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Coupled effects of land use and aerosols changes and their impacts
on Asian climate

Kengo Sudo!, Kumiko Takata? Toshihiko Takemura?®, Hiroshi Kanzawa®, Tetsuzo Yasunari*

This study assesses the roles of aerosols in the past/present changes in Asian climate and monsoon, isolating
impacts of individual aerosol components in the framework of the CCSR/NIES/FRCGC climate model (MIROC).
Many recent studies suggest that increases in anthropogenic aerosols such as black carbon and sulfate may play
a crucial role in Asian climate change as observed. Our previous studies also demonstrate the significance of
aerosol increases (sulfate and carbonaceous aerosols) in the simulated precipitation changes in Asia (e.g., Arai
et al., 2009). In this study, we particularly focus on the changes of nitrate and secondary organic aerosols (SOA)
which are tightly linked to land use change in regions like Asia, but not treated in our previous aerosol studies.
We newly introduced simulation of nitrate aerosol in our climate model. Our simulation shows that there are
anomalously high concentrations of nitrate aerosol in South Asia (particularly around India and Bangladesh),
coming from abundant ammonium and less sulfate components in this region. In India, free tropospheric mixing
ratio and number concentration of nitrate in fine mode are both larger than those of sulfate in winter to early
summer. Our study estimates large cooling (1-2 W m-2) in South Asia due to nitrate increase in terms of direct
radiative forcing for 1850-2000. This result suggests nitrate aerosol may play an important role in the observed
changes in Asian monsoon. In addition, we estimate changes in biogenic VOCs emissions associated with land
use change during 1850-2000; biogenic VOCs like terpenes are important precursors of SOA. We estimate
significant reduction (50-709%) in terpenes and other VOCs emissions in the central Eurasia, North America, and
Asia due to intense cultivation and deforestation in these areas. Responding to the VOCs decreases during 1850—
2000, our model calculates large reduction of SOA, leading to a positive direct radiative forcing (warming) of 0.
5-1 W m-2 in South Asia. This warming from SOA and cooling from nitrate aerosol which are both linked to
land use change may compensate for each other in Asia.
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1. XUHIC

RZF D7 vV VIR N TR A LI B
BHERRIZT L RIALSRH SN TS, Rz, =7
Y VOFER, BREZL, SJURNORE OV T,
1990 AR D IPCC D1 #E) % R L B O WSR2
TFonTETWS . AMNES (T3 - 208 - B¥EL L)
WS BERE B 7oy 2 —KR > BC) OfHE
FENNFPEE 72 IEOEEEGIST (=0.5 W m-2) 2556 iRE
bEmEs 2 —F4, ZBRERE (SO,) SLHERMEEH
EVOFEHIEINFE S RBREL— I OBE#ERKE (0C) &«
EORRME T 7 v v ORE FRIT KGR PE - B
ABEEOLF 2 F| & 2 LA DKEEE s HI%)
B) 2FoLanTw3 (K1) (eg., Hansen and Sato,
2001; Takemura et al., 2005) . FFIZH 7 ¥ 7 TOFE
WHEHLESS, oD 7ua VW RiERZT7 Y7 Y
A — > DEEHE R G 2 RN ORI & D
REBENTWS . #21F, Ramanathan et al (2005)
Lauet al. (2006) 5DETNAHELRT LW, 7V7
B (FicA o F) poflishie 7oy 70 —KRrB&
VAT X b 37 Ry dmlE & 2 00 E TR i
Bosy —rm L, ZOBEBTOE Y A — EER - [
KOBFZERI Y — B R 5 2 T 2 AR b
2. ZDEIBRITRINDT VT E VA= NDE
HERY AR DT ERGERE 258 U C AR ORI b 3
kLB 2:0, ERMEEENROOND. £T2, —H
T, TR BEFAL K £ S fH 42 S 2 23 H 3R TR O
o ARNZOZELEEL TRBEY AT 2 ER RITT
2 EiE, 1980 FRLRIL SRS LT 5. Fric
SO7av AN, HE, A8, HET7Y7ERELTY
THETIE, TV A—VRUEARE ET L 2 L%

E, fit R o2 K T =

mENTWw3 (Takataetal,2009). Lo L, EHHSH
WAES MR T 7 a0 Y LR 2 KEHKT 7 oYL (SOA)
DEENZ DWW TITEFHI A & 72+ Fic ShTwig .,
HBRE T 7 Yk, SRR ET V=7 ZEIEK
RELTBY, BICKKIGRS EEGHPEETH LT
U7 TIE, TOEEEEEEY. LrLas, 204k
BEfEDET Y ¥ S BBR TR AT TH S . S 51l
EWERT T NVOEE 6 L TRBRITHEL K
IZT 2L, BRI TV, 2O70X R 2ERN
ZEHM U 72 WFSE I3 T R W ZOMERE > 1
VVEALD a2 2 D 5. WEOBHE GE
HEREFER LAL ICfk %) CHIRER DL HE K 2)
WSS % soil dust DFEBEDE L &, T S DT
HHEEBEEY (VOCO) OREROENTHS. HiHlE,
SPRINTARS Z XD L7 u VYV VEEET IV T HLHES
nTw3 (eg., Takemura et al., 2005) 73, B&HIZ>
W IR, EEREGLATL» S 21 g K £ To VOC F4&
BB ERA 7 — NV THEE LN L 5 k%o
721E» D Th % (Tsigaridis et al., 2006: Heald et al.,
2008) . HEYIEIEOHFEMEAEILEY (VOC) 5 SOA
NOBHOEFL, BT VT 'Y A— VIR TOERAY
AT LRI R & BB 2 Rl SRR b 50, Z
D XD BRMFRIZE 2RI N TR,

AFETI, TV A—VHIEETULE T2 7 7 DOl
%100 F£~150 D LMRZAL - ZEhps, AREEIC L %
ZOHIROMEAERZE . 7 a VU VEEB LTI e DK
BRI LY, EOLD nFEEZ T hE, BRI
FHliT 2. M1IWORLEY, =7y veEduhed s
KEMERS OZE, BL A CRIEICEE 2 RIT
F.ARKMETIE, 7Ty H—RrRHmBE R o1k
e N A A~ ARBERIRO 7 0 Y L2l , Bk

OO

AR P,
(REIDRY) Se
LN
) | =2 =Em®k(BC) xﬂj’f-ﬁﬁ
(A ) ’ =~ \{KSAH) AR e #LEL
A ! | AHRIROC) b (RS AH)
TR TE 1
mamss | O N g
— ox| || BEH ==(i!73D
o el I LN b B | T e
- ~ -1-17 27240 SERRRIE
NOx % vocs
CO = mizm]| |enmmz

Ll z7a YNty vis EORSHERSS OFEE L [BEZE. AR TRRIC, BREAEDLEE) & REEHICH S RAHK

I7aY )V EHBE L7 a Y VORRICER T 5.
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2 thEE -4 > NEIcB 1T %, BARE (BC) B LU= 7 o VVEIERGMAE (NOx, SOx, NHx) Dx vy g Y& (EDGAR-

HYDEZSwyayeA Tz l).

OB 7 oY L, SOA & ¥, HHiFAZ b L
WEP S BEFFH ERCEbYOb 27y
NEOEFNCHEHT 5. 7Y 7B TR RIREEIE
2 & BN, NOx (B2 - HEjEEE) 2380
fErcd Y (X2), 0 NOx IF OO KIFERE
DERIET ¥ 7 BSIEORER PRI ZHET T2 5 2 TH
AKEBEETHS. 512, ZOHBOME (LHF )
AN T 7 a VEIRYE ORERE 2 5> D4R 2@ L T
KRT7uaVvaEZfbeglsigc L, SR ET s e
WO EAIROFM L EETH 5. AT, K&k
.7V )VET IV (CHASER-SPRINTARS) %M
W, =7 Y VORBERERFMT 5. iz,
RHAEWZE - =7 a0 VY VEGHIE (EEKZE— VOCs —
SOA & pEfe) 27 ¥ 7RO SEELICS 2 2 HE
&, K& b2 € 7V CHASER, =7 0 VIV & 7T )V
SPRINTARS & RAAREHRET VOMA G LI X
D, ERMNFHIEST S .

2. KREE - T7OVILSEETIV

AW T, 2R - &€ 7V CHASER (Sudo
etal,2002) B X UKz 7Y V- QBEE TV
SPRINTARS (Takemura et al., 2002, 2005) ZHfi& L
77T NVEEZ21TS . CHASER 8 X F SPRINTARS
WETME, HALGEL > — (CCSR), EIEREEHF
92Hr (NIES), B X UHIBRERSE 7 v > 7 4 7 Hf5E & >
% — (JAMSTEC/FRCGC) TBa¥s & 117z CCSR/NIES/
FRCGC &fE€ 70 (MIROC) 2 +&HE LT, K&k
#HWFE (0;-NOx-CO-CH,-VOCs), &, Hilgi# (S0,*),
Bk - BHEKRE (BC-0C), 1S A, HEO
L7 a0V IVOLESFEZYIav—L, ZHHDKR
KU, E-RBAEREAORELFHET 2 (K3). #iFk
PoDHEHIE (=3 vy ay) LTI, EERIY
(NOx), —fbpE= (CO), HFMEFERLEY (VOCO),
7rE=7 (NH,), —Bbhi# (SO,) - BC - OC D1k

RS (EEBR)

AaFEoTrFO /L

‘SPRINTARS' FERER b

GHGs ‘WIROC’ : 45 \
. ARETIL SV n ‘1 :ﬁﬁ#ﬁiﬁ POA;
St iREEIN - BERTE - 1IN - BN
(K% - BIFGCM) Wi
4 swkEE - mEMET T OU N
22071 ‘ISORROPIA’
7O 4
4 . | ; ' n”*:‘Fﬁf?’»
BEEF (THBRIE - WRERIR - 7 )
(4 - 1)) 4 N3 - S0 WHAGH) - OH - 0
1 Lk &HA SRR
Moy AFEBEFTL
ot . . +03-CHA-NOX-COft S
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*+ SOxfE
2. AREE > ERYHRIIv 3y —

(EEW - THR1E)

3 CCSR/NIES/FRCGC &EE T MBI 2, K&ULY: - =7 0V LVEIE OB A .
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Ra: 7278805, S$HEES A FE (£7HhO7 )y Rk L) OFE (1700 4~1990 4F) .

AaRREREE (L3 - 258 - FEER L), FhAK, B,
FEx (BE - #HE) »o 0B FEISRLTWS . -
ByAMOTIvyavid, [EETVORERE T VT
THE, fHESY A 7, EREER (LAD, TEkSzE
OB LTEz6n%. =70V VORE - fEREA

DOFBNL, REWENT T 2 EESE (g &,
= - FEAGERRIC 2 ERIR (B, ERFRE
i & 2 EEMMNCHE S WwED KA & 02 08,
SPRINTARS €7V ClX, I HlcDODWT, KT
AV —ya AL ZYS R ZITS .

AR CTRICER T A2MBRIEL 7 oY Vit Ow T,
CHASER & = 7 u YV VE S ¥ FfE 7 v (ISOR-
ROPIA) (Nenes et al., 1998) Z@##E L CHE 21T .
Fiz, HEREO —REH T YL (SOA) DERKI
DT 4, CHASER tf T SOA K s £ B X F— 24
(Kanakidou et al., 2005) ZHWT, HET 5. K5
T, TVRYBIUOA Y 7y OBILKIGIC X 5
SOA 45 (KRGO &) %FHET 5. HEBEIZDOWT
W, HEES R N REER T L EATHATE—F (RifE1
~50 um) DOESTHEETH 25, KFFETIE, 774
V=N (R 1 ym DUT) ICHUK THRET 2hHlR 7 > €
VLD ERBEREOFEN R E T 5.
CHASER IZ X 2HHBIEL L UHBEDOY S 2 v —yv 3
URERIE, BN, Ak, BXOT Y7 BT B iR
#Hl % v bV —27 (EMEP ®° EANET 7% &) TEo N5k
ZEfn A & bMRESITH % . fHARIED SOA 12D
W, HRTEBEH T B REL Twdicd, ¥
S 2V —¥a rORFNSREEZREETH 25, BEKIC
B2 (Artaxo et al., 2002, Decesari et al., 2006)
D E T IVHEGE (Heald et al,, 2008) EFJEL RV
Salr—varEREETHWS.

a) Albedo change & 2m Temperature change
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ook

X5 : 1700 F4» & 1850 FEOFHED KIFT T HRR - KUEL~D
w2 (Takata et al., 2009). (@) 7IVXF (#7—) &2m
SR (Harvy—) oFH, bEKE (HhF7—ary—) &
KER T T v 7 A (KF) OZH.

3. EENZEICKIDIRFHNZE

THIFIHZ A b £ & AR, HFRH O KETER
(7)) DHE, BXUOKES-HOKRR L OXHE
2L, [P ERBICHEBENCEET 5. K5O
AT BWT, 2o OZED T ¥ 7EAES L U7
VTRV EICEE T 2 PN T NVERIC X
D%ménfw5.7y7ﬁmﬁmfu,!4@i5

2, BRIC 17~20 HACHRE I 1 T, EEMIL R D
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BRI, B (forest) HREDWA, EHI (crop-
land) EFEOBEINMNEZ ICHENAL TV S .

50%, WICHAEWEDEATH -T2, 1700 F» 5
1850 I ¢, HIREMOEHH, 79V 7HIZBWT
HERRIEPHAZCED LD CEET LINICDNT, €
TIVEER L 2R TH 2 (Takata et al., 2009) . HiR 1w
SURZEENE, B S0k BEEKEEROEM (HE
1) R L, A > N HRpEERSe hE R T e IR
NHEoND . 7, B X 2 EREHE ORI,
BE7Y7RHRET Y 7BV, TEOAERI 7T v
ADPCRE A S &, BKEOBEINF &I sND
ELHRENTVWE . ZHIFEMBICE D 7Y 7B A—
UOFHONT I L ERRTLEDTHS. 51T, T
VTRV AV ERVPHEERERROBR & L Tk
(H2BVIEFEL) Shalks, v A—r0it: [
W, ALK TR, KPEERERTED S, Bk
EOWEMPFHEINTWS.

4. T7OVIORURTZE LEENZEDRE

AWETIE, ABERFEOT 70V VOFELED TR
BT DT> T\ 5. 6 1%, MIROC &{% <€ 7V
WX VEHE s 20 AL O 7 Y T OB - v
¥ RTH D G, 2007) . EESHERSMAEINOEE &
FIERC, HiEL 77y 2 —R > 2l Uiz A - FE

Total impacts

FEEFE LT 0V IVOEE b BEAEEHICKE {FHFE5 L T»
L ENRBEND.

X5, AT, MHEWRES L UE bk 5T
TV NVEEBBED XS RRIERE R RIZTPIZDNT
bFEER - BT A ED TW S . 3EITIRAL X ST, HEE
WEBRRGOEC LY, [IRCEBENCEET S &
Ezohbdh, EdRO@EY =7 a Y )VoEE R A L7z
BHREELEETHL. 2T, KPR TIE, BED
FEAEZR IS (DSBS = 7 o VL o3, B & U2E
ERFEO KA 7 oYL (SOA) DA D 2 fHicsE
HLU, KBz {T-7.

BRI, F i BRI S SRR ORI
k2 RGP OEFRBEIY) (NOx) EREDHINFIC XL %
7>vE=7 (NHx) O¥INC X2 bDTH5. iz, 1
IR SOA DA, FMtiErz £ o L] FHZE i
LD, SOA OHERZGMATH 5 VOCs (7 V2 FHR A YV
TV V) ORDHENOBH OB CRE T % . FHARIR
SOA OZEFNZ DWW TIE, BRSO REEZENIFE S H
LR - BKREOZE P, RACBILKRREOLHIC
5 FEOLKILBHE D2 X B AR VOC ficH &2
{EDOFELHVESL. LrLuahs, @mEOHEELEHIC
B 2R, AANRIEENRZED NN ERNTH %
EFEZONDLDT, T I TIHMEERZEIZ X DRHDHIC
BFHT 2. K71, 1850 F4 5 2000 FE DR DO —
7aY VOIS b 53 CHRBAREIC BT 5) B

Anthropogenic impacts
(b} rain & wind trend [CGCM ANTH]

_ ;&j§fw3w

GHGs impacts

(c) rain & wind trend [CGCM GHGS] 0.26

Aerosol impacts

(d) rain & wind trend [CGCM ARSL] -0.55
el TERR

-2 =-DB =04 o 0.4 o8 1.2

6 MIROC ETNVIZ X VEFHE SNz, 20 AT OREERIC X 5 7 ¥ 7HEASO 100 £ OEFH v > . ZEEDIZ LA
SIIABEIEOZERN (Anthropogenic impacts) THlHE I, EEMRIAEOEH L =7 0V L OEH (GHGs 8 & U Aerosol
impacts) %, THWZNEL > AROFERRIZT Z Enb» s G, 2007).
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EIOSEETT. A4 ¥ PR hEB BT, 1
W m2 U EDHBGHIZAETCTWE 2 EBbrs. H
E Iz DWW TIE, EEREOHIEKE E % 5 NOx OKERST
BTEEFRTH B2, 4> NiEEficowTix, 2% (B
B EEO NOx DHENE W, HICiE, 779 40
KIZBWTH, HBETROISEIND 5 2 LRI NT WY
L0, X, WMEFOFEIC LY ERK SN S NOx
L, BRSO & B NOx « NHx O hIO@E &1 75 %h 5
Ths. AWFETIE, MHEBEOREK - F5 O g
JIE—0.06 Wm2 & BRES 67z, ZHIEFEBIEIC X
L5177 (—0.2~0.3Wm™) LI L THEETHD,
FRCALEER CIBEE 2 HBE (—0.11 Wm™2) 2KIF
LTwn3.

Rz, TP SOA O OFE LT 2. &5k
WaEEz 7oy vy —2 &L TR, MERED
SOA ZHB L Z30Tgyr ' t AfEb o THBH (Heald
et al.,, 2008), ZALIX AR« BEZEITIRD Y — AGHEE & X
THEETE RV, FFETE, T/ TRV EA VTS
Lz oWnT, HEREICES, €03y ya vy
HEEZHEL, 2D LT, CHASERE T VIZ X %
SOA EREHHEEN LT, AEZT 0V VBEADRZE,
BIXUOZNICHBET 2 SR EZFH L 72, YR IE
VOCs OFE4A R F 1%, BRI TORXTERE S h
% (Guenther et al., 1995) .

F=Dey (D

D 3NA A~ (kgm™) THY, ¢ 3EES A7
TEORHBRE (v yare7 7y 7% —) (mgCkg!
h™Y), y E5EE KBRCT 2/iIERETCH S, 2
WD, MBuWwmaind Lo hlliEY A 7OEES &
O, N AR AROBPP L5, VOCs DFER F O

v/me Forchanges durmg 1850 2000 F12016.12

B, R %k om =
BB HESND . TOXSCLT, §HEETo K
DOWEEHREIC L 5 VOCs = 2 vy a yEEj%E N9 ITR
3. FwE, TYTHE, Lk, a-—ay X (my7) 0%
FHIR CHEE 72 VOCs R OB »EtE s nTs Y, &
U7 ¥ 7B 5 1980 £E % TOIAMEA BRI -
Twd . TAURVEIIEEEOHIEMME 2 Ero b E
FIE s b0, kg —o v I T b e
RERBAERZRTH, 4V TV ico0TE,
FERBEBICET L Twd e, 7Y 7S Tz
ERERWAHIRB o LT, 102D L>
WZEHHE S I EPETE VOCs DA B E# T 7 a Vv
DGR GIT & LT EDREDORIERE R RITT IO
WORT (EERD A CTHESRIFEE ). AR
7 a Y VIR TR R EEL - KT 5700, G
7Y VORI, EOREEHE 25 ST,
MAR$ED , 77, bk, oy 7k mf%
WIEDBETRT)T (IEGIER) BRI NS . FR,
§@$%7y7,%*kbwfﬁ,3Wm4U£%@
FROHIIRANELCTEBY, 797 BV A—VEEIIH LT
BEELBREERI: LT ARSI NS . Fi,
TYOTBICBWTIE, 20 & D Rt SOA 2812
L BFOIIBGIR L, REWELT 1YV & 2 MBI
T 2E RO LMD, REEETHS. A€
THUEHEHIIBW T, EEWREIC X 5 SOA EHH K
TR DS ERE 1, ~0.1Wm?2 L REb 5
n, TIURHNR, 4 Y L s D SOA R DH
B z0EHNPIMTH 7. @HWI LIZ, 7Y¥7
W OEBHIE T OREINE 2 FE T 2854, LT~
TR ORI & 2 AOBEEHITI &, 2O SOA D
2 X BIEORBEEFII T B LAY, BRI A S
7Y VENLUTRIZTIEROER & LTk, 2hiZ

HYI

60

nghtmng NOx
+ B.B. NHx

-]
(=]

180 210 240 270 300 330 236C

mom

--coohng
: @mof.:v s

CONTOUR INTERWVAL
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Annual Mean Direct Radiative Forcing
X7 : wEEgE 7 0 YL OB (1850-2000 £F) 1 & 2 FNYHETEHITT (W m2) DOEBROM.
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Based on Ramankutty & Foley
1750 SAGE Croplands Terpenes/Isoprene emission is more
= - gL efficient for forestthan for cultivation.
= "v :
% Cropland 7 ),G 3 - :
L o
. 100% Mainly forest & grass land v !
i
4] -.‘ .
- Biomass decrease ~ 50-150%
during 1850-1992
19921850 Month= 5 — | —
1990 Largely cultivated 2
8 I HEDMARZIC L ZHIKE (L) 54 7OEA(E) &, NA A~ AROEH ().
Terpenes (a-pinene) emissions Isoprene emissions
) . , 1850-2000: 60-70% ) , 1850-2000: :
- reduction 7]
SE-Asia
~ =, 100 -
é 8 [
§ & :
: P oS, - -
e WY N ] e [
“-=~~Eurasia(Russia) | = Fe--eo______ ~Eurasia (Russia)
0 Ay S e e e
1860 1880 1900 1920 1940 1960 1980 2000 1860 1880 1900 1920 1940 1960 1980 200C
[—SEAsa —— E — US | [— SEAsia —— Eurasia —- Us, |
X9k (1850~2000 4F) DOREAEBZEHE S AR VOCs O EOZ L 7 ¥ 7, Ak, vy 7 HEOEER) . 721

TRy, FH3A VTV DLy ya R,

1850-2000 forcing

O O 0O = = N N N
o &2 0N OO & D

10 : CHASER-SPRINTARS €7 ViZ K D EtH S L7z,
RELEBZRITHE S VOCs AT & 2 SOA I 23 Fid 3 1558
il (1850-2000 4F) . i34y, TIALEEREZE (JJA).

ERESSRWAREE FEZ o . LrLiasrs, =7
YDV TIE, E - BARZLEH 21 LI RIEERIR b
FWCANDLEND 270, &0 FEMlREER - Fiwmotd
HThs.

4. &

AHFR T, KEMEFEBI 7oy VvOFdEZ2E D
SFFEETNICED, =7 a YV - HEREDOSEREIC
DN, EBi - BT AT T3 . g TOWSRI &
D, HEAEREIHIRE T VALY, HELZEOLZHENIC LY
EEICERIEET 27120 T <, HRES ZREHK
7Y VOEEENL, BN RECEECEET
DZHMREMEDS RN C AL 2. SR1IE, =7 Y ro
E-RRKCEZ 2ELIRL 2055, X 0B
VIial—yarE{ToUTKFETHS. 612,
TNVEBRDO A% T, HEPEKCBEET 2887 —5
EHREE LIRS ETH L. £, TOWBETI,
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TEA 7 & D VOCs FAER, VOCs DL K IHIC X %
SOA &GEfER 125 W, %< OFRMEEEERN R 1EF
ETLIERHEESILETHY, BT L AIKCDONT
DB SICFHRFHIIC & 0, THEEMEOEREL KD 5 h
5.

5. HE¥

AL, BREiA - HEREREE SeiR S EE (B-061 B
FOB-092) 1Lk BT EAETHWTHEBEL THD £9.

SE
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