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Introduction

The aim of this document is to present the core supply model in CAPRI. Before we
introduce the objective function and the restrictions, or equations, we shortly present the
structure of the capmod.gms file as it is running when the simulation task “” is selected.
Afterwards the structure of the objective function in CAPRI as well as important
parameters, variables and equations are described. In the next part important modules
in the supply model are shown and exemplified by different scenarios®. The last part
demonstrates how scenarios can be defined and examples are shown to improve the
understanding of the computation of scenarios in CAPRI.

The supply model in CAPRI

In figure 1 the most important sections and key files of ‘\gams\capmod.gms’ are
depicted. In general there are two options to run capmod.gms, with and without the
market model which can be selected in the GUI. First the settings from the GUI ($include
‘fortran.gms’) and the sets ($include ‘sets.gms’; ‘capmod\define_regional_sets.gms’ ) are
included.

1 In order run all the scenarios with the policy editor in the GUI correctly, the user has to download
and use the recent trunk version of CAPRI.
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Figure 1: Structure of the capmod.gms during task run simulation with and
without market model
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Then the data from the base year by country and the trends from the baseline folder are
loaded and stored in ‘simini.gdx’. Afterwards the policy file, the definition of the supply
model ($include ‘supply\supply_model.gms’) are included and the feed module related
parameters are set ($in-clude ‘capmod\def_fert_and_requirements.gms’).In the iteration
loop the PMP parameters under calibration and the reporting of elasticities are included.
If the market model is activated in the GUI (ifi %MARKET_M% = on) there is a run for
the new supply ($include ‘arm\simu_market.gms’) to get the price feedback from the
market model which is further explained in figure 2.

As CAPRI is a comparative static equilibrium model and the supply models are solved
independently at fixed prices, the link between the supply and market modules is based
on an iterative procedure (see figure 2). The supply function of FT models is unknown
(black). First any supply function can be assumed (red). Starting with some price, the
supply is simulated with models and the assumed supply function is calibrated to that
point. Then the supply and demand in the market model is solved simultaneously for a
new price. After each iteration, during which the supply module works with fixed prices,
the constant terms of the behavioural functions for supply and feed demand are
calibrated to the results of the regional aggregate programming models aggregated to
Member State level. Solving the market modules then delivers new prices. A weighted
average of the prices from past iterations then defines the prices used in the next itera-
tion of the supply module. This is repeated until convergence is achieved.
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Figure 2: Comparative Static equilibrium in CAPRI
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The most important parameters and model variables in the supply model are shown and

described in figure 3.

Figure 3: Parameters and variables of the supply model in CAPRI

$include 'supply\def_supply_model_par.gms'

@purpose : Define sets, parameters, variables etc. used in supply model

p-linobjeCont (RALL ,PACT ,A)
p_nitrBalance(*,*)

Nitrogen balance parameter

p_nitrfFact “Nitrogen balance parameter"”
p.NvZshare(Rall, *) "Shares of NVZ area in total and implementation shares for balanced fertilisation”
p_maxFeedShare(RALL ,PACT ,A FEED ¥addtimedim_ast¥%) “Maximum shares dry matter intake for each feedingstuff"
p.minFeedShare(RALL ,PACT ,A,FEED %addnmedvm ast¥%) “Minimum shares dry matter intake for e ac h feedingstuff"
p_aninProdDays "Days per year in production system for animal activitie
p.minShareMinFert(RALL ,PACT,* FNUT) "Minimum share of mineral on total fertilizer input”
p_maxShareMinFert (RALL ,PACT, " FNUT) "Maximum share of mineral on total fertilizer input"
p_nutContCropOutput(0,FNUT) “Nutrient retention from harvested material"
p_feedquant(*,* Xaddtimedim_ast¥) "ammount of feed use in current aggregate to trim"

T3 TREND
p_PMPStepl “1f set to 1, allow LEVL.up LEVL.To in first PMP step”
p_pmpCnst (RALL ,COLS ,A) "PMP parameter for linear own area cost effect”
p_pmpQuadPact (RALL ,COLS,COLS) "PMP pa ter for cross-crop-groups quadratic PMP effects”
p_pmpQuadLandTypes (RALL ,COLS,COLS) “PMP pa eter for land markets" :
p_pmpQuadTechn(RALL ,COLS ,A,A) “pPMP »r for own sLevistic cost effect”

VARIABLES

"Objective value"
g 21 of production activities in 1000 ha or 1000 heads"

v_obje
v_actiLev] (RALL ,COLS,*)

v.youngAnimUse (RALL ,0M) “Intrasectoral use of young animals in 1000 heads"
v_feedQuantReg(RALL ,* Xaddtimedim_ast¥X) "Regional feed use in 1000 t per year and herd"
v__feedxnpcoef?(RALL,MAACT.A,' %addtimedim_ast¥) "Feeding per head and year in kg"
v_pmpCostFeedPerAnim(RALL ,MAACT ,A) "Per unit PMP feed cost”

v.netPutQuant (RALL ,*) "selling and buying activities in 1000 t"

v_lossQuant (RALL ,ROWS ¥addtimedim_ ast%) “"Losses of straw and organic fertiliser in 1000 t"

availability factor in manure"
ailability factor for crop residues"”

Vv, nutAva11FactExcr(RALL FOUT,A)

‘Nutrient
v_nutAvailFactCRes (RALL ,FOUT,A) %

utrient

v_cropNutNeeddultFact(RALL,FNUT,') "Multiplative Nutrient need factor for crops, per region and technology”
v.cropNutNeedAddFact (RALL ,FNUT) “"Constant nutrient need factor for crops, per region”
v_animReq (RALL,* A, * Xaddtimedim_astX) “Requirements per head and day”

v_linObjePart (RALL) "Linear part of objective"”

v sumOfPmpTermsLevls "Objective contribution of PMP te

v_sumOfPmpTermsFeed "Objective contribution of PMP te

v_qmp(ostLandﬂarket 0 contribution of et

v.landSupCost (RALL) "Cost for supplying land to agriculture”

v_labCap(RALL)

v.CO2EquEmis (RALL ,*) "Global warming emissions"

v_nutSurPlus (Rall,Fnut) "Nutrient surpluses in 1000 tons"
v_minShareMinFertCorr(RALL ,NGRP ,FNUT) "Correction of minimum application rates of mineral fertilizer"
v_fertDist(RALL," ,FNUT,*) "Distribution of organic and mineral N to groups of crops™
v_ManureNPK(RALL ,*) "Total N,P,K at tail net of gaseous losses"

v_watuse(RALL,*) "Regional water use in 1000 m3"

v_watCos (RALL,*) "Regional water cost in 1000 euros™

V_SIGMSugb (RALL ,A) 1
v_cdfSugb(RALL ,A,QuUTt_A_AB) "Cummulative probability for the production to be lower then A or A4B quotas”
v_pdfSugb(RALL ,A,Qut_A_AB) “"point probability for production I)mng equal to A res. A+B quota”
V.,Su?bReV(RALL,A) "Revenues ivnn sugar beet A,B,C sales

v_salesSugb(RALL ,A) ugar beet sales per re(hno]m]y

s multiplied with VCOEF (?7)"

v_fixCosts (RALL) "Fix costs and premiums to generate compensated supply response”
v_nonfSlack (RALL ,A) "Slack which allows to turn non-food into a unequality"”
v_corfSetr(RALL) “Correction factor to render set-aside binding"

In figure 4 the linear part of the model including the equations (constraints) for animal
feed requirements (feeding block, see table 1), the constraints relating to fertilisation
such as the nutrient need balance for group of crops (NUTNED_), minimum use of
mineral fertilizer (NUTMIN_), distribution of total nutrients from crop residues and

atmospheric deposition to crop groups (fertDistCres), distribution of mineral fertilizer to

crop groups (fertDistMine_), distribution of nutrients from manure to crop groups
(fertDistExcr_) and the total manure output of animals (ManureNPK_). In addition
constraints relating to the cost function and set-aside are included.
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Figure 4: Linear part of the supply model in CAPRI

MODEL m_capMod/LINEAR_,OBJEQF_,
SUPBAL_, INPANI_,

* --- feeding block

REQSE_,REQSN_,
MAXSHR_ ,MINSHR_,
FEDUSE_,

¥* --- fertilization block

NUTNED_,NUTMIN_,
fertDistExcr_,
fertDistMine_,
fertDistCres_,
ManureNPK_,

* --- cost function

GRPLEVL_,QUADRA_

* --- set-aside

SETA_

SETAN_
MXSETA_

NONF_

sumEnt1_
overShotEntl_
greenOverShot_

nGrpLevl_,

nMax_,

TsDensMax_,
SalesSugb_,SIGMSugb_,cdfSugb_,pdfSugb_,SugbRev_,
netPutQuantSugb_

winterCover_

ecoSetAside_

cropDivGreening_

7

In Figure 5 the non-linear part (PMP) of the supply model is depicted. The non-linear cost
function allows for a calibration of the models and a smooth simulation response rooted
in observed behaviour. Here the cost function terms for feeding including the PMP per
feed and head (QUADRF) and PMP for feed use per region, activity and technology
(QUADREF_1) as well as for the land market (LandMarket_), land balance (LandBal_) and
a non-linear cost function which captures the effects of labour and capital on farmers’
decisions (labCap_) are included.
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Figure 5: Non-linear part of the supply model in CAPRI

—————————— same model as m_capMod, with pmp s and land constraint included ----—————————————c———

MODEL m_capModQ/m_capMod,
--- add the cost function terms for feeding
QUADRF_
QUADRF1_
--- add the obligatory set-aside constraints, missing in calibration to obtain expert dual
--- add Tand balances, missing in calibration to obtain expert dual
LandMarket_
LandBal_
labCap_
e_uaar
e_asym
e_landSupCost
permGrasGreening_

Objective function in the supply model of CAPRI

The supply side models of the CAPRI simulation tool are programming models with an
objective function. In general there are two sources for interactions between activities in
simulation: the objective function and constraints. In CAPRI, the objective function does
solve interactivity terms for groups of arable crops, so that the major interplay is due to
constraints.

The objective function is split up into the linear part and the one relating to the quadratic
cost function for activities and the quadratic cost function relating to the feed mix costs.
The linear part (LINEAR_) comprises the revenues from sales and the costs of purchases
valued by "unit value" price from EAA, minus the variable costs of allocated inputs not
explicitly covered by constraints (i.e. all inputs with the exemptions of fertilisers, feed
and young animals) plus premiums and minus endogenous cut of premiums in case of
overshot of entitlements. The objective function (OBJEQF_) sums up the linear and
quadratic costs for activities. The target variable is v_obje in OBJEQF_

Figure 6: Objective function in the supply module

$ include 'supply\supply_model.gms"';
LINEAR_(RUNR) . [V 1inObjePart (RUNR) LE_
-~ sales/purchases valued by "unit value" price

From gross Economic Accounts for Agriculture

SUM(  RUNR_OMOBJE (RUNR,OM_OBJE)
Vv_netPutQuant (RUNR,OM_OBJE) * ( SUM(R_RAGG(RUNR,MSACT) (DATA(MSACT "UVAG" ,0M_OBJE,"Y") § (not p_useuvagscen) + (p_uvagscen MSACT,0M_0
+ (p_fnutuvag(RUNR,OM_OBJE) $ (p_useInputPScen $

BJE § p_useUvagScen)
m(FNUT$sameas (OM_OBJE,FNUT ,1))) )

+ SUM( oMS § (p_exoDemand (RUNR, "UVAG",0MS) § (p_} PMPStepl eq 1)),

v_netPutQuant (RUNR,OMS) * p_exoDemand(RUNR "UVAG" ,0MS))
+ SUM( OMS § p_exoDemand (RUNR, "DEMD" oms)
p—exoDemand (RUNR, "DEMD",0MS) * ( = p_t eXoDemand(RUNR "UVAG",0MS) § p_exoDemand (RUNR, "UVAG" ,0MS) =3
+ DATACRUNR, "UVAG" ,OMS, xoDemand (RUNR, "UVAG" ,0MS)))) N =
. Scenario e
* - in order to define the marginal value of the fodd supply balance, ocer

introduce selling/buying activity in calibration step Solver

Only during calibration,
calibrates to given prices
for exogenous Demand

+ SUM(  RUNR_OMS_IN_SUPBAL (RUNR,0MS) § (FODDO(OMS) and (NOT SAMEAS(OMS,"STRA"))),
v_netPutQuant (RUNR,OMS) * DATA(RUNR, "UVAG",0MS,"Y")) § (p_PMPStepl eq 1)

+ SUM( A § (p_technFact(RUNR,"SUGB","LEVL",A) § p_technFact(RUNR," SUCB"."V(OF".A)),NNR,A))

-- activity levels multiplied wi
variable costs (excludin feed and animals), negative values
premimums for specific alternatives
premimums defined in policy data set

-~ 8 Tine(s) not displayef™™

Only during calibration,

+ SUM(  (MPACT,A) § p_ t:(hnFa(t(kUNR MPA(\' "LEVL",A) calibration to given prices
v_actLev1 (RUNR,MPACT C_'p_lindbjecont (R H

ol))ATA(RUNR yMPACT, "PRM|

)

-~ endogenous cut of premiums in case of overshot
et T (ROKR P SDRRY. cutBndos, BOTar et "+ prentit it RONR TR CutEndog, 0TANY .
Variable costs see
-~ total objective (Income of agriculture + PQP-terms + PQP-feed-terms + mitig| T define_obje.gms
OBJEQF_.. v_obje =E= SUM(RUNR, activities
-- revenues - variable costs
(v_1inobjepart (RUNR) -] v_sumofPmpTermstevls (RUNR)*v_labcap.scale(runr) § ( v_labCap.1o(RUNR) ne v_labCap.up(RUNR))
-~ contribution of PMP terms for feeding
+ v_sumofPmpTermsFeed (RUNR) *v_labCap.scale(runr) § ((p_PMPStepl ne 1) § ( v_labCap.To(RUNR) ne v_labCap.up(RUNR)))
-~ cost of GHG mitigation options

www EE% wEE moww

== land market

- _qmpcostLamMarket(RUNR)'v labCap.scale(runr) § ((p_landIsFixed eq 0) § (p_PMPStepl ne 1) § (v_labCap.1o(RUNR) ne v_labCap.up(RUNR)))
v_landSupCost (RUNR) $ ((p_landIsFixed eq 0) $ (p_PMPStepl ne 1))
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In Table 1 detailed information about the relevant equations, variables and parameters

or scalars needed to understand the working principle of the objective function is
provided. The exact meaning of the abrevations in this table is shown in figure 3.

Table 1: Equations, variables and paramters or scalars for the objective function
and the feeding block in CAPRI

Area Equations | Variables Parameters or scalars
Objective Function LINEAR_, v_linObjePart Premium:
v_overshotEntl DATA(RUNR,MPACT,"PRME","Y")
v_actLevl Premium loss when overshot:
v_netPutQuant p_entILimit(RUNR,PSDPAY_cutEndog, DDTarget,"Cut")
Price:
DATA(MSACT,"UVAG",0M_OBIJE,"Y")
Switch for scenario solver:
p_useUvagScen:
OBJEQF_ v_linObjePart

v_sumOfPmpTermsLevls
v_labCap
v_sumOfPmpTermsFeed
v_pmpCostLandMarket
v_landSupCost

Important modules in the supply model

exemplified by different scenarios

Supply balance

One important module in CAPRI is the supply balance for final outputs. Here the sales

and purchases (v_netPutQuant) plus the young animals needed in the regions, the
tradeable and non-tradeable feeding stuffs and exogenous demand (e.g. bio energy

production) have to be equal to the total output which is calculated by multiplying the

activity level with the output coefficient and the technology factor (see figure 7).
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Figure 7: Supply balance for final outputs in CAPRI

Goods output and inputs
$ include 'supply\supply_model.gms'; with balances in the supply
model
- SUPBAL_(RUNR_OMS_IN_SUPBAL (RUNR,OMS) ) ..
Sales (positive)
and purchases --- sales or purchases
(negative) (exemption: fodder which is not tradeable)
v_netPutQuant (RUNR ,OMS) $ ( (NOT FODDO(OMS)) or ((p_PMPStepl eq 1) $ (NOT SAMEAS(OMS,"STRA")))
or (p_exoDemand(RUNR, "UVAG",0MS) $ (p_PMPStepl eq 1)))
* "Non tradeable feeding stuffs”
* --- young animals needed in regions MAIF, ROOF, OFAR GRAS, STRA,
: (defined in equation INPANIE COMF, SGMF
= + v_youngAnimUse (RUNR,OMS) § OMYANI(OMS)
* - n-tradable feed use (FGRA,FOFA ...
* (defined in equation FEDUSE_)
= + SUM((FEED_TO_O(FODDI,OMS)), v_feedQuantReg(RUNR,FODDI ))
* --- feed use of tradables bulks (FCER,FPRO ...)
* (defined in equation FEDUSE_)
+ v_feedquantReg(RUNR,OMS ) § I(OMS)
R + p_exoDemand (RUNR, "DEMD" ,OMS)
=E=
*
= --- total output: activity level * output coefficient
i -— * technology factor for alternative
*
SuM( (MPACT,A) $ (PACT_TO_O(MPACT,OMS) $ p_technFact(RUNR,MPACT,"LEVL",A)),
v_actLev] (RUNR,MPACT,A) * (DATA(RUNR,MPACT,OMS,"Y") * (p_technFact(RUNR,MPACT,OMS,A)+1.) * 0.001)
) :
* --- keep seed and v_lossQuant in
: --- constant proportion
* (1. - p_onFarmShare(RUNR,OMS));
*
s it s i M s A s i B i i W O A S s RN e i i s i s A i s ik i
X

One possible scenario relating to the supply balance for final outputs is to modify the
yield for a specific production activity. This can be done by modifying the parameter
DATA(RUNR,MPACT,OMS,"Y") (see figure 7 and table 2). Here an increase of wheat yield
about 20% is simulated Data(RU,”"SWHE","Yild”,ChangeFactor”)=1.20;) which shown in
figure 8.

Figure 8: Scenario - Wheat yield increase by 20%

File Utilities GUI Settings Help

CAPRI worksteps : Scenario description
O Installation
© Build database
N Enter
O Generate baseline
@© Run scenario Scenario elements
O Tests
author
AV Seach beware
CAPRI tasks calledby
© Dene $setglobal SCENDES ts2: higher wheat yield
J. Scenario categories
O Run scenario with market model = . base scenarios
o whou LR CAP 2014 2020
O Run scenario without market model
° ® CAP 2014 2020 pol editor
- Sinclude .\gams\scen\base_scenarios\CAP_2014_2020_pol_editor.gm|
O Test alternative market model ® mirrd 9 - -
#- . biofuels
O Run scenario only with market model #- Ju demand shocks
#- Ju german renewable energy legislation
# J. ghg emission abatement
av #- J. input demand
#- ), macro environment
#- Ju market support
# Ju NLimits
#- Ju Premiums
#- ). Price shocks
#- ). setaside
#- Ju trade policies _ .
& b ts supplymodel DATA(RU,"SWHE" 'Yild"."ChangeFactor) = 1.20;
= yield shocks
.
® assert scenario include exists
® void

#- ). user scenarios

Using the exploiter in the GUI (see figure 9) the results of the scenario
(res_2_1230useScens_ts2) can now be compared to the baseline
(re_2_1230userScens_nochange).
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Figure 9: Selection of baseline scenario (nochange) and yield increase scenario

(ts2)

CAPRI worksteps
O Installation

) Build database

) Generate baseline

O Tests

v

CAPRI tasks
O Define scenario

O Run scenario with market model
® Run scenario without market model
O Test alternative market model

O Run scenario only with market model

Result exploitation

FR "France”

AT "Austria”

UK "United Kingdom™

S| "Slovenia”

LV "Latvia”

RO "Romania”

MK "Macedonia”

BA "Bosnia and Herzegovina®

Country selection

< m >

Regional level
Base year selection

0001020304050607
0809101112131415
1617181920212223
242526272829E131
Simulation year selection [323334 3536373839
4041424344454647
4849505152535455
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646566 67686970

Scenario 1 lres_2_1230ts_yield_increase

Scenario 2 lres_2_1230<:ap_after_2014_ref

Scenario 3 l

Scenario 4 l

Scenario 5 l

Scenario 6 l

Scenario 7 l

Scenario 8 l

Scenario 9 l

Scenario 10 l

Scenario 11

Scenario 12

Scenario 13

Scenario 14

Scenario 15

Looking at the results in the CAPRI exploiter (see figure 10) shows that the yield increase
about 10% for cereals Denmark and a resulting higher income for this crop group.

Figure 10: Yield an income changes for wheat yield increase by 20%

| £~/ Supply details [0]

Year

Region
o)
‘ - lDenmark

v 2030

V’ ts_yield_increase

b ¥, Income
v

[1000 ha or hds]

cap_after_2014_ref

Hectares or herd size | Yield
[kg, Const EU or 1/1000 head/ha]

[Euro/ha or head]
Cereals -206.08
1.54%
Soft wheat -327.95
1.15%
Oilseeds -238.06
-0.19%
Other arable crops -26.93
-25.69%
Vegetables and Permanent crops 26655.41
-0.01%
Fodder activities 96.72
-0.94%
Set aside and fallow land 321.69
0.01%
Al cattle activities 712.64
0.16%
Beef meat activities -298.71
0.31%
All Dairy 1085.37
0.13%
Other animals 29512
0.00%

Hectares or herd size | Yield Income
[kg, Const EU or 1/1000 head/ha] | [Euro/ha or head] | [1000 ha or hds]
1250.20 1180.79 -209.31
-0.47% 717%
429.81 8776.77 -331.77
-3.39% 18.52%
160.05 1537.29 -237.61
0.42% 0.06%
100.30 4159.64 -21.43
0.65% -0.06%
20.70 38736.21 26657.46
0.01% -0.01%
904.80 1058.17 97.64
0.22% 0.05%
160.65 321.66
1.65%
2008.36 2101.22 711.47
0.03% -0.01%
540.84 698.68 -299.63
0.05% -0.03%
1467.52 2618.12 1083.99
0.02% -0.01%
3103.16 1788.73 29512
-0.00% 0.00%

1256.13 1101.84
444.87 7405.09
159.38 1536.44

99.66 4162.02

20.70 38738.23
902.80 1057.68
158.04

2007.84 2101.50
540.58 698.89

1467.26 2618.26

3103.16 1788.73

Young animal balance

Another important module is the young animal balance (see figute 11). Here the sum of
young animals needed by the respective region have to be equal to the total need added
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over activities and alternatives. The EAA requires a distinction between young animals as
inputs and outputs, where only the net trade is valued in the EAA on the output side.
Consequently, demand for young animals (e.g piglets for pig fattening activity) must be
covered by young animals produced from other production activities like sows or are
imported from other regions. In Table 2 the corresponding equations, variables and
parameters or scalars are shown.

Figure 11: Young animal balance

$ include 'supply\supply_model.gms";

® e adding up use of young animals ----—=—— - oo e
INPANI_(RUNR,IYANI) § SUM ( O_TO_YANI(OMYANI,IYANI) $ (v_youngAnimUse.lo(RUNR,OMYANI) ne v_youngAnimUse.up(RUNR,OMYANI)),1) ..

--- young animals needed by
--- region RUNR

SUM ( O_TO_YANI(OMYANI,IYANI), v_youngAnimUse(RUNR,OMYANI) )
=E=
--- total need added over activities
--- and alternatives
0.001 * sum( MAACT $ (p_technFact(RUNR,MAACT,"LEVL","T") $§ PACT_TO_I(MAACT,IYANI)),

v_actLev] (RUNR,MAACT,"T") * DATA(RUNR,MAACT,IVANI,"Y") * (p_technFact(RUNR,MAACT,IYANI,"T")+1.)
);

Table 2: Equations, variables and parameters or scalars for the balance of
products and young animals in CAPRI

Area Equations Variables Parameters or scalars Exercise from
the policy
editor

Balance of products | ---- EQU SUPBAL_ v_netputQunt Yields Yield, Young

and young animals Supply balances for v_YoungAnimU | DATA(RUNR,MPACT,OMS,"Y") animal input

final outputs se young animal requirements p_exoDemand
—--EQU INPANL_ Input | V_feedQuantR | DATA(RUNR,MAACT,IYANI,"Y")

balances for young eg p_exoDemand

animals regional V_actLevl

Land balance

A central role in the CAPRI supply model plays the land balance. Its shadow price
appears as a cost in all crop activities including fodder producing ones, so that animals
are indirectly affected as well. The second major link is the availability of not-marketable
feeding stuff, and finally, less important organic fertiliser. The model comprises a land
use module with two major components:

e Imperfect substitution between arable and grass lands depending on returns to the
two types of agricultural land uses.

e A land supply curve which determines the land available to agriculture as a function
to the returns to land.

If the land endowment is fixed or not meaning if arable land can be substituted with
grass land depends on p_landIsFixed (see figure 12). If land is fixed, so no substitution
between arable and grassland, the parameter p_landIsFixed = 1.
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Figure 12: Fixed land endowment

S include 'supply\supply_model.gms';
Grassland (GRAS),
. arable (ARAB), annual
LandBal_ "Land balances - g » fixed endowments or market clearing”

LandBal_(RUNR, landTypesBal)
* --- sum of crops using that land typg total area of that type

suM( (landTypes_to_pact(landTypesBal ,MPACT) ,A) § p_technFact(RUNR,MPACT," "LEVL" A),
v_actLev] (RUNR,MPACT,A)) =L=

DATA(RUNR, landTypesBal,"LEVL","Y") $, (p_landIsFixed eq 1)

Check what activities
enter which land type Scenario with fixed

land endowment

Table 3: Equations, variables and parameters or scalars for the land balance in
CAPRI

Area Equations Variables Parameters or scalars
Land Balance LandBal_ v_actLevl(Landtypes,”LEVL") p_landisfixed
Fixed endowment of market DATA (RU, landtypes,
clearing “Levl” Y

A possible scenario for the land balance module is the change of available arable land.
Here the arable land availabe is reduced by 10%. This is achieved through DA-
TA(RU,”ARAB”,“LEVL”,”ChangeFactor”) =0.90; (see figure 13).
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Figure 13: Scenario - Reduction of available arable land by 10%

CAPRI worksteps N [oanuisbenssans
Installation

Build database

Enter sce e
PO $setglobal SCENDES ts9: land is fixed
© Run scenario Scenano elements
Tests
- J Searcn 2% Sinclude .\g _ AP_2014_2020_pol_editor.gms
CAPRI tasks calleady
® Define scenario
Scenario categones
Run scenario with market model 8 base scenanos
L CAP 2014 2020)
Run scenario without market model ® CAP 2014 2020 pol editor
* mir

Test alternative market model
bio fuels.

Run scenario only with market model % ). demand shocks
# i german renewable energy legisiation
J ghg emission abatement
kv = Ju input demana
® fertneed
® higher anim requ
® input saving f
macro environment
market support
NLimits
Premiums

Price shocks

setasice

trade policies

ts supplymodel

® ChaneinexoDemand

@ ChangeinMinMaxShares

® ChangeinPotentiall andforUAA

i

® ChangeinProducionDays scalar p_landisFixedinScenario /1/,
@ ChangeinRequirment
@ ChangeinYields

@ ChangeinYoungAnimalRequ DATA(RU."ARAB" "LEVL" "ChangeFactor’) = 0.90;
Ly anssiees display "scenario setting™" DATA:

The results of this scenario are shown in figure 14. It can be seen that the scenario (ts9)
results in lower total UAA, lower arable land and reduced agricultural activities. In
addition the income and supply effects for arable crops are shown for different crop
groups. This scenario is only working with the recent trunk version and yet with STAR
2.4.

Figure 14: Scenario results for the reduction of arable land by 10%

L= Supply details [0] L= Supply details [0]
Region Region Year
‘ ® } [Denmark 1¢) Denmark v[2030
- v
»
% nochange ts9 ‘"“"’"9' it
I W, Income Supply Income Su
y W, Hectares or herd size | Hectares or herd size ¥ [Euro/a or head] | [1000 t, 1000 ha or Mio Const | [Euro/ha or head] | [1000 t, 1000 ha or Mio Const EU)
[1000 ha or hds] [1000 ha or hds]
Cereals 257.58 1644.16 269.93 142648
Utiized agricultural area 2640.71 240373 420% 1324%)
897% Oliseeds 47462 246.22 483.04 20348
Pere 270.90 270.90 _ | e R
0.00% Other arable crops 7658 39441 -103.69 410.10)
-35.40% 3.96%)
Arable land 2360.81 2: oazm" Vegetables and Permanent crops 41484.92 1190.00 41677.12 1188.44)
o 0.46% -0.13%
Al agricultural activities 677236 6551.00 Fodder activities 20379 872.09 1783 911.06
321% 4218% 4.47%)

If the land endowment is not fixed (p_landIsFixed = 0) this results in market clearing
(see figure 15). For more detailed information see “\doc\landSupplyCAPRI_v5.pdf”. This
means that the land potentially be used by agriculture is allocated between agriculture
and other land uses. At the second level the regional representative farm decides how to
allocate total land supplied to: arable and grass land {arab, gras}. The heterogeneity of
land is reflected in a concave cost curve for increasing the allocation to the two land
types (see figure 16). The representative farm optimizes the land allocation by
maximizing the total land rent across land types minus the cost of allocating it to each
land type.
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Figure 15: Market clearing in the land balance module of CAPRI

s include 'supply\supply_model.gms"’;
Grassland (GRAS),
. arable (ARAB), annual
* P_landIsFixed crops (ANNC)
LandBal_ "“Land balances - ¢ r fixed endowments or market clearing"

LandBal_(RUNR, landTypesBal)

* --- sum of crops using that land typgy= total area of that type

sum( (landTypes_to_pact(landTypesBal ,MPACT) ,A) $ p_technFact(RUNR,MPACT,"LEVL" A),
v_actLev] (RUNR,MPACT,A)) =L=
DATA(RUNR, landTypesBal, "LEVL","Y") $, (p_landIsFixed eq 1)

+ v_actLev](RUNR, landTypesBal,"1") $ (p_landisFixed eq 0);

Check what activities
enter which land type Scenario with fixed

land endowment

In Figure 16 “asym” is the land asymptote i.e. the maximal amount of economically
usable agricultural area in a region. In the first equation (e_uaar(RUNR)) the total area
used by agriculture for a region is defined and the second equation (e_asym(RUNR))
ensures that the land supply for UAA is less than the potential availabe land.

Figure 16: Constraints to potentially used land for agriculture

s include 'supply\supply_model.gms";

Define UAA: Used

agricultural areas

*tj -- Sum up total area used by agriculture (UAAR) by adding the land types

e_uaar(RUNR) ..
suMm(landTypes, v_actLev](runr,landTypes, t")) - v_actLevl(runr,”uaar”,"t") =E= 0;

*tj -- Total land potentially available for agriculture (the "asymptote") is
= used plus unused land. we write this as an inequality, that should never
L) be binding due to the asymptotic curvature of the cost function.

e_asym(RUNR) $ (p_landIsFixed eq 0)..
v_actLevl(runr,"uaar","t") =L= %data%(runr,"asym","Tevl","y")*0.999;

Land supply function

UAA less than potentially
available land

It is clear that changes in land allocation also generates costs for the farmer. The costs
can stem from the supply of UAA and the transformation of land (e.g. grass land to
arable land). In figure 17 the costs calculation for the supply of land and in figure 18 (see
also table 4) the costs for transforming land types are showed (see
"\doc\landSupplyCAPRI_v5.pdf” for further details).
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Figure 17: Costs for supply of land in CAPRI

A (parameteralso used to
calibrate the activities)

Enter the
objective
function

+ p_pmpQuadL
* [v_actLev](runr,"uaar
* DATA(runr,"asym”,"lev

(runr, "uaar")
LandSupplyTail (runr, "uaar"™)

| bLLlx )™
max p, X, =| @,X,, +—=——=

| G \L.) ) n

st ox, <L

where the subscript ua denotes utilized agricultural area (uaar), p denotes the land rent, x the quantity

of land used, a, b and ddenote parameters to calibrile. and L is the maximally available agricultural
area, MAA.

Figure 18: Costs for transforming land types in CAPRI

Enter the
objective
function

Normalized
by shares

Quadratic
Cost

Function

Landgarket_(RUNR) $ (p_land ixed eq 0)..

pmpCostLandMarket (RUNR)\=E= SUM[ LandTypes $ DATA(runr,landTypes,“lev]” "y"),

p. manst(runr.LandTypes,"T“)*v_actLev (runr,LandTypes, '\I'"'

")
+ 0. %p_pmpQuadLandTypes (runr ,Land‘l’ypes ,LandTypes) /v_actLev](runr, "uaar”,"t")
SQR(v_actLev](runr,LandTypes, "T"))];

Table 4: Equations, variables and parameters or scalars for the land balance in
CAPRI

Area Equations Variables Parameters or scalars

Land Balance | LandMarket_ V_actLevel(landtypes) p_landisfixed=1

see also OBJEQF_ V_actLevel(“UAA”) DATA (RU, “Asym”, “Levl”,”Y”)
p_pmpCnst(LandTypes)

p_pmpQuadLandTypes(landtypes)

One potential scenario for market clearing is an increase in available land for UAA by
10% which is depicted in figure 19. As mentioned before “asym” is the land asymptote

hence the maximal amount of economically usable agricultural area in a region which has
to be increased DATA(RU,”"ASYM”,”"LEVL",”ChangeFactor”)=1.10, here by 10%.
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Figure 19: Scenario: Change in available land for UAA (+10%)

=

| CAPRI tasks
® Detne scenano

2 Run scanano with market model
|| ) Run scenano without market model
Test atemative market model

| Run 5cenano ondy with market moded

va

Ente

Scenario elements

® CAP 2014 2020 pol editor
® mired
# & botuels
# 4. demand shocks
® L. german renewabie energy legisiation
® i oho emession adatement
# L Imput cemand
# 4 macro emaronment
® 4 market support
& L Niimits
® i Premiums
# . Price shocks
+

4. setaside
® L tace policies
= A s supplymodel
® ChaneinexcOemang
. CHU\W“"“"S"‘"

scalar p_landisFixedinScenario /0/,

DATA(RU SASYM' ‘ChangeFactor) = 1.10;
@splay 'Scenarnio seling” DATA

The income and supply effects on land are shown in figure 20.
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Figure 20: Results: Change in available land for UAA (+10%)

| £:| Supply details [0]
’ Region Year
IDenmark VI2030
V. ts_Reduction_UAA cap_after_2014_ref
v V. Income Hectares or herd size Income Hectares or herd size
= [Euro/ha or head] [1000 ha or hds] [Euro/ha or head] [1000 ha or hds]
Oilseeds -267.19 173.47 -237.61 159.38
11.07% -8.12%
Other arable crops -21.66 97.44 -21.43 99.66
1.06% 227%
Vegetables and Permanent crops 26571.63 20.75 26657.46 20.70
0.32% -0.26%
Fodder activities 60.20 918.93 97.64 902.80
62.18% -1.76%
Set aside and fallow land 301.24 236.55 321.66 158.04
6.78% -33.19%
All cattle activities 718.32 2007.12 711.47 2007.84
-0.95% 0.04%
Beef meat activities -293.84 540.20 -299.63 540.58
-1.97% 0.07%
All Dairy 1091.06 1466.91 1083.99 1467.26
-0.65% 0.02%
Other animals 29515 3103.12 29512 3103.16
-0.01% 0.00%

Feed balance

The feed module for animals is another important module for the supply model as it
ensures that the requirements of the animal processes are met that these are linked to
the markets and crop production decisions. In figure 21 it is shown that the feeding mix
per head and kg (v_feedInpCoeff) has to be equal to the regional feed use in 1000t per
year and hectar (V_feedQuantReg) based on ainput of all non-tradable and tradable feed.
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Figure 21: Feed module in CAPRI

FEDUSE_(RUNR,FEED ) § ( v_feedQuantReg.LO(RUNR,FEED ) ne v_feedQuantReg.UP (RUNR,FEED ) ) ..

--- add up feed use over animals and alternatives (endogenous input coefficient in kg times
herd size in 1000 animals), scaling to define feed use in 1000 t

SUM( (MAACT,A) $ p_maxFeedShare(RUNR,MAACT,A,FEED ),
v_feedInpCoeff (RUNR,MAACT ,A,FEED )*v_actLev](RUNR,MAACT,A ) ) / 1000.

--- permit/ some variation of straw v_lossQuant

+ v_lossQuant (RUNR, "STRA" ) $ SAMEAS(FEED,"FSTR")
+ v_lossQuant (RUNR, "COMF" ) $ SAMEAS(FEED,"FCOM")

=E= v_feedQuantReg(RUNR,FEED );

Based on input all non-
tradable and tradable
feed

Feed Mix per animal

In figure 22 the animal requirements e.g. crude protein(CRPR), dry matter (DRMA),
energy re-quired for net lactation (ENNE) which are covered by cost minimised feeding
combination are shown.
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Figure 22: Animal feed requirements in the supply module

As requirementare per
day multiply with no of In supply model
production cycle of p_trimFeed = false

animals

REQSE _ "Requirements of animal

en as equality"

G (RUNR ,MAACT ,A,REQUSE ) § echnFact (RUNR,MAACT,"LEVL",A) ) ..

=-- animal requirements per _a€tivity level and da
pEMSE ) $ p_trimFeed + p_animReq(RUNR,MAACT,A,REQMSE 3/ $ (Not p_trimFeed))
* p_animProdDays (RUNR ,MAACT ,A )
* --- are covered by feeding of feedingstuff
- SUM(FEED $ p_maxFeedShare(RUNR,MAACT A, FEED ),
v_feedInpCoeff (RUNR,MAACT,A,FEED )
* SUM(LRAGG(RUNR MSACT) DATA(MSACT ,REQMSE , FEED, ENNE and CPRO content

* of feed at MS
=E= 0.0;

REQSN_ "Requirements of animals written as in-equality"

REQSN_(RUNR ,MAACT ,A,REQMSN ) $ ( p_animReq(RUNR,MAACT,A,REQMSN ) $ p_technFact(RUNR,MAACT," "LEVL",A) ) ..

--- animal requirements per activity level and da
[(v_animReq(RUNR ,MAACT ,A,REQMSN ) § p_trimFeed + p_animReq(RUNR,MAACT,A,REQMSN 3/ $ (Not p_trimFeed))

* p_animProdDays (RUNR,MAACT,A )
--- are covered by feeding of feedingstuff
- SUM(FEED $ p_maxFeedShare(RUNR,MAACT,A,FEED ),
v_feedInpCoeff (RUNR,MAACT,A,FEED
* SUM(R_RAGG(RUNR ,MSACT) ,DATA(MSACT ,REQMSN ,FEED, "Y"))) ]

=L= 0.0;

Convert into dry matter

--- for maximum shares Multiply share

MAXSHR_(RUNR ,MAACT,A,FEED ) § ( (p_maxFeedShare(RUNR,MAA

matter intake * maximum share

--- current tg
i ary matter intake of feedingstuff FEED

p_animReq(RUNR,MAACT, A, "DRVMA" ) Feed mix is in fresh

* p_maxFeedShare (RUNR ,MAACT,A,FEED ) matter hence multiply

--- corrector factor for maximum shares with dry-matter content
* ((l+v_animReq(RUNR,MAACT,A,FEED )) § p_trimFeed + 1. o the foil

*

p_animProdDays (RUNR ,MAACT ,A )
--- dry matter intake of feedingstuff F

- vy feedlnpcoeff(kumz MAACT,A,FEED )
UM (R_RAGG (RUNR ,MSACT) , DATA(MSACT, "DRMA" ,FEED, "Y"))

=G= 0.0;

--- for minimum shares
MINSHR_(RUNR ,MAACT,A,FEED ) $ ( p_minFeedShare(RUNR,MAACT,A,FEED ) $ p_maxFeedShare(RUNR,MAACT,A,FEED )) ..

--- current total dry matter intake * minimum share
--- = minimum dry matter intake of feedingstuff FEED

p_animReq(RUNR ,MAACT,A, "DRMA" )
* p_minFeedShare (RUNR,MAACT,A,FEED )

-—- corrector factor for minimum shares
* ((1-v_animReq(RUNR,MAACT,A,FEED )) § p_trimFeed + 1. $ (Not p_trimFeed))

*

p_animProdDays (RUNR ,MAACT,A )
--- dry matter intake of feedingstuff FEED
- v_feedInpCoeff (RUNR,MAACT,A,FEED ) * SUM(R_RAGG(RUNR,MSACT) ,DATA(MSACT, "DRMA" ,FEED," V"))
=l=0.0;

Here the net energy requirements (per unit of activity level) for maintenance, daily
activity, growth, lactation and pregnancy are calculated and the gross energy intake is
derived from the energy requirements and digestibility factors. For more detaqiled
information see \docs\Docu_CH4ENT.docx and \docs\capri_documentation.pdf ,pages
123-124.

Regarding animal feed requirements a potential scenario would be the increase of the
animal feed requirements by 10% for net energy lactation ("ENNE"), crude protein
("CRPR"), and dry matter max ("DRMX"). The necessary changes in the policy editor are
demonstrated in figure 23.
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Figure 23: Scenario - Higher animal feed requirements +10% (for net energy
lactation ("ENNE"), crude protein ("CRPR"), dry matter max ("DRMX")

® Define scenario

) Run scenario with market model
O Run scenario without market model
O Test alternative market model

O Run scenario only with market model

Sd

T

. Scenario categories
, base scenarios
LA CAP 2014 2020
# CAP 2014 2020 pol editor
* mtrrd
J bio fuels
. demand shocks
. german renewable energy legislation
. ghg emission abatement
. input demand
# fertneed

L @higher anim requ

DATA(RU,MAACT,"ENNE","ChangeFactor”) = 1.10;
DATA(RU,MAACT,"CRPR", "ChangeFactor’) = 1.10;
DATA(RU,MAACT,"DRMX","ChangeFactor”) = 1.10;

As expected the scenario results in figure 24 show an increase in the necessary feed
requirements for animals (feed cereals, protein, energy, fodder maize). In addition the
herd sizes decrease, the income for animal production decreases and the income for
fodder crops increase due to the increased feeding requirements of animals.

20/ 24



Figure 24: Results: Higher animal feed requirements (+10%)

| £ Feed Distribution [0]

Region Year
®)
- | Denmark v|2030
) £ B
» ts_feed_requirements cap_after_2014_ref
A 4 ¥, Feed cereals |Feed rich protein | Feed rich energy | Fodder maize | Feed cereals | Feed rich protein |Feed rich energy |Fodder maize
- [kg/head] [ka/head] [kg/head] [kg/head] [kg/head] [kag/head] [kag/head] [kg/head]
All cattle activities 949.85 406.06 5.35 8261.59 810.61 341.59 5.27 7362.29
-14.66% -15.88% -1.50% -10.89%
All Dairy 1107.88 472.87 5.14 8836.59 957.84 404.68 5.08 7895.29
-13.54% -14.42% -1.13% -10.65%
Other animals 2278.06 907.49 18.60 36.33 2070.68 825.39 18.48 33.64]
-9.10% -9.05% -0.65% -7.42%

.| Supply details [0]

Region Year
IDenmark v|2030
V’ ,
ts_feed_requirements cap_after_2014_ref
L 4 ¥, Income Hectares or herd size | Income Hectares or herd size
= [Euro/ha or head] [1000 ha or hds] [Euro/ha or head] | [1000 ha or hds]

Oilseeds -237.40 159.03 -237.61 159.38
-0.09% 0.22%
Other arable crops -24.70 100.04 -21.43 99.66
13.26% -0.38%
Vegetables and Permanent crops 26656.12 20.70 26657.46 20.70
0.01% -0.01%
Fodder activities 120.75 909.60 97.64 902.80
-19.14% -0.75%
Set aside and fallow land 321.711 159.76 321.66 158.04
-0.01% -1.07%
All cattle activities 610.09 1856.13 711.47 2007.84
16.62% 8.17%
Beef meat activities -393.02 466.15 -299.63 540.58
23.76% 15.97%
All Dairy 946.50 1389.98 1083.99 1467.26
14.53% 5.56%
Other animals 198.66 2845.37 295.12 3103.16
48.55% 9.06%

Fertilizer balance

The fertilizer balance is the last module of the supply model presented in this document.
In CAPRI, fertilisers are available from three different sources, namely from purchased
mineral fertiliser, animal manure and crop residues. Fertilisers in animal manure
produced per animal per head per year depend on the type of animal, the raising period
in number of days and the kg live weight at the start and the end of the raising period.
The nitrogen emission factors from animal activities are coupled to crude protein intake.
As shown in figure 25 the total nutrient need of plants (NUTNED_) —minus biological
fixation for pulses— multiplied with a factor describing fertilisation beyond exports must
be covered by: (1) inorganic fertiliser, corrected by ammonia losses during application in
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case of N, (2) atmospheric deposition, taking into accoun

t a crop specific loss factor in

form of ammonia, and (3) nutrient content in manure, corrected by ammonia losses in
case of N, and a specific availability factor. The relevant equations variables, parameters

or scalars are depicted in Table 5.

Figure 25: The fertilizer balance in the supply module of CAPRI

351 line(s) not
NUTNED_(RUNR ,NGRP ,FNUT) § SUM( (CACT_TO_NGRP (MCACT,NGRP) ,A) § p_technFact.

SUM( (CACT_TO_NGRP(MCACT ,NGRP) ,A) § p_technFact (RUNR,MCACT,"LEVL™,A), v_actlLev](RUNR MCACT,A)

CRUNR MCACT, “LEVL™ ,A), 1) ..

-~ total nutrient need of crops (retention - biolog. fixation for certain crops) * nutrient factor

* (DATACRUNR MCACT FNUT, "V
* (1-p_nitrFact (RUNRIMCACT, "BioF ix") § SAMEAS(FNUT,"NITF")

* ACRUNR,FNUT,A)
- plus constant term of nutrient factor

+ V_cropNutNeedAddFact (RUNR,FNUT))
-~ so0il property effect

* (p_nitrFact(RUNR,"ALL" ,"DEFR") § SAMEAS(FNUT,"NITF") + 1 § (NOT SAMEAS(FNUT,"NITF")))
-~ increasing fertilizing needs as a function of the yield

* saRT(
[1.4p_technFact (RUNR ,MCAC

ac T,"vield",A)
+ 0.2 § SAMEAS(MCACT,"GRAT") -'0.2 § SAMEAS(MCACT,"GRAE")
1 $ DATACRUNR,MCACT FNUT, V")
)

- factor describing the changes in removal of nutrients
resulting from yield difference stored in TECHF
* (p_technFact (RUNR MCACT FNUT ,A)+1.)

) *0.001 =€=
application
"GasRUNTOL™) § SAMEAS(FNUT,"NITF") )

-~ purchases of anorganic fertiliser minus Ammonia v_lossQuant duril

+ V_fertDist(RUNR NGRP FNUT, "Mine") * (1.-p_emiLoss (RUNR, "NETF", !

-~ extra-losses exceeding base year
= v_fertDist(RUNR,NGRP ,FNUT, "Loss™)

- deliveries from manure

. corrected for further v_lossquant (NOx, leaching)

Y (attention: a part of these v_lossQuant also hides in v_cropNutNeedMultfFact)

4+ v_fertDist(RUNR,NGRP FNUT, "EXCr™) * SUM( FOUT_T_N(FOUT,FNUT) ,v_nutAvaiTFactexcr (RUNR,FOUT, "T"))
- deliveries from crop residues (distribution across arable crops)

+ (v_fertDist(RUNR,NGRP,FNUT, "Cres™) R
* SUM( FOUT_T_N(FOUT,FNUT) ,v_nutAvailFactCRes (RUNR,FOUT,"T"))
* (1. -p_emiLoss(RUNR, “NETF ", "N","GasRunTot") § SAMEAS(FNUT,"NITF") )) § (NOT PERM_NGRP (NGRP))
—- delivery from harvest residues and atmospheric deposition (only for grass land, where it resains)

+ SUM( (CACT_TO_NGRP (MCACT ,NGRP) ,FOUT_T_N(FOUT ,FNUT) ,A)
$ (p_technFact(RUNR MCACT,"LEVL",A) and PERM_NGRP(NGRP)),

)
RunTot"

p_emiLoss (R
* 0.00

-p_ ) § SAMEAS(FNUT,"NITF") )
* v_nutAvailFactCRes 1;

L INETE"
(RUNR, FOUT,

Total need of
plant (see data
cube)

del ies from crop residuesand
harvest residues

adjusted by some correction
factor v_cropNutNeedMuitFact

adjusted by some correction
factorv_cropNutNeedAddFact

Ammoniav_lossQuant duri
application

extra-losses exceeding baseyear

Another factor: p_nitrFact

increasngfertilzing needsasa
function oftheyield

Table 5: Equations, variables and parameters or scalars for the fertilizer balance

in CAPRI

Area Equations Variables

Parameters or scalars

v_fertDist(RUNR,NGRP,FNU
T,"Mine")
v_netPutQuant(RUNR,FNU
T

Distribution of fertDistMine_

mineral and organic | ineral fertilizer
fertilizer to crops distributed to group
of crops must
exhaust total mineral

N sales

No

NUTNED_
nutrient need
balance for group of

crops

Nutrient factors:

p_nitrFact
v_cropNutNeedAddFact
v_cropNutNeedMultFact
Nutrient need of crop:
DATA(RUNR,MCACT,FNUT,"Y")

NUTMIN_
Minimum use of

v_actLevl(MCACT)

v_fertDist(RUNR,NGRP,FNU
T,"Mine")

mineral fertilizer

p_minShareMinFert(MSACT,MCACT,A,FN
uT)

v_minShareMinFertCorr
DATA(RUNR,MCACT,FNUT,"Y")
p_nitrFact
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mapping

fertDistExcr_

Total crop available
nutrients from
manure must be
distributed to

different crop groups

excrements distributed
summed up over crop

groups

mapping

fertDistCres_

Total nutrients from
crop resiudes and
atmosperic
deposition must be
distributed to

different crop groups

Only non permanent

v_actLevl(nonPermAct)

DATA(RUNR,noPermCact,FOUT,"Y")

mapping

ManureNPK_
Definition of total
manure output of

animals

v_ManureNPK
v_actLevl(RUNR,MAACT

v_ManureNPKintraTrade
DATA(RUNR,MAACT,FOUT,"Y")

p_emilLoss

One thinkable sceanrio would be the reduction of manure output from animals by 5%.
The necessary changes in the policy editor are shown in figure 26. MAACT are the animal
production ac-tivities and FOUT is the output of N,P20,K20 from animals which is

reduced by 5%.
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Figure 26: Scenario - Reduction of manure output from animals by 5%

i, Scenario categories
= ). base scenaros

® mirrd
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|, demand shocks

. input demand

, market support
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void
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® nochange

nochange1

ts1

ts10

ts2
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). macro environment

assert scenano include exists

{. german renewable energy legisiation
{» ghg emission abatement

Sinciude . \gams\scen\base_scenarios\CAP_2014_2020_pol_edtor.gms

DATA(RU,MAACT FOUT “ChangeFactor”) = 0.95;

The results in figure 27 show that CH4, N20 emissions and ammonium output is reduced
and the EAA value of manure and related nutrients is reduced. This scenario is only
working with the recent trunk version and not with STAR 2.4.

Figure 27: Results - Reduction of manure output from animals by 5%

|-/ Manure output per animal [0}
R ¥ Percentage ot to =
@) egion ear = m N
[Denmar BETN ] nomange B N B T
'. Phospate Potassium Nitrogen Phospate Potassium
e 9/ head or 1000 heads) [kg P205 | head or 1000 heads] [kg K20 head or 1000 heads) [kg N head or 1000 heads) [kg 205  head or 1000 heads] kg K20/ head or 1000 heads)
v »
All cattie activities 10 143 104 6 16
% % %
Al Dairy i s 109 65 138
5% 5% %
Other animals 57 2 54 2 2
% % %
L Emdromicla iiAcitoca | Economic Accounts for Agriculture [0]
Region Year
4#) Denmark 20% ‘ ® } Region Year
Denmark
w 2030
nochange ts_4_mant —
? nochange ts_4_man1
¥ w; Total Amountperha | Total Amount per ha
1 1000 in 1000tha) (010000 | fin 1000vha] T {
1 7. Gross EAA value | Quantity | Gross EAA value | Quantity
n 20471 572.50 21678 [Mio Euro] (1000 1] | [Mio Euro] [10001)
€02 equivalents 530% 590%
Fm— 6375 6083
output ue Manure phospate 54839 209.71 529.00 20230
enissions 23554 8920 2484 8892 e %
b 230% 030% Manure output 1622.07 1151.78 1571.69 111743
N20 Total emissions. 18.24 691 179 674 1% -298%
2 24% | eaure nitcate 64898  506.81 629.15 49133
€02 Total emissions S4a174 206071 540696 204739 2.05% 208%
o6e% o6s%
Manure potassium 42470 43525 41353 42380
263% 263%
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