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LP Problem

Item Wheat Barley Rapeseed Sugar beet
Gross margin in €/ha 253 443 284 516
Labor requirement hours/ha 25 36 27 87

• Land availability: 200 ha

• Labor availability: 10,000 hours

• Xi : land devoted to crop i (in ha)

• How to allocate the land to maximize the total gross margin?
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Mathematical Formulation

• Objective function:

Max Z = 253 × Xwheat + 443 × Xbarley + 284 × Xrapeseed + 516 × Xsugarbeet

• Subject to:

• Xwheat; Xbarley; Xrapeseed; Xsugarbeet ≥ 0 (non-negativity constraint)

• Xwheat + Xbarley + Xrapeseed + Xsugarbeet ≤ 200 (land)

• 25 × Xwheat +36 × Xbarley + 27 × Xrapeseed +87 × Xsugarbeet ≤ 10000 (labor)
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Solution in Excel

1. Overspecialization
2. Wide divergence between

model outcomes and
actual production patterns
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Hands-on Exercise 

• Open the file called “PMP.xlsx”

• Go to Sheet “LP”

• Solve the  LP model for 
• The original set of gross margins

• For the 4 alternative sets of gross margins
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Positive Mathematical Programing

• Methodology that calibrates programming models to observed 
quantities to specify appropriate non-linear objective functions.

• PMP is operationalized in 3 steps:
1. The model is forced to reproduce the observed activity levels.

2. The dual values (shadow prices) of the constraints are used to modify the
objective function.

3. The new model is employed for simulations.
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Positive Mathematical
Programing. Step 1

𝑚𝑎𝑥𝑍 = σ𝑗=1
𝑛 𝑝𝑗𝑋𝑗 - 𝑘𝑗𝑋𝑗

Subject to:

σ𝑗=1
𝑛 𝑎𝑖,𝑗𝑋𝑗≤𝑏𝑖 [λ]

𝑋𝑗 ≥ 0  j = 1,…,n

𝑚𝑎𝑥𝑍 = σ𝑗=1
𝑛 𝑝𝑗𝑋𝑗 - 𝑘𝑗𝑋𝑗

Subject to:

σ𝑗=1
𝑛 𝑎𝑖,𝑗𝑋𝑗≤𝑏𝑖 [λ]

𝑋𝑗 ≥ 0  j = 1,…,n

𝑋𝑗 ≤ (𝑋𝑗
0 + e) [ρ]

Resource constraint Calibration constraint

Marginal activities: 𝑋𝑚 Preferable activities: 𝑋𝑝
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Positive Mathematical
Programing. Step 2

• ρ𝑝used to specify a non-linear objective function
• such that 𝑀𝐶𝑋𝑝 = 𝑃𝑋

0

𝑪𝒗= σ𝒋=𝟏
𝒏 𝒅𝒋𝑿𝒋 +

𝟏

𝟐
σ𝒋=𝟏

𝒏 𝑿𝒋𝒒𝒋,𝒋𝑿𝒋, 

where d - parameters of the linear cost term
q – parameters of the quadretic cost term

Parameters are specified such that the following holds:

𝑀𝐶𝑣 =
𝜕𝐶𝑣(𝑋0)

𝜕𝑋
= σ𝑗=1

𝑛 𝑑𝑗 + 𝑞𝑗,𝑗𝑋𝑗
0 = σ𝑗=1

𝑛 [𝑘𝑗 + ρ𝑗]

Linear term Quadratic term
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Positive Mathematical
Programing. Step 3

• The final non linear objective function reads:

𝑚𝑎𝑥𝑍 = ෍

𝑗=1

𝑛

[𝑝𝑗𝑋𝑗 − 𝑑𝑗𝑋𝑗 −
1

2
𝑋𝑗𝑞𝑗,𝑗𝑋𝑗]

Subject to:

σ𝑗=1
𝑛 𝑎𝑖,𝑗𝑋𝑗≤𝑏𝑖 [λ]

𝑋𝑗 ≥ 0  j = 1,…,n
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Specifying the PMP Parameters

d Q

Standard approach 𝑑𝑗 = 𝑘𝑗 𝑞𝑗,𝑗 =
ρ𝑗

𝑋𝑗
0

Average cost approach 𝑑𝑗 = 𝑘𝑗 − ρ𝑗 𝑞𝑗,𝑗 =
2ρ𝑗

𝑋𝑗
0

Paris approach 𝑑𝑗 = 0
𝑞𝑗,𝑗 =

𝑘𝑗 + ρ𝑗

𝑋𝑗
0

Exogenous elasticities 𝑑𝑗 = 𝑘𝑗 + ρ𝑗 − 𝑞𝑗,𝑗𝑋𝑗
0

𝑞𝑗,𝑗 =
1

ε𝑗

𝑝𝑗
0

𝑋𝑗
0
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Hands-on Exercise. Excel

• PMP reveal dual values
• Open the solver

• Maximize the objective function

• By changing the hectares of land allocated to each crop

• Subject to land, labor and observed production levels constraints

• What are the dual values for wheat, barley, rapeseed and sugar
beet?

• PMP1_Standard
• Solve the PMP problem using the standard approach

• What is the land allocation to each crop under the given scenraios
(different price levels)?
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Hands-on Exercise. Excel

• PMP2_Average_cost
• Solve the PMP problem using the average cost approach

• What is the land allocation to each crop under the given scenraios
(different price levels)?

• PMP3_Paris
• Solve the PMP problem using the Paris approach

• What is the land allocation to each crop under the given scenraios
(different price levels)?

• PMP4_Exogenous_elasticities
• Solve the PMP problem using the exogenous elasticities approach

• What is the land allocation to each crop under the given scenraios
(different price levels)?
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Hands-on Exercise. GAMS

• Session_A3.2_Advanced_PMP_example.gms
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Calibration of the Supply Module 
in CAPRI

Calibration test
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Calibration of the Supply Module 
in CAPRI
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Test Calibration

• Run baseline calibration for Denmark

• Run a simulation of the same policy for Denmark
• Make sure you set ”Additional result type identifier to 

”_dk”

• Open the .LST file and check ”p_itemsInIters”
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