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> Agricultural emissions : 20-25% of global anthropogenic GHG
emissions (Crippa et al. 2021; FAO 2020; Hong et al. 2021)

> Emissions from livestock : 40-45 % of agricultural emissions, half
of them from beef production (Herrero et al. 2016; Hong
et al. 2021)

> Possible mitigation :

- at the extensive margin, through a reduction in meat
consumption' (Hallstrém et al. 2015; Hayek et al. 2021);

- at the intensive margin, through a technical adjustment of
production (Frank et al. 2018; Havlik et al. 2014; Herrero
et al. 2016; Pellerin et al. 2017)

1. without harming human health
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What policy instrument best-suited to trigger such
changes?

> First-best Pigouvian tax on agricultural emissions hard to
implement due to high monitoring, reporting and verification
costs (Grosjean et al. 2016)

> Partial coverage of a carbon tax to overcome MRV costs
(De Cara et al. 2018)

> Policies based on aggregated emission factors, targeting a
specific GHG, or using input taxes (Garnache et al. 2017)

» Output-based instead of emissions based tax (Schmutzler and
Goulder 1997)
= empirical studies on meat tax (Bonnet et al. 2018; Caillavet
et al. 2016; Edjabou and Smed 2013)
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To give you some intuitions about MRV costs...
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Idea

> About half of agricultural emissions related to land use and land
use change (LULUC) (FAO 2020; Hong et al. 2021)

> 70% of global agricultural area dedicated to grasslands / 20% of
continental land (FAOSTAT)

> potential to sequester carbon in soil and above-ground biomass
of spared land

» Regulating land use to reduce GHG emissions through a subsidy

rewarding "natural reserves", instead of regulating directly
emissions
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» Stylised partial equilibrium model of the beef sector (perfect
competition, price takers)
Demand side :

p :consumer price

g : quantity of meat consumed

S(q) : gross consumer surplus (positive, increasing and concave)
S'(q) : inverse demand

Supply side : cattle feeding as technological choice

X : quantity of grass (in kg) per kg of meat
f(x) : associated quantity of feed from crops per kg of meat
¢(x) : unitary production cost
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» Minimisation of c(x) by farmers
» market clearing : p = ¢(x)
> Profit of the farming sector (BAU)

M°(p, x) = [p— c(x)lq (1)
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Land use

> 3 types of land use : cropland, grasslands and natural reserves.

» Total available land L allocated between cropland L., grasslands
Ly and natural reserves L,

> L=Lg+Lc+ Ly
» Given x, land requirement per unit of meat is
I(x) = agx + acf(x)
with ag and o, the inverse yield of grasslands and cropland

» Thus, Lg = agxq, Lc = acf(x)gand L = L, + I(x)q
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GHG emissions

» Three sources of emissions :
Direct emissions from beef production e(x)
Emissions from feed crops e,

Emissions/sequestration from land use 6;, i € {g, ¢, n}

> Total emissions :

E(q,x) = e(x)q + ecf(x)q — 0gLg — 0cLc — 04Lp
= q [e(X) + ecf(X) + (6 — Og)agx + (0 — Oc)af(x)] —0nL

=e1(x)

= e1(x)g — 0L
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» Assumption A1 0, > 0y > 6. = eq(x) >0

> Linear damage function and marginal damage ¢ €.kgCO2;‘q
> Global welfare (objective function) :
W(q,x) = S(q) — ¢(x)q — 6E(q, X) ()
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Social optimum

> social optimum : couple (g*, x*) maximising the welfare function
. . S
> First order conditions :

» An increase in the social cost of carbon induces :
- adecrease in g* ;
- a decrease in x* if &j(x) > 0

> Assumption A2 :

=ei(x) >0
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Policy instruments

» An exhaustive tax on carbon emissions 7 (First-Best policy)
> Atax on meat t
» A technical standard x

> A subsidy to natural reserves s

> Farmer profit with all instruments combined :

N(x,q.r) = [p—t = c(x)]q — e (x)q — OnL] + S[L — (agx + acf(x))q]
subject to x < X
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Specifications

> Gross consumer surplus : S(q) = (a — §q)q

» Production cost : ¢(x) = ¢ + % (X — x0)°
> Direct emissions: e(x) = ey + ¢(X — Xp)

> feed constraint: f(x) = fy + ¢(xo — X)
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First-best and combination of instruments

> Possibility to reach the social optimum with :
an exhaustive Pigouvian taxes 7 = ¢
a technical standard x = x* and a tax on meat t = deq(x*)
a standard x = x* and a natural reserves subsidy s*, with

* _ oe(x”

2. ltis also possible to set a meat quota at g*, and to combine it with a standard x*

. se
or a subsidy s* = 7
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Description of instruments - meat tax

» Effect limited to the extensive margin (by an increase in price)
» Optimal meat tax t58 = §e;(xo) with :

&4 (Xo) = €0 + el + (Hn — Hg)agXO + (9n — ec)acfo
direct emissions  feed emissions carbon opportunity cost of land use

> Meat tax > optimal net pigouvian tax des(x*)

> Under A2: q: < g*and x; = xg > x*

May 20, 2022 16/31



Motivations Instruments comparison Numerical simulations Conclusio Références

[e]e] le]elele)

Description of instruments - technical standard

> Effect at both the intensive (x) and extensive margins (increase
in the marginal cost)

> X stricter than x*, either xp > x* > XxSB or xp < x* < X5E.

Under A2, xo > x* > x5B
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Description of instruments - subsidy

> Effect at both the intensive margin (subsidy as incentive to
intensify) and the extensive margin (cost of unitary land
requirement)

> Reflected in the first order conditions :

S'(q) = p=c(x) + sl(x)
—c'(x) = sl'(x)

» Under A2 and /'(x) > 0
If '/I(x) = €, /es(x), then s58 = %,XEB =x* and g8 = g*
If I'/I(x) < €}/ei(x), then xo > xSB > x* and ¢ < g*

If I'/1(x) > €, /ei(x), then xo > x* > x5B
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Equilibrium with the instruments

Instrument Equilibrium
Pigouvian tax = p = c(x*)+ rei(x*)
Meat tax t p=c(x)+t
Subsidy s p = c(xs) + sl(Xs)
Technical standard X p = ¢(X)
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Welfare comparison - Meat tax vs standard

> 2 main parameters at stake : technical flexibility v and the price
elasticity of beef demand 3;

» Proposition 1. There exists 7 € R*. such that :
WLy < WL; ifand only if v <4

» Proposition 2. There exists a € R*. such that :
WL, < WLy ifandonlyif a< a

3. related to the mitigation cost at the intensive and the extensive margin, respec-
tively
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Welfare comparison - SubS|dy vs standard

> Relative performance conditioned by the alignment* between
land use and emissions

> Better performance of the subsidy when GHG emissions are
relatively inelastic with respect to x

> Proposition 3. If 5 (X < oz then Wiy > WL

» Comparison meat tax vs subsidy not achieved

1

ef e
. ol , . In case of perfect alignment, -5 = 775
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The data

Parameter name  Description (uni) Value Source
a ntercept the inverse demand funcfion 523 ‘Authors” calculaions
b slope of the inverse demand function 45110~ Authors’ calculations
- own price elasticity of beef demand 0.90 Gallet (2010)
hypothesis based on data from representa-
X initial amount of grass to produce beef (kg DM.kg carcass weight ') 15.00 tive farms provided by the French livestock
Institute
. initial amount of feed from crops to produce beef (kg DM.kg carcass 10 Authors' calculations from the value taken by
o weight 1) . Xp and f function
5 technical flexibilty of beef production 0.0075 Hypothesis
P substitution rate between feed from crops and grass 0.08 Author's caloulations from the meta-analysis
@ initial production cost of beef (€ kg carcass weight—") 3 'éﬁg‘("zfz'j)'e'y'“g on data from Idele and
initial equilibrium price of beef (€.kg carcass weight-') 39 gﬁg‘(";os;)’e'y'"g on data from Idele and
R ) ) . authors’ calculations with data from Idele
% initial equiliorium quanity of beef (tonnes of carcass weight) 9.60.10 and CNE (2021) and Agreste (2021)
o reverse grassland yield (ha.tDM-") 022 "zyopz":;'es's relying on data from Agreste
ac reverse crop yield (ha.t DM~") 0.14 ggg;‘es's relying on data from Agreste
hypothesis relying on data from Agreste
T total available land (ha) 3.76.10°8 (2021), assuming a stocking rate of 1 suckler
cow per hectare
. emission growth rate associated to the amount of grass (kgCO2eq.kg DM-")  0.36 Author's caloulations from the meta-analysis
emission factor of initial beef production, excluding emissions of feed from )
e f 219 Author's caloulations from the meta-analysis
crops (kgCO2eq.kg carcass weight ')
e emission factor of feed from crops (kgCO2eq. kgDM ~') 06 hypothesis based on ECOALIM, database of
the Agribalyse program
0 annual carbon storage by grasslands ((CO2eq.ha ') 0.85 Efese (2019) and Pellerin et al. (2020)
o, annual carbon storage by crops (CO2eq.ha-1) 03 Efese (2019) and Pellerin et al. (2020)
0, annual carbon storage by natural reserves ((CO2eq.ha ') 5 Efese (2019) and Pellerin et al. (2020)
5 social cost of ghg emissions (€.1C02eq ') 50 Level of the French carbon tax
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Results of the baseline scenario

Laissez-faire First-best Meat tax Technical standard Subsidy
q (kt of carcass) 960.0 (+73.6%)  553.1 502.5 (—9.1%)  837.0 (+51.3%) 734.1 (+32.7%)
x (kg DM grass/ kg carcass) 15.0 (+108.3%) 7.2 15.0 (+108.3%) 2.8(—61.1%) 5.0 (—30.5%)
Price (€.kg™") 3.9 (—32.0%) 5.7 6.0 (+4.0%) 4.5 (—22.3%) 4.9 (—14.2%)
Emissions (MtCO2eq) 20.8 -1.0 1.9 3.8 29
Welfare (M €) 1038.0 (—36.4%) 1631.3  1510.3 (—7.4%) 1390.4 (—14.8%) 1544.6 (—5.3%)
Ly (thousand ha) 0.4 (—100.0%) 2502.4  1792.0 (—28.4%) 2626.9 (+5.0%) 2429.9 (—2.9%)
Lg (thousand ha) 3196.8 (+261.6%) 884.0 1673.4 (+89.3%) 525.8 (—40.5%) 815.7 (—7.7%)
Lc (thousand ha) 562.8 (50.6%) 373.6 294.6 (—21.1%) 607.2 (+62.5%) 514.4 (+37.7%)
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Sensitivity analysis to supply and demand parameters
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Sensitivity analysis to land-use emissions parameters
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Conclusion

> An analytical and numerical comparison of second best policies
to reduce GHG from the livestock sector

» Optimal meat tax should integrate the carbon opportunity cost of
land use

» Strong performance of natural reserves, even under imperfect
alignment of emissions and land use

> Mitigation at both the intensive and extensive margins with a
natural reserves policy
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Perspectives

> Effect of altruist behaviour of consumers valuing animal welfare
(p(x) increasing in x)

> Policy consequences of imperfect alignment of biodiversity and
climate objectives
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Meta-analysis of LCA of meat from suckler beef
systems
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Comparison of instruments under different carbon
prices
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