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The value of fixing carbon and releasing oxygen in the Guanzhong-Tianshui

economic region using GIS
ZHOU Zixiang, FENG Xueming, LI Jing

College of Tourism and Environment, Shaanxi Normal University, Xi'an 710062, Shaanxi, China

Abstract: Quantitatively evaluating the functions of CO, fixation and O, production is important in the study of ecological
systems. This article attempts to measure and evaluate the rate of carbon fixation and oxygen release in terrestrial ecological
systems using remote sensing, to provide baseline data for the regional environment. Changing land use and land cover types
influence vegetation composition and health, so understanding the effects of these changes on carbon fixation and oxygen
production provides an important tool for monitoring ecosystem responses to environmental change. Solar radiation is the
primary source for physical and biological processes in the atmosphere and on the surface of the earth. This is the only
energy source used by green plants during photosynthesis. Green plants produce all organic assimilates through
photosynthesis. Net plant productivity (NPP) is the total amount of organic matter accumulated by vegetation per unit area
and time, and equals the difference between the carbon absorbed by photosynthesis and the carbon released by autotrophic
respiration NPP reflects not only the productivity of a plant community in its natural environment, but also its ability to

sequester carhbon. The balance between carbon fixation and oxygen production plays a key role in global biogeochemical
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carbon cycles. So, carbon flows through an ecosystem are an important determinant of the ecosystem’s ability to act as a
carbon sink. Using remote—sensing images and precipitation, temperature, and total solar radiation data from1998 to 2007,
and a light utilization efficiency model, we studied the effects of changes in these parameters and land use and cover types
on the ability of plants to fix carbon and produce oxygen in the Guanzhong-Tianshui economic region. The results show: 1)
the economic value of carbon fixation is 22. 635 billion yuan + a™' in the Guanzhong-Tianshui economic region. Over the
past ten years, the highest value of carbon fixation was in 2005 at 30. 173 billion yuan + a”'; the minimum was 15. 906
billion yuan a™" in 2002. By taking an average of the two measuring methods the value of oxygen released, the average value
is 24.045 billion yuan a™, more than 1. 41 billion yuan a—1 higher than the value of carbon fixation. 2) From the
perspective of land use types in the Guanzhong—Tianshui economic region, forestland > grassland > cultivated land > other
types. From 1998 to 2007, the value for farmland converted to forest land or grassland for average carbon fixation and
oxygen production has increased by 1,614.29 yuan /hm’ a and 1,960. 67 yuan/hm’ a , respectively. Forest land and
meadow changed to cultivated land has had the average value for carbon fixation and oxygen production reduced to 1,081.37
yuan/hm’ a and 1706. 60 yuan/hm’ a, respectively. 3) From a spatial distribution perspective, unit area value of carbon
fixation and oxygen production in the southern counties is higher than in the northern counties of the Guanzhong—Tianshui
economic region with the value gradually declining from the south to north. By examining the values of carbon fixation and
oxygen production based on the NDVI data in various climate scenarios, we were able to explore the influences of land use
and cover changes on carbon fixation and oxygen production, as well as the effects of climate change. Carbon fixation and
oxygen production in northern China’s agriculture and animal husbandry region and the endangered central loess region—
which has serious soil erosion and high evaporation rates is—declining in value. Therefore, study of this fragile ecological

environment is relevant.

Key Words: carbon fixation; Guanzhong-Tianshui economic region; ecosystem NPP; oxygen production
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Fig.1 Administrative Division of the Guanzhong-Tianshui Economic zone
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JAW . B 5 AR R 5 ARSI, BT S AERRKRAE N 1999 4EHY 8.40 t/ (hm® - a) , H/IME N 2002 4F 4. 68 t/
(hm® « a) ,#2H03.82 t/(hm’® + a) ;)5 5 FHRAMHIE 2005 411 8.88 t/(hm® -+ a) , F/IMA A 2003 411 6. 09
t/(hm® « a) M2 HR2.79 v/(hm® - a) . 2002 4E NPP (HAMRARA , X & H T Y 4E R 40, AR
A IR NPP {EAK

F 1 A& 2 ATLAE H 1998—2007 4 +4F 8] 56 i - RIK 457 X 45 - R FH2E R A NPP (AR fb a3 i T
TR ARG —AF 1) L b R P A SC 5 18T ISR AN 52 R B0 b A= 25 R G 4% - bR IS 7R f i
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>R S HF S B2 )l TAE IS R b LR T A H AR b, R, 1998 AR 1 FH 1l i) NPP
SEXE R TR IE . R EOR A, 1998 45 25 A NPP HEF b #k b > st > 70 b > HUg 2R A0 2007 4
NPP HEFUNGT Ay #f b > 580 b > b > L 267 3902 R A RN T FR IR E 1

®1 XHP-RKFFRIMESRLG NPP TR

Table 1 Net primary productivity of different landuse types in Guanzhong-Tianshui Economic Zone

NPP SEX{H (/hm? - a)

i L 2 NPP (t/a
LRE ilﬂ;jrffjf jr\e/ahm The matter arflounz of NPP Average of The matter
Landuse catagory amount of NPP
1998 4 2007 4F 1998 4f 2007 4 1998 4 2007 4

HiHh Cropland 3554103. 08 3531712.47 18068916 19791951 5.215 5.763
HHL Woodland 1954046. 47 1860564.77 17369961 14519391 9.307 8.067
EiHh Grassland 2283670. 80 2340985. 40 15548169 15321134 7.063 6.765
K38, Water body 81959.32 89584.35 387200. 1 429649 4.945 5.008
A A Buildland 141119.77 159660. 35 598156.3 719856. 6 4.376 4.653
KA HE Unuse land 13095.04 9799.51 74098. 36 46695. 66 5.369 4.670
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Fig.2 The change of Net primary productivity release by landuse ecosystem in Guanzhong—Tianshui Economic Zone
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1145 T RE AR AR A9 100 AL ] 3%

A X IRAS A AL A AR, SRSk B RBH TN T 1% , BEIE T 7 0.3% , KK T 0. 2% , 5391
WL T 1% M XIEINT 1.9% JEM TN T 0.5% , /T 0.8% 4T/ T 0.1% , 4%
FR- R IK 255 XL O, 1998—2007 4F S/ $i 4 AR AE I 5 [ & CO, FEARMAE
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Table 2 The matter of CO, fixation and O, release in Guanzhong-Tianshui Economic Zone

MRETLR(Va)

A% City name 1998 1999 2000 2001 2002
JRCBA T 7E CO, CO, fixation 8294092 12052921 10349245 7646167 6024350
BT 0, 0, release 6106080 8873316 7619076 5629080 4435104
g T [ €O, CO, fixation 13342772.5 17202857 15284706 10975018 9543699
BT 0, 0, release 9822900 12664680 11252544 8079768 7026036
Fookil [EE CO, CO, fixation 12954897.7 16397311 15017027 10576842 10624047
L 0, 0, release 9537348 12071640 11055480 7786632 7821384
FAYT [ CO, CO, fixation 23661732 28528912 26156773 17569770 15577877
BT 0, 0, release 17419680 21002880 19256520 12934800 11468376
W IX. [ % CO, CO, fixation 78404. 956 123278 109233 78029. 4 58297.28
BT 0, 0, release 57721. 44 90756. 84 80416. 92 57444.96 42918.24
T [E%E CO, CO, fixation 10603850. 9 15431357 13316921 9111211 8013553
BT 0, 0, release 7806516 11360508 9803868 6707640 5899548
(LRI [ CO, CO, fixation 12064200. 5 14697743 13090220 9389419 8652545
BT 0, 0, release 8881620 10820424 9636972 6912456 6369972
NI [ CO, CO, fixation 3835846. 4 4953391 4460674 3142624 2469695
BT 0, 0, release 2823936 3646668 3283932 2313588 1818180
S Total 7E CO, CO, fixation 84835796. 96 1.09E+08 97784799 68489081 60964062
BT 0, 0, release 62455801 80530873 71988809 50421409 44881518
7% City name 2003 2004 2005 2006 2007
JRBAT [EE CO, CO, fixation 8496994 9835273 12963716 9120029 9153982
BEL 0, 0, release 6255456 7240692 9543840 6714132 6739128
[Reait [ 52 CO, CO, fixation 13033773 14709854 17927392 12198529 12934343
FEIK 0, 0, release 9595416 10829340 13198080 8980512 9522216
FoK i [EE CO, CO, fixation 12355628 13399969 18920877 13243603 13268119
BT 0, 0, release 9096168 9865008 13929480 9749892 9767940
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FAYTT [ % CO, CO, fixation 20210696 22388865 29748315 20982175 21366692
L 0, O, release 14879040 16482600 21900600 15447000 15730080
e IX [ €O, CO, fixation 77522.64 97551.91 132911 92082. 45 93150.91
L 0, 0, release 57071. 88 71817.36 97848.6 67790.76 68577.36
THR T [ 72 CO, CO, fixation 10754903 11748421 15395448 10404926 11082011
B 0, 0, release 7917720 8649144 11334072 7660068 8158536
LS [E%E €O, CO, fixation 10782157 11774370 15350313 10680200 11151890
B 0, 0, release 7937784 8668248 11300844 7862724 8209980
NI [ CO, CO, fixation 3622871 4026312 5212365 3560474 3800557
B 0, 0, release 2667144 2964156 3837324 2621208 2797956
JF Total [& %€ CO, CO, fixation 79334545 87980616 1.16E+08 80282019 82850745
B 0, 0, release 58405800 64771005 85142089 59103327 609944134

3 WLIEH, L -RKATF X LA 25 R 50 1998 [ 2 CO, ly 84835797 t/a,2007 4Fh 82850745
t/a, BAUR 17,2007 4F 1L 1998 4R80T 2. 3% , W45 RIS RIS | 1998 4R [# 22 CO, 19 i & B HE 7
A3 BA B> AR > Bl > H B A 2007 AR B> TS Mt > Hp 2R A 1998—2007 AR HE AN e - KK &
TE X BRI O, iy o et 2 el i 3 ARG L 5 [ - CO, o it — 3K,

K3 XP-RAEFRIMESTREEE CO, M O, WREBZMLR(t/a)

Table 3 The matter of CO, fixation and O, release of different landuse types in Guanzhong-Tianshui Economic Zone

E5E CO, MMk B 0, Y

T2 The matter of CO, fixation The matter of O, release
Landuse catagory

1998 4F 2007 4F 1998 4F 2007 4E
Bt Cropland 29452333, 83 32260880 21682700 23750341
MHL Woodland 28313037 23666607 20843954 17423269
Bl rassland 25343514.95 24973449 18657802 18385361
k38, Water body 631136. 1398 700327.9 464640. 1 515578.8
UM Buildland 9749947057 1173366 717787.5 863827.9
KA Unuse land 120780. 3274 76113.92 88918.03 56034.79
A1 total 84835796. 96 82850745 62455801 60994413

2.3 +HHIAESRGFEE CO, AR O, M E Bl

BT R P-FOKEF X EE CO, MBI O, W& L5 5 £5H 1998—2007 4 [E5E CO, M {H 547
{H K 226. 35 {Z.70/a, Hid 2005 M B B K, M 301. 73 2.70/a,2002 EME & /N, M 159. 06 {2.70/a, B
O, W EECH R AR AR 352,93 0/t AT AL AAR 0. 4 J0/k™ > ASEHE, AR AR SE X5 {4 240. 45
feot/a, lLIEE CO,MEYIEZ 14. 1 /270/a, THIAZS RS0 1998 42 CO, B H &4 221. 33 1475,2007
4R 216. 16 1270, B O, BIMHE 1998 474 235. 12 12.76,2007 4F-4 229. 62 1276, W45 R RDR A ,
1998 4FF1 2007 AFF-35 B [T AR [k B S M (B HE P A7 < Rty > e b > b > LA IS Y

WF5E o P 55 2R AR A NPP 19520, 75 1998 4E—2007 4 [ B BB M E A8tk . i3 4 A
3 ATLAE Y, S ) b, | R b AR ] SP34 [ i R A A (B0 IS N T 1614 29 I8/ (hm® -+ a) (1960. 67 JT/
(hm?® = a) , T ] oAt 2R UL AR i /0 T 1099. 15 J6/ (hm?® -« a) 5 Rl B5 b [ b 265 728 1sp 43 1) sk /b 17
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Fig.3 The change of value of CO, fixation and O, release by landuse ecosystem in Guanzhong-Tianshui Economic Zone
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Table 4 Change of landuse and CO, fixation and O, release value in 1998—2007
1=k 2-Ahdh 3T 4-HA

o =il AV hm? HRBME/ (O0/h” - a) ik T AV hm? RN/ (J/hm? -+ a)
Landuse category Area Transfer Value Landuse category Area Transfer Value
12 28132.65 1614.29 31 54590. 49 -1706. 60
13 73705. 14 1960. 67 32 28557.09 -871.72
14 26618. 67 -1099. 15 34 4340.25 -2929.37
21 41508.36 -1081.37 41 8882.73 1302. 591
23 79906. 50 153.92 42 1376.37 2017.85
24 3646.62 -2571.96 43 2301.93 2276. 465
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Fig.4 The distribution of CO, fixation and O, release in Guanzhong-Tianshui Economic Zone in 1998—2007
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Fig.5 Change trend of CO, fixation and O, release in Guanzhong-Tianshui Economic Zone from 1998—2007
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