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Abstract

In this study, WRF Chem model is used to drive the reanalysis data of ECMWF, China mul-
ti-resolution emission inventory sharing platform (MEIC) anthropogenic emission data is used as
anthropogenic emission data, and North China Plain is used as the research area. The research
time is April 6, 2016. A group of comparative tests is set up to simulate whether there is anthro-
pogenic emission shadow or not. In response to the environment, the environmental factors with
or without aerosol environment are brought into the vegetation photosynthesis model (VPM) to
obtain the gross primary productivity (GPP) in both environments. The main result of this paper is
that aerosol causes the average temperature to drop in most periods of the study area, and the
average temperature to rise slightly in a small part of the study area due to the absorption of hot
aerosol. From the analysis of regional scale, the relationship between aerosol environmental ef-
fect and aerosol is affected by downward radiation and aerosol species, which results in the tem-
perature can’t change synchronously with PM 2.5 concentration, and the phenomenon of temper-
ature rise appears in some regions. During the day, the average temperature decreased by
0.350%~2.667%. Its environmental effect led to a decrease of 0.03%~2.55% in the average GPP of
the whole study area on April 6, 2016. From the regional scale analysis, although the aerosol en-
vironmental effect (air temperature) is mainly cooling, there is regional warming, resulting in the
highest increase of GPP in some areas by more than 5%, but the GPP in the area itself is less than 1
g C m—2-day-?, and its absolute value of change is very small. The absolute value of GPP decreased
from 0.05 g C m-2.day-1~0.2 g C m-2-day-! in Shandong Province, Jiangsu Province, Henan Province
and Anhui Province, and increased from 0.05 g C m-2.day-1~0.1 g C m-2-day-! in Northern Jiangsu
Province.
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HE

ABFFFFAWRF-Chem#RE, PARRH H RS HHR A O (ECMWF) B BdE E A3 EdE, P EZ 55
FHIRE BIL T & (MEIO N AUEHBS SR E AN RIEHR S E, DEIC-FEENF X, BFFaEA
20165F4H6H, WE—ANRR, 4AENETNAEHBRE M T RS, B8 LB RIFRKIE
HR A\ B & 1/E FAEE] (Vegetation Photosynthesis Model, VPM)IEZE! th3RE B E R F K 841K
4 7= 7](Gross primary productivity, GPP). AL EEHFLEREBRIFEWH X N K40 B-FSS
BTRE, MR BRERASERERSFEFSSE, BHEA. AXBRESH, [EBERABERNSS
BRIIRER, Z MRS SSERMETH, SBRETREMEPM 2.5 E RS, E£—BXIBHRSE
AREHBR . BERPHSEIFE TR, TREEE0.350%~2.667%. HIBEHN FH20165E4H 6 HEA
B X FIIGPP T [4£0.03%~2.55%. MKIBREDHT, BEMR[EBIAZHN (IR A UBERNE, B
XM, SBEESH X GPPIE NS S INEIE5%, EHMXAELSGPPE/MTF1gCm-2-day1, KA
AEXHEEIR AN . GPPIRAARTHE IR AL T ILRE, LHE, WML, RBEZFLRDH0.05 g C
m-2.day-1~0.2 g C m-2-day-1, ¥InZaxt{E7E7 b X3 In°50.05 g C m-2-day-1~0.1 g C m-2-day-1.
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1. 5]

KRS S S WRAE P IR R . BB IUK MK AR % . KBRS AR
WRTHUAR, IS5 EMLEGEA, 2R E R R 7. KR LR RIREN NIRRT % 35
MRZE(1]. FEHARRAGT R R, NSEENAA KPR =R, SR S
KR BT, XA SRR IR (2] [3] [4]s U IRAEAS AN BT FUAE 4R A ST
FFEIEAS] [6] [7][8]. H BT BLAIBE LI ZAR -PAEXT HL BN R RSB 22 R, A AR R (R
Fo RAAHBRTREIRIC. BURRFSRSS, BEHSUM R RRIARFE0]. RFfESHER AR RS CO,
WRHSONIZR 70 2R B RE R, R BHR  BO AR f AR AL AT AT RE 2 225 M SR il A 25 R e AR Wt R AL 2 A R
T4, BREEPEA TR T, RS SR, w75 O, ISR AER
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A DX 8 P 3R R B /K B2 4k 101, dE szt AR 25 R G B AR ) ER AL 22 SRR 11 [12] [13] [14]6

KAV 8 W SCRR S SF R B R S, AT S T - KA %R P, I SR TR IR B 42
RV (direct effect). [FIIN 2z (UBEL Z N B IRKL T, B RIKE AR S = &8 =7 &k = 6%
RS, TG 51 3ES 4 BRAN X 38 4 F 9L BE S B /K BB AR [9] [11] [15], SR 2 A/ 2 ) 18] 426 2508 (indirect effect)
NNRERBC, HHLEE. SO; « NO; FlI dust)x i AR5 i R R 2 B R R, o B4R o 5 805
SHE R 0.5 Wem?, 1 [ 8 = R0 S R 0.7 W-m? [16] [17]. WOGRMESIARL, Wi BC, fgfl
KAJZIE . BRI T, WNO; .« SO Mg AT X Hh R HE A EI{EH . AHF 7 E7R, California
WSR2 VIR R St 5 IR R B i 35 2 — 8, XK, RIS ST
iR B FAHRR R, AIRAIEIRIR LG K] e RBCL R T, AR, AR EE > 33
Bl R 21 ()30t G e BT AR IR B BRI BN, DAL B R 2 1RV iR AN T O AR =, 4k
SR AR 18]0 BEAL, AV TR IR ST S80S 3 2 e ik M R VA 2 ) PRI RE 22738 /), A4S 2R R IR IR TS »
/D 7 R IO T KA R[11] [19] [20]

IR B S e e AR e 2R, SRR, MURI/KYA 22 (vapor pressure deficit, VPD)SEH 5 K] 1
Al REZ 0Tl AR 7 RS AR BRI ST, HRA AT AR AN T(S] [21] [22]. BH T2 s ian s
PASEIA E, B RGEMITTL, TR B A RO MR IR ZR KM, 49 0P 0 RO il FoE S A DR 31
SR, IXFEARKFERE b2 XS P il vh o B DAE— 30 R G 0 55 S50 R 6 A a2 6 A 1
SR AR B o DRI ASHIE SR X3 ) - 4h R & 45 0 (Weather Research and Forecasting Chemical
model, WRF-Chem), 5 VPM #i8!, @i WRF-Chem F#37%F FLARLS(TE N N IEEZA), FRIF IR0 PRI A
FOAREE) 2w, FAIH VPM AL, $R 50 TR A B/ b SR B AR AR B ) R A G A 7= 3 (R 52

2. KT SMEXENE

AHEFEI 2016 - 4 H 6 HAEALHIX %58 K001, R LARRIHH IR S Bk o O(ECMWEF) [ 743
TR AVE IR E i, N AIRHECEEE R B o E 2 7 HE 3 0E AL =7 6 R R Fl WRF-Chem #4045 2|
(%5 55 AF IS R BIRRIE), PO RS R B AU ES R . 1445 3 R BdE 455 MODIS 1)
WERAE TR BUEV), BB R E K Fa B (LSWHEHE A+ 178 55 40257 S (MCD12Q1), PAK Himawar-8 [¥]
PAR ¥, 12 VPM BRI 3 X SR B N A B S T A 72 J3(GPP), FF- 5 T IR N 15921 (1 45 B itk
AT 5 A AT AE A O IS ) PR G R (AU R R DX 3 RBE ST 0 A 7 1 (R s Ml i

{5 AP 2h | s RN iy N /W (VAS R 1 O 1 = R NI - NI AT A1 95 e o e
Kt by WEE . 2B TR PSR (EEET), WY 32.6 /7 km’, REEYULNE, HEXK
NFE. EACFE R FRRIE XA R, UFAHE, MATFE, FREE S0m LUR, (FF8HE, ikl
TR, BERKZW, FRKEFEE, B SRy EREER R X[23].

3. BIENAE
3.1. ECMWF #iE

A ECMWF HI 28 % BHE NS % 3K sh B0 (http:/www.ecmwf.int/products/data/), %545l
WSS SHE DR ZEEE GRE A KGR SR SESER RS SR =m0 % %N 0.125° X 0.125°.
3.2. ANRIEEIE

AW TR B 2016 4F, 3% FH 1 A 1 2 2 F 2 HEBOE 535 =T 5 (MEIC, Multi-resolution Emission
Inventory for China)3x B ¥R HERCEHE (http:/www.meicmodel.org) [24]. A< A MEICv.1.3, %583 # %
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0.25° % 0.25°.
3.3. MODIS ¥

PR IE AT BT 7 A F5 20 EVI R LSWI J&fH MODIS Fifi Hb = () i 26 I 5 3 77 i MODO9A1
(http://ladweb.nascom.nasa.gov/), HHAFFNKI[25] [26]. %77 dh A8 #3500 m, WA PR 8 Ko AHF
FEIEFHAERF TR 4 H 6 HA1 4 A 14 BRI R EIRRMILATE 4 RIGHER R

AW I T IGBP L HLEE 3643 25 0578 2SR 40 HECN 500 m, SRR [ 2E P08 R (115 % S AR 5%
f5E. MCDI12Q1 HIHIT R ILFE 1. AWFICR KT 528 IGBP A RRIE#E 725271

Table 1. MCD12Q1 classification scheme
# 1.MCDI12Q1 HEF R

ook Land_cover_typel Land_cover type2  Land_cover type3 ~ Land_cover type4 Land_cover_type5
oy ERIR oy BEEKEEEK %ﬁﬁgﬁ%ﬁgjmgggzﬁﬁgu FIRE 5%
0 K K K 7K
| HLRE A R iy K il R
> T R A i BRI
3 A SR e R TR
4 T T S e AR
5 S A A ARSI B WA
6 BN BN EFfk AR A Hdy
7 R A R Tt et Bk
8 AT AT s i s st
9 P Fodli 25 SRS
10 T T THIK
11 TR AR TR,
12 A FH Hb A b
3 i HIX TR
4 R E A
15 FFIK
16 Rt Rl
17 7K
254 Ry Hr H Ay R
255 i e e e e
AHEFRIH 2016 F 4 ARG EEREES, EHM EREEE, BIESPERA 1 /N, PAR HdkE

B2 pmol/m?/s, SAMFFE A IAEFI K ¢, 9N g C m>d -(W-m?) " AEH, FT AT E AT BT

H, HHH K508 0.219 (28],
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4. IRBINR
4.1. WRF-Chem 1148

WRF-Chem #RAENH— A N ETIRAE, B WRF R L5 3 T2, st TR %
B AL AR R ) SE SRR AL S . M ECE R T KRS R Pt . Wiy . TRtk <AL
. BB R LR R TR, WTHTEE RS EERBUEAERL29].
4.2. VPM EBIN 4B

VPM R BTl RE A FH 22 J B ST AR A 7 R o AR R AT SR TR, DU R A
Bl o) g T X AR R BEA S RG A JI S B 7 [30] [31] [32]. VPM [HIREIAL &M
T B SR A1 RN AR DI A o AT R B, 6 A R S (absorbed photosynthetic active
radiation APAR)-5HE#E W IS 1) Y6 RE R FH R AR 3RS GPP. fE# 7 JZ H1 3B 6 & ZUHE # (nonphotosynthetic
vegetation, NPV) A1)t &4 i 4 (photosynthetically active vegetation, PAV)F #4320 5 VPM REAY, T H S i,

TR H PAR LEBI(FPAR, ., )TN EE 0 41
FPAR,,,,,, =FPAR,,, +FPAR (4.1)
Hlt, VPM FIHE AR :
GPP = ¢, xFPAR,,, xPAR (4.2)

PAR NICEHAEST; FPAR,,, ALk IO & ME S B E . SR AROERERI I (¢, )i

FE R DR F( T ) [33VRR KGRI B 5 )+ AR BRI T (W0 ) BA S Py YRR B (34180
XWr:
gg = 80 x Tscala: x I/Vscala.r X })scalar (43)
— (T_Tmin)(T_Tmax) (44)

M (T-T )(T-T, )-(r-1,)

max opt

min max opt scalar

s TOASUR(CC)s Ty, o T AT, RSO EVE I IRAC e M BoEiR g, 24 TN T, i, T
T

BN 0. g, RFRBOOCREA MR, LAY RRUNSE, 1, T, M7, RHAZRHE, W&
2 F7R[35],
W, e TR G355 G RE T FH 28 (10 82 0 A5 FH R /K B (LSWD AT 11 5.
scalar = ﬂ (45)
1+LSWI,_
A LSWI A K KGR K 7 F 4
H(@4.2), FPAR,,, F< EVI HZ 1 4L
FPAR = a xEVI (4.6)
X o T 1[30].
SR AE B TR B EVD) AR Hb R 1 K 73 FE EU(LSWI), T A AR «
EVI=2.5x Pric ~ Prea A.7)
pnir + 6X pred - 75 X pblue +1
LSWI — pnir _pred (48)

P, nir + P, swir
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Table 2. List of relevant parameters of different biomes

® 2. REMBERBXSHIIE

5 7, () T, (C) T.. (C) & [gCm>d " (Wm?)']
CE AR RN -1 20 40 0.078
it R 2 28 48 0.078
AR -1 20 40 0.078
T fE AR -1 20 40 0.078
TRATH -1 19 48 0.078
AR PATHE A -1 25 48 0.078
i L HE AR 1 31 48 0.078
TR L5 -1 24 48 0.078
i 1 30 48 0.078
i 0 27 48 0.078
TR AR -1 20 40 0.078
L -1 30 48 0.078
BT S v 1 30 48 0.078
it F AR BOR A X 0 27 48 0.078
KT -1 20 40 0.078
TR 0 27 48 0.078

RiP: ps s pon F po AP BIRLTIEBY . JELANEBL. LTI BRI B I 2
P, RALHESE AR . P BS54 IR B+ 8 A R
p _L+LSWI

scalar
2

(4.9)

T FE )
P

scalar

1 (4.10)

5. WRF-Chem 28R R 947

B B2 2002 4 H 6 H BRI R4 A A E R B3I A B, 2O IR 2,
FERF A M X, b i L ik, T 9 RAT LK 48, LR, L5, s, WrmE 8k,
HH I BRI X, BRI R IRIA B 2°C o (HF T R AN & PM 2.5 UK FE R v PR AR . 3 R
:

1) Y3 N AT R S T A Ty, S8 PM 2.5 WA A X BNt 5] R A K 1 B

2) AFEFESIER, SRR o AR 220 503 B S RO S PR T3 2550V AR T 422 280 5 Wi A
[, SECRZ B RATE 2R, CAUF A RF MRS SO7 . NO; fl BC. SO; fINO;
AR E T B SIA RS, RERE WSORTSUR DR BRI ™= A BRI AR R o PR BRSOV R AR 9 B Wi
PRSI, XORBAFE S A SREII, AMTTINFAKR S . BLARIXFE GE k> B ML 3R 1A d R 5, (HR T <
T AL 72 23 R DN R B R RSO 3E s - R VA B TR B s S it AR /N I B I SR R A I i, AR
SRIATRENE, X EERH T 20 R R8s 1 [36] [37] [38] [39].
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Figure 1. PM 2.5 average concentration distribution on April 6
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Figure 2. Average temperature distribution in daytime on April 6
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6. SBRRIMNFYRM XX RE GPP B0

AWHFLL 4 H 6 HI¥Z 515 B S o X8R GPP s . an il 3.1 4 & 4 H 6 H GPP
AESBRIRG, B ZBKE, Ko, TR, WiTA@ERX LSRN, B TRRER
% GPP HIS4IA#E—0.2 ¢ C m *day '~0.2 g C m >day ', Jit LMY EE GPP 43 A IR e/ B SV 6T GPP 1)

M o

K524 H 6 Bt X TREIR FIET GPP Ik A AR N5 GPP, 733 GPP AL K.
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Figure 3. GPP in the study area without aerosol influence on April 6
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Figure 4. GPP in the study area under the influence of aerosol on April 6
E 4.4 B 6 HSBAREM THREX GPP

Kl 6 WX 4 A 6 HIFFLIX GPP B AL # Bk DUC IR 2 N GPP b E 4y b 141 7 & 4 A 6 HIFAIX
TIPS AR A AV R NI, AR AR AR K8 EXT 4 H 6 HEFFEIX
GPP B 3A B LA IR FE M R R AR L 40 . GPP BFFEIX PM 2.5 ~F-2433K 5 /3 4 FEL R GPP 43 Afi
Kl B 7 5 8 \TLAE M, TEILARE, LI, WA, A AR AEERR, FERTEEE 1°C~2°C,

5%~8%, ML ALt XAFTE— @ W 3R, HREEE 0.5C~17C, 2%~5%, [imEMESIRTIE
SRR, FEAR B, FRE 5. B 6 fEFR X GPP A FIB 0, kA 0.05 ¢ C m > day '~0.2 g
Cm *day ', 2%~5%, H¥h1°5 0.05 g C m *day '~0.1 g C m *day ', 1%~5%. fELLIZE KX BAEE—
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TEREETHRE S 1°C, 6%, GPP AR4b H 73 be At Y I v G S e = 5%, {H GPP Z{E I EUE A Eii =N 0.05 g
C m *>day ', {H GPP ZBAL T4 L) BB maid 5%. B K2 5] 3 243t GPP £ B/ A R
INF1gCm>day ', HIEHET Hodt Hh X A
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Figure 5. GPP difference in the presence or absence of aerosol on April 6
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Figure 6. Percentage change of GPP under the influence of aerosol on April 6
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7. SBERFEYRMXERE GPP N

AT 2016 £ 4 A 1 H~2016 £ 4 A 17 HAEALIX, 55 RS04 IR BEIA R0 (SR ) % 1l
) GPP {E T, DX AR R R A5 . B S48 R R
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Figure 7. Air temperature difference in the presence or absence of aerosol on
April 6
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Figure 8. Percentage change of air temperature with or without aerosol on April 6

E 8.4 A 6 HERSARIMETSEZELES

1) AR 73 By, 0 FROASEAD 225 SR HE I A v £ DX 45 2l A T e L Jk, VP T A R AT L ks
Ao HIRPy AR 5 S o b4 RE 4015 NFIBT 745 RAH — B BRI RN 50
IR R ZR 52 FATHR S 5B IR, SRR PM 2.5 WRE R, HE27E— XIS HIA
RA RIS E RIS LR, Jeh . Wk, ABSRuhdE. 2706
R, ARFHISIRSE B R, FRESEEN 0.350%~2.667%. M-S 2016 ££ 4 7 6 HEAFFX
¥ GPP R % 0.03%~2.55%.
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2) ARIB IS RN () AR LRI 9 2 AR AEFE X MR, S350 43 Hh X GPP f e 3 I i 5%,
HEMX AL GPP /N 1 g C m2day', HALLIEIR N GPP AXHE R it X A7 F 1L R4y, L%
B, WEE, LEEZRL, WAOBEN 0.05gCm day '~0.2 g Cm >day ', BEINLEGHE AE 5 b M X 1
iUl N 0.05 g C m>day '~0.1 g C m >day '

AT 58 B ORIRAS S I 1] P A0 SRR 8 RS %) GPP P2 AR A7 I S, H = 8 i DR AT 9 O F 9 I 1)
WEE 4 Ay, [EETEDEGEEE, LHBFEN, S5 GPP M. MAMARHLLR TR
R, A 51 R 0 B P DA AR = SR P A B3, AT 00 GPP [41] [42]. BT DAEZ & (AR 7k
5 LA T A ] R AR R S B A BB % GPP IR
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