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1. RBL®HIC

IPCC(1995) D1 & Auid, 1850 4 5 1990 4
FTOMBLKBEOEHICL %) BRI &
LT, il Y REOHMOPEFIBRILKEE
Ay BERBMOBEEICRWTEETHLLINT
Wh,

WHRE AV DIFTIZ OV TS, BBE» S DR A
BB TORIEEKE &AM RETORILE
HRELBERATOERLERLICNNT VAL TY
BRTTHEH, ThPhOFEFEOERIIONVT
WRZCABE R EF S, IS, VY BLEERE
Bl &I TRIEYE (NOx 2 RALKFE) AR - &
B EbOTRY—IREL, 20, KAHFTO
BEHPHRBUTTH LD HETOSH DOERE
FIBEBLIC(WI LPHETHEL EBDbNAL, L1
B o THHKEA VX2 AT 512043,

o ERERICEIL TV UREBRORELE
&1t

74—V FTOBRMIZES{ NOx & RIbKFE
L&F VvV ERNBEEOREROEKNAH
DHETE

IV BLUEOBEYE (FEWE) ORRP
TOBREBH

o BiEL 32l —Yalilihad VL Z0i#E
WHOBELES - IEE

HENEBBIERELEbRITIR LRV, LIL, b
METREEEY I 2Vb—Ta ilL WS ILE
nTwa,

R TlE, 4 HPBREMBHOLIK 3 KT
L% -%TF L OME L MBIRREMES, BX
VEFMI Lo TEHE SNV 5% - BEOMF
BIZOWTERT 5. 4B, COEFVOREED
1, HHEBA VL L ZOMBHEDOREEEICA LR
DREHM (BHOICTREZOEA VAT -V ED
D)L EOBROERBY & £04 VY NHIADEK
BWERERTLIETH A,

2. EFEE

KPZCHBEROBRB TS 54, 4 D 3 RKTAR
6% - MEEFVORE (FELED) EUTORY
THb,

ZBT2TRTOMLFPHIIOV TREL OB
REZESNICLVEET S,

Lt = (S~ Dary ~ Dust + E)n
=Bl C; 3WHE i ORAN, S ERILFERER
(B8 -~ ) T, Dyry ZEMILHEE, Dyer HIBML
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AW, E 1354, po BREBEETH 5,

EFNT Uy ML, BHEABROHECIHVS
ECMWF 7—%n7)y FE20FTHV, H
w7 ECMWF 7— %3 14 KJEHE (1000, 850, 700,
500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20
10 hPa), KFHHDBIEE 2.5 © x 2.5°, 00UTC -
120TC 1 H2BOF—% 1y b Thb, B
S MEREBIIOWTI 1 R7y 7 128H, &
LEBRIZOVTH 1 AFv 7 30 HETEFE
Thhb, BB &K 77— ¥ (ECMWF/TOGA
LEVEL 3A data set) OBEHIZBNT, XYZ D 3
REFBED LI 555V aiEERVTEHB
BERRT L, Ny s b7V M) OFEIR30S
RS RERIAY - RIS AE LGRS A T
479 (Taguchi, 1993),

fL## L LTz, Ox(= OCP) , O(D), 03 ),
HOx(= OH, HO; , H,0, ), NOy(= NO, NO, ,
NO3 N N205 ) HN03 B HNO4 ), CHXO}’(: CO,
CH, , CH; , CH30, , CH30 , HCO, HCHO,
CH300H ) # HIKIREFVIZED 2, #EHKRP
TOF YV CHBIHFSTHRE M), I3vE(D
DWTHIEREZEE L T < (B, 1996). ac-
tinic flux 122V TidF VL IZE BRINEZRH T I
LBEHEDOLE L xEHE L, two-stream LT
HEFH. REEOLF VY ERBOTTT 7 4 M,
SAGE, SAGE-II, UARS % L OHET— 9 BLU
CIRA £ 7V (Fleming et al., 1990; Keating et al.,
1990) 2B L TIEH T %,

B ERIIRAERE, h ERE REBOEID
BI%: LCHEBET S (Levy et al., 1985),
Vd Ci
Az 1+ Vg(CpU)-t
L, Vo BEELREEE, Az BRKRREGENE
XU @HEEAE Cp KT v 75 (=0.002) T
HbH, NV ) Fe—FV
_9:86(:)/T(2)

v(z)?/z

DED 025 LD HhSLLB7) v FUTEAKR
BABLALL, ML LTRAOER, 1 514
A7y THICHEOREHYF RIS L BRT 2
(Taguchi, 1996), 772U, g WENIEE, 2 3&E,
06(z) WEHRED» S BE 2 ¥ TORMBNE, T(2),
v(z) HFNEFNEE 2z KBUL2RRLBETH L,

* Vv R E DR ES A IT2 VW Tid Global
Emissions Inventory Activity (GEIA) % &7 —
¥ ~R— 2 (e.g., Benkovitz et al., 1996) 2R+ 5%,

Dyry =

R;

3. M IRTMHEA Y CImEET IV (Ver.0)

3.1 EFNE
Ver.0 EFNE LTH Y VEREFVEEEL, £
FNG Y EfFol, EFNVERE 50nPaTEEL L,

FITOF YV VRAEEEK—HIC 1 ppmv (ZEH
LEUCHEE L, 72, RILFAK - HBHITER
&, EHEFEOHEEA LA, KL, ElitE
R (BKES &) Tk 0.6 cm/s , BIETIZ
0.05 cm/s & L7z, &XK—4IC 1000 ~ 100 hPa
T 30 ppbv , 70 hPa ~ 50 hPa E < 1 ppmv %%
HEL LT, 1980415 1H00Z &9 1990412 A
31 H12Z £ C2 FMOBMERI £1To7 33 HT
EZREOMHRE LD, 24EH (199041 A 1 H 002
~ 12 1 31 B 12Z) OFE#HRETH 5,

3.2 MESCHE

HEOL A, EFVHEIEBE - FiREEOY
HXRBRBORBOMBECHEICERL T2, K
BELOHRENBEII A R INRT, FFEE
BICKEWEORELPEE SR T 5 (Fig. 1 LE,
Fig.3, Fig.4, Fig.5%8).

Zhix, ECMWF O$ERT— Y DNA TR E
REMENZ )y FOMESHEL Y, SRAEZ K
PrEmEFBRHICRASATwL D EALND,
M2V TIRRBEN 7 — 7 EROBIZGCM @
AVTFNORETY v FrLREEFDT Y v N
NEEYOENEEERINIBICELAD TR
Vi BbN D, B, I 0RED D IC ECMWE
TS OREBIERA W/ S L oTwA
(Trenberth, 1991), & 2 DFFHE L EE AV TTF—
FDNATARBRET S EDWEEDNE D DEER
HLAv, 72, BELLO2>VWTREI - 575
TaFIlHW A REHONE ke LkTAIET
B LBER AR TELTEESHLDT (eg.,
Williamson and Rasch, 1989), 25 6 IZBL Tid4
BABETIRALF L LN DY Z) TH5S,

3.3 EEIhLAJTUHT - BEIOH

FV VRS OEHEIERE,ORE L PR
b0, BREEHLZMSA/Y — Y IZon TR,
BRHF- S I LCREE52I5006R6N0%
DTERLTE,

Fig. 1 \SR L7z D3R 1990 £ 1 A1 H00Z I8
7% 500hPa EEETHF VY REK (EFNVEHE
HR) ERT VY v ViBE (ECMWE), BGHERE IR
(GMS/TBB) i OLETH %, +V VREWSH
1, PREBRTIIRT Y P v VB L, K - PRER
TR BEREOSH &L OREFALNE, Th
W, ARE A o5 L BB, BRAEEBICL S
BREBEI R ERHE»SOBREL Y O A
EREMNWRIC L DB TS O EBA~OKIRE A
VUBEDORBEEEoTVAIEERBELTSE
h, EE, BARA VBRI o T EFITSRT
Vw5 (e.g., Weller et al., 1996), 72, 7NV Tk
TSRO TR ) BB ABE 2+
YOTHBEDS RN (Fig188),
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0, Mixing Ratio : 500nPa 00Z 01 JAN 1990

80E 90¢ 100E 110F 120€ 130F 140E 150E 160 170€ 180 170,

PV : 500 hPa 00Z 01 JAN 1990
N

130E 140E 150E 160 170F 1

Tbb [K] : 00Z 01 JAN 1990

Fig. 1 Simulated distributions of ozone mixing ra-
tio on 500 hPa surface (upper panel), po-
tential vorticity map on 500 hPa surface cal-
culated from ECMWF data (middle panel)
and and brightness temperature distributions
from GMS/TBB data (lower panel) at 00Z 1
January 1990 for the area of 80°E ~ 160°W,
60°S ~ 60°N.

anomalies from zonal mean 30°N 12Z15MAR1990

L

PRESSURE (hPa)

120

PV anomalies from zonal mean 30°N 15Z15MAR1990

PRESSURE (hPa)
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sections  of

Fig. 2 Longitude-height
anomalies from respective zonal mean values
for simulated ozone mixing ratio (upper
panel) and calculated potential vorticity
(lower panel) along 30°N latitude at 127
15 March 1990.

shaded. Normalization by zonal mean values

Positive anomalies are

is carried out in order to visualize the vari-
ations of relatively small values in the lower

troposphere.

AL C O KRG (F ) k@A TS BRE A
ZALDOBEIE o THESN TV EEZ 2N D,
Fig.2 o4V Y ilfE L RT > ¥ v VIBE O KT
flidr &0 [ OB 30°N IJB 245 - S
Wit % 755 T EBICAE [ & Rk (100 ~ 500
hPa) (2 Cldmi g 207 1) £ < I LT B 95,
FRUTOEETIELT LA & v, Fif
R T A v R B RS B O i
BWRENENL LS bRATR GV LIS
ENb,

Fig.3 \ZR L7z i, h - BaBEIIC BT Bt it el
F VY RERTHREHEOFHENTH b, LT
R B AFEDNSEFIIMT TEKRME, EFE» 5K
FIIOGTHAMEE 2 2B HON DL, SHIIF
B OIRIR AL ER O T A EIR L Y b TRE
Vo EFV L (50 hPa) TOREE SV ~iRIEx 4
R—BThOEMEEET—EEE LT Ly
HRIEE S VY, FiEEA VO OFEGHEL/S
= VI EBCBNE NG5 - ERECEFE
LTwiwv (cf. Logan, 1985; Oltmans and Levy,
1994), At B R TR S LD AHRE A Vv iR
FEE AL OEFHA (summer maximum) DI,
et THEETREICHE SN TWE NOx 2L 24 Y
AL DR N £ # 2 5T b (Logan, 1985;
Volz and Kley, 1988), L7:#%> T, ufbF#BfEt &
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B KEEZBROFHELY, BEARIBITLFE
HZELL KECFBTAIL2ERTLL0TIRE
b‘k%i b5hb,

PED LS 4m0Y ial—Ya v ERE, €8
BICIZRA 2 BEFR I TV A b 0o, EkmIZiE
HEARTOMAEL V> OLEHER %) £ <
BHLTWD LYW S NG, TALHLBROHA
DEHIIOVTIE, SREFTV AR L TREN A
VVRESEHEINBICHEHGBET L MR 5FE
THb,

ARE T OKEE T World Ozone and Ultravio-
let Radiation Data Centre (WOUDC) 2 & A F4[
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Weller et al., 1996), $HiL#& 1C & 2 4 V' BlEHR
ZEDF VY REOEBESHIIOVTIRERO G
BIGIE 2o 2 Z e ER B bR (Figé ~ 9
ZH), b LAMEFEAROPRLERTIZ, NOx i#
EVBVER TOERLLFERS X U NOx iBEA
VIR TOERBILFEHROESR (Fishman et al.,
1979; Liu et al, 1987; Ayers et al., 1992), D%+ V"
VIBBEDOHEDH Y — IRV EEL T, BEK
Lo TRBEOKNIERPFEET 53T THS, T
DAL TIER, §HEFVICHIEERLEALL
BICHERFEMAATFTETH 5,

AR MER T BV BRI L - T, MiRBA V'~
DEFRMANHLIERBL L ETrAAEE LB
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1996; Weller et al., 1996), #® & ) R BRI R %
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PR REAFy Ty ay POESIIEELVE
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Fig. 3 Simulated seasonal variations in zonal mean
mixing ratios of ozone on (A) 250 hPa surface,
(B) 500 hPa surface, and (C) 850 hPa surface.
open circle : 60°N , closed circle : 30°N , open
square : 60°S , closed square : 30°S .
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O; Mixing Ratio Variations : Model vs Observation

100

90

70 - “

0; Mixing Ratio (ppbv)

Qbservoﬁon

~ Barbados (13°N 60°W)

1990

0 T T T r r . . , T ; r
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 4 Comparison of surface ozone variations observed at Barbados (Oltmans and Levy, 1994) with variations
in simulated ozone mixing ratio at the adjacent grid point of 60°W longitude, 12.5°N latitude, 850hPa

pressure level. Units in ppbv. Note the simulated values are multiplied by 0.2.
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Latitude-height sections of simulated ozone mixing ratios in ppbv. Monthly averages for January 1990

along (A) 60°W, (B) 120°W, (C) 180°, and (D) 120°E. Snapshots at 12Z 15 January 1990 along (E)

60°W, (F) 120°W, (G) 180°, and (H) 120°E.
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Fig. 6 Monthly averages of simulated ozone mixing ratios in ppbv for January 1990; on 250hPa surface (upper

panel), 500hPa surface (middle panel), and 850hPa surface (lower panel).
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Fig. 7 Same as Fig.3, but for April 1990.
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Fig. 8 Same as Fig.3, but for July 1990.
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Fig. 9 Same as Fig.3, but for October 1990.
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Development of a three-dimensional global tropospheric chemical transport model

Kenjiro TOYOTA* and Hisafumi MURAMATSU

* Graduate School of Science, Kyoto University

Synopsis

To assess the global budget for tropospheric ozone and its precursors, we are currently developing
a global three-dimensional chemical transport model (3-D CTM). In this report, the overview of three-
dimensional semi-Lagrangian transport model to be embedded in the 3-D CTM are presented. Objectively
analyzed winds are used which enables direct comparison between simulated and observed values of
tracer concentrations. Some interesting characteristics of temporal and spatial variations found in ozone
concentrations simulated by the transport model are also discussed.

Keywords :tropospheric ozone, tracer transport, tropospheric chemistry, objectively analyzed meteorological

data
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