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Zusammenfassung

Diese Arbeit beschreibt gl obal eabMeeshsaimtgdetine leltessp eSkpturreenn ¢
ultravbBpekttaethéBatélchiteni nstrumente sG6@MEBEdamgesICIt ANMA
MAXDOA-Ger 2t e. Die Auswertung eDiffdlegte@mthic d ktnss Ales o Mgt
spektrob&GApdgdBanzend pr2senti eMets sduineg eAr bdee st Sdp uer eenrgsat seens
genannten | msticimé bae @ nEsSpwdetinr anlelueer Ailoglor i t hmen ent wi
bewel dhe Abl eitung von verittiemrhesns uS?guel ne ne ramPsgd di ecnh eSha t
metrie wurde ein Weg gef uthrdemqgs (Phind io d 6 ene roMimahtili re inttere®n gft ¢

die Arbeit wesentlich zu einer Verbesserungerdm%S Ver st
l'icht eine besseren Abred W®arziarg | de wansls ed admiotf feinn e x akt
st@ndnis der tropaEphé rResicthenvdzokhahlesti edi en il |l ustri

bi ogener Emi ssi onhen defplge cdh tei ¢Geers aamt gveerri YehgheVie-hkei md an
ni ssreens egl obal en Atzmogmem?2renmadkdlelns Regi onen unseres |
einstimmMireg spiegel't den derzeit n uormphl eegxreenn zptheyns i Kkean ni

und chemi schen Prozesse in der Troposph?2re wieder.



Abstract

This work describes gl obf@alr maé ddeahryievesedc tifsir golfit < shpea ott rraac ei
ul travi omeecats urreefpeadlng | 1 i te i nanduBENhANACHWEMW brhd e d
MAXDOAS instruments. Thaesatnhgel ynse tsh onda so fc atrhrel eli fofuetr ent
Spectr(oB@AP)Y hecovoplke mgnpaesents the firstg ynebamslutrheeme nt
vi si ble wewdlodhagt Bl gori thms to derive vertical col umn
and desctrhgh @mdbradfeedo met ry a way was found ttor dpos wplee pr c
i a@absor biewesr. k Tthhenrtefi drue eso fundamentally to aft hiempr ove
chemistry of toHd et sopdspadgirao.rhtelutheetr gt et isourceé$ and s
hydrocar bons i Rartthiec valu amoksyp, hedr e cuasster astteu dtihees siilgni f i car
emi s@ainadnsf bi ofmarsgt bdiiadnti migb ud » yogie mat etdgevcod mapt o. hned so
compawi sbhnresults from a hglwh gl aatmoadep hedree amo delme nt

t hear.t hThi s rlafnlisdtcatdse tohfe knowl edge at present about th

processesspmenédre tropo
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Introduction

That beauti ful, warm, | ivindapydboyeticaud ook eidt
finger it would crumbl
James | r wihs,t rAopnod ulto

I'n theclagdetse¢c o mbamore and moreendangarsing htahe maalki nab
bi osph&pobstp wtf e ntthifalr ermmivsi krsoanrfeemtc ed by human activities

through thedcpémsstsyof the at mosphere:

T air pollution resulting from industrial combustion

T changes in the oxidati on coama dirtoyp nagfe athhaen gli mwe rb i aatgrea

emi ssions
T gl obal awaramicnogn s eiguemeas iofg tehmi ssi ons of greenhouse
T acidic precipitation
1T changes in precipitation and cloud coverage
T climatic i mpact of changetsidm) | and use (e.g. tropic

Thetfitisne that adanmeploe rt inhdh gfucbidensgccderap ptée me d lod dhe | ast
centaurtyer the discovery of |[t@Ruboazcomie, hlo9 84 ;a OFbarremain t eal
causedcleagmatuhsee ozone | aoyrear apronect ar mf el ultraviol et
slight decr eapectodd oizro nteh eva@coimehret ipfuibd Wamdarhmwamiatnyd Ro wl a
[ 19&A4@i cerofhdo9@gdTimayg s hoawn htrtogptebedbbmé ogfen containing c
could leadestohwpwhndtombdytliaweweaetlomkssofzoamebel ow 200DW)obson

werat iurndloy eseen.

This ddamaltogmade bhatemourr onmeraé X ti se meblayl anrfechey € ia¢ &1 ,
chemianbl pl| pgiocalfsusreesh.er mor e we became aware that our [

mar gi nal

As a c o nastengousepnhceerwiacs sicniteerbcsd d e ftghdesn t o devel apltaew obs
for ms, to model tthheet ma s p wenrdée g sl @indld s ¥ ® If dopfameinmat e, t o
mo niatnotrhr opogené mi fasnido ms tcaosl &uweeolw ! feapsp ¢ | cys fhaok et i tate th

deci si ons.

Wi t hdoouubhitspimsi ti vé nexamalhec gng dlisicd eethned fi c finda-ngs hayv
tional |l aws, whtbhobaehhe@F @amrd bhfadsoofso neai nh aalgo-deul | y
agdbrganic compounds) in industry (ThethMVMon®zemad IPaydro
adj ust eadmeanndde/do ri In9 900, n d@®onp, e n\hiaegnenna,, 11999928 9 7 Mam dro®®l) j. i n g
At the present titnliea tthed ramzamewd | g o gisddd\deird tytaddeu seerfunrtaf |
t he ent[uWMO, .2TOhCe3 ]KRmdtoo ¢t bl Uldttieans FOoannveewot Gkoinmaa re
Chanmnwhéwas put intFebt@ad®y bDa aboni mpr pygwi domratar al
resoWBrudtelsola g set at eimme ntthse g elneearvhek pmpt éssi on that the s
tals of atmosphebi e rhsmtsaswenstmbavi@dy, ndt ctohnavti ntcheed under |



i ssues have beenThidse quad petl iyc vwabdedt ohessrsredia deahbaoufte c | i| mat e
and at mosphexiisttredhtehidositt r wmpta cty s e mbgeet oThi s t hesi s migh

step to a betober emderonameding of

The maimnf ftolcius wdhrek oobfs etrhwgaatdirome led(ethGHIG) t he atnmRromspher e
mal dehyde pl ayosl ean ni naptonrotsagingmaj or chemesmegi arb&gai n oxi
bons, a g opohdo ttoroaairedia tififooser nei bsys ir @mms ff weslsid ombogehnon, sour c

anldi omass burning.

Formal dehyde inbtka amemcupldrio cdaaipgmnor cogabdaiaad rsae Mo a |

dec aldee[sfl att and) .PeTrhniesr ,ialc9l8uldpeess scefvesampl i ngchadi agal
measurements from bothWurbanhé&GBOMEMoOrOo E@pbihmeat ) n
i nstrumeet Eosnaotpeclaliti ,t ef EfRismé debyedment save olmec@m®epossik
the firsStvieirmé independent st udhitCERObdaviee B@MEVInNd atha, f e
and reigibneH@WQ@teancentbreaetni ddse nhtada & dl ii mk e det a alhiaogen
emi ssiondurbi msanpEel gihsmneaet al ., 1998; Chance et al
2000Q]

The HCHO retrapwlaile dl idmrst hpilasn tsitaudyyt be evno dibeEdbreped i n
pean GQ@DIdVAFORMA ewat numbb eroqqpueerst i oed orsdodhti enb t mo me

qguantreathimper tssutes!li mpeg ovement s of the spectral fitti
at mos p h egpriaitachado r r eocctlioaundd aef oo at erelaistuer e’rad ntdsa,t i on of
resuéssentsi al |, bonfepavt t emphthe®ea dver ko validate HCHO col
from sate[llldd Wedtiglmaryema et al ., 200 3; Pal mer et al ., 2

Qui te ,ramwmdrmtelryhtacsament g@ad he f oticfuisc od o rrywnxisttiCdmz CHO
has been meaésorRgadDIUAsES ntge ct iveixg wceo[ V@il tkya mer .et Glaysa x, al2 0i0 &
formed from tskeeveoxil datoil @abuindssi.ocgahitdc copmmppraslite-t o f orn
hyddicreemi sairendel i eved to betéstmallgl obhe¢ abseovat sogge
gas mi ght hpeh opt ot coh e ndi ecnat | eaf hosh ast pnootssp hienr et h e

The overallt holsj evotrikv e@s eof

1T tobt abientkteeorw!| eti g® neafent rditstomsbamidahamrd ygiegokph-& tro
osphere globally,

T tprovide theapodsaitei Isiattyeltlot e memdugleynenals of f or ma
T to compare measured and modelled formal dehyde,

T to use gl obhaelr nwidtehl ss attoeglelti t e b entuansduerresnbennttsh et gog | aocbhail e
di stribution amd GHO®H @&d&EsHICHODIMb ufsuealon, baoadenic emn

bi omass burning.

I n order ttdch escec ocodp kpicst i tvéerms e foidir eHvGaid CH@ r om d obf-f er ent
servptabfwenrdesyvel opbtdlsddirmer @adisatri ve transfer calcul ati
out t ot roshptbaeirni ¢ verticametebumhegif @& mp o v apblaid & eao-h s .

tionshawep @angi bl € d e o tuAntoetehde.r sMmMeabantesernessmontge descr il

wi t hiwortkhipsso dffrecsm dracsmeeadds kohbbser vat i-axisst me an@MA-¥E ment s



DOAS) Thi s haexalidnea ¢éqa ev afliinddbi tnegns soaht sed rl vaahtés ¢ ntshipee havi our

of important trace gasesAinewheetropovaphmethod hasobae
profile infor mabOAdSn rfardains tit$h eoafdAeXha | daenhdy dgeh pudxlail dat e d
fowri trogaende.

The outl woekoifstassfaml bves vifewdamenhheael s of atmospher
chemi gt wweinti lematihne d o ctuGldO c h damapt)@yhe next section is ol
i nstrument susaéodd a @Baas i stesibebosf o rsppt el cot nrwohsi decdhphryea imre t hao d

pl iieddhwer ki at eociduceapCbhdagpgeésect hteleessor yr aodi ttt haedf sofrk e

at mospher é opeg@pgariynaferrps eatad nQhradpstitdarl. u ¢ threa tr eadogi e v al

ri t,vinsilmehawttédhre results are presented. T hiagp utthleosoi ks c |
(chapter






1 The Atmosphere

The atmosphere is a tthhien elaarytehrdca fis@aatre ctehTahti assreepnavcetl eodpse
tohearbyw gravi eatnuwneesr olus precpdaratli efsored i protoectthet leer s
from hsaolmardi ati on, it provi dead aax eb It empetr atthuate, eli @ v a tse
redistribution, oft wat evi dech dhidfttes vaist haa rosrifyngke nfmars e ou s

pounds. I n the following paragraphs those prcopbeties
Gener al remar k sanodn tthhee calt eanongapihbelr get ¢l € Io ecchtaepdt [eBrsa d sne ur
et al., 1999; Wayne, 2Q080c¢dmaneé¢ gieals ihmtdeir@raeaytt thib=k-e m2 00 1]

partment of At, molsnpihveerrisa nyhkyTsgi ek tad | pr opet hiecehsesmind t he
tryf oofmal daedthygryexabvail ablhé¢ efnami engl ®Phegramme on Ch

website.i STha® ddIClISaborative venture of the Worlid Heal't

rament Programme (UNEP) and the International Labour (¢

1.1  Structure and Composition of the Atmosphere

I n getnlee adt mosphere is separated into four regions,

chemistry, andrdynamincd.s Dbliss pefl ectreat ryewtghses faitimo s
points of infdiecti mngeiaghoingdstye tDt arbhéngr bduood, tt hey ar
the troposphertehe trhes ssphadaroes pehrech elbahtther emospbpaeratin

tropopalthsce samattolp@aumesopause
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Fi gt e Verti cal profile of the tempeuadé¢uas bet weed i
Standard At mosphere. Note that the tropopause | evel r
The atmospheric ther mal structure is caused by a com|

troposphere eésgheanhett Bbemrbh sol arl ercd dioanaigiome t@ice wraey|
infrared. The temperat ur er ooufdhtlhyea rali y wimt hahdai lkteipate @ dceo ,n ¢
ratebaobfitt oki. K he tropopaeuesne,8 skim u(aate dhibgeeht Wl ati tudes)

with some seasonal variation, mar ks the end of t his


http://www.atmosp.physics.utoronto.ca/people/loic/chemistry.html
http://www.atmosp.physics.utoronto.ca/people/loic/chemistry.html
http://en.wikipedia.org/wiki/
http://www.inchem.org/documents/cicads/cicad40.htm

| axemt ai ns most (apef ok heaaat mygTshBeb eppreccszeamactsniessh einrs a b | e

—

or learfitehacn i t abs ocdmspddén idtangmirmpuesti| t adi ati on-. As a
pher e wleiagtdsuaepposi ti ve temperature gradient.p-The ten
roxelmat50 km ideatl & antcenet é )y talyan nabsnotzbeembsasphgrdi mi

- T n

egion of the atmosphere above the mesopause is call

—

rom t he tghirokneschoweoti tleeanreated as an electrically
strongly influencewi bg ft huenm c(hshoel gasrd wpianrdt)i,clwhi ch i s i |
|l evesb!|l @af activity. -Wwaved@dh &g dpent ivee)tr iy osl bdord thies dmo |l ecul es

atoms to form a plasma of fr eeea fesl hentatgrnoentsi ca nfdi eilodn.s t ha

The wopadspgher e streenesk ofprossm ttulreni @i oh eensy tahgei ishadthi shat
regi on cpornovceecstsievse domi nate over radiative proonesses.

vectivePaactilwsi tofy. warm air travel upwar dand of drhmi g o@l
as they cool down. Theofrapmeppéreewi c dited emasj waphda yb wlifk

most of the weather, boShnpoee sas ugleoldelc rermd e udeapainesnt
al B olndosr e 8t0Oh goreorfc etnhte t ot al mass of thewavmospheres Mo
wi t heabhsehsur face and therefore interacts directly wit
|l and and vegetation), the hydrosphere (the o@aeans),
pR), amd Iwiotsh t he human world. The region of the trop

called planet@aPBLpoundary | ayer

Tablt e Mado mpouddtgr cipnoapheric

Constituen Vol ume Mi xi ng Maj or Sourc
No( Ni t rogen 78. 08% Bi ol ogi cal
O,( Oxygen) 20. 95% Bi ol ogi cal
Ar (Argon) 0. 93% Il nert
CQ(carbon di 345 yppm Combustion, B
Oz;(0zone) 10 ppm Phot ochemic
CH( met hane) 1.6 yvppm Bi ogenic, Ant
NO (nitric 350 yppb Bi ogenic, Ant
CO (carbon me 70 ppb Phot ochemical,
CFe11 2 0.-2. 3ypphb Ant hr opogen

The most abundant chemical g(o7Betr idteundwa Isu noef) ddrdd ao xry gae
per dgnivnoel) . Thaes ewqlalseas ddmp meosbd el qgrag elsi f et i mes and,
we4dni xed throughout the | owest three regions of the at
such as car bon ud,i omd tdleanreevatoed mapy ot hers despite the

and shor tplranyl e eredanltree filn  al |'s pahsepreicct sp hoyfs i actsgnoa nt dh-ecyh & mif sl



ence the transmission of solar anigng ecapeasctirtiyal ofr atdh ea
and, as a result, the atmospheric Tablp& omeé deks bihegawi
tropospheric abundance of a selectedestumbeaer taf ssweck
for mal,deghlydoek ahi t r ogen oxi des, hawea @ipbi ng ratios expl

1.2  General Circulation of the Atmosphere

I n gemenarrash &t mosegtmé me mods i on b e chaeuastei nogh r dt$inien aubni ecqhu a |
resupt sesdfidreesdimereotpi ¢ s aree el eva@t mtshi annchstoHremrypsa | aarpes t

pendi culearra mtdo tthbee cctrioosnrsa he am@®yhaofteaktsmguthace i s s mal
e quaAtnooetrth realbbde thickness wHitdhbeeIr aty mo sggkhdroad i s gr e
at the poles than at the equator.thbeepefeset hmaratot

Thpsodacwmeri di onaaicirculation of

I f eahwbul dr ontcatt e we woul d only have a siTnhgilse ccliarscsuilcaa
model has been proposed by Geoxgél Hadrew!l ani dbA3modEnh
taking i ntfol medioomt om ha (rsoBteagtli2ndge csgpthseea et he cier-cul at i «
t ween the equator and roughl st BOAehaicie¢ udenonglt e ht and
Hadley cell idogdmndhal IsyecappAdred |6 Obletlweteint u3dde i s denc«
cel Il , while the third one bet wdiklme 60rAe d atad ft ugeen ermall td
t we eAa nd0| 3a% Awti umbeawki nadrse cal | ed dsh.e lhmresacH alié miusipher e,
flow from theehbestetabiytfudiemsCotrh ed (i NsERidredr wiehds nort he
hemi spher e, SBemhs)pBenesenungdmrcae of the trade winds fr
equator produekpght regnds o&lled the ddaddu@m8A Thaeiti
(north ands sioutthhe rersaWdiel iar e awevshtearel itehse.s it owidt Ip ot lair s
warm westerl yatfiltowd ed 1itd en enfi @ik efpdorlanasr | fmponmtt ant meteor

regofomdimt p: // wps.prenhall.com/esm_ | unhdeRshammosphere_

Il fhaearkdad a uni fotzmohsglha f atc)eodriineanitleyd belhtr® éofl olwi gph eadmsdir
woul d: heex iesqu atwd rtihala slceva didaigs,tweaalimro referred to-as the
gence zosec(kl TGZ) he region whédrseenhast aade owidndandom
the equat ot hsbubotnt osppiacceel) Atiog IB,5 Aatonateo uthe2lsesbgel af t bw,
situat edAtaot 6alObfo ultt hpeodtl uadr e |ha ageheatr'asht i etl hees ad fi rhaytihreore g

| ari stributionwot hwategrapthhEeadelay urrese zonal pattern
subpol ar | ow Hiemi sipde BSeut Wepramd hlear Ilyatiin utdipda wRer eher n

t her e oitshheamagsst he zonal pattern is replacedubg semipe


http://wps.prenhall.com/esm_lutgens_atmosphere_8/4/1030/263868.cw/index.html

FERREL

HADLEY
CELL

Figlk2e The gener al pattaentobpbbpherecul atiponncnpal

from the interactions of three | arge <circul atthiosn <cel
sketch shows the various upwelling rmaxntdi tswersti d eanrcee rzed
in the atmosphere by these transport processes. (Thi s

ShareAli ke hitepnkkecwveatlieansmimd b§/ or g/

1.3 Troposphere - Stratosphere Exchange

The exchange phuissagan tiprepcretspeotirne di sttrraicbeu tgiaosnesso fi n t h
pheEegn. tohe one hand ozone destroying CFE&€s 8ahe o0thasp
also the stable reservoirStsrmpeaetco £phaarriec riemorviedi o mso no ft |
are dramatic events that strongly ilmpaalt|l yo.n Hohwee vterro j
found tolcadite mpicat prgomuatigbombat O©cal e, drartemr obpyo greinti rce
sources, ultimately dbmddetfdg€s awh e r d r)eTthat she lowerndstd 9T |
stratosphere will be sometimes perturbed with air froopdspheric processes has bebown by several stid

ies: Convective injection of biomass burning events from large scakabfires into the lowermost stratosphere

was demonstrated by e[§romm and Servranckx, 2003; Fromm et al., 20@8p convection pumping baln

ary layer air without significant dilution to the tropopause region were investigaféthbfet al., 1995; Fischer

et al., 2003; Scheeren, 2003]

| sectli.tdime boundary between the troped pamsedeh ea ntde nipheer ast
mi ni nhunm.owocdoenrs itder exchange processes it is wuseful to

For this the two parameters potential temperature and


http://creativecommons.org/licenses/by-sa/1.0/

For an air pardahdwiptpe ©1tsd nagdei raadtemiricc alit ygai nicar- | oss ¢
pressed to t hpet hseurpfoatceen tpiQdels stger e ar dtyur e

ap, o
qﬂ'a@o‘ (1.1)
¢h =

whesgies the specific &eRtthec awpmicv e rys.aolfl hgeahsp ocgoanssttiaanit t e m

conserved in adiabatic penteabesemhbéenasumwét hr e healsla@
essentially horizont al in the atmosphere. Due to thi
adi abatic di splaceme-dt menanohel i pl a st staewnepdehroanthuerwes.a me
Ertelds potential wvorticity named after the Ger man me
a pagd
P=( g H)aeg—q(gcons (1.2)
¢ W =
WhequiS the component of the relativesvbohei pianpenar ma
which is just the |l ocal verticaltocompgimmntahebat denv ol
B - -
due to g vepyesantds the effective dept h, i . e. the d
Hp

measured in pressare HrMKigsi chheésweigPyVWaf eot enti al vor
Accor di ng (2ot heeq upaottieonnt i al vorticity is conserved foll
flow. A dear iav adteitcan leed di scumeti ems ofan hlee ibidatiiadueal t p
[ 19.92]

Comparison with the temperature and height di stribut
tropopause:,itnishaefropdcdy the 380K isentrope and
potentitayl BWdr2tiisciused.

The |l ocation of the exchange t hrDooubgsBoint & ei ldlriogtorpaatuesce |
sectli:@nlTr amfs ptordpospheric air into the stamatdospher ar ime
in middle and high | atitudes: The verttictad bHéuzawaced
cumul oni mihlbhatclpewmed rate into the stratosphere by con
mi-dat i tduodneisnatsed by tropopause folding connected to f
dynami cal -de foipropduise terms ofiiBttreldés petehtyi alntwortthi
the edge of t he tgao peo pnaiuxsien gf oolcdciunrgs .s nTanlel exchange t hr

rections is hAsvedi atemdspbeshorstructures.
1.4 Interaction between Ocean and Atmosphere

Wi ndsadai @i ng forcebeodawse asnnerugy eind s ahes evh t ferrco-m hmaowign
ti Am. a conas ergalleammtcieonshi p exi sts between the oaeanic c
tion. I n general, in response to tamnasciar ctiHssautl@oro falsiswo
fomce ocean currewtog tiimetsh e | Marktwh esren  He mi syadredrieic ma ntdh ec o L
Sout hern Keemaspbareents pl ay taheavdtjsto rh eradT hdeailmonsdai.mrt cam n
nent example is fheheaoberahi athl eaisf mat Bxit fetnyisehmé of t h
samenont of ener gy watshtHor RBoth sep doryt eodc eani ¢ andl rmtanbdipthiean



to producing surcfamteocuounuept yemwintg & wekhtee nrgimgwng of (
nut rriiesraitt er from deepiemddagderwser tiligc al swohdermentter i st i ¢
shores of the oceanst Afgica) oRgrLramadanad s € EsipfE@mWsao. t
| i nes aarteeddasgal i mat e wi t h vTehrey alroiwd iptrykciespt id natt énresnicfhii d d
the cold wat ecomed yaisrt arbahses wair tdheomotveertnegantte u d s .

Ot her sooffi oggerarmaernet ssur face heating and freshwatoer i npui
ratwbngh dehermbhenity distribution in the ocean. I n
surfaads lilse water col umpelnmaeond hperfewae mt 18 dya doiady v e a g e )
the deep wat er Tl SrA@fxarmea ssquerrfaadcee) .and deep watied is | i

pol ar r ergstoilhnsg. tThheer mohaveémey icmpaecmutl ant omvaglsadioalg dy aneesg

Pertursb&tibe oceamifc uceinrcceultahtei ocnondi ti ons i n tmhe at mos
i cal ocvygerleeast di st ances. E. g.oft hneasEsli vNei faot eraegf etwrhse ntcoo gespt
Ecuadd®retahrad tkeel ackd PeTrhseeivemtosurarentpart of the gl ob
ed to a seesaw pattern of atmospheric pressurse bet we
cil | &aheé ohassttr BvMregrNyi to (€MOERY) rweassponsi bl e for a variety ¢
many partsaaoatl whei svibleg gt inlgpawgdeedrWhen surface temperatur
Pacitkeind totheancad el @gBa Vient is triggeredeswctypercal L
than nor malNoai hPweewmiefaintd hehe nor whielta @esemimagolbaitnpsar t
rest of the United States.

From a chemicgalt hpoerwtlbagf bwitevweent moepheaprdt &ar wmdfgh the
tracecgasesteme i amit retrrfaancsef.e rT hiiss mai nl y ¢ ontnrgo Iflaecd obrys tow
the temparmbiigsur Wace swaaee sgacee,eabbtwlbfast €Ot he bi ol
productwhi tkdceswbkbved trace gasesetiantlos ootfh etrhlessueb sptraonc

uncertoadsm. trddekgawes her the oceaesainnki.s a source or
1.5 Interaction between Biosphere and Atmosphere

It awekhofvatchat t he bi os pthheer egliosb almpaotrmoasnpth etroaxi e mi st
for many CoEppitdhaelsA hough the det erhrdsn adt)daomf meedde salc h f |
decades, t hree nuanicreritarigng.i elshe structure of the terrest
of climate with the pattechsmaftespatseans apewigehpbgt
war mer rveignigo nksi ghhaer pp ottodetrisviotfy maamgdhi t ude hi gher emi
has brought the tropics i nne d Xemddtde wd @fardti maud @mhe i img
thisastudyrge quanti thi eas 0 fssddpry elmabay{e@then st oduicage of th
in product i(vsee ee chesfyiditaresnospe minesi on r ate harslf dae efrewi nves
hundoaed a@fpr oxi mateliyvisp4Oc.jéed0t t p: / / www. dc.nlhgm-ou.pdd swl

e mi s s i)ovosotfp dtfehtees reported in the |literature doeo not a
ty. More recent studies include growth coeasti emesnt $h
(e. g Rotmhmenberger et al ., )200T4;i sRaotltleurshterrageers eqtuiale. ,i n
chal |feoarg en® s ghermii s tad ¥ ogalnadb a | c h amagme Isyc itelmecen ¢ edb@ ol at e
i mpabti ogkeochemical processes ,dtr owmhitchhe tsiteal prsp o © sae sf e
the global scal e.



Air
pollutants
?t'notffhEI':c Radiative\| Phvsical
onstituents | balance / pnvironment
0;, NO,, CH,
RONO,, OH,
CO,, Particles |— | Temperature,
Biogenic {raceoglas L.ig.ht, . Human
voC deposition Precipitation || Activities
Emission ‘7
\ y
Biosphere
Land-use|
change
Figit3: e This scheme il lustrates the <couplhiunmga nb eatcwei evni |

and cIfir Mamteen (R 6)0.3 ]

1.6  Tropospheric Chemistry

As menti gine da édroivteroong 4 ro, osxeysg, e nc,a ribnoenr td igaaxtihdee manrd cwat
taimany ¢gaswhsg ch i nfatuneonscpely extueaan. Nabbr alheseuicromlisude uen
vol canic eruptions, f or.esA hrfd psexperna ed ilnicdongsetatisiey lietnmi esss,i
f os siclo nfbwedbtiioomma s s ehmi rsrsii minjsv efsatodc lkagr i ewmlitssrn ®ens and de
resulting from cThaeangespbaphandeaschigjembwiameg da big- ot her
dand.sdgydr ox xly /raplercal s, and nadf&grnd g dfrcoamn el eesagpedwdegir c h - ar
of the aBenpdigndeercdhemi cal -pohVvetsngncooshibdygue@heresacé
t wo other remowadangroe 8\ dtdtpeo shelipnof gasgs deapesabsonb
pl ant € r wlah sesfofielc.t i s sciinrdceuonst amt oaly applies to gases
|l ocal sweatl ed e pTehseioveasni easveet saf ddicu einlt . t YMainry watses r el e

the troposphere are insol ubl ewhbiwtrhet loditre no xsiod aitbil ®@n | e a

The capability of the atmosphere ttobykieditee mtamaxcaas p
pacity. ITsh e d gtadri miani ng this capacity i(nadadaes edn dfi rnogm

http://www. at mosp.physics.utoronto.cal/people/loic/che

T AThe hydr oxylydrradkiyd allii s0Oséd dSHreret r adi c al and by far th
the troposphere. 't ia&nd hlei gnlae m  Bx d(rdheyedar r dgdears ,Ga@iidp G H
SQ(sudrphdi oxi de) .

T The nitrate Artadiigalt adk@bi eveadfcam hydroxylt-as the
mosphgde oxil is formed by photolysis anddobes @obhcen

survive sunlight.


http://www.atmosp.physics.utoronto.ca/people/loic/chemistry.html

f The oxygeD) .atTdintsxOdexst ate afp o md e cheedt yohgo tto | yhsaiss tdfe oz o
ability tumsaxiudiaz ed hydrocarbons and ot,aed €&Ses co
in the upper troposphere.

T Peroxy and hydr gapned ,dRvGh er &d iRc d ls,;2 aldQaBOk y binig e dO wi t h
hydr oxyl in the oxidation cycle. They are not as ef

H,0,, an i mportant oxidant in cloud droplets.

T Hydrogen perdkiderdadtiy ver | ®fufdi eddr eap | néut msla earen dgy cosxe o, i
in partiuculddroxd wleph Hi ghly solubl e, it iatlyoi mcrcaium.t s

T Ozong, OQRone reacts directly with many species of ©bi

Together, these oxidant sunecadamraeni mfei thrhaedhe | 4 pedaqricns i@ a des t
at mospheric regul atolhe. abheadreacer 9 its azléesspticagac det
ty of thebeactanunssepher ease i n the emissiamowdt ia sgipwe mcpc
oxidant . The resulting positive feedback may even | e

i mportaniclee odrR@gdesappaci ty dn the troposphere.

The primary source of ®HDHvesenmnbhpehphohot fol sowddodpbeece

with wauter vapo

( R) O,+hn -0, &'D

(R O('D)+H,0 - 20H

Note that fomlcitaitmodsimeal dlemptendi ng )o no f hcit teed i ebxyDy) g erne a@(t s

wi t h waurtead fvarpm hy dTrhoexeymari andiirega dpseerhtc bed h ¢ allniriesicdn vwi t

mol exx(uMyeo i t s g(fPowhnidc hs tgautiec k| y recrombxywgsn wi.othfismoieon
theme siasgni f i coazmni{nel s & | sma naand 2r0ebDfldr ences t herein)

I n prheeseaceubfici exntt r®dme N QONKOFNDB . ¢ . in ,uhbanxadatBson
hydrocanmndmeos monaxitthe at mosphere calhhd esaidmploe sotz osnwec hpr
scheme, is the oxida&tO)on of carbon monoxide

( R) OH+CO - H +CQ

(R H+O, M -HO, M

( ®) HO, + NO - OH HNQ,

( ®) NO,+hn -NO @&

( R O0+0O, M -O, M

(B netCo+ 2Q +hn CQ ¢

The radicHdQ¢§ HPHs ameall | as the yaxiedeotofafrietct egedyN®hi s

Su@ah cat al yahar aoftodreeirgetsicct i on as cnoeméeriime chemi stry. Th
t hat t heq ueetceiisomr epesaat eeldl d heehain | ength) depends on
HQor NO

The main termingitésng reaction for N O

( @) OH+NO, M -HNO, M



Nitric @ciivie B(@HNOb| e bunt b tsrtyaepaccei h pwtsh.er bi @b o b adfi | dtea-pyo s i
ing and being lost from the at.mosphere before it can

HQradicals can also directly react with ozone:

(RD HO,+0O, - OH +2Q,

(R1 OH+0O, - HO, 40,

ReactilOompet escawittHdmede avail gbs!| any i mpoMNOant factor
whet her net pr odafctdpoanedBhtriseshaoludtbetnweeni shiaghhouwmtnd4d
p Rt

The oxidation of methane iins tahneo tthreorp ansapboers err evaecst iaosn asn

HCHO activity in at mbnsdpehre rHhicg hpdhio®ieccnfis@mu s(z eyw. and Love
1988Bnd references therein):

(R2 CH,+OH - CH, 4,0
(R3B CH,+0O, ™M -CH,O, M
(R¥ CH,0,+ NO - CH,0 +NG,
(R5b CH,0+ O, - HCHO +HQ,
(RP HO, + NO - OH NG,
(RY 2(NO,+hn -2(NO &,
(RB 200+Q, M) -2(0, M)
(RY CH,+40, - HCHO +H,O0 2Q ne

Again the netsedelagtti oea apancdaNa@gdef,cHOWI|tNDeo nrseacti on
CHO,wi t hhbc H® compete with reaction 14:

(RYD CH,O,+HO, - CH,O,H +O,
The forrongear dix0liec gAi a pehootrolryeact with OH:
(R CH,O,H+hn -CHO ®F

which is rapi dil oinifoo |floorwe dH GHO.r eact

The | atter reaction is

(R CH,0,H+OH- CH,Q H+H,C
which is followed by

(R3P CH,O,H- HCHO+ CH

Because themsdk trecadcgtlionsy t&Odi € d lusneddeir| ljcoowedN @ h ® A s .
sul fongal dehyder,mowlkidc h edtussrityge under goes photobysis or
duce £0anH HO

(R ¥ HCHO+hn -CO H,
(RE HCHO+hn -CHO H
(RP HCHO+ OH - CHO +H C

The products of reacti onmod exbulanmd oXx6y greanpi dly react wit

3



(RY CHO+Q, - CO +HQ

and rdactwhomh Iyoneki le CO cyc8)e. (reactions 3 to

Sincgan@H CO are rewdnliymagamdtadlee pr dickeset ihgrdrfolcam bton s
ited by the ,avainl a&thieltibteys eapfc p@ él® t he background sour
I'n the next & otpieafrnifiesete Iy der atsdouecenst wi Il 1l be descril

1.6.1 Formaldehyde

Fommdehyde (HCHO) is also known as methanalxp- met hyl
met hane, and formic aldehyde anldt iisstheedi impliedat genealt
ety otathemnufactur ipmgcdpd opcreismrsceisp aalmldp slsy oxh e avapouof
At room temperatur e, formal cdehhpheygesta cofobuatiesg gd
reace, readily andemgoes molghmer if § avmemanbil xet, u raensd- icna na ifrc
dehyde is soluble in watefAs aa croehad tsi,v ea nadl doet hhyedre ,p ofl ocarr
go a numkmesrsoafi aséeéloh reactions, and it can amseci at e
wi trhopperties different from those of the pure monomol

prevalent at high concentrations of formal deheyde; hei
vant to did(fut @nmMNcCHEMmadne hyde i sfloar mfewlel so hlivgaler ht h
It is extremely irritBxpogute thef onumdlude Medndriamreist at
and can cause skin and lung allergiesp o&f ghluwui d eivel sh

Formal dehyde cahilaualkl eamgyasthenmmeated expopsomes ofmay

cough and s hoFotantedseh yode birssadlhassi fied.as a 'probable

I ndeources of formal dehydeci gard aitdte® adsknaedcread sJdeunrikci enss , s u2
pl aces ,[ Lceoeo keitn,ga A ngda s@sGitn2g] from bodl domg umauehpiradd swed cd
panel s, |l atex paints, new Hedlpertg , etheaslbime e2c@lan]léuc es,
regiuomd control emi ssions from buil di ngqgiemataesr malj #srand
sources of el evated concentlLreavteil osnesw morftadf ok wead eddecheypdgeb i n
ed Baeetz al .., 2004]

In tahenos,ploemal dehyde aoncdc uirss tnhaet uprradduwct of many nat ur ¢
of met dameabodved)-mer hawme h y der|[ofcianrldaoynssosn a n d). Thietktbsa,c 19 8 €
grownwdkell of HCHO in reimppl edrauas oiwss aktouwtl .Q. 3M-91; Sl e

kermann and Stockwell, 1999; )Wedrlnear| deeth yaille.e,c $2 0a0l Os; i S it
into the atmospher euedys cammndbeljsigai mbes sodn feotssdall. ,f 1996; C
andHol zi nger et al ., 1999; VYokel 9.dmnathr applopgeelbl®Bt9e d An

ar elhGH@as found i n 7p0e apkpebl gvel a8 uUupstAn[jgél etst emr )eéMte xa lc .0,
As showhommaliee hgdeii mpgaorrtmemdtitahtee at mospher i cnofxordneat i on
CcoO, and carCQpann ddiiotxs dreemfoyaldelppysweéi oangrdcessress can
bon to these speci ess [(Téac tpihon owiptsh $hysd rrddr@ydtOre(o@Hh)dvi t h
calt ni ghtthpdee agslr bay@)f o mmatciadn (and subseaguoygnttloy,s tarnodn g
oxidant anldi de.oo@mdan et HWECHQO 8§ 1b emotsapkheenr iucp wbaytseart wher
its with precipitation or participate®He{ngGhgaunaetiidce sr e ¢
and Dav).06ce aludr8faafcee st hbegbitnkeo[ TOompE€BHO® and. ZHdwe v o,

3


http://www.inchem.org/documents/cicads/cicads/cicad40.htm

it may be released to the at ks phidede etthradugh 19M®w &
or through the photochemical degr adht po[pZhedsus gasisds oNMov e ¢
per, .A®POMdl dehyde isdhlrecitheg Thiad il ®inkeeliyt tihsatsla HCHO pl
maj or role in the devel opment of tropogdgRuaemwil phozdanel
1999JHCHO pl aygc hae mioslter yi nanHlO i n ozoH@apdodexntéoNOas a

I n summariys tbhemloise ved t he glioabaplr ofdourcma |odfe hhyydderaotcialreb oonr g
compnd (&0ICJ Bteicamru.se of the shdrta Ifi¢ethiama eaf oeld CHO . |,

can atsbkatmeit is highly correlated wingPdlhmeremgts salon, f
whch is important for theteibdtne rpparreti atuikidgr alrisdo tpir@nnaete ef
penes (genErpajy)afer meldo€Ewhiveh are emitted into the atn
largdiquearns. The magnitude of i soprene emi ssiaods on ¢
twice as high as anff{iraop dgqe dZd0biQ € ttehreilrses iiosly sao 1 atrlgee u
real nunibaebBaen d segshednl i feti mes of isoprene and monot
botdhy and ni gshotf, insdoerrden getfi mem Wp.i5n etrioem@Boahm amts . mFoot er
the 1 ¢ éreatnigree from as | it t[lKee sasse |5meniienru tadmsd d $ote adytdhtroels 1s@ IS
ted byemleataindtyai n at | east-cankbondsaandadokedecahdoe one

—

heir estrlwmcttulei tearse,t bése ofi ngs contains just four c
train i ncarohmenodn thoeenndsse qumedit ¢ §ses the reafcamdday of
on, , 2fpBapht he short | ifetime of HCHO and most of th
urresioeminventories by means of gl obal observation
sing GOME observatiof®admev e el oQdtieha,rArydr0iHjCaH Cbhyme as ur e
r with observations of other phatrecpeomieadlully taootlisv d
nderstanding of ozone production, iisgpdropowebsmfoxihada

here repr;asdniOéld blyd#Ogrmom darmd sin particular qgsu-al ity ¢

w T <© ®© £ O u u

aryThis is one of the major aims of this study.



Tab2 @l obal natur al VOC emi sisifornom adief feeskarats ¢ e d idegs |
and tla9u9dot]

|l sopi Monoter Ot her r Ot her Tot al
VOCs

[ Went, 1960] 175
[ Rasmussen an 432
1965]

[ Robinson and 480
1968]

[ Zi mmer mann, 350 480

[ Rasmussenlan 452
1988]

[ War nec k, 198 >800

[ Dignon and L 450

[ Tayl or et al 175 143
[ Turner 4t al 285
[ Muel Il er, 199 250 147
[ Al'l wine et a 420 128 279 827
[ Guent her et 503 127 260 260 1150
1.6.2 Glyoxal
Gl yoxal (CHOCHO) is also known as ethanedial ,r-difor my

take r ot ataitonoanl biestoweetashtdr leceoapflmart(dasEe g H4),e wi t-gl yoxraals
being the mofteeBCHPMe i somer

O 0 0
i\ R\ R
*hD -

Fi gt e Stmuw e of t hter agnl sycoiged ty.o xlad f. t :

Gl yoxal i sa-tiae bomgl | estmpowhdss|I toi gell cwlud.i gluti di swvi d lhs
mi sci ble with water. Gl yoyakausiesh a ®mé ibty 3K i inntlcalnd taicad 1
ing to eylets iasndussekd nas a chemical intermediate in the

is also industri-dihki egphgegeaed awa raihgetypwoekedrusc,t i sonc o fa sa


http://www.inchem.org/documents/cicads/cicads/cicad57.htm

Further mbiy®axased as a biocide anantassinmmendmygi pfeducng, 3
cleansers used for the disinfection of surfaces.

I'n the athmosplaere severalt smedéesrohggthexalxi dati on ¢
arti auloarata fc h[yWorl okcaamrelro pesti aanla.l ,o g0 0]t h f or mal dehyde
nd anthropddeaegibiel svsutrrcaetses hydroxyl radi cal reacti on
e coord tgleinred ati on oxi datamoadmed Bopduueetin o FMBIOop rieneemi tt e
i gh | evelPFsurftrhoemm tphifnee sf i gur e comprises information on
nd HGHE®@DboOut0 4 feonre Oadimlp )MBO

QO o 0 9 T

Lee pPL9B&Ye reported Onfiegpipploeace!l $s not h@ boundary | ayer
thought to originate from i sopr eSmea url adtifnggd Dethoadl .f 0 o m ¢
er values ofalmbweta Op @®@RBde@mdns ai np | Baelo imfd Gasnt itaak 0 meéiswcg aasn d
wel Freasdenti al l og fires wildl r § IHoa saen dg lYwd k R2éx0d2r] addi
niesl sour ce torfadghliwex ainsi and the subsequently formed p
to the formationDofethi vsebbmpeuprdi sf§Vohkamer .dtel alve
During the day, photolysis amd whée afdotuiwals twoi tbhe COHe sdse ttehr
f oorverhead sun conditions.

In summary, measurements of glyoxal are quite sparse and most of them from urban areas. Nevertheless, they
can leadin conjunction with measurements of formaldehyde and other photochemical species Jik® O

better understandg of VOC chemistry and source strengths.



Isoprene d

OH
l l v
Methyl vinyl ketone (32%) Formaldehyde (63%) Methacrolein (23%)
OH OH
A\ 4 ‘L l ‘L
Glycolaldehyde (70%) Methylglyoxal Hydroxyacetone (42%) Methylglyoxal
OH + Formaldehyde (30%) OH + Formaldehyde (8%)
Methylglyoxal
0,
Clyoxal Formaldehyde (91%)
(20%) (8096)
2=methyl=3= buten =2=0l (MBO) b
OH
Acetone + Glycolaldehyde(50-60%) Formaldehyde +

2-hydroxy-2- methylpropanal (30-35%)

OH OH

Methylglyoxal Formaldehyde — Glyoxal Formaldehyde
(12-229%) (8-249%) (20%) (80%)

F i g 1+5: lydroxyl radical reaction schemes for (a) isoprene, and-tbgfyl-3-buterr2-ol (MBO), from
Spaulding, et a[2003]. From that GIOCHOto HCHO ratios between 0.04 and 0.1 can be derived.



2 Instruments

This chaptier tdlee cfrii bh@tshienlst e @ me et wlieods ®fcko rt hreetddteavi ng &
pheric HCHO amumdnGH@&@GH® obél t he TbhbOABAINe Eebed di scussed i
cha@Bt e@nhear acakkri shese instrumentbhahavbeeynmeasmoa | ig
earétsh at mosphere( UWantdhev(i wli thij eeviasl e tFli gt realtdeau hicenh s e
ti,an | instrumenpsemeomanmyhi dateslumavientbh@enostirlbime ef &ly
shortcomings wild/l be 5dilscussed in detail in Section

il

!

Clouds
Aerosols

S

54

e

GOME M ¢/, SCIAMACHY
/¢

MAX-DOAS ENVISAT

|
et |

BREDOM

Fi gede The wavel ength range covered byy t h&6ONE/,/ vi s
SCI AMACHY, -BOASMAXoget her wit h hsep etcatjggcad ¢ aesge soanasr ew hteyr e
|l ysed.

2.1  Global Ozone Monitoring Experiment (GOME)

The Gl obal Ozone Monitoring Experi ment ( GOME% aboar (

( ERRY is successfalrlaypmmepheortcngompesition since its
1995Burrows emdalrefete@dcks therein). GOME is u-he firs
ment operating inandenadnr riavfirrdreed wawsvelbeémrgt hi +egi ons
cal columns of ozone and nitrogen dioxide. Advanced p

bromine oxide, chlorine dioxideosphmeénochdNOngB@er gtr a

rows and Chance, 1992; Ei singer and Burrows, 1998; H e



1998; Hoogen et al ., Inxc%®9 ;etWatlt.F,p c2B0uOeOt] 2003, 1-BP 6 ;t &€pha
permanently fanled|yahtdoséenGOMEhhme ascuarnednbeeretcst | ayr a eaxwa i

by a ground r ecet liceonvge rsatgaet ipayr @ érodudtu c7iOn g

Th6OMExnt rument was proposed in 1988 by John P. Burro
(SCIl Amini) of the Scanning | maging Absorption Spectr
sex)?2 GOME i s obédrevieng nt hnea dd tr mavbvyetwh nfogreosmpéctyr al C
opposed to eight channels for SCI AMACHY. I n addition,
once pern ndaydamdt o enhalnacre rceogvieo napd ét hatfai At itbesed poohdetr an

towards (pobaregiew). Tlaenedtatusad dian at thioswetvleasi s .

2.1.1 The GOME instrument

The GOME instrument is a doubl premdnepbremasteprir ambc la
prismeancdh ionff the four optical channel Ssha fholuogrdamamine
comprise the vwdwgI2&nigtrd)0 53rinlmbrl 14 On5Sm -@ 8 @ m 5 OTSaebd) &

schematic diagmpamcafl by ¢GQNE ol ssrircavdn aince andm-radi anc
pl wdth four liliineddao d ®eaf cans swi th li0s2@lalslpesttpiatelrd ememn
reduce the dar kerctus raetnttgc lPeed ttieert ed edn ode arrays and

tors cool thed4dE8€ectors to about
SCAN
MIRROR TELESCOPE PREDISPERSER CHANNEL
MIRRORS PRISM SEPARATOR
GRATING #3
SUN DIFFUSER
GRATING #4
CALIBRATION
UNIT v
CALIBRATION { b o N SPLITTER
LAMP :
(
GRATING #2
GRATING #1 -
CHANNEL #3
CHANNEL #2
CHANNEL #4
CHANNEL #1
.
a_
ELECTRONIC — =
BOX

400
605

590
790

NM NM NM

FigkZ e Functional bl ock diagram of[ EtSlPAe5 |GOME spectr om

Except for the dsicanviniprarpodrs ttah eatlinresutprauemefnit ad d .sceSpectr a
orded simultaneously from 240 nm to 790 nm. The 11igh
branches. Trheec ofridresdt winteh itshestd eo nb rmoand it @nmd nmo ldeew-i ces (P
i mat el y spewdrr att the a ocgheaintnastb s f o400 , B8 0 n MO-&HBOrdm 5 8

respectively. The PMDsunmtears umerdierhsetnrautho pohaaeahghteghbd f ¢
correction ofatiheatinenraemesnitt ipwilty i(ncatlhebrlagdwel s e(crt



versi ohe second, moderately wavel engt h ditshpee rcsheadn nked a

separation prism.

The calibration unitcadpadsesrtvatgmamtheansgpeatcompaet men
pl at-nea@nr omhoml ow cathode discharge | amp. Thepesol ar r
cehnhr anmsimbn) and di déd¢ f @dseanidieltha teé u Mweth B b &ilawri tnhi uan

coatitnog)t hoen entrance slhié¢éswlft tdhfe speicdualmepericodsc st |
tral artefacts arieamcreess erngc adrnd etdnh ebys oG GME iwhiacdh depend
therefibeeslepnaoynpyahg p&Ritebat o fRERGtEehe annadn Wagner, 20C

2.1.2 GOME Viewing Geometries

The -ERSatellite movesynichranoetroqrade,pod anmk mar blihte at
maxi mum scan width i kmthadngtobbalieedwimai gtahgi en Bt6ehOraeceh ideavy
oo bits), tihhetgiomreebnby B&peaty s . The | ocal cAMEST neg-h € i the
scending node. An across track scan sequence consi st
Backscan withond/pti egqd dtyi dn 5t isimEi g¢#3cléin atsh ei nWM cpaatretd of
(ChahApl and bseoyloanrd z8e5nAi nhh eagm gl & on t i me$ olaovee rlinokniggehrt t c
tensities

Fi g3 e TTHd ustration to the | eft shows tHh2e nlandiadd oo
ti,bhe scan geometry is shown for two successive scan
(N), and West ( WY¥e @d ksl atnede3i2 O yxk a4cOB nk n{ B) (lI'ight grey)
moving frooutNlobrdhod i 5g3 0 hleo eqlu attiome .atTHé :1 ocal- overp
tude. The difference is about one hourcamaeavwean b®HmAblC:
on observati onlsa otfi weh od pecchiears cadveéenythestbtddy. GOMEal
in a narrow swath mode havi Aifgjora tshpatfi@iwaccmnhequnomt lo
reduced sapgdesE@bbGrrBVer



The PMDs uar e erqauaedcad i alelcy whverhy i mmplTE2smaveat $ocrmcd( Aohi

f oretiyght PMD measurements are collected fore eacdédn wayv
width of 960 km, each kjDn ctolvee r s nafad cadr ie@T hoif h &t OP D me &
for detecting rapid changes in the observed surface r

Tab3lIkact sGE@ME onbBRABiradhannealppiinest his study for the

[ESA, 1995; Bur.rows et al ., 1999]
Channel Waveltadang@gn I ntegra Spectra Polarisat
Ti me [: Resolfunm]o b eme L
( PMD)
1A 23783 12 0. 20
1B 28316 1.5 0.20
2 31405 1.5 0. 17 1
3 40611 1.5 0. 29 2
4 5959 3 1.5 0. 33 3
2.2  Scanning Imaging Absorption Spectrometer for Atmo S-

pheric C artography (SCIAMACHY)

The SCI AMACHY (SCannispgetmagMegeAbSor pA)masphessipeccCarn
ter designed to measure sunligheadtdttmosptidnedor redil fea
ultraviol et viedi wlaev edmrchgn @28 &@mfomp e2t4 @reacdnerradt resol u
nm 15nm) Bovensmann. eSCaAMACHW9Wds | aunched on *ENVI SAT
2002 andehastar croswhhghtimeabbutlOhAMf .adshment eanki
abo8€| AMACHY aenhaeaceidon of thebGOMENIi manyumesip-ect s, I
ment gudstieni | ar. The absorption, reflection and scatter

by measuring the extcreataenrdr etshter ivapweslolianrg irrardgidagnac e ob's

ometitheaddition to the nadir measurements i mplement ec
l unar occultation measurements and | i mb tsscoamest efrtr om t
al so vertical;, dHBrsQ,r i DUWHEZ,HQAIOMWTE, OB ,ONr e@ssutremgte )

atuT),e depocpe¢r riaeds ati on, cloud cover anAf ecl @eudalt op 2
Buchwitz et al ., 2004 ; Noel et al ., 2004 ; Richter et
Saivgny et . Aals.p,ecd@®A5]f eat ure ofneSICHAMMDCHYMeiass uireiecelmd mbmo
all ows déebher mromipmgpheric column aimeutadkesutrobdfa ys ewietrha It hte

nadir mode only
2.2.1 The SCIAMACHY Instrument

ThENVI SAT satellitdelwiekr2EREASHARKHKY onous, near polar

about 800 kmschme wina s ihvniuems tkhrie Oannadd igrl o b al covesriaxge i s

4



days (erfbtietrs )86 t hwetgionreb ibte irnggp e3a Adcadyss. i tshhrseeofbasi c part
opi cal uni t, ,t haendeltehcet rroandicanutnicdtbleeri nstmumentr @asnhnt BcC
mirrors inonkehéi ghonpaoh:the &ISM adinaxtnh es cf anome-r onfio dtuhl
muth scanner. mbduhad{ ASHfoMher r oml|l yst heedwée¢ ot sdiame dtni o
(across track). When |l ooking at haziemd ti mbse shiro tdheransidrt ri cor
as wel lel @y att h echo e achi r(eugpt i on) . A telescope mifr rtohe pr o
spectrdhetreawpr ddj sperser prism of the spectrometer se,
tral wharcdsspdthe 8 di fferent channels. A grating |l ocate
whi ch fiescushedhdeheet dehacahr T @iytéh pAsx €¢In) t he GOME impnm-stdri umer
periserussead Bar ewster wi hdownhoféexheadi géarnt gauad iaawulsar t o
meabptical pl ahe é€parahteddtloitght Tihe diocf aEakue ed t o t

Tabdt eFact sheet [Bur3olwsMACHYI . , 1 9 9i5c;h aBinved rss n2a mann de t:
used i n ftori & hset ureyarlideevhayld eo fanfdo gl Yaral ntegspéecbnvel yme
for different spectral bands, so that the ground pi X
band it i s.lnrthe tase cBI@HOANAFCHOARO one hagpically 0.5 gc (pixel size 30 km along

track and 60 km across trackor spectral fitting of HCHO in this siy four pixels were averaged yiaid a
spatial resolution of 60 x 120 Km

Channe Spectral Reée Spectral Rest Pol ari saguroen

Device (PM

1 24®B14 0. 24

2 309% 05 0.26 0
3 3946 20 0. 44 1
4 604805 0. 48 2
5 7881050 0.54 3
6 1060750 1. 48 4
7 194040 0.22

8 226535380 0. 26 5




2.2.2 SCIAMACHY viewing geometries

SClI AMACHY perfor msadinerma,sulriement and ns el a(rs/Bleugndatré moccul t a
nadir mode, the atmospheric velcamanh@gneat ont gde-ospadc €c
ing to a maxi mum swath wWe@thmodcB3dskmt mndol.g Thackd by
Il i nég ghft g LOS) OVAartyi rag nfarxd muwh i cfh Ehdaerkien 6300 .a%cAk aunt f or

tive transfer wmadel2ling (see section

n the Itihneb snpoedcet,r omet er sl it is projected parallel t
the ASM and thbheEASMMMIroos. scans the atmosphere thr
o 100 km in horizonta)] @ppiompthatei meceéement ravhet ba

tical (el evation) scan direction. A typical Il i mb sca
heights, startingOrme kanf btelh ® wmd ihre iho g i eosmisf. drs tthhees ea clcium
which the tangent heights can be reconstructed. The |

of the spacecraft |anamd epramsgi cumant y, shecatsdoof the |
saltiete and the sampled air volume (about 3000skm). Fo
|l ates to a tangent hé¢ivoimt Sadivi fge.ffdred é adlfi val@d@@th |sk plami a |
typical wythdaad Bm960 km swath width in the horizont al

About 7 mi measesreaméet @an the | imb mode has been carr
measured in the nadir mode.nddrapchnaigpl @eermhios f ®@ats el
spheric trace gas amount sy fafo mattroes pthoetrailc ¢toH ausrenh ¢ gosre ¢
been accboNQ(isereP BOMOTPROt ocol MOni Toring fmehnhtt he GMES
Occultation measdrememigstaecee AG®Mr Bodm&SM mirrors with
of the iSnCsItArMANCeHNYt .sel ect s a target, the sun or the mo
the horizon and until the line 00 &imghiSpeeache-ofatma)

tion transmitted through the atmosphere are recorded

NADIR MEASUREMENTS LIMB MEASUREMENTS

.*

SCIAMACHY I,
2, -
’ aun
g

L P

3

r/ ”,

6/ g SCIAMACHY
“

.

LIMB/MNADIR MATCHING D OCCULIATION MEASUREMENTS

SCIAMACHY

SCIAMACHY

\

Figgableasurmomeas from SQIlAMACGHYsur@G ment s ushianvge t he |
beeséd this study.


http://www.iup.physik.uni-bremen.de/doas/no2_promote.htm

2.3  Bremian DOAS Network for Atmospheric Measurements
(BREDOM)

The BREDOM idbasadgmetmwedr k of high quality UV/visible
t hat haest bbyeetnhe | nstitute sof( IEhR)i,r olimewedarad i tPyh ysfi cBr e |
proposed in 2001 by John P. Burrows to extend the e;
il esund and Bremen) to | ow | atitudesermTheombBhuodup om
menta wéimber of stratospheric and tropospheric speci ¢
focussing on satellite validationguahg¢Riosgdgtoeumentad . uys
Vandael e &t aadnldosedp@doal i on exists with the NDSC and ¢
Uni versity of Hei del ber g, the | ASBaddi Wwg) t antdshehgl 6B

pheobhservati on system.

The stations of t hlea bR RETIhGM darset rg ibwean oinn of the-statio
tudi naslecctrioosns coveltangt Adet and mrdpi crally rwegdfownls . f dirhi s
val i ddtRi€Ed AMACHY, as a broad range bfwianmesphkbrghb it
NQ, H vortex |/ non vortex conditions; changing albed
condi tghon/s I(ohw sol ar el évxatoingn) hies nesduwet meddd .if Dlrim Isat adudd w e |
ospheric ozone | oss, bromine | oading and tropospheri
bi omass burning emrosiuocms aved || iagthdatnrsanpgoesbpahded hegree
sectli)@an tlrealdarge tropospheric ozone concentrations.

TabstRer manent BREDOM sites

Statio Latit Longi't Status Waveenlgt h cove
Nyi l esun 7 NA 1 2EA operational9®h 32i0565 nm

Br emen 5 3NA 8 EA operational9$3 32i0720 nm

Mer i da 8N 7 IMWA operationa2064 32i0410 nm

Nairobi 19 3 6EA operati onal20s0i2 32i056 nm
One of the |l essons |l earned from the validati(oen. gof GON

i pLadsWeit@Qeemrmayer) eCompared9©l64 tNiotru chees nzmgd dinlse phleade
of measurement st agpamse arto ultdwnyel amteiatdiwdhesneins s of hal o
other minor trace apeaHbwewaeere, noticlpeméasmedment s are
Firstheftabpijical regions are of paramount | mpiortance

cal transport to the str a(tosexchteiy@n Théeéesf pl acesatel hiets

at | owdkathare of particular interest, and validation
measurement conditions at thhoddeg hltatpiattthd & sh,r oruagrire It yh eh iac
ticularly chalilteemgi mgt fwmenthe Isfattehédse data can be v
sources ciemnd btehami narne al so i mportant for datas-taken
urements of minor trace specidesbearceorsruebcjteecdt -trtint &paprryo pr
woul dvahkel able at | ow | atitudes.



Al stationary instruments of the f®héewonkk anéymeassri
polar winter from mid of Fedniwtaewi hg tideofi @t bber s
cies and the horizon viewing measurements for troposp
gases Oz0nkr, O NOnd OCI O are retrieved routin®y, and
HCHO, | O, CHQOCH@namad sdd.be deter mi ne

A BREDOM travelling instrument has participated in s
199[6Roscoe e)t, akaashlidhojo (I NDOEX campailgBurFlkedrtuaety a
2003] the Po valley (FORMAT campai gn 3JuHeycékreuglu)s,t 200 2]
Angya (NDSC campaign F&bndaely bt Matarnad 20QaBERIDDISI] Odl-S

paign June/ July 2005). Some ofwitlhle hatpr oebe¢nrmt e di m"utrh

2.3.1 The MAX-DOAS instrument

One major aim of this thezseing kBh@aAStionredeési ghot peovicd

al so on hehrei ¢ raompoossmpt s of the absorbers.

The stanpgaad 8séedet ad.egNoyxeorna |l oln®o7n5 ;etSoalhs, i 09 8ifi-l ghe st
tivity in the stratosphere, in particular during twi/l
l'ight path at dawn and dusk combined wi tnht sa arteltawiilvieg

are analysed relative to noon measurements as often i

as long as concentr adwewerd,heinoptr es@angeowvér ctiomes, tr
contrgbhufecantl yEtbetate aignpall995; Pl att et al ., 199
1998ei Psticker et al ., bl999%heWi arerdat it xdtigsltt @ atiha @]

noktn o.wn

The sensitivitwaotirsdaphesp hert ir @ tmeioigngdiripsa sceach by poi nting

to thei heteaodnof the zenith. Depending on tropospher|
become very |l ong. At the same time, the | ightd-path t|
ent of the instrumenneapairretmiemg.s Tahtusdi flfyerteaaki nvg e wi nc
with sever al pieces of information in 5.h3 troposphere

The instrument al chall engg wast tr weadehtastr eartle@ wssk gbnogteh tzh
and horizon measurements in a fully automated way bo

ti me.

After successful ¢dsetsuunidn akpr idlurli g8 tihre diyWDeGHE X Fceabmp a

arMarch [V X%)r ock, et huepl swehtilch9 9]s now used at all BREDO!
coperatiSonxxtwint[Hi et kaand 2DMéEd&EMe de ke, 12t00f6gdci | it ates
zenskyw observations, but alsoS5hedsoremennsmane bti hes ) c
hori zon. The viewing directions are selected by a co

describpdobittopwg gedatainlde.veet

Al stations obrkhar BRED@Me qpax ipp edi W ¢ ihe dAuil &albcs-or pt i or
troscopDOAMAXIi nstrument s. These instruments atr-e basic
tered Iight in different viewing directions.


http://www.knmi.nl/omi/research/validation/dandelions/index.html

Thienstrompsaitst] eodjstatdmeag spectr omet €rCHecghuarpgpgelde wd ¢ i @ae
detector and a separate telescopeauhnizt f c b rpmeectidr-eodi €0 T
ter is tempselr dtouraer os tdalwialvel einigs tha ldir étdvedsS Onbenkstilcalegle t h
t oirtt i's oper @tadd biimni migl fteveailspehinchalt osiagowald ptrobl e ms
pi xel var i at i Dme olpruet rhibez ncdhliiep e fef s ctireentil yc admiprod alriight a
fl exi btiHiéentsy rfednpnt The tel &6 gpbeeluonw)t hlasseet wo Vvi ewing p
zenith and one to the olrorliiznoen .o fTshses gvhitecwikm8gb ydniiar eao trni oot hol
the | ower parwo dfaatihe nhd wustpasdn{lal nmee rlcaumpy and a white |
integrated for <calibration measur e mesnmiasl.l Toe nlsi mist itnhse
froft the quartz fibre buhdom. efbepiregenhheditekbescopal

mounted on both the zenith and the horizon ports (not

(a)
A
B
F
J K
B -
sH

A Zenith window E  Shutter J  Tungsten lamp
B  Off-Axis-window F Hole in dividing wall K HgCd lamp
C  Turntable driven by motor G Lens L Heating foil
D  Mirror H  Quartz fibre bundle

Figas®chematic (left) berdcphetu®REBOBbDEt hsbfumbaet s e

During operation, the instrument scans sequentially
taking about 1 minute of measurements in each directi
of thememeBBienttegr atairen atuit mengati cally chosen froom a te:
wards t wAtl igihght, calibration measurements (line | amg

throughput monitori ng,cudrarrekntmebhsaorngecnteenre s t AeendaAk th

cansbpgabgtadshutter, the calibration is also possible

To opetisnpiéscicover age and r esBoREUDAM ns, { Bttheroeegal, e SNwyh the a h @ u
Nai rarbe )equi pped with two spectrometers, one for the
instruments share the telescope unit through a quart

si de.



2.3.1.1 Stratospheric Observations (zenith -sky DOAS)

For
to
of
Mi |

stratospheri,thebgenivahi v haspypil ni geutld itrhgec tsipoerc iiess of i |

be negligible in the troposphere, any viewing dir e

t
I

h e bsekeyn huasveed i n some studies otfhsee g[gAarl pleCd Oe ti nalA.n,t a
er et Tahe ,s elMNVi7t]li vity of the instrument is |l arges

stratosphere.bdlhions Rihger6 b lwehsetrr at mgd!| i f i edf ohii ghhtf @amalt h i

| ow

sun.

high sun

low sun

stmtusphare / /

lower
troposphere instrument

Fig6:8ketch ofi eawmenegsiut.le nfeormtar ds hi gh sol ar zceenith ai

tive

I n

and

stra
t ake

i mpr

bl e

An

me a s

and

rese

l'ight path itdqriongrheddiengtratosphere

the real at mosphere, the situation is more compl e

e. g.

Wh i

at mo

t wi
can

tys

the effects (sfeemuédlotiit piome eelae t basmgdi dneaameprmai o §$
tospheric constituents are therefore based on <co
n around noon. I f the instrument is stable enoug
ove consalt einmpho dyrbatsitwielreess t he range of sal-ar zeni

is small during some times of the year).

nteresting aspect of the above sketch is that th
ur eemehnitgsh aand | ow sun. Thus, a constant troposphe
twilight measur ements of the same day, making t#h
ar ch. However, if theowveopodhphemiyc ocondernthreattirmrmps

due to clouds, the stratospheric measurements ca

e sensitivity is highest ataytswidleisghtablteMéd®yt iomé ea
sphéeescof§peanterest undergo rapid photochemistry,
ight making interpretation difficult. On the othe
provide additi onayl oifnftohremaatbisoonr boenr .t $iFearcahdetdes! tiri t e

the column at time of overpass, and this is ofte



either be interpolated (possibly aofigrociamdndetmmiuaal mo

ment at higher sun has to be accepted.
2.3.1.2 Tropospheric Observations (MAX  -DOAS)

For tropospheric -DOAErivasi ooament $ espdHld Kt h @ g me. @ sAlsth e menrot
illustrBted? eén hehdeé i ght path through the upper atmosp
does not depend on viewing direction, while in the Ic¢

as the viewing direction approaches the horizon.

sun light

\\\ upper atmosphere

instrument %undary layer

Fi gt 8ket chowoivd @nmmenagsur.ermdrntth small er el evation angl
through the | ower |l ayers in the atmospherremaisnsi ncco e a
stant .

The Il ength of the | ight pageeho ment.réeyhe(t hewekeéevatyensadel
but also on the mean free path of the photon. I n the
li ght path is determined by geometry only. I f scatter]
measurements in the UV (more Rayleigh scattering), t!
l'ight path ifeowi ntgheilrcewedstons reduces. In the extreme
the | i.ghAn piamiphor t ant boundary condition for the inter
that horizont al gradi estusemant g nhbgsecsedot leal waghb
come ambiguous with respect to whether a signal vari
[ Heckel , 2003]

As thelvertmnisectivity is a function of elevation angl e
retrieve vertical prowhilels i0d abmes oo etr hE@EomEdgemitGrait mo® N
The welrtriesol ution of thhecmupbefi lods ST Apvé majs déemwect 0D ade
sur flalceedom but is bnlahgersesrf@er ohe3l bwer tropoisphere.
mate of the aerostalc adptdiicsalr ibeuptibonand weereded. This ¢

speci eve-kwmiotwmr t i c al di starizhb@amadni sufchctasad®r os ol opti ca



of the inversion algorithm.t lefl edvaatta oar ea ntgd leesn rmhatt ard

angl es, i nformation on the aerosol phase [fWagrneronetan
al .,. 2004]
For satellite validation, the troposphericfoolthmn i s

grobmd ed meaesiutrreementiys i ntegr at i-mgr ¢ heg-wiye kulrsyi exxge da  pvri oefw
directi/dmBAefvaidAdn where t e sluanetd bdwatbteehrei 1q@ymai ni tihs

tratoifondh e tirnaceer egsaas o f
2.3.2 BREDOM Sites

2.3.2.1 Ny-Alesund (79°N, 12°E)

I'n 1995, a DOASe tiinns pcrouorpeenrt a tw aoSe gwerhtehs ttiteut A2l ffroed Pol ar
Research, Bmemee hBD8@ -jblua d wWn ch gi [\ S MNayl obcakr. de Tnhehabs.u,r 1 9 9 5 ]
merstt atpamnt i sf mAthet ipcs tNDtCGoar pnmie gffaciolns mi d of Ocht-ober t o
ruary, sol archedregvaait maomipdlng dteaeapeotfias | dagydi n summer. Th

measur ement o rsattr atthoissp hseirtda ecc itcshce nriesgiroyns,n i n particul ar

of its geographiescsahd|l ecxperomnckly both time periods w
stationti ams whodernt @xonai r i s probed.

A setcoemiladr ess By lbeys uthhde measur ements is polar troposph
bromine chemistry. Depending on the meteorol oigdi cal co

ed t-pol Nyund, and episodes ofoumapird dagre dé Dthr-waztoin@n

serfedquenntslpyr i ng. For further informattisomton hries uslittse
[ Wittrock et al ., 1996 ; Wittrock et al ., 1997; Mar ti
Oetjen, 2002; Sinnhuber et al., 2002; Tornkvist et al

Originally, the DOASuinms twaws man & Wimem deNsyc ogreatwhi n h- sapect r
eter using a 1024 pixel cooled Reticon diode array as
skyl,alglhawi ngeraldompendesthsde t he buil ding.

n spring 1999, a flip mirror was i ntskgr atanedd sif«f htolme t
on viewing) measurdd mercttse.d T loevalr altatnairh Bwairosf n 46Al. e WA tt iho

this viewing geometry, the | ight path through the tr«q
h

e measurements towards tropospheric absorbers such

In spring 2002, the telescopetowasgreplhaeadi by ae as mpek
directions above the horizon (3A,redA, milrorAorandAtl 8&A)e as
the spectrometer and detector were replacetowysannew
I n Mar cah s2e0c0Oo3nd spectrometer with a CCD was installed

visible spectral range. Both spectrometers are connec
2.3.2.2 Bremen (53°N, 9°E)

Since early 1%%3, mx@fIntzenarteh conti nuously perfor med
Department at the Ua94d4arsetgnaofi Bsemementdt nwas added t

parts of the spectrum, thereby improving the detectio



Br e mean

tiyspi-lcaatli tmidle | ocation c¢close to the Nortuh Sea.

enckeyd pol ar air masses, but wusually is situated well

cl ean

power

air from tahe sdd,ecmaeasplryd merithsn| 6 cvaary ,t hceo anle afribry

plants and an incinerating plant, and negional

concentrations are usually highiandzepeyconceabitatid

the warninguduamiltyy kbhowemrtehamnesd nr @egihems.i ndustri al

The current instrument |imedtrreomaant eron,s 0s4 20 fommtithteme gU At
second owei Hlog dgrheect-7&1 nmangedBoth0OGBpectrometers are e
detoeecst and are temper &t lsepee csttraaldi Idirsiefd .t d nmiJminmiasr y 200
cated to the new buil di ng Pohfy stihces ,| nBsrteinsegnt.ie pSoi &nticéew ivtt hineon
MAXDOAS t eldecsrciobpeed 2n 3Barctfi womt her informationeen resu
ments aseeh&sgsinger et al.,. 1997; Richter et al., 19¢
2.3.2.3 Mérida (8°N, 71 °W)
A new atmospheric measurement stationthMARI)Y sh-as Dee!

me ntt heef Uni ver saintdy tdfe MNM®&risdcad unign zteme rwinc iKmirtl ys eaifh et h e

zuelhar ch. 2T0B#dsussetsad | mcho antibgghe al t i t udg 47i6the misi-d @ r E ane
urements withmeatD@hIriawav@dhBieaosoEspej o is accessi bl e
highest cable car. Addi ti onrAa/lB isnpsetcrturlmenmd tseor(sh)é Di&Rp | & Y ¢
nearby I nssitcot at ASt610@AIni-Weldtethteisd, 81t Riine t chrads etnhe Uni ver s
of Bremen.

The Pico Espejo station is characterised Ibegriig-smédagh
urements on the globe), facilitating stratospheric me
tropospheric pollution and the | arge tropospheric wat
it is lameidemal beth stratospheric research and the v

SCI AMACHY and Ml PAX.i sUganerag utrteeanemftfs of t his DOGAS inst
vestigate trace gases sitnutdiybeef fr ecd 3 g e ptorfgoigpudritoan e .

from the fires in Southern America.

The DOAS instrument in M®rida is |l ocated inside the |
stabilised grating spectrdemeteetoeqgangpedveirsht hecspée
nm. Unfortunately, a spectrometer for the visible par
detection of CHOCHO. The instrument idecboheebtuetdtitnogse
quartz fibre bundle and a number of electrical and c
secti @n Thaxiogfport is directed toFitghBe8)eSoThé it owtar dme
fully autcamatbeed rand ed remotely through an internet ¢
operation during power failures, it i s cointnhe dtt-reed m o
crowave instrument.



Fi g8 €€he view f Veme zamedc&Codfoimbe ar ed dot mar kss- t he poc
ur ement si Yeen evaittelliers Thlee ar r ow d e neoctteiso nt hoef vtiheewi inmgs tdri uri
t hlel anoeryaf(@artawmirtetas bi omass burning maiynonyhdtr ommnd an
south of the Orinoco riwwgw. wdrelodiwiorpd .ca | rain forest s

2.3.2.4 Nairobi (1°S, 37°E)

In July 2002, a DOAS instrnMWmeéenttdwdNatbomsatEin®@degnaimme
quatbtued ding in Nairobi, Kenya. Nai robi is a tropical
|l ocal ulrbtainomo( Nairobi has more than 2.5 million inh;:

from biomass burning regions.

Unli ke the meteorological station at nearby Mount Ke
but r atftoecrushasn a ropospheric pollution in tropical re
The DOAS instrument in Nairobi is |l ocated in a temper
has the same mai-mpd edaesucri iddaxabd dhprerstePleé iGshElirelced edo
Sou(tsheieg29towar ds a ofwnrtbantnr almid behi nd it. I n January 2

covering the visible parttofuwkemahlspeber dént @el®Cadded t


http://www.worldwind.com/

Figp9&dhe view fKemyspaddgaafla and Tanzani a. The red
measurement site within Kenya. The arrowddetnlog eSo uthte.
(www. wor |l dwi nd. com

2.3.2.5 Temporary Sites

Al l temporary sites were equipped with Ja41l0 eangt one
sometimes also with a seatloadD®AS el svlh eopad 2niBlse crtd mg
Usuaddpyp!l emersttaruymee.ng.atfimm met eor ol ogi c atl h epsaetQansheyt er s v
those sites are shown here d rwint wihn cthhidsatsat wssdet.s have

2.3.25.1 Summit (_72°N, 38°W)

A MAIXOAS i nswaagupneernatt ed at the Summit research station
2003 to March 2005. This station is |l ocatedesdty a ver:
|l ow temperatures, very |l ow water vapour column and a

The focus of tbhesmeasospments whemistry, although sor
also taking place on armduwmidt Binm etelaen ovyrea w. GWietetn | iatnsd Vi e

esting site for satellite validation and the study of

The DOAS iamSsutnmtmimenmntas | ocated inside a measur@®-ment co
wave instriummealtsaowhopmgdéir at e[dGddlyc it éhret .| dJiPh eBlrtegnle8 066 pe on

containert avaasv chaechcteemo wat i on .

2.3.25.2 Zugspitze (47°N, 11°E)

Due to |l ogistical r esaestotnhd4®r ti dhava s umeht pbeblebtdspoing
i nstrumemstt magalse dt o tthhee Ztudgps pd ¢hhenee e f e r IGer hmmfndiea s u r

ments were carried out in the wavelength range from


http://www.worldwind.com/
http://www.schneefernerhaus.de/

was | ocated on a bal cony oaxitshep oScth ndeierfeecrtneetr ahtaluesy hwva t ¢
near to-P@anminkdh chen. Even though®gimte astitegeewnot| y hi
by polluted aumrbMumamht he gn eair. by

2.3.25.3 Alzate (46°N, 9°E)

During two | arge measur ementRMAImmpaiodgres twi tomien itnh es ubnn
second i n autOmS 2mMeda3s,u rMAXe nt s wef e HCHOr aedmalOb-awi t h t
paign inbéer E@BMAT {TFor mal dehyde as a ptorspdcerr edd pploogtea

anEUufhdbdgear projent meacswssingg model |l ing andlinterpr
luted regivah l efy ihe \BEkpQg&thR Ital ynost | mwascotamprobijgeec
and validawheiht @ackkniugeest o measure formaldehyde.

The instrument was | ocafédzda tien aamaructriviiSd@aiied i e airs t @ne ¢
most polluted areadOArs tthe eglcolpe. whlse i MAX abhaid on th
reted to tITee Sbiut dtwesampai gn was mainly focussed on i
techni qupersgviwheidohpportunity to validate our instrumen
with other experdamaftdet heslt,al 2 @03 ;atWHefddeetl ureat elly,, o02ml0
in the UV were measured which prdeeteantssett he retrieval

L" ’
& [ |
(11 2003 Dec 17 16:09:52

44°N

FigagteMap of térme nme asruga, -Balolweyngi n hreorPtoher n I taly.
measurements presented here was Al zate, 50 ks morth o
2002 amadald2@OonBrialument s wer eanpgl ad evdder (eB Ve § $20jJ0.59 | .



2.3.25.4 Cabauw (52°N, 5°E)

As part of the DMAXDEIASONE apsruajeemetnt s of different tra
in Cabauw, Net herl ands from May 9 to July 1xXxi,de005.
Experiments for valLldation of OMI and SCI AMACHY) i s &
validation of OMI, I GleAMAREHIYhdlaomd r AAEBR s 0 fo0 vaeerr otstod s
Net herhandsdi ©i onal objective-baset®DOASr iofbys etrtviae q walsi |
intercomparisampsofandi byercomiplaGARpar Timermas iINOe impn Cabau\
pri,bess dielsa al met eorol,ag®deml heppéembmémwmtrs i nvesd-i gati on
t ween the state of the atmospheric boundary | ayer, [
al | s€abaunw. i s a rural site but <cl ose otpertatedc ibtyi @ he
Net herMled readg ollnosgtiictault Teh ¢ KINOMT B bk o s some of it het mpartic
ments, partly used in this-DBBQAS]ydaftoar. the interpretati

The Br emiDOASMAXiI ment was | ocated inside a container
out sideaxiThhepodff was directed to the Soutlhwes@@ par al
met aava y .

Tabet e Overviemeptinwh incplarhavenp ahed DAND ElaldpNS gm May
to July 2005

Il nstrument Group Product s

MAXDOAS | UP Br emen NQ( HCHO, CHOCHO

MAXDOA'S | UP Hei del berg NQ

MAXDOAS | ASB/ BI RA Bruss NQ

NG-LI DAR KNMI N Q

i Bimanitor KNM NQnear to the s

SClI AMACHY NQ( CHOCHOHQHO bk
ing aerosol i nd

OMI NQ, aerosol opt

Boundary | ayer KNMI aerosol extinct

ozone and radi o KNMI T, re)] ati ve dzuomn




2.4 Suppleme ntary Data Sets

Thi & isoenc desct hedxepse rb rmeeftlsy and t heir data 55.en@t o whi ch

interpret the results from the DOAS observations.
2.4.1 ATSR-Il and AATSR

The Along TRadk o @adB8Rs$s alet tep :g/. / ear t hc cerssaifsithivberir s &t 8 me
an |FrRefdd aRadi ometer (I RR) and a Microwave Sounder (MW

provide ©ghe ypels|l owi dmata and observations:

T Sea surface temperature with an absolute accuracy of
anundceaondi ti onpeofcéwpdt ¢ o&E&®r

T Images of surface temperat ugvweatwi,tdcedlu&kanOy edasliKo wtt i on 3

The I RR uses spectral channels which are very similai
many i mprovemeihe ANS&ncd ukdawaynced ATSR ( AATSR) i nstr
from itdienaolr expeli mpatalumA@mnSRwhi ch 1"isn iandfdriatrieodn cthoa ntnk
extra cmhanmebatviG.iHI@m, 0.670m and 0.87&Hmd d@mo rveigred a't
cal i brat i olrh es2yASitdddn r u meinnt ,Aplraiusn cth@eBdb ent | 'y f | yionfg as peé
the ESA #&&8Sedgdéwihter GOMEAATSWRE i p&ESAENYI SpATat ft ogmt her
with SCI AMACHY) .

firThe major purpose of AATSR is tooacper awinhe r@d rutrien uwiattya
have been pr daduwumnadd2ADYRATISRf or e, t hes kwlyi cstcivwerte fomgt ipma
ATSR are ret abenteadi Ifsoro fAAITISR: scan, the opsRiEeEdr)syst em,
t hteher mal calibration system, spati al resolution and
orin gl instrument ot ¢ fhemapurd eecmt ii mui/tey.s/)eeod. 10075/ ERS

Fi g2l Spectral coverage of the (AATEBERAe nstrument onb


http://earth.esa.int/ers/atsr/
http://earth.esa.int/ers/eeo4.10075/ERS1.5.html
http://envisat.esa.int/instruments/aatsr/descr/concept.html

I m his,tshteudfyi re product Uuheswags tlhgee dATcSRe tf iale. ,al g®95; Go
2000; Si mon helts aall.g,0es8 G @4JATUSR lriisght time radiCmion daf
3.0m 1Gm oandnl@. et ect hot spots whi tchehasr baaeheotus @d a
spot is deeempeedfmdds bhed hreadi ati on at 3.7 Oma4dis | arg
bilities detpeermpde roant utrhee, fanmmde can be estimated as follo
background tempekttampea b totf mBt0M&Kr.ar ameahoghtaken into a
processing. Thegiswen ikead. resolution is

The advantthaep ®Ri rod preduct

T Due t oi mmei gdhett etc thioo ma rdttediraesdalraer r ef l ecti on.
T High radiometric sensmdlilvesgoal | ows detection of

Knowmn mi ttations

T ATSR frames ovmir dbetp déedd cetodi € ) e s

T Someti amem svumiflaEodasat ed as fires

T Gl obal underesti mat iberc aufs stolbekil tykhte s pmé dembeti on.
The foFigWiagows averageactfeicnt & dz biyh@d&@SRt o 2001.

ATSR Fire Counts 1997 2001

Fires
[Counts]

1.8
1.5
1.2

Latitude

0.9
0.6
0.3
0.0

e =y e
-180 -150 -120 -90 -60 -30 0O 30 60 9 120 150 180
Longitude

Fig2Meainr € @e@untnsbritai ned - rformoMTBR97 to 20W01. The ¢
eraged aft eorr igmonaidh Iny d dteax 0.s5A ss paot iabMbOi.n5eAdb ot ot hgnar ea
regions with avowodoeddl(aagncdas si agdt o t hél cbakslLadndatCbwoar of
University) ofhMaAYVSERBRNndet ecanmst harlospoc gfelwai meidle 5f Irlloinkhe (e . g.
Arabia and .the North Sea)

2.4.2 AVHRR and MODIS

On the-7TNOAMAA and-1NOs&t eAdvarsed tWheery Hi gh (ReHBRR ut i on
see hd.tgp.: / / geo. ar c . ndaoswan./gTvT/ESRy eQ T] TSEKR | deese/ st 508y H RR.sh trmela s



http://glcf.umiacs.umd.edu/data/
http://geo.arc.nasa.gov/sge/jskiles/top-down/OTTER/OTTER_docs/AVHRR.html

emitted and reflected radiation in five channels (bail
Om band thatayits mesed otudr and -snufff aced m@Mp H2am;dt e skeah f
surface water delineation amdraeget 403) &ba ndov 83s.e9dBa b p i
surface tempetriameurcel oaundd nmaipgphitendy ; ( B0 O etboaaldl .uSsfeda f or ¢
temperature and day and night cloud ®Qappbiaing®eand oanot
sur face temper at Modermdappi RgsolTuhtd on I M@DINY s&eectr
http://daac.gsfc.nasangoaf BCRBIBE&R/MNiIdN dAeQU.As hstqniée | slii mielsarh a
f eatamrde swerepéoatitbe years 2001 to 2005

The first AVHRR chansnigdctirsum nwhaerpearcthloofr otpphyld- causes
coming radiation, and the second channel is liteadh s pe
considerable reflectance. This come ratkkdawrbeldywea nr ateis@ «
i.e., dividing one band by the other. Severalr-ratio t
face3he idr dafFference Vegetation Index (NDVI) is one
corelated with vegernaltatoinv e alyiaongd@lyesra saincdpr Basnmmnesesr t

and Galvin,f Xudd]icseavagrahbhed, daha NDVI can be used

producti on, domi nant species,[ Damd | @r aaznidn gDiiompfa c t1 9a9nld;
Di Bel |l a, 1998; Ri.c ottt a sa nad Isét edagwil tyh 9c®oflrirmat i ¢ vari abl
Sout hern Osc,i Isleaetlisodnt t(i EABMIIO K aafnadt opsr,e cZ2 PG Qt]Jat i on.

I'n order to i déretipylmeg@dind,dainbebsioond he nor nmal i sed ¢
tion index ( NDiWdd) ihna vtéhs bse esBandiithiiel e qtuat ¢ @atnbhMND\alt ei s :

NDVI = Trlea 2.1

IR + red

whelf s the intensithyfhe itrhteenisniftryadizdhthbhed viasubbkecan

frelm0O to 1.0, but vegetation values typically range

with hiegbeofl dealthy vegetation cover, whereaks- cl oud s
i ng the avpepdeeratsast igare e n.

The NDVoOm the f ol l ovianvge shaeteenl luisteed siennstohriss st udy:
f NOAA AVHRRnds -A. §®.6m@) -ae@mR (0. 72

f Terra MODISs(O®. 687 O2n) ( OnaBOMS
The foFlgWwidagows an example of the NDVI obtained fron


http://daac.gsfc.nasa.gov/MODIS/index.shtml

NDVI

Latitude

-180 -150 -120 -90 -60 -30 0O 30 6 90 120 15 180
Longitude

Fi g2 2% Aveedr aNgJD V | calculated from AVHRR data from 199
such asr atirnospfiocreelSout h America and Africa have values

Anot her par amebtye rt hree aAVIHR&ER awhdi cMiODil sS uwsteinlsibtsheed aienr otshoil s
optical deetp t hmal amO® ) (0xeeaa NnSs9.dthieoml gor de hmv ed & sheer iADEDd iisn

det ai Mi sSmchenko et al ., 1999; ekogéerhayey @t008l . Ged0
2004]ln general, the same channels as for the NDVI ar
a polwew size distribution. The refractive iadeari s wa
tion.






3 Absorption Spectroscopy

Absor pti on sg ewitdelsy opg endestseucrhenmiegnute offorats mo8phenncngr i
the 192M0he wibDtiolksoh[ 32 Bjls mMmMasthbden further devael oped
ray of dHafdgerespecies, observahli ainf grerogne tIrn etsch-ea nfdo li Inc
ment als of spectroscopy camdsico plpraind @ twrbaly eadalldhern ptni on
characteristics of the sun3aS8et i3gitmbdb dwae et lng eDAAS calg
whiilne 3.3 didfeffrenhe aspfeetence or background spectrum
short overview on 3h4& Ring effect in section

Thabsoropft iloinght is applied to analyse matamrce i neastperce
characteristic emission and abkkoa@tctoonhi speacsr gmec i Sol

continuous as well as discrete spectra with oharp sp
get hetrhetyhaanl y appear as discrete | ines when u-hey ar e
tion. Ott hey wiseem to be continuous why they are call ed

mol ecul es since t hreansiinteisondsu earteo seu peecrtproosne dc hbayn gleisn e s

from the movement of the atomic nuclei and by rotatio
There are three cat ggecsrpieecs iofelenerpgey ttrrad ndiitniessns n mol

1. El ectronic stmrwantsurods moTle uedlessc can be excited int
bet ween those | evels tkhquureravigbotenofspbetvaki bae

2. Vibrational structures: For every el ectcrhonairce ene
caused by the movement of the atomic nucl ei rel at

|l evels correspond to wavelengths from microwaves

3. Rotational structures: The ctoantpilen earmodred udr a&xins
the vibrational enreumglperl ewvwelas i boabpbktateat wi ah t

spectrum.

According tpabBldynealnd diosd 2@ ws p elcit ghutm ddpendi ng Ibingddrs t el
al so bevhemi tttheed at ome |l ax dwdbiett@adles absorpt,aomaseeicalo
is placed into the pataconfti mayssofspacltr gmnt Bgumeeanwi
di screte absobipmdteme |t$hmeecsd by uanr ber can be identified a

of the abtslhhe pamowmnt preaenédl sa bbequaghif path

I n thitshestnmedtyhod of the differential ppptiiesdaltoeabhsdr pt i
|l ight to characterise the absorpt,dohfefentrtiagle gpases i
high frequency part of the spectrum is analysed. Hen«
det ected; eN@. Thzeome scerr ved structures are@nmaiopl-ypfcal e

tronic transitions

DOAS can be employed to a variety of applicatda-ons 1in
tory expefDbPméprts et al ., 1996; Orphal et allln 28B60; \
at mosphere the evaluation of direct as well as scatt
subhneoo(e. [gSchlieter et al . ,) 18mMd ;s aMaRgomsedro ex tteatradra.l b ¢ 2 01090C

observed in occudltaltii gt beid LUledrmpmimad ifF@ mént s cl ose to
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e empl[gRlealt { and Hausmann, 1994;SClamyd®teyetetalet, al99

, ) 2 aDt5tjered | i ght can be detected bt ks eivrerzdnivti e wa

is d@rpBtewar et al ., 1973; Noxon, 1975; Mount et
Wittrock )t falbmg(e 2@R0f4e]li | sticker and Pl)at timal@le®g; Wang

rd et al ., 199 7),ankKe rslag npdalhna neete (aelt.g,a11.9,9 8199 7 ; Hegel s

.,) 2004]
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3.1 The Sun as alight source

€ gaseous body of the sun ocfpornesticcnss amad nHh gl iod m.h yTdh eo

|l eased in the form oufclseamlrarf ursa doinatiino nt hifeo u enrt gear to dod n ko)
ite to one helium atom. By meands boyf ceol nevcetcrtoinmang nfeutritc
is energy is transported to the surface of the sun.

e part ofby htthesumawt Isi ibFheicsald headt opshpoht eorsep hiesr enot t he
n | agselambsphere with a tkkmp€hatphetospladboeatcd&®80D
ackbody which emits a comanmickdsesud asspedtheumpacdte owudi
elengths from the | ong radio waves to the gamma r a
the visible range, more precisely ats aebnoiutti edds Oi nt ov

e, 49 percent in near infra¢(edieqadle 7 percent in ult

ady the extraterrestrial spectrum of the sun dis

st hefitrerdi scoverer Joseph von Fraunhofer. dhese ab

® ®d® @

re and the outer pMamtyssodfunthieé echt o mesphagree consi c
of the absorptioenr el iinne sparnt itchuel aera ritnh 6tsh e t-vmiossipthl €
By d@0d (rsmiegdl).e

radiation from the sun varies with time e.g. due

o o
—

ospherby maekatively I|i®Ww00e Ky eraantdurienst e(nxsCk00mMagnet.i
tivity varies wethbvan fyeagwsecnacl Jl heidd$ sieodl catrh ec yscd e . The
Il ar irradi amaree dbype ntdd ytstbinso hpplee wavel engt h region. Wl
O nm more tthhe d0f08PtOmiteyndgdi t e lpeaten{)ess than

e above descriptionmaterhhe ib®ims| NP9 2] y based on
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Fi g8 e The spectr um ot ssaoddeshrtatemds phieoe and at sea | e

Standard at mosphered athd 8OKe BZAY rmadipati on at 5800 K.
features are ,malDMH pndu&DtnorO,t rtacangbhyesd|l i keshhesestu
cernible in this illustration.

3.2 DOAS equation

Whil e passingthtehrionwdgehn smattiytagri on at/ia @itvemuwaateldd acgoh
BedrambRouegl awWT hiws wiaal ependent liy vadirs owsb Pebdk ms e iBhouguer
172)9%,h#&lennri ch nLanfb8drgta s tl nB eLeBr5 2 )

1(/)=1,( )expgs r(s) (3.1)

wh elpies t he i ncsidse ntth ei nptraetshs tlhegn gntuhmbetrh el eantse d eppetaindm n

at a given waatilemghdaas {Thibeemadi fied for the at mosph
many differienAl adbsescaetering on mol ecul es, water dro
These effects also decreasa the hombesi degneftyhef | Bog
dependant . ©©hesshlosformptgassh depends on temperature and

consequently d8hse omstuhé sheinght .

e .. .
L(7)=1,( /)expg filsa (s) ds.9/ (3.2)
i
where the integral s$tshrtoaukgehn tahleo nagt niohsep hleirgeh.t pat h
I'n general, thr esecadtitfefreirregnti ns ctehnea raitonso sopfher e are di st


http://en.wikipedia.org/wiki/Pierre_Bouguer
http://en.wikipedia.org/wiki/Johann_Heinrich_Lambert
http://en.wikipedia.org/wiki/August_Beer

1. Elastic scattering on mdhleciug ede s draiytheed gy it thdedingne t ¢
valid for particles with a diameter thaThessembté c

i ncgr essesc tsp, @8 propdrtional to

2. The diameter Of aardoswaltserQAlsbbphethe( shOne waewnge as
l engths from the sun. |Tahsetn ctaH & yiokhiccéad ednderaardyadicit actriionng |
cr essesc sairoen dassjMeHd wi kthet ween 0 and 2.

3. Raman sdat taenr iinngel astic ismatherang whkiadRicaddees .t he
Thi sctefifse descBi.dad i n

Consequent !l y, -t d&@mbRoowayp laevtad oMkeeaesrur e ment in the atmosph

as foll ows:

ri(s) s( .4

expé s Ray(s) S |
1(7)=1,( ) 2 a9 (8 (33)
§

T+ 500(5) Sl 5

R = =) i) =) oy

whelpies the extraterm®gsgldhg d tshien nsupebobter nbmisii d prs-®dt t e

ing pagdivdnt e scattericmgssasarsfiadrs ¢ het, ia@mdr Rayl ei gh, M

Raman sclaft ttemé ngoncentrations of t hethdlss oecqhusantsitoanhd s
sol vadef cart mosplteomd rsibudcé onlse of t he si nignl eo rpdreorc etsos eckse

the quantities of i nt e,soenset a(stshuempathi soonrsb ehra vceo ntcoe nbter aatpi po

1. The height dependenesyescadwinhe baebsegpeicoemvdend hti tse i s

retrdressascs i @ame applied which are recorded for the t
height of the ,abheoslhenmalt apar . anfh@8eannbegertdhamged
resulting gsilaanti tdeenisEmmyal | ed

SG! fy. (9 @« (34)
and is the totalipgmowmti tofartelae i abegrlaemrd al ong t he
2. The Ring effect wildl be treat®edl amamorh bt 8&le.t cbapt en
3)4
3. At pbi ssaeah@@AS concept is introducedcti estescstitdeneder i

separated Biialndl[’,u memrt ep afratsst and ¢ hveaw e/l ,evmg fyle aitgi we It yh:
5,=§ +i% (3.5

4. The components with the | ow fceqssescrts:fwmuathatiRmrystei

and Mie scattering whsack Babbkowtsitmdl eypawenl yawmi a



P=aa/"’ (3.6)
p

5, Together:this yields

e ..
1(7)=1,( Jexre & { )SC Qs °* 3.7)
e i P
6. For aplpé¢i cmegdaomr dments the |l ogarithm of this equatio
ni(r)=ii,()a )G as "’ 38
p
or
el(/) o P
t(y=4dne——% 0d 4 )¢ &3 (3.9)
eIO(/) a i P

wheties the optical depth

With known refllameandke owme dti f d mr essekecis aild nae solrpritiiomo | umn

tiof the different tr agcoet hgea speosl yannodmitah e ccaone fbfei crieetnrtise
l'inear | epRtchygaeaEgsRPiTPp nt-cheel DLBAIS equati on

The sl ant c 80 duemrni wWeech sfirtam st he DOAStedtrnevalemt ecabua
si tVM@s whidef ianeade areretgrcaatledy tirnaactel ognas concentr

VG iy, (h) én (31D
whehies the altitude.

Thicenveamshiewmanhi byvegdleometric calculations for observati

[ SchlieteFqgr 2ladddur e me mtss t chfohseew autstedlia & chteloidg Mt er ent | i g
(téfef elcitg hvte hpraotuhg)h t hientad mawvhgpaemtei r es t he applicati on
models. This aspect id illustrated in the next chapte

Il thossl d be not@8i shateseguatiednt o wahind abhs@str isdtrilvtinsse whi
canbeat sutmealt t hedimd ®@smwtnegdtelii sieproportional toithe mea
tp(e[ @l att et al ., 1997; Mar quard et al ., 2000]

i
LS 3.1
si’ G 1)

3.3 Refer ence spectrum

Forhe satellite measurements presented in this stud)
SClI AMACHY respectivedryddd he hies eDIOASLs rteht e i reevfadr yirel ds t
umn d&Qisn ttyh( sE iecgdstee



HCHO Slant Column in GOME Orbit 70906032

S

w

Slant Column [10'® molec / cm?]
— N

Latitude []

Fi g8%2Z e Absol ute sbeamal dehwywdesi h OBQME orbit 70906

On the qtbaer ghhaasneddd appl i cations it is not possible t
with the same ,anensrpudntetnatk ebnh @asts maldl est BtoHdemgyf zsmeat h an
ur ememdg pecsipid cfurmo m a dsaeyl eicst elsed as reference. Usi ng
same instruments | eadsnut doi phies &ctoumpemtslalwe i eénaetoler eask.l an
unknown amount of atmospheriefabsocphssphchdasmadybereac
for RAT vi ewi md HMAXECAS omea s,u rne ngeenntesr a | the RhGiomn zenit

used asceefer

Thushe DOAS equation habasedbeppkstatiednéor ground

INZ(/) :expgési'(/)(sc; -S¢'Z) ap? (1P
1°(/) e ;

whiyihetihdesf ierenti al sIkRSGE SC o8t menki@Eddse t i es



CHOCHO above Cabauw on June 21, 2005

4 FT
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-= Zenith Sky
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Fig&3ki fferentuamhssfant gtgoxal abeovefCdadguve faonrg ldei f f
of wihewi ng directi onAafbeorveanocdeeatstiagp é ctomygm (11: 3 &, UT) w.
case -akesopbrt is di,paetyedlkenomdassr ¢ementssanare carried
othe optical component s.

3.4 Ring effect

Comparisons of suwelaitgthetr eedx hainbdi td iar edcitf f er ence i nh-the de
edt Hasggehtl i nes are | ess pr onouGrcaidn g elrl ibkha@fiR iemcats wa s
nseyueaméd Ring eiff excft. .t TehiBrdunHaofnrgr structures i s
inelastic rotat oovodle gRkad[ghsins he caersd el 908 § ; Joiner et al .,
1998; Stam.et al., 2002]

t e

=

co

Classically, the Raman effect can be explained- as fol
cies of the nobhatibe mpveinbsh hotnotdéo tthhee nmuoclleeciul e. At t h
induces a dipole moment by moving the electroln- cloud
|l ating electronic dipole can again emit eylleecitgrho nsacgan e t
tering) or waves with a different energy and consequc¢
gain or |l oss of energy is connected to a change in t
can be iobsaerwiedpl e experiment: Mol eculiems tehxep ossceadt tteor em
spec,¢#gsomm equidistant | ines next to the Rayleigh I|ine
Stokes-Sookasgtil ines diostrespondsf tbheé hei br at( veal alanad |
Fi g84).e



Besi des -itrheoffitlhe ngofauao,md fsme tlhienedbsor pti on sttr-ructur e:
mosphere are moedft lee. mdhesul ar cRBi mugn deefrfeesctti nwvahtii cohn coaf n
column densities.

I'n the data retricewssds titihoen Re atged cad st aPospguent |y

6sl ant columnd ofhe hleed®Rsthgs quwsarndt ffiisteecca fSietrghtédB oONOAS equ a
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4 Radiative Transfer

For the analysis and further interpretat@38ptno oUdV/tvhies r e
measursehentair mass factor cd¢MNoxpinh,hdd7heevod @emeno e d
and Solomdhai d9mMm8 $sSMKE aict odef(ined as the ratio of the

at mospheratibpbsledntt B@®od uennvert V€al col umn
AMF(q, /i ,J)J/Sqq\’/—é’J) 4.1)

This definition implies thatthe eviAdWri oob eg @d méshmyl $ o li ar
zenit hy tamegl reel at i viet haez i enueghgt iaonmd anghe af |t hdel mee eof

parameters which might have an i mpact on,at hrea deifafteicvtei
t rsafner model ( RTM) i, 2 hee RELIMAE & &N Ifno ztamiosy settu dayl . , 1997
al .,) 2002¢l oped at nmentabt Physécsef iBniuvseeods iaenyd owi IBr
ssribed in the next section.

4.1 Radiative Transfer Model SCIATRAN

The solar radiation is modified by various effects ir
are el adgteirceal loyjm stomdtecul es and ,aetosonl g.tRerdinetasbdn
is changed but also the energy and consequently the w
result in modificaitng.n ©dngihckermurdg irmdfer sctaitdreireauses
um, i . e. into the direction of t hemagrpduancde. iEwmitshsad oinn:

spectrum.

The di ffuseomadhansen i n tthhee elaoidrdit@sotrehtemadd pdheesrca oadte d
the radiative transfer equation that accountsr -mat hemas

di nianeependent form it can be written as:

di(r.e) _

a(r)l(r.e;) Hr)B(rey) 4.2)
ds

EquatdRois a apadt fferenti al equati oehefchangé ondeadi &
path d enmdgiteh first term on the right hand side describ

and scattering. Tapresentmsctiiobe cswmfdfi cti eatabsorpti on
seconadacttemumthe fg@arn n by Bicsatttheer isnogu rwchee rfeuncti on. Thi s e
when a coordinate system is defined.

The pr éoedu-shpehdruildal radiative [Ronaaanber et cad. , SA2I0AIOR

Two coordinate systems are reqgliobkbdl | Ynandvhanpablt des coi
directi omoroft he gl obal orientation spherical coordina
of t he earatxh samd walye pointing into the direation of

=(r, , . h® dir eicd idems@anti bed by et=p J).andadaxitwlhe smpeepend

|l ar to the surface.


http://www.iup.physik.uni-bremen.de/sciatran/

I n order to solve the radiative transfer equa&tion in
gradorm. ,Pot ht lsatd e g4.2)cafr ee g unateigomt ed sawhoinogh ai- tschhiaasr lalicirt meer i
of sight is bebéetdeent oreeneif ¢ et itaomp of the at mosphere

di f fusedg;wialdli ahd ocnonsi der ed:

By %
Iy (r.e)=15€e" fsme'® B, +@ae® B 4.3)
0 0

The meaning of the three terms on the right hand sigh

1. The first component desactr itbhees etnhde odf&.ftfiespee iraaida catt @ moin

Vi ewing geometprey tohi d oiwertHhe mait of the atmosphere.

the ground al bedo.

I n general, tthe gpwveaabydensity
t =flsa(s) (4.4)
I'n eq4dt g,arhe optitahgdéehsgicymalete |ine of is-ight. (

ative transfer equation describes the extinction on

2. The second term represenatsethaggaifnthbrodiuglecsi hglgé
the bfneight .ribhrids biys theBgs our ce function

W()

Sy
Bss(r,g RPr, dexpgeds (8 (4.5)
0

"O&PB Qo

witghi s the angle between the solar ray and bhhe I|ine
glsecatt er innegx parlebsesdeos t he ratio of scattering &b the
the top of tmFe arthmo spphhaBsdee sfcusn cbteisont he wei ghtiing of t
region of gthdhangk@onent is again the opmitcthtoudgmsi
the atmosphere to the point of scattering and after

3. The fraction which is gained through diffu®Bg radiat

of the-smaltttieplieng i s given by:
6.7=20 o€ o Fr '
BMS(r 1q: /) - n ./ m rq, ) Id|f (] (46)
The coordinates with tildetresprseosm@whetriceng | obati goht

can be calcul ated f ramg[tRoez aonroivg ientallh egdamrgdiBdatsecsat t er

agl e.

I n general t hse gsiovuerncebyf:uncti on i

B=B B, 4.7



Since the sBgpdiroce meslkradtpisenandg uncti on of th@anwantedatdivfe
scheme is applied to solRezamhog 2@®0t@d&btuisvegt thmes fParc ae
aproxi mast iaonf.i rsheguetsengiory the radiation field for &
with the previous mddrelz avnerns ied nPaGQMBETSRANET | caf - means
fuse radiation field thepatmambbphebeti §oasshmeadttenbae
si nyd &t tckiraetdi om t he sphericity of the atmosphere is ¢
equation didn fifes einbhi afd2)p) of @ ( equstyisd mend oif nteuati ons b

the angul ar variabl es. This sysdiefnf eirse nscoelsv.e dT hues ishogl utt
calcul ate t hdyss cAifrtceer faumlcyt i @ nf ew iterations converge
equa@l)ane calcul ated separately since they are indepe

The spherical version of SCtATRANv eépqiednmdd nierd tbhif ¥ ewam

I ntegral Approach involvin)g. the Picard IlIterative Appr

4.2 Calculation of air mass factor S

The AMF is calculated by r uRinrtghtg, t m¢é¢ emsdéely BIE! ABRRANI
sorimdr i nterwist hoste AdMRFders tdlee i vedqbptapplying the

. 1 &l.(q ;i J)I
AME J)# Inge
|(q1 VB ) VOD ng . (q’ /’ ’J)/

(4.8)

whelhanldare the intensities wgthbhhandolwat lyatehhe trheelaaatbibkvee

azi mutsht henall evati on anTthlee voefrttiitcaal | Vdo@ersdonf ytshieg hgtr ound
top of ahginmso sdpenfeirnreed by :

von(r): @ dn(H & .1 49

whehlies t he rabktitthed ev,u mbett hd eaantdid thyeb earb s 0 espetcitaotnorm gi v en

wavelengt h.

Agaegua@8oanly ombpditkihyat mosphere: The effective |
for an atmosphere with lars avkedilt iacsn witth ddohud wit ch eth e bres @tr ebd
the AMF et lnd dsha&ptrace gas profile must be known.

Thi prapch to cal cudliaties etdhei nAMFhiwasst udy for5.phahgsi ng
for most of the sensitbhv2ty studies presented in sect

4.3 Calculation of block air mass factor S

Bl oxikr mass factoABFaffer deffé ngdngkédgthehiMmhsishpgam |t e
radiative transfer withthethbsolt bgehidsns stihhteyd eapde nadceenntt
[ Pal mer et Malequéado&mh]be rewritten as:

SqQ/)=& BAME( ) &C 41p



wheVY@ s the individuajlandoldwemre gfdtandckea smb dteeyde o mi

Thiel ock air BAMMfas ef zall cud as edewhat differ®0lt AWRANTLT han
abl eompute weighting functions for absorbers,c-aeroso
tions a@bhvedhahrege i n ir el echhsavnegye pfecfroda b pdFomamabheopt i cal

thin atmosphere, theeanweidgyher BoMf iome¢ wiacms i oan vha ual -
WFN! (/)
BAMF (/) = - . (41}
,(1)OL ) ©

wheWrN s the intensitly sweéihghtaibrsg | fud rec tiindre,nsditsy tahte t he

absorptseaticoomssef therjablsordicat odgag et erest,

Similar approachesreaeaemudbieePalemegodticad. in2001; Mar t
and Boer s ma, 200 3; Br uBlsoc&kt aalr. mazG04;acNpC,s 2wWE0=®] ap|
MAXDOAS observati ons osf (astemed spehcethiioon .t hasesgadyg



5 Data analysis

This chapter descroipbeeds itnh et hailsg osrti utdnymst od erveetlr i eve trop
from e¢racserdd anmde sxau redirthéem ks witedyrav oil vednal ysi ngolt-he spec
tained from t headiesd dereditthssetofs { o onneel futdsesss p@ABiratio ng
generate the slifaowot boltuhme dgpm diétminendseernsoft i vartdg- st udi e
scribeHawadai bben carriesgdheoutnfi aoenbmewédmlolfd@girecal par al
radiati fert hhaontdhf,ersatbalsleidt obszrBomntithaamedduces the profi
algorithm BREAM dDQAS ombesde rfvoart i MANS | waBt.tdhe t mpkembdesats
ofnordd mensi otnad| éAMFf or t h et rseaatteBlldi ist ec hragtt reii edved larsiess n wi t
the error of. the data product s

5.1  Spectral fitting

Anovervpewséested,i swimesheciompt hatt hbeOAS r fe(il dedvaa m3yef2btpiro n

t he mat hemat jJocfalb obtahc ksgartoehl al di etde ndaant dai Tshri ssi i dhyc.l ude-s gener
tions on e. g. t heheva®D OfAietngh bt rang@sf bembandl i sgoonfco
polarisation features in satellite observations.

5.1.1 Absorption cross -sections

The quality of the retrieval oofidg hestgrdouhgo nc o hemma aod f
the refereoncesssxcidsmm@tdi om t heThfiist tiisn gp aprrtoicceud varrel.y val i
calibration as wel bssestdviafleosr. tBhobteha bhsasviegmperdf o c@adt | p T e c €
year s,usei.ngg THoaunrsifear m Spectroscopy ([FHAIS9i §ohmdrhre eante aslt
Vol kamer @t aald. ,i n2 0cOeedcescdtiinbgnrt hvear i ous [ Veimpter aY uaks, (¢
The |l atter permits provisiothefabsthptcice mmefeat drne tdep

triteviasual | 'y tcwasseachésiooopntei ofnbohelt otwvprt hegb t empear-atures
ti@8. This is recommended at | east for ozone in the |
the abbangsi bat also | eads to appearance or disappear

I'n gemeralare¢e two opti o® cfltutiomstts hfeora bsma lpRp®M$: cr os s

1. Using high accuracy hisght(ypeestatmdwvelemioh gttt bh@-micwibstbh
st r uankelnittt i fotnae Ti he waybddhedagd amamiadh ys bssi nschdodyat or y
measurements of trabe fased ohsintlehea sstlaweetfhuotct a wai
l'y measswrddy usi ng-ctaldemi mewr dwurmp i nside t héDOAS&I i br at

tel escope2(Bet section

2. Using-sercdasons measured wntthe hea dansd r L@ OHNEAQHYS e | f
and,M®e been measured at severTHhestee nopfe rtahkeeast ee scnraa st sh
recommandedas been i mplemented herBPudotome hey athahytsii
i naccuraci es asnsitghrente@diEesdeess giomve ht 6t ed nslitihghtalnyl ysi

The number and al so the s psedteisonsy piersc loufd etdh eienatbos otr hpet
pends on the whoeabeamcdt widégiben di scsiedAnnoveervinewto
cr essesc teinopnisd ywe @ iTvaebr ei n



Tabh e Ref eremsssestoonesrused in this study. &maninfor
sater i(WARS) sebe 1s.e3ct i on

I nstr i1 GOME SCI AMACHY BREDOM

Absor |

(O [ Burrows ¢gtwea[ Bogumil et a[Bogumil et a

|l ength correc

N Q [ Burrows gtwaa[ Bogumil et a[ Vandael e et

|l ength correc
Br O [ Wil mout h et [ FIl ei schmann [ Wil mouth et

O, [ Greenbl att [ Greenbl at't [ Greenbl att

(wavelength ¢ (wavelength ¢ (wavelength c
H,0 [ Rot hman et a[ Rotflmaml ., 1[ Rothman et a
HCHO [ Mel Il er and M[ Mell er and M[ Meller and WM
CHOCHCnopphicabl e [ Vol kamer et [ Vol kamer et
Ri ng [ Vountas et a [ Vountas et a [ Vountas et a

VRS [ Vountas et a [ Vountas et anot necessary

5.1.2 Wavelengthr egion

In order to decide on a specific wavelengt t imdgi on f o

best compr oani seuljded avefe nc.ondi ti ons

1. Using the strongest differential absorption |lines o
2. Few horer absorbing compounds in the wavelength regior
3. Litoteelkcati on bet-weetni dndgferent cross

4. Avoiindgt rong Fraunhofer | ines.

The fol wWowgl@Fgeg -Tenldi gb2)pr esaaseintover vi e ws eocnt itomes cfroas st he

gases relevant within this thesis.



Absorption Cross Sections in the UV
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Fi gble Abs crryps é odiinont weavi@V¥ engt htr aegi gase dlel dlbewmant f
dehyde .r ethrelssexc d i @ame s h oswne cwtérsabll o« hieon of the SCI AMACHY

Absorption Cross Sections in the Visible
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Fi gbZ e Absarrpmpdsdascsiinont he visible twavel gaged rahgeantrl f
retrTReracssescs i @me s h oswne cwersabll t hieon of the SCI AMACHY i n

Al absomespescisoonane shown | n sa&@agdaalne bweatvieil gehnegstshe vead tued i n
wavelength regi on.arSi npcreeestefnetsl ¢aftf eaeet gasmesnts in the
Tab8sehsweal i stic values of {(DeODJiféerantiyaliScaposdtantd
solar zenitmul angil ke ddibfff0dr enrn agsedc (Si)ptsoo ripltlivosnt r at e whi ¢

domi nahteesabsorption feature.



Tab8 eTypalkaés

in the

for,
wavelength

sdliaf nfte rceonld v medesc @malordp tfif em ent i al

regions

utilised

i n

this

study

Trace SC(UV)

si(UV)

DOD

(UVSC(Vis)

si(vis) DOD

[ mol €lc/ [ csmmol e

[ moe c¥ ¢ [ c¢smmol e

(vi

Ozone 1i318° 21081 0.0@.0 17318° 11 G2 0. 02 0
NG 1651067 1 .158° 0.0D1! 106%167 4.1 0° 0. 0i@4 O
0.015
O, 10066800 310 0. 0i®3 0 100100. 0 610 0.0D0

[16Mhol%c [ It i [1 6o I%ee [ I*@ i 0.00H
m’] mo l1%e c m’] mo |%e ¢
Br O 51 0% 2107 0. 0i®1 O i i i
1 ..158*
H,O i i i 11 6% 51087 51 07
51 6° 0.002
HCHO 51 0% 716° 0. 000 2 i i i
31 6° 0.002
CHOC D i i i 5.1 b4 510° 0. 000 2
316° 0.001
Ri ng 0.i1 0.07 0. 0600.70 0.i1 0.008 0.0DO
0.008§
Tab8peoi nts out td@mdts odibne rtdhoemithManar e ozone and t,he

nigewn dioxide ameé wWhtemosdmempaptabhed absorption
interest Tifrortmail dedhtyudidyiaenldd gdiyfofxearlent i al opt i cga-l
nt ude <malnl e¢rhebdombalehats au nndeecerdl étmoe sc da hef ul |y
i n orodettahtmo best sensitivity for the fitting of
5.1.2.1 Formaldehyde
The formal dehyde molecule shows a pronduhceandd sPeCtnm

Si ntchee
nm were selected

transitions at t he
[ Di eke

beabout

and

I n

to 346 nm it i s

f i[vMee | pl eerrc eanntd

v il viwkelsd

.Moortgat,

ordetheohagbidorrel ati on

essenti al

dryd sof

bet wee

to

ozonei ggbhsomnmgt ivemy nina htgheradbeed opvt 3B bands
f on sE€Rrgbl).dthrciyervradts @i orn liteioilssb rwewti ubd g a |

opt
(for

Ri ng

feat

densi
sel ected
HCHO

C

bet wee

eheécgdnengét B86Aanisnynt

n HCHO

and

Ki sTthea kiorwse&ryt, a ilt3yleéssesc atiphpeh | eebds oreurdqes ot &2 U ene
2000]

Br O abso

i o

aMdgl pdien tadd o ydit hiGiosm

curreot |l fyeasi ble fomeastheeBEhABMACHY



5.1.2.2 Glyoxal

The gl yoxal mot eeupeoeabndeéedsalisortphtei ovni shiabnl de e swasvteel nesn
tween 420 Tamad mM@EDt omreomisnetnhIaf\?Au—aZﬁAg@EBlS).%imnce the Ring e

is significantly increasing fort uwaesr ed 228 gnth swade | momt 43d
ered in the CHOCHO Datiingv dlhi pr esstaudtye liatth ebreecen evsast celr v
secfiRen hman eits anlot, | sluf@f@dud eatteads t o significent pern
Si dusaBeghbd)eA better watessas tvimopnooatr avaritlwrbdtee!l ybutthifs f eeé
bet ween the gl yoxal bands dn€HO®BEBOlI d1l ant cof lbmanceélotww
need for a mor e« rresesdsd mibd matadbsovaepowm in this spectral

The uncertai nty esechc totiftoayg | aybosxoalluteeppl i ed here has been ¢
[ Vol kamer .et al ., 2005]

5.1.3 Ring effect

As poi nt edn3o.twdhoedtni cseelctdeopt h of the Fraunhofdeue Itines
inelastic nosattopal nBamamabahredgc@lyl ¢theRiGrggefrf eantd Ri n

196Plle to the | arge abundance of mol ecul ar nitrogen
causspeect r al staudtewr peraefenupoptical thi,ckness inhedpmecit
fittinypg, woihsdobwhenor two magnitudes | arger tohfami-nithee op

esrtetri OVAGsEBgb8ien s&cflif®@e Ringvehf emper sanmst mesamr sat el
uremehése tadreel idghitedt cont ali nuen d thtee d rRrgaiusahwd ed &3 nreaf e
spec.Thwfmo,r an accurogpttd madt rciogveaeltt eemspbhtilthde. RHpwierce d
cressesxctiiscmbabted by the radiative transfer modead SCI AT

tional Raman scattering on oxygen and nitrogen mol ecu

A similar effect examined iattbresngt (¥RS)sbyhki gubdat
cess mi ght have an i mpact on DOAS retrievals from s
Wittro¢hRoéBllmltheolot apv@eBgdae .quanti fied the VRS by i
oceantaeédé¢emodel [ $atckyenmd mgndatoh and Pl attintd99&e Vadii
transfer model SClI ATRAN,d e wi actaisoen so fu pt hteo B3rOO preertcreinetv ac
and solar zenitbhh ng@dgbé&wenerfedndout a sensitivity st
VRS on the HCHO retrieval dhracds fbewemd sa rwdri yni smal |h eirmp a
results FsgB8hewmnri oth SCI AMACHY and GOME HCHO retri
three percent on average and t herledeohryed eV RrSe tirsil envoal ifnrc

l'ite instruments.

I n addition, possible consequences ofi VRISusinbRiShef CHIDE
cressstinonheianabdsices | arge offsets inTbusheVRSEt was\

noaccounttehde fotrandard gl yoxal retrieval



HCHO Slant Column, Orbit 40701085
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Figbh3 e Fit resulrtosm fSoOl AHMAHCOH Y wiotbhs earrvda t wiiotnlsout i t aki ng
brational Raman scattering.

5.1.4 Doppler sh ift of solar irradiance

As mentione&ddnth., 5 &&OMEomnd SCI AMACHY irradiance measu
through the nadir vvadaaedvi hfigu penr tcpol ddutcet feldly hyerdi eleet i on

satellites |l eave the dark part of ft lmen Doorpbpiltehri idshhe rfetf,or
about 0.008 nm in the UV wavelength region.eThe nadi
thogonal to the movement of the satellite; asa-a resul

di ance measurements of bebhihc GOME angr &I AMAEGHYon hef
DOAS meas(@seame8phB8d i dinsaud red nSe.xlt. Ssecti on

5.1.5 Sampling

As a result of | ast minute changes in the optical | a
slightly better itshagi veexsp exh aerdp e rWwhs decttrha with more de
measurement ¢fpelt WwWWHMhohalthemaxi mumluncti on. cn fact,

ti omolwstslsanf ewosome spectr al r etgh eoajrdeymquii ciptd im®ge8B8g§ he N
mendat Ros <€ olglyledtthékliapgr fect reconstructi omdoefs thloe diagre

areffect i f all dreet agrdrde thakemnamreettihelys dmed ¢ bdemradwresi deea
Unfortunately, the spectral s hi f t( sbeeet weeeedmhaoandri -a md & a I
polation of one ofstherstswbingleceésesegugncyundesi dual str

GOME fits wusing the solar spectrum as a background.



There are three possibilities to treat the wunder sampl

1. Smoot hing of all specseabgdottidomf information)
2. Usi ng-sdhamteh i nstead of irradiance measur emeknts as ba
ground)

3. S mulating the effect of the undpBbampbhung aendahbhppl !
et 2a0l0Q.5,]

Al t hree methods awan fladt&ppgl iseod t wiatr le ,ushdd e nl athtier she
However, i n allls foift st hseo nuen dreerssiadmpa i ng r emai n. For SCI
problem bubl et i Thkranpetd creesha sur ements use a sampling ra

oveanmot undeRecampeleldr B Bafle proposed a sampling of at

without interpolation errors.
5.1.6 Diffuser plate structures

addition to the pFobbké&mesndesetfiebedoifntbectdidmuser

asur eméievrtrsa difance became appar eame wh gnRli scéh\t eegra |la nyde awa

S 3

—

| at endo rtsoa ktshoen al v garieatvilided baffefddeSpternodnsg Ityhe wavel engt h

c

n
e
er, .20MhEh comparing thNcoct¢amosalaboaei Brieonenof some p
e
sed for the fit (completely different patteessl are ¢
n

devitad pM s eap ropi cal regions f or t méamfyeecattss mrsb ear sc.o
stant offset on the sl ant columns and not on the ver

insoddoed usual daily one solves the problem indicatin
ef fEBlee . most probabl e explanation is the systematic Ve
the sun as a function of season in combinatian with

ence of the diffubas bethemebsut ¢gdEBMe fitf uesteSICilwhMAGHY
|l ar to the one used in GOME and it lImasespoemseonfoi it me c
a second diffuser (on t2h e . bheacsk adafd etdh & oA SSMC, 1 AsMeAeC HsYe cbtrii «
whidcdesexmhgbch probl ems.

There ar e sceovnepreanits laitasynsgfdfect :
1. Using one fi xed :Buatc kogvreoru ntdi nsep,e citnrsutmm ument al agi ng i1
and i nsdr o(dstecee al SolL sBecti on

2. Usi mga msthhisrpes c & baucnk g rr ouBnhdi st r oduces the uncertainty of
t he b a eskpgercoturnudm
3. Correcting the measuammemtasubpdspleern dctci mggtilbe (e. g

sector i nandheadPdaicnigf itchhe expected val udut liow®t-rexampl e

duces a priori assumptions in the analysis.
None othrebkbe appdaeaadtdhesonde tchrdoespeemds on t he Ipmartthiicsulsatru dp

aproaclwatshrsedteltd efdorlfdeoswd msy:

T One aim of this study is to provide a consistent da

forbhesfirst approach.



T Even haetfradrt shmppte si mil ar | i mitationsecdilhsee ttthhagrde oine 1

ri sk of unexpected features in the selected backgro
Conseqgaemelgyon in the Eastern Pacific (hle0/ZAeS otse IcAN,a
sume onglryoumac kc onc baotfhoartmaol ndse hfywlre and gl yoxal . I n the
background val t’molwatf/ogmtt hteo s3x@h@ col umn atebkdsngtto
all 20,0hla]t for gl yoxdk1'dreod echHacsnen to be

5.1.7 Etalon

Contr @aryextpeect ati ons, the GOME instrument i si ssuibg ect
caused by resimutahe waadatel Iviatppoutrhat i s forming growing
i nhits | ayer <creates sinusoidal structures oacurtheatspe
wavel engths that are comparable to those of o0ozone 1in

switching ohfi cthbdesdosdmgns me tof timet bbmemtsalofprt he sa

or GOME. sBRRemoal hd hef treerst aoosit g @ft att lopemn st ructures are
There are two options to deal with the etalon

1. Usilmgc kgs ptematat are ti mewise as close as possible t
2. Using a high degrtehee pboOAySh maetitigBii)é walc of s @ee t etdadronchange

I'n thilsottuldegscs agsp Inicceedbecame obvious that the polyno
(degree 3) introduces offsets in the GOME HCHO result
bl e dueet daloom redtdaprcadat i o . (Ls €leh esreecftoiroen a ohbi ghhaesr bpeoel ny n

chosen to correct this. In addition dail Besanssespeneéer
should expect simd | €1 AMAGH ¥ mis n swti rt thmetn t t het ashaeme pol
SCIl AMACHY HCHO retrieval. lan pdhley nCoH@ CaHO offi td e fnrge ewi 3 dw

ficient to avoid any etalon effects.

The gbasad instruments hstwe toum tetsis & ® aveHtoawtetywoere t, alt e mi r
to scawaxibBedoffections was -bdedtsfgprpdt towes ni nbduthbhebs
accounted for indegbiarng tah @ oH@GH® mfi iatl aorfd fddgr ee sd eicn i b
(see Set)tldn

5.1.8 Polarisation correction

As all optical andsSCuhAnbNMA@sHYI GORMEent sensitivity towar
to the ogptowal daxlisghtdipgall ari stkodi npaerhsplegnxsiesn.si t i vi ty i
sl owly with waootél eogtclerandorsthe DOAS retriewal. Ho we
me nt exhibit sharp changes in sensiéeiwavegl dmogt t heee pda
signatures in the measured spectra i f incott hcaotr riesc tseedp a
channedrsd tiwlor @t h sat el ITihtee biarsd tcr yprhentossop hy tolfe t he p
saltleite iinsttbhmepastehe | i ght as it comes from the at mc
degree is determined using the PMIDisghtndc asloimer aottihcerr m
the effects of pdl asi sgt i baendafbencoatkil gid),atand t hen corr
in the spectra. Unfortunately, the dichroic h-as chan



flight cali btlagdnapgp lcyur VAess ad orsersaufl tp o Itahrei seaftfieone cannot
ly, alaldt etnp tdhoa vseo i na d didtuicfeadatl s .ar t e

GOME Keydata Eta nadir channels 2 & 3

SCIAMACHY Keydata Eta Nadir channels 2 & 3
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Figb4aRol ari sation rédipon&SOMBUW S)GIAANMSACHY (B)nin the
nels 2 and 3 relevant for this study. The proposed H
anomaly at WSSO0 tnendmavi nadd wwexjs chosen for the SCI AMACHY

So ,Apaod way to deahlaswintoht thhe esn ipfroogoeldeenr al , t hdse wavel
iting the polarisatiofostfuctiumegsTWweakd ahd hebemsei dod
retriinevaCl AMACHY asCHWeAQHO asetfroreWtah & e na GsSIMEg htteldy wdVWh d o
similar to Afg2a0o0Db6honaess®@pdy ed to SCI AMACHY channel 2 s

up ta@a mawcessful afppumach ocawmlad ymet CHOCHO i n the <c¢ha

The g-basad i ndsot rmemeesytr onbsl ewi t h pol ari sat i ofni freea tluurreds! es
usedrtamsmit the | ight fromefiectehebgopepbbéesbeespeh
sec®i@nl

5.1.9 Solar | o-correction

When usi A elgeabOon, the implicit assumpdeotnhindc-rss maa e
volved with the same slit function is appropriate. H
valid for a very niatthreorwedsilfsif tar fno et ben wekem mae@l ying t

after the iadbsfdrepteinccre. dlelpends strongly on the spectra
|l ight source, theok&fespecstr g mmparlawhn hfoofrehra dleisnterso nign t he
part of t he hepsidd meidfio rciasttr o nhga vahbhsgohrl bye rsst r W cetfujmoehd s pec
ston, 1996; Ri cht)er, 1997; Wagner, 1999]

This eff eeff f.iedAt cadlrirec tli on can be applied to the dat a
For ghased measurements ofr eBrct otffheéusmetratd 0FA0a BiZweal Idi ¢
al . ,. 20021 hdomecaasier mrhies et st ephbfeé et can ecdwdl, | yasbhb enorsd g Ir
urements are t a&knred/ oart veentad lcear rSiZzeAd out i n.Qahseed vsitsui bl e
ies yielded deviations fadwayal Il esss uwketaise [Eragpseairttaehce dh ew
consi degeififgect .



5.1.10 Wavelength dependence of  air mass factor

The |l ight path through a&aihe feeacteosrp)h ed eep e(nadnsd otnh esr ceatyt etr
and thereforeseon SHfavkehepgabhr ahe rmmteiicnsasisu t he DOAS ¢
t hiat i s possthkeespectsephrsamal s i ® nf @ onnt shdece ul el ngrhlety , p aotnh
air frmeacstsor i s nwhcod ses afriyt .f oHo wehvee r afnraidest d tyo rs piesa kn en@e s
for ealcéhnpgstatv.et rong absorptions, this is a significant
by usi#sgctioss that are weighted widihr tfieedcts®pphoprij at
199Thli s effect baaoatneegreeagiraaditioceds SZAhan RdA weries asrtaldy

5.1.11 Stray light correction

Every specbirosmetnespexhlfiightl.e\TeH etrdefd osrtersaiyy d sstpmay ent ed
cor r ehcatsi dbnee.n Wppalileiirgaghyt correcti on si mahnhabemsett mes ef f
al aloi nearil ygfdlsaertg in theEweasiufdmentsy a isni mprtee nfsuintcyt,i «

complex in optical thickness as
| +c I
In , Inl— n(c) (5.1)
0 0

buithirst approximati on
I C

In——29°In— + (5.2)
IO I0

wheliashe measurlgd ei mtaecrksgirtoy,oitdh ei nat sesnusmetdyi apfimftdg et (st r ay

Theref orlei,ghtf csaarprggicit i aonn a dsesietcitd manl icsr ocsrseat ed I from th
havi ng dyhle wigeirrse t he mdwiemmrht ke sel ected spearnal Wi no
pialiactor . .ofA tfhectomrder aopfprC.p0r3 aite, usaanliynudenefal his
does not have a | alrngea dahipsagca o nodn rctrohicers ercetssieud nt tstae c hange t
cul i nearl y.

The stghy corredtoiuse fhidlsedprd ¥ en preasrdtean heomr-ect not
ment all igthtrayut al so inaccuracies in the kRi ndhecoii beat
Raman scatteriwhg cihn ilsi gdeics&ird @t@er i n

5.1.12 Fraunhofer Calibration

Al t halsgphe atr eac pt & b roa tt ehde ufsii tntgb kghred ompectr al l'ine | amp
strumaethme r caudmy ulmamp i nsi de t lpe othealdBRNEDPH fostt heent s)
accuracy of atthe iivbsutr@dotennlpetht er than 0.03 nm in many pa
i Bareqqgowugh to iatmbidesei mnegeme patti oglowimatlidmwbgdalVv (-
better spectral calibration is preferred. This can be
Fraunhofer atlas measured wié&é®olhitiso mstpadntarcdyl acnadl iabtir ah
the Kurucz Pwaswend lefcthmrd ea talnals Sphursr ,cal9S%]lati on abFso tak
sary correctiornf oaf tthhee sHagpxldl dStedsthaipdatc t r a



5.1.13 Polynomial

I'n principle, the pol ynomidaelp esnhdoeunicde codr rMecet afmddry Rahyel e\
Thereforepaoallyoesnmabiber or equal to 4) shouldybe appr
nomi al al sohawmgeecitns @edechSolit Pamdwmaci es in the inst

or deficiencies in the knowledigaeadol i buodtdwab@&omabsor pt
cases polynomilkhdes tod beEmaeppl pediteudy a pohgsemi &br ot he

HCHO retrieval and a polynomi.al of degree 3 in the ca

5.1.14 Smoothing and averaging

Two types todclamieagnagsengppl i ed to the measurement s: av
wavelength. When awvemnddgivreg mewesmrteimmet sc eamgtnedviessreaged
rati o, (BNtR)spati al and/ or tempor al resof onbimomchies det gt
totsis type of averaging increases stquear gr e ®iosi oconf afh e

aver agedl nsptelcitsr astudy the GOME spectra were not aver
SCl AMAC#tya dt he spect raa sweartei adv erreasgoelduttioon of 120 km a
t r altsku.atltHey , gbroosuendd data artheveeagrdyvagrom@cmseawtle vie
ing di[rOedtjiecan 2002]

A second typd hsepfeatvrealagawngr agi ng, w hnegr ew ai vnetl eennsgitthise sa rf
aged.prTohciascksuaded iy r e fsemoroetdhitnog aosf t he sgpmoot hed Whehos e
fiit,ngt resfiidtual s are decreased significantly. However
l ongempeindeént , and as a result the accuracy of the fi

generoatl Iryecnommended for bWdaep POASdft o ang bhsthetresul |

5.1.15 Clouds
I n parosdatudlalri tfe | ondsr hmeet qui te dramatic i mpea-ct on t
gration tdgtnreu mmerott hdeen adj ust ed, it is set in such a w

|l ead to detector saturation. uTFhraeareeft®sr ea,b oovrel yi ceel) o wdkye
range of the instrument, whereas all ot her measur emer
over cl| abdsstidganvael tp aodseighti oabl det dumégskcoeapamt s
free scenes. Al so, because of the spelcitgatlt fdreprentdlee ce
part of the spectrum might be a problem in the UV for
change i n ,Riamsg Reafnfaenc scattering is proportional to th
ing from clouds t heylredlgadttitseermenogn tis mdluilt e-omebada Rbone. aAk
the different specomalwidlilstchédnonge onhefshagepdmivdtelre t ap
avoi tdi mhementoincned her ehaas cbleoeund acprpiltieerdi rofmone nalsl ps atseln

in this study:clOnmuldy cpivealag eh d wistsg It ihaend .20 percent wer ¢
Cloudbawaétsar ge inmmapsasc tf aotnhsbasvse st i gathe ®. i2n 5secti on
5.1.16 Spatial aliasing

I n stahteel | it e dhesdeumenthy detectors aAlkt ke ergehaidnth eohfe s p

such detectors isgifmastduri nhgstwihlilcht abhes saomél ite move:s



is changing. As those parts ofcohei mue ayiodgrhalt,e disapdetei
changesity whtekend®e reflected in spectral changes in
clouds or ice fields as appareamnd | 86GlpAMAGH Ynhoes ts pceacsters:
changes will be smal/l a ngdt hv, a rayni dd gt Hscombanftobrfelf e ovi t bn wa ke |
anal yoswiesv.erH i n principl d&,bhteh eme acsaurr einmetnrtassduce noi se i |

5.1.17 Surface albedo

Nadir wiadwilmgittreo me entovte only photons scatteredrei-n t he
flected on tdlme sgrmound.n nmphiyd hemee on the overall inte
di stributi onexhSametalshuedacebat changes smoothly with

spectral signaferes withat heanriacte gas retrieval in D
about the spectral dependerede had fig hs wrpfeacd e sa,l irre spd rutt ii ®
SClI AMACHY. This point is of parti odl a@rhei mpcercttauce  iwil

[ Bracher @&nd al i quiled@e®da mah eFve ,sil@m®i7fli cant features

For the retrieval of CHOCHO &vemb&&€h AMACEYt it basedproo
tests in CHOCHO fitting it became clear that water r
partijscwrlnesewyt bl ear wateradief ifd ,gbSedyh el S$o wtnhheerars oM ab |
results for the sCHODRGHOrdeantocbobhumati gate thesreason
above these regiods Wwavée bednwat hea @ gud eyt ctahat ed.

Figb3 e Composite of HORBI $ramird¢red@O0)yl.] Dhokobl eaei mdi wa
regions with very clear water where the SClI AMACHY CHC

The rati oFi gb6od owmmgt hwa tdhi f f er ent i al absor[pPtopoen acnode fHriyc
1997]JFrom this plot it is clceaar itntfHaueb@&Sabsbrpevah. o
fix thei sprtooblacdd ei ther the |l iquid water absorption o
DOAS fprtotcienMhea. do,i ntghd hslsant columns above cltear wat
ting results @okEcwemdtthst@betteehenes al | results eon SCI A
sented barehdptieved neglecting the problems above wat
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Fighb6e Compari son of t hceo edfiffifceireamatt ecafl wihibcgwisdbtyuoh ur e s
investigatingloudvwdpi sRedsnabove clear water regions.

5.1.18 Southern Atlantic  Anomaly

I'n the Southern Atl ag@itli ¢t cModsdenaied dtnth e combt § taluhft f B o m
earthéangdumpfaace cles from the sun r esachnidldstuaupmpent at an
subject to spikes and otchuer ian dreal idéasiye aakn da blBadarrgbee cearl ra
probilesmagdsded by sel ecthsggaanbhde adcacteapth yn gi ttsheg.iQdmit a gaps
square is a measure of w®heegaampil ey o6 utahriece goDaOtASelrrne hiisi e
Fi gbhtRecawsegthtadi se srastmao | er in channel 2 SCI AMACHY o
SCIl AMACHY HCHO data sets as in those from GOME.
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Figbhte Ghuiare from the SCI AMACHYOMWMCHDheefauktval nfohe.
i ndbsdemmigse into the DOtAlSe-sqgammivlet s ncrreasaéddi twidam hi ghe
in the southern hemisphere.

5.1.19 Overview on retrieval settings

As a consequence ofbauned adriyf Hoeaeeathitit nacspsdc Bl haddBeét of
st anrdeaatrrdi ev al pgdar avhe tshu mmawvnissed i n t(hebdédeod!l owi ng tabl

Tabl®Due to the anomaly in the pol &rils &thieons ernessipta nsi
SCI AMACHY to the HCHO absorption features islsi3gnific
prevédrt retrieval of CHOCHO from GOME up to now.

I't shoultdh abte tnhoet etdy pi c al det ectf iewmme It 0ima B o dotneele msmmnng | teh e
spectForumt heb @g®d nme gtshie ednetne st i on dolmiremhieacselderesut it

of arage frmaacstsor s and the pessebali spetbraverage over

The foFiIi g#8®lhows examples of the fitting of moet h, f ol
strumentsso. illtlustadtdesi ohatgl ybrafohmal debywdaltde amrleyd i
l'ight spectra for the first ti maélonAlrli bgurta pohnss swhiawvwh tthhe

the trace gasnoffi omtwirtestt hee oaljed | aboratory refere



TabdtFeor mal dehyde daintdt iorbg ap anreadmeftiegr qual it y.

SClI AMACHY BREDOM
HCHO Fittin

Par amet er

Wavel ength 337.3%9 nm 3343A8.5 nm33iB357 nm

Pol ynomi al 5 5 5
St rlaiyg ht Two ter ms Two ter ms Two ter ms
Absorber Ozone (two Ozone (two Ozone (two

temper atpburBrt emper at,urBrt emper at,ur B
HCHO, @ing HCHO, Ri ng HCHO, @i ng

Background Daily solar Daily solar Dail y-s&eninto
Under sameti.Yes Ye s N o

Wavel engt h Kurucz Kurucz Kurucz

Typi cal res 0.@oO 0.001 0.0003

sol ar zeni't

[ DOD]

Detecti(o® | 1. -48° 2.1 8° 618

[ mol é€c/ ¢cm

TabllOe Gl yoxal f datntdi g tpaa rneeme tfert qual i ty.
SClI AMACHY BREDOM

CHQHO FiRatrianmget ¢

Wavel ength rang 43i645m 4 3164 57 m

Pol ynomi al 3 3

St rlaiyg ht Two ter ms Two ter ms

Absor ber Ozoney, 4,8@BO0CHQQ, Ozone, 4,8B0CHQOQ,
Ri ng Ring

Background Daily solar irr Dail y-s&egnintol n

Under samptiagti No N o

Typical m®O@shodam 0. 0005 0.0005

zenith angle [D

Detecti(o®[ holméa/ 118 116




Orbit 40711083, 08:59:01, SZA = 46.55°, 8.52°S

Orbit 70901024, 03:12:49, SZA = 22.03°, 1.04°S
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0
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Fi gb8 e Exampl a&lsorodt arhye (It hick | inefsi)t aspeotbsarived d¢lid

and formal dehyde (right) usi bgrrgehseisddurall € eueas O nst hem
retrbhetvvaden 442 and 448 nrne naooviad tiveaep ot uor aanb si onrcpotmpd ne.t e

5.2  Sensitivity studies for r adiative transfer
When modelling the rathieati,va hwumbef etrof ibma trsleehel ateom ersepad
uethe most i mportant ones are the viewing geometry,
profiles offradbsofeamped at ur e. However, surfaca-al bedo

ing also have an eirmp adte weEm dEisesaenerse rissve Ht i gat ed and

bot h, -bgarsoreudndand satellite observations.
5.2.1 Radiative transfer modelling studies for ground -based
observations

Fotrhe investigation on t hee dtirfdtnhgeed®CI|plarRabnve ddteiilan of t h
i tssphétiséc¢ @mina pymldMoesdt. of t he (fscelchtadwinh&Glawvhiwks. Sarri ed ol
i netfhr ametwhoer kEuorfopean projects QUILT aAdmdORMATIi @andh é :
istry anpW Physic&set al ., .12n0 0add;d iHeicokne la ne ti natle.r,c o2n®pOabr]i s
di fferent radiative transfers modeés #nitofhesdre ntgh et bmaullictiai
axi s tgreyoaowege ni sed as parftHorddrtihek Q&Jtl LI pro2e@eehs]



5.2.1.1 Sensitivity studies forO 4

O,i s a power ful i ndo widtti oorn sf arn ttheee vraa dibsstpihveepec f it e i s
pressure and temperat prueg ednd r b me meftTeroeso ¢t atghi e Bsacloune o
threefol d:

1. Validation of the radiative trsanfsdrert hmo dmdt: e dJrsa lnggir:
should enabl e t hairfiddealentto adiansid tadnd 6 woco®@usmenrsved wi t h

DOAS instrument. This wiasecvenéli Rmzddhioes SCDATRAWTL t |
20014]
2. Sensitivity studies such as presented in the follo

paramet er babina @shfiee rr aidn a svierrcye iinnt uddrntvreasmayt o ot her

and therefore thesvexacthy kopbwmn of O

3. The comparilsdnamd mesdsaurte dc p® umasegilinef oyrinealtdi on on par-r
i nfnlcieng the radiative transfer and thus, can be wus
for the aer &s @l)l (vileedr es eca mplnement ary measurements a
t hi s pnifeocremaotfi oin i s il IS5usherae edheé apreofilnd amdtdn ioeav al

servations is described.

I n -jNlye s(lusnede Qe 8)al2todl east weekly pozoone easnd odaitlhye taebnspoe
pressure profiles of the atmosphere are avaibpdbVie thr
ing the opportunity to get realistidadbbwmput hdfabtahresdr ht
ball oon thentpirmdiedlebesarfer ocro a model climatolCbgwmi pt oy

Mai hBr ¢ hl and .CrTlultese,prldfli2lles ar e usreadiaast invedl etorr o 0fge
el. In the foll owingmsgletcitplo@msscatteernindd,uetnice wodél ati ve
anadft he refragAMBnaomde & thle¢ iGnigc al column are investigat

sensitiweist yar &t wddcersmiame whi ch parameteexstieamtarod eor be
derrneaé¢i stic vertimadswcrodmmaenmtss .f rbhme trhiesuimt 9 f amer pt ¢ ®e i
a r efeairre freacstsogd.9 AMB t andrairod wwaciein dtrehAcstso o b AMF n e do fwitthhe one
above mentioned parametertsheclteanmged.i nThtihse rvaetritoi ciar d icc

when dehtet irreggpecti ve parameter to an inappropriate val

Forrefherence AMFictpeofiipmée s prR&O®Ma2Bdwaas Fursaeudn hof er r efer
taken at 6206AniStZMA dinr ¢ hitei on was assumedec@&8B@camc@t aei
cemaf t,het Oi ng nwilwvd caw)p,l akclme d omsba®©k r ound aFricgtuirce aer
51 band f ul bcamuletriipnlge Bnhdi sef mpothiaant hieo s e o péteiswintt ye ds t |
in thewhiocm ime AMF widdt el ampeddhsieverdefnoeonett.h@ot t he abs
rat har ffleeence in AMF between a hozermriotnh meeasuureenaant
SZA is used fwithheéheompéeireose scenari oa ITahrigse rr esleantsi
titwi to changes i n nobdsed!| uwtger smMRgse s be i her trieat | metas ufr @
situation.

5.2.1.1.1 Multiple scattering

For a qualitativeOAt areparseaitr eetrgeaortmsqgt fr $ NeAMowd et shi d ehrea thied mps
a simpmlgéesscatthaviengh esquuewvwdatdess t iamat édmmatsiser g .HP-4 n

8



ninger and. PHawdyv €r2,0 pi@rk pthlree e mul ti pl e scattsirnglge cani
scattering approximatioinl |l m$ tFoajyir@eelse hea efy@rvaanm ons anghie
6A the underesticmatuimnni omfcrtelas eserftrioenala fewepearémant at
|l ow sun depending ontehpecteativeeaznmbibdygc Ascfr emsletsi
decreasing el evahe)p.a Tamgl re d momp &scro winh e minEtr ig psl et wsocf aotl t
Ont hoen e haaidr, frreacesorz ndrknie hsur ement i ncrseasdsxrwintgh mule
decr etahsei ndgi f f er enc e zbeenti wehe fMmehaocsruirzeonme nat @ d rOrfnadcdiso ro tf ober tH
horizon viewing mode is sl ifghrtltlyi gmcgwera,sedutbycImaudrtliywl
The combbowmathi efi fekcttshe elseth aPsii eotdre shown i n
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Fi g e Ef fect of neglecting multigpol €oscantetemgtbont
the vertical deokesmhmwt e, befuonly singla&i rs drdcstsorri.ng i

5.2.1.1.2 Relative azimuth

When anal ysdlngmnshemebasur et evatdenondahfféereenon a clear d
val uest dopnelnyd doen tsho lamrg | ze raisz eing kiphes ceabme i wbso vary wi
rel ati ve azibnmeutohmeasn galpéiagehs whriacrh s howefilmédsueament ss
colubDmBgffom 26 Apribte0m8nt Assthbei nheckltacawaredsa zti mart KN

over the day, andmeros wuriennge matnsd taafkeemr naotont he same SZA d
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5.2.1.1.3 Albedo
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5.2.1.1.4 Aerosols
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5.2.1.1.5 Refraction
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