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B A & Ok 2 KR EHECR R =50, IE5EKR, ©ORON T Al A= S % A

( FFCC2021) . WA FFRAARESADHN CEREEEMEEHRO 1 14.5%2 & Holbas s,
EEPOR, FERAF RS SRR 40%, 405 20%. (EXEEHEBT, 44%H) S ALER 2 8 B
279% 1) — 840 Z AN 27% 1) —E AL IRFI S (Gerber et al. 2013a: 15) o W AR EI A8 K: DL K2 w3k 1 4
RS R BRI P& A 75 SR I (Herrero et al. 2009; Nordhagen et al. 2020) . R4S, 4K
NEREHEELE 2009-2050 4 #AE] TR 4 32% (Tilman and Clark 2014)

CRIGENDIL TR KR tHRIERR “BREEARAERE RS, "ThE
BB RATI K S B, SRR IS SRR L
423, 2021 AR RG0S i — it g th i E B 7 I e 4,

XWEUR TR T Sk £ R T B BE 0 DA R A T ek 2>
MOl B2 75 (B FY B CUN Nutrition and  lannotti
2021) o B BN AR LD K B ] E T ORI Bk
KEJR D BE W IAE LA L (Wellesley et al.
2015; Godfray et al. 2018; Willett et al. 2019;
Greenpeace 2020) , P AABATIN g RIATYIXT T EREE AT
IR % . B, 50by40, —ANZALIREME, LIFE
2040 “E IR/ 50%[Ih Ytk & d R L.

FARTAPOW & B0 5 R R R A 7= 2R P
S e PR e HIR TSR AN 5 5 AR 2 L A2 7 07 3OM BB OR
T B T 45 32 A% (Stehfest et al. 2009; Gerber et al.
2013a) o PP A AL 1k A T DA R B AR HE
B RBE 2R, GFRRIR G AR, AT DR R A
. 298, e 4 o BB 9R 1 ) 97 4 MR T 2 0z v B
HE, B R IR T AR 7 AR ) R e A e kb,
AU AR AR T T R S R B . 2 DR AU A R R
Hedg, TR 4 B I IZE A 70 ? FRT R
MATTTAE, 5 29 1 bt S e FRAEAT Ak 2 VR4l A 4
B MR AR 5 R Lt B R, B4 T ARk
BT RARIBC B MOl 2 1 R MR EE B AR 2 B A AR
SO ECE IR A A RGURSS e

RERTERABB RN EERS R, AR SR~
P&, LHEREEM, =T ESREURH Ok
[T € SV T N Al E A LA YNGR YN 3
MEREEG AR E 7O “EAREAA iR, 0
LIPNE T P = ST eI v A SN0 G W =
BHERR. ARTUAIZLA, KEEFARHEY R
GPEE RN, XPEA TR, A H R e Dod g
R HE R A B 3& bk 45 5 SN T Bk B 7 (Hayek et al.
2021D) .

—Se il T B R 5 A SO IR R, L R
Tritds LR, SR B AL TR R 2 AR
DX PR 8 3 SO A I AR -2 S R . AT IRIE B &
RYEEAR, GFAREHRN. AHEAEARMNER
(Godfray 2019; Warner 2019; Treich 2021) 2. #i#1,

HEMAEMR AT LSUARRWEEIREZ . S
A ERVE RIS IF VA 78 45 T A T M 25 B VP A % P R BY 10 75
Holl (Fairlie 2010; Herrero and Thornton 2013; Rivera-
Ferre et al. 2016; Garnett et al. 2017; Manzano et al. 2021;
Nagarajan 2021) . AfREINANHS
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S B BRE PO R RIE B T8, AN HEm, Jus ol
TR RME BN B MR 07 30, b o A B R A0 P s 3l il
OV . ARSI T O A BRI R SR TB R B Aol
AR AESZ, DAL IRATI A2 00 B ROR 5 7T BRI 2 A AR 2
Wo

FARTE T O T LA AR Z AR RIRE, & AR R & S0k B a
HER IR S o RARTBCER T & Pl e T A R R T I 407, x4k
B2 DR R e ) — R e P2 R AR T Y A Lk A —
MEIIENA, RRARE HREE R BIRIRE R R LA E
AREL IR AR BREE. SEWNSE. HEE. YIRS,
3% B A TR o5 e BR B i AL i — = BLE (ILRI 2021) - {E3F
Biz g, HAR# 7 A E X,

1 pim 0 S
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° (o
* [ I 2T
257
Al

DPERS s

B T3NSRSO B O g AR . X el X A A Bk, AR R
Pt RLE . AW B, YR, TFRE. JERE . gL IX . PR
SRR K. AR AR AR B R B bR, S B —
AR (R ERSL) HA A RIGS), 23 E QfE R
HIERAE (B D . B8dER. AEERNEE, BRIy
HAREFIH ot B R IR AT 2 REPE AN A e PR ) (Kratl
2015; Manzano et al. 2021; Scoones 2021) . HIRATRINRYE &
JAF I, BRI SR ARG EEL S, AR T EHK
B IR, W AT MG I AR S s R A
(UN Nutrition and lannotti 2021) .
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WA B B EEM AR AR XL
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BT R B B 75 352 B8 R AR WO A N R
IRTBHCR B OL A R HIBL 2, LRI SR HITE I A
BEXSE. EA R WREW LA & R B A AR T AR
T AR A A8 P AR TR

B 2 X T R AR R Bl FRAT I AR R T
N GERFBUR . ZEICREH, PhE SRR R AR Tk
VR — o QAR B R AR A BRI BE (R K H AR, AT
B B o D A ERAR LR R G I B T B R
BAH AL RS

AT, WEMPISAEAR R RO - TR G — 10
T T 23 B WA AT DA e At TR AR T
BT, REAM T AERREIS RGP R A
PRAIAIE . TRATT P BB Y 22T (4 2R 4 05 1 RE g 8 S — T 1)
BRGNS, o (i Je DRl ) B PR e h ik o

AR R ROMBE A 2 (ERC) %I PASTRES 3 H
HF O 5 R TARNG 3485y, %000 H P =A Kb, 18
AAE IR TAE, FRZCR T R X AE 1 LA S Ho A
R E A ORAIAE T 5. AARE 5 Hofh— LIRS T ek
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MR TR AR AR E TSI 21 S AR ZE AR & sy & &, BN
SHR M AR, BB R R AR (Wellesley et al. 2015; Willett et al. 2019; Greenpeace
2020) . REEFRAEBALTIR RS (PCC) ST AEA - HufE H 1 8 E i (IPCC/Shukla et al.
2019: 159 - 160, Figure 2.9) , FHOW A FGEFE I E G 2 BR H e SRR 1 33%, RO H B HEBCE Y
66%, W5 F I EEIERIET 2N EEEE . W PO HEE R (37%) , MEHEME POl
FIHEBOE K R (2018 4F (5 14%) o XUEERLCRIET k4301, eI syh a4 & &R, Bl
WO RS RPOL RGFHFN & PUR & RSER & ZE I HECRIR

11

WA s D A EDR AL RO (FAO) W& kR
—maN (HEEERNYE) Kild (Steinfeld et al.
2006) , W& TR T E ARG A P R R I IR AT
Bi4rsh, AMBZIE, ERENEZ R 7880k, X
Hr HA BT SRR TRt B0k AR R AT
ESEAER, BT T B H PRI ) ) i S A
—, BEHP RS UHER =4 (Steinfeld et al.
2006) . RAEZIMRE KRR AA R HE ) TR 2 AP
(fltn Pitesky et al. 2009; Glatzle 2014) , HA[F A
BB J5 i R B T AR 2 R B Wk A i SR A 4
Mo, BFEEARS WEE AR, B, HE S R E
S, UK A Y, Wanth/R « mk. MR - &
TR ART « BEE 6, PRk, SBRE” AT
BN OS, HRELEMREREEL mRHEA
AR SRR ES T REHE NREHP AT E
P8, THEIERB I T AR AW A B R AR
16 5¢ e H R AR 1 9.

v

T 2445 3 7 3 388 147 UL i AR T SR e 2 FRATT A28 5t LA 1
e BRI FCAR BRSO R R R SCER R R I T 9 SR IR
&, MAT#BAE 2006 & 2020 ElARE, EXRTHE. UE
BALAFR KA WIS R B R (& 1 10, 4%
FAO R#FM (MEHIEEIMPIR) 25, WEEAa KNI
BER. EIALEIFUE SRR P A, B IPCC Ik
TRTFARBEMEHAEAIRSE . TG HNR, TR
HBALFH T —RF B KU

ARG S50 . — Se S AN BOn X 7 1 Tk b &
Mg g A =07 30, (ERTA S # R T EA
DRIV, IR ASRRB SR D B Ol AR ok >
HEL

KD B SRR & POl A P R AR R )

FEAE AR AR LT R A R E 1 L5CRAYY
F B RMAIER 1, BT RIRCA T IR SERBOE
3. BRKESI R EAT-Lancet i SRR B s Tt &
e 2 T A S G BT R E R T, BRI U
. BEHAE AR B . BTBL, A TR R ER
B SR HIFEHER AR UAN , RS IFIFAE 2050 4F 2 Hif kb
50%MZL RN (Willett et al. 2019) . [N, ZREFIF
L (2018) HPITAE 2050 4R HIKE ATAT Sl IE £ S 3
N> 50%.  CRMEFIRIEY  (Greenpeace 2020: 10)

HhIRF] “5 10 SERTHIEL (39MICO-eq) , kM BFREHEL
TN A AR S R R A 2 T B BRI 840 5
WiRZE. 7 12 E R R ERHE SRR RGN (e
AE, B REDY MR A BB (Wellesley et al.
2015:1)  “EUZENWIFRIAFIE RIS MR G R T T IR
1/3 HRRMRCRACHIAR % LB JRIA I E SOk
“TEHRPEEER” Pk, Searchinger Z A (2019) M
AT ST DU A M T SR A AT TR A ) o T A

H.
rE



S L AR 1 5 AR A AR A RS

FA AR = 2R DR A B A o e o 7 A v R e, BN
A HahWie = SR EHEE 7155 (Steinfeld et al. 2006; Garnettet al.
2017) o RER RN B HRHEBUK P, AEASREE T A KAk

FP et B 25 B A B e F sk,

DN R 2P P S RS Bk R i B T, L
RAEAEERBARN IR Z X, A0 E 3 B AT a4
100kg 2L (WLF30) &

FEIRTN G 4 o EAR AR AT, MR B ARG, tein
TP . AR AR BN BB A R IR A T m e, R

— AR B R R T B A SRR

7~ 1

ey =] WA 1 H #A
(LAHTRIL: BB ALN A EFEN T IRIEDLHT ) S RIS SR 2020
(IS 1 TSR] REHKF [E bR E AR 1R & Shukla et al. 2019

TR DIl FHEM AL, UI=EiE2

W B 2P R & TR R TSI

22
(AN BHBIEY: M AJ 755 YR ) EAT-Lancet Willet et al. 2019
B
(BYZE F] FFEE B IR HE: 2050 ZEFTHE 100 2N VAT T Searchinger et al. 2019

BT E T %) (WRD
(DETEZ: WDIFTHRN, 2 TR FIE LR AT 2H AR BRI 2018

55)

(PO I R BHONZES, P —& A SRR 5 0 25 Garnett et al. 2017

1 G A B 1T S - LA R X

HE T )

(PCESIR, BRI TSR NG i ] 52 5% [ g 45 B 9 Wellesley et al. 2015

E= W)

(L B P TIRAE ) e R A AR L 41 Gerber et al. 2013
(FAO)

(& /22T ) T [ R e Ml 2 27 Steinfeld et al. 2006
(FAO)
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T L ER B AR AL U

L A 2% AR TR] 3% {14 T 1 AR N g 4 R AR IR 2R A1 2 MR T ERERT 10 AT B RGN BE .
FHU, VERIWLTC (Liu et al. 2021) . AT, RN AR LR FTA BT S i T EE AR E X sy, —
FHCR GE I\ ST v HE TSR T U 35 R 2 I it 2 {3 SRt R EFxE TR, AR RAE A ARFIECR 18 ol
A SHERBN . 7= H RO B4 RS (Manzano and FZ AR SRS S48 F IR

White 2019) .

10 MRTHEM SRR YL

#<2

ANV AE PALE R A T S 180 529 ) 4 BRHE
H 4 70%HEBORE T & Polk gLk (Greenpeace 2020)

Bl A P R T 2 33% 1 AR F s HETRCRT
66%[11 4K (IPCC/Shukla et al. 2019) .

B0 A BRI AE 18% % HSRYR, (HA1 A T 83%IM 4k F Lt
(Poore and Nemecek 2018) .

AERKYL) 33% A R At EHEY) (Poore and Nemecek 2018)

ERF A= SR IO, S & & LU A & o B Y
WA K. &R A B E iR, 21 R & 7 20 & 100 % (Clark
and Tilman 2017) .

B HCRIDRHAE = IR T AR B Lt R F AR
TR T AER 13 MARMCRAFIAH RS (Wellesley et al. 2015) .

FARTBUAL & PO HE R E SR E 2, BRI & & A IR AR T iR
X SECT AP RERIR N A RS I (Steinfeld et al. 2006; Garnett et al. 2017) .

2050 20, WHREYRGEESRE “LEBTHAE
LT FEE E > 50% (Willet et al. 2019)

P> T5% 1B B VAR 2 T > HEI 3.67 AZHERY
&4k (Greenpeace 2020)

2050 FEZ A, AERTEEIH/D 50%M BN AR FE R AR
(Greenpeace 2018) .
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FV A EERRICE AT (LCAY J7ikR45
W, HEMSH T ARERHEE S . LCA —— MR AW
HEZE, W] DLASRUE S iy 0 A0 R 45 76 A o Jo 3 h 45 34
BiHiRIE /) (Hallstrom et al. 2015) , &l &4
P2 A% (Clark and Tilman 2017) . K#4%& T AR
FFIVER A Xof B4 58 5 1 [ F 90 S B T b 7 ik 18, B RR T SR
) R0 L AT S AT AR

LCA BT A IES R 13 2] T RV AT, BNt frdh
FUAE N i SRR SIS TSR, Bk A M IR &
AT AR S AR R AR (. KA B SR
W KB A AT R 13, Rt e e ek, R4
F) W0 R P 335 B R e R IX — W st O TR R B A
it A kg BY. 1g EmAMR. KEALEHMERN 14
o1 AR A ST 2 T 20 & 100 15 YY)
PEEAR R
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o 7 L 2 R A A

(Springmann et al. 2016a, 2016b; Clark and Tilman
2017; Clune et al. 2017; Searchinger et al. 2019) . fif
BL, AN ] B KA U A R (Springmann et
al. 2016a, 2016b) . Springmann £\ (2018) HIRF7TIE
EH T RACIIESE, SR A N AT b 75% 1)
LR, TP T N LA 9006 I 41 IS AN A g S B 42
BRUEAFH AR 2R, RERAMERAR S E RIS
& EYIMBLRERGE . B FROE LUK A IR AL AT AR
RKZF (Drewnowski et al. 2015) . e Al 313 HIE 77
YIB AR AR TR R, AR LR E AR A E,
AT DL H SE A T A VAl 45 R

Poore #il Nemecek (2018) #E R4 MMM (FH#) K& L
RFS MO FRIC, % TR SR R S I BUR
i IS KA S R BOC 2 o AT B
IR, i Our World in Data ¢ “HdiE 1111
HFE7 ) Pl R AT B AT T TR AL BN 53 BT
T2 90t 1 A2 BF A 2 o R A DR T I A O 0 R U
14, AR ZERE TR K 119 ANE K BY 570 T
38700 K AkIH 1 1600 ZKIN LR, WFFRMAER LM 5
BrRahddk T e 31 {2 AW E TS B (FEY
s> 19%I AT i), s 49% iR =S, >
5096 7K B R 10 R 490 F /K 1 2 97 Ak il 25,

LCA BT FSRIEER, Jo R A RERSIA BN A5
ff) LCA FTAEMS4E R 16, IE(ERmAE A sREUR R, Bk
MR, EPEFE AR AT G “PrEtEgs”
BRI UL FRAR A 5 B, T X L S 1 5 R
Rch A R G Bl . AR, BRI SRR R AR

——TERNEFRN AR BB 2 ——RH LCA J7ikik
Ay K— Z BB % £ Poore fil Nemecek (2018) 14>
e, WSCEMAR 76 TURIAN A R EES B UL T X e
Bo AT RBETC R, R O DAk
BWARG. MAIPFFRNE BB E SRR AR, A
SRVE B 7 B AT R BRI 25 A . A AT 1 SR 451K 2 5K T K
ML AL KR, EFRPE, N TR AR
Fir, AbATIE I 5K 9 R K R AR T AR R . TR A
EBHELIRMETIR T, BMEA — A2 R 4R, Al
(RIBF 5E 75 12530 A A T e (M A SR BR A . (B, i A
17 RARVES 18 T IR R, S TR AU A4
W, XL U T R AR A R S, i R T B
PR P RIR AR B LI i L 19,

XA OL X o BRI R B HE O AR+ . BT
LCA 4R & O PP R BHOISE R T 14.5% 1104 Bk HE
B X HER AL AT AR A R BOR — 2 A B
G Bl sis e A R (Gerber et al. 2013a) . Stk
AR EG, A2 IR0 T 328 AR O HE T VT 0 A AR R DG B
TR IS BB T BE A T 14% IR = AU A
T TR R P B POl BLHEHEUN 15 5%, AR 43 #T 2 i
RS B . FRAIE T ORI E], AR
AR5 AR 258 ok, RN HUBCH &S 1R G0 B 3%
HMTTRELL “ A BRYE” LCA BRFCAGTHIEL, RNy, M
MaR ARG SRR ER, FAEStiEh. [
3 TR A R 0 0 0 1 ) ML LU AR 200 BRI L
LA S HEBCRIEA I X 4 2243 -+ B R SRS,
X8 AT B 3 O SR AR AL BUR S A 18 5 ) /e A 25 3
A TR AR BT B POl A R s






T L ER T B A B U

CELTRYE” LCA BT CH% (i FTEREMESR) RZIHEE 1 AAT0 AT 45 Sk fry 2 i

(Manzano and White 2019) . K#B4r LCA B 72 BHE # 2 W s N B 54551k, 3B
B RG T AFEEE S (Paul et al. 2020) . #iltn, 7 1945 % 2018 4[]k %
FIPE B AR Sk, R 12.7%3 S AN, T AR RS 21435 5 4Bk 20% 04+ 27%
K145 2 F1 32% 1L 3 (Gilbert et al. 2018; Paul et al. 2020) . Xt S 1 4 HI K7
SRR R EE R D RSO [ AR A DA A RYRE T IX He [E R 1% dE . Clark A1 Tilman

(2017) MIZAHTHEE 164 A~ LCA ST, A RKE /i Rk 5 WM . JE3Eu .
BRI AT G 22 . ST IR 5 i LCA BF5AY 5 0.4% (Clark and Tilman 2017;
K 2) . [AFER, Aleksandrowicz 25 N (2016) [ R SiLEiREE K 210 MEAEZEH|: 204
MREAFBAER, 1 REPFWRANEER, 545 MR EHM B, M1
W FEXT R — A 5E AR BRI E K

RN R BRI ERR S H

& 2 XJF: Zhuang et al. (2020)

\_/
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164 MM AH T A& X

A& 3. FJi- Clark and Tilman (2017)

B IR RN AR R T S M il AR AL AR 23 47 2
R AME R AR IEA AL, X B8 AR 75 SR AE % SR U )
E P Zmg (Adesogan et al. 2020) , i & X% Y 5 0t A
IR RE M P R R RN R AR T AE R K2R (Herrero and
Thornton 2013; Smith et al. 2013) . % AR £ 415
RSN I Z SR, DME A 5% B AL PT R SR e S A S, 8
P4 (Hallstrom et al. 2015; Johnsen et al. 2019; Nordhagen et al.
2020; Paul et al. 2020) .

ARt S RAE

RS LCA BEFERIER R MmN E SR, T DAL ] RS
FERRTESCHR P A SE BB, (ER, i R RS Y SR R
TE S IX AN A = R G p #AEAE 22 5 (Niamir-Fuller 2016) . Paul
A (20200 BALHATIH—BRFRARY, BRMERITINRES
IRHEBOR B LA, AR Sy R b3 A ) R A
B, HUOREHRI A, i S A HEBONE BR OCE . (EAFE
BIE, Y2 LCA BRI VS TH BRI — L3 5577,

ER R D AV R TR L ANG

o
'—H 86%
A
HEW
HAF T
e
[e]
‘_H 9%
wH
'-31 4%
M m7sw
F" 0.4%
N

T EREE SN L R (McClelland et
al.2018) , HABIEEARFRMEHE L (Nordhagen et
al. 2020; Sahlin et al. 2020) , RERDH—E4HF R
TET BACEFE R IR I TE AT A, ELE R A ARG A
Z Rt — L [ GO Z R R ) Bk ) A A 00 s 22 T
H, SRRV GG R R SERR AT

LCA A FERE R E R, XWEWE B0k £}
W [ AR D AT R M A L ) B TTHR O AR T, e
TEREER . BHOWMNE TR BN EFTIREE. fRIGFIFE 5
fE¥RZ J5 1 (Herrero et al. 2009; Mehrabi et al. 2020;
Paul et al. 2020) fRIEFE %D 13 L3155 £ F X KL
£ i ( Herrero and Thornton 2013; Garnett et al.
2017) o —WERT WM. BT RMAAEME 13 MR
B RREER, B0k 2 X A FE I
BRI = 28 #0432 48 T 10%-20% (1 7 #5 A ( Pica-
Ciamarra et al. 2011) .
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AT R AR P AU AR A UL

M, FET LCA SFHTisCiRiRD 2 FE BT . a5 e
TE TR P R S U B (Y A 2> G DR AL 1) R X R AR IR TR
FHE T B X R, T E A E R RAE - RIRAD B
BRI PRI & 775 . RARTBUICR, B B0 & = —
g AR N GERFAE THME—i% 4% (Herrero et al.
2009; Rivera-Ferre et al. 2016) , WA “ A HFLLMIHEL
T A= AR A BEALTE AR AR N (AL P= R 3 ko 7ETRFh
IEEN, B &R G0 A A OB B 3 2 i i AR 7=
FRIAFTD, o — L8 5iE N SR AR % YIAH )
SR AREHTE % (Herrero et al. 2009; Mehrabi et
al. 2020) .

BERERE

ME FREBIA IR MmO SO A R T4 R 1)
TEMIVER B AR BRI, 2 PR AR A BROO IS e 5l DA 3R A S i

BRI SRR )% (Adesogan et al.

2020) . SRVEHR USRI A I 2 U FE R R AT RE 51 R R
5 (Moughan 2021) . X T-§§# AR =, SNWHEQ 2
PRUEE %, WG R H IR GRS, Sl R &
PR, U RAZLEAEFRRTLNMA (Alonso et al.
2019; Adesogan et al. 2020; Mehrabi et al. 2020) . 3}
/)

PEA AR SE I BT TR RO, E A R RN R
RIEAIIMIX (Guo et al. 2014) o Jy THR-IEFE R MIE I,
R ENDIIE R BT R AR S w2 A
YA AR RF R Y. SUBRON BRI RT3 5 4
AR AR IX — S AE BT S5 M X Ak LS B (Nordhagen et al.
2020) . XHEK, EEIFFARKMX SRR AR
DAEL (Beal et al. 2021; Morris et al. 2021; Ryckman et
al. 2021) .

FTEL, BORPTA NECRE A stk & s s AR A2
SR, JEHR T A RN B K 2 A X IR IR N N R
(Searchinger et al. 2019; Nordhagen et al. 2020) . #LH.
XL [HE K AT P& fn N B 22 4 TR L. 2009
M, IR 15 ANMEREMER AL REEAFHFEL 24 A
275 B 750% (Tilman and Clark 2014) o FTLA,
AR 15 2% A 222 5L 5 R R o) B O BB 2T TR A
Jivk, RMITE WAL A P T RS E IR . PR R A
R AIFEIR o
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ST 4 R U B AR LR U
THER AR A TP & TR R iR Rk, R EBOREHE TR YR 2 R AR
FRT RS, AT EE P XA TR SR BR T ROk B RIS B S
i, R ITIEB AV HA R R BEAT A R A A T AR IX L (BAR B I,
RLEPRE S F AN B OB BT R AR AR A B . X2 oRAR ™ AR, SRR

21

ARFUEREIL.

LCA Jrikit & it B M H e m, tat R
S A EE ) A A I s AR AR R . T
(R, #RAFAEVE 2 M 45 R A SR AR, Ay
TEWZ AT M. KEH LCA BFFCIFAG— 4 A 3
WM, B BB REIR R AR E . X R R IE
MR B ASIEIB AN T3 HRAS, gl SkE T
WAk R#GEh & R R BRI 281, —2& LCA
BIF 90 R SRR 37 9 B BT 7 2086 1 0 e B R
Jr AP Al BOVE BB 4 A 1o MR At VAl BRI BIT S VS
BOK, 2R SRTE I Y R B A R 2 A 5 PR HER, T LA
Tt S S A i v B0 R B A7 A5

B E ARG S PR DA S AT IR HH N5 B0 T A5k
oy E B, Tl A7 3 ORI A R SR 1) T 3 A L AR
i, HCIBEARA Y, BN ERREXATLEL &
HUIFAL . WEFLTE FE Y RAE R RO & R G5 1 1)
RHETTRE R B2 Tl RGN A, ELFEKBE B 1135 H i
ARG RA, Lo e, EROKIIE <53 (Weis
2013; Domingo et al. 2021) .

DAL T 43 AT MR 0 2T S A . AT R HTE R
SR 1 et G SR AR PR 35 1O T AR BRI . X
W AEMERE T 2R 107 2R AT AT R B BT R R
HEBGE HIEB TS 2 A, AR R AR a7 4L, e a3
M E R EXFEE AT, T AT (B
B0 AR PH AR o5 I A IO XS AR Y ) M T AR AT A0
I 574 0t 1Ly 2t O R Bk 1 2 A 2 R Y DA R TR B R
A B AR B B R R HEZ (Manzano and White
2019) .

RISU R AL B T T T A IO KB I i b A 25 R S

ARSI E SRR (Bond 2019) o FATH B30 1
FRE KK TRARERNK, TRAARER K. LR
AR A AR BB S R, BT AK K
7 B SRR b B LA PR BR[O B i A7 8 U SE 3R (Holdo et
al. 2009; Dass et al. 2018) . WIHRAEK RGP A KRTE
FANY), EAIAMERT A ko ok, S REHE IS 2 R Bk bk
1P1E3%H (Johnson et al. 2018) . K< A ALBK
FE [ F w8 I B SR R AT B, (HSRESR s AR A 11
[EfkfE /1 (Terrer et al. 2021)

TR RN ER, AR SEOZ R, EE A
EIMGER . X TR AR PR E B, (E )
FEAE WP e [X (1 W6 e A B T AR T IR . K 2 AU UL
T, HZEB IPCCRXFEMFANGLE IR T HRE
M IX o AR HERSEAY . Lhinift, IPCC ST i fd FH A< M
fprEMEMR L (IPCC/ Shukla et al. 2019) H#EH T — &
PR B R R R, PR 2 B AR
FARTBHR B O EE N LR RS (Table 6.5: 570) 2L,
IXEEHGE KT “AIR” RGRICRERE, AR &P LCA
RS 45 8 (Gerber et al. 2013a; Herrero et al.
2016; Rojas-Downing et al. 2017) . R EA1FFAER T
W 2RI RIM B A 7 R G

SEE AR T TR AR, R AT 2 d AR B B 45
Ko R, PIrA BRI S RO B AG T, E A RE R
BORIBR A 26 BOE HERR T 2 )5, eI e s e AR A H
.
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LR A DLR I S B B, RS 5 R R R AT 1), R
B YIS AZ B . R BRI P i B RN, e
TR W B EAT T ROZEE B AR 2R, PR YK S R ) DA +4p U5
MR AR, T E TR SR A RS, X B H H B A B
A O,

HISCIREI, MBS IR O R KR A2
JEFERATE S MDA R IL AT, ELIEIEIT Fe AR

e s (BIERPGRARE A, Xy
JEA KRB ESCR) MRFH SRR A, X
PRSCFRE B MR P BRI BIRLAL <Y
2t R 22, KRR AR AT
FHUR K, AR S AR AR R AL AL

*of.\
e
,-

e

3’»

B ) E TR . AR SR AL AAR T S, R
FIER| T ZFEE, B (LR AENTH 5 R EE s &
PEGE i) AR BARKIIEN ).

IR b, SR R B DL B A4S I S it 2
P TSR PR AT T B, AR B
M, BAVRRE B S —FhAEH AR RO, X R 5E T
RE PR TR e PR K, R 2 HABI A LD
BRI Rl R

# 3 JBR T —LukRdE LCA iR WIRIRARE, &
MIARAEBEHM M SELE R T SHEEAE W RE
(Johnsen et al. 2019) . XEJFIFAFIRBE AT LS A=

H: MHIRBIE N Z . RIS I DL e R 2
MEACH
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T L ER B AR AL U

FERVAE BT RIRAER

#3

BARIRE: M5 LCA B TUAE A Bk RN E 5K, AP e L LSS AR A T 5. ix
6 [ 5 B & Ol KRR T R GE. WF S AL Bk B P RSN B SR R, e R AR R AR AUl A 52
T XEWE R ZHOPMIF A BRI “ ki, TR R,

BRI S bk 1 AR RO X (K SUE R S BT VSR SO IPCC 5T I BRAHE IR Bk A
TR DX 5 AR . S5 (KT e 7 TR L BR DA PRI B 1o o A VR BN R 2 o 5 R B ) S BRI
o B BN LA R G A5 R £E 4t SR LA T HE ) A A5 B A R IR S AR

BESETE: IMEARAMEMRZUE (R, T, 80250 HE-ANEMfh. KR
A A BRI AR =R “ RRARRIERE” o BT EER R IR RE I, RV i R T
e A T TR e R AR AR AN o 7 FETSCA R b Bt PRI BN (O ARV EL 19 S PR T PR S D 5 AR K 22

St TR LCA BERLREAT AOVPAl AR OR M s £ T R SR o 5oLl v 2 ) R TS

BB “E” o ST RR” RS A SRR XA T R A R
CAERTY) B Xk, BRI B4 R S RO R T B SAb G A BRI 3, e g
INRBE AR AT ZE— A A B T AR AR GE PP A A B 5 1) 22 DR P ik LA B A R RT3«

HEBRFIBEIEER: LCA S U TIRBP AT A TR ARIRES, T & (A2 78 S R HE A (ELREAE
(i ONE &S L S el N7 AN IV 531 E S PR - IV E S RS q ] e P S M)
B BARAERIRPOT T AR SO A BE, XA B A7 A 35 AR

B IR TRIRIZE (8] HEAT X A SR (VS DA 220 T 2 (2 I S R P AU (DR Bl e . H e A 7 — 3
BRI R[] AT B IE MG th T RE S, 33Kt 7 BN A B P (X R AR e -

EBRGRE: HRMORIGH LCA AR RANREIRE S, FARERBANI RS, RIETE
TIES RGNS, 47T 50 KB L FENE, R b T koK. BoKEHRTRE



Al R B P AEAE AR AT AT o

iz

K T I

PSRBT R, T B TR A T RN K
HI TR AL R . R AR 2 B Rl AE 2R 458 1) T R il i 4
AR 2, B S T e it Bl 0 — 30, T sed
TPFEEAE R S A RGBT TR A
BA S5 B FEACE SR MRS LT, SR AT
Mo R 2 o

FTUURE R ZHOPE AR A O “arkikr” . Sibr b
e R A G, XHARE TR SR I T ARG
BT, JEH AL A BB R A R 2R
g, XS 2 W SME T It R EE 2R,
ISUIEE @x AP NI S R TR e

Poore and Nemecek 2018: supplementary materials)

T LR 1 T AR B AL U

HHFFABAE: L LCA WA EAB B AR & B M —— U R MU S R G- R i, A2 T
R L I OMR L, XA (L RREAE . S35, RIS AR R AN B R
e SRR EER, M amRE R AR SERIR KGR TSN T Z R A

G, HFFAHECT AT BERA A I BREAERE T, A 5 2 BT KR, i ELRIR IS AR — Lk 5 F 2 4

FIZERB: LN R & B0 AT, BB IR 2 OO R . B R e IR 7 L B 2R
RAZPAEB, SRR AT B PSSO BRHE 0™ A 0850 . KR L2 A B A S e 1 SRR 8
T EIBRHEBOK AR T fE DA B AL, A AT BE LR IR & A0l I HE O 2

WRELENRESIBR: LCATI P BRI & A VAR LR Fr= R & B R, (8
R, XML BLSE R BT AR IR S BAE SR A AR R T AR Tl A = I A SR A )
AT e A ™ E IR, IR R GBI E.

T B DA S HE 0TRSO & 4 R 4R = Ak
HETS I B BAEAE R IR T A &R LI BE . mRAR43)
Y& RSSO R, TRE R RIS, R34
HALEE LM bt T8 S & 8 R S E0E
R, SMERZALRIBT A TTE T RE R A IER . KT
ME B AGKBAR AT R RAMERE, B & A&
IRb, SUREARS LRSI EW. XA 8
PR AEAT R EIERANFE RS (T30, i
TAT Pl — B R AR A A A T HE B IO AT B A
SRR R G AR LU A E M R B R G

I = A RAL

PGP & AR B 7R Z BN = AR AT A
TR A0 AR A€ T 5 R 3RS ) — MR AER DR e
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ey i B AN [ AR R SR R, LB
JWr T R W 7 A ) PR GE L 3 i A R A A RORE R R il 1
PIBRHETR o X 43X Se i = AR I VAL TATH B X 2 BRAR g
RIS+ BE PR PER (Lynch 2019) . K&K RS
RIHEBC (R ER FRRHEO FEARAT Y, E N 38 il
C— LL & B A i i X R B, BEAT RO A &
(Lynch etal. 2021) . JXAANYI4 I B AR —[E 3 23,

FATAAT 2R P HAE TR 21 L ? IR R Bk
FEBORIR AT R U R 1 B DL ATT A R
TR AR R I B S AN KT 250 . AU3G LCA BRAIENIIR 2
HCHE O A8 S 5 £ A P A B 2 R A e B AR A B
CHMREFEAMXD WHE. BT A77E 2R F R =
Ak, FEHEB TR R B A R T
HRBLER ARG BRI AR, BRI AL
FEVE AN ok 2B/ oy . VRAL M E IR 100 4F
(GWP100) i HLEH I Wi /2 P9 (K B Ak o R b
M4 BRARRE T RERIR,  H RTFAME R GWP10o 2 5L
BRIG 28 1. (R, HLeR RIS, SRS
Ot B I AR, JEE R 9-12 4F. MR, BARTAM
BRI A TRAERE B AR S, HRE L TR TE RSP —EAF
B o ZERTR I S B R A AN S ik A
e R GG B e NS, (KR R
iR IE R SRR (Ritchie 20200

JIT AR B4 5 b i S SR S A B R TR, 7
JA B AR A E RTINS . P2 AN GWPgo IX—
T EAG T T HE S AR AR 0, T BB Ol %
ARG 7 2, MWIER, BRI
AT R, TR GWPy (20 4F Pt A BRASIE T At
AL 84 fif. TERZHE ML RG IR EIAHIK
B, HE A LT RS, BT AR R A DA
KRR AAH (Ritchie 20200

KRB 2 4 45 L 800 36 1 2 A3 O it T T g
s e WEHCh B4 B R B iz e R 2, T
RAEBTEIFS (Assouma et al. 2018a) . (E—4FH
KR SRR, HEEAN S & REAR R,
X Ee A 5 A7 BELRS Y e 2 KR AL S (A9 A 4 o4
THR) (Katijua and Ward 2006; Schmitt et al. 2020) .
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RIMEEAE TR b, BORATT 0 774 3 10 SR 2 B
EEEESENER (Ayantunde etal. 1999) o HRATTM BT
TR TR AR CRCRT DO A G I TR, AT B
Ak BRI R T SR ERRG, 2RFEN
MORAENO b U BT, AT AT AR AN IR X R
PR (Kratli 2008; Kratli and Schareika 2010) .

FEARIRN . MBI ARG, XA F 3 e HEBsER Al
T e R AERAK . Bl F B HEBOKF AL 342 1 ) 256
B2 SRR /b0 i s = S N AT 1T R = R b £ P~ E A T
YN S =ik 7 File S e At T M (BN o oK < 07 6 e
R TR R R BL KSR f A (Hristov
2013a, 2013b; Montes et al. 2013; Beauchemin et al.
2020) .

PABAY)FEE 2 56T B EEHERE R BOA B H e HRE L
) B, O AR R T A B DR B IR IR TR
AJ Mg — PP SO ) WPkl HGEHE, 1% A AT 2
KEZHLCA P R, 2 IPCC S AT HEIE bR AL AL A
A, GWpiiid AR 8 11 — A BicHESOR H A K A AR TE
M5 g, L R HE SR B R SR, W TE R AN
KW AR SR T T IX 4> (Allen et al. 2016, 2018; Cain
etal. 2019) 24, Del Prado % A\ (2021) JHlLi F 15 Fi i A
TR, AWM 148 2 A0 2E 80 AT AL AE 1990 2
2018 A X A BRARIE G RS MR . TR AR, R
BTSRRI iR AR, BRI Fh SO A
GEA LIRS ARA, R L35 b A LR 25 A
P, SOl EE 25 AT Rl BB R

OSBRSS BRI
IR RA BB AR IR AR EE LT, T A ek (4 i A
AR T —— R I TR BT H AT AT —— e LIS
IRAkEE T 25, BARAERAS Bl M X HIERUR, s T SR B 45
ROBFAERRESR, ERBETRTE, ERH AR
SERIRHENE &, IR 2k LeA PERIERIEF A .

7 SRR = AR I BEEA AS [R) A B X A AN R SR Y 1 7 A
WA= RS IR AERERY, B ol T LUK 38 1 S A 2R FR
BORIHAT X 4. SRR GWP*RiT R4 BRI — e L
ERRACT HE R AR A S P B AR, AR
RS> GG, DGR AE R A . TP EE R E R E
T AR i E B 1) A 5 il Aoyl 2 <A DA S
S EH R, JUH AR HIX (Roman- Cuesta et

al. 2016a, 2016b) -

BRI HE A

IEWET SO iRl B —4F, LCA WFF : B EmINE R,
AR X CEE arons hz AR R AR D I SEL SR
> (ILRI 2018) 26, /bR A0S BRI, — 22X
B AR S AMER A . 172 LCA AT AKIET
IPCC ) | Wil X—FF IPCC WNILA TRk it
F B HE I K %0 (IPCC 2006; Goopy et al. 2018;
Rowntree et al. 20200 . AT, WFAA IFURE T
RN B SRR R AR B R IS I 3 27, e
BRGNP IHHZ T BOA IPCC RIBT BB A AL T
XA LCA PP AR Z AHEM (Assouma et al.
2018a; Goopy et al. 2018, 2021; Ndung'u et al. 2019) ;
S ER O R A T TS AR R R g2 ik (cf.
Stackhouse-Lawson et al. 2012; Stanley et al. 2018) .

TR 1B B BRSO £ PG T kA R G i R 3
JRLE AN IR IR B R ) RIS, Hh3eER) T
BUR AR H R
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BT A A A 1O AR B AR A B

| PSS T — e sl H T PR Al T N L X 2R
G, TR L XA S A SOAS R DAAIE S5 B3 S8 3 L P A
(Goopy et al. 2018; Alibés et al. 2020) . X Tk &
GUKNZ R SR B WA AR Y, e ATIIRTE
AR AR DRE . EESVE . AU XERI T B A
AP BN B R ARG AR (LRI 2018) . J 2
1) 4 ERFRBE VR A AR 2 k. (GLEAMD 28, %488 g 4k
TR B FE T BN DAV AL RGBS BT Ao R A 2
B R GRS 225 ST R AN vl 29

FOERISAERE A B IPCC | il msth v 1 IRk
WENRIHER. Blhn, zhu 25N (202000 WF5CKRIL, HE
VAR AR B BB B A R v AR 2 A I — A R HE

R IPCC | kAN 14 5. Assouma %F A (2019a,
20190b) [WFFLITE T ZE IR 25 B L X — 4 v A4 31
BHEWERA . SGRERUE IPCC AT HHEHRBI AR
AR (259 Fliklkg WS ERE) RTAELLIRMABEI S
PRt m B 2 . AR T —FhBr iodm e, X T2 A
18g Frklkg WA EEUATIHEL, N R4 EH
34g FHaklikg WERER, BN TATA K48 EAEH
73g/kg RUHAT 4TS (Assouma et al. 2019a) . 52
R ERHBE b L IPCC BOAMIfEiHEDBE (B0
TXMEBITIF o BERIE S O, K2 HOT M E
HIVSEA S 00 (R, T A A A 1 v R AR
WA RGN WP I E Mk IR AL 308
F R L, A R A SRR St T e A S K 2 HOM
TR E L RGRIEL (Rufino et al. 2014)

B HE O s R AR = 77 EEEWERE T fgwe « v 1ri2019)

A

ILRI A 55 1)
[ SPERI &S
4

— —

~N

/ o D
N0
\\“/

BRI

R 1 TR Y HEK




IEIIBE AL IR 1 i — M IR IBT T %, %08
B 7 ANIEE E A o R At I T A AR
AR EMEN. Kouazounde %A (2015) F Il 47
TRARTIEFT 1 DL HEA R Py 2 7 M A I A R e
RBACATIRIBIE FEEE AN | RHELE R 7 AL S5 R AFAEAR R 2%
Fto FET I GAEZEAN SR w8 25 R Bon /N B R
G B A R A I R L | AR SR T A v D
40%. 34k, VHF R A HERCE] I SRR RS |
FUAESLAH LL /D HET 50%1H) FHGET 90%1 — Ak — &
(ILRI 2018; Goopy et al. 2018) . [k, {8 | ZhELE S
Fraltid il TS A O R G BRI, JUH R
BARHME SR, El e AR DA S € it Ik (cf.
Leitner et al. 2020; Marquardt et al. 2020) .

Rgntk, R 1| ZHERIPRALBAURN R4
B — A58 (Goopy et al
2018) o Il ZRAEZLIE T IADRL N B AN R B R Al
T 7 B R P A I R B HER, AR RE R AR
AR e R HFgEReEa . KL R
T WL IBEAIEFLD) B EO I G RHEA
BT XSS RTE AL BRI e 58 1 e
AT HI, T s 56 vh B A A e L R AR
#h (IPCC 2006) o iXPFhEREE FIRI A fIRE
FARBUA RGP T, 75 SEI0 3 ) 2 R 2 IR

FRHRFR B0k “R¥ER” WA

%4

T LR 1 B A R AR AL DU

R A, /N B R 0 2 B B b e i
7%, MBI EYRALZI (Goopy et al. 2018) . i H.
TEAGTHARUTRE B, TP B s DR e A . X7
R FRM BN R G R AT R, (EARF R G rh 4w Bk
P KAy, BT A M2 R RO R BN R GErh 3F A
WS iy LR A sfE 2R T e PR s SR E,
MEMNZESF AT LIMPIAKEE (Goopy et al. 2018) .
W RE B, U R A A E SR T M B b b T R R
(Wagenaar et al. 1986) . RECAMIL T HKERZE ) XI5
RIS o 1A 22 S 30, HF S r e AR R S 2, 13X
ZERMETEME, RERRERRGLRE B, X2
ERIFHE RS, UHRBEB ARG AR (Kratli et al.
2015) .

FRERG
fas “wine 2

52 B MR G T PR I BRI R AR A A TP e 4R ke ™ i 10 22
FEREE L, KRR ZERIA . A A R SO A
LR IR RN ALK A SE - (Gamnett et al
2015) . H)TEZFAEBESANAFEEN, BEFEASAR™
HIOER, Wi =S AR, LR, KI5 YR LRI AR

o FERALRICEM ST, —S AV E RO A AT B2 RCE
KT (R4 .
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ST B R AR AR AR A UL

B2, HEEBR T A SE e V2 HAB K A &
LR R &, — R RE, RALBig L, A H A s T e
FEBHATHHE RIS A FCRERIR . e ihid, HERELZ Y
BEM . Jr ATRATY 75 2 — Tl 50 0 52 2% 42 TH A F 90 0 ¥ R VP4
% (Weiler et al. 2014; Mazzetto et al. 2020) . H3%
TS A T 2 S Ll TR AR TSR R B Al A AR
RFRETTR, BANERERHES WA e e
BL7 b, FRBEIN (8] 1 75 2 50 o R Lk e AT 3K B AT R 5 A
H, SRR EE L L (Alibés et al.
2020) . VFZHLBIR G B 2 B A S I HE IR B
(Clark and Tilman 2017) . i, PZE[4-LLIZEYIT
PR, PRS2 H 19%
KR =S4k (Clark and Tilman 2017) . A AU AR MR vk
XA 7] L 7 AT TR R S 3 9 AR R e IE ) S &4 3040
(EREE R ORI AT ATHEARAS, FT ARSI 5 2 5E T ILA
RGKIAHER (Goopy 2019)

RORTESNIH] S I, A R AR 2 3 0 oI &
FRK “HEFENT, BMTRE R KRR R E LT
20%[f) “#J1”  (Stehfest et al. 2009) . [ HL & ol
A PR RN — E BRIR X LE T TH A A% (Meier et al.
2015; Smith et al. 2019) . #Rifi, IXLLPFAHHER A sk
R AR 2 A, MW R RS Rk,
w, RVES IR EBOL A PR PR E R AT AL . X LT
A AT B A P R BV 2 VR @ SO R M) L
TEARZCR AR, 20 T 3 A A 7= 05 st R IS K&
DARUMERE AR A . Lhlnii LCA BFF A ¥ 7= H SR TR
EBRAEELE, BT LA A PR A 45 R S S A T Tk Ak &
G AXARRIZEEM "EAR FIRE KRBT
X 4> Bl 7 X A 4w % (Lee et al. 2021; Moughan
2021

VPR “ AR SR RO TR 2 IR B Y &
MBI EWSERT AR e 'Y, B4
R AP B R AR D, B T AR 3 P T R A R R
AT DL R AR AR

(McGahey et al. 2014) . 21010 KRG EIRE T5 2
RARMRKA R R, i B T 55—, RS & AR
RETTENG A, LAl SR RE ., #hak
EFE . IEREZERZ, BAEZKE I AREAE
NEREY), PN L EAE S HIES AR &
( Garnett et al. 2017; Mottet et al. 2017a, 2017b;
Adesogan et al. 2020; Alibés et al. 2020; Sahlin et al.
20200 o [, AL ATE AR TR A AR g T DR
R, BONEATAT ARV 2 04 R B, A
MR ESR L, BAHFEARETHMRE (Manzano
and White 2019) .

TERE /N3 25 = b B ARt R LASE 4 R R A IR B B2, 1k
EIAE R K R R T R (Kratli 2015) o A
IR 7= R G A 25 R GURI A W) 22 R 7 ok 14 5 i 4K A
RE, R AR KD T A2 R, T A ) AR B Y
TPl ORI 5 3 B ) BB A RE S W B A R R T A
XARE AL, B T AEMZ R (Manzano-Baena
and Salguero-Herrera 2018) , f&¥y B HMIEAT (Garci
a- Fernandez et al. 2019) AR A4 (Carmona et al.
2013) . S LMD IR R A E X AR KRG RA i
4k

FIT CATE VP-4 42 2 of P45 358 10 5 MATERF X 437 [R) bl 58 1 2 22
KEEN, FARRFE NP AES L (ASAS
2019) o UnSREEDS DX A SRR A BER AR R0R, MR
BUAG NS5 UM . BE RN <
BN T BE RE AL T T, EREARI “BA
MBI ZE S, P A SRR 2 R LR B AT (A AN T
NEIMEER”  (Garnett et al. 2015: 5) . 7EPRAHLBN
BHARGR I SMAkE, WMAEA RGN RS
PELLECR Y, MRS ELZMEREEEN, EARTFRINE
BT, ANHE AR A P Al e L AR 2 T




AT B E R B—— MR, VIR T TR IS
LR (Pierrehumbert and Eshel 2015) .

WA ERFEFEET. LCA W A7 il Heo %
TR KT R B S AR R R A
AR RAEE. S0, BRARE. BRLEARNE
A EFE FAME (Poore and Nemecek 2018; Willett et
al. 2019) . HETEWAKT IHER A BRI BESMBAL,
Wt TR BB S B A R R E A L. LA
LCA fF FTA e 4 T VEAh 4 & % Ui i 52 - (Herrero
and Thornton 2013) . X RGICH AL, &R
RG50S RGN SORIR A AT AT

TR B AR G b i A s
AR AR, A AR A T T ik 2 i 4
i E AR S A S BB L. AE
ARG, WA S SE AN i i A

‘ﬁﬁ.ﬁi& HRAEFRA L #ET: Nipun Prabhakar

SEHERY B, i A T DR AR A S R
GRS, GIINMORER. Bik. Bk, RPEME
FEVEBR A 3 REAE S (Alibés et al. 2020) . 4E
AR A PN s e S Rt NP S
(Garnett 2017) . IEQITE F3CHRNTHE M —

t RANHE AT ARMILES RGTT%, U
MR U B U P TS SROREE, IR ER Y
R AL

E & FIBAE IR

LCA HfF 72— AN SR 15 A& - 33 v (R RSP 187 1T DA SR B
#45E (Rowntree et al. 2020) , ¥ & 45 R A T4 HOBRAG

BHAF MW TT. (I, 5 % R AR R & Bk iR F T2 R
— AR B A TTRR AR S R ST, AL PSR A
FR 2R GE PP RT AR R 25, TS ELIR A Y s A
B R EIE A AR EIRE (R3O .
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B g B8 — i K BREE, A AR = B
1R, B BRE AT AR 520 (Herrero et al.
2016; Zhou et al. 2017) LAR/URAZ AL/ 75 v e PR R R
EYIgEFE JIF 5% (Boone et al. 2018) . KRGS
By ) LA B B, B TR RS PR vh AT LR v gk
i (Gamett et al. 2017; Fairlie 2018) 32, 44 & Xl 4E+F
TRV EE, LCA BFRIENNTHH & AR i
(Rowntree et al. 2020) . & MG S RA T
TR A PRy R T, A RV AU A AT DL R R BR R
HIRIIFEIE (Conant et al. 2017) . EWFFEACHAIEE
MR (RS0, FEHARRIFESF AL K&
/b 148 (McSherry and Ritchie 2013) 33, T
NIRRT bR L BT 2. SRS AR B T
REARARH KIfEE . B, Han %5 A (2008)WF 7t A& L 24
ENE TG E NG, SR P RS RERRT
22%.  HAREAR G B ERT B A N SRR R
B, ENTDSRAEEE @ E B ML T REM, WA
Ak, REXLIFATAAESIL (Savory 2017)

R, AT S RGP IIBRAE AR Ik
Tl FER T B R IR A RS K Bk A B
(Dabasso et al. 2014) . KTHrfil BT H AR R E
KB LS REBAF M. IXHREAE N R, P8
HOSR FEAK AN AR = T B 2R I 22 5 7 TR TR BE I S
Jitt (Ayantunde et al. 1999; Schlecht et al. 2006;
Hiernaux et al. 2009; Dabasso et al. 2014) . XE§E
Tk PEAER DX HR ST 0 (R 20 Af JE ST S0, 0 ik e A Tk i
B2 MM ZE NN RN, MR RGHE R mE
Rt XRRfd A TH R AR, RS S B
Wt EAIIGAS (Dabasso et al. 2014)

—/NEZ &Y (Dabasso et al. 2014; Assouma
et al. 2018a, 2018b, 2019a, 2019b) &I 75 ZEIX 4 H ARk
AEFA ) FEE 0 IR TOR At 0t e 8 Ll o B TR A MR,
SR A e IR BRI B IERS I (Alibés et al.
20200 o T ANZES [RIRIS R MA ) m N DA B R
Gikyl, T LIRS ERER A R G EE, (H
IR NS T i BEEN 2 I R SRS B ol ke AN
T o BEILAE Rl b B FULE AR T mr Al TR I
W OB EIRAE TS — B RIRRE, 3K
MIFEE—ATETIZ AR RGTT KA B S8 P I BAE H A
MO T IBRE PN B

i = ik =X A R (2 L APE

IS T 6 2 ] FR A2 A

AN BT IR AR Ml 40 5 22— AN B 2 1 s {EAR 2 974 v %
A 25 & BB Bl LA RCE FRTE AR [ b ) e
o LB LCA WA T — M R E A g 1L 77
DA PAY I 344, T S 5 18 00 i A 1 0 2 ] (4 8%
RAEMAEA . Fydt b0 Tl R LT & T 10 77 IR A 1 2%
TEERARAME, X W E] T SRR T 200
S IXXTEE SRR KRB R, R R EE
B e SHHhE &AF (Pelster et al. 2016) , F5HlR7E
2 B P Rl R IR 4 A I JEBL S AL R (Leitner et al.
2020) o MWFFEEE R A OE B 7 ) X488 LG E O
By S, R ) DX @ T B £ 1K 4 f R L
Yo, R4 & I/ SR (Oduor et al. 2018)
34

FE—ANZBMRAMOAN, TReAR MR “Ha” .
KB T ERIES) . BT R DL S AR Y
Hett A% (Pelster et al. 2016; Leitner et al. 2021; Zhu et
al. 2021) . B0, FEMEE T RESERBTTIR A ST
SRAJK PR I A A T AT 3 5 <[ 8 I el S Sl e e & el
(kraal A1 boma) ; LR HAR “OCHEBHUE” JBURIX, o5
Hh P9 AR B (Scoones 1991; Butterbach-Bahl et al.
2020) #BH ARG ARG AR, AT, St
X T B B TR A7 T T 7 Bk o XA HE SRR A FT AR
TAAE,  DATH A 3 Pl B0 T HF OO A ) LA 42 f5 3 A2 AR
i (Muchiru et al. 2009; Marshall et al. 2018) .

B DA Hb s IR AN B AR AR R K22 5, BB R (A48 4k
(Ali et al. 2021; Rowntree et al. 2021) .
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AT e R AR AU AR A UL

R ETE R AR T R, RO A e A
R, TFE— 4 b ) HAR I (8 AT B . TE—
RS B, AR TR, — S R A AT R
SHIFR SR, XA SR AT R A,
TR “BREAF AT AT REME S, KT S
VKRR AT B TGRS (Leitner et al. 2017) o 7EANIH]
MGy, 8B R & AR R AL, TE TR L
FYAEET X A BOG s, BB, AT D
TR B X B A T AU

KRR E T2 WX AR RGN AT EE, LEE
JR % R 2 1) (A ELAE AR s A B vp e A T — Pl RR R
MR 3N, IR 1 B AR I#47 )9 (Penning
de vries and Djiteye 1982; Ellis and Swift 1988) . XFizl
BRAMALE FFA R E B 77 8 10 Lo vh JEAR R 3% 2 3l
(Behnke et al. 1993; Frost et al. 1986)

N fff e AP g TR AT B H A bR AE AR R S B (LB
30O RIARAE R AR TR B I ) 5 B B HEAT I 2
TR ORI e S B S R o 2 A e AR e
FEN B HO R AR AT 28, (X B it 0 4 i S
AT A I RSN PR SRR I 1 S HT AR R M
TR RGP IR, (H SR E R R B L R S
ELE I R LA O R SO AR A R, TE T
e A AR

"-

LB RGIRS

AR RGMSAINE RS R RAB &R 50
TORIEH, X2 LFRZ IFEFT 241 (D’ Ottavio et
al. 2018) . KZ ¥ LCA HFF R Ja P4l — /N o R B Hig
b, RO S SARHEBC R R A, WG bR 2, ik
W RN AR, ROKEHE AR (Clark and
Tilman 2017; Sahlin et al. 2020) . Kk, LCABHEHE
BHES N ANAES RGBS FAR RN (B35
FAFE R AE D gAFEatrdr, T B e 38 3 A% 18
BRI E AR R R KBS ARG
%

WOk Ay DUR L — L8R R RS B B, *
R SEA BRI AFBE T SR TEER, LU X 5 BOIE
BHR TR, deRE R e, B3 WM.
YR AR SO A Z R MR IR R
BENEMBYI e BRI KGR LASE R
W SCHOARIRME LR R AL LIRSS (Assouma et al.
2018a; Paul et al. 2020; Russell et al. 2018) . 4 HfiX
R 5 ST B O AR 7 SR IR LR BRI (R 47 R0t #1812 ¢
FIEIEN .

W R SCHE— BRI AR, R GETT AT A R X e
ES LNEROP N

K o

oy | : . .
A ~ .- "“,I\ L . ™~

’

TN/ A N TEIN N

s M YA E BRI S AR N 5. Masresha Taye =

< - —

TINYIRT




BT — BT, FHHEESEEER. £
2. MR RS

EAEME R m
A P

2B E? W2 LCA VHHHMB B A R kA & 77—
—UH AR B ARG —— A T L F A
A, TR M B A2 IR . FERIEMR A A “ R R G
7 W RIZ BB B RO BT R, AR
BHOW BSOS R K “BRELS A 7 (Hayek et al.
2021 .

B, XLEHFFARL T R RS I AR 2 “IRE”

FEHELE R R I BkAR, JCHIE R I Hk (Fleischman et al.
2020; Ramprasad et al. 2020) . WRFEH, FRHTFH

ZHIMRAR, WREAA R E R RBE AR )1, I BAEE )
“CHED” e (“cool” burns) ITEILTT, BEEFEEANS KUK
SO, {ENBRIFEE %4, Terre 5N (2021) 1E40HT T W/
MR AR ARG K E B I SERR S, RIBEE — 4
WKF T s, R DA 2 R, B ERH
BRAEAEIE 77, TAE YA e (3 S AR R 0 3 s S L

XG5V 2 BB BRI, TEARS AR B i SRR s
A3 KA 3 AR R 1 AN 2 $E T B SR Bk A7 E /) (Bastos

and Fleischer 2021) .

JITCABATT 75 B X ORI AE LA A, SRR KT A L T
HAh AR RIM 58 BT (cf. Lusiana et al. 2012; Lamb
et al. 2016; Folberth et al. 2020) , WHK XL+ T
AW 2 BEVE RS AR RGE AR . T T AE, 7E W S ia A5
DX, /b BT R & R IR 1 B AR AR AR R B R
(Cohn et al. 2014) , {HRAEHAD S G K YR LK,
5 LR I & X QI AN LR R A 2 RE PR B TR, X Ry
KA FFRIME. FPITHE 30% M L I AR T 24E 4 2 FE R
. SRR ZREE A BRI A AN R
HHATRR AR Mt %) (Wilson 2016; Dinerstein et al.
2020) % 7Tz LV (Kothari 2021; Pascual et al.
2021) o IXEETHRIR] AR S B ORI X T A M ) R SR A
TREAERT, el S 23X S TR R AR AR X R Y
TERR, AT gD B AL AR 7 43 A

T L R 1 5 A ORI AR A 10

M) 2 ik

FI BRI PRk B SR 5 LCA SCERIH T — S S0 ot

AT ¥ T Sk F T & Ol ) Lt T B AR T A B 22 R 2R
I RPAZ AL o WF T R, B AR 58 1 2 A P AR

ETENE TS AR A, SRR, B RZHAS
RGMAUR, DFEHAR . R A R R A
HJR (Bond 2019) . WIREA THE, RETNIKIRTH
S ABHE R AL &Y (Manzano and White 2019;
Alibés et al. 2020) , A4 k“4zh¥EiE A (Deryabina
et al. 2015) . FHt, FMEE CEFEMHLT ok
WAEBRG MR PO T “BR” s B
47 MRS
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T AR R 1 AR A AR A 10

2010; Hristov 2012) , #ACRF ASSHILL A1 522
BRI PR, PSRRI SR (A7 AR, AT RS T (Smith et al. 2016) . F1
S TR LCA R < EIAA” SRR St

WS A HE IR AR A, H AT BB A 2R = 7K~ (Collins
VA 6 AT RS SR ) R AR IR, D JL T4 L et al. 1984; Spahni et al. 2011) . 40, EAEPHIHG

HRZUIES RSN CAA IR . ERE FOM S, 1B R ECR AR A 6B R, )
EAURALIE, BTHWARN—HMBX (EREW HFENG WK fr U WA 3 B 2 (Huntley and Walker
o 25h, MENASHABMATEREN, BT 1082) . £ RHIALI A 7 At S R B 5
ARG RITI SO (Bond 2019) - P, TTBFK EHEBOR RIS UK, RS (Alibés
e, B T 0 T OB R IR0 B A of al. 200> . ik EXERRE RS, AWK
SERURRERGIRAL L Sb, (AR MR 40 DRI R B0 MOl P T B £ S MR ST (Manzano

5 P HEAT R SR TBCHON PRI 38 3 5 W AT REAS 2 AR AR T 3
U FH PSR = 3t R AR AL PP A I B R A i, RO 8 —

and White 2019) .

HLLRARM S REMERARHS (Manzano and FRIGEAT LCA BF 077 v AT T8 36 A% B st
White 2019) - WA, AR RFE A 3 BOL AR L A R S < TR

S A A T AR BUBO B O R TR o 3BT A
ST MRS L 20, AR A SRR K, ORI LB T B

. . - . )
E&E T K 86%MIL A HA (Kelliher and Clarke (Manzano and White 2019: L 5) .

HEA F & gt i R 3h W iR = S HDK

&5 7. Manzano and White (2019)

e [N [N

AN

[T W

e —

& X:hLie AR & otk HERRIRY
PESUCIaN | LRt | CERUSIa |
wmiwwat | wriokrs s .|

K K b



7L 2R AR A (U

MR Epri ey ity @ = o2k i1

MR ESERSE, X2t RERERE? LCA WA RMBIL AT IEZ A& i Pk BRI SR, BBk 8RRk
R YNE R H L R BRI/ . AR ERE N LB A, ik, A 26 KRABERE (Hallstrom er
al. 2015; Searchinger et al. 2019; Willett et al. 2019) . #RWM, FT AMH CIEBHMEDMER AEELKLZH LCA TG
R BRI B T R IREERE K (vieux et al. 2012) o SWFFPAL I ARIZ L PSR S AR HEBUR B0 2 AR K, ARAE I3
HIWETE, ANZLLATT CLE /> 3%5] 28%HIHERL (Aston et al. 2012) . WFFLIER IR~ NAIZIA, Bie A E 2 ke
Bty A/ — 2RSSR R0 T g R LR 2%-4%, IXAEME T REIE U IR R R (Barnsley et al. 2021) .

LA B T A A AR L 4 e A AL R B o AR PO I L
Wbl IMEHE A, SRR AP R
R, T TN TS R R R, eI R
Biftsgm vl Gt T AN LA A i (Hallstrom et al.
2015) . i, Smetana 25N (2015) WA EBA kg H
B ASHERJL TS R4 1ke 8P, b 45%01
SEMHS R I LA k. R R B ke FHEHEAM GWP
(AFRAIEWERE) & 5. 55ke—6. 15kg ALY E, TR
1) GWP 2% kg 2kg—4kg —HAMBUE, HEPE 4kg—b6kg —H
RBEM R (Smetana et al. 2015) o KHEIEEAF R LR35
A TIRZ LT NG ARSI e 7, (REATRAs it
T EERA, RARERTGTNEXK.

NERRM LS

] 6 s A it sE

; . >
= ”
—~—
-
iy %\ '
< - e
"
Q% ﬁr'
"A & . ‘Z,ﬁ
v /*
N

TeH A 0 Kg 5Kg 10 Kg 20 Kg 40 Kg 60 Kg 80 Kg 100 Kg 120 Kg 140 Kg 160 Kg
| | | | | | | | | | |

ik

B AR 1 SR 7= o BB R SRS B S T RO TR 9% A1 AT R VA M A SR N B A B i
BIfESEERIF:  OurWorldinData.org/meat-production
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W AR S E R 52T Natasha Maru

TEVFZ HAME S, R — e BN g E IR AR E 2,
TR R X AL FHE T 2B FRANAIINEE, LLnLE ., 22
AN (Alonso et al. 2019) . 1EU1 Adesogan A (=]
ATV AFE, EAT-Lancet ¥R “w@nfl 7 &4 A4 =5t T3
BErsem, BT BB THERENE RE R, B
WA 785 75 BB T G ARIN K30 LA LE R AL
B, MMMNMWRKETEERZ0ENERYR”
(Adesogan et al. 2019) . UM EIE 2 E TR
FFI SRR IR, R B2 AR AN 2%
M IE & R R E R HE. SRS HX R
WA (B 5D, SHRERIRAM T K Z MR AR
FHERF (Hirvonen et al. 20200 . Fibl, — AP
AR IR B 7V R EARAE A IERIBUR], 1A RAA G 7

FIRRH| (Fanzo et al. 2017; Béné et al. 2020) 36,

&A1k, IR RSB A s T I B S bR nins e A
WeamAr R, MR AH LCA BFC e Mg Rk
( Hallstrom et al. 2015; Godfray 2019; Chriki and
Hocquette 20200 . i H., &I AR AT B3
IR F RN, X0 F Al Rt A % (Nordhagen
et al. 2020) . FRIEFFEREFRR, MAR X LK “&
ER” , SAFMA G R, B ™ 4 e 8 iR
EAT DA BN ARF TSN E ST (Lee et al. 2021,
Moughan 2021) . TN EEAE I R B IE B 52 EH T A
I

M2, LCA WFFURARM IR R a5 5 d i it
T P N AT DL AR K [ 4F &b ( Searchinger et al.
2019) . ARSI 1R B T S B IS R 2R
S, IXREA B TE N M UK A . RNk,
AR LA AP IR R A RAR R M2 2. XXTA
RMERRE . ShPAEAE AR R A I Ak . B R XA AR
RGN R I TR () E R LA R R






PTCAE & R ER TS IR R, AT ERERIE e ? 2 T RESRIS A . Bl i
BATE. EAETE RS, BB S HEAT A QO DA B IR AR AL IR ST 2 K
o FATEE B T2 AW “ A A S A T O . AN R I HESE R A e
RYE, KA R A A B AN R RSS2 R DU & PR g U A £

TR R 50 B AR BEIIR 4K 97,

TATHIA LCA THER B RN, AT SRl 7%,
Bl A/ NP AS 43 S B0 R B R B 7 s AR

M1 A ST 25 R AR ) 55 S A P R G P I LA AR B 3. R F
KRR Ty i —— X A R AR B — B AR = 3 SO O
) — A HE L —— Al g2 FEORIE MINBOR, XUEOEN e
i ) 4 it R ARG DACE TR R AR B R R, IR RE
A R A AR A% O B o

B0 RO 3 Ol AR 7= 1 A0 AT R T AT 4, SURT LLBR H e
BRI ITIER? AW EBENE=ARE, 010544 T
BRA . MEPHANAED, FEIXSBR PR, FRATEN T iR B A8
7 EIMA R R T7E . X RGIIE LY, A
TEVFAL T R ZER H —Fh R G TTIE KR BRI/ LCA J7i%
W, DX A AN SRS . U S I bR O VR Y
A, FATA ReBE R AERE OO0 T M & 5 Uk O RN 15 A
FALRNR S BUR R .

BAFCT B F TYEAEY; $8%06:  lan Scoones




B 1. BAH, MT 5

T L R 1 5 A ORI AR A 10

T B AR E L AR 14, FBHLET 14000 ZCR T iRFRA BT 300 JkBEE. 7E 20 tHAE 80 AR, BT iR H IR YIS
HEORSMER, FRNHETR, BOkA™” REWTTIRELRIE . MU L BLEE B (R T X AL AR R R, T
I XA T A6 7% o S LHEERFOUR A TR, A& TR, RAAUIHOTIRRIH . £/ L4E S, Sheep2Ship itk
— EETT I WA SR B A 0 R AR, DL E AT IR = AU (vagnoni et al. 2015; vagnoni and Franca

2018) .

— I XHCT BT AL T P X IR A0 LCA B SOk
2001 4F CHEAREBOL) M 2011 4 CEAEBE BRI
Hf AT TR (B 6) . 2001 4E, iZAGNFIR A4S
SEPRIZER, TET 2011 4ES08 A= 4H15h. BiFh R
G AR KT R OR IELCBARE, SRR B T kg &
297 OIRTTANE AR IEEY) 74 2.99 Ak
HERG, TR & Ol b X — R 2 3.25 b Y
e XFANEIT, R TE R A AR TR
—EMRESGHR. Kbt hiE RS, AREEYET AL
(Batalla et al. 2015) , MIEHAFIZ ARG LT & E
HAf X 2L (Atzori et al. 2014) .

M RG R TR EBOL RS, XERGETILZ
FATREREAEE, GRS, ENRY. FHRE
R AN FIE T, SR RITIE BRI N, BT Y
6 B L 0 2 K . 2001 4E, K EE A B
kMR 2011 48, GRMRUCENR T RLAD B AR B B E
Wi o SRR AR 2 B T R AR, A
R T RGO REL I RS

WAVEA B T 2R T2 X BT FOCHIR G, RILEFEA
e R A A AR . SRR S AE TR R
FALHR SRR R H oA 5%, S5 AR RRK 31
PR S BR 2 R A . AR, BT B BT AR
HIEE R 5 R BCA AR5, BB R G AE B 2
PR ZROHE, b EAEA BRI RG]
HASHHECE R IFA

51— WS FCVEEEE T, AR SU T B T PR B
PR, — R TA AR A R R D Es, SRS TR
co-op i GEAFIRKIESRND #HTHE, 5
AW UL AR 77 T AR R U

(Vagnoni et al. 2017) . fEEBAEE&H, EP-BERIER T
92% 9 HETR, T AR AOHETR e 0 i LA Gy i . BT
AT (Y I 3 e AR T R RS e, BT A B
FE PR A HE NS w0 SR, X T 50 B W KB AT
MRS RGE M IINE, JOH R AR &g
HIHEEHE R . HABRTSE (Ripoll-Bosch et al. 2011;
Feliciano et al. 2018) B/x RARBMH B RFN LS R
Gial R — R AR ALK VPAS 8 Ok T RE AR TR, T
BARMMEHER ARG T CE LR TiXEA 4 (Torralba
etal. 2018) .

MR AF S AN, XA E, R
[ —I50 LCA BIF 85T 1 I ISP 7K AP iR P sk
HTE (Arca et al. 2021) . W70 B REHBR B
MV AE 7K B 5 R AR A P38 I B A R i
SARHER I T WK LR A A A, BT
FRLHAEF= RG R FAEF 1 A TR
MR = SRR (5 kg 7= HEOANEE 2 T
3.37 kg “H AU ERE 3.12 kg A MY
), HPHEE E RGN E S (5 kg 7=
i BIHEON 3.54 kg A LHR 2 B FF A 2.90 kg A
R .

B T R AR TR & R G 1 T B R K A MO R B
HAEWE 4, BT LB E AR RIS L SR AL R 5 R
BAEHIEATR InRsCECE E,  DL R AR R R R ) AR
S LR AR T TOURS T SR /D B i R FEHE ISR F e (Marino
et al. 2016) . 4R, R HCBIARLATRE LI HE, BE
335 & SR HE O R b, KRR T RO kA
PR R R, PR A B T A AR 2 O
P&, 72 3 b X P2 A28 R HE A (del Prado 45 A,
2021) o Fff, JEAEFUE RGARH M IR A RN,
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BT B RGP R Y YIER A i AR A ST 7 R

& 7 FJ: Vagnoni 25A4(2017)
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Kb 2: PE, REBX

-

—_- _‘.‘v { wat i

o ] f S AR Y o e ] [ R S AR 40%, AR R R AR 6%-8%. X e X (X B ol ——FRBEMEAS . B SEMILE—XT S
NRPEVRUARF B, O YIRS I E R TR (2% 25X STH ST RN — 1 LCA BT A, WA A AR BL R e R G
I TAAL ISR R GEHAT T AL e H B SRS N TR ua s D ikl (Zhuang et al. 2017)

SRR H], TR AR 9 MR LA AR A A R LA A 2 i
S, ARAM ARG IR E AR . B, X
Ay B35 AN R 8 h B 274 A R 2B 2 . 3K
X PR A VAR SRR, R 9 R G BRI AR AT
AW BARRRAE R FATR. BARRA T RGN T I H &R
GHETRIN FBE LD, (B R G T B AN AR D
A R BRE AR, X IR T 2 HER .
R SLBRIE> T 6.95% ) P EEHER BEART 3
R AEHIREIN 22%% 62%. X TH &S HALERR
P DA B 2 AR TT R AR S . SR UL, RATR RS
rh A A R AR A HE R EE R R G il 40% (18
7 .

FESRIERL b, BRREANIDSORAITA T E RS,
A [ — A A XSS B R 8 5 S A 4
MFE ARG, ALSE T NSRRI 22

BT EARRMY (Zhuang et al. 2019) . RIZMEIHE
BOKFRBARM (8 kg WLF=E okg LB Y =4
O, ABEN ERRE AT, ERGEIRT . RiELT
PERWEI R AR DL SRR ) (5 kg PIEAF 0.62kg
TR RO T E ST RGP T B I
WHER (1% kg P 7E 10.51kg 4800 G RHED -

BRI HE BN A AT B8R B T AN R G rh it A7 8
JIMZER. B L REM LAY . 3R
R LT 5 HEVIE 8 M8 1 4 A 30 FEL R T LA R B
FAE LR RE A (Chen et al. 2015; Lu et al.
2015) o ERSRUEL, BEECHCE Bh T 3 R
BRIEAR, T X R R s, BT
JEBAR, WRRADEBAC, & HVE R
£ T[4 (Shi et al. 2013; Zhou et al. 2017; Tang
et al. 2018, 2019) .
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ZEBIX ARG A HIHEBORIE

& 8. FJi: Zhuang et al. (2017) a
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F) 3: FadE, ENI/RILE

AL IR G S M X ) — TR e A (FERTSCES 4 3% Bdi i 2 R IR 3 #iw TAETE B R G TIPSR R G
(Assouma et al. 2017, 2018, 2019) . fEULEFIF, FEMRGE LA —AN/KIE O S0 “HEGNER” o 78 706 “F 77 A BIX
WA 354 FI RIS, 11000 k4-H1 1800 R /N R 45 .

LR R — A B, R T & RS, AR =0 2 A
FCHE PO S T 1 5140 R B 40 20 e RS
T -0.04+/- 0.01 Wifk4 &, FHEEREIIE. (BN TSGR, YDA 5 AT L A D
T — e, AT EEHCEOR L, M LR A
BTSN HHDCE AR (GAW-0.57 M MSE) , &H# AR R EE S (Ayatunde et al. 1999, 2001) .

THRZEATIN RGBT RS (FE A B -0.05 i =

o EBADTRILHE A, S IERNGIE KB AR
Bl — A ZRH C ZORERE 0.71 W ALK 2 D
SRR R BRE A E IR (LN BR4E 0.75 =5
W) o XMIGETIEET R WICREE, Bk
FEOZEAE L BRI I ) 49y B i 008 003 31 1) 35 B T 2
IR

JIE LA HE O A2 78 2 T 22 5, T 3 AL K B
BRI LT R B A X 1% 100 % (cf. Butterbach-
Bahl et al. 2020) . fHIX g8 A B KR mi 97 Ab B /K
RS HEE I 60IE T 40 o B U TR ZR T P VB IR IR I
SRR P LR R S, AR R SRS 3, T
O PRIRIZRAE . A5 3 /K 2 ek F e AR i, T BAIX K 3F
BEA R & AR S

T 903 SR SEbr b SN (K B bRt A 1
B . VEE VN RN T8 R A H e
TR A A B W] B R S BT R B A . (R BN Y

BR— SR R BRI (FRMEGD &M T HMiE,
{EIX LT AR T 2 PR AR R B A S
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T A R 1 AR A AR A 130

AR — MRS R G TR EEHBO M7 R R4 R 5t

& 9.7 Assouma A (2019b)
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e | mr f L URHER * WIS K U B AR el
°

XL PR 3R AT LA T HAR T i B A A B A HIE TS R 5
HER, XA R SRR . 7E T AR B RS
WA, PG XIREGAE R R, TR
TRARXXAAA PR, WRIEBZFH VTR, %
DX 38 PR A 7 2L O HE TR E e s 2 B

FrA, A7 BERINE 42 1] ) FR 4877 15K X 20 AN [F) 2 18] Y
(T, I8 P8 B T IR F) 2 35 PR R4 BRAZ AL
XFEA R — I E LI AEg R . Bl 8 BoR
T =N G4 5 SR AT ) S S R o AR
BH.



PA_E = AR AN TR KR it A [XC #2519 #3- OR BTAIE 1 22 il 3
TP A — LU A

et &
AT s b+ B B SR VAL R ATSAR IR, 5 TR 38 b 14 32 fE P
RN KRR AT B R R A w2 .

B ZRmAt
BRI B4 T K AN ARG BEB AR 03040, DI AR S 32
A R T MR

THR

BATHZE1E & R G E T PG R HER, IR R € F5 0 5 R G  E
Mo, T ASAE SR A — S B R

TSI
AT W TT i 3h B AR X 2 B TR BT H R R, SRR AT A /b HE O 1
T AN R B A7 B AR A JEL it

ARG A

P ER A E R RS TE, KA NS Ve WA T R B A 5
EB RGN E .






T L R 1 5 A ORI AR A 10

N T H5E OIS TR AL IR, AT R B 2% 22 AR I R IR B, & Al B AT BE 22 (1 SAIE
WHFE, B RS AW FEBARIL IR D o AEBRAHEBUE AN HESS R LA A5 B S TH AR
AP RAN R CLSCRP BRI W o SRR EE L BB R I SR BUR A& B A IERY .

AR5 WP X A RS AR AR A B O R EFTEAT . B
Bl P DL T I R 10 4 U L B SRR AR
EUHRTRTEWRSEW LMW —#% (Lang 2009;
Millstone and Lang 2003) . AMITK&SINAA TEFIEE
B i E bR, BT B A ER R A R A 72 R G T )
KA . AR P EAN AT IR (RHRTE
R E R RN R RIS AR B AR A R
P S, DA B SR AR TBCRCR B Ol sk b A A
F, B AR A AR Ty ROt R R R B A o X gy
it A 1 R SR R TS AL A Ao PR g i £ 6 1 HL A P i
ALFE R PR AL .

TR LGRS B AR, LR LR i A
7, IS TR AR R K, XAk T LA
L, RHENTEEERNEMN RS (Nagarajan 2021) .
T DR IP L RRN B 7  EUE UR E R IR B A 2
AR ARRIT5 24 1 2t 0 T RIS 2800 2 3 6 R AR B
BV S RGWIG RIS ? BEE N B A R R
Wi, AR AR IR AR N B A L B R R L R
BHOWAEFE SR AN, MLk A B SR BT kA B Ak s
PR X =R KR e (Hempson et al. 2015;
Archibald and Hempson 2016) ? T fEdbfakig b H
WORL B R TR F R AR B SE IS AR U, CAURICIR T 11
& (Lamb et al. 2020) £ FHRABMBH B HOL IR
R FEA ey X R £5 B3 OB I ? 4
WE BRI T V2 ISR, R TT T R0 A ok
R T H R .

T E AL LM BURFIEE, W2 AWM
HR A AR, WIETEEIER. Bk RS R Al 2 4
AN 38, 30 Bt B AR 77 2 R 11 5% 1 LA B 1
B Z A8 B o X 2 I U NS T B A S R A R
K, JeHGRAEIRER. AR 3k, hIEARES. W
R SIEAN 73 T 5 I e 32 AR B S5 R R oLk AL & R 7 R 5
Rt o LR, TP R ATI LB AN R PRI A AT A A
VR, DA SRRSO # Holk s BRI SE I, R SR TSR
B8 Ptk ik SR RE W S, 3R] DAAE A BR T A (R R
Any DERFRELORY . XN R G E A I LR, A
PRAEVFZ NI Z R AT, (R 7 AR5 2 R R R A
FREE G, RIS T B AR G P A ) b e
CABSCPEAI A, iR AT AT A M A G A ) R ai x4 B AR
JEERERMAAILE.

B 7 B AR LLAR, S AR R A AR [ K AR R AR
TR B, BOA R TR & BRI AR — 2 B
TSl R A T 2 R AR 2 B A 7 O SR S T B
FINBI AT A SE R [ B 55 3, BT R % O AR R
JE SRS B DS . RERE ML B IR EA A T — 2
AR LSRN, AT 4Ed A m R
DR T B BITTER . AT R R AR AR AL ) B T
2, IR A LI R B IBCHCR IS A8 248 1S 5 A
SETESEAE TR NP 322t o B FEWEARLAE P AR R AR TR Y 8 4
WA RHAZAE SN R 3 B, REZ RGN E KA
W RAEBCR I 18 P ab TG b

AL s AR R G J5E A IR A P R T A5 e
BRI T R AR B A R
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BT LR 1 B AR B AR A U

LHNEIARLE . WATMERFHM. B2, sMEARE SR
—HE, I MR VR UG FE T IR R AN IE A B AN A R IR B
LCA T VEIRAE K 2 Bra BRAE VAl R BSR4 A1 o (4 2 82 HH R 24 4 4
o, R RRE NS TN BB B A i R, TR AR HE R AR
JRSE. W ESCATIR, MRTRIBCR BRI T IX AT, B ER
P — R B M RE, ZREURAE . XA
HILE F 8 BB AU RO AR BRI AR IEMERUR o, DA
REEARRZ “G7 0, WA, BHAHEER 57 WBURE & H
(Sexton 2018; Sexton et al. 2019) . HHIXF —JCiB A%
e,

MIHFETT IR, T BUL IR AT i B sk
#lF5 K (Herrero et al. 2009; Willett et al. 2019) , [AIif
e H — R 5 “HAR” AT RRBEAE & ALY
KMRETTE. B, EAT-Lancet i) “ZERE” IFHE
B R VE A DL RS RS N AT R, KSR
PR ZRAT M Bk & 2 38 o3 Bk 1 5 243K ) (Garcia et al.
2019) . fEEABEMER T AL E R I 2 ORI
IR, ABATEW R EMERNE N RdE @2
g T EFBUE P EGA S (Gillespie et al. 2013; Weis
2013; Walls et al. 2020) .
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B PO B R, BATT TR B AN F M RGECR AR T
%, NRBE AR BV 2 NIE AR LW SRS,
IR A3 PSR AE 9 B AR IR A W AT . PR
MR BT SRR, EMAITRRAA R MERE. BR
AT S B T R S A . A RN SR
T R X R PR R AR o V5 2 WA X A 3E B
PR PR o T 3 HUAE 7™ 1 R BR R R 3 X L b
X, WX RERKMLSEFFENE. TR
Ui, BRI SR E SR R ORE B, R
REBIA S WIFNSHA) ML) bl AdATT R 8 BEIR 0 38 HL e Je
— i A1 Z 4T (Fratkin et al. 2004) .

FELE T, BOR EZAERRL . B MM IR TT I AT

FH, LUEREASFE (Herrero et al. 2009; Gerber et al.

2013b; Searchinger et al. 2019 Willett et al. 2019
Nordhagen et al. 2020) . —ANH WLIFT Fls i, @i
SEHEAEH. SR L SR Aol DL R e B e
FRE R R BDARE RN 700 1) 77 135 2k A IR 1 S A Bl 3 A
HERENFE (Adesogan et al. 2020; Herrero et al.
20200 o AT B R A S B R T BL b i T Rk
FEAERIHSE (Herrero et al. 2009; Ali et al. 2019) , fi A
BT AR AEIREE  (Hess et al. 2006; Aboagye
et al. 2018) . H AWM LRI =W BEK T, Bb R
PR, REE SRS R, SR S R B
A, ML B RE R AWK ™S (ASAS
2019) . FTAIXEELL “RE” gl i T it E R s
WA RGRELRN, THAREER A, Kb
ALK BN R I T T b P R TR AR
RO, b I 6 2% A1 1R R AR 3 Ll AN
3, ARG ARSI AEE bR, AR, 8 LCA
i 15 e b (1 e A0 2 PR it R AR 45 FT DLW S0 B
SHRHUH B, FIR AT LS S 5 39,

X BRI T i AN A A 2 T P DA A 1 e A T
R HIR . EH] LCA J5iEIRAS i R VRAl SR AR 5
Wiy 1 BSREA E o

LB LA AR AR A A U

s

XFE T AR RS, TOI R Se Tl Bk R A
T, R E AL T RN Bl . XA S
AR RN U R R AR L B PR AT A BE, U
RGACEREBE R D T E &Y. XHFAR®KE
FARB I B Bl I A B s, X — RETT MR ESATH
I . BRI PR UL BRI ) MR AR 56 A
R (Assouma et al. 2019a, 2019b) . IE#T Reid %
N (2004) Fritf)—FE, 75 R G0 10 S AT FUHS i
REEGR, RIFESLAACTHMN . W RGN & PR
b ORI E A TR RO e R THE A

i

hut

B2, TR A HRBORRBAE @R WA % BR
IR AT RN R G —— L i i sl B Aol —
— R T A A M 2 3T M Gt NN B . X
B RGITAEM X, AR 2 75 IR A He Aot £ /i
B, RAEWHRERBER L. EXERESEEE 1
B TakAer. SEh g E A T RN — R EA S B
B ARBEXANE K B R GEEAT XD 1. FAIFER S
Hym T e, BT, kA3 E IS AR BT
PEROUL R B R R R A B A T 5 R
Jih e A 3ok PR TS AN B A A U A, IR R IR e A
PR RS . S EBTIAEAE L T T TR -
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T L R 1 5 A ORI AR A 1

B BN B I TR, FRATT RS BB B I B SORS 5 IR
BEMM AR A = 2 CRTPAEILEED SRR Rl (HE, X
AR AN NAZRT A ER N R IR B & Ol A R AR T2 SRR OLIE e E . A
REZ PR N TR A AN 4 PP IS REAS ) 0 45 R TR Sk AR AR

TN H AT At R KRBT,
K75 RS IR W SR S R S 3t X, 2Tk
IRTER Y B AR G T I I B R I Se b — b
SRS I P B 4 5t — RO T VR B R B IR S IR
FHM . R, BATH EX 53 AE R GEx A ERATIR 20 )
KA, BLREAT H SRR S BT R0 . 34K
R RGAE N RN . RARTLIIR ) R Gl vF v] BA
BRI R 28 AR BRI B AR AR 77 3K

BULUE T AR E B RARTEACE B0, AT 2

I i P, AT T DU SR R B e R G iR
POl TR, R R ARG A A R R
ZRIN, WA TAC RGN R, AR, 2
T Bt Az a7 AU 2 P AR AR BRI . KRR &
Boll, JoHRWEOL, O RHIRE) L Al ] SRR
HIRHE T BT, SR RER AR SR T DA UK S B AR
F Y. B e DG ROV RER NS & . 5
Br L, i RSB AR R 8 23 7 AT e A AR T RATT Y
SCERAT SRR B ) 50 o, AT TR A S RGN R R
Lk, AR — V) — B A A B R A AT RIS R

FEARIRE AR, BATHRIN T EA-EA T o 22, 3l
TN, FFIEITRAR LSRR A R & R AHNE
JEEH -

Hm BTk

T AR BT AL B R AR EAT e, R
HETHREME LCA JIERHHMTRIZ ALY, RSETR
SRR B Ol A A T3

AR R, A e E R KA T —, UE
T AT MR R BRI R, R EET
LCA Tt 7t Hudls BB s 2 5 B0t RARTBC R & Ol HETCRE )

Ml

FESHIE “BRABREBAC” A AU FAT 7 e . HEK
HUE AL R AU, TR AN LR R, R R 2 P 4 R R
FHEWT H R (1 BR B T W R It o FRATTH T BEVRAS O T
TS AR B B A AT AT PR B2 Kk, 3 7 BEAE AN [
FER BT, KR e, SCRIFRE ST 2 RS
A& ARHEBUR A E 77 2o T R 2 BERGG A
i BN B 38 R S W] B 2 %2 5 (Tavenner and
Crane 2018; Kihoro et al. 2021) . HHAKHSERN. B
BREGN . BB BRI 1 2 4 R 58 T AT 1) 4 3Rk
LCA W5, AW EATN. iLEZ &H0LMLHE S5
BRI RS (e.g. Crane et al. 2016) , XM HRLH
P A E R HL DR B RS T RS EEY (Weiler
et al. 2014) .

FERGIET, AR H bR 0 RS, 7T L A [ i
hAME, ATRAGE AR g RIrEArE g
W, T ) BT MR ¢ AR A
H Bk A kiR 4K (Robertson and Grace
2004) o XA LUNZ TR B MRS S SR E A
i AW REPERYT . (LR R TR At E I
R R i s — R AT

—ANETRIAR A XA T T BN AT
PRI AT W) R 4 77 VA T DA TE JS SRt B 2R AR
FHTSCZY ZR G0 SRS o AT 75 2k AN R R 40 6 IR
2T RIS 5 HT,
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s T L R 1 5 A M U AR A B

I LT B 52 B R W NSRS B % Fh 7% (Stirling et al.
2007) o FA T B4 L AR PO 5 T A OXT R R VP At )
FEERSEE, A — M E N U7 (Holmes
and Scoones 2000) .

Xo& R4

A fE % X 20 7S 7] & 2R 7 R 4 L™ i O BIE 5L 7 ke )
EBFE W RN . XA LSS E IR,
PTTIETEINAT R MBS 00 R 2% 77 5 TE A AL 1) 23 B
KU, AERVEALT RS RBOR A TT ME R A RS, A
e RSB o BTN % A4 ] S 248 4 1 B O £ X BoAk
IEEHEAT 70, RV B 2 AR 7 i m] DU BRATTIB 22 X
IIRRTIBOA [ R A 3 B BT VAN A R . AR A I
K TATAAE RORIE A2 A 2R 7 R s B} I ke et 2>
HHGEHERCH T3 9, T B2 X RARTEA R B 0k, e 2
EFHCRGE S, & H SIS w47 R AR -

R FMX AR RGOS A AR Tk
Db BRE MR R S “H 2 SORE 3 AR AL T 2R IR
R, T RIRBL N 5 IR T RO v 2 AN AR Tk
B, AR ORPERERERG TEREENED. P
FESEAARFNBCHT W o 8 T2 0 A2 A R A BRI R 24
Mk, R BRBRMELARAEFEBEN.
T T AR A R REAE BRI e h g gk, Hrh
XTGBT AR A 7 B K T AL B R TT ST
ZE0. ARG ZET X BAR NS DU SR AN R AR o T 285 AT
ANTR) 28 G R H A e B v AT LR R Dk A HE TR AN [ 75
e

% TUALBUR

B TEN BN s 4xiin, AT LLEL S AN R A e T 7
R TTIET] DR BLAE BRI E (PR S AR 7 J7 3K 17 i
S HABE TR 5 AT AR IR Onf B2
A7 75 AOEE, TR e A= 7 05 SRR B B 4 T A
SE B AR EAAE CGRT BRI W2 R 806 AT
ATHIIEEED SRS A REAT X M S5 TT T . AE [ B E AR
AR GE ) B T S BN B K RN, IR R ZEa fe v
M SRR O SRS U5 ik OR3P IR BN 1R R SR TR P 2 s
|28

Pednt,  FRATT CLAR A B e At 2 7 ) PA) B 9/
Fgiy, BT A — i bR e, AR RENE T R XS SRR
WG, R R AR RIRAE . ) hr
WURAETS . A e BUOKSF RN A% i 24k 5 5
IF BAE M R b oy B A I P B TR, (H
RXEEAT B 2 16 T 3 A8 SRR 5 o X W) DASR B BUSR fil
SEH B, BRIV — A AR R AR A, ORI Al AR
FEIN FON R I A L, [7) I 1 5 2 5 A A o e 1 A e
.o B I ME BRI SR R A T R, R
SRTBUHCTY B O R % J T LA B Rk T A 2 2 31 Bl



X T RGP & RO B AR, R
DR T T S S IR AR TN .

FAVHZ S HTTT i, AR RIS R X L2
ARG, XA AEF=RIE 7 0 G fig5. Bl
WUAEF], IEARITE I & A 777 R g . [H
B, AR PTA LA BN E R S = H 0.
HE R PR Y A 7 DL B 9 B S AR A i TG A R
M, ARAR IR IER — AR RIS R 2 ] =
—, BEEEAOVELNAER, FAER BN L R
Wk, BRMBIVMNERER TRERMH”E. k2, BE
XA R GFLMRMIRN, EEad s “HeBo R 34T T 1
Al DL 2% f 4 i F 0 56 3% (e.g. Thomassen et al.
2008) .

B 5

LFTII A ERYE RS S br A R RS E X, R BRPEAR B
SR A IRV AG 2 th A BRI Lk sniRAa ik, (H13
LI IR A Bk, XA RAME A RS B2 3
T AN F) 28 B AR IR o R AT I 7 A SR VR A R T
Wo Bk, ERLVEMRG S, RAOHRT WA RES R
i, AR NAFER T R PR BIR W . B
g, B CEBO AR S XA NEREE, B
RAFAB S AL, IR R —— AR Z IR
TBCH Y B Rl b 2 —— ) P A A BRIBUR G TP T 3
40

PiD QAN e L Vs SO LA T G el
WP R AT 20 tth, X se e DUH T2 2 R IR
P EREEAR ESRGIREA I, XMW AE A
a, R A BREE BE IR RN A TR Y e, AR
BT, SR A ROV AT B M 144, DAL
A R BT TR SR

T L R 1 5 A ORI AR A 10

T T AR AE 22 R 858 T DX 3R SR i AR /N 4 77 XM g 2
FIR AN BRIZ T

FEBA BRI T, HAERNESRGEKE TS
RS 17 5 2 BIRRHRTRA N AF5E, 10 H A TR IS MR £ 3
SEMASAHMA R, XI5 — B KR
Pl XL AR I MR BOAEAE A B 2 A S U A =
B, W T SeOUhATE R R B AR E LR
PRI B EE,  — sl K A M) 2 A R RS ek i R ARG R
EATEN” RIKBAES, AT ARG A i 1

Blan,  “EABEA” BE R RAE B R RUAL  fR 3
B AR IE & M. XEHEAREATRIEERS
% 18 B AR IO AR At 2R A 5 2 e Aol
REBSBA SR, ST DRI LS A%, s
AW LRV H DGR R A . EEAREN
AR e R, ERAEIER Y BAT, SR AR R A
b e e RS A B SRR BT A A, AT PRSI L A i
BARRA AR, WAL B2 RN
HRALL 7 R 2> RUTR A RAA SRR Z K S 5 T itig, |
A Z 50N SR BB ARG MR ANE T D,
XA A5 % B A T SOP 2 4 AN 3F R L] e 45 3t 285 Al )
.

FEVFIE T T TN B 25 M S2I7 B BHR IR L, X AL AT LU R
PSR TR — T MRS B S T IXRE ok, — SR
AN NREZR] RE 2BV, AT AT E 3t 8 B8 A 3 SO
BM AR — i, RO S & 3T 55 M S AL ) A # R
H o IRATRLAZIT IO 18 LR B R A e, e 5 b e
X, AR PTA X HE 2R A R, DA AR R
DS R B A AT A2 Al B A, KRR P REA B T A
GTAGEIRZE 5 TP AR AN . B ah, LR
WA, EREERERE PR SWkE KA, AR
/Bl (S Al N DR G 4 P R Y S O
SCRAZTT RO R T SCE BT REM S TR I F%
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TRATH ZER B A B HL R AT A B AR PR A . 1,
WA T AR A7 BT A% 5, i HL A A
AT R SR A ZRAL ) 5 2R . & Al ] DS B 3K
BER %, WA —LRIAETT I AR AL, X5 R
HEPNATII . FAER, Koy “fRipH” B B
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www.50by40.org
www.weforum.org/projects/meat-the-future

www.fairr.org/sustainable-proteins/food-tech-spotlight/building-esg-
into-the-alternative-protein-terrain/;  www.riacanada.ca/magazine/
building-esg-into-the-alternative-protein-terrain

www.un.org/en/food-systems-summit/action-tracks
See www.pastres.org for more details.

See e.g. Technology Review (2021) ‘Bill Gates: Rich Nations Should
Shift Entirelyto Synthetic Beef’,www.technologyreview.
com/2021/02/14/1018296/bill-gates-climate-change-beef-trees-
microsoft/; The Independent (2020) ‘Go Vegetarian to Save Wildlife
and the Planet, Sir David Attenborough Urges’, www.independent.
co.uk/climate-change/news/david-attenborough-vegetarian-vegan-
meat-life-on-our-planet-netflix-wildlife-earth-a9689816.html; and
www. mercyforanimals.org/blog/greta-thunberg-animals-
environment

For example George Monbiot (2017) ‘Goodbye - and Good Riddance

- to Livestock Farming’, www.theguardian.com/commentisfree/2017/
oct/04/livestock-farming-artificial-meat-industry-animals; ~ The
Independent(2020) ‘Going Vegan Is “Single Biggest Way” to Reduce
Our Impact, Study Finds’, www.independent.co.uk/life-style/health-
and-families/veganism-environmental-impact-planet-reduced-
plant- based-diet-humans-study-a8378631.html;RogerHarrabin
(2019)

‘Plant-Based Diet can Fight Climate Change - UN’, www.bbc.com/news/
science-environment-49238749, among many, many others.

See, ‘CarsorLivestock:Which Contribute More to Climate Change?’,
September 2018, www.news.trust.org/item/20180918083629-d2wf0 and
www.cgiar.org/news-events/news/fao-common-flawed-
comparisons- greenhouse-gas-emissions-livestock-transport/.
Arecent report from  Friends of the Earth in Spain also offers a more
nuanced perspective: www.tierra.org/wp-
content/uploads/2020/09/Informe-Ganaderia- Cambio-climatico-
Amigos-de-la-Tierra.pdf

Whilethis narrativeis nowwidespread, its directimpacton policies

in livestock-dependent countries so far remains limited. However,
dispelling myths and challenging assertions is important now before
majorshifts occur. Todate, theimpacts havebeenon changing
markets (particularlyin Europe) and the ways that national
governments must report on national emissions levels through

the UNFCCC reporting process, notably through the specification

of Nationally Determined Contributions, and so how mitigation
measures are planned and funded, often through donor efforts. In
the UK,emergingplans forafforestationand removal of livestock
fromrangelands are centralto carbon-neutral targets by 2030,while
the European Union plansto plantthree billiontrees inthe coming
period as part of its climate mitigation policies. All these interventions
willhaveamajornegativeimpacton extensive livestock production
systemsand may notresultinthe desired climate mitigation
outcomes.

Many more could beadded, particularlyaround the nowwidespread
debate about ‘alternative proteins’; e.g. the World Economic Forum
(www.weforum.org/whitepapers/meat-the-future-series-
alternative- proteins)and RethinkX (www.rethinkx.com/food-and-
agriculture),

tonamebut afew.Forexample,RethinkXarguethat“The current
industrialised, animal-agriculture system will be replaced with a
Food-as-Software model, where foods are engineered by scientists
atamolecularleveland uploaded to databases that can be access

by food designers anywhere in the world. The will resultin a farmore
distributed, localised, stable and resilience food-production system.
...By2035,about60%oftheland currentlybeing used for livestock
and feed productionwill be freed forotheruses. ... Ifallthis freed land
were dedicated for reforestation, all currentsources of US greenhouse
gasemissionscould befullyoffsetby2035"(TubbandSeba2019).
Inthis assessmentofnarratives, however,wehavefocused onthose
focusing particularly on the link between livestock production and
climate change.

The Paris Agreement: www.unfccc.int/process-and-meetings/the-
paris- agreement/the-paris-agreement

See forexamplethis press release: Greenpeace European Unit
(2020) ‘Animal Farming in EUWorse for Climate than All Cars’, www.
greenpeace.org/eu-unit/issues/nature-food/45051/animal-farming-in-
eu-worse-for-climate-than-all-cars

There are many other more focused analyses using a similar
methodology; for example, Stehfest etal. 2009; Tilman and Clark 2014;
Hallstrém etal. 2015; Aleksandrowicz et al. 2016; Springmann et al.
2016a,2016b;Clarkand Tilman2017;Cluneetal. 2017.

www.ourworldindata.org/meat-production
The study, however,onlylooked at proteinas awhole, notthe nutrient
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value of products or available nutrient combinations. Animal protein
ofcoursehas aminoacid composition closertohumanneedsanda
much higher nutrient availability than comparable amounts of plant
protein (Drewnowski et al. 2015). Assessments of land use change also
included simplistic assumptions of land use change. Other models
show how livestock systems focused on resource conservation,
reducingwasteand with a circular supply chain can conserve land
whilenotcontributingsignificantlytoclimate change(vanZantenetal.
2018).

Notablythose emerging fromthe FAQ,including Steinfeld etal. 2006;
Gerberetal. 2013a.

www.ox.ac.uk/news/2018-06-01-new-estimates-environmental-
cost- food

www.theguardian.com/environment/2018/may/31/avoiding-meat-and-
dairy-is-single-biggest-way-to-reduce-your-impact-on-earth

www.bbc.co.uk/food/articles/cut_food_emissions

See, Anne Mottet’s and Henning Steinfeld’s piece, ‘Cars or Livestock:
Which Contribute More to Climate Change?’, September 2018, www.
news.trust.org/item/20180918083629-d2wf0. See also, www.cgiar.org/
news-events/news/fao-common-flawed-comparisons-greenhouse-
gas- emissions-livestock-transport

ThelPCCreportstates: “Improved livestock managementisa
collection of practices consisting ofa)improved feed and dietary
additives (e.g., bioactive compounds, fats), used to increase
productivityand reduceemissions fromenteric fermentation; b)
breeding (e.g., breeds with higher productivity or reduced emissions
from enteric fermentation), c) herd management, including
decreasing neo-natal mortality, improving sanitary conditions,
animalhealthand herdrenewal,and diversifyinganimal species, d)
emerging technologies (of which some are not legally authorised

in several countries) such as propionateenhancers, nitrateand
sulphate supplements, archaea inhibitors and archaeal vaccines,
methanotrophs, acetogens, defaunation of the rumen, bacteriophages
and probiotics, ionophores/antibiotics; and e) improved manure
management, including manipulation of bedding and storage
conditions, anaerobic digesters; biofilters, dietary change and
additives, soil-applied and animal-fed nitrification inhibitors, urease
inhibitors, fertiliser type, rate and timing, manipulation of manure
application practices,and grazingmanagement”(IPCC/Shuklaetal.
2019:570).

Although some conservationists advocate more inclusive, people-
centred ‘land-sharing’ approaches as an alternative.

www.tabledebates.org/building-blocks/methane-and-sustainability-
ruminant-livestock.

www.carbonbrief.org/guest-post-a-new-way-to-assess-global-
warming-potential-of-short-lived-pollutants . The IPCC in the AR6
reportofAugust2021nowacceptstheimportanceofusinganumber
of different metrics, acknowledging the differences between them
(https://www.ipcc.ch/report/ar6 /wg1l/downloads/report/IPCC_AR6_WGI_
Full_Report.pdf, section 7.6,boxes 7.3and 1.6)

www.tabledebates.org/building-blocks/methane-and-sustainability-
ruminant-livestock

www.ilri.org/outcomes/science-helps-tailor-livestock-related-
climate- change-mitigation-strategies-africa

See Goopyetal. 2018, 2021; Zhuetal. 2018, 2020a, 2020b, 2021;
Ndung’uetal. 2019;Ndaoetal. 2020; Pauletal. 2020 forimportant
workin Africacoming outofthelnternational LivestockResearch
Institute.

www.fao.org/gleam/en/; see Gerberetal. (2013a), for example.

However,GLEAM does use GWPwith carbon feedback, which gives
differentresultstootherassessments,where feedback effectsarenot
included.

See  www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-
guidelines- for-national-greenhouse-gas-inventories/. This is a
significant improvement on the 2006 guidelines, allowing for region-
specific estimates, but most standard assessments still use
estimates derived fromearlierapproachesandsocontinueto
introducebiases.

Our World In Data (2020) Less Meat Is Nearly Always Better
than Sustainable Meat, to Reduce Your Carbon Footprint. Oxford,
ourworldindata.org/less-meat-or-sustainable-meat; Good Food
Institute (2021) Plant-Based Meat, www.gfi.org/plant-based

Seearticles fromthe UK-basedSustainable Food Trust: www.
sustainablefoodtrust.org/key-issues/sustainable-livestock /grazing-
livestock
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Sustainable Food Trust (2017) ‘Grazed and Confused - An Initial
Response from the Sustainable Food Trust’, www.sustainablefoodtrust.
org/articles/grazed-and-confused-an-initial-response-from-the-
sustainable-food-trust

CO, fluxes from soils however are generally notaccounted forin GHG

inventories because they are assumed to be counterbalanced by CO ,
uptake through photosynthesis, although this is not the case when soil
organic carbon is declining due to degradation.

See www.theguardian.com/environment/2021/may/11/lab-grown-
meat- companies-swallow-record-investments, the World Economic
Forum (www.weforum.org/projects/meat-the-future), and RethinkX
(www. rethinkx.com/food-and-agriculture)for high-profile,
promotional initiatives.

See also ILRI(2020) ‘A Call for a Holistic View of Meat Eating by
Lawrence Haddad, of the Global Alliance for Improved Nutrition
(CGAINY’,  www.ilri.org/news/call-holistic-view-meat-eating-
lawrence- haddad-global-alliance-improved-nutrition

Foran accessible overview, see www.youtube.com/
watch?v=NbO4EEaH7YM

Alongside the advocacy of industrialised cultured meat mentioned
earlier, global corporateinterests are backingmajortree-planting
offsetting schemes as part of their efforts to ‘green’ business and
address climate change. The commitment to plant one trillion trees
forexampleis partofthe World Economic Forum’s efforts to promote
‘nature-based solutions’: see www.1t.org

See the work of www.sheeptoship.eu for examples of such approaches.
See www.iyrp.info

See FFCC 2021 and www.pastres.org/2021/05/14/crossbreeding-or-
not- crossbreeding-that-is-not-the-question

SeePatel2012;Weis 2013;and Pateland Moore 2017 forawider
discussion.

Reprinted from Journal of Cleaner Production, vol 147, Zhuang M.,
Gongbuzeren, LiW., Greenhouse gas emission of pastoralismis lower
than combined extensive/intensive livestock husbandry: A case study
on the Qinghai-Tibet Plateau of China, figure 2, Copyright (2017), with
permission from Elsevier.
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