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Abstract. The present study aimed to reveal historical trends and distribution patterns of enteric methane (CH,) emissions
from ruminants in China between 1990 and 2010. Enteric CH, emissions were calculated using the Tier 1 equation provided

by the Intergovernmental Panel on Climate Change (IPCC). The enteric CH, emission factors of different ruminant
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subcategories were the corresponding default values provided by the IPCC (2006), such as 61 kg CH,/ head / year for
dairy cows, 47 kg CH,/ head / year for both beef and draught cattle, and 5 kg CH,/ head / year for both sheep and goats.
In addition, information about the population size of cattle, dairy cows, goats, and sheep was obtained from the Statistical
Yearbook of China and Statistical Yearbook of China’s animal husbandry. The enteric CH, emissions in each province were
also estimated to obtain the distribution pattern of national enteric CH, emissions from 1990 to 2010. The results showed that
the total enteric CH, emissions of ruminants ranged from 5.90 to 7.65 Tg, with the maximum value being obtained in 1995.
The enteric CH, emissions from beef and draught cattle ( mainly cattle and buffalo) exceeded 4.33 Tg, accounting for more
than 65% of total enteric CH, emissions. The enteric CH, emissions from dairy cows showed a continuous rising trend with
advancing years. In 2006, the amount and proportion of enteric CH, emissions from dairy cows (0.83 Tg, 12.7% ) exceeded
that detected from goats and sheep, and represented the second largest source of enteric CH, emissions in the ruminant
production system. However, enteric CH, emissions per kg of milk production decreased, indicating that the efficiency of
dairy farming had greatly improved from 1990 to 2010. The distribution pattern of the enteric CH, emissions showed regional
variation, and was mainly distributed in the northern, western, and central regions of China. For example, 10 provinces
(including Sichuan, Inner Mongolia, Xinjiang, Henan, Tibet, Shandong, Hebei, Heilongjiang, Yunnan, and Gansu)
accounted for more than 50% of total enteric CH, emissions. The distribution pattern of the enteric CH, emissions of
ruminant subcategories also exhibited regional variation. The enteric CH, emissions of beef and draught cattle were mainly
distributed in the southwest and central regions of China, with 10 provinces (including Sichuan, Yunnan, Guangxi,
Guizhou, Henan, Shandong, Hunan, Hebei, Tibet, and Anhui) in China accounting for more than 55% of total enteric
CH, emissions by these ruminants. The enteric CH, emissions of dairy cows were mainly distributed in the northern regions
of China, with six provinces (including Xinjiang, Inner Mongolia, Heilongjiang, Henan, Hebei, and Shandong) in China
accounting for more than 55% of total enteric CH, emissions by this group. The enteric CH, emissions of goats were mainly
distributed in the northern and central regions of China, with five provinces ( including Inner Mongolia, Shandong,
Sichuan, Henan, and Jiangsu) in China accounting for more than 50% of total enteric CH, emissions by this group. The
enteric CH, emissions of sheep were mainly distributed in the northwest regions of China, with five provinces (including
Xinjiang, Inner Mongolia, Tibet, Qinghai, and Gansu) in China accounting for more than 60% of total enteric CH,
emissions by this group. In summary, ruminants represented 6.77 + 0.46 Tg (of which more than 65% was from beef and
draught cattle) of national enteric CH, emissions from 1990 to 2010, which initially increased and then decreased with
advancing years. The distribution pattern of national enteric CH, emissions exhibited regional variation, with 60% of total

enteric CH, emissions originating from the northern, western, and central regions of China.

Key Words; Greenhouse gas; IPCC Tier 1; Statistical Yearbook of China; Statistical Yearbook of China “s animal
husbandry ; Uncertainty
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290.8 12 t, (i NRTE SO 33% ) 0 SiAh, Bkek 2Ey CH HERCR: A THFAELL 1% 1 He Bl g B
L R A st in e iom o R E R 1 CH, ISR HE 1 51 s kpkik . ald - faias 7, 1990 45
[ S22 3% CH T 5.806 Tg (T:1 Tg=10"g) , i BRRENWIHFIIE R 7.2% ,1994 4“5 F CH AR
W20 6.795 Tg, WL, A% E B miE CH HBCR T 2 2IBA R B Bt S8R0 12 2600,

HAl, A2 a B2t P ER A% E B Wi CH ARG TSR T 1 (R S 58 K 2 A2 5%
FRAK % CH HB SR E Tk LT IRA EZGER N R A% 8 CH, HEOR J5 K L5 50 50 R i 25 fe
IE, ST, AW 5T H) B 1] S5 A8 Ak 2= 51 45 (TPCC, 2006 ) A 15 19 (2006 TPCC [ Pr i 28 < M 15 20 45

http ; //www.ecologica.cn



21 T ST IPCC Tier 1| BN EIR A% E H b H b HEOE R AL 3

R U P EEIGE AR ) R e O S0 ) 1 S R VR A T o B A AN 1 1990—
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N E R R AKE B WWiE CH HER A, Te/ *1 IERAREHERBHBAM e/ (k- 4F)
AR sEF, BEETMNA%E S miE CH 4 HE R %% ,kg/ Table 1 The enteric CH, emission factors of different ruminant
(S - 40) sNJRIZAF BRI T MU APREBE, T7 ok, species (k/herd/year)

TTRGT HRARE I, R T T R
R . ruminant species Enteric CH, emission factor
BRS04 % B S G R (B 5
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2.1 1990—2010 4ErP EI&IE R A%< 8 B IWiE CH, AU & &y 284k
211 RAFEEWIE CH A =

i 2 3 A%, W E 1990—2010 4E X 4% % B il CH HERUS B4 T 5.80—7.65 Tg Z[a] B AR L8 J T+
Ja R R T RRAE, A 2006 42 )5, CH,HEUS B R ETE 6.60 Tg Z£fi, SR EHERARE
o AR B I IE CH,HEBUS B STk AR K (> 65.5%) . 13 2 Al i, AEA 21 42 )5, AR AR S
HEM TGS XESHEPTERAXE S WIE CH,H S SN0 R, 1995 ER 4578 B Wb
CH, HER K, A 7.65 Tg, HA A& A0 B IAiE CH, HEBUS T STmkE K, & 1995 4F B 438 CH, HE R E Y
78.6% ; HUR Rl 2 g2, 40l 5 B s CH,HEBUE =Y 9.8% 1 8.3% ; 4 B AT CH, HEMCE T ik, {5 )
%% BIniE CHHE R 3.3%, (H2, B HEW 4L A B & &, #0E 2] 2010 48, 54 B I8 CH,HE
BT R L TR T 13.19% , M I SR AR E B i IE CH HECR XL G, B T E R AR E B A
CH HERCEE — IR
2.1.2 R EBE CH HEK

i 3 Al R E A A B i CH VS A T 4.28—6.01 Tg Z 8], K S5 R 4% % Bkt e —
H, A 2007 EZ )5, AR iE CH HRCE AR ETE 4.40 Tg 247, 1990—2010 4E N A4 H il CH,HF
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L=l CH4ﬂFﬁE§5/H\ﬁ?’§§&§E’J’Eﬂ$E F2 HE1990—2010 EREAXBFEREER/ (k- TR)
PG, POREE SR H A KA AT o A 3 :01";(2 i‘::]‘:::fh‘:d")“m‘“““‘ population in China within 1990
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AR EYA B %IE CH HCS AW BT B, 3R 3 A0, b B W4 097287 05 i AR W 4 i,
LS CH, IR AN T B, 33t A v [ 73 20 G SR BOR FA: 7= P BRI A BT 2 A T 43 i L 43 R
B A 038 i W 20 L 7 PR BRI A , 43 BT SRR 7 B R0, BRI B 2R HORR , Gk A 5% 45 B e, A 8075 24
TRFEAS e T YA A AP A TR g, XA B TR S P CH, B HE =
2.1.4 ZHFEFILFEFHBIE CH HER

2R 3 AR, o LA S RN Ll SRR AR A R LB, TE IR e L B CH, HEBCE 8 2 BT o L R A
KR EAE R ES, ILEMARE EHiE CHHEBUR R 514 T 0.46—0.76 Tg 1 0.55—0.77 Tg Z
6], FLBT 5 H 2 B T 7.9%—11.6% 1 8.3%—11.2% 2 i), #2010 4F 45 F AL E B i CH, HE S =
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Fe B AT A, B R 2R B giE CH AR R BGE /N4, SF B WHiE CH, HERUR & LT & He il AR
e N, 55 o 3R 2 R HE R R B I 56 . 1990—2010 4F 3K, A4 1 K E A KR &, F BRI N T
SRAEASBE N, B L 2R 2R SRBE ISR WY K S5 4h  E R BB RITT TV 2 3R br e
IR B T aE R RN 75 SO UMY R 5% 55 VR AL AN S5 BAR B BOR RS it , AR b (5 1 2 57 58
WA &R ) e 2 a0, 21 el 2 Fr e E SRR 2 D5 T — B & R ], 2004 AF rp [ 42 RN LR AR
T 3.0 42 H 2004 25 HE SR SR i B B, SR AR AR TR 2.7 {0 R R E SR
Folb it ANFRRR I, 8RR | Ak 32 57 ) ) RV AR b T DA 0K A 28 B A AR ) e i e 4 PR 3%
FISEIR , 37l i 2 B 7 B BRI, SR 5288 7 & R 2 >
2.2 1990—2010 “FHEAIE 4% % HmiE CH, HER = 1 b st 281k
221 RAFEEBWE CH, H SRR R

A 1 Rl R 4 K R I CH, HERORS J5) 5 PR DX S vl o5, 5 A v A v [ P 0 R Y R A 4%
By, Hodr PN S B RS P AR TG BV R ATH R AR 10 MR IR A K B B miE
CH, il 5 2 FE BB 1 60% DL E, 448 B HE 244500 #i |

¥ifr: Gg <200 1200—300  EEN 300—400 WEE 400—500 M >500
HE 2 GS(2014) 23718

E1 1990—2010 FHFEREGRE B FE CH, HMIEREL

Fig.1 The changes in distribution pattern of enteric CH, emissions from ruminant within 1990—2010

1990—2010 4FH[E e 21 & B il CH, HEBUS /A8 (b F 2R IAE N St HON BRI TD AL T84
By XEEE G AKE B miE CH A E AR B b 55 R AKX % BI%iE CH, HEl 1722 f i Ry 58
1990 4FBYHER B 0.34 Tg, 2010 4EBGINF] 0.72 Tg, HERC LB 1 1990 4E1Y 5.70% | FH3) 2010 4EHY
9.79% . FEILJEH IEAER , NS A G BUR = AR PO AR 7= TAEI I KA AT B, AW e T —
S b 1 5 A Rl Sk Al ( S48 ) |l SR A A XTI T AR v T AR IR SU R B, KRSl T
A RPN K, TR LRSS NS R AR E B WiE CH HECE e ETHE TR, s8R
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PR, Bt H ) 28 5 R AR T 2 J RN U i T P4, 38 0L 2 7 Fh ) 7 AR 58 v 1940 b DX i) A A A1 1) e IX 2
AR, —Fh R I TR RB T BN R ; 0 —FlR B XA, dndb st g R R A T, 2t
BRI B S R BEER R B A S AT B S i AR s T R
222 WK BBHIE CH HEERE R

H I 2 AT, 5 A 5 & HEUS R —RE, R B il CH, HEROR SR IR S B0 X ek A v e o, B vh A g
BB LA R B ANy, o DU =B P SR RS AR R TR PR AR 10 R A
& E il CH HERCE 2 E R4 B iE CHHEBUS R 55% L 1

1990—2010 4F-rf [# A A4 B il CH,HERUR Js 284k 3 BAREE N 56l A0 T s MR R LA~ 10
XLy AR 18 IiE CH HERCEE AT b I 25 W VL RIAR 2 55 e 025 4 I IR AR 4 B 8 CH, HEL
AW N, IR TR TP SN AN R A B iE CH HERCE e B TR R R, P R %
H,1990 AF IR A4 il CH HEICE ) 0.24 Tg, 5 RA4HE WHiE CH, HEEE 219 5.08% ;2000 4F- CH, i
T e LR HO A 0 B N 3 0.46 Tg F17.98% , 17 2010 4EE143 W FFEZ 0.19 Tg F13.78% . FXHJEN  HEA
21 2d )5, PEAES A E AW T AL U AL, 280K P O 255 2R A 3ET AR, i BUR 3 4= B0
HyE— 280
223 WA BIHE CH,HH Rk

L 3 AT A T R AR 5, W54 B il CHHERCY 8 (3 B8 4 b, A P e b B b7 Hi X, 2010
AF BR NS RIRVT WAL TR AL AR AE 6 N B A iE CH HECR . i 2 E A B i iE CH, R
ST 71.7% ., M\ 1990—2010 4454 B Wil CH, HEBOHS J5 i D s AR fb o, 52l BT B R T R T
JERNL AR W52 B il CH HEE Rr2E 1T, Hdh LN St o 8 10,1990 4F N 52l 4 CH, HEE: 0.02
Tg, G ¥R EYI4 CH,HE LB 14.6% ;117 2010 4F CH, HE 28 I3 0.18 Tg, G4 i E 154 CH, HEK
FL B 20.6% , F8 HIR A A E B AT E S8 B RL R ERI A8 IR A0 DX Ay 5 4 3k A0 A 5 5 3 b s AR OJR VTN
WSS R E AR ™ X5 LRG| e AR 52 vh g 3 s py A e mall = 1X. 5 Dhogr e HOR 7 2 AR Sy
F R PGICAA XA = X 55 4 KA 2 Ay i el =l & e T B, KR AR 1 T 24 s 4l
BB &
2.2.4 1B HE CH,HEE B2k

Al 4 mTAL, AR E LR CHHER R A R e GRS rp S 4y, He gl (AR il
TR AL 5 A 1L B piE CH HERCE C 5 2 E 1L B il CH HEUE &1 50% L) L

MLLEE 18 CH, HEBO R b s AR, NSl HOR U A e 44 L =- H i CH, Rk
Bt T, Bz ah, hE R 8E I E B ImiE CH HE R e BT S PR S, Kb LI R & o
2. 1990 AR A I E B 118 CH, HERCE 4 0.057 Tg, 5 1 F S %l CH, HERCE B 11.62%, 2005 4E
CH, HEplciE B HLPIE 5 Fe ) 23 B3 n %) 0.176 Tg F117.66% , 1 2010 4EE1 2051 F FE % 0.089 Tg Fl 12.63%, 77 H:
BRI, A MEA 21 e e A4 T AMBFT TG F 2R P OO BT R A% % 350, (1 2 I A R &
FRPEE KD e T30 CH HEC 2 BT P 3,
2.2.5 4B miE CH,HEE BAE L

& 5 A FR SR E B E CH, HE 32 E4E R PYIEHBIX 2010 4F B NSl U A A H R S A
Y4 CH,HBUR: 4 M4 CH ARSI 71.3% , HIR R4 E— BT TR IES ikt RHAGE b >

AR B 1B CH, HEOS SR g s B AR T E K 2808 48 8 %18 CH HEGE Y 2 85E B A AT
R ss Horp DO o 28 . 1990 43T ian = 5 il CH,HE S 0.119 Tg, &5 FE 41 H %3l CH, HE
R Y 21.1% ,2005 4F CH, HEBCER K BT o HL ] 53591 o 0.185 Tg 1 21.2%, 111 2010 4EH1 4350 T B 2
0.124 TegMl 17.9%, FERP AL 57 8 S FREHSA BRI 1T 4 XA A5 058 H 25 A0 1] B i &% 53X
SR 2 HRTE—E R B2 T R R
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Fig. 2 The trends in distribution pattern of enteric CH, emissions from beef and draught cattle during 1990—2010
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Fig. 3 The trends in distribution pattern of enteric CH, emissions from dairy cows during 1990—2010
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2.3 RAZKEBWHIE R BEHER A & H b

RARE B WA CHHRECEZm CH i W ERREZ —, Bl PESEARFAAEAEES
T2 AR RE IO HE R B, AT R TPCC HR B HR LA B (B, 3k 1 7 22 (B0 A7 A I B 22 5 Ve ™) 4563
T, AEWAS CHAEHERCR: N 96.28 ke/k , Lt & T IPCC 15 $2 At A B (W34 61 kg CH,/3k/4F) . 1B
2 A R A 2 SR S B T AR 2 AR I ARG AR 2R R e HE R B T T 2 148 Oy A
RIS s S, RARE B WE CH AR R B 2IVF 2 R EZ g, flin, K EMRE ERKEEH
B R A KO FRERIRE RS AL R AR B K X R ST CH, B R BN AT E
P, Karimi-Zindashty > ZE 3038 , P 0505 4= AR = 50525 B i1 CH, HEBCR B0 A5 22 P 550 - 19—20%
-21—24% , Monni %5 "I IPAE75 2% 4 EE BN AR R4 B I8 CH, HEBC R B, A A HOR B e v Lo
-29—39% U [H] S M5 A5 1 25 51 45 2006 AR A K & B Wil CH, HE B R 800 KN i & o 7
+309%—50%' "' |

W2 ERFFEBFIH IPCC Tierl 5 T 4K F CH, HE & DL AR 2 A5 F , Kaharabata 554%
P R E B CH HER AR 2 ML I £30% , Rypdal Al Winiwarter ™ 37238 RO — 26 B ZAE 5 & H
JiBE CH , HE R A A 2 3 L G v o ] 0 B8 b ) 4 5310 £ 20% FiT£50% ik e 58 25 332 B, Rl 1PCC
Tierl A% B i CH,HEBU AT & Mt = 35 +50% , A T REMSFEAREK & B il CH, A5 A9 ASHf 14, IPCC
FEREEAE T Tier 2 A5 7515, IPCC Tier2 % IER AKX B MARE A K LT B HFREHE T B K 36
B R AR AR KA ARG IR R 52, NI 5 & B il CH, HE & A9 A DR B2 R . {3
B M TFRZERRAREREE AR U S G S A SCHE () BRI, B At Je ke 2B RE LA A 1pce
Tier2 fH K & B il CH, HEGE |

3 it

o E R R EE A CH HEBCS RIS BT 5 TR R B TPy, Hid cH, HEL
SR T 4.33—6.01 Tg,0.55—0.76 Tg F1 0.46—0.76 Tg Z[al, U348 il CH, HEBCR & S AW T
FEaH, 2010 4F35F) 0.87 T, HrpHER L BIAE L 40 2 AL 2 (EL BT 7= B CH, (W HE = AR AEREAK, T
PR AKE CHH RS SRR TN NS TR AL 2R S A0 R4 1) CHL HERR B 2 — B v [
G, 1990—2010 4R 1], E R 25 B I 4K & B il CH HER S 2B LTS R RS HN S
VEFECRTH R 5 A S B i LTt ss ARE B A b B R A5 & IR AN S, AT LLE A iR s DA
A K3 WAL R FH S R i /4 R AR & A ORI s B HE

B - R BRI R ROl AR 2SI T IR S R AFSE O3 R A T X Sk SR ) I 8
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