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Fig.1 The 7-year mutton production cycle of Tibetan sheep on alpine grassland under
traditional grazing management used in the baseline simulation
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1 ,
Table 1 Description of animal categories, duration over the 7—year simulation, and diet consumed
/kg /d
Animal category Starting and end weight Number Duration Diet
(%.<3 ) Breeding ewe-lambs 3-10 200 90
(%.>3 ) Ewe-lambs 10-20 200 122 s s
Growing ewe-lambs( %) 20-40 200 143
Ewes 40 200 365 X 6 cycles
Lactating ewe 40 200 212
(%,<3 ) Breeding ram-lambs 3-10 6 90
(9.>3 )Ranrlambs 10-20 6 122 R R
Growing ranrlambs( ) 20-50 6 143
Rams 50 6 365 X 6 cycles
Lactating ewe 50 6 212
F, Suckling lamb of F, 3-20 122 212X 5 cycles
Backgrounders 20-50 122 1138 X 5 cycles
:GE , M] /e ;Ym :EV 1 kg (
’ ° )9 MJ/kgo 24 M]/kg
o (AFRC,1993 ) ; =
( /DE (%) =17. 3437 — 0. 1086 X Jke/
(DE/GE. %)) ,DE% =620'", NE,=C, XLW (8)
Ym=6. 58, 2006 1PCC :C, o
e :C,=0.009. :C,=0.024,
(GE) . REG=1.164—(5.16X10"* « DE%) +[1. 308
NE,+NE,+NE; , NE, +NE . o/ 37.4
. REM + REG o) X107 « (DE%)? ] DEY, €D
- 0
Dl%f REM= 1. 123 — (4. 092 X 10~° « DE%) +
e 25.4
. ; . X 2. Vo) | — ==
.NE,, (MJ/ ); [1.126X10 (DEY)*] DE, (10
NE, (MJ/ )5 NE, 1.3.2 CH,
M ;s REM
oI/ ) CH.
; NE, (MJ/ )3
NE (MJ/ );REG CH,.
;DE%
) ME, —cf, % (LW)" 4) ’ che
mifC i ( CH4
: Heu s 1 1 21;) E,.= > APP, « ef, (an
0.37, 0.236, 0. ;
k 3Emc CH4
LW o .
( g) 51 ;APP\
NE,=[C, X (4. 1+ 0. 0332LW — 0. 000009 f
S8
LW IXALW/(1—G; X0.1475ALW) (5) CH
LW s ALW ' ’ )
¢ ef, =365 X VS X By X0.67XMCFXMS (12)
Com1 C—1 ’ VS !
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2 GHG

Table 2 Sources of GHG emissions, equation or emission factor used and reference source

/ Gas/source Equation/emission factor Reference
CH, [18]
Methane sources 0.01 kg CH, (kg CH,) ! [18]
0.17 kg CH, (kg CH,) ! (18]
N, O 0.02 kg N,O-N (kg N) ! L1e]
Direct nitrous 0.01 kg N,O-N (kg N) ! L1
oxide sources EF.,=0.022 P/PE — 0.0048 (19]
EF=0.0075 kg N,O—N (kg N) ! f1s]
Fraci,a, =0. 3247 P/PE — 0. 0247 f19]
EF=0.01 kg N,O—N (kg N) ! [18]
Fracyolaiizion = 0. 20 kg N (kg N) ™! t1s]
N. O EF=0. 0075 kg N,O—N (kg N) (18]
Indirect nitrous Fraci.., =0 kg N (kg N) ! [1s]
oxide sources
EF=0.01 kg N;O—N (kg N) ! f1e]
Fracuouitsaion = 0. 30 kg N (kg N) ™! [1¢]
EF=0.0075 kg N,O—N (kg N) ! (18]
Fraci,., =0. 3247 P/PE—0. 0247 (19
EF=0.01 kg N,O—N (kg N) ! r1e]
Frac,otutzio = 0. 10 kg N (kg N) ™! (18]
175. 96 kg CO, hm* ™!
CO, * 139. 4307 kg CO, hm* ! [20]
Carbon dioxide * 34.194 kg CO, hm? ! (20
sources * 10. 26348 kg CO, hm* ! [20]
20. 06 kg CO,/t
o (kg/ha) X (. 3.39 kg CO,/kg N5 . 0.5699 kg CO, /kg P,O, 5 :0.186 kg CO, /kg N).,

Notes: % Means estimated from fertilization rate X conversion coefficient (N. 3. 39 kg CO,/kg N; P. 0.5699 kg CO,/kg
P,Os ; Organic fertilizer: 0. 186 kg CO, /kg N).
3

Table 3 Grass consumption and body weight of Tibetan sheep with different ages

Age 1 2 3 4 5 6
Grass consumption/kg 738 2700 4830 6060 7740 9420
Living weight/kg 14.18 29. 58 39. 90 49. 91 53. 66 59. 04
Daily gain/(g/d) 57.51 30. 49 39.10 34,25 25. 86 12. 88
Carcass weight/kg 7.66 15.41 21.33 27.15 29.16 30.74
, , 1PPCH s 1.3.3 N, O
1.0, N, O
T _DE% . 1—ASH o
VS=[GE - (1= 50" )+ (UE- GB) | » 35537 | |
(13) NH,1+ ’NH1+
. (UE - GE) GE R NO, ",
O. 04 1\]2 ()D ,
GE, 7 ; ASH ’ NO, - N, O,
IPPC! s 0.8,

N, O
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31 ;s APP; NH, NO, ,
sefy NH,” NO; R
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, R N, O .
N, O efi N, O —N=(Fyy+Fo) « EF,+(Fer +Fsom)
ef; =efym) +efis (15) * EF, (19)
sefisom N20O :N,O -N
el N, O N, O-N . kg N,O-N/ s Fex
. kg N/ 5Fox
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28 kg N/ ;F« ( )
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T skg N/ /5 MS skg N/ 3Fsom:
T , IPPCH# s
s 1, s EFy6 = kg N/, EF,
N; O R N,O ,kg N,O-N/kg N ,
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53. 95 kg CO, eq/ ) ! 24.85 kg CO, eq ( kg 'O 4,
143.07 kg CO, eq/ 4 , CH,
« 2, . 79%C  3a),

, 7.04~21.09 kg CO, eq/kg(C  2), N, O 20%  3a), s

LAC . CH, . 1%,
13.07 kg CO, eq ( kg )
4

Table 4 Emission intensity of greenhouse gas

Item Emissions
Total emissions/kg CO; eq 556806. 31
CH, Enteric CH, /kg CO, eq 468786. 07
CH, Manure CH, /kg CO, eq 6852. 44
N, O Manure N, O/kg CO; eq 43262. 41

N, O Soil N, O/kg CO, eq 37905. 40
Mutton produced/kg
Total live weight/kg 42607. 34
Total carcass weight/kg 22409. 84
GHG intensity/kg CO, eq (sheep, kg) !
Live weight basis/kg CO, eq (sheep, kg) ! 13.07
Carcass weight basis/kg CO, eq (sheep, kg) ! 24. 85
Production efficiency/kg meat sheep day '
Live weight basis/kg CO, eq (sheep, kg) ! 11.67
Carcass weight basis/kg CO, eq (sheep, kg) ™* 6. 14

2 (a)

of Tibetan sheep with different ages under traditional grazing management

3 (a) (b)

Fig. 3 GHG emission ratio of emission sources (a) and production links (b)

(b)

Fig. 2 Enteric fermentation emission (a) and annually GHG emission and GHG intensity (b)
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Life Cycle Assessment of Greenhouse Gas Emission from Tibetan Sheep under
Traditional Grazing Management on the Alpine Grassland of Qinghai-Tibetan Plateau

ZHAO Liang' ,CHEN Dong-dong' , XU Shi-xiao' ,ZHAO Xin-quan'?,LI Qi'*
(1. Northwest Plateau Institute of Biology ,Chinese Academy of Sciences, Xining, Qinghai 810001, China;
2. Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu, Sichuan 610041, China)

Abstract ; A life cycle assessment (LCA) was conducted to estimate whole-farm greenhouse gas (GHG) emis-
sions from Tibetan sheep on the Qinghai-Tibetan Plateau. The aim was to determine the greenhouse gas carbon
density of Tibetan sheep under traditional grazing management on the alpine grassland, the relative contributions of
the emission sources and population composition. The simulated farm consisted of mutton production operation
comprised of 6 stock rams and 200 stock ewes, and their progeny. The LLCA was conducted over 7 years to fully
account for the lifetime GHG emissions from the stock rams, ewes and progeny, as well as the mutton marketed
from cull rams, cull ewes, and progeny raised for market. The emissions were estimated based on the Intergovern-
mental Panel on Climate Change methodology, modified for Chinese conditions and farm scale. The model consid-
ers all significant CH, , N, O, and CO, emissions and removals on the farm, as well as emissions from manufacture
of inputs (fertilizer) and off-farm emissions of N, O derived from nitrogen applied on the farm. The LCA estimated
the GHG intensity of mutton production in this system at 24. 85 kg CO, equivalent (kg carcass)-1. Enteric CH,
was the largest contributing source of GHG accounting for 79% of total emissions. Nitrous oxide from soil and
manure accounted for a further 20% of the total emissions, while CH4 emissions from manure and CO, energy e
missions were minor contributors. Within the mutton production cycle, the ewe-lamb system accounted for about
65% of total GHG emissions and the sheep for market for 35%. About 45% of GHG was from the constructive e
wes, and 46% from the periods of production and trading. It follows that mitigation practices to reduce GHG e
missions from mutton production should focus on promoting the grazing management (e. g. enhancing reproduction
rate and reducing the population of ewes, shortening slaughtering period). However, mitigation approaches must
also recognize that the ewe-lamb production system also has many ancillary environmental benefits, allowing use of
grazing and forage lands that can preserve soil carbon reserves and provide other ecosystems services.

Key words: Qinghai-Tibetan Plateau; life cycle assessment; Tibetan sheep; greenhouse gas; CO;
CH,; N,O



