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Chapter 1

INTRODUCTION

/U1 1 AQj EDOIAOEZAARAOAA OAATT AAOU OOAAA CA
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EO OEA 111U ETIxT 1 AABAI EOAOHE IO AEADEAA

j-TTEO AO Al 8h Tn&HOQE ECEIEAURA@E AT A AADAT .
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OIAAT 1 AA-1 EIl E®AA ADAMOOOOBEICAT AOS &OOLEAOI T OAnR

AT TAAT OOAGET T O T1 06 1110 AAPATA 11 GO AOGAEI AA
AADPT OEOGET 1T AT A 1 ACAOAEIT AOE DA PALABADAAOG xET AO
AT A OPAAAQh A1 T OA AT OAOj £ZIAGICBOETICAAThA o QA& KE BE
Al 8h 8n&dim™q ET OOMITAMATOAHEI T ADPEOI AAO ET OEA
AOOT AEAOGAA XEOQOEERAT UAAAOR OOAE AOiQHA mniip %
AOG Al &h )rx t&d Al Oi xAii AOOAAI gAEAA OCEAAT OEA
iTAAGEI 1T EO AAOGAOI ETAA AU A Ai i AEODAGERT 1 £ ERZ

AFAAQIAD EET8h wZiAigpd AO 1T £ OEEO AOA DET O AEAT EAA
AT A OACEITT Al OAAI,AhAADDABOADOODPOOEOI IE | OEAO Al
AOT 1T OEA OGOOADS rOb-EiAIl@RAGhh ma&Eggesunq (

)T OEA 5+h OECEOAO %OOTI PAAT AT EOOGEITO AIT
1 AA 61 A OOAOOAT OEAI AAAOAAOA ET OEA AiT 1T AAT O
AT A OOAAAOCOAEOI T U OAAOAAA OEA E1 OAROBOBOET R OF
APRABIO j!' 1% h m&E&xqs wOAT LOAIh OEFIBIAGO ORI OA A O
Ai T OEAAOAAT A AAiT AcA O1I EOI AT EAAI OE EIT  %0OI
DOAI AOGOOA AAAGEBOK BR&diddds OAOR AOEAAT AA OOCCAC
AT 1T OA1 JAAATAAN OOAGET T O ET OEA 5+ EAOA AAAT ET
OOAATAQPAGRA EET AO Al 8h - 0§ FpN AIOBA') MO rESEE (NP A EAOA £
OEAO OAAOQOAOGEI T O ETT U/ BUAODELDEDDAEAEAE EAOA 1/
ET OEA TUITA OAAOGAITICEICc ET OOAAT AOAAO O ¢
CAT AOAT T U ET AOAAOGAA j1'1% h m&&ixqs 4EA ET AOAAO
EO 1 AOCAT U AOEOAT AU OEOHIC :Bhi ®AKAAEA O §i 1o

~a

I OAO mnoj *URTARDESICGh mn&E&oen $BOxIAAKN ORMET &1 8h &I APE4.

AT EOGOETT O 1T £ GO ADOOT OOEE "I AOEAA AOA ETT x1
AT T AAT OOAOGET T O AT OAOET ¢ %OOI PA j(4'0h m&Eo&Qs
AT 10011 DIl EAEAO,AEI MM O\GAGRAAOAEG CA ICEOAT OAC

AOOAOOI AT O , IDBATAODMEOCS AOT IACEDDORED OEHA O

PDOT AOAOET T8 30AE NOAT OEOAOEOA AOOEFAOQOEIT O AA
OAAADOI O RAOEJEAXEET3 #EAI EAAT 40/A] BT @& ri) AAT C
7ET A AO Al 8h m&g&gn ! OOOAU Q@ " AUhOA®DE Adm@h3 OAT
néEé&onN % i TTO0 AO Al 8hOGIEAG NA @ ADIx8AA OB&ho i@ o o N
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AT EOOEIT O xEOE OEI OA 1 AOAET AA AAEOAO AEA
ET OAOAOAA} DEA DAOOOOAAORAIEIA | ADDAIVA AT A N T OF
APDPOT AAE AAT 1 AAA O O1 OAAI EOOEA AOOOEAOD
Ol AAOAOOEI AAGAIOOERNOOETT AU OD O1 A EAAOT (
AT EOOETT O AUAI nd A8l ORAICAAA AOET AOh XEBRAE (

AEACTIGOOORA 111 x OEA OAAAOEITT 1T &£ AEAMBAOAT C
AOA AAOOAO OOEOAA Oi EIT OAOOECAOA OEA Al
Oi OA1 AijiNisGsihaE%w 1110 AO Aigh m&omnn " OO0I
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11 0A2 BAOET A AW 1GAQEEAMO EO EIi bi Al AT OAA
7AAOEAO &1 OAAAOO AT A 2A0AAOAE #EARU8AlLER
OOOAU AEI O OI AgbpAlT A OEA ABDOIORAIOA KOTIAL OB
AT T AGOEA AT A & OAECT AI EOOEIT O Al ,ABOI O
NOAT EOU OOAT AAOAOS

AEA TTAATTETC OUOOATI EO AAOCAOEAAA EI
OAOOI 60 A&OIT i OEA 1T AGAT OT 11 CEAAIAAAT IDUDBAI
ET Al OAET ¢ A AiT I PAOEOIT AAOxAAT OEA OxIi
DOAOGAT O OOOAUq -/:1'24 AT A #2)I AAE8 2A00I
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1.1Structure of the atmosphere

4eA EOI AT AGAOU "1 61 AAOU , AUAOE jo0",q EO OEA
xEAOA OEA | AEI OEOU 1T &£ OEA AEO DPil100AT OO0 AOZ
ET £ OAT AAA AU ET OAOAAOET 10 xEOEI BEAAAAOOEEOD
OAPT O0h EAAOh 111 AT OO0 AT A 1TOEAO AOi T OPEAOE,

POl AAOOAO AT A OOOAOI AT AAs 400AOI AT AA ET OEA
AT A AOiI UAT AUh xEEAE EO AAOOAA AU AEAAAOAT OEAI
OEAO0 ABAOABGAO®hORE O AT 1T OAAOCET T h AT A AT i PAT OAOAO
OO0OAOO EIT OEA EIT OEUITOAI xET A AgAOOAA AU 11/
Ol b COAPEU AOAAOAO OAOOEAAI GCOAAEAT OO ET OEA

PN

AT A ET 001 AOCAAO DEABOEAN AETHOBAOBDAxXxEAT OEA OE
OEAOA EO 11 AOI UATAURh OEA MACAJGIATOEA 7ADD ADAG
méood8

4EA OEEAET AOGO T &# OEA 0", OAOEAOq EO OATAO
AT A ET OEA xAOI AO 111 OCEO-OETA AEAI ETl xADI AOOET ¢
4EEO EO AAAAOOA OEA %AOOE OOOZAAA EO A 1 OAE |
OAAEAOQEI T i OBDAEAOCEA AO0OOET C AAUI ECEO EI 60Oh OEA

AAOOAO AT A OOAT OEAOO OEAO EAAO Oi OEA AOIT OPDP
OOAI AUAOh xEFEAFAOCEAT OEAETIOAOEAAA AAOxAAT OEA ¢
OO0O0ZAAAA 1 AUAO T £ AP OxEAx AAA OBJ AAOORORA AEOETA AAT O/
OOAI AUAOh EAAOET ¢ OEA JbD®AIOOA OOA PRAOODI 11 AA OEEA

AAEDO AGBBOAODI AT O AT 1T OAAGETT AT A 0O000T T C xETAO (/
4EA 1 Dbl OEOCA 1T AAGOHI A OIOL1T A 1GAEAA Al ETGHAOAO O O AA A A
OEA AT 60T i I AUAOO 1T &£ OEA OOI bi OPEAOA AT 111 Al

AOAAOET ¢ A OAi PAOAOOOA EI GAOPEGARAT 8 A)10

OOOAOI ATAA EO OxEOAEAA | ££ -AODEBTQG BEAOEEACEADA

i 6060 1T OECET AOA 4&OI i OEA OAOOEAAI OEAAO ET
Ei OEUTT OA1 xET A EO DAOOEAOI AOIl U O000OTT¢h OEA C
OEAT 1T xAO AT A OOAAI A8 &EGC8 o080 OEI xO A OAEAI ¢
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AT 1T AAT OOAGET T O xEOEET OEA 0", AO A O0OOOAI
| AET O AEOEOEITO 1T &£ OEA o, AAT AA T AOGAOQO
1 AEACOAAAKO ABEDEET GEA: AIIO@EAOC IcEBAA 1 A
1 4AEREQGAA EAQUABA OOOAOI AT O ET OAOEAAA AA
AT A OEA £EOAA OO1I bl OPEAOA8 ! AT OA OEA
| E@ AOIi 1 OPEAOEA AT 1 OOEOOAT 6O OOAE AO
AEEFEAEAT Ol U8
1 4EAT OOAET I AEO UEDAT AT ET OAOOEIT 1 AU,
ET OAOEAAA AAOxAAT OEA 1 E@AA 1 AUAO AT/
AT A kEBRA AOi 1T OPEAOEA AT 1 OOEOOAT OO DA
AT OOAETT AT O UITA 11001 08A00ET C OEA AA
T ! AT 6GA OEA 0", TEAO OEA EOAA OOI bi OPER
OT EEI Of AT A EECEAO AOA OF OEA AAAOAAQG
AT 1 OOEOOAT GOhA WOAGOMAICODT OOAA EAOOAO A
ET OEA OOOZAAASH AWWRDcP7EI A AO A
(@) Height, m (b) Height, m
A A
2000 —+ 0; 2000
Free troposphere Free troposphere
Entrainment zone Capping inversion
T
1000 —+ 1000 O3 deposition
ERptochemicalies ﬂ Cold air flows ||
PR T downslope

e

Processes after noon

O3 deposition
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Processes between sunset and midnight

~ Stable-riocturnal
boundary layer

/
|/
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i AqQ AT A AO
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$O00OET ¢ AAUI ECEO EI OOOh &EC8 o08o0Ah OEA OEEAEI
ET ACGROOAEOC AOI AAO Obp ET O1 /QEKIAA CIOOBDAOPEBRDRAEAAI
OPAAEABGAEAAU AAZEI OA O61 pPAT AOOAOA OEA T EQGAA 1A
I o AT T AAT OOAGETI T O OAT A OI OEOA AAAAOOA Al x1 xA
PDOT AGAOGEIT T 1T DAOAKAA RN EI1 QOQAGERA OODA PRU 1AW ADI AOE
AADPT OEOGET 18 4EA OEPABREAADI UAORDEAREANG "o EI EI
AAPAT AET ¢ 11 OEA 11 AAOGEiIiT8 | #FOAO 0OO1 OAOh &ECE
OEA 1 AT A OOOFAAA AiT1 0 Aixi OEA-ADAREAOGEIT AI
AAOEOAA &£OI i OEA OEAOQI Al OOGRNAKNAORT O AGEA 111 AU
j.",QqQ £ O0i 0 xEEAE OANQAADI OBPEAAEOCAAEDDADOOD EA
TTAOOOT Al AT O1 AAGE 11 AAEAQE AATA AME AOAAOAOEOAA Al
OOAAEI EOU AT A AAIT xETAO AAUOCEAU CAAEABESEISIA
MMAAAOAAOROO A0 11 xAO CcOi OT A OEOAO AAAAOOA i
PDET O1T AEAI EAAT DOI AOGAGETT AATTT O ET OGAOO OEA AA
I AT OA OEA . ", h A 'EOAOCEAOATI 1 AUAOE AAAT ODI
AAOGAT T P8 2A0EAOAT A0l I0GOREHEORNA OEA GOEOERATA | E@
i AUAO AAT OAIT AET ET OOAE OAOEAOAI 1 AUAO8 ' E
Ol pi COAPEU AAT AAOGAOI ETA OEA AACOAA O1 xEEAE
OEA OOI i OPEAOA | #Ii-Qil A0 AGE O &3Ahh ACEET A0 QAE 1A A
OOOAOI AT O AO Al 1 ACIAIEEDA AEIOR OOBDAOOABKEAAA AEO E
I UI-DEAE AEO £&OT i AAT OAR AO Ei i OOOOMLOAA ET &EC
AT AOOAT OACEI T O OAGAI AG-HAL06 HEADA DHADD HITAE IEGA E 1
AD,OEAE AEO EO AAOGAAOAA 1T 6GAO OEA 1 AT A j#i Ui A |/

1.20zone in the troposphere

401 bl ODFRA@EA /101 OEAZAAAOAA OOAAA CAO OEAO AAOQC
CAOh AT A DOAAOCOOT O | £ EWRADI @UA DO ABDOMAT @ /1 (1
AOOT AEAOAA xEOE OAOPEOAOI OU i1 OAEAEOU AT A 110
17Ti6@do0i Agobi OOOA EAO AAAT AOOI AEAOAA xEOE DO,

6



AEOAN AOO DpOi AGAAA AEAI EAAIIT U
| o DOAADOOOI OO 1 OECET AGA T AETT U EOIT T ATlC
Al OOET &£OA1T Aii1 AOOOGETI T h ACOEAOI OOOAR AEI
AT A £01T 1 AEIT CATEA Ol OOADOhR SREADADEEARGALD
I AAAT 8 )1 OOAAT ALEOCOORDEOARE! OEEAOhR AA 7
ET EOEAOETI ¢ AEAI EAAT OAAAQGEIT O T &£ .1 @ Al
ET OOAAA DOI ACAAA 11 001U AZEOAO OEA 1 @EAA
i AORRAT; @ (21T UAT 31 MEAGUNA mEGIieADAAA A OEMR
I EAOAA ET O OEA Z£OAA OOI pi OPEAOA xEAOA E
O xARBAOGAT OI1 ROAARSHKAmME 8AQq OOAT OPI OOA/
OACET T O AT AOAT AiIT QEOAT AGTJ 041 0OOKE{ b qd
AEAT EAATl AAOOOOAOEI T xEEAEXABAI BDOOAADPDO
01 OBAE&A OOOEAAA AAAT O T ¢h BDOA ADDOE &
DOEI AOU Oi 6OAAO AT A 4B ¢

EAl DiE 8D DOODEAAE
xEOE AOOEI AOAO 1T &£ cii AAl AOACAOOS

i As¢csh 4001 A0 AO Aish m&otrqQgs )OO EO A OAA
E

O
M

>
= O

>

Stratosphere/Troposphere

Exchange 540 Tg y!

Stratosphere \
0. Chemical Tropopause
£ loss ~8-15 km

Chemi;a! — 4500 Ty v
Troposphere production
4500 Tg y~!
5 HO,, RO, . ‘ CO, O3
/OH /-\ s{“”“@’ht :\ ) L%Sunhgrr'\
HO,
NMHCs, NO, : ? {
o NO\./U -
Emissions 05

Deposition
1000 Tg y~!




001 AOAOE] DAEA® /AEOOT Al 1 Uh -ARAOAT AUBU ) AT A
PDil11 OOAA AT 1T OET ALDAEEDNED®A OA ABOEFEAKAO/ AEOOT Al
I AgEIi Oi ET OEA AAOI U AmOAOTTiIT AOA O DET (
entrainment as discuss above AT A A [ ET Ei OIOCAREDcA ANl AOCRAOAU
iTOTETC OEAO EO AAOOAA OMEODAOEIAIADP] OEDEDHh AL
. AOAOOGEAT AGOh ODPI OAAEA 11 AO0OO0T Al PAAEO EAOGA
i TTO0EO EIT AEEAEAOCAT O PAOOO I &£ %OOT PA AT A 11 OA
j +O1 EARMGT Kl 8h nm&ooqs8 4EAOA DPAAEO EAOA AAAT EI
TEGEEI A 0" ,8 )11 DIADIOCEALIT @OIKEAOA ADBIT %ing 6EQO0
1 OEOT i CATEA EAAO £l OAO ET OOAAT Al GEOITIT A1
O0OAAT A AT A O1 OOAAT A OOAAT o, AO TECEO EI
AAT o", AT OI A OHIOVMEAIA ANTTAO AEGREOOMAETLOA AAADPAO
AT AZEOAO OOT1 OGAO j (0610 AO Al 8h m&omqs 7AAEI L
AAAAOQEM O A EAI EOPEAOEA AAAECOI OT A 1 AOGAI Obil
AAAOT OO0 1T AU AEOQGEAGiPQIA BAMAOAQREAOADOh/ AOEAAI
OO0CCAOOMABIFFANAANO ET OEA 5+ AOA 11 0A DPOAOGAI AT O
xEOE COAAOGAO Agbi OOCOAAT RARIOOKRSET £ 8h ADEAGUO
3AAOT JildOAT OAAAEAO A ODPOEIT GCOEI A 1 AgEl OI 1
i EAAOEOOAAOG OEAO EO AIT1TO0OITTTAA AU Al OE DET Ol
001 b1 OPEAOA AT A OEA AjimOl A AGE AODAOTT D EIRBAI j
neéE&qh OAA &EC8 o08p38 -GQiIMD OGAOBEI DI ANTADOODPDE
DOEI AOEIT U AU OACEITTAl bDEI Ol AEAI EAAl DOI ACAOGE

j-TTEOh megegq EO 1-EARAEOCDARADODADAI ADAAEATT OET Al
OEA OOi i AOOGEI Ah 1 AOGAT OI 1T CEAAT OAOEAOQOEIT O A7
ORMEOT OEAO CAT AOCAT T U pPpHT T ORA EELAROA 0 AOAA O TG
OEA T1 OOEAOT} , %51 AADAIODOER® Al 8h m&E&nn %%' h mEo:



Yamer Wood 1995

I
=

Boundary layer #

o
o

[=]
L=
'l

o
L=
1

h
=]
L

.Y
L=
i

Pud
(=]

Daily maximum hourly mean Oy [ppb]

=]

Jan. Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

SECGPsA AT T AAT OOAOGEITT 1 AAOOOAA AO OEA TAAO 00
OET xET ¢ AAEI U OAQEGAEKUEDANAEDq OOO@ARR OEA 0",
ATT OA1 AEIAEIA IA OPOEI ¢ AT A AAOI U OO0I 1T A0 E
4AEA OARAOCIAUAT A T £ OEA EAREOCBRAA ODAXERAAB®ELDOT BT AC
i xEEAE OADPOAOGAT OO OEA OAIAETAA Cc OBA T AAEOOA
Al OEOT PI PAGAEAMOOOT OO AOA OxEOAEAA T £AQh xEEIT

AGEEAEOA A AL TAEAGDMS x4A 0 OAEAT A&OT 1 OEA 27 UAI
" AAAOOA T-FE BIODHA OWAEBRIBEAOAA OOAT AAO
%OOT DAAT AEOAAOEOA AOA OOAAOGAA AO A OAOC
AAOA 1T & 1 OEAO DIl 00AG®D GEA® A4 OE Al ATEA ADIOBU
OEA . AOGET 1Al % EOOEIT #AEIEICO SEOAAOEOA
AT A 6/#0Rh xEEAE AOA AAOECH,AAODI IOAAE EAGD AA

MEBC@BEA AOOOAT AOBAADOET AAOA EO AAOAA i1
AT A EO AZBOADDAKRO MDA QRO AJ AOEGA GOA o [ 106 | BAG
AOAOACA AT 1 AAT OQADEE 1o bt  PPAOQE " U Al
7101 A (AAI OE / OCAI EOAOEIT j7(/q Al A OEA
U

1ETEO A O £ wEEj/BGET PPAOQ j 21 UAT O1 AEAOUR
ODAAOAO ET DI AAA O DOT OAAO ACAET OO0 AAI A
'f AEATO 'EO AT A OEA 5+ !''EO 10AI EOU 300AO

AT OOAODPITAO O1 OEA OAAOTT ARATAGA O ©1 POAKD
bcfq AOOET ¢ AAUEEGEDE HBHOEO OEOAA 101 OFO
AOAOAGCAA ©AUDAO IR AR BEE 9Q8



1.2.1 High ozone episodes during heat waves
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1.2.2 Overview of chemical production and destruction of ozone
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DOAOGAT O ' T CAOET A ROARAOARGI AQEITIQB ABIAA MARIOAC
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1.2.4 Dry deposition of ozone
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AEmFEAEAT O AT i DAOAARATOA AOEBAIXADAIOA ©OOIAAAIAT OEA
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OEKAOOEEOCOOHOAAABAG | DEAADATI Uh AEALAAAOAT O OAAA
bl AT OEO 001 i AOAh ¢Oi 61T A OOOZAZAAARAO AT A xAOAO OC
AOU AAPT OEOQETT 1 A0O0 AWOPIROADOON (BAEDAhAGEAOAN
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7TEAGEO OEA AOU AAPDADBOBEIA ADOVO ALPDO®EOET T
AT AKEO OEA AT 1T AAT OOAOEIT 1T &# A GCEOAT OPAAEAO
ET AEAAOCAO OEA Al x1 xAOA Al @@8xEEIAE OED DAkAGAI
DAOAI AOAOEUAOBICIGABGAOERIO OE WEOAA | AET DEAOA
AU OEOAA DOEIi AOU OAOEOOAT AAO T4 AkBEABEA AA
OADPOAOAT OO OEA OAOEOOAT AA AAOxAAT OEA OOOEAAA
I £ OEA 1T AIETAO OOAI AUA®ARARAMAT®EAOTAODEA ODAX
OAOEOOQT ABREAE EO AOOEiI AGAA AO OEA OOI 1T & OAOA
AEOA OAAOT T Al AAOAGCT OEACORDAOBERA DAODBAAOGEAA AAC
ET OAOOA 1T £ OEOARTOAOEOOAT ARG A0 EI

bQ - j9%8 T@® 8
4EA AAOT AUT Al D GAAGRDAA AIAAGCAT U T1 OEA A
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OAEAI A8 4EA OAOCGEOOAT AD@ IE OEA 1T AEEDABGADAAI ABE
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6 AOOAOA AO Ai8s jmn&g&oq OEIi xAA OEAOQCOAI®IAI ET ¢ OE
OEA 7APAI A &ARO-O@®AI OUMAKD ET AOAAOAA (11 AAI DPAOAE
I A< EAT 11T AAITTEITC OEA OOITAO nmegg&p EAAOxAOAS

1.3Chemical transport models

#EAI EAAT OOAT OPT OO0 1T AAT O j#4-q AOA xEAAIT U Ai
AEAT A [T AAOCOOAT AT &8O TADAE IAAEOGEREA T IAETGEOAT AOAET 8
I AOGAOOAOGET 1T Oh #4-0 CEOA OEA 1 BPPT OOOT EOU Of
OEi 601 ACETT O AT A O1 OAT CciI A OEA OAI AGAT O POT AAOC

EAT A8 ! Ai i bi AOA OAOEAXAEEABUOOBAAR] 8Aj wt Ot 4
4EA T AGATOT1Tcu ET OEA #4-0 EAO 1 EO0AT ARA
OEA AEAI EOCQAQU I A&HTAZEANOET AOG8 'l OET OCE OEA APD
AT A AT i DbOOAOGEITAIT U AZEEEAEAT Oh OEA OEI A OAOI
AAOAOI ET ACET T100A® O0H MO pAMBEOA A Z£ET A0 OEI A O
TA AEOAAQGET T h Al T OA A& QAOAGHI8Ihh T&ToA NOA BEEAEAIN @

> >

O Ail8s8h7-2#&EBpqAATTTCO O A TAx CATAOAOGEIT 1T A& O
i TAAT O xEAOA OANOEUI AOA AEAI EOOOU AOA OAOITI

Ei OEUT 1T OAT AT A OAOOEAAI GCOEAO AT A OEIi A ET OAOC

OEI A 1T O OPAAAS8 4EA 11 AAIT A1 O 1 £EAO0O OAOQET 60
xAl 1T AO AEEAAOAT O 001 1 KECEAAOEDIOAKE KAOAGHRIOCDET
xEEAE AAT AA Al i AT AA O AOAAOGA I AT U AEAEEAOAIT

OAOEAxAA ET AAOAEI EIT OEA #Ei1i1TxET¢C AEADPOAOS
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Chapter 2

THE MODELLING SYSTEM

AEEO AEAODPEEAMAO 1T AAT T ET C OUOOAI 8 3AAOQEIT
728t EAI 8 4EA ET POO AAOA AOA DPOAOAT OAA EI
I UT-TOBACCET ¢ T AAEATEOI EO CEOAT ET OAAOQEII

OEA AAEAOCI O 11T AAI OAODBDI O®AA ET OEA EIT OA

2.1 Overview of the WRKEChem system

4EEO OOOAU AipPITuO OEA 7AAOEAO 2AO0AAOAE

j 72-#EAT Q OAOOEIT p8uB8o8 4EA O £#OxAOA EAC
OEA . AGET T A1l #AT OOA &£ O ! 01 1 OHE A GEARA 1 2ERA0 AA
1 Oi 1 OPEAOEA ' AT ET EOOOAOGEIT j./11gqh OEA
0OAAEAOQEIT j.#%w0qh AT A 1 GERO GEOOAAEA D AEN
O0O0pBPI OOAA AO A AOAAIT U AOAEI AAT A ATi1O1E
AUT Al EAAIOEQI EQAOODOAOGEA - AOT OAAT A -1 AAI

1T 6 AOOOAT 61T U Aii PAOGEAT A xEOE OEA AEAI E
I AOAT AAA 2A0AAOAE 72& OI 1 OAO j127Q | 3EAI
OEEO OAOAAOQOAES8 72& j!2RAQOHNITOA BEOI AOBAI
DOAAEAOGEIT i1 AAIl AAOCGECTIAA A&EI O AOI T OPEAOI
4eA 1T AAT ANOAGEI T O AOA Oii1 OGAA 1061 AOEAA

EUAOT OOAOEA AT 1 AE@@'I'CSTAI'C’)OMO&CIE"N XET QE 2001 EIAOACOAC
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OUOOAI xEAOA ET &£ Oi AGETT EO PAOOAA BaAOxAAT AE
ndo8 4EA OEOAA 1 AET ADPOPBRWBTC OOUABOARIQ j72&3 @hOAC
72& 127 Oi1 6GAOh AT A OEA #EAI EAAI I TAOT A #EAI

OEAOA AT I DPI1TAT OOOAAT nABo Al 61 A EI

WRF COMPONENT
WPS WRF-AWR
Terrestrial
ata | geogrid.
__ exe }
metgrid. ] wrf_input 7 n
e real.exe wf, by wrf.exe
Met.data | .| ungrib.
exe N A
/
CHEMICAL COMPONENT
Chemical
e > mozbc
J
Biogeni megan_bio_ wrfbioche
emissions emiss mi_dOx
J
Anthropogenic o wrfchemi
emissions UoM_emissions _00z_do1
J

SECO®EBAEAI AOEA 1T £ OEA 1 AET ATiDiTAT G@&AT A AT x 1
#EAI O®OOAI

728 EAI  OOAO DAOAI AOAOEUAOEIT O A& O OET OA

EAPPAT 11 1 AT GCOE OAAI AO OBXQAMARAADRAORDEOAOEAI
AOA AAOEAAI T U ADPDOI gEi AOETT1 O OEAO OEIi Pl EAU
ET AADPAT AAT O 11T AAT O AEARRABARORAI THOHEITO I £

DAOAI AOAOEUAOGEI T O OAEAI A0 AAT AA OAO AU OEA
TAl Al EGOERA 0 @®DO AA OAEAT xEAT OAI AAOGET ¢ A OAE
EAOA A T AET O Ei PAAQ®-EICADED QI A KIATICOOBQO & q
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4AARE OAOAi AOAOEUAOEI T O T POEITO OOAA EIT OEA OOOAU

Cloud microphysics Lin et al. scheme (Lin et al. 1983)

Long wave radiation RTTM (lacono et al. 2008)

Goddar (Chou & Suarez 1994)

Monin-Obukhov scheme (Beljaars 1995)

Noah LSM (Chen et al. 2016)

Grell 3-D scheme (Grell and Dévényi, 2002)
Yonsei University scheme YSU (Hong et al. 2006)

2.2 Input data, initial and boundary conditions

2.2.1 The WRF Prprocessing System (WPS)
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AAOGA AT A TAOGAT OTI1 1T CEAART AMONBEIGAOE HRKRABDE
OAAAOI AOARAMET AO AT @QEAA MBAMOAEDA AT  ET EOEAT A
AT 1T AEOE% O£l KOZEHIA FOAODPAAOEOAT UQSB

2.2.2 Chemical components

2.2.2.1 | K S Y hoOrddry conditions

3EIi EIT A0 O OEA 1T AOQGAIT OT1Tcuh EO EO 1AAA
AT 1T AEOEITO xAOA OAEAT &Oi T cii AAl OEI Ol
4 0A1T OPT OO0 -, JAAAI 241 AOAA #EAI EAAd '4ABRA OO
% 11710 AO MiA BIx®@GG@AA ET O OEA 11 Akl AOA
DOT AOAO EAO A EI OEUVININGAIT AOAQI 1B0AEGIOOALE |
OOEI EOEA OOAA O1 OAAA OEA AAOAOAO &EOII

ET EOEAI AT A Al O AAou Ai1AEOEITO T £ CAO Of

2.2.2.2 Gasphase chemical mechanism

Z A A~ e N~

YT OEA b OAsimddtians e ©chdiitted only for gas-phase chemistry.

4x1T AEAT EAAT xIAOREQOI@AEM O 1T AAT A1 O /UTTA Al
4 0AAAOOh OAOOCE{Q AT A -A: 10AAOAAA OAOOEIT I
2APOAOCAT OAOCEOA )DPOGAOHARAEAGKQ; # AREEBNVMOEE Qi1 O
AO Al 8h méocgqQ

.1 OA DOEAOEIT 1T &£ EACAOAERT RAAD AEATI 680,
I £/ @ ALAOA OAAOEKRAA AAIOE ®OAOA A& Of AGET 1
OAAAOQEI T 1.4&0/ xAERI;ERAAOI 1 UOEO j" AAEA -Q * 1T (

.EAETTT1O0 AO Al 8h mniGOEAS.ONAES EOOARANh ADDE
OEi A AU OEA OAAAOQOEI.t 2880 x@ghA P #O( A EICEO. AU
EUAOI T UOEO 1T £ AEIW/EQOTI CARAPRDOb OBMRIMARS 2 8
Al Of AOET LE® AT(1.OEAAOCAA TTA 1T &£ OEA AT 1 ETAI
OEA OOi1 bi OPEAOA j " BAQODNROQAD BEGEI ORRKIA8
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EO AAT AA ET ARODOOROMPAOOEAI AO 1O AliT OA AoOi Pl
Aou AT A xAO AAPT OEOETT j" OAOOAOO AG Al 8h oxx
CEOAO AMAEA 8/l (T xAOAOhY ;IEIGOO MR .AEAOAA xEOE

OAAAOQEI T O OOAEABMRT @OIBOGE o ©Q8

6O00 00000 0 j28 m80(Q
WO WOHO UL § 28 m8mnQq
WO 000 60 j 28 m8pQq

WO —O1 Qaé QOB 28 mnm8¢(
60 0 °060 0 28 m8a0g(Q

606 G6POG O j28 m8t1q

4R £EOT AAT AT OA1 AEAEAOAT AAO AAOxAAT AEAI EA
OEA xAU OEA 1T OCAT EA 4AA BOAGOOED 1A0 AEEGRd AEARCRRNA 8
i AAEAT EOI OOAA ET OE EBDE A0 AP AMA B Ak AOBGA gwo uC AQ:

OAAAOEI T O AT A OANOEOAO AiEOOEITO EIDPOO A&OTI
E

AAOROEDOEI1 i &£ OEEO AEAI EOOOU [ AREATEOI EO C
AACOAAAGEIT 1 /& DOEIAOU ODAAKERSAT AGAED OA O ATADIE /
[ AGEATT1 Al A BOEBPAI B ADBOAGAT OAA ET OEA OAEA
AOA 101 DAA O CAGEAO AAOGAA i1 A (i1AAGI A ADE
i OCAT EAOR 111 ARGIA AU [i1AAGI AR ETOI 0000I C/
£OT ROEI T Al COI OPOR A8C8 AIIERA AOAREIA AAGIAIT A GAT>
AOiI T AGEA AT [ Di 01 AOG AOA 1 O1PAA ETOI ") 1, +h ")

A O A1 8By conttast, CRIech contains 220 species and 609 reactions for the
degradation of 26 emitted NMVOCs species (ArcherNicholls et al., 2014). This
results in the most explicit representation of atmospheric VOC degradation than
currently available in WRF-Chem (Archer-Nicholls et al., 2014). As in MOZART,
the degradation of ethane, propane, ethene, propene, methanol and isoprene are
explicitly represented in the scheme. Other NMVOCs are lumped into surrogate
species that shares similar chemical properties. The NMVOC Ilumping in
CRImech is based on the principle of the ozoneforming potential of each VOC

species: the total yield of G potentially formed as a byproduct during the
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complete OH-initiated and NOXx -catalysed oxidation of a given VOC to CQ and

Hy EO Al i DPAOAAT A xEOE OEA 10i AAO 1T &£ OA
eventually brake during the complete oxidation (Watson et al., 2008). A series of

generic intermediate species are then defined which are used to represent large

sets of VOCs species, which are explicitly represented in the Master Chemical

Mechanism (Watson et al., 2008).

2.2.2.3  Anthropogenic emissions

' T OEOT BT CAT EA Al hOGBET ROOT @A/ h-6/#0 Al O
Ai T AET h ETAI OAEI ¢ OEEPPEIC 1 ETAOh xAOA O
-1 #4)) %OOI PAAT+ ORRT QAT AGEIUOI RMOERE UAR O 1 oc
OEA 4.1 m# EIT OAT OT OuQqs 4EA Al EODEDAIOCTROAC E
AU O1F OOAA OAAOIT O A 11T xETC OEA 3.10 j OA]
PDiii1 O00EITq A1 OATOEIT AOZAOESHOAST OAOCEBSO
AEEAEAOAT O 3.10 OAAOI OO AOA 1T EOOAA ET 44
A0 AEOACCOACAOAA ET O &£OA1 OUDPAS

4. -1 ## xAO AOEI O £OIi AIi EOOEIT O OADPI
OEA %OOI PAAIT -TTEOI OET ¢ AT A %OAI OAQEIT 1
EOOOEAO OAEET AA Oi EEIT | CAPO AT A Al OOA

j +OATATAIABh m&ocqs8 4EA Al OEOIDIINATAE T DIAR
. -6/ #0 A& O OEA 5+ AiilAET xAOA OAEAT £AEOII
ET OAT OT OU j . ! %) QEZEODJ DERA ABRAREEAERE EOB®ADE
OAOI 1 OOETT T &£ o EI 8 %l EOOETITO AOA ODPIEO
AEAI EAAl OPAAEAOd Aii AOOEAhR Al Aocu DOl AO
DOl AAOOAOROHTAXAMNO Al AAEAOAT OPT OOh T OBAO OO
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4AAIBEBI AT AROGAA .11 AT A1 AOOOARA A O OAPI OOEI C T &£ 'EO 0]

| No. | Sources |
Power generation

m Residential, commercial and other combustion
m Industrial combustion

m Industrial processes

m Extraction and distribution of fossil fuels
m Solvent use

Road transport gasoline

Road transport diesel

SN LGS Road transport evaporation
S\ GRS Other mobile sources and machinery

m Waste treatment and disposal

Agriculture
! &1 2421 . DOT COAi h AAOGATTPAA AU (1T AT AAOI
AAADOAGETT O AU $08 4EITIT O0OEEOGCISHE JII0ADAT EAOAE
51T EOAOOCEOU 1 £ - Al AEBOOADAO x AIOOBD OBRA O1! ®OAAT A

-1 # ET OAT 01T OEAO AT A GAAEGAOAETGRA HIiEO®ET 1
jx OFAEAT EQ\d AVCEAEA | EQc Al WA @EAR 724 AAT 8 4EA AT Af
EO OAEAOND AA & AORA A - DA BAODI 108 DPOA

3ET AA OEA 51 - -DAJIEAGAGEITTOO- BOA AAOECT AA Ol

AT EOOETT O &OT I AT -1z GEA®ARETOT OUE AT/ AAAEOEIT T
DOl COAi xAO EAOA AOAAOGAA Oi OAAA#QBHA ADAX AT EO
POAOGAA ET AEOEAOAI h Ai i PAOEAT A TAO#$& £A£EI AOS
51 - - Ai EOODION @-ADOA O xAOA A1 O1 |1 AAA O AAAT Ol

AAOxAAT ET OAT Ol OU OAOOEIT Oh Aggs EGEM T @B AABA I

)T DAOOEAOI AOh AITAOA RIORGBIAIAAIOT I TDRODIADAA Al EOOEIT

x EOE -/ 124 AEAT EAAI i-ARKIAS EMEA ETI | ARREAA
51 -- Al EOODION @-ADOA O xAO OEAT --OG#A AJIA 1.APH)OEA -
AT EOOETTO O1 -/7:1v24 AT A #2)i AAE ODPAAEAOEI T h A
Al EOOEET OAT OT OU ET O1T bDOI EAAOGAA 11T AAT GCOEAOS

Speciation methodologyt T OE OT BT CAT EA AMBEARIEIITODOEIAR 72 &
OPAAEEZEAA ET A &I O0i A0 AT i PAOEAI A xEOE OEA OA

s s N oz

-/ :124 CAO PEAOA OAEAI A AAOOEAO ZEAxAO AEAI EAA
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AT EOOAA #2) -6/ #0 xAOA 1 0i PAROKEIOE @lg ¢
i ADPET CO 1 & -./-:8/2#40 020 #RADEAT EOI O AAOA
| OAEA@QET T O AO A8 jnmEgocq ATA % I 1710 AO ¢
AT EOOETT AEOAAQGEIT O -xBEDRET DAGAROADT 8 | DA&A
IT OEA oGl HABEYXAIOQE . -6/ # OPAAEAO ET OAOI O
i $1 OA AO Alz8Aa:tALBOOAA/AO xol .1 AT A orl

Al 8 jm&otrq I AOETATTTCUS

4AAT8 ! DPPOT GEI AOA | ARPEAGCHDIT A 2-)/1:ARE | AAEAT E
72& EAT OO1 08 "AOAA 11 4AATA v T££ wiilTl1To AC
| OAEAE@EIT O AO Al 8 jméocgqs8 4EA OAAIT A 1TEOGO OE.

6/ # AI EOOETT O8

Ethane  [(SUE

Propane

Butane

Propene
Trans-2-butene

Ethyne [

Formaldyhyde

Propanal
Acetone

Methyl ethyl ketone

Acetic acid CH,COOH

TOLUENE
TOLUENE
TOLUENE

1,2,3-Trimethylbenzene TOLUENE
1,2,4-Trimethylbenzene TOLUENE

Mesitylene TOLUENE

Mesitylene |

TOLUENE
TOLUENE
TOLUENE
TOLUENE

CH,

1.25xNC,H,,

C,H,
C,H,
TBUT2ENE
CHe
HCHO
CH.CHO
C,H.CHO
KET

MEK
CH,OH
C,H.OH
CH,CO,H
BENZENE
TOL

OXYL
TM123B
TM124B

TM135B
OETHTOL
METHTOL
PETHTOL
DIME35EB

VOC
Name of VOC MOZART CRImech
CHs

2.47%
4.29%
39.90%
3.15%
1.48%
3.37%
1.20%
1.33%
0.13%
0.21%
1.15%
1.66%
1.16%
13.40%
0.14%
2.02%
5.82%
8.54%
0.36%
1.18%
0.41%
0.32%
0.51%
0.45%
0.93%

31



Temporal disaggregation%i EOOADOA OOAT PT OAOETI U AEOACCOACAOA/
AAAT O1T O 11T10EIUR AAU 1T &£ OEA xAAE AT A EI OO T &
AEEO EO AITA AU OAAOI OO AAAT OAET ¢ OI OEA 3.10
p8nh AT A e8¢ 1T £ +0AT AT AL ADBI Aa:AAmABl AAT @ EDE
OAOEAOQEIT O xAOA Al O Abpbl EAA8 51 OEi AOAT Uh Al E
OEA 11 xAOGO Z£EOA 11T AAl 1 AOCA] OEEODAOABAEADBBROARAO

2.2.2.4 Biogenic emissions

"EI CATEA Ai EOOEiIT O xAOA AAI AOI ACGAA TT1ETA OOE
AT A ' AOT 01T 10 &OTTI . AOOQA QATWEAQQ ABRAIES hl  m6Em8TE
EO Ai AAAAAA EEAT OEAORA&AT AA8 4EA 11T AAT AAI AO

EOT POATA AT A TOEAO Ai EOCOAAT APT @I EA OBOORDOOQE
AAT OUOOAIT O ET OF OEA AAI OA AATiTPU AOIi T OPEAOA
OOET ¢ -AAGROAA xAAOEAO AT A TATA OOA AAOA AO
i OAT OEAO AMIAIABIh GEBGAQEROODEDEDEOAA
AgAAOOARE] EBH OQOAIDMEIAMA GED¥ET T O AEI A0 T AAAAA

~ N~ A s AN

4EA AT1 OOEAOQOOETT 1 &£ ATT1AOOEA AT A %001 PAAI
001 b1 OPERAIOEAEA 5+ xAO OOOAEAA OOETI ¢ A O1 OOAZ
ETT xT  AO OI Udwhih OQ Addecufe$ apsdlabelled with the identity of
their source regions8 4 EEO EO AAEEAOAA AWEGRD GAEOOIEQ 1I10£
i .l Al 8 ADO OAIl AGQLORR 100 8D OARA OBGACAOHEOIT/IOZLEE AT OOA
I £ OEA TAA TEOOI CAT DOPADPEAODEAABEBHBOAOGAOGH ( OF
OEA OAAUAJAHTAC ATAT.T/IxAA O OB WEINAITADEAG Aims 1 U
j méongqs 4EEO AT AAI A0 QHERAT AEDAAAORAIOO®E ED O BIAIA
OACEI T O OI OPAAEAEA KANOCOEAADGOORDMARMO EAO &XKIC8Bh 8
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Ozone formation requires both NO and peroxy radicals from VOCs, so
source attribution would generally require the tagging of both NO or VOCs

(Emmons et al.,mt & Here, however OACCET ¢ T £ ./ @ Ai EOOEI 1

AET EADEA 11 OOEAOT EAI EOPEAOEA OOOAEAAA 1
AT OEOI BT CAT EA Al EOIOEGT A O} T @&OI1. Aand ABAADOB A O Hr
OAOT 1 6O0ETT AADGOARWA jeEfuv OFEIAQ EO OADPOAOAT
AAAECOI IOOABOAOR Al 1l OO1 pi OPEAOEAR OMICICARE A

i A8CBhA QMDIEATOOQq8 7EAT AT EIT C Ol h OOAAET C
CEOA AT i1 PAOAAT A OAOOI 60 OAABYOMAET jCwisl/T#1CC
néEéomnga

ﬁ 03[receptor) = 03 (A) + 03 (B) + 03 (stratospheric) + 03 (N)

Og(A)and Oa(B)and 03(N)and
Precursors ) — Precursors (g 5 Precursors ()
Chem and phy Chem and phy
( E processes processes (E
Nol[A] NOX[B] Q NOHN]
“‘"" -5 "“'" -5 &
N = N =
Region A Region B Region ... Region N

CGECO@A 1 1 OOOOAOKIACCEA CORDMAET ENOA8 %AAE AOAAE
I £ G /AAATT AA xEOE OEA EAAT OEOU 1T &£ OEAEO 0iC
OADOAOGAT O AEAT EAAT AT A ,EEOCODEBGET | @1 ARDOBPES |
AT gAO ET AEAAOA OEA OAT DBADDOGIAGAAAT ORAORAD
AO A ODPAAEAEA OAAABQBEEy AONOE GAARAC & AOT I OGRA C
AEEZEAOAT O O1 OOAA OACEI T O8

$EAEAOAT O OACCETC OMopAh ARELRON AWIEICIO O

$A0xAT O AO Al 8h nmB8oadHEA" OBAAKD ENAOAAIODR At EA

OAOOQEIT 1 T £ 11 OEA [ AOET A DOl T OAA EI 9
AAOGAT T PAA ET " OGIAAOARE ABINORA] At OAG8 EX OI
#EAI 11T AAl xEOE OEA Aiil AAT OAOGEI T 1 &£ OEA
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300AEAO j)!133q ET 01 OOAAI ' Aoi Atus 4EA 1 AOE
OCORAAPOTI O APDPOT AAE j % 1110 AOOTAESMAOMNE ommQh
OAT OEEZEAAOQOET 1T OACAOAET C OEA AT 1 OOEAOQOOETT 1 A
OAAOT O6h AOA8Qq OI,EDEA OEOAI OFRAIADBD DI EAOET AOh
IT OEA 1T OEAO EAT Ah GCEOAO EIT A ,0i AG@EIAT CBOCADAET
Al EOOETTO j(4'0h m&Eo& Qs
47 OOAAE OE jx ©O0 O Ay Kige OET O AOET T Oh OEA AE
OUOOAI ET OEA 1T AA1T TAAAO O1 AA AgbPAl AAA xEOE
OEA AT EOOEIT OACEITO 1T &£ EITI OAOAOCAS8 OWEDEARAI OAnh
i TAAT AT AA O1 EIDPIATAT O OEMR 1OMCCREAQI ADMIOI A
I AAEATABROIAA 11 OEA cAENBEAIT XI DXOXD oHPAAOAA OOET C
OEA ++0 DPOI OTAi18 4EA 1 Ax AEATI EAAIl [ AAEAT EOI
OAAAOGEI T O ET OEAI EGQI: '2140d AR AOPI EAAOGAA OAO 1
ET Al OAAGEI ©OOAT ONCCAA OPDRAAEAEGDHOG ADER OACCAA
OAPOAOGAT OET ¢ OEA 5+ OFI O0OAA OACEIT AT A OEAEO
E 1T A@AI BPI A 1T £ DPEIOOTHQ OEIOO COAMAMA O E
CEOAT ET 4AAT A m8o8

—>
oc

4 AAS8%gAl 1 A 1T £ OACCAA OPAAEAO &£ O OEA 5+ 01 OOA/
%l i 1T1T0 AO Al 8 jm&o&Qs

__Atomic Composition | _Tag name | Comments

I NOo_UK nitric oxide

_ NO,_ UK nitrogen dioxide

_ NO,_UK nitrate radical

M HiNo,_UK nitric acid

_ HNO,_UK pernitric acid

_ NO,NO,_UK dinitrogen pentoxide

_ NO,NO,_UK dinitrogen pentoxide

CH,CHCCH,00CH,ONO, [E{eld\\[eBUI¢ peroxy radical from NO3+ISOP
CH,CO,NO PAN_UK peroxy acetyl nitrate
CH,CCH.CO,NO MPAN_UK methacryloyl peroxynitrate
CH,CCH,CHONO,CH,OH [el\ii;8v] ¢ organic nitrate

m O_UK ground state atomic oxygen
E_ OD_UK excited state atomic oxygen
I o, x_uk ozone

4EA OEUA 1T &£ OEA 11T AEAZEAA AEAI EAAT 1T AAEATE

1 O0i AAO T £ AAARAA OAC EAAT OrROEEBDBE4ERARGARBGAAI ¢

AT A AJOAOCAIOOT EO ObAALIRDIQU AAGA OBACCAA OADPAOAOAI
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AOAEOOAOQU 1 Oi AROOEIARCIOA CIOT £ZAT O0OT h AT A A«
OACCABAAT OEOCEAD IAWIOEAEATI EAAT AUAI A8 4E.
AOT T OEA AAOA AEAI EAAT 1 ABMEAEIBGY Hh Afl T.7T/C
A (hl (hl )YBIFO .Y AR /) 42R OMEAN ANA T xE

OPAAEAO A£OI I OEA AAOA AEAIT FBAAIE HUKRAGEM T /EROI
I Rl (N @il ) 3L/ ) 4R /.)42R 0! . R A

1O ET " O0O0I A0 AO Ai8 miogh OEA OARAOEI
AT A Al1l DDAl DAABAMTAR j@AOAOANDOAT O ., BPOT AD/

OACAOAAA A0 A DPOT AAOO JOEGOA RGEAAIA O At 4l & .
60 0600606 00j 28 m8u(Q

4AATBB%OBAI DI A T £ OEA DE O IOBEGE G +0 AN AXEAA OOAC

AOAAOGAA Oi Aiiix AEOAAO Aii PAOEOIT xEOE 4AAI

0,_X_UK +hv = 01D_X_UK
0,+hv>0+0 0,_X_UK +hv = O_X_UK

NO, +hv 2> NO+0 NO,_UK + hv=NO_UK

N,O, + hv = NO, + NO NO,NO,_UK +hv = NO,_UK

NO,NO,_UK +hv = NO,_UK

HNO, + hv = NO, + OH HNO,_UK + hv =NO,_UK

NO, + hv = 0.89*NO, + 0.11*NO + 0.89*0 NO, UK + hv=0.89 NO,_UK + 0.11 NO_UK
HO,NO, + hv = 0.33*0OH + 0.33*NO, + 0.66*NO, + 0.66*HO HNO,_UK + hv =0.66 NO,_UK + 0.33 NO,_UK
PAN_UK + hv = 0.6 NO,_UK + 0.4 NO,_UK
MPAN + hv = MCO, + NO MPAN_UK +hv = NO,_UK

ONITR + hv = HO, + CO + NO, + CH,O ONITR_UK + hv = NO,_UK

31T A AAAEOGEI- i ZEAER OBAAMAOGECT 1| £ OE/
i AGET A AAT 1 AAA Oi OI PEUOEAAI OAGDI ®EA;j "
OACCEI ¢ 1T AAEAT EOI OEA OAAMDEDRAEIAAG @x OKIA
OOAOANOAT O OADPEAEWAILADEI ODOEUIOEIOLE] OAA OAAA
AT A nm8o&q AADAD AAGATOOAGERNCOEEZEAD AOT T TA

AOA O 1T OAOxORPERCOE@EEAACICAAOY AO AO Al 8h

66 60060 6 j28 nm8eqQ
66 "®Oo G0 6 j28 m8x(
6 600 j28 m80fQ
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4 AATBR%D Al DI-BAELALH OAAAOEIT O 1T £ £ O OEA 5+ OI OOAA 0Of

0+02+M->03+M 0 X UK+02+ M= 03 X UK

0 X_UK+03=03
0+03-> —
0+03 X UK=0
01D+ N2 >0 + N2 01D X UK+N2=0 X UK +N2

01D _X_UK +02 =0_X_UK+ 02
01D_X_UK +H20 = H20

H2 + 01D - HO2 + OH O1D_X_UK + H2=H2

0 +0OH - HO2 + 02 O_X_UK + OH=0H

O_X_UK+ HO2 = HO2

OH +03 X UK=OH

HO2 + 03 - OH + 2*02 HO2 + 03_X_UK = HO2

N20 + 01D > N2 + 02 N20 + 01D_X_UK = N20
03_X_UK+NO=NO2_X_UK
NO_UK + HO2 = NO2_UK + NO2_X_UK + HO2
03+ NO_UK =N02_UK+03

0+ NO2 UK=NO UK+0
NO2 +0 > NO+02 0+ NO2_X_UK=0
0 X UK+ NO2=NO2

03 +NO2_UK =NO3_UK + 03
NO2 + 03 > NO3 + 02 03 +NO2_X_UK=NO3_X_UK
03_X_UK + NO2 = NO2

NO3_UK+HO2 =HO2 + NO2 UK
NO3 + HO2 -> OH + NO2 = =
_ NO3_X_UK +HO2=HO2 + NOZ_X_UK
NO3_UK+NO2 =NO2NO3_UK+NO2
NO2 + NO3 + M -> N205+ M = =
NO3 X UK+NO2 =NO2NO3 X UK+NO2
NO3 + NO2_UK =NO3NO2_UK+NO3
NO2 + NO3 + M > N205+ M - ~
NO3 +NO2 X UK =NO3NO2 X UK+NO3
NO3NO2_UK =NO2_UK
N205+M > NO2 + NO3 + M = =
_ NO3NO2 X UK=NO2 X UK
NO2NO3_UK=NO3_UK
N205+ M -> NO2 + NO3 + M - —
NO2NO3 X UK=NO3 X UK
OH + NO2 UK =HNO3 UK+ OH
NO2 + OH + M -> HNO3 + M B —
OH +NO2_X_UK =HNO3_X UK + OH
OH + HNO3 UK=NO3 UK+ OH
HNO3 + OH -> NO3 + H20 = =
OH + HNO3 X UK=NO3 X UK +OH
NO3_UK+NO=NO2 UK+ NO3
NO3 + NO > 2*NO2 NO3_X_UK + NO=2.0NO2_X_UK + NO
NO3 +NO_UK=NO2 UK+ NO3

HO2 + NO2_UK = HNO4_UK + HO2
HO2 + NO2_X_UK =HNO4_X_UK+ HO2

OH + HNO4_UK=NO2_ UK+ OH
HO2NO2 + OH-> H20 + NO2 + 02 — —

OH +HNO4 X UK=NO2 X UK +OH
HNO4_UK = NO2_UK
HNO4_X_UK = NO2_X_UK
HO2NO2 + M - HO2 + NO2 + M HNO4 UK +M=NO2 UK +M
CH4 + 01D -> 0.75*CH302 + 0.75*OH + 0.25*CH20 + 0.4*H02 +

0.05*H2
CH302 + NO - CH20 + NO2 + HO2 CH302 + NO_UK = CH302 + NO2_UK+ NO2_X_ UK

CH20 + NO3_UK = CH20 + HNO3 UK
CH20 + NO3 -> CO + HO2 + HNO - =

CH20 + NO3_X_UK = CH20 + HNO3_X_UK
C2H4 + 03 > CH20 + 0.12*HO2 + 0.5*CO + 0.12*OH + 0.25*CH3COOH [er)ILENeE I QI o1V}
EO2 + NO - EO + NO2 EO2 + NO_UK = EO2 + NO2_UK+NO2 X UK

C2H502 + NO -> CH3CHO + HO2 + NO2 C2H302 + NO_UK = C2H302+ NO2_UK +
NO2_X_UK
CH3CHO + NO3_UK = CH3CHO + HNO3_UK
CH3CHO + NO3 > CH3CO3 + HNO3 - -
CH3CHO + NO3_X_UK = CH3CHO + HNO3_X_UK
CHICO3 + NO = CH302 + NO2 CH3C03 + NO_UK = CH3C03 + NO2_UK +
NO2_X_UK

CH3CO3 + NO2_UK + M =PAN_UK + CH3CO3+ M
CH3CO3 +NO2+M - PAN+M CH3CO3 + NO2_X_UK+ M = CH3CO3 + PAN_X_UK
+M

PAN_UK + OH = NO3_UK +OH
PAN + OH - CH20 + NO3
PAN_X_UK + OH = OH+NO3_X_UK
PAN +M = CH3CO3+ NO2+M PAN_UK + M=NO2_UK+ M
+ + +
PAN X UK =NO2 X UK

2+HO2+M -> HO2 +M

HO2NO2 + OH-> H20 + NO2 + 02

CH4 + 01D_X_UK
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4AAT AATrisGET OAAS

C3H6 + 03_X_UK =C3Hé

C3H6 + NO3_UK = ONIT_UK + C3H6
C3H6+ NO3 > ONIT = =

C3H6 + NO3_X_UK = C3H6 + ONIT_X_UK
PO2 + NO_UK = PO2 + NO2_UK + NO2_X_UK

C3H702 + NO - 0.82*CH3COCH3 + NO2 + 0.27*CH3CHO + H C3H702+NO_UK = C3H702+ NO2_UK+NO2_X UK

RO2 + NO -» CH3CO3 + CH20 + NO2 RO2 + NO_UK =RO2 + NO2_UK+ NO2_X UK

ONIT + OH - NO2 + CH3COCHO ONIT_UK + OH = NO2_UK+ OH

CH3COCHO +NO3_UK =HNO3_UK + CH3COCHO
CH3COCHO + NO3 -» HNO3 + CO + CH3CO3 - —

CH3COCHO + NO3_X UK =CH3COCHO + HNO3_X UK
ENEO2 + NO - CH3CHO + 0.5*CH20 + 0.5*CH3COCH3 + HO2 + ENEO2 + NO_UK =ENEO2 + NO2_UK+ NO2_X_UK

MEKO2 + NO - CH3CO3 + CH3CHO + NO2 MEKO2 + NO_UK = MEKO2 + NO2_UK+ NO2_X_UK

MPAN_UK + OH =.5 NO3_UK+ OH
MPAN + OH + M = .5*HYAC+ 0.5*NO3 + 0.5*CH20 + 0.5*HO2 + M = =
MPAN_X UK + OH=0H +.5NO3_X_UK

ALKO2 + NO -> 0.4*CH3CHO + 0.1*CH20 + 0.25 COCH3 + 0.9*HO2 +0 .75*MEK + ALKO2 + NO_UK =ALKO2 + 9NO2_UK+.9NO2 X UK+.1
0.9*NO2 + 0.1*ONIT ONIT_UK +.1 ONIT_X_UK

0.3*CO +0.1*03 + 0.2*MCO3 + 0.2*CH3COOH - = : - =
.37*HYDRALD ONITR_X_UK +.92 NO2_UK +.92 NO2_X_UK

ISOPO2+ NO3_UK=ISOPO2 + NO2_UK
ISOPO2 + NO3 - HO2 + NO2 + 0.6*CH20 + 0.25*MACR + 0.35*MVK+ 0.4*HYDRALD
ISOPO2+ NO3_X UK =ISOP02 + NO2_ X UK

ISOP + NO3_UK = ISOP + ISOPNO3_UK
ISOP + NO3 > ISOPNO3 — —

ISOP + NO3_X_UK = ISOPNO3_X_UK + ISOP
ISOPNO3_UK+ NO =.206 NO2_UK + NO +.794 ONITR_UK

ISOPNO3_X_UK+NO=.206 NO2 X UK +.794
ONITR_X_UK +NO

ISOPNO3 + NO - 1.206*NO2 + 0.072*CH20 + 0.167*MACR+0.039*MVK + 0.794*ONITR
+0.794*H02

ISOPNO3 + NO > 1.206*N02+ 0.072*CH20 + 0.167*MACR+0.039*MVK + 0.794*ONITR

I ISOPNO3 + NO_UK = NO2_UK+NO2_X_UK + ISOPNO3
ISOPNO3_UK+NO3=.206 NO2_UK +.794 ONITR_UK +
NO3

ISOPNO3 + NO3 > 1.000*XNO2+ ISOPNO3+0.039*MVK + 0.794*ONITR + 0.039*MVK [el et I €L [CERvIi 1\ o 0 Gl LT}

+ 0.794*ONITR + 0.794*HO2 ONITR_X_UK + NO3

ISOPNO3 + NO3_X_UK = 1.0 NO2_X_UK + ISOPNO3
ISOPNO3 + NO3_UK = NO2_UK + ISOPNO3
ISOPNO3_UK+HO2 = .206 NO2_UK +.794 ONITR_UK +
ISOPNO3 + HO2 - 0.206*NO2 + 0.008*CH20 + 0.167*MACR + 0.039*MVK + HO2

0.794*ONITR+ 0.794*HO2 ISOPNO3_X_UK+HO2 = .206 NO2_X_UK +.794
ONITR_X_UK + HO2

MVK + 03-> 0.8*CH20 + 0.95*CH3COCHO + 0.08*OH+ 0.2*03 + 0.06*HO2 + 0.05*CO +
0.04*CH3CHO

MACR + 03 -5 0.8*CH3COCHO + 0.275*H02 + 0.2*CO+0.2*03 + 0.7*CH20 + 0.215*0H |[NO:ENeE B MV 1 (0 E v NoE I WU ¢

MACRO2 + NO > NO2 + 0.47*HO2 + 0.25*CH20 + 0.25*CH3COCHO+ 0.53*CH3CO3 +
MACRO2 + NO3_X_UK = MACRO2 + NO2_X_UK
0.53*GLYALD + 0.22*HYAC+0.22*CO - -

MACRO2 + NO -> 0.8*ONITR MACRO2 + NO_UK = MACRO2 + NO2_UK + NO2_X_UK
MACRO2 + NO_UK = MACRO2 + .8 ONITR_UK + .8
ONITR_X_UK

MACRO2 + NO3 -> NO2 + 0.53*GLYALD + 0.22*HYAC+ 0.53*CH3C03 MACRO2 + NO3_UK = MACRO2 + NO2_UK

MCO3 + NO -> NO2 + CH20 + CH3C03 MCO3 + NO_UK = MCO3 + NO2_UK + NO2_X_UK

MCO3 + NO3_UK = MCO3 + NO2_UK
MCO3 + NO3 -> NO2 + CH20 + CH3C03 — —
MCO3 + NO3_X_UK = MCO3 + NO2_X_UK
MCO3 + NO2_UK + M = MCO3 + MPAN_UK + M
MCO3 + NO2 + M -> MPAN + M - -
MCO3 + NO2_X_UK {+M} = MCO3 + MPAN_X_UK {+M}
MPAN + M =NO2_UK + M
MPAN + M-> MCO3 + NO2 + M -
MPAN_X_UK + M}==NO2_X_UK + M

ONITR_UK + OH = OH + .4 NO2_UK

ONITR + OH-> HYDRALD + 0.4*NO2+ HO2 ONIT_X_UK + OH = NO2_X_UK + OH
ONITR_X_UK + OH= 4 NO2_X_UK + OH
ONITR + NO3_UK = 5 NO2_UK + ONITR
ONITR + NO3_X_UK =.5 NO2_X_UK + ONITR
ONITR_UK + NO3 = .5 NO2_UK + NO3
ONITR_X_UK + NO3 =5 NO2_X_UK + NO3

X02 + NO=> NO2 + 1.5*HO2 + CO + 0.25*CH3COCHO + 0.25*HYAC+ 0.25*GLYALD XO02 + NO_UK=NO2_UK+NO2_X_ UK +X02

X02 + NO3_UK = NO2_UK + X02
XO2 + NO3-> NO2 + 1.5%HO2 + CO + 0.25*CH3COCHO + 0.25*HYAC + 0.25*GLYALD — —
X02 + NO3_X_UK = X02 + NO2_X_UK
XOH + NO2_X_UK = .7 NO2_X_UK + XOH
XOH + NO2 -> 0.7*NO2+ 0.7*BIGALD + 0.7*HO2 — S
XOH + NO2_UK = .7 NO2_UK + XOH

TOLO2 + NO-» 0.45*GLYOXAL + 0.45*CH3COCHO + 0.9*BIGALD + 0.9*NO2 + 0.9*H TOLO2 + NO_UK = TOLO2 + .9 NO2_UK + .9 NO2_X_UK
C10H16+ 03> 0.7*OH + MVK + MACR + H C10H16+ 03_X_UK = C10H16
C10H16+ NO3_UK = C10H16 + NO2_UK
C10H16+ NO3 - TERPO2 + NO2 — —
C10H16+NO3_X_UK = C10H16+ NO2_X UK
T 3COCH TERPOZ + NO_UK = TERPO2 + NO2_UK + NO2_X_UK

DMS + NO3_UK = DMS + HNO3_UK
DMS + NO3_X_UK = DMS+ HNO3_X_UK

MVK+ 03 X UK=MVK+.203 X UK

MACRO2 + NO -> 0.8*ONITR

ONITR + NO3 - HYDRALD + NO2 + HO2

DMS + NO3-> 502 + HNO3
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Several edits were made to include the new chemical species and the new

mechanism into WRF-Chem. The following routines were edited:

T

= =2 =2 A

i T AO1I Aobi ORRDEAABAOAAAOAIJE OOADOT BRCO AOIT |
. IgAET T AGO AOOTEIC Ai EOOEITT ON

i T ADO1I AOAT EOOCEIT 1 O0OA] BBRAKADPTI QATCEBAOEID ./ @
AT OEOT BT CATEA AiI EOOEIT ON

i T AOI ACAET Al RDIRA QI AOAAOAOCI LT AAARESQACO
Al O ./ @ A£EOTI AEITCATEA AIEOOEITON

i TAOI Aol ECEOT ET ol A BOADLE OAQDHL Al OO AIODRRE O1 E
.MAIEOOEIIOH

O

OPAAEAO O AAAT 616 A O AOU AT A xAO AADPI OE(
OPAAEAO UEAI A OEA OAI A AOU AADPI OEQEI T OAIlI
OEAEO Al OOAOACCALKT BT O1 OAOPAOON

i TAOI AOEOCOQOAQBRAANOB &01 AT T OEAAO OEA DPEIT Ol 1
OEA T Ax PAAEACA -/:124.41"'0D

AT EOOCET 1 OPAOEOAO8 &

AEATI OAOEOAO8&N

AEAT EAOQET EO8 &

i TAOI AOET POOOAEAT OAAOA8&N

4 EA 2A¢EO©O%AATOTO A O OEA 1 Ax DPAAEACA AC

””” I POET T N

SAOEDPOO EATAIEI C ET EOEATI UAAGEW®RD ORAADOT @1 1 A
£l O OEA EIBPAAO T &£ ETEOEAIT AT A AT O1 AAOU |
AT TAAT OOAOQEIT T 8

Model setup

OEEO OAAOEI T h OEA AAEAOI O OAOODP OOGAA ET O
@1 AOA 001 AA KREOAAEDOBHFAI® @MEAMT ET OEA 11 AAI
A T0 ET AgOAOT A1l OOEI EOEAOS EA &I AOO 1T £ ¢
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AT 1 OET AT OA1 %OOI PA8 4EA 11T AATT AA AOAA EO
OEA A1 OBRAR ®ABQEDTI 8 4EA EI OEUIT T OA

I AOGA1I 6 OOAOOET ¢ &£0iI I OEA OOOZEAAA O O

COEA Dl ET O ABDIO AHMAT ODOOEEOAAOETI 1 Oh OAOPA
OO0AD 1T £ oc& ORAATIAOBT 'j ¥ ABDIO ET OEUIT O
Al OAO OEA 5+ AT A PAOOO 1T &# 7A00AO0
AT T AET EAO otx AT A oxBAGQOEAIZBRI @d®OK
OAOPAAOGCEOAIT U8 4EA OEI A8 OA® RBEOORT C x
OOET ¢c1 DEADOEI EOUR ET xEEAE OEA DA
ATTAEOGEITO 11T AOAOU OEI A 0O0OAD [ A
01 OEA PAOAT O &EOIT OEA 1TAO o)
AdbAT OAOG8 4EA PAOAT O Ai i AET AAOOEAO OEA
1'1- %)) -ABTT@ADEOCI T DPOT EAAO j EOODPGTTANI AEES
i AGAT OT 1T cu AT A AEAI EOOOU EAOA AAAT OAI
TAOOGAA AT 1T AET MAAAETAEDEAAA BB Al 8h mfiocg(Q

45°N

40°N

&ECOG®A OAA 11T AAT 1T AA ET OEEO OOOAUR ETAI OAET C
OAEAOO OI OEA PAOAT O Aii AET xEEAE EAO A mu |

T AOOAA AT 1 AET xEEABGAEAOA®BI KOGBET ET OEUT I
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-1 AAT OEI O1 AOCET 10 xAOA AiT AOAOCAA A& O OEA DAOI
poh m&oo8 4EA AEEOOO xAAE 1T &£ 1 00POO xAO OOAA
AEOAAOAAA8 )OO AEKOADAOCEYUOAAUOEA&E OEI OI AGEIT O
/| oE£O0T 1 OEA ETEOEAI AT T AEOEIT O xAO OAAOAAA OI I

AT A AAOxAAT ¢80 AT A o DDPAO EIT -ATAKET AT OAI

0.0015 0.002

displayed range: 1e-16 to 0.00230988 ppmv (1e-16 to 0.00230988 shown)

CSECORN T EOLAAIT AIAT OOAOCETT O T &£ AO OEA EEOOO 11T AAT 1 ¢
AAUO HOBB8ODEI

AEA TAQGATOTTTCU xAOOADOAA OAGAAU AGBODLA AAUO
i AGETATT1Tcu AAT pOAA-AET PAPEOI 1 - D) EEAOCADP2AT AC
OAA &EC8 mn8o8 | ARRO AMEBORDOOEEMAAIOBERD 1 OACET C
I £ xET A0 AMITGA OGH o ADAOOAA ADIAI EAOG AUIASOGhnE o1 q
I AAAOG O A OADPOAOGAADAQHEDEIN GE GA@BDI® AO 7AUAI
| ACAOOAOE@U ADEDABOOAT O xBEEOT AQHDOADET @TIO8
DOAEKEEROOEAT 11T xAO AT O17AAAIW OOA AAQ TIORMOOADEA . 1T O&
Al A0GOgq OEAT OEAO -0 OQEETAGQ IOOEEICAITOEARO ORI OEA A
&EC8 m8rt38

NN AQ 2
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Meteo IC

\

Meteo IC Spin-up
x Meteo | Simulation 3
Meteo IC -
Spin-up
\, Meteo | Simulation 2
Spin-up|
Meteo | Simulation 1

—
] ] -

GECO®B AEAI AOEA
OAEAOPRBOBEAI

T

60°N

e P
— TS
o q-"t’ ﬁv
55°N "E)' ~a‘l_€‘.\ ,'

10°0W 5°W 10°E 15°E

C&ECO@AS EAAAOAT ADI AR AKRAGIUAAOU
T OACEAECA GEAl GAAOCOR OIBAOAET AA  AEOIT I

x EOET 00

*O1T A nmxy QRAA* QIOOT po®i ET OO0 DEA

4EA AEEAAOD
OAOEAO
#1 1 OEOOAT O

i £ OEA 0011 ETC
AT 1T AEQEIIBT O A& O

T
ﬁ')

20°E

i £ OEA AEZ£ZEAOAT O
I £, KNl BAIBBETIIC OAOEI O
xEOE QXM A0 ,OTEAMBACEEDRhRCEAO AO 1

OO0l xEEI AEOT ORODO AOGA Oi
OEi OI AOET 1

i ¢r EIDPOIT OAI AT O ET OEA
Ol xEEAE OEA i1 AAI

Day
I DPOEF ROADPDDHA,
i AGAT OT 11T cuU
400
320

240

4160
E
480 L
-
m
o
0
—-80
-160
—-240

I 4WAQ x BAEGRD A

OEA

1 TAAQETT 1T /& 711
O AT O1 AAOU

ET &EC8 m8v

~

AOU AADPI OEOEIT T ¢

OET xO AADADAE OOQ G il OER <EGH A/

) 1 @Al O &=ERB AQQD AGH AR

POA AEAOE | O OA AOAE TAD® IO
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AAOOAO AOQCOE} KT TOEMRI GORAQOE 1"/ @ EA BRRAOIADA BEBAMO OAOU Ol
Al OOAT AGET 1O AT AEEZEAEAT OOh EI xAOAOh OEA 1 AAIl
PPAO 11 xAOs8
(a) 18 Hourly NO, at WAO (b) 120 Houry O; at WAO
. : :t:;r\‘l;!:on -—_— ::%'El:om
& 100
12 80
'B 0
EI I I [ g 60
g i i 5
1 y
%0-dun AT lial-Jm T B S AT TR T

&ECO®F T | PAOEOTT 1T &£ ETOOI U 1T AOAQGAA ABRBAAQO AT A 117 A

7'/ h AEOTI ORA AT ORERETEQEAI EUAA [T AGAT OT1 1T ¢U AOAOU <
001 6 j CcOAAT AT A Al 6Ah OAODPAAOEOAI UQs

Bug fixes:! 1 ET A ET OEA AEAIEAAT 1TAOI A xAO AEATC

AT O1 OET gAlTEm®AET T 0 ET OEA Z£EI A HIiTAOI A- AT EOOEI
OEA2) 1 AAE 1T AAEATEOI A 111 xETC A DPAOOITAI 110¢
, 1 xAs8
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Chapter 3

MODEL EVALUATION

3.1 Rationale

2ACEI T Al AEAI EAAI OOAT OPI OO i1 AAI O AOA xEAAI U
AOOAOO OEA AEAAAOEOAT AOO I &£/ AI EOOEIT O Ai10O0II
AT EOOETTO AiTT001I1T DilEAEAO AT A Aiibl AT AT O AC

xEAT 1T AAOOOAIT AT OO AOA 1 EI gOMsAcs8l O AREE AAO AAICER C1

&OAT AEO AO AIBAEmMEILONAO! DAERONEocqs8 (1T xAOAOh 1/

ET OAT AAA O 1T £#FAO0 A OAAOITAAT A OADPOAOAT OAOQEI I
DAOAT AOGAOOh O1T ARAOOAET OEAO ET O0HEAA OBDALA BDARD TAD A
ET EAOEOAA A&OI i AOOT OO0 1O AEAOGAO ET OEA EIDPOO

ATTAEOQOEIT O AT A AT EOOEIT O EI OAT O1 OEAOR OEAO AA
i TAAL EATC AO Al 8h mn&oph mEopANnNsr@OAd A0 AO
AOPDAAOOh OOAE PEOOCGEAI ADABDARADAOEUAOGET T Oh AEAI
AT A OOTTEITC TDHPOEITOh AOA Al O1 gIAi8Ci8 hOT' ARDAZAIAOA
AO Al s8h m&opn -ANESARGx AVOARGhAINE pAEocgn +171 OA

s oA £ o~ AN

Al 8h 8" nm@®@ItiICAO Ad AKil8 DAOOEADI AOh OADI OOAA 1 AOC

DOAAEAOEIT 1T £ ORORGIADI ijcksAg\d oAl AO AO OEA T AA
OAOOEAAT DOT £E1 Ah OOOAZAAA ETATITETGC OET OOxAOA
AT A DPOAAEPEOGAOGEI T q AAOxAAT 11 AAT Al OGAT A1 AO A

ET DOOO AT A DEUOEAAI ATEIASE CHOIOA OEIAIGA8 | RIOAT 100 E ¢
OAOEAAI A0 AOA ETTx1 O AOOOEAO AEEAAO OEA Al
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ET AT T OEOOAT O xjEAECE M OAIODRADEAT HAOBGAOEQEOU
#EAI OUOOAI DOI OEAAO OEA AAOAT OAcCA 01 ¢
AAAT OAET ¢ OI OEA pPOTATAI 11T EATA8 (1 xAOAC
OAEAT AO PAOAEI OCBOAMAOORD EHAAOOEA T8 00ETI O A
OUOOAT xEOE A £ AOGO 11 OEA T AOGATOITTcCU A
AOOAT GEAI 8
AEA OOOAU T &£ -AO0 A0 Al 8 jm&otrq |1 A£AEAC
i TAATT AA ,OODEAKBOT PA T 1 -DERAL AA EAIERAA AE AlAE ¢ A
xEOE - /¢ !'IRAAAET ¢ O 11 xAO AAOI 1 OOA AEAOAC
COl ANAMOAA AEAT EAAT 1T AGREOA OB d@s 1Al GOEMAE b
EAT Ah AAOAOEAA 11 AAl OAOODP 1 POEITO OOBEO
AOAT OAGEITT 1T &£ OEA 1 AOOI 1T CEAAT OAOEAAI AO
AEEO AEAPOAO AOQEI AQAOl 1E OO EAA BRICBB® 10DOOA
OOET ¢ OEA #2)1 ABRBEATI BAAV : i RAEAT EOI O xEOE
A %001 PAAT AIGOMEAASA ANAA AT QJOAQEUR O# /1 AT A
i DPOEI AOU AT A OAAT IEOADU OGHA A H AT OBGLORAAT # E £
ET OEA 1 011 OPEAGMAIT PABIOT hd O EE RIOR 1 etOOAM O
AOAI OGAOGA OEA 11 AAl PAOAEI Oi AT AA8 4EA Oi OE
OEA 1100 OOEOGAAIT A 11T AAT OAOGOD &I O O0OO0AC
I AEAAOGEOAO AOAq
o8 OOAERA AAEIEOU 1T &£ OEA 11 AAI 01 OADPOI
AOI TEOBEBAT EAAT AT T AEOCEIT O 1T AOGAOOGAA AOOE
ng OOAOO OEA AAEIEOU 1T £ OEA, AIGAAKNIO @ix E A
AT 1T AAT OOAOQCET 1 0 AgARMIAA GAA BiPAMAGIMA GAAOK AE
OACAOAOGETT 1 AOOEAO OOAE AO !/ 4cE8
p8 AAT OEAU xEBEAMEJAOMAIEIT AAOOAO OADPOI AOA!
¢85 1 AAOOOAT A xEAOGEAO DPIiT O 11T AAl DPAOA Of A
I1TAAQEIT T O8
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3.2 Methods

3.2.1 Model Setup

AEA TTAAT ATTAET xAO 11 AAGAA 1T O6AO0 %OOI PA AO
ET OEUTT OAl OAOI 1 O00ETT T &£ mv EIi AT A po OAOOEAA
AEOOO p Ei xEOE OEA 11 xAOO 1 ABGAI AO "o&¢ ih Al
p AT A 1" nmfoéBE0AQ8 4EA 1 1AAI ETDOO AAOA OAO |
A

i EOOCET T O AOIiI##0OEA OATI OT OU A O OEA UAAO n¢ttoo
ITTCEOOAA M g¢88tonT | AOEOOAAQ AT A OEA 1 AOAGO
I £ o EIiqh18A8MADEARA T FECOOAOGET T OEAOAA OEA
DAOAI AGAOEUAOGETIT O AT A OOITEIC TPOEITO AAOAO
ET &1 AGET T O xAOA Ai 1 AGAOARR DAES COEMOBR AEDA AAOD
né BLEA EEOOO xAAE 1T £ 1-06BOO xAO OOAAOGAA AO ODE

60°N

45°N

40°N

10°W 0° 10°E 20°E

& E Q @dasSchematic of the WRFChem domain.
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3.2.2 Description of the observational dataset

4EA AAOA O1 OOAAO AT A OAOEAAI AO OAIlI AAOGAA
4AAT A p8o OOi i AOEOAO OEA AAOAOAO OOAA EI
p8n OET xO OEAEO 11 AAOEIT ET OEA | ADb8 4A

3.2.2.1 Meteorological datasets

AEA T AOAT OT 1T CEAAT AAOAOGAOO ET Al OAA T AOA«
il AAT OA OEA COT OT A j4q ATA xET A OPAAA

i 73 AT A 73h OAOPAAOEOAI UQq A&O1I I OEA 1ATA

-RO0 | EXKEDAOAA OAAOA | OAEEOA 3UOOAT j-)8%
I ACGAOOGAOGET T AAOAQ j-AO |/ £AEFEAARh m&omQgs ! .
j4anmq AT A xET A j AEOCAAOCEITT AT A OPAAAQ &EOI I
xAOA Ai PITUAA ET DI AAAOT kBARAARBOEADAOGEIT I
CAT AOAT DPEAOGOOA T &£ OGEA 11 AAT DPAOAN O AT AA
xAOA @EOEAT OEA 72& p8o08o 11T AAT 0061 xEOE
OAOI 1 OOETT AAT OOAA ET OEA 5+ j $AZEOAh mé&oc

49



4 A Alpd8 List of observational data used in the validation of meteorology. The
abbreviated name (Abbr.) is used in the map showing the location of the sites and in the
tables summarising statistics.

I N L N )
Bainbridge North Yorkshire bai MIDAS T

(Westleton [N wes  MIDAS T
Aldeburgh Suffolk ald MIDAS T
Boxworth: Samson Field Cambridgeshire box MIDAS T
Wellingborough Northamptonshire wel MIDAS T
Edgbaston West Midlands edg MIDAS T
Dyfed bra  MIDAS T
m Northumberland  aln MIDAS T
Raby castle Durham rab MIDAS T, WS, WD
_ Cleveland sca MIDAS T
Beverley: Lairgate Humberside bev MIDAS T

Osmotherly Filters North Yorkshire osm  MIDAS T

W Nottinghamshire  wil  MIDAS T, WS, WD

Sibsey Lincolnshire sis MIDAS T, WS, WD

Dagenham: Central Park Nursery K€ GELE @ ]3ls o]y dag MIDAS T, WS, WD

Cirencester: Somerford Road Gloucestershire cir MIDAS T, WS, WD

LS Devon hol  MIDAS T, WS, WD

Taunton Rectory Somerset tau MIDAS T, WS, WD
Charing P Sta Kent cha MIDAS T, WS, WD

Pembrey Sands Dyfed pen MIDAS T
SouthGlamorgan  rho  MIDAS T
Cardiff: Bute Park South Glamorgan car MIDAS T

Badworthy Devon bad MIDAS T2, WS, WD
Mace Head Gal DEFRA- T2, WS, WD
ace Hea alwa mac , WS,
B Modelling
Lough N F h | DEFRA- T2, WS, WD
ou avar ermana nv , WS,
s - Modelling
DEFRA-
Bush Estate Midlothian bsh . T2, WS, WD
Modelling
DEFRA-
Flintshire ahl ) T2, WS, WD
Modelling
Ross & Cromart t DEFRA- T2, WS, WD
0SS roma str , WS,
Y Modelling
Weybourne Norfolk wao ICOZA T2, WS, WD
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3.2.2.2 The ICOZA field campaign

AEA Y1 OACOAGAA #EAIT EOOOU T &£ /UITTA ET OERA
OTTE Pl AAA AO 7AUAT OOT A 1 O0i1 OPEAOEA |/ AOA
OEA .1 O00E .1 O0& T E #1 AOOR 5 +f OA RO COOOBAR
OAA &B(C8 Ok&E08 AEADPOAOR i ADIAQROIADES I ©0 1 jAD GE |
Al EOGOAA AT A OEI OA DOl AOGAAA AZEOAO OEA 1 @
AAOAET ET #OEI1 AU AO A1 8 jn&iooq AOA O
-AOGAT OT 11T CEAAT ARAONOR GO AE xmEl AOAIPRAAAGA AT A
AT I PAOAA xEOE 11T AAT 100pOO8 .1 OA OEAO Al
Ei DPAAO 11T AAT T AA 1 O6O6POO j 30AAT A AO Al 8h me

55°N

50°N

CSECOOR 3DAOCEAET TAEOD OBRALHOOOEOAO OOAA ET OEA A<

" OAAT AEOAT AO OAPOAOGAT 6O AAOA mEOI I OEA 5+ -
i-)%$!3d 5+ EIiOOIU xAAOEAO 1 AOAOOAOGEIT AAOAQ
AOT T 1T TAATT ETsnsi20@B OO0 A£0T1 1
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3.2.2.3 Additional chemical surface datasets

(1T 001U QOBADDDOAI AT 6O xAOA Al O OAEAT AEOI I OE?X
AT A %OA1 OAOGET T O0OOEQOALN A x %98 1%0(BAAITIDOI EAAOO
! DOEI O1 1 0¢cO600 nEgooc AO OEOAO ET OEA 5+h )

3xEOQOUAOI AT Ah $AT i AOEh ! OOOOEA AT A ' AOi AT U8 4E
AAOA EOT I OEA #I12IA0KCAORIOATIOAT ONTAQAOU ! EO 0111 060
AAAECOI O1 AOICGEORA® AA® 1 AT AGADAG BOIOAR TALARDS | 4 E
AET EAA T £ AT AT UOGET C TT1U OOOAT %- %0 OOAOQEIT O

AT T PAOEOIT xEOE OPAOGEAI OAAI AO +XKEHEOERODAAIO8 x E(
j m& ETAA OET x1 OEAO A OAOI 1 O06EIT 1T A£ oo EI E
AEZEZEAOAT ARO AAOxAAT OOAAT AT A OOOAIT AOI T OPEA
OAOIT 1 OOEIT 1T &£ OGEA AT 1T AET AT 1 OEAAOAA EAOA EO /
OEAOAAZEI OA OA1I AABGAA AO EO POI OEAAO OOOEAAA 1 AA
AA  OADPOAOAT OAGEOA 1T £ OACEITAI AAAECOI 0T A b
i AAOOOAIT ATgPpO/ T ET 7/ xAOA A1 01 OAEAT & O OEA OAi
AOAET AAT A8 4AAT A p8n 1 EOOO OEA 1T AOGAOOAOQEIT AI

- z A x o~ s oA

AEAT EOOOU AT A &EC8 p8p OEI xO OEA OPAOEAI AEOO
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4 A A lpd8 List of observational data used in the validation of the chemistry. The
abbreviated name (Abbr.) is used in the map showing the location of the sites and in the
tables summarising statistics. The MASL indicates the altitudeabove sea level of the sites.

L site | Apbr | wmast | County | Paameters

Weybourne wao 16 UK 0., NO, NO,, CO, CH, CHg, CH,, CH,o, CH,, CH,,
_ C:Hs, MEK, CH,OH, CH,COCH,
Bush-state bsh 180 UK 0,, NO, NO,
Lullington Heath lul 120 UK 0,

mac i3 Ireland O,

sib 46 Uk o
WickenFen U4 5 UK 05 NO,NO,
terwick [ 85 UK 0

cha 54 UK 0, NO,NO,
st.o 8 UK 0, NO,NO,
[Harwell [P 137 UK 0, NO,NO,
[Narberth ~~ [IT03 160 UK 0, NO,NO,
ahl 370 UK 0, NO,NO,
Inv 126 Uk o,
YarnerWood |2 119 UK 0, NO,NO,
Strathvaich B 270 Uk o,

esk 243 Uk o,

hig 267 UK 0, NO,NO,
zil 4 Netherlands O,

cab 4 Netherlands O,

eib 20 Netherlands O,
vre 28 Netherlands O,

kol 1 Netherlands O,
wes 12 Germany O, NO, NO,
neg 62 Germany O, NO, NO,
sch 937 Germany O,
MWaI 74 Germany 0, NO, NO,
scha 1205  Germany O, NO, NO,
zin 1 Germany 0O, NO,
m don 775 France O,
m rev 390 France O,

cou 309 France O,

tar 133 France O,
m mor 620 France O,
m mfr 810 France 0O,
m pdm 2877 France O,

pay 489  Switzerland 0,, NO, NO,
Rigi = [ 1031  Switzerland 0O, NO, NO,
ulb 10 Denmark O,
M kel 10 Denmark O,

chau 1137  Switzerland O,

tan 539 Switzerland O,
Jungfraujoch jun 3578 Switzerland O,
Heidenreichstein hei 570 Austria O,
Haunsberg hau 730 Austria O,

mase 1170 Austria O,
m ger 1895 Austria O,
m son 3106 Austria O,

sul 1020 Austria O,

pil 315 Austria O,

imiz [ 117 Austria O,

Vorhegg vor 1020 Austria O,
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60°N

55°N
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45°N

10°wW 5°w 0° 5°E 10°E 15°E

SECOPB PAOEAI AEOOOEAOOEIT 1T &£ OEA OEOAO OOAA EIT OE

3.2.3 Model evaluation methodology

4EA COEA DPIETO Al T OGAOGO OiF OEA 1 AOGEOOGAA AT A 11
Al O Al I PAOEOIT T &£ I T-DEODOARAOAOCBAARAERDOBEQEODEAIT L
ni OAI PAOAOOOA AT A o&i xET A OPAAA AT A AEOAA
AT I PAOAA AOAOCOPMIAE FBRAA OBDOAI Of ATAA T £ OOAGEOO
ET AEOEAOAT OEOAOG8 )1 AAAEOEIT T h Al

O

i TAEOET T Al N
54



OPAAA DOiT AOAAAT 1OGEAE] TAEXEOKROET N PAET ABDE A
DAAEAGM OOl Ax O 21 PEBAONMAMAONJOAA8 &I O
I ACGAOOGAGET 10 AO AAAE OEOA xAOA OPIEO EI
nofuvoOE AT A o0&7x&OE DAOAAT OEI AO AAI AOI AO,

AEA TAQGETATIT CU IE DODLEBADODRAIOCABED T AT OE
AEATI EAAl EEAT A0 A 111 xAA OEA CAT AOAI COE.
DAOAI Oi ATAA DPOI ABGADAARD L& ADBOE OGBAG EI
&OAAOQEIT 1 &£ DPOAAEAOGEI T O xEAOHEIT" EMOEAAOCTON
01T 00 %001 O | -'waqh OEA .1 01 ATABBUAAAATAAJOT"
AOOT O j.-"%wqh 2116 1 AAT ONOAOAA AOQOI O

A N £ 9~ z

4A01 Oq

- K DPOAAEAOAA AT 1T AAT OOAOQEIT 1T

I K T AOAODOAAT OOAOQEIT 1

0K DOAAEAOAA AT A T AOAOOGAA 1 AAI
¢ XOAT AAOA AAOEAOQEIT I

¢ 1 0i AAO T &£ OAI PI AO
)8 -AAT / AGAOQDP OGEADDGABAA | AAT 1T AOAOOA

6 -B§ —2— (E.3.1)

Il. Mean Model (0 ): the time-averaged mean predictedvalue

0 -BO —2— (E.3.2
Y)) &OAAOQETT 1T &£# POAAEAOEIT O xEOEET A £EA
AOAAOGETT 1T &£ PIEIT OO xEOEET B AT A 1 OE
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V. Mean Bias (MB): averaged modelled and observation stduals. The
metric is used to determine whether the model under-predict or over-

predict the observation.

06 -B O 0 (E 3.4)

V. Mean Gross Error (MGE): quantifies the departure between modelled

and observed concentrations.
0 "O0 -B 0 0 (E.3.5)

VI. Normalized Mean Bias (NMB)(dimensionless): normalisation of the

MB with respect to the average observed value

606 2 (E36)

VII.  Normalised mean gross error (NMGE)(dimensionless): normalisation

of the MGE with respect to the average observed value

6 b "00 *— (E.3.7)

VIIl.  Root mean squared error (RMSE): a measure of how close modelled

values are to predicted values

Yoyo B (E 38
) 880A0O0T 1T AT OOKIAA@ET{TAEAIAAREEAT AOOQqg A 1T AAO
AACOAA Oi xEEAE AT OE 11T AATTAA AT A 1T AOA

56



OAl AGAA8 ! Ai OOAI AOET 1T Al AEEEAEAT O
1 ET AAO OAI1 AOGEiI 1 OEED AAOxAAT OEA OAC
ET AEAXON TAC DI OEOEOA 1 ETAAO OAI AOGEIT T

AT A €808 11T AAOAOA Pi OEOEOA 1T ET AAO OA

i —B — ——  (E.39)

4xAARAEOQET 1T Al ATAGEAMO)RAADEHR O AGEI OI AAE
i EqQ 1T AAT Q- A1 ®@AROET T OA EBEERGEEOA | AOOEA A
OO0AA OI AOOCAOQAOPROBODBAARDO QRACBI B AIOAADI 1A
2AEAT EOI AD8h m&&gyxn h3a GATAE GEA AABAOI (e oApCdh A
I OAO OEA OEOAOEI T A OAITOA T &£ ¢c&¢ DBAO j!/ 4
OEA AEEARCOADIMBO® AT A OACAOAOGEBIEA ABEARNOE
i AOOEA xAO AOGKEAGA A AU TAITGET & OAAT OEA&EI T
AT A TAOAOOAGETT O AO AAAE OEOAh AT A AU OA
AT A 1¢ PPAO EO AgGAAAAAAR ET AAAT OAAT AA x
AEO NOAT EOGU OOAT AAOAO j 21 BAIE O3 TAREHED ARA 1
AAAOGI Ol AGAA AgMAAOAATHACAICESITW /IAAT OA ¢& DE
AAUT ECEO ET 000 | AAOXxAAT todee AT A meEdéiiq
OUPEAAT OEOAA 111 O0EOCOI x&BbCc! OALEATID 1 £O 1
f MEE@MET %#qQ8 (AOARh OEA 1 /4¢E& 1 AOOEA xAO
xEAT, i EGET ¢ OAOET O AgGAAAAAA OEA EI O0O0OI U ¢.
AT A m&geEe # %48

3.2.4 Parameterization of gas phase chemistry

~

4x17 AEAEEAOAT O PAOAI AOAOEUAOETT O | £ OEA A
OAOODP EIT Al OAAA OEA #2)i AAE AEAI EAAF OAE

.EAETT 10 AO GEBN- Inkkic QFEIAG A/ UTTA AT A 2A1.
j-/1:124QELAD | AMHATIEHA AO AEADAMOAOEHBT 1.
OxT 17T ARl OAAT AOEI O xAO Ai 1 RODOAA RIERIOP O E .
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YT OACOAOAA #EAI EOOOU 1T £ jNGH/IT-A QEIAZEAEA AAQI PAB
AAOOEAA 10606 AO 7AUAT OOTA 1611 OPBAGEBA / AOGAOO
i AGAT OT 1T CcU xAO 1T-0ODO0OACCRMCAAOANDD GEOAA AAUO £
i AOGETATTT CU OOAA EAI IOEARAOCEAI-T%)DOIEHAMEB 4EEO A,
EOOOE £EEAMT DEOBPBEBEOU AT AT UOGEO AEOADOOOAA ET  #EA
1T OACETI ¢ T &£ xEITAO AT A OAi PAOAOGOOA A T11xETC
OADOAOAT OAOCET L ATl ig I/EIGEDICU OAIOET O OEAO EO ET AT’
I AGAOOAOGEIT 1 08 -1 OAT OAGOEOBHIOODAAGRAIOED Ax AR AGGIA E
O AT OOOA OEAO OEA AEEEAOAT AAO ET OEA DPOAAEAC
i TAAT O j-71:124 AT A #2)1I AAEqQ xAOA AOA DPOAATI E
OOAAOGI AT O 1T £ OEA AEAICAAEAD EROBEAAR AGKRAT AAOT OF

3.3 Model evaluation results

3.3.1 Evaluation of the meteorology

-TAATTAA TAOATOT 1T CEAAT AENOAG AALDDIO AATAIT D0 A AE
OAi PAOAOOOA AO o8mo I AAT OA OEA ¢OI OT A AT A x
AAT OGA OEA ¢cOiT O A &EOI 4! 30EROAEBAEGDAIBAMREMRROA | AOAT
OAOEAAI AOOAOK I PABROT OEA OAPOAOAT OAGEIAOT £ CAO
Al 8 hBE oGOAOA Ap &1t SAOFRBIFHAITAT 11T AAT T AA OAI PAOAOOG
i AEOAAOETT AT A OPAAAQ AOI T COBOT EDADAERKA OAE © OR(
ET DI AAAO xEAOA T AOCAOOMOEAITAS px8RpOAl HAGO AGEARR OC
DAOA&AI Of ATAA T &£ i 1T AAT T AA OAi PAOAOOOA AT A xETA
AAOxAAT - AU AT A 3APOAI AAO mn&oos8
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3.3.1.1 Ambient temperature
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3.3.1.2 Wind speed
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3.3.1.3 Wind direction
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3.3.2 Evaluation of the chemistryMOZART chemical mechanism

3.3.2.1 Nitrogen oxides
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3.3.2.3 Evaluation of high ozone metrics
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