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Flux of Greenhouse Gases from Grassland in Inner Mongolia

YUE Hongyu, JIA Zhibin, MEI Baoling” , Tian Shuxin
College of Environment & Resources, Inner Mongolia University, Huhhot 010021, China

Abstract: Inner Mongolia comprises 22% of the grassland ecosystems in China and plays an important role in the global
budget of the greenhouse gas ( CO,, CH,, and N,0). In this study, we compiled the data of greenhouse gas fluxes and
related environmental factors from 34 sites in Inner Mongolia collected between 1995 and 2012. The annual flux of
greenhouse gases or flux over growing season differed greatly between meadow steppe, typical steppe, and desert steppe.
Typical steppe and desert steppe emitted CO, at rates of (20.64 + 11.54) mgC m~> h™' and (18.04 + 2.48) mgCm > h™",
respectively, whereas meadow steppe absorbed CO, at a rate of (10.31 + 1.15) mgC m™ h™'. Meadow steppe, typical
steppe, and desert steppe absorbed CH, at rates of (30.48 + 9.57) pgCm > h™", (41.25 +3.61)pwgC m > h™", and (85.00
+ 51.03) pgC m™> h™', respectively. They emitted N,O at rates of (28.40 = 7.27)pgN m> h™', (3.18 = 0.91) pgN m™
h™', and (2.51 + 0.67) ugN m™> h™", respectively. Correlation analysis of the fluxes and environmental factors from typical
steppe showed a positive correlation between the averaged CH, absorption flux and precipitation (P < 0.05), soil moisture (P
< 0.05), and soil temperature (P < 0.05). The averaged CO,flux was negatively correlated to precipitation (P < 0.01), soil
moisture (P < 0.01), and leaf area index (P < 0.01) and positively correlated to air temperature (P < 0.01). Meanwhile, N,
O flux was positively correlated to precipitation (P < 0.05), soil moisture (P < 0.05), and air temperature (P < 0.01).
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Fig.1 Distribution of observation points
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Table 1 Greenhouse gas data and references in Inner Mongolia from1995 to 2012

Fh A ML ] (4F ) FURIB NS BURIESWES WL 75 v E=PEN
Steppe type Period Location Gas type Method Source
1995-05—10
1998-05—1999-05
. 1 bR 375 4
i i 2001-01—12 BT CH,N,0 A [7]
a Leymus chinensis 2002-01—12
2003-01—12
R A7
a P o, 2001-06—2003-06 RUGRE N,0 A [8]
a Leymus chinensis
i N3 BRI I 8 CO,N,0
a ?,'_f PR \ 2003-08—10 BRI i 4ok 21V2 A 9]
a Frigida-short buchgrasses’ CH,
R
a e . . 2003-01—2006- 11 BRI i 5k €O, B [10]
aAgropyron cristatum (L.) Gaertn.
S 2004-05— A VAT 535 Jiy
a i 5 004-05—09 BT N,0 A (11
a Leymus chinensis 2005-05—09
s e b 't/ S
: j:ﬁ% B 2004-01—2006- 12 BRI ACL co, B [12]
a Stipa krylovii
2004-06—09
o T SR
a FH T 2005-05—09 BT CH, A [13]
a Leymus chinensis 2006—03*06
v e SEREE .
a % a Leymus chinensis® 2004-01—2005- 12 ML CO, B [14]
af¥ia Leymus chinensis’ 2005-01—2006- 12 A RRI] i e N,O A [15]
a FH a Leymus chinensis' 2006-05—2007-09 B RT3 Bk CO, B [16]
aa Leymus chinensis'' ™" 2007-07—08 [y SORRe i CO, N,0 CH, A [17]
a % a Leymus chinensis® 2007-08—2008-08 A AR i e CH4N,0 A [18]
a % a Leymus chinensis?! 2008-07—09 EREETLIL e CH, A [19]
a “FHE a Leymus chinensis? 2007- 10—2008- 10 LU STIR/TRC €0, N,0 CH, A [20]
a % a Leymus chinensis® 2007-08—2008-08 B MR i 15k N,O0 A [21]
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LN ML s 1] (4 ) UL e A5 PURIIESREN SO 7 vk EE DU
Steppe type Period Location Gas type Method Source
2009-05—09 CO,

424 L4

a 2010-05—09 Zeh N,0 CH, ¢ [22]
ab 5 2010-05—09 TU -~ HE /B AR ) CH, D [23]
b8 2006-06—2007- 11 AR €O, N,0 CH, A [24]
b2 2008-05—10 IR LR €O, B [25]
30 2010-08—10 U CH,CO, A [26]
&3 2011-01—2012-12 BRI 22 35 T €O, B [27]
I 2011-08—2012.12 IR RIE RIS €O, N,0 CH, A [28]

/5

A LT BB Typical steppe; b: Jic 5 5L i Desert steppe; c: L fi] B J5L Meadow steppe; A ; i 25 W5 #6-S AH {0,4% 7% Static opaque chamber-Gas
chromatogram method ; B: i/ & # 3¢ ¥ Eddy covariance measurement; C; & 2% W5 48/8H 46 A 2 3% ¥ Static opaque/transparent chamber-Gas

chromatogram method ; D : 5 B4 - K OG5 65 H AR Static opaque chamber-Cavity ring-down spectroscopy method
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i R (3.1820.91) peN m™> h™' , HAE K P4 HEBGE B (7.6049.24) peN m™ h™' Gl X2 4 Bl 115 R
PEPTAS, 36 12 R SCHR) 5 SEBEE R N, O 4F B HERGE 4 (2.51+0.67) pgN m™> h™' 0 Py Sy i B
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3 Ao A SCBCH R AR 3 43 B A R AR o, DAFR 1 T 201 SRk H 4 B g TR U0 0 40 (R CHL, W MACH &
Rk  EHERE  HERAE IR 2 Ui, a6 2 BT s, rA U [R] CH, WG S K R
TR R R R AT A S AT s SR LA 2,

F2 HMBEECH,REESE BKE. TEEE TERE
Table 2 Average CH, absorption fluxes, precipitation(PPT) , soil moisture(SM) , soil temperature(ST) of typical steppe

AL A Wk it LG G Sk
Period Average G absorption fluxes/ PPT/mm SM/(m*/m*%) ST/°C Source
(g€ m2 )
1995-05—10 93.13 125a — — [7]
1998-05—1999-05 44 .98 550a — — [7]
2001-01—12 -48.97 270a - - (7]
2002-01—12 -29.11 250a — — [7]
2003-01—12 -38.81 371a — — [7]
2003-08—10 61.0 185a 16.5a 15.1a [9]
2004-06—09 50.0 325 16.7a 14.0a [13]
2005-05—09 67.0 166 15.8a 17.0a [13]
2006-03—06 50.0 190a 15.0a 4.0a [13]
2007-07—08 33.8 — 13.9 19.6 [17]
2007-08—2008-08 38.7 356 13.5 — [18]
2007-10—2008- 10 43.8 177.8b 14.0 12.5a [20]
2008-07—09 63.3 203a 17.2a — [19]
2009-05—09 60.7 164 8.2 16.9 [22]
2010-05—09 78.7 283 12.5 16.5 [22]
2010-05—10 98.6 256a 13.7 18.5a [23]
PPT:[%/K & precipitation ; SM ; 31 soil moisture; ST ; TIEIRE soil lemperature;a;ﬁ(ﬁﬂé%ﬂij(ﬁﬁq:‘@%%;]);%‘&}Eﬂé%?”l J=T L FOR

B ARAE SRR P 4R
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Fig.2 The correlation between CH, absorption fluxes and precipitation ( PPT ), soil moisture ( SM ), soil temperature ( ST) in

typical steppe

AL 2 W R R SRR CH, 3 W IGH i 5 oK A B R EIEA C R (N=8,R*=0.53,P<
0.05) , 5 I AT B 3 R TEAI G R (N=8,R*=0.67,P<0.05) , [a] i}, Hi 5 498 I B A b S 5 i 48
PEIEMER R (N=7,R*=0.77,P<0.01) ,

222 CO,acH#eif i (NEE) 535 H 1 X R

BB JEOULIBIE] CO, 384 i Pk & | TS SR AR AL 3R 3. kb PR 3 B (xR
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Table 3 NEE, precipitation( PPT) , soil moisture(SM) , air temperature( AT) and leaf area index( LAI) of typical steppe

UL it ] Hr A R GRS Rk it TR i - TR 2K SCHR A U
Period NEE/(mgC m™2 h™") PPT/mm  SM/(m*/m™3%) AT/C LAL/(m?/m™?) Source
2003-05—09 -20.42 354.0 — 14.6b 0.88b (10]
2004-05—09 -31.04 344.0 — 14.7b 0.90b (10]
2005-05—09 8.16 126.0 12.0 15.5b 0.45b (0]
2006-05—09 9.53 215.0 10.0 15.4b 0.47b (10]
2004-05—09 1.77 270.0 14.9a 15.2a 0.363a (12]
2005-05—09 5.41 149.0 14.6a 16.0a 0.568a (12]
2006-05—09 -3.21 215.0 16.2a 15.2a 0.595a (12]
2004-01—12 12.20 364.4 11.8 14.7 — [14]
2005-01—12 15.97 153.3 8.1 15.5 0.45 (14]
2006-05—09 31.25 — 13.4a — — (16]
2007-05—09 9.13 180.0a 14.5a — — (6]
2007- 10—2008- 10 34.62 177.8¢ 14.0 — — [20]

PPT: precipitation; SM; soil moisture; AT air temperature; LAI; Leaf Area Index; a’;ﬂlﬁ;’éﬁ?l@(d"@%‘%,hﬁﬁﬂé/ﬁum ,(‘é&ﬁ;ﬂéﬂ?
T2 Al B ASREAT LI E 19 CO, MAES RGN, IFE NEE , BUHEBIR IR G A% - BB AR e SCHk i 44

PR 3 AT, AR NEE 590K i 50 B 3 VU G 6 R (V=10,R* =0.64,P<0.01) , HLFEIH 5T
NEE 5 + 3808 B7AAE B E MMM KX E R (N=8,R*=0.74,P<0.01) , A}, NEE 558G W W 2 19 &bk
IEAHEER (N=8,R*=0.70,P<0.01) , NEE 5 M [ B8 506 B i & 1 M MAH G R (N=8,R*=0.83, P<
0.01),

223 N,O i s 5B H 1 KR

MR RS SRR WSO 73 B AR ) e B o, AZR 1 i 2] SR roe 3 oy 1) S8 0 e SO0 48 ) N, O HE G & |

Rk IR AORAIE 4 R, B AR B 4 K0l (XK 4 Bl SE17 115 M Bds ), xr s B a) N, O HE
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B3 HAEERNEE 5FKkE TIERE SEMHEREHNXER
Fig.3 The correlation between NEE and precipitation ( PPT) , soil moisture (SM) , air temperature ( AT) and leaf area index ( LAI) in

typical steppe
G oK R SR TR AR DGR S A R LA 4,

Fa4 HBEEVNHEN,OHMEE BKE LTEEERSER
Table 4 Average N,O emission fluxes, precipitation( PPT) , soil moisture(SM) , air temperature(AT) of typical steppe

pURII N, O P-4 f1F i f Wk it + e SR KPR
Period Average N, O emission fluxes/ (g N m2h') PPT/mm SM/(m*/m™3%) AT/C Source
1995-05—10 20.60 125a — 13.6f (7]
1998-05—1999-05 4.45 550a — 3.4f (7]
2001-01—12 29.11 270a — 3.9f (7]
2002-01—12 10.96 250a — 3.7f (7]
2003-01—12 10.39 371a — -1.4f (7]
2001-06—2002-06 4.71 286¢ 12.6d 6.5f (8]
2002-06—2003-06 3.91 259c¢ — 3.3f (8]
2004-06—09 0.65 265 11.2a 17.7 (i)
2005-06—09 0.39 119 9.5a 19.3 (i)
2005-01—12 2.74 165a 12.3a 1.7a [1s]
2006-01—12 3.43 230a 13.3a 2.6a [1s]
2007-07—38 2.30 — 13.9 — (7]
2007-08—2008-08 2.51 354 13.5 2.1 (18]
2007-08—2008-08 2.92 — 13.5 2.2 (21]
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XL ] N O AR ek it R itk K
Period Average N,0 emission fluxes/ (g N m™2 h™') PPT/mm SM/(m*/m™>%) AT/C Source
2007- 10—2008- 10 2.05 177.8e 14.0 3.6f [20]
2009-05—09 14.16 164 8.2 16.9 (2]
2010-05—09 2.18 283 12.5 16.5 (22)

AT .53 air temperature ; a; $047 3 Vi F 37k v 1 3 Data from figures in the reference; b: £33 35 FL7) Data from!™) ;¢ 3048 I F3" Data
from P21 s s BRI T B2 S0 BAi R IR T Data from 7 5 B ofe Y5 T #1514 Ml AR S 42 VR A (8 50000 4 B0 MR s 45 0t 54 WEB) Dt from
Xilinhot site of Chinese Agricultural basic meteorological monthly value datasets;“—" ; /85U A 1L SCHAH1 45 Y Indicate data not given in the reference

1A 4, N, 0 V-3 HEcGHE i 5 Bk 2 A B vk IEAI GG R (N=7,R*=0.58,P<0.05) , N,0 HjiX
WS R R R TEA R (N=9,R*=0.62,P<0.05) ,N,0 HEGE &5 S0 & e A
KKZE(N=6,R*=0.85,P<0.01) .

61 8r
y=0.016x-0.85 y=054x- 4.6 y=0.43x+2.06 .
g R2=10.58 . 4+ R2=0.62 R?2=0.85
Z o~ P<0.05 P<0.01 . 61 P<0.01
257
Q& A, 4l
Fzz 2t .
QL 2t .
PRI 2+
15 ~
>
< .
L]
. . . . 0 . . . 0 . . . .
100 150 200 250 300 10 12 14 2 4 6 8
Wk PPT 3R E SM Kk AT
Precipitation/mm Soil moisture/(m*/m3%) Air temperature/°C

B4 BEEEREN,OEHMEESHKE TEEE SEHNHEXXER
Fig.4 The correlation between Average N, O emission fluxes and precipitation ( PPT), soil moisture (SM ), air temperature ( AT ) in

typical steppe
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R I 25 A8 T g (190 Hao 25 tBIA S FR /KL Y B2 5400 CO, iU E B N &R, K B4 88Uk
BRGAERIR ST RE L AAR LG DRI P Sy SR i e TR A R ST O AN, 1T g
JE— MRS Sh AL R
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