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Table 1 Experiments about impacts of [CO,] and [O; ] changes on winter wheat
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Fig. 2 Winter wheat simulated I; 5 and aboveground biomass compare with the observed in 1999
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Table 3 Impacts of [CO, ] changes on winter
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350 4410. 8 0.0 4078.0 0.0
500 5201.7 17.9 4225.8 3.6
700 6069. 3 37.6 5202.7 27.5
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Table 4 Impacts of [O; | changes on winter wheat yields (kg/hm?)
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Table 5 Potential impacts of temperature change on winter

wheat yield and development stage
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Fig. 12 Potential impact of temperature

change on winter wheat biomass

4.2 O, f1CO, RETUMNZNZERKNEEEMN
1 FIR T A & R Ak R R, R
O, W CO, W & BT, M RLAF5E ol LA
AL Oy WRBE TR /INEE 7 A SRR i
WK CO, WREE B TF X4 /N R G VR A AL A
HEP IR BEXE E TR ARG AR SO X P AR



200 & %

Eihd 63 %

2z
¥

AR FE R EE b X A /N2 2R S W R AT T AT B
WAL, TR CO, W BTG M IR & &
REHCTH Os WeBE b FHH7 R 19 B &N, 48 SC LA 1998 ~
1999 45 Xof BE 2 50 AH 5 BERE A A5 AL By A i, % ax JL
PRI ST T HA (D M AT KA FAHIE O,
M CO, e B LR 2 /N2 A KRB s (2) CO, MR B
fEBE(T00X107°(V/V)), 0y HE R 50X 1077 (V/
V);5(3) CO, M BEREHE, O, W BE R 70X 1077 (V/
V)5 (4) CO, ¥R EEAGHE, O, WK 80X 10 °; (5)
CO, W BEASHE, Oy HWe R 100X 10 ° (V/V);(6)
CO, W PEREHE L O, WPEN 200 X107 (V/V)5(4) N
H 8 Oy 52 T . CO, MR £ 4 B i 4 /N 22 A KR
W

MIE 13 Fige 6 W LLE M, 5 S EAR G
A CO, He B A G I, 24 /N Z2 - T AR A6 BB 19
FEAE R PR I A e TG b T e 2 R i

6 ~

100 110 120 130 140 150 160 170 180
Julian day

70

80 90

Bl 13 CO, BRI T O; W LIXT4& /D

A.G. biomass(kg/hm?)

IRF] 34. 6% . X SN CO, W B FHE I /N N
GYER L mFEA R O, WEESH 50X 1077
(V/VORF,CO, ¥ B FF R IE RO B B & F O, %
JE 5B B 50N A /N AR ORI T 24 i IE O, 7
HEE i 18.5% 24 O YREE R 70X 10 (V/V) ~80
X107 (V/VOIF, O e BE b TH %2 /INAE 1 B 17 3%
NG CO. e BE A% 15 i >R B9 IE RN s #7 O5 ¥R
RS E TN Os 38 B0 2 KT CO, A5 3G X 4
N HEVE T 2 Oy W BE B T3 200 <107
(V/ V), & /N 22 7= 1 B Ji i 7 T F 45, 3%, 31X
RN O; v BE T B o B SR I 20 i it g
BT AR K E ALK, B, ER E ok
FBLTE O WE EABEARKMIELT,CO, WE L
FHATS AT G E 4 /N 22 1 AR A H G s e A1 38 4n AT e A=
AV HE R i — B E 9T B2 O, Wk EEAR = B
EAEMSE T A AT RER A AT H 3 ™ F A 2k

14000

(b)

12000 +

10000

8000

6000

4000

2000

0
70 80 90 100 110 120 130 140 150 160 170

Julian day

180

bl

(AA J YR B R A% 5 Os 1 COy W BEAS Ak 5 50 S CO» ¥ BEAHHE (700X 1076 (V/ V),
O3 WHEE S 50X 1079 (V/V) 5100 2y CO, ¥R EAEHE . Oy ¥JE Jg 100X 1079(V/ V)5 200 Jy CO, W B {514,
Os W 200X 1079 (V/ VOB ;2 x AA g R Oy $0, CO, He % 1)
Fig. 13 Combined impacts of [O; ] and [CO, ] changes on winter wheat I, and biomass

H6 O, WA COL W (86 40N 955 4 BT
Fig 6 Combined impacts of [O; | and [CO, ] changes
on winter wheat yield
CO: WEE O3 W FrpL = i (kg/hm?) R A6 (%)
350 Y[ e JE 5102.9 0.0
700 TR 6870.0 +34.6
700 50X 107 6049. 3 +18.5
700 70X1077 5254.9 +3.0
700 80X 107 4890. 5 —4.2
700 100 X107 4262. 3 —16.5
700 200X107° 2792.6 —45.3

5 ZERMITe

AL UL AR W RS R G A E W) A e R R
(DNDC) Jy £ Ak AR 4 [ N A 56 KA CO, Fil O,
e JRE 78 A X AR 0 B2 T 19 T 5 SR - 7 DNDC A58 5
A Oy XFA/INZE 6 A RTRNIT R A K52 i 9 B 4L
it DNDC #8885 % 18 T AR & M. CO, 1O,
TR JSE AR A R & /N e K R R AR T A SR
i3 T J5 DNDC #6858 HT 1 i 941 8 . 3 T 1] 9k
i R — L AR RS BT R T AT R A, A



2 3 IREF A ATHR O; T CO, W BE A XA /IN 22 52 00 B9 RO A 0L - L1 ASEH8L 45 2R A o A7 201

BRI T R [H CO, MEEA/NE MK ET M
PRI BOR B 3 o B, B TR AT I RO L B
th CO, W BE E TG IOGA 7 W 3 77 & 1 A R Y
M, FI e ) DNDC SRR TR [E O; W B F
KN WER R E R R IE SR B il 3 R 56 B R
I TIE BT AR AF I R T Os VR TR A /D
Z W BUR R 0 R A AR AT SE T AE R T
Wit 5 2% KW 2 0 7= 1 X 6 O 0 = 5

ASCHEST I O MBI S B T Oy Xf & /N
ARSI, 5 EA A S O XHEY
S )RR B AR LG AR BE R . 5 Well-
bull 775 O, W BE-VEY ™ ik i 5¢ R XA g it I
AL AR ZIE TR AERK SR I —E R E
BT Op X AE 52w i ALEL, {H Wellbull J5 ##
Xof 7 e 4 2R PEA AT BB BL A AR AL B o s 5 R O Ak
SRRV O, W 5w N 7 B AS A PR
PR AT IR B A E S S A A R
oL, S SR BB A X AR O U B F R 401 5 25 0 36 79
BRI AR R 45 s DR 3% 2 B R A Os Wk B2 7AZ
5 PEAl Op X A2 25 5 505 i il ol — M, 30K 2
MIAFFE I K R I 1 s 5 H A Oy 2 N KR &K
BT LY o A8 25 S8 1 A K0 A e A 4
T, A R L EE B A 2w A R T O,
XA 19 5 )

AR SCAIF 5 38 3 38 50 RS HR DA &5 A 1 ik
ARG T O F CO, MR AT BE MY A8 T X 4 /N2 A
KR MR X PE Al 42 3K PR B8 78 A6 0 AR AR ) 1 T RE 52
M) HL A — 5 1 S 8 5 8 3 SO Xt T AN 1 F
FEI7 ¥R IR AT ATE AT AW ARAE W) 25 B 52 rp i 1) 5
FAE AR . I A SR ST AL T 0025 B B o L3 2
WIS 7 IR AR IR AEFEVF 2 AN & Z 4 L 78 DL 1 B
P EIRA T RS W

(1) O; F1 CO, XAEYZ LI+ 20 5 2, H AT
WHVF L A . F L O, fl CO, XFEY)
Wi LB A i i — 2B T B R R 4R LA 4

(2) AW HF ALK E A & CO, fi O,
VR B AR b 0 A /N2 S i B S E K 4 IR R TR E
PR AT SR N AT B R R
M) 5 {F 552 s 20 35 vp VR 9 T A 1) A AR 38 R G R
0. R 7E AR R FE h AR B 25 1 CO,
O DL KR BE | B K S5 3R 88 HF 22 18] 19 28 BLAE
% IBAED K 43 3 U SR T an (oA R B A A S
PrA: S8

(3) AICR AR R Oy WS HAE bR
RAH O; W BEASARAR I Pk B 22 57 [ Y O,
JeA AR R R AT S PR R R 45 45 ST
FPPA R O5 WS 1 A2 A X b AR 2 0

(4) AR SCHYRETRY BB (] B 2 2 T
il 3 X B BRI ] » i 2t — 2 B At 5 (R Oy
WG SR BR ] . CO, F O, X4 /N2 38 50 F 55 1
AT T —4F 1 T 50 R A A BE 78 70 0 W 5 TR 1Y
e P o o5 Hh s A SO 5T A B R A F TR
PREAT B 5 R BRI AT — € 22 B [ M, o
AR T5 3% - ARAT K IR B8 T A [ AR 1 5 i i
Kot AR B IERE bt Sr AR A o HAT 0 L AT

PR

S % ik

[1] Heck W C, Adams R M. A reassessment of crop loss from o-
zone. Environment Science Technol, 1983(a), 572—581

[2] Larsen,R M. Heck. W W. An air quality data analysis system
for interrelating effects, standards, and needed source reduc-
tions; part 8. an effective mean O3 crop reduction mathemati-
cal model. Journal of the Air Pollution Control Association,
1984, 34. 1023—1034

[3] Lesser,V M. Rawlings,]J O et al. Ozone effects on agricul-
tural crops: statistical methodologies and estimated dose—re-

sponse relationships. Crop Science, 1990, 30: 148—155

[4] Adams R M, Glyer S L, Johnson S L, et al. A reassessment
of economic effects of O3 on U. S. agriculture. JAPCA,1989,
39: 960—968

[5] Chameides W L. Growth of continental-scale metro-agro-plexes,
Regional O; pollution, and world food production. Science, 1994,
264 74—="77

[6] Kazuhiko Kobayashi. Modeling and assessing the impact of o-
zone on rice growth and yield. Tropospheric ozone and the
environment In:Berglund,R L ed. Air & Waste Management
Association, Pittsburgh, USA, 1992, 537—551

[7] Marion J] M, Farage P K. Can the stomatal changes caused
by acute ozone exposure be predicted by changes occurring in
the mesophyll? A simplification for models of vegetation re-
sponse to the global increase in tropospheric elevate ozone ep-
isodes. Aust J Plant Physiol, 2000, 27: 211—219

(8] EHL.METV,AAYGE. OTC1 BIFHAAE O K4k,
WS AR G Ry BRI, R R iR 2000, 11
(3):383~384
Wang Chunyi, Guo Jianping, Bai Yueming, et al. O3 pro-
duced, controlled and measured system and the estimate of
physical capability of OTC-1. Quarterly Journal of Applied
Meteorolofy(in Chinese), 2000,11(3):383—384



202 U S 63 &
090 B B SR 4. KRG 5 48 /N2 0k 5 A I 7 B Mg e e ik (in Chinese) » 2005.63(2):184~191
W, P EA SRR ,2002,10(1) :13~16 [13] k5. RHEABRGE P A EY RS RO [
Bai Yueming, Guo Jianping, et al. The reaction and sensitivi- Hip 3] dba db R RAE b ER Y B R L 1999
ty experiment of Oz on rice and winter wheat. Chinese Jour- Zhang Yu. Modeling Carbon and Nitrogen Biogeochemistry in
nal of Eco-Agriculture(in Chinese), 2002,10(1):13—16 Agroecosystems—the impacts of soil, climate and farming
[10] FHL HEF, B H B, Op e B8O %F 4 7N 32 8 i 1 128 56 practice on crop growth, carb and nitrogen dynamics, and
WFoE. K2R .2002,60(2) :238~241 trace gas emissions: [ Doctor Paper]. Beijing: Earth-physics
Wang Chunyi, Guo Jianping, Bai Yueming. The experimen- Department of Beijing University(in Chinese), 1999
tal study of the impacts of increasing O3 concentration on (147 JAWBEZR. A Abbie BE 3T 2 /N 32 A 7= B 322 5% i) 0 () 322 5%
winter wheat. Acta Meteor Sinica(in Chinese), 2002,60(2) ) () B AR A A 00 28 B o - DA+ 3 ). db st P B R R wF
238—241 S5 Bz 1999
[11] HAAWLEFRL. O B8 Il =2 5 w112 Wik 516 0F 58 Zhou Xiaodong. Numerical simulation study on direct and in-
WA S %4k . 2002,13(3) ,364~370 direct impacts of CO; concentration change on winter wheat:
Bai Yueming, Wang Chunyi. A diagnostic experiment and [ Master paper]. Beijing: Chinese Academy of Meteorological
study of the influence of O3 on pakchoi. Quarterly Journal of Sciences(in Chinese), 1999
Applied Meteorology(in Chinese) , 2002,13:(3), 364—370 (15 @BALL. Whatth. K Os W A8 fh Xt 42 1 ¥ 5% i fry 52 36 OF
[12] MEH, E&H L. EHIZ Oy F CO, ¥ AR b 4 /N2 5 W 1 g8 g ], deat: hEREBE . 2001

BaBl . I BLBIEEH. R 4. 2005.63(2) . 184~191
Zheng Changling, Wang Chunyi. numerical simulation study
on the impacts of tropsheric O3 and co; concentrations chan-

ges on winter wheat; | model description. Acta Meteor Sinica

Jin Minghong, Feng Zongwei. The experimental study on the
impacts of changes of atmospheric O3 concentrarions on
crops: [ Doctor paper]. Beijing: Chinese Academy of Sciences

(in Chinese),2001



2 3 IREF A ATHR O; T CO, W BE A XA /IN 22 52 00 B9 RO A 0L - L1 ASEH8L 45 2R A o A7 203

NUMERICAL SIMULATION STUDY ON THE IMPACTS OF CHANGES OF
TROPOSHERE O; AND CO, CONCENTRATIONS ON WINTER WHEAT:
I SIMULATION RESULTS AND ANALYSES

Zheng Changling Wang Chunyi

(Chinese Academy o f Meteorological Sciences, Beijing 100081)
Abstract

With the rapid development of industrialization and urbanization, the increase of the troposphere o-
zone and carbon dioxide concentration at striking rates has adverse effects on biosphere, especially on
crops. It is generally accepted that the increase of carbon dioxide concentration has beneficial effects on
plant productivity while ozone is reported as the air pollutant most damaging to agricultural crops and other
plant. The Model of Carbon and Nitrogen Biogeochemistry in Agroecosystems (DNDC) is adapted to eval-
uate simultaneously impacts of climate change on winter wheat. Growth development and yield formation
of winter wheat under different O; and CO, concentration conditions were simulated with the improved
DNDC model which structure has been described in another paper. Through adjusting the DNDC model ap-
plicability, winter wheat growth and development in Gucheng station was simulated well in 1993 and 1999,
which was in favor of modifying the model further. The model was validated against experiment observa-
tion, including development stage data, leaf area index, single organ biomass and total aboveground bio-
mass. Sensitivity tests demonstrated that the simulated results in development stage, biomass were sensi-
tive to temperature change. The main conclusions of the paper were as follows: (1) Growth and yield of
winter wheat under CO, concentration of 500X107°(V/V), 700 X10"°(V/V) and the current ozone con-
centration was simulated respectively by the model. The results were well fitted with the observed values
from the OTCs experiment. The results indicated that the increase of concentration of CO, may improve
the growth of winter wheat and elevate the yield. (2) The growth and yield of winter wheat under O, con-
centration of 50X 107°(V/V),100X107(V/V),200X107?(V/V) and the current CO, concentration were
simulated respectively by the model. The simulated curves of the growths of stem, leaf and spike organs as
well as leaf area index were well in agreement with the observed data. The results revealed that ozone has
a detrimental effect on the growth and yield of winter wheat. Ozone accelerated the process of leaf senes-
cence and caused the loss of the yield. Under very high ozone concentration, crops were affected dramatic-
ally and even dead. (3) At last, by the model the possible effects of changes of air temperature and the
combined effects of O, and CO, were estimated respectively. The results showed that doubled CO, concen-
tration may alleviate the negative effect of O, on biomass and yield of winter wheat when ozone concentra-
tion was about 70 X107 ~80X107"(V/V). The obverse effects of CO, were less than the adverse effects
of O, when the concentration of ozone is up to 100X 10 ?(V/V). Future work should determine whether it
is applied to other species by adjusting the values of related parameters, and whether the model can be a-
dapted to predict ozone effects on crops in farmland environment.

Key words: Ozone, Carbon dioxide, Winter wheat, Effect, Numerical simulation.



