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Abstract; The amount of oxygen in the atmosphere directly affects air quality. Photosynthesis of terrestrial green vegetation
is the main source of oxygen for the atmosphere. Therefore, simulating oxygen production generated from terrestrial
vegetation has been used as a popular approach to assessing atmospheric environment quality. With the C-FIX model in this
study, we simulated the Net Ecosystem Productivity ( NEP) from the Normalized Difference Vegetation Index (NDVI) and
climatic data such as temperature and radiation. Following the principle of the carbon-oxygen balance, annual oxygen
productions of terrestrial vegetation in China in 2001, 2005, and 2009 were spatially estimated in ArcGIS, and their
influencing factors were analyzed via model simulation. Our results suggest that (1) the total annual oxygen production of

terrestrial vegetation in China is 531.618 % 10" t. The provinces of Yunnan, Heilongjiang, and Sichuan and the Inner
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Mongolia Autonomous Region contribute the largest source of oxygen, accounting for more than 35X 10" t. Provinces of
Hunan, Jiangxi, Hubei and Autonomous Regions of Guangxi and Tibet have the total oxygen production higher than 20x10’
t. Areas with the lowest amount of oxygen production include the provinces of Taiwan, Hainan, the municipalities of
Beijing, Tianjin, Shanghai, Hong Kang Special Administrative Region, and Ningxia Autonomous Region, accounting for 5X
107 t in total. (2) A significant seasonal change in terrestrial oxygen production is detected with the highest totals occurring
in the summer (259.438x10 t) , about twice of the total in spring and fall, and eight times higher than that in the winter.
Yunnan and Sichuan provinces have the highest production in the spring. The Inner Mongolia Autonomous Region and
Heilongjiang Province have the highest in the summer, while Yunnan and Guangxi Autonomous Region have the highest in
fall and winter. (3) Oxygen production in China shows a basic descending trend from southeast to northwest. The highest
totals are located in Fujian, Zhejiang, Taiwan, southern Yunnan, and southeastern Tibet. Seasonally, there is a spatially
significant variation in peak oxygen production, with the highest occurring in southern Yunnan, southeastern Tibet and east
China in the spring, Daxinganling and Xiaoxinganling Mountain ranges in the summer, along the southeastern coast,
Yunnan, and southeastern Tibet in the fall, and over southern Yunnan and Hainan Provinces in the winter. (4) Overall
there is an increasing trend of oxygen production by terrestrial vegetation across China between 2001 and 2009 with a growth
rate of 8%. The highest growth rates are observed in Ningxia Autonomous Region ( >48% ) Shanxi Province (35% ), and
provinces of Shaanxi, Hainan and Yunnan (20% ) In contrast with the generally increasing trend in most areas, provinces
of Xinjiang, Inner Mongolia, Guizhou, Chongqing, Shanghai, Hubei and Hunan reveal decreasing trends, in which Hunan
reaches the highest decreasing rate of 10%. (5) Our results also indicate that the changing vegetation cover is the most
significant factor in influencing the elevated oxygen production, accounting for 60% of total change. The increases in CO,
and climate change contribute about 28% and 12% , respectively. Regionally, the increased vegetation cover plays a major

role in northern China, while climate change is the major control in southern China.

Key Words: oxygen production; terrestrial vegetation; simulation; influencing factors; China
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GPP, =p(T,,) x CO,fert X &€ X fAPAR X ¢ xS, (3)
NPP, = GPP, x (1 - A,) (4)
NEP, = NPP, - Rh,d (5)
>N [:Fl H
AH
ele77)
P( Talm) = AS-T*AH{I » (6)
1+ e( Ry T ’ )
0 [0,] ,
CO,fert = [(T) ] [(‘)’ ] (7)
[CO,1™ - Km[l + 2 ]+ [CO,]
27 o
JAPAR =1.1638 x NDVI - 0.1426 (8)
A, = (7.825 + 1.145T,) /100 (9)
Rh,(l = k.v,y"QTS/IO ( 10)
KBRS 1,
®1 CFIX RERSHRHR
Table 1 Description of parameters in the C-FIX model
ZH HX WH LA ZH B W fE LA
Parameter Significance Value Unit Parameter  Significance Value Unit
P(Ty) U — AR T AS CO, BN 704.98 JK ™ mol™!
CO,fert H—A COIERERLIN T A,  fEHESTHER 211000 1/mol
€ JLREFIHIA 1.10 eC/MJ [CO,] HATINE FRAR CO, IR AW mg/m*
c RN T 0.48 [0,] HHTIE R 0, IR A 20.9 mg/m?
S MRS R WwZd o CO O KR H
A, R 1 IR 2R K, Rubisco 15 COEH 4L
Ry 4 S SR gCm2d! K, O,fRHIE 18
C, W 21.77 [CO )™ HfERA T COIRAWRE 285 mg/m’
AH, A FheR 52750 J/mol NDVI IH—fe R
R, EEFLNIN 2 8.31 JK  mol™! T, ERBCEw <
AR K b ASERTHR IR €2 d
/APAR LA T W ' 4 1 A R 0 RERTE 10, #4535 07 L5
’ St et 10 W AR S A £ 4 '
Horf K, Ky or K, W
K, = AeCH/RD (11)

KH, Y8 T = 15C,E,, = 59.4 kJ/mol A, = 2.419x10"” ;24 T < 15 °C ,E_,= 109.6 kJ/mol ,A,= 1.976x10%,

s al

K AR (1) #Ef7iH5, Hodh A= 8240,E,,= 13.9135 kJ/mol ,

7= A0 F D

XA = 7.87x107° E, = -42.8969 kJ/mol .

% GPP,
=N

s,y 365

S (T
d=1

¥

A, b, R T IRIPIAR-F b5 280, BUE 1.0,
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Table 2 Controlled experiments

i S A Year Ehe Al X
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2001—2009 FA A AR ARITRE AR N .
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3 ER55H
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A G AR A RAE 35%107 ¢ A E PR FA X MRS A T PR AL P A A X AR AR R
TE20x107 t DL b 5548 JERA Ui T E RS HIA X R T L 7 MBI AR R R A
8T 5107 (£ 3)

%3 BEETHRESLFER FEUERELLE
Table 3 The oxygen production, annual oxygen change amount, and annual oxygen change rate in different administrative divisions of China

ARt

P S 77 Oxygen production/107t PR TR TEAR L%

TTEIX Annual oxygen
Administrative R Am.ount pet change amount / Annual oxygen

division B CES E &S A S i unit area / 107t change rate/%

Spring Summer Fall Winter Annual total (t/kmz) (2001—2009) (2001—2009)

=M 14.897 10.522 12.361 8.258 46.039 1204.989 10.298 24.578
e 5.008 31.288 4.111 0.065 40.473 353.813 -0.403 -1.013
BIpIL 4.706 26.895 4.123 0.038 35.762 792.483 0.259 0.710
el 10.303 14.926 7.578 2.660 35.467 734.192 3.948 11.964
i} 5.864 8.350 9.809 2.899 26.922 1144.682 2.774 10.195
biiNEd] 5.492 9.390 7.048 1.233 23.163 1092.622 -2.423 -9.721
bANL] 5.100 7.757 6.584 1.464 20.905 1251.827 0.266 1.240
B[ 6.039 9.242 4.595 0.881 20.757 1116.294 -1.525 -7.175
[iE- 4.287 8.172 5.828 1.842 20.129 166.462 2.417 12.526
B 3.245 13.833 2.260 0.024 19.363 118.412 -0.114 -0.609
S| 5.062 10.446 3.307 0.455 19.269 935.880 4.369 27.392
[ 3.745 4.865 6.736 2.634 17.981 1036.431 1.298 7.042
St 4.650 7.710 4.300 1.072 17.732 1008.140 -0.773 -4.177
IR 5.874 7.521 2.954 0.535 16.884 1020.668 1.329 8.289
By 3.910 5.444 5.348 1.839 16.540 1387.496 1.068 6.358
LY 5.286 6.618 3.620 0.735 16.259 1159.033 1.546 10.133
A 3.678 9.383 2.838 0.133 16.032 857.300 0.780 5.055
Ak 2.312 10.896 2.314 0.034 15.556 816.917 1.303 8.335
INZR 3.931 7.046 2.582 0.244 13.803 908.806 1.732 13.135
WL 3.632 4.915 3.890 0.925 13.361 1346.128 1.715 13.752
ol 2.540 7.625 1.970 0.223 12.359 304.957 2.086 18.985
LT 1.867 8.288 2.034 0.045 12.234 849.615 1.915 16.426
i 2.522 7.321 2.129 0.121 12.094 773.233 3.438 35.060
g 0.944 7.795 1.604 0.112 10.455 145.977 0.904 9.037
YL 3.378 4.159 2.212 0.426 10.176 1012.340 1.082 11.491
R 2.506 4.086 1.833 0.390 8.815 1069.139 -0.436 -5.093
B 1.125 1.479 1.316 0.627 4.547 1296.739 0.171 3.675
A} 0.933 0.841 1.274 0.965 4.013 1213.393 0.957 26.333
b 0.412 0.957 0.300 0.014 1.682 1026.768 0.057 3.539
THE 0.206 0.976 0.213 0.007 1.403 270.495 0.552 48.230
Kig 0.215 0.523 0.228 0.007 0.972 841.108 0.025 2.560
ity 0.137 0.167 0.131 0.022 0.457 757.833 -0.030 -6.519
ik 0.003 0.003 0.005 0.003 0.013 162.276 0.002 19.347
x| 123.812 259.438 117.435 30.932 531.618 560.394 40.488 7.886

PRI RBOIR B | oA A S0 LR P R 45 2

OB B AT B X I RRAR A I AR A i RO S B A LU R A T B e, B4 Oyt AR 2
JEE i, RELACRE 3 58, ST AL T ARV B SR P B o, AR 2 T R A TN B S A
BT 6 A, AR P R AE 1200 v/km? PR (EAFHEAE DX, by AR 03B ot T ARG, A7 B DX PN By TR AR AR
AR U754 0 A 2 AR, SR AT B X T AR AP S A 7 A X AR (L [R5 DX I P A
BTG O, AR T A 414 it 4 P A R, (L DX A A A i R ey, B A B DX T R SR U 7 i
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792.483 t,HEFE 23 N ; A A T SR AR AR A48 00, AnVESEE VA X T A TR 4R FR XUAE 200 « LT,
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3.2 v EE Bl R B SR R R R AR A
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T R [IE XN R I8 48% , INTPE A IR, 4 35% ;BTG4 A M = F 4 YIAE 20% L) L ; W 5 45 A b
AR RZ 40 10% (% 3)

3.3 ] bR A AR A T R S TR A A

H e [ DX, AR SR A A B, ELAR AR D BT DL e ] X SR A AU P R R U AR T
VO 2R R AR i ) SEAS R A (R 23 [R1 A0 AR AN AT i LIRS 7 it S B s (RIS B 504 68y
EIE PRI TR 2 m rE T VU B L AR R A A A U R R S (B 1)

rh AR AU P 2 RS (RS0 R B U RRIE « 1) 221 S0 R AN R, AN [ 2 750 B A0 1T B
ARETRAR, PSRRI, 20 978 vikm®, LHFEZER 100 vkm®, L & Z5 300 vkm® Ll 1;2)
2 B S AHROCAAE T 32 B BRI, AR 25 Az = A R i 19 28 RV w5 AU R, AR T 100 vkm? R 4]
"7 Ko kZ AFas mE A9 619.050 J7 km® 402.851 J7 km® 399.531 J3 km® ,104.248 Ji km®,
HBLRAZEN 6 45;3) WA ZE X R B ARF0 fm  VU BB AR A RRAIE 5 8 25 U A ™ A v L2 ) 43 A )
2R (# 2—K 5) , BEEREEA T 2 mA rE R PORZREE S, 28R 5 KR s B A UE 7 i
e (E A AR AR IX AR /NS T K L —a e ey, Z8 08—l A 3 o0 e i (AR RN R i i
MR TP FE AR 8, K AR I\ o R VU R B R 8 R A P i X5 A 2 A 7 AU Xl g |
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Fig.1 Spatial distribution of annual oxygen production of China Fig.2 Spatial distribution of oxygen production of China in spring
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Fig.3  Spatial distribution of oxygen production of China in
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Fig.4 Spatial distribution of oxygen production of China in fall
summer
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Fig.6  Spatial distribution of the oxygen production differences Fig.7 Spatial distribution of oxygen production change induced by

between 2001 and 2009 in China vegetation change
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