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The Metwerk for the Detechion for Stratosphene Charge (INDSC) 13 a set of Tnch-ruality remote-sounding research stahons for obserrre and understanding the
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NDSC: Goals of the Network

The rtermatonal Network for the Detechon of Stratosphenc
Change (NDISC) was formed to provide a cotsistent,
stadardized set of long-term measirements of attocphene frace
gases, particles, and physical paramesters na a sute of gobally
custribted sites.

The nnncipal gosls of the network are

» To study the tzmporal and spatia vanabiity of stmosphenc compesition and stracture 1 order to provide ealy detecion and subsequent lone-term
mentorne of chanzes i the phyacal and chemucal state of the stratosphere and upper ropesphere; 1 parhcular to promds the means to dscem and
unlerstand the causes of mich changes.

* To ecrablich the linkee hetwreen changes i stratosphenic azone, TV radiation at the ground, treposphene chermistry, and climate

+ To provide mdependent calibraons and velidations of space-bassd sensors of the amesphers and to make complementery measurements.

+ To support Bield campaigns focwsing on spectfic processes ocoutnng at various latindes and scasons.

* Toprocuce venfad data sets fot feste and mmprovine wulfidimensional models of beth the stratosphere and toe troposphers



Stratrepheric walsr vapor microwave radometsr at Tabie
Meunssin Obsarvatory (34 °N, 118 "W). Photo courtesy of 1S,
MeDarmid (JPL USA)

The prinary mstruments and measrements are:

o Ozote lidar (wertical profiles of ozone from the trepopause to at least 40 kin alinude, 11 some cases troposphenic ozone will alse be tneasired)
o Temperataes bdar (retical profiles oftemperatuee from abous 20 to 80 k)
o Aerose] idar (vettical probles of asrosol optical depth in the lower stratosphare]

o Wlarer vapor ldar (rertical profiles of water wapot 1 the lower stratosphers)

¢ [Dzone microwave (verical profilss of stratesphenc ozone Tom 20 to 70 km)

o HAO microwave [vertical profiles water vapor from about 20 to 30 lan]

o CLO microwave (verfical profiles of CLO frorn shout 23 to 45 km, dependng on lanmde]

o TliravioletVisible spectrograph (coluimn abundance of czene, NO2, and, &t some latdes, OCLO and BrO)

¢ Feuner Transform Infrare d spectrometer (celumn abuadances of a bread range of species mehwding ozone, HOL, NGO, NOZ, CLONDZ, and HHOS)
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Selected NDSC data is now available to the public:

The ITDEC Data Protocol states:

Since the natare of small trends detection requires an extremely hiph lewel of measuremeant confidence, the Dista Protocol recogrizes that mltiple
seaznnal analyses may be required for obsersations from bath individusl and mulbple stes. Tt is expected that such a procedure shall yield the
verifiahle product referred to as "THDSC data" within a two-year period after acquisiion. O o-awthorshup shall be offered on publications
resulimg from the verfication procedure to these rreshgators parheypatng m the process.

After the above verffication, NDSC data will be arailahble tov anyone through centralized scientific data archiving and distribution
facilities.

Th thds apirit, data that has been so verfied and given the stame of WDEC data, and 42 foore thah tero vears old, 12 now avalable to the general poblie TTDEC
datasets are guthned i the NDEC Measurements and Analyses Divectory. Access to ths data 15 now avadable through anonymous Hp to pdec wwb.noaa gov
mn the subdwectory fpub. [t s expected that data users will consult the on bne decumentation and reference arheles to fully understand the scope and betations of
the inzmarnents and resuling data, Scientific vs=rs of the data are encovrazed to directly contact the DS Princp al Inwesticabor leted n the data deonmentation to
insure the proper use of specific datasets,

People whe use MDEC data in a publcaten are requested to tclude the following aclnewladoment: "The data used in this publication war obtaned ar part of the
Metwark for the Detection of Stratospheric Change (FTDEC) and is poblicly available (see http s ndsc ncep hoaa gov).”

(ret data via fip
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Lidar Instruments

Lider spectroscopy i3 an analvhical techrueme with a long hustory in enronmental seznce and chemstry, Thus method has been nsed wadely n atmosphens chenustey
attd has a herdage in ground-bazed as well as space-based metrurnents. The bdar techmoue needs ne rther mstiication a5 a primary techrigue for the DL,
however, ndimdual fnztoments mst sbill be welidated This descnption i3 intended to apply to the detestnnation ~f vertical azntie column amonnts and temperane
and aeresol vertical distnbubions

Quality Criteria for the Evaluation of New Primary and Complementary Instruments and
Instrument Teams

Independent Evaluation of the Instrument Design and Data Analysis

The HDGC has accepted bdar measurement techmaues as wald metheds for measwng and meontenng strafosphenc temperature, acrosols, and ozons, and

troposphenc ozons. Prier to a formal wtercompansen of the new mstrument(s), the [nvestigator should supply the DS C Lidar Worktp Group (LWG) with a
detalzd techracal desenpiion of the mstmment and ite general operataie parameters,

Instrument and Data Analysis Intercomparison
There are several ways bdar ihstrmetts (Tetaperamte, 2ercsels, ozone) within the NDEC can be validated:

o Blind mtercompanson of bdar systems located af the same site for a grven period of tune may be conducted. Such validatons can be mads etther
thtough a vabidahon exervize neng an ML T mobide idar system, of by companng a new metnament with an already established hdar system at a given
WDEC site. Suchinterretnparisons should fallow the riles of the NDSC Tnreteomparizen Protacal.

o Intercompansons on a stalshcal basis with a satelibe-borne mstrwment measung the sams quantty as the bdar can also be performed for example,
B4 GE-type matruments for szone andior aerescls measurements). Such mtercompansons have te be made on the long term to remaove much of the
natural variabibty, In this respect, the satelite metrament 1z nsed ac a traveltyg standard between the varioug Ldar stations,

o Intercomparisons on a staisncal long-term basis may ocour with other hdar instnaments located at corrplementary sites in the wicindy of NDEC prionary
sttes.

o Gide-by-ads rrercomparisen with other wetrutnents measuring the sarne stmesphetic vanablz on the same MDSU stz alse are recommendsd
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o side-by-sde niercomparson with other matroments measurng the setme stmosphenc vanable on the seme NDEC ate also are recommendad,
0 Alpoethm stercompansons also can be petformed veing a common detabaze established wattun the DT Lidar Instroment Groug, whoch siclndes

synfhetic data denved from atmosphenc and mstrament models, raw data prowded by validaced hdar systems within the ND3EC, and the ancillary data
reouired for data twersion.

Tt 15 rnandatery within the WDSC that a gwen Idar systern bag at least underoene satellite and slgonthen validations. & plan also should e eztablished for a blind
miercompartsen valdaton wittun the frst three years of operation.

Quality Criteria for the Evaluation of Continuing Primary and Complementary Instruments and
Instrument Teams

The walidation record of a given instrument will be evaluated on a twe-year basis by the LWG. Lidar [nveshgators should provids the follovang mformaton.

o A document descobang the mstrament and data acqwahon procedures.

0 A decument descrbang the algernthm to be nsed, melndng the forward and retneval medels, the methed of errer analystz, and the ancillary data
(spectrozeopie deta, atmosphene parameters) nzed for the reereon

¢ The vabdabon record of the mstrument.

In addion, WDEC bdar Instrusnent Tnrestpators are requared to particpate i ongoine validation exercizes much ag aloonttn intercompanizons and satelite daca
lone-terrn analyss

Changes in Instruments and Data Analysis

eince one of the major goals of the DN C 15 the detechon of long-term trends, care should bz used with ary modificabons of the mstrwment or data analysis wioch
tay attect the results. Cnce the regular operahon of aprmery of complementary mstrument has begun, such changes should notbe undertaken bohily, consultabion
wtn the LW T is recommended. The primary data [nterferograme of specira) should be retamed by the Investigater mdefintrely {zlthough not depostred in the
MDa archme), so that mmproved data-remeval processes, mchidmg mproved speciral ine parameters, can be appbed retrospectvely to the eather data In such
cases the enfire dataset showld be reprocessed and archived, along with (af least) reference to sarker versions.
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UV/Vis Instrument Specific Appendix
F. V..Jokmston, J-P. Pommerean and H. K. Roscoe

Rewtsion - Novernber 1998 (finahsed August 1095)

Introduction

This document describes the validabon process for new zenth meweng TS mstuments, and the critena for manrarimg data quabiy from emstme metniments. Tt s
written to cover measemerts of the speeies NOy and orone, wivch are the ones most acowrately measured using the zenth sy vicweing techuage at this tne.

Howrever, tmich of this dacument will aleo apply to measurements of the species OCIO and BrO IO, and ozone were the primary species measured af the most

recent DG 2 UV Instrament Intercompantson which was held af the Observateare de Hate-Provence (DHY), France, mJune 1996, and this rewzon of the
appends mrlides new procedures advanced after discusaions wath the TV 2 commnniry st OHP The SCTTVE-S B workng group 2lso held a BrO
measurement mtercompanson at DHE m 1996 following the formeal NDESC ntercompanson, and the resulting repert 15 sxpected to be a referencs for fubure HDSC
BrO measurement mtercompansons. The reperts on the UV Via Data Analysiz Intercompanson m 19971, the Lander Instrument [ntercompanson i 1992 and the
HEP Instrumen: Intercemparizon, sheuld be read wath this document (zee references).

Beoanse W/ spectroscopic measurements are used to answer a varicty of scicatfic questons, this appendes will aftzrupt to define the cotfication of groups and
thay mstnaments for fwo apphcattons: (Furher ones should be defined i the fubare)

(1) D 3T trend detzrmmation and global studizs;

() WD ST stratoepheric chemistry process studies and satelite walidation

Trend measurements and global studies require & long tettn dedicated approach to the mamtznance of the qualiy of the measarements and the archrang of data. T
determine long term trends requires stable and well cabbrated ztnunents eparated by groups that have a thorough wnderstanding of the measurement techrague and
whn have demnnsreated competence i the management of long term progratames. Glabal studies mehide, far example, idertfimg posshle intethernispheric
asymmetnes of species such as NO,, which requures the mantenance of good nber-mstrument celibraion. Type (1) measurements of the lughest possible accuracy at

zalar zeruth anglez up to 957 in the visiole are the most suitable for 10, venical profiing (Preston ot al., in preparation). Becauze type (1) swdies would probably



Example stratospheric optical
depth from 4 NDSC aerosol lidars

* S30 Jos¢ dos Campos, Brazil (23°S)
 Mauna Loa, Hawan, USA (20°N)
 Hampton, Virginia, USA (37°N)

e Garmisch-Partenkirchen, Germany (48°N)
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Lidar backscatter from 4 NDSC sites converted to extincion
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Evaluation of nstrument Desion and Data Analysis

Before a formal intercormparison with a certified nstrument i3 platmed, the group whose nstnament 18 beme assessed may be asked to supply the folowing to the
WNDEC steenng comrmttee’ s UV Wiz Instrument Group or desiznated representatmie.

v L detaled technical deseription of the menument inchiding sensiwity limite and general eperating parameters.

* An quthne of the speciral analvas techmque used with parhcular detals of the number and source of the cross sechions used. [ the cross sechons are not
published or thoze commonty ueed by the WV commmnity, a cotpanson between the cross secion normaly ueed and a generally accepted onez 13

reqgured Suffcient wformaton @ required so that & can be seen that the laboratory cross sections used are of sufficient reselution that their conwohiion with
the measured metmment (sl5) fncton wil produce sufficiently accurate analysis cross sechons.

v A examnple of 2 raw measured spectrum, a rane spectrum of 2 tethebt spectrum (near 80 degrees 52240 o a ridday specinam, and a spectrum
demonsirating the quality of the cross sechens B to the ratio specinam.

» Spectra or dara showng the metniment resofubion (st fanctien), an estimate of the stray lioht levels and the mestmment polansanon charactenstes, in the
warelength mterval sxpected to be vsed for the mtercompanson. This would nommally consist of

(1) ane or more spectra contaning es from spectral larnps (=g, low pressurs tercury, neon, argon, kryplon of Zenon) o a lager,
(2) clear sky spectra teasured vamg foed detector gar, with and without sutable Schott glass shott A cut flters,

(3) twe of three spectra shewrng the relative transmizsisn of the instrumert far different pelatization sxes that has been measired ustng & white light
source fling the feld of mew toeether with a sutable flm pelanssr. For nstnuments not using an mpwt Bore ophc cabls, the polanser 15 posthoned at the
entrance aperiure and two measurements are madz with the polanser orentated parallel and normal to the gratmg ribne For matruments usmg a tbre
ephe cable, nonal and paralel to the grating ruling has no tearing at the enfrance to the fibre whete the Hin polanser rust be placed for the
polansation measirement. This 15 because many fibre optcs cables partially randomise the polansation, a charactenste that i often used to reduce the
sensdmity of zoth viswing spectrometers to sky polansation effects. Inthus case, the pelanser 12 posthoned at the entrance of the fbre ophe cakle and
three measurements are made wih the polanser rotafed 45 degress between them



Instrument [ntercomparison

The mstrvment mtercompansen must follow the “blndness” ndes detaded below and adhere to the general pllosophy of the ND2C Instnament Intercompanson
Protocal The matrument specific requirerents of this protocel tollow. In the peneral case, one of mote new metruments are to be evaluated by companison with an
already certifizd mstnanent of metraments (called the refersnce fetrurment(z) in the folowing) under the supervisicn of an mpartial referee. The cettfied metrmentis)
to be wsed will be desimated by the Tnstrument Gronug

¢ The ntercompanizon should be conductzd at 2 ate that 12 reazonably free from tropesphenc MO, contammation. Kapidly changmg contammatien due to 2

close source 15 wnacceptable, meking 1f sssenhal that the site chosen for the miercompansen 5 remate fom smssions such as thess fom cies and meistnal
plants. Zome froposphene contammation may be accepteble o it 13 only present for part of the day, such as m the lat= afternoon when ot only affects only the
evering measurements. Clean moring measwretnents can be sufficient for some aseeszments. The sife chenld aleo be ot that weuld normaly expertence both

clear (=30% expectaton) and clowdy davs over the mtercompanson penod. Measurements dirng both clear and cloudy conditions are tmportant to ensure
that dfferert skaes do net imireduce arrors mthe results.

» The mtercomparison should be conducted for a penod of not less than 10 days with &l mstnaments operatng cotrectly

¢ Meazurements, taken by the one or more wstrumernts bemng evaluated and the reterence metrament(z|, should be made over the whele day £ posable, and net
lese than the SZA range 70 to 95 degrees (or as dark as acceptable sional to notse dictates) topether wath a pentod near midday, for both morming and evenmg
trllight penods, cach day of the mtsrcompanson. The measurcment ntegration pened should be less than the fime taken for a 1 degree changs of solar zemth
angle ot twilght [5 manstes at rudlanudes) or & mammutn of 3 tanutes

» Measurements taken by the mstrument(s) being evaluated and the reference mstrument(s) should be comcident 7 ame. I thes 15 not possible the compared
data sets must be nterpolated for compansen wsne a formda agreed to by the Instrument Gronp. &lso, the effects that chaneing heht mtenaity and changing
colurn amount have on the resulks ranst be propetly understood. The resuling ervor m the comparad colamn amounts @ue fo the use of ddferent mregration
tnethads must be demonsteared to be small For the 19592 Lavder Infereampansen such errore were caleulared to be less than 1%

* 'The wavelenzth wterval used should be the same for the natrument(s) being evaluated and the reference metrumentis). This requirement may be didbeult, but
without it close companson accuracy (better than %) may not be posable. This could creats unmecessay doubls about the netrament bemg evaluatad,

# The cross sechions used m the analysis most be from the same laboratory measured source, or have been prewously mfercempared at a sundar resohstion.



Acceptance Cniteria for New, Primary and Complementary Instroments

The Inztrument Greup of tre designated reprecenrative(s) will examine the results of the Intercompansen and make a recommendaticn to the ITDSC Steenng
Corpirattes While a turnber of factors may enter the considerations, the princgpal citena for the fweo types of ceritficanon currently used are as follows

Tvpe (1), Global studies and Trend Measurements

Becance no absolute calibrafion is possible, accuracy 15 determined by cuantfymg the accuracy of each mstrument betng considered for certification, relative to the
desipnated reference matnanent(s) and, as appropnate, other instuments that are assessed as producte gh gualty resuls.

wpeciral measurements made dunng the mtercompansen pened wil be analysed by all parheweants using azreed cntersa (wavelenpth mberval cross sechons, ete.) to
obtan ther ntercomparisen resulis. & reliable method to deterrmine which mstruments meet this certificaion type 15 a reeression analyss (Roscoe et al, 19980 This
intercornpares, wine bnear regression, all combmations of the twiieht sets of measurements Each sot must nclude the results for 2 range of measwrement 524z,
typicaly 70 te 93 degrees. Matnices of residual error, slope and itercept are generated i order to idenbify the instruments that agree most closely. The results Bom
theae nstriments can then be uzed as the reference readts for comparing the results of the other paricipating msmments agamst. [n 1996 at the CHP
mtercemparison, the MO, results from three mstnanents, (one was the designatzd reference mstrument) agresd to within 1.00 (H).00 -0.0<)  slope and 0.00

(H).02 -0.07) cm-2 i intercept in ane analysis (zame wavelength mterval and IO, crose sections), with similar o better ozone results. This close agreement ic the
basts for choosing the fellowng fizures as reasonakly acluevable at this tuae:

Eﬂ Fegression Acenracy
slope= 100 £ 0.03
Tnretcept==0.15% 10 o2

Residual <= 010 % 1047 om-2

(Jzone Eepression Acouracy




General Acceptance Cratena for ivpe (1) Certtficaizon

The following prowides guadebnes for the assessment While some critenia rust be met others can be apphed as recuared to meet the overall goals of the
asscssnctt.

* The general nstrment tests to measure resolution (it finchon), pelarisatien charactenancs, and stray lght levels st be accertable. See the dizenssion i the
followmg sechon Instrument Tests for further mformaton.

¢ (good result self conststency: this can be assessed by ezamining the “stoottness” of the twiipht data series, espectally when varyng clovd conditions acenr
(as long as the froposphere 5 clean)

¢ At campaigns whare the 1L, or ozone amounts measured 2 each 524 don't vary noticeably over ceveral days (as occurred o Lauder n 1952 - cee
Hofmann, 1395, overlaymg the results plotted aganst 224 can quantfy an metrument’s wncertamty over a wads range of values |

* Low radday reault vartations durng wanable clood penods and betwreen mudday walues on clear and clendy days. At clean sites thes= are namurally small <
12101 car? for 2, and < 12101 e for ozone dlant columns, &0 large vanahons can mdicate metument or analysis problems.

¢ Acceptable sipnal to niotse af bagh (near 93 deprees for spectra in the wistble] and small (near T0 degrees) 3ZAs. Thiz can be estimated by exarming residual
spectra of the “smocthness” of the result senes (above). The reference instument(s) etrors &t these salar zenith angles can be nged a2 guide for acceprance.

Anurpertant reason for conaderng ighlow solar zenth angle results 15 that af mudlatitude mtercompanson sites, where there 15 nonmally plenty of HO, | they
provide & good estimate of performance at bigh latitudes where 20 iz lesser

¢ (o0d conmstency between the results chtamed uang the daly reference spectrum and the results obtaned ustng the campaign sngle mudday reference
spectrum This helpe idenafy problems cansed by long reriod (10 day) dnfs 4 the instruenent fanetion or speceral wavelength repestabilty The refereace
mstrwment errors can be used as 2 gwde for acceptance.

o Low (< 22101 -2 Ny = 1101 e czone, slant cohumns) systematic ervors. These are dfficult to quanttfy, but cxamination of residual spectea, and
compariaons of results ohtaned by using diferent wavelzngth subsets in the spectta, can be cared out



Type (3), Process Studies aind Seteliite Vialidaizon

Cither methods to analyse mtercompanison results can also be used to determing certification. One method that 15 bemg developed 15 1o use teasurements taken over
the mere luted range of 5245, 85 10 91 degrecs. These are converted to one vertizal colunn result for cach twilight measurcroent set by averaging the 55 to 91

degrees measurements affer scaling each one by the ar mase factor for the SZ4A of the measurement. Mot mskuments produce ther mest accurate measursments n
this 324 range. Such an mtercompanson methad 15 a vanation on the “Fachonal difference” techuique nzed i the 1996 OHF mtercompanson (Roscoe et al, 19%5).

It 15 expected that ths tectmqus 15 more sutable for ceribrng tvpe (2) metruments. Using armass factor weighted values also allows results obtansd wang differsnt
wavelength ntervels to be compared (subyect to the ervors anmng from the armass caloulahons),
Fatios of the derwed (arnass factor weighted) vertical columnns are used to measiure the agresment betwesn the reference and compared mstruments. For a 10 day

intercompanson, 20 traleht penods, and therefore 20 such ratos, pronds sufficient data from which a mean ratio and a frachenal standard demation of this mean
raf1e can be esfimated. These statiches are usad to assess the agreement of both 10, and ozone measurements.

Eecanze both AL and I results are avadable from the MU, mearwrements mtzrcompanson, an offtzet valae can be ertunated by veing a bnear regreszion on the

campaigns (== 10 days) results. Becasse AM mud-lattude NOZ values ars typeally 0.6 tunss the PM values, the srror on such an estumate 15 sxpected to be
acceptable m determming the offset tabled below for MO,

A sugzested acowracy for certfication 13:
O, Agreemert
Eato=1.0020.10
Standard Diewatien <= 0.0
Offset =+ 0.25 2 10" e

Dzone Aoreetnent

Eahe=1.0020.05
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