33- 2.09- 3.97-- %- Total,Random,+,Spectral,

  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --   
Total,+,Smooth, %- 5.84- 10.85- 5.63- -- 18.41- 3.88- 3.39- -- 2.71- 1.38- -- -- 2.91- 4.09-   -- 2.71- -- -- -- 19.13- 7.3- 9.73- -- 23.99- -- -- -- 12.95- 16.72- -- -- 2.52- 2.27- -- %- Total,+,Smooth,

Above-are-examples-from-sta*on-at-KRN-from-a-given-HDF-file.--Above-lem-for-
4-profiles-of-HCN- from-Jun- ‘05,- total- random-uncertainty- is- in- the- lem-panel-
(see- below- right- for- example- components)- and- every- third- retrieval- grid-
kernel- on- lem- (for- one- observa*on)-with- the- sum- in- red.- - Above- right- Is- a-
similar-plot-for-34-profiles-of-N2O-in-Jul-’08.--Note-the-kernels-are-for-only-one-
retrieval-profile.-
Below- lem- is- C2H6- at- IZN- (35- profiles- Feb- ‘11)- and- at- right- O3- at- TAB- (130-
profiles-in-2010).-

Components, of, UncertainQes- that- are- currently- accounted- for- in- most-
retrieval-processing-schemes-are-given-at-right-for-several-gases-as-examples-
from-MLO-and-TAB.--Covariances-for-each-component-can-be-created-and-the-
uncertainty-rigorously-computed.- -Those-shown-are-for-a-single-observa*on.--
The-smoothing-component-typically-is-counter-to-the-other-components-since-
it- is-minimized-where- the-measurement- has- the-most- informa*on- and- the-
other-components-dominate.,

Key:&data&used&here&are&from&several&IRWG&sta-ons:&
&
IZN&–&Izana,&Tenerife&Is.&&&&&&&&&EKA&P&Eureka&
KRN&–&Kiruna,&Sweden&&&&&&&&&&&TAB&P&Thule&Greenland&
RNN&–&Reunion&Is.&&&&&&&&&&&&&&&&&&MLO&–&Mauna&Loa,&HI&&&&&
LDR&–&Lauder,&NZ&&&&&&&&&&&&&&&&&&&&PRB&–&Paramaribo,&Suriname&

Total,Column,UncertainQes-broken-down-by-component-are-shown-as-an-example-for-a-typical-measurement-from-various-sites-for-all-ten-IRWG-species.-

Summary-The-combined-effect-of-recent-advances-in-retrievals-&-uncertainty-
es*ma*on,-the-addi*on-new-species,-and-the-use-of-HDF-data-files-provides-a-
very- large- amount- of- new- - data- for- end- users- from- the- observa*onal-
program- carried- out- by- the- NDACC7IRWG.- Summarizing- this- effort- is- a-
challenge,-we-have- tried- to-show-the-common-components-of- the- retrieval-
system-and--representa*ve-examples-of-the-data-currently-available.-
-
Please-see-the-data-archive-at:-mp://mp.cpc.ncep.noaa.gov-
The-NDACC-web-site-at-hup://www.ndacc.org-
The-IRWG-web-site-at:-hup://www.acd.ucar.edu/irwg/index.html--
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