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Heobxoanmbl TEXHONOMMM ANst U3MEPEHUS
BEpPTUKANbLHOIo Npoduna npumecen
aTMocdepbl B pasfnyHbIX YCITOBUAX

LleneBble npumecu: HAMKATOPbl MUHTEHCUBHOCTM
HOTOXMMUYECKON aKTUBHOCTM B aTtMmocdepe

NO2, HCHO, HONO...

MeTopg onpeneneHus npouns uenesbix
npumecen: MAX-DOAS

MHorooceBasi andgepeHumanbHasa CrnekTPOCKOMNUS NOrmnoLeHns

BbLICOKOTOYHbBIN 1 CTAOUNU3NPOBAHHbIN
npubop ONa U3MepPEHNa CnekTpa paccessHHOro
COSTHEYHOrO U3Ny4YeHund

Llenb: pa3paboTKa TEXHONOTMN N3MEPEHWNI BEPTUKAIbHOTO Npoduna ABYOKMUCU a30Ta U NPUMEHEHUNE 3TOM TEXHONOMUM B
r. KucnoBsopacke, nposeaeHne nepBUYHbIX CPaBHEHU AaHHbIX USMEPEHUI B ropoje € AaHHbIMU KOCMUYECKUX

M3MepeHMﬁ U MOO4ENNPOBAHUA
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MAX-DOAS technique
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NO2 SCD = 6.37e+16 molec cm2

I(A) - measured spectrum;

I, (Ay) - reference spectrum;

OD — optical density

0; (A ) - absorption cross-section
SCD, S; - slant column density

04 SCD = 4.20e+43 molec cm?2
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MAX-DOAS technique
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The task is to find algorithm R(&) which provide us the best estimation of
S(ei,z) = | a(e;, z,h)n(h)dh n(h) for measured ¢ :
a(e;, z, h) - layer air mass factor calculated = 2 . 2
using RTM E”R(‘f) _n”z = inflE||R(§) — n||5|R € R}
z - solar zenith angle
e; — elevation angle of measurement, i =1..m problem of optimal statistic estimation.
m — count of elevation angles
n(h) — vertical profile In a case of known distribution of v and n:
After discretization we obtain: ¢ = Mn + v V~N (0 ) n~N(ny F)

the solution is:
&, Mn, v — vectors size of M

v — random noise of measurements R(}§) =R&¢+#= FM*(MFM* + £)™1 (§ — Mn,) + n,

n — vector of concentration size of N



coMAX-DOAS at Kislovodsk
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A1rY X SkySpec 2D MAX-DOAS measurements
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Daily measurement routine starts before sunrise and ends after sunset

SZA<80 — MAX-DOAS — vertical distribution and integral content in troposphere
80<SZA<96 — zenith only - vertical distribution and integral content in stratosphere [
Clear sky conditions — direct sun measurements — total column

11 elevation angles: 0°, 1°, 2°, 3°, 4°, 5°, 6°, 8°, 15°, 30°, 90°
6 viewing direction: 4.4°, 6.9°, 12.3°,17.4°, 23.1°, 26.3°

Single spectrum measurement time: 1 min ) ___-‘“Air*rxgo'
Single series time for each azimuth: 14 min (11 min MAX-DOAS + 3 min direct sun) e
Total scan time: 84 min Google Earth

||

SZA — solar zenith angle
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MAX-DOAS technique
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CHIMERE grid
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MAX-DOAS vs CHIMERE
comparison approach
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CHIMERE grid
0.1°x0.1° (~1x1 km)

MAX-DOAS vs CHIMERE
comparison approach
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Daily variation of NO,
vertical distribution
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Daily variation of NO,
vertical distribution
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2D distribution of NO, : MAX-DOAS vs CHIMERE
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Tropospheric NO, integral content
MAX-DOAS vs CHIMERE vs TROPOMI
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Tropospheric NO, integral content

CHIMERE, mol cm?2

CHIMERE, mol cm?2

MAX-DOAS vs CHIMERE

lel5 all Azs lelb 4.4 lel5s 6.9 C:aXM—l_b
61—, =07 °T1 . a=01 © a=0.2
b=1.3e+15 b=1.6e+15 b=1.4e+15 anl.”/]Hb| pacxoXxaeHua:
5 r2=0.04 ¢ | 2=0.00 ¢ | r2=0.02
correl=0.19 correl=0.06 correl=0.15 ° B/INAHNE a3P030A
ad 4- N=258 4- N=267 *  XapaKTepPUCTUKN NCTOYHUKOB
o B o *  HEKOPPEKTHbIN YYET penbeda
31 L o s MECTHOCTM NPU OCpeaHEHUN
R RIS MOZAENbHbIX Npodueil
L If:;,;‘- IR *  OTCYTCTBME MHTEPNOAALUN MEXKAY
o osted 3 o 5 e
1~ bt 19 - gfx ' y31amu ceTku (ncnonbayetcs
0 0 0 6AvKanwmin cocen)
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6 ° ANCTaHUMA OCpe,D,HeHI/Iﬂ
MAX-DOAS, mol cm2  lel5 MAX-DOAS, mol cm2  1lel5 MAX-DOAS, mol cm2  1el5
1e15 12.3 1e15 17.4 1e15 23.1 1e15 26.3
6 a=03 © a=03 © a=03 © a=0.2
b=1.2e+15 b=1.2e+15 b=1.2e+15 b=1.3e+15
5 r2=0.06 ¢ | r2=0.06| 5 | 2=0.07 o | r2=0.02
correl=0.25 correl=0.25 correl=0.26 correl=0.14
44 44 .N=253 41 N=253 4- N=245

" N=258

2 3 4 5 6
MAX-DOAS, mol cm?2 lel5

2 3 4 5 6
MAX-DOAS, molcm2 1lel5

2 3 4 5 6
MAX-DOAS, mol cm?2 1lel5

0 1 2 3 4 5 6

MAX-DOAS, mol cm?2 1lel5



Tropospheric NO, integral content MAX-DOAS vs CHIMERE
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Jlpyron 1moaxon K COOCTaBICHUIO JaHHBIX

ConoctasneHue cogepaHma NO2 B HaknoHHOM cTtonbe atmocdepbl Syrpasi U Ssimi

N3mepeHHoe Sy pasi ONpenenseTca us
CNeKTpoB, pe3ynbTaT aHanm3a DOAS:
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n npn ogHopogHom rnone NO2 nHtepnpetTnupyeTtca Kak

SMEAsi = f a(h)n(h) dh
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3aKII0OuYeHUE

PaspaboTtaHHaA  TEXHONOrMA  U3MEPEHUSs  BEPTUKANbHOIO
pacnpeaeneHua [ABYOKMCM a30Ta B HUXKHen Tponocdepe
NPUMEHEHa K AdaHHbIM HabatoaeHu B 1. KuchoBoackKe.

Pa3paboTaHa MeToA0N0rMsA COMOCTaBNeHUA AaHHbIX U3MEPEHUN
N MOAENNPOBaHMUA

,ﬂ,aHHbIe Ha3eMHbIX 7 CNYTHUKOBbIX M3MepeHMl‘;I 7
moaenmnpoBaHunAa noarotossieHbl ANA B3aUMHOIo COnocCrtaB/1eHUA

MepBMYHOE  COMNOCTaB/NEHWE  [AAHHbLIX MOAE/NIMPOBAHUA U
M3MEPEHUN MOKa3blBaeT Haanmume o6wWux nNaTTepHOB B
NPOCTPAHCTBEHHO-BPEMEHHOM  M3MEHYMBOCTM  KOHLEHTpauum
NO2, B TOM uucne e€ BbICOTHOro pacnpeageneHunda. [[na
YBE/IMYEHMS COIMNTaCOBAHHOCTU MeXKAY AaHHbIMU U3MEPEHUN U
MOAENNPOBAHNA HEOBXOAMMO BHOCUTb KOPPEKTUPOBKM KaK B
napameTpbl MOAENNUPOBAHUA, TaK U B TEXHONOTMIO U3MEPEHUN,
0COOEHHO B 4YacTU Y4YE€Ta BAUAHUA ONTUYECKUX XapPaKTEPUCTUK
a’3po30/7, a TakKe 3PpPeKTMBHOro pacctoaHmA oT npubopa A0
TOYKM pacceaHuna (B npnbanKeHnmn oaHOKPATHOIO pacceaHusa).

Cmacu00 3a BHUMaHue!
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