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Scenarios for changes in food

consumption become more important

e Recent CAPRI studies:
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Theoretical Background: Shock

Human consumption

P (Feed)
A J Q(Meat) => | D(Feed)

S(feed)




Human consumption in CAPRI
Generalized Leontief Expenditure System
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Value of minimum commitments

D, = Consumption independent of prices and income



Human consumption in CAPRI

"\gams\arm\market_model.gms"

*# ——————————— Behavioural functions
*$onlisting
*

* ——— definition of F as sum of Di multiplied with prices for the Generalised Leontief expenditure funtion
* PD: commitments / linear terms in the individual demand functions
* (in kg per capita, therefore prices are expressed in Euro/kg <=> CPRI [Euro/ton] * 0.001)

*

GLDemandFS_(BRM3) 5 sum(xxx $ v_consQuant.range (BM3,XXX),1) ..

*

v_GLDemandFs (RMS) /
*
) ——— the following term (alsc found o the BHS) is only for scaling purposes F —_— Di Pl
~ to bring the egquation arocund unity
* -
(SUM (xX1 $ p_pdGL(RMS, XX1, "CUR"), L
DATE (RMS, "CPRI", XX1, "CUR") * p_pdGL(RMS,XXl, "CUR") *1.E-3) + 0.1} o .
D; = Consumption independent of prices and
=E= SUM(¥X1 5 p pdGl (RMS, Xx1, "CUR"), income
|v_consPrice(BMS,¥X1) * p pdGL(RMS, X1, "CUR")[*1.E-3)
/ (SUM(XX1 5 p pdGL(RMS,XX1,"CUR"),
DATA (RMS, "CPRI", XX1,"CUR") * p pdGL(RMS,XXl,"CUR")*1.E-3) + 0.1);
&
* ——— definition of function G for the Generalised Leontief expenditure funtion
* (per capita)

GLDemandGS (RM3) 5 sum(xxx 5 v_consQuant.range (BMS,XXX),1) ..

——— due to DF in the calibration of the parameter set, it is possible

o to fix v_GLDemandGS durign a value. That value is 10000. and

A use in the equation for scaling to bring the equation to unity in the l J

calibration point

v_GLDemandGs (RMS) /10000. =E= SUM( (XX1,¥¥l) $ p pbGL(RMS, XXl, ¥¥l, "CUR"),
p_pbGL(RMS, XX1, YY1, "CUR")
* SQRT (v_consPrice (RMS, XX1) *v _consPrice (RM3,YY1)[F1.E-€) )/10000.;




Human consumption in CAPRI

"\gams\arm\market_model.gms"

* —— definition of first derivatives of G called Gi for the Generalised Leontief expenditure funtion
* (per capita)

B

GLDemandGisS (RMS, XXX) 5 ( (v_consQuant.LO(RMS,XXX) ne v_consQuant.UP (RMS, XXX) )

-

S DATA (RMS, "HCon", XXX, "CUR")) ..
v_GLDemandGis (RMS, XXX)

* ——— the following is only a scaling term to bring the egquation around unity
- in calibration point. It is also found on the RHS
/ (SUM({ ¥Y¥1 5 p pbGl (RMS3, XXX, YY1, "CUR"),
p_pbGL (RMS, XXX, YY1, "CUR")
* SQRT (DATA (RMS, "CPRI", Y¥1, "CUR"™) /DATA (RMS, "CPRI", XXX, "CUR"))) + 0.1)
=E= [SUM( Y¥l 5 p_ pbGl(RMS,XXX,Y¥l, "CUR"),
P_pbGL (RMS, XXX, YY1, "CUR")

& ———— the division / multiplication by DATA(RMS, "CPRI", XXX, "CUR")
- cancel out and are only introduced to stabilize
) the numerical sclution
*
* SORT (v consPrice(BMS ¥¥1l) /DATA(BMS "CPRI"™ XXX, "CUR"))

* SQRT (DATA (RMS, "CPRI", XXX, "CUR") /v_consPrice (RMS, XXX) )

/! (SuM({ ¥¥1l 5 p pbGl(RMS,XXX,YY1, "CUR"),
p_pbGL (RMS, XXX, YY1, "CUR")
* SQRT (DATA (RMS, "CPRI™, YY1, "CUR") /DATA (RMS, "CPRI", XXX, "CUR"))}) + 0.1);

G = Z Z B;; |P; P; Differentiate _ [ p/p
: - o tJ w.rt. P; ... ; : J/ i i
L J




Human consumption in CAPRI

"\gams\arm\market_model.gms"

EESS definition of human consumption for the Generalised Leontief expenditure funtion
*
Xis (RMS,XXX) 35 ( (v_consQuant.LO (RMS,XXX) ne v_consQuant.UP (RMS, XXX))

5 DATA (RMS, "HCon", XXX, "CUR")) ..

( v_consQuant (RMS, XXX) 5 ( v_consQuant.LO(RMS,XXX) GT 0)
+ v_consQuantNeg (RMS, XXX) 5 ( v_consQuant.LO (RMS,XXX) LE 0)

)
/ (DATA (RMS, "HCon", XXX, "CUR") +0.1) =E=

( (v_GLDemandGis (RMS, ¥XX) /v_GLDemandGS (RMS)
* ( DATA (RMS, "Ince", "Levl", "CUR") /DATA(RMS, "INHA", "LEVL", "CUR") - v_GLDemandFS (RMS))
+ p pdGL (RMS, XXX, "CUR")) * DATA(RMS,"INHA","LEVL","CUR")/1000.)/ (DATA(RMS, "HCon" , XXX, "CUR")$0.1);

AN
N ¢

= x; = Di+E‘(Y—F)]Pop

Value of minimum commitments

D, = Consumption independent of prices and income



Diet shifts in CAPRI

Implementation of diet shifts in CAPRI model

(e.g. 10% decrease in demand for beef)

* GL demand function shifted under constant price assumption
» New demand curve through 10% less demand for beef at the same price

 Demand curve is shifted by adjusting the commitment terms
(,P_pdGL")

» Recalibration of commitment terms to match new demand at original price
» Analogous to shifting the constant term in linear demand functions

o
PerCap; = D; + El(y — F); Di = p_pdGL



Diet shifts in CAPRI

set scenshiftedCols (COLS) / TWAG

$IF &MARKET Mi==0N TCost

$IF %MARKET Me==0N

$IF %MARKET Me==0N FEED

$IF ¥MARKET Me==0N PROD

$IF “MARKET Ma==0N FROC |,

$IF &MARKET Ma==0N SET.bioScenShifted
$IF %MARKET Ma==0N SET. foreDlndArtif
$IF &MARKET Mg==0N LEVL

SIFI EMARKET M&=—0N SET Scenltems (COLS) "Items which can be trend shifted via scendefinition" / set.scenshiftedCols /;

DATA (EMS, "HCON", "beef™, "PercentageChange") = -10;

‘ arm\prep_market.gms

- shift eed, processing, production according to exogenously defined

(using XXTIperm & pick up shifters for PROD.LAND = land area for non-supply model

* ¥ ¥ ¥

DATA (RMS, ScenItems ,XX1,""CUR") § DATA (RMS,ScenItems, XX1l, "AbsolutelLevel')
= DATA (RMS, ScenItems,XX1, "AbsolutelLevel) ;

DATA (RMS, ScenItems,XX1, "CUR") $ DATA (RMS,ScenItems, XX1,''AbsoluteChange')
= DATA (RMS,Scenltems, XX1l,"CUR") + DATA (RMS,ScenItems,XX1l, "AbsoluteChange") ;

DATA (RMS, ScenItems,XX1,"CUR") § DATA (RMS,ScenItems,XX1l,'"ChangeFactor')
= DATA (RMS,Scenltems,XX1l,"CUR") * DATA (RMS, Scenltems,XXl, "ChangeFactor") ;

DA“‘ " " AL "‘
= |DATA (RMS, ScenItems,XX1,"CUR") * (1. + DATA(RMS,ScenItems,XX1l, "PercentageChange")/100) ;

v_consQuant.L (RMS, XX) = DATA(RMS, "HCon", XX, "CUR") : 9



Diet shifts in CAPRI

GAMS file : TRIM GL COMMITS.GMS
‘Zwgamsharmitrim gl commits.gms X X X X
- — Epurpose : Becalibrate commitments of Generalized Leontief Demand
System to given prices and gunantities by miminmizing
differences to given commiltments

EQUATIONS trimGLCommitsl "Value of commitments"
trimGLCommits2 "Demand eguaticn”
trimGLCommit=s3 "Definition of sguared differences between given and calibrated commitments":

VARTABLES| v_commitPar (FMS,XX1) "Commitment parameter of Generalized Leontief Demand System"
v_Obje "Objective Ifunction”;

&

trimGLCommits1l_ (RMS)
*

v_GlDemandFS (EMS) =E= SUM(XX1 § ((DATA(BRMS, "Hcon" XX¥1,"CUR") or SAMEAS (XX1,"INPE")) and p_pdGL(BMS, XX1, 6K "COR")),
v_consPrice.L (BMS,XX1) * v commitPar (RMS XX1)*1.E-3);

trimGlCommits2 (RMS,XX) § (DATA(RMS,"Hcon",¥X,"CUR") and v GlDemandGis.l (RMS,XX) and p pdGL (RMS,XX,"CUR"))

t_consQuant.LtRHS,XX}l=E= (v_GLDemandGIs.L (RMS, XX}jv GLDemandGs . LtRHS}

G.
L t DATA ERHS IIInGeII n Levlll n 1= n A A n A I.LA-II . n L‘E'VLII f IICURII:I i — i _L = *
v_GLDemandrs (RS) ) +|%_comm tPar (RS 300} xi = [D; + = (y = F)]*Pop

% DATA (RMS, ”INHA” "LEVL", “CUR“}IlUUU.:

*
trimGLCommits3_ .. v_Obje =E= SUM{ (RMS,XX1) § (v_GlDemandGis.l (RMS,¥X1) and p pdGL(RMS, XX1,"CUR")),
SQR (v_commitPar (RMS,XX1) - P pdGL(RMS, XX1,"CUR"))) ;

MODEL m trimGLCommits "Model to calibrate commitments of GL demand system to given prices and gmantities”
/ trimCGlCommitsl , trimGLCommits2 | trimGLCommits3  /:

10



Diet shifts in CAPRI

‘\gams\arm\recalibrate commitments.gms

Fpurpose @ Redefine commitments terms of Generalized Leontief demand
Sy=stem to match given gunantitieszs and prices

m_trimGlCommits. Solprint = 1;

m trimGlCommits.iterlim = 10000;

L i i Solvelink = 5:

SOLVE m_trimGLCommits TUSING NLP Minimizing v _obje;
> 0, abort "internal error');

if(m trimGLCommits.nominfes > O,
execnte unload “%resdir%\chk_p_pdGL.gdx“:
abort "m trimGLCommits.numinfes > 0 ", m trimGLCommits.numinfes;

Y

p pdGL (RMS,XX1,"CUR") = v_commitPar.L (RMS, X1} ;

11



Diet shifts in CAPRI

Consumption-Related Indicators in CAPRI

HCON = Food intake + market losses (LOSM) + industrial use (INDM) + consumption-stage losses (LOSC)
HCOM = Food intake + consumption-stage losses (LOSC)

N_CAL = Food intake (kcal per capita and day)

N_PRO = Food intake (g proteins per capita and day)

N_FAT = Food intake (g fat per capita and day)

INHA = Food intake (kg per capita and year)

» dataOut(DEO0000O, ””, INHA , BEEF, 2030)

12



Diet shifts in CAPRI

&/ Nutrition details [0]
2/ Nutrition details [0] qop "I
L Germany
L I
| Meta > '
Scenario shifter » = = ¥
CAp 5 ! Food intake (kg per capita and day after losses) 0.70
! Palicy indicatars N r' Energ_cal_per_capita_and_day 7.42
Fooc Markets > Product balances, detailed Protein_g_per_capita_and_day 0.32
Ener BioFuels ¥ Demand Balances Lipid_Tot_g_per_capita_and_day 013
Prot Trade » Product balances market model Fiber_TD_g_per_capita_and_day 0-20
Sugar_Tot_g_per_capita_and_day 0.02
Lipic Farm ¥ Market balances without intra trade Calcium_mg._per_capita_and_day 1.03
Fibel Farm - totals » Yields, levels and production P T 0.09
Sugi Farm ELJ > Global irrigation Magnesium_mg_per _capita_and_day 3.37
Calc Fertilizer » Global land use and land aggregates Potassium_mg_per _capita_and_day 8.18
Iron Environment ¥ Product Balances Sodium_mg_per_capita_and_day 0.04
Magl Multi-Functionality > Food consumption Zinc_mg_per_capita_and_day 0.08
Pota Energy > Consumption/Losses/Industrial use in food chain Selenium_microg_per_capita_and_day 0.04
] Feed » Mutrition details Vit_C_mg_per_capita_and_day
ER Welfare > Market model balances - decomposition Thiamin_VIT_B1_mg_per_capita_and_day 0.01
Zinc, Prices > Milk fat and protein Riboflavin_VIT_B2_mg_per_capita_and_day 0.00
Sele| Pesticides » Milk products Vit_B6_mg_per_capita_and_day 0.00
e . Folate_Tot_microg_per_capita_and_day 1.07
Vit_B12_microg_per_capita_and_day
Vit_A_International_Unit_per_capita_and_day
Vit_E_mg_per_capita_and_day 0.02
Vit_D_microg_per_capita_and_day
FA_Sat_g_per_capita_and_day 0.02
FA_Mono_g_per_capita_and_day 0.04 13
FA_Poly_g_per_capita_and_day 0.05




CAPRI-Scenario: Reduced meat

consumption

Decrease in meat-based calorie consumption above a given threshold

(minimum requirements in kcal for healthy diets)

Threshold levels according to recommendations by Lancet Commission on
healthy diets based on a diet of 2500 kcal per day

* Calorie intake from animal products: 340 kcal/capita/day

* Calorie intake from meat: 128 kcal/capita/day
* Calorie intake from beef: 7.5 kcal/capita/day

Reduction of meat consumption above some threshold level (“luxury
consumption”) for the daily calorie requirements (kcal/day/capita)

Partial compensation of reduced calorie intake from meat products e.g. 50% of
the cut in meat calories with vegetables, fruits and legumes

* Consideration of increasing preferences for vegetarian products

14



CAPRI-Scenario

,Demand shock beef.gms”

e Reduction of beef consumption above some threshold level (“luxury
consumption”) by 30% in the EU

* Compensation of reduced calorie intake from beef with vegetables,
fruits and legumes by 50% in the EU

» gams » pol_input » userScens
= Demand_shock_beef.gms

15




CAPRI-Scenario

,Demand shock beef.gms”

set X T foodagg(rows, [oodagg)
/ (BEEF) .beef
(PULS , 50YA , TOMA , OVEG, APPL,OFRT, CITR, TAGR) . leguveqg

i
D e e e e e o o o o
* Parameter p dietChange to define reference diets and dietary shifts
W o e e e e e o o o o o

parameter p dietChange (EU27 Brexit, ¥, * *} "parameter to define diet change scenarios"

execute load "#results in%\capmodires 2 %BAS%%5IMicap after 2014 ref®reg agg®.gdx" p DataOutTemp=dataout:
* ——— calories by food group in the reference scenario

p_dietChange (EU27 Brexit,"calories refl", foodagg,"#5IMya")
= sum({X T foodagg(rows,foodagg), p DataOutTemp (EU27 Brexit,"","n cal" rows, "#5IMra"));

*Define the products for which the consumer demand will be reduced (e.g. redmeat or allmeat)

Szetglobal cutmeat heef
*Define the Cut in calories intake from meat in (% decrease in calories intake abowve threshold)

Szetglobal cutrate meat 30

*Define substution products for reduced caleorie intake from meat (e.g. legumes or leguwveg)

2setglobal subst wveg leguveg
* Define the rate of substitution (% compensation of the reduced meat calories )

Ssetglobal subs t rate veg 30

parameter p_ cutCons (rows,simyy) "relative cut for excess meat-based calorie consumption”:
p_cutCons ("sontmeat’”, "H5IMYE") = %cutrate_meat%,’l[l[l;

parameter p cutCons v(rows,simyy) "substitution of relative cut for excess meat-based calorie consumption with wegetables and fruits";

p_cutCons_;: "%#subst wvegi",":5IMY%") = %subst_rate_veg%fl[l[];

16



CAPRI-Scenario

,Demand shock beef.gms”

parameter p threshCAL(rows)

/beef 7.5/ 4= | ancet recommendations (kcal per capita and day)

* -—- meat calories after cut (but before endogenous adjustments in simmlation) reduction on meat-based calories only abowve threshold lewvel

p_dietChange (EU27 Brexit,"calories sim","#cutmeats"”, "35IMY%")
= p_dietChange (EU27 Brexit,"caleries ref" "#cutmeat’®" "#5IMy%")
- max {0, min{p dietChange (FU27 Brexit, "calories ref" "animpro” "S5TMyY3") -p threshCAL({"animpro')
p_cutCons ("#cutmeatd", "§5IMY%") * (p_dietChange (EU27 Brexit,"calories ref","Scutmeat?"”,"85IMY%")-p threshCAL("3cutmeats")))

Vi
* ——— define relative cut for meat

p_dietChange (EU27 Brexit,"PercentageChange","#cutmeats",6 "8SIMra") b p_dietChange (EUZ7 Brexit,"calories ref","Scutmeats"”, "25IMYs")
= (p dietChange (EU27 Brexit,"caleries sim","#cutmeatd", 6 "35IMY%3")/p dietChange (EU27 Brexit,"caleries ref","¥cutmeat®", "85IMya")-1)+100;

* ——— define relative shift in meat consumption

DATA (EU27 Brexit, "HCOH","#cutmeat?", "PercentageChange") = p dietChange (EU27 Brexit,"PercentageChange","#cutmeatd",6 "35IMy&") ;

» Substitution of beef calories with fruits, vegetables and legumes

p_dietChange (EU27 Brexit, "PercentageChange”,"#subst veg®", "#5IMY3") K p_dietChange (EU27 Brexit,"calories refl", "#subst wveg®", 6 "35IMYa")

* +»» increase in 50% of the absclute cut in meat calories

* = 0.5*%(p dietChange (EU27 Brexit,"calories ref","Scutmeat:" , "%5IMY%")-p dietChange (EU27 Brexit,"calories sim","#%cutmeat?", "25IMyY2"))
) cutCons v("#subst wegd", "85IMy%") % (p dietChange (EU27 Brexit,6 "calories ref","#cutmeat®", 6 "%5IMy%")-p dietChange (EU27 Brexit,"calories sim",6 "#cutmeat®" 6 "35IMYa") 1
i i and fruitsivegetable

/ p_dietChange (EU27 Brexit,"calories ref","#subst weg#" 6 "8SIMY&")*100;

* ——— define relative shift in legumes and fruitsévegetables consumption

DATA (EU27 Brexit, "HCON" ,xleguveq, "PercentageChange") = p dietChange (EU27 Brexit,"PercentageChange","#subst wega", "25IMy&") ; 17




CAPRI-Scenario

Demand shock beef.gm

0 1% CAPRI TRUNK -
CAPRI worksteps : General settings | Modules and algorithm | Reporting | Algorithmic settings Debug options
_ Installation CAPRI General settings
_ Build database T Years —
g e Dir: userScens |~
Generate baseline Scenario description Files: a
€S pemand_shock_beef v Base year 2017 | v
® Run scenario
i Aggregation file defaulta - 2004 2005 2006 2007 2008 2009 2010
Disaggregate Results 2011 20122013201420152016 2017
Tests and Reporting Scenario group NoGroup v Simulation years 201820192020 2021 202220242025
20302088 20402045 2050 2055 2060
-~ — 2065 2070 2075 2080 2085
CAPRI task

Define scenario Last simulation year 2050 |«

® Run scenario with market model
_ Run scenario without market ma
_ Test alternative market model i

Run scenario only with market m

Disagg_Scenario
Countries

Regional breakdown NUTS2 -
FAOSTAT updated to 2021 v

Non-default FAO trade matrix vintage |v

FAO trade matrix vintage (determines FAOregions) F’Aaii(a&;ma(rrix_i986720;1 -

Compile GAMS ‘ Start GAMS Hide/Unihide controls | Exploit results
GAMS output

18



CAPRI-Scenario

emand shock beef.gms”

Result exploitation
Scenario 1 res_2 1735userScens_refdefaulta -
Scenario 2 res_2 1735userScens_Demand_shock_beefdefaulta |v |
Scenario 3 [
Regional Aggregation i 1
1 z - Scenario 4 -
defaulta = ]
M_pp—MS — Scenario 5 -
EU BL DK DE )
EL ES FR IR Scenario 6 -
IT NL AT PT :
SE FI UK CZ Scenario 7 -
HU PL SI SK )
Country selection EE LT LW €Y Scenario 8 -
MT BG RO NO
TR TURAL MK Scenario 9 =
€5 MO HR BA
KO Scenario 10 -]
- Scenario 11 - |
Regional level 029
i Scenario 12 - |
Base year selection 0408101217
|00 01 020304 05060708 Scenarlo 13 bl
091011121314151617 scenario 14
[181020212223242526 o bl
:2!232930'3132 333438 s io 15 1
siaulath lection 2°3738394041424344 CERRCS ol
IMUlation year SElection | 1« 16 4748495051 5253 . T
[545556575850606162 o0 28 S 17|
6264656667 68697071 s o1z |-
|72737475767778 7980 o ene 20 [l
|81 82838485 s
I Scenario 18 -]
Scenario 19 -]
Scenario 20 - |
Select scenarios

19



Expectations for European

agricultural sector

* Supply

* Prices

* Imports/Exports

e Nutrient balances (N-Surplus)

e Global warming potential

20



Exercise

8.

The producer price for beef in the EU-27 changes by %

The country with the highest reduction in beef meat activities (number of
animals), in absolute terms, is

The beef supply (1000t) in the EU-27 changes by %

The change in the supply of fodder (1000t) for the EU-27 is %
For the EU beef exports without intra trade change by % and imports by

% (Hint: “market balances without intra trade

For the EU exports of vegetables and permanent crops without intra trade
change by % and imports by %

Which are the 4 countries in the EU-27 with the highest reduction in global
warming potential from agriculture in total terms

1. 2. 3. 4.
(Hint: “Environment => Environmental indicators”)

How high are the absolute changes in net emissions (1000t) (Total global warming
potential) in the EU Non-EU and World

(Hint: “Emissions by commodity” => “Emissions for emission leakage”)

21
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