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Main Modelling Frameworks in Agriculture

Five core types of economic modeling forms are widely used 
in agricultural policy analysis: 
(0) Biophysical Models (not an economic model)

(1) Farm Household Models, 

(2) Agricultural Sector Models (Partial Equilibrium), 

(3) Computable General Equilibrium Models (CGE Models), 

(4) Partial Equilibrium Global Trade Models

(5) General Equilibrium Global Trade Models
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Spectrum of Analytical Models
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(1-1-2)/1 
(0) Biophysical Models

Mathematical models to estimate plants growth as a function 
of environmental variables 

Estimation of plant development, and several other 
processes relevant to the simulation of the interaction plant-
soil as affected by weather and agricultural management. 

Different levels of nitrat and irrigation will give different yields.
CropSyst, EPIC, OMS (David et al., 2002 ), TIME (Rhaman

et al., 2003), APSIM (McCown et al., 1996), APES (Donatelli
et al., 2010) 
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(1-1-2)/1 
(0) Biophysical Model: CropSyst 



(0) Biophysical Models
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(1) Farm Household Model

• Targeted to analyze the impact of the policy changes on a typology of 
farm households or enterprises.  

• Household makes production, labour allocation and consumption 
decisions that may be interdependent upon one another. 

• Household’s objective is to maximize a discounted future stream of 
expected utility.

• A key assumption of most agricultural household models is that the 
household can obtain perfect substitutes for family labour and conversely, 
that it can sell its own labour at a given market wage. 
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(1) Farm Household Model

• Most agricultural household models are static and assume 
that households are risk neutral. 

• Constraints typically include cash income, family time and 
endowments of fixed productive assets, and production, and 
prices of inputs, outputs, and nonproduced consumption 
goods. 

• Can be constructed in linear or nonlinear programming forms. 
• Some of them are constructed to include risk aversion factor 

using «Game Theoretical» farm level models based on maxi-
min criteria are also available in the literature.  
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(1) Farm Household Model
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(1) Farm Household Models

Modeling Disadvantages/Limitations
(Details)

Modeling Advantages
(Details)

A. Disregards the country level sectoral and/or regional
(partial equilibrium) supply/demand relationships and/or
resource availabilities

B. Disregards the global level sectoral and/or regional
(partial equilibrium) supply/demand relationships and/or
resource availabilities

C. Disregards the country level macroeconomic (general
equilibrium) supply/demand relationships and/or
resource availabilities

D. Disregards the global level macroeconomic (general
equilibrium) supply/demand relationships and/or
resource availabilities

E. Should ideally be based on a stratified random sample
of existing farms (i.e. a detailed statistical study must
be done previously). If this point is accomplished then
farm level modeling has an advantage (if not, they are
subject to far more misleading simulation results).

1. Relatively easy to write and use (small dimension)
2. Small number of policy parameters
3. Targeted to analyze the impact of the policy changes

on a typology of farm households or enterprises
4. Simulates (very) short run impacts.
5. Inputs can be modelled in detail
6. Crops can be modelled with many (sub) species
7. Crop rotations can be modelled in detail
8. Tillage operations can be modelled in detail
9. Farm capital (physical and human) can be modelled in

detail.
10. Accommodate the simultaneous nature of production,

consumption and labor allocation decisions.
11. A single model that treats all producers as

homogeneous is unlikely to depict adequately the
complexity of structures in developing countries.

12. Imperfect price transmission and subsistence
production can be built in.

13. Liquidity and risk constraints can be built in
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(2) Agricultural Sector Models

• Partial Equilibrium

• Cover all of Agricultural Sector

• Cover most/all Agricultural Products

• Limited Coverage of Agro-Industry

• National and Regional Coverage

• Endogenous Domestic Demand and Supply

• Maximize Consumer and Producer Surplus

• Shadow Prices for Owned and Fixed Resources

• Exogenous Foreign Demand and Supply

• Calibration with Flexibility Constraints, PQP, Maximum Enthrophy
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(2) Agricultural Sector Models
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(2) Agricultural Sector Models

Advantages (Details)

• Technically some advantages Farm Household Model can be 
achieved in an ASM but with a bit less detail.

• Structure of the country’s agricultural sector can be represented in 
detail. 

• Interaction between crop and animal production subsectors can be 
captured.

• Crops can be modelled in great detail such as “Durum Wheat” etc.
• Animal Products can be modelled in great detail such as “Goat Milk” 

etc.
• Substitution and complementarity between crop and animal 

subsectors can be captured.
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(2) Agricultural Sector Models

Advantages (Details)

• Includes country level (domestic) product price changes 
• Domestic prices are endogenous

• Takes into account the switching between crops since output prices 
are not held constant 

• Includes the product substitution within the country
• Includes crop and animal product complementarity at sectoral and/or 

regional level 
• Takes into account the product complementarity

• Includes country level resource availability at sectoral and/or regional 
level 

• Land, water, labor, manure, seed, pesticide and tractor availability 
at sectoral and/or regional level in the country
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(2) Agricultural Sector Models

Advantages (Details)

• Includes modelled all country-level sectoral and/or regional 
endogenous factor changes.

• Can take into account the country level components of the country-
level product value-chain coming after the farm gate within the sector 
and/or region.

• ASM can be linked to a Global Trade Model. 
• If this is done, the advantages listed for Global Trade Models can 

be achieved.
• ASM can be linked to a standard CGE Model

• If this is done, the advantages listed for a standard CGE Model 
can be achieved.

• ASM can be relatively easily linked to a Biophysical Models. 
• If this is done, the advantages listed for Bio-economic Models can 

be achieved.
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(2) Agricultural Sector Models

Disadvantages (Details)

• Disregards the global level sectoral and/or regional (partial 
equilibrium) supply/demand relationships and/or resource availabilities

• But if ASM is linked to a Global Trade Model (Partial Equilibrium), 
then this disadvantage disappears since these points becomes 
included within the integrated model.

• A simple Global Trade module (Partial Equilibrium) can be written 
(Armington model can be used) or an existing Global Trade Model 
(Partial Equilibrium) can be employed.
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(2) Agricultural Sector Models

Disadvantages (Details)

• Disregards the country level macroeconomic (general equilibrium) 
supply/demand relationships and/or resource availabilities

• But if ASM is linked to a CGE Model (General Equilibrium 
Equilibrium) then this disadvantage disappears since these points 
becomes included within the integrated model.

• A standard CGE Model (General Equilibrium) can be written or an 
existing CGE Model (GE) can be used.

• But if ASM is linked to a Global Trade Model (General 
Equilibrium), then this disadvantage disappears since these 
points becomes included within the integrated model.

• It is not easy to write a new Global Trade Model (GE) so it can be 
better to use an existing Global Trade Model (GE) such as GTAP.
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(2) Agricultural Sector Models

Disadvantages (Details)

• Disregards the global level macroeconomic (general equilibrium) 
supply/demand relationships and/or resource availabilities

• But if ASM is linked to a Global Trade Model (General 
Equilibrium), then this disadvantage disappears since these 
points becomes included within the integrated model.
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(2) Agricultural Sector Models:
TAGRIS

• TASM  Turkish Agricultural Sector Model
• TAGRIS Model is the last version of TASM
• TAGRIS model represents the third generation of policy impact 

analysis using sector models, following TASM (Kasnakoğlu and Bauer, 
1988) and TASM-EU (Çakmak and Kasnakoğlu, 2002).

• TAGRIS is a partial equilibrium agricultural sector model (ASM) with 
endogenous prices. 

• The objective function of the model is given by the Marshallian surplus 
(sum of consumers’ and producers’ surplus). 

• The calibration of demand follows an elasticity based approach. The 
calibration of supply follows Heckelei and Britz (1999 and 2000) and 
uses a Maximum Entropy integrated Positive Mathematical 
Programming (PMP) method. 
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(2) Agricultural Sector Models:
TAGRIS

• Foreign trade is allowed in raw and in raw equivalent form for 
processed products and trade is differentiated for EU and the 
rest of the world (ROW). 

• The base period of the model is the average from 2014 to 
2016. 

• Model is written in GAMS (Brooke et al, 1998) and solved 
using the non-linear programming solver CONOPT 3. 

• The code of TAGRIS Model is around 4500 lines with data. 
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(2) Agricultural Sector Models:
TAGRIS

• The basic features of the TAGRIS model may be summarized as:
• The production side of the model is disaggregated into four regions 

for the exploration of interregional comparative advantage in policy 
impact analysis. 
• Coastal Anatolia, 
• Central Anatolia, 
• East Anatolia, and 
• GAP (Southeastern Anatolia Project) Region

• The crop and livestock sub-sectors are integrated endogenously, 
i.e., the livestock sub-sector gets inputs from crop production.

• Foreign trade is allowed in raw and in raw equivalent form for 
processed products and trade is differentiated for the EU and the 
rest of the world (ROW).



23

(2) Agricultural Sector Models:
TAGRIS
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(2) Agricultural Sector Models:
TAGRIS
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(2) Agricultural Sector Models:
TAGRIS
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(2) Agricultural Sector Models:
TAGRIS

Distinguishing advantages of TAGRIS

• Contrary to Multi-market models it has a detailed and refined agricultural 
sector representation (using a non-linear programming approach) for 
Turkey coming from its initial version written in 1982 for The WorldBank
by Le-Si, Scandizzo and Kasnakoglu (TASM). 

• The model does not only use elasticity based simple supply and 
demand equations. 

• The agricultural complexities are represented by a non-linear 
programming modeling approach with region and product specific 
constraints even different for irrigated and rainfed production 
techniques.

• Probably the most detailed representation of Turkish Agricultural Sector 
in the literature with around 4500 lines of coding in GAMS.
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(2) Agricultural Sector Models:
TAGRIS

Distinguishing advantages of TAGRIS

• Contrary to General Equilibrium models, TAGRIS includes 
disaggregated products such as Durum Wheat, etc. 

• This gives us the opportunity to capture product specific 
results.

• Since TAGRIS is an Agricultural Sector Model (ASM) it has all the 
advantages listed for agricultural sector modelling. 

• Contrary to Farm Household Models, TAGRIS takes into account 
the sectoral situation and the sectoral interaction of crop and 
animal production. 

• Similar to farm models it includes a detailed structure for 
agricultural production techniques.
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(2) Agricultural Sector Models:
TAGRIS

Distinguishing advantages of TAGRIS

• According to Hazel and Norton (1986, p.136), every sector 
model’s structure contains the following five basic elements as in 
the case of TAGRIS. 

• These are also representing some main advantages of TAGRIS:

• A detailed description of producers’ economic behavior.
• A detailed description of the production functions or the 

technology sets available to producers in each region of the 
model. 

• These functions relate yields to inputs, and they need to 
be differentiated by production regime (irrigated versus 
rain-fed agriculture, crop versus livestock products, 
annual versus perennial crops).
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(2) Agricultural Sector Models:
TAGRIS

Distinguishing advantages of TAGRIS

• A detailed definition of the resource endowments held by each group 
of producers such as land, irrigation water, family labor, initial stock 
of livestock, tree crops and farm machinery. 

• A specification of market environment in which the producer 
operates. 

• This specification involve market forms plus associated 
consumer demand functions, possibilities for international trade 
and corresponding import supply functions, export demand 
functions. In most cases, the import supply functions are simple, 
that is perfectly elastic at a given c.i.f. price.

• A specification of the policy environment of the sector, such as input 
output subsidies, guaranteed minimum price schedules, import 
quotas and tariffs, export taxes and subsidies.
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(2) Agricultural (Sub)Sector Models:
Multi-Market Models

• Partial Equilibrium but not covers all agricultural sector

• Partial List of Products

• Partial Regional Coverage

• Exogenous Factor Prices

• Calibration using Flexibility Constraints

• No Complementarity and Competition relation with other sectors, products, 
regions. 
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(2) Agricultural (Sub)Sector Models:
Multi-Market Models
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(2) Agricultural (Sub)Sector Models:
Multi-Market Models

• The Multi-market models, also sometimes referred to as 
“limited general equilibrium”

• They focus only on one sector/product and do not include a 
number of balances, such as the balance on savings and 
investment, supply and demand of foreign exchange

• Multi-market models belong to the class of partial equilibrium 
models. 
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(2) Agricultural (Sub)Sector Models:
Multi-Market Models

• If the policy reform is likely to have general equilibrium impacts, the 
analysis should be complemented by a CGE model. 

• They can be used in estimating distributional impacts of the 
imposition or change in taxes, subsidies, quotas, tariffs on specific 
commodities; rise or fall in the price of imported or exported 
commodity.

• Demand side of the multi-market model is a matrix of own- and 
cross-price elasticities for a number of food and/or non-food 
commodity groups, and a vector of income elasticities of demand 
for the same commodity groups. 
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(2) Agricultural (Sub)Sector Models:
Multi-Market Models

• Partial equilibrium multi-market (or multi-commodity) models 
are usually based on estimated parameters of the simple 
demand and supply curves.

• Agricultural sector models are also partial equilibrium models, 
however, contrary to partial equilibrium multi-market (or multi-
commodity) models, they may include different production 
technologies with cross effects, generally within the nonlinear 
mathematical optimization model setup.

• The multi-market models will generate reliable results when 
the reforms being analysed affect commodities or factors for 
which the set of close substitutes and complements are well 
defined.
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(3) Computable General Equilibrium (CGE) Models
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(3) Computable General Equilibrium (CGE) Models

Advantages
(Details)

Takes into account the country level macroeconomic (general equilibrium) supply/demand relationships 
and/or resource availabilities

• Takes into account country level (domestic) input price changes (domestic input prices are 
constant even if a huge supply/demand shift happens in the related input market such as labor, 
land etc.)

• Takes into account the switching between sectors (i.e. from agriculture to services sector) since 
sectoral outputs are held constant (Disregards sectoral substitution within country).

• Takes into account sectoral complementarity at national level such as agro-food sector and 
agricultural sector complementarity (Disregards sectoral complementarity)

• Takes into account country level resource availability at macroeconomic level (i.e. land, water, 
labor, manure, seed, pesticide, tractor and other factors availability at national level for the 
country)

• Takes into account all other country-level macroeconomic endogenous factor changes such as 
inflation, exchange rate changes, etc.

• Takes into account the impacts of the country level macroeconomic factors on the components of 
the country-level product value-chain even up to farm gate.
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(3) Computable General Equilibrium (CGE) Models

Disadvantages (Details)
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(3) Computable General Equilibrium (CGE) Models

Disadvantages
(Details)
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(3) Computable General Equilibrium (CGE) Models

Disadvantages
(Details)
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(4) Partial Equilibrium Global Trade Model
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(4) Partial Equilibrium Global Trade Model: 
CAPRI

• CAPRI which stands for “Common Agricultural Policy Regionalized Impact 
analysis” is the acronym for an EU-wide quantitative agricultural sector 
modeling system. 

• The purpose of the project was to analyze the impact of different elements 
of the Common Agricultural Policy (CAP) on EU’s agriculture and 
environment. 

• CAPRI is a comparative static equilibrium model. 

• Since market and policy instruments require disaggregated modeling, a 
simultaneous system maximizing the sum of producer and consumer 
surplus for about 250 region and 40 products was infeasible. 
• Therefore, the model structure was split-up into a supply and a market component. 
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(4) Partial Equilibrium Global Trade Model: 
CAPRI



43

(4) Partial Equilibrium Global Trade Model: 
CAPRI

• Supply calibration: Positive Mathematical Modelling (PMP) 
similar to TAGRIS
• The supply module consists of independent aggregate 

non-linear programming models representing activities of 
all farmers at regional or farm type level

• The non-linear cost function allows for perfect calibration 
of the models and a smooth simulation response rooted in 
observed behavior (PMP).
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(4) Partial Equilibrium Global Trade Model: 
CAPRI

• Demand Side: Generalized Leontief
• The market model allows to simulate the dynamics of international 

trade among 69 countries divided into 40 trading blocks, for a total of 
about 50 agricultural products.

• Policy Instruments: premiums/activities; set aside (obligatory 
and voluntary); intervention prices; quotas (milk, sugar); 
border measures; wto limits; import tariffs, trqs; decoupling 
(on arable and grassland for hybrid decoupling systems)

• Model Output: market balances; agricultural 
production/income; processing industry income; consumer 
welfare; labour input, per activity; nitrogen-based 
environmental indicators (ghgs, ammonia)
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(4) Partial Equilibrium Global Trade Model: 
CAPRI
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(4) Partial Equilibrium Global Trade Model: 
CAPRI
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(5) General Equilibrium Global Trade Model
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(5) General Equilibrium Global Trade Model: 
GTAP

• In 1990/91, collaborative work by Thomas W. Hertel at 
Purdue University in the United States with the IMPACT 
Project in Melbourne, Australia, catalysed an initiative 
known as the Global Trade Analysis Project (GTAP). 

• The default GTAP model (Hertel 1997) is a standard multi-
region CGE model. 

• The standard GTAP model is a multi-region, multisector, 
computable general equilibrium model, with perfect 
competition and constant returns to scale (HERTEL, 1997).

• Bilateral trade is handled via the Armington assumption. 
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(5) General Equilibrium Global Trade Model: 
GTAP

• The main features of GTAP are:

• Regional scope: World. (45 regions, including 4 EU member states, rest 
of EU, etc.)

• Commodity/sectoral scope: Economy-wide. 50 sectors/commodities 
(Version 4), 12 primary agric., 8 food, 5 primary factors (land, 2 labour, 
capital, natural resources)

• Standard multi-region CGE model. Constant returns, perfect 
competition

• Agricultural commodities: 12 primary, 8 food processing, 1 forestry, 1 
fishing

• Variables generated: market and income/welfare values
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(1-2-1)/1 
Econometric Models

• Econometric models are based on the estimation of parameters.
• Programming models are based on the calibration of parameters.
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(1-2-1)/2 
Econometric Sector Model

• A regional econometric sector model for Danish agriculture: 
regionalized ESMERALDA model (2001)
• University of Copenhagen - Department of Food and Resource Economics 

(IFRO)

• An econometric model is not formulated as an explicit 
optimisation problem, although the econometrically estimated 
behavioural relations implicitly reflect economic optimisation. 

• Compared with the mathematical programming approach, the
econometric approach is less sensitive to having full 
knowledge of all technical details in the production processes 
(although more knowledge is better than less knowledge–
also in econometric models). 
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(1-2-1)/3 
Econometric Sector Model

• However:
• Status quo is modelled Econometric models are empirically founded 

on historical variations in data. 
• Hence, the validity of the behavioural parameters in an econometric model is in principle 

limited to the data ranges, for which these parameters are estimated
• The impacts of a radical change is not expected (unless it is not a very detailed model) 

to be captured since the econometric parameters are estimated based on the historical
series (without radical change)

• Subject to «Lucas Critique»  If the model setup is not adequate to
capture the behavior of all economic agents and units, the estimations
can not capture the impacts of policy shifts!

• Huge Cross Sectional Data Model analysis is based on data from one 
year’s sample in the agricultural accounts data base (approximately 
2000 farms!). 
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(1-2-1)/4 
Econometric Trade Models - Armington Model

• Econometric models can be focused on international trade: Armington Models

• Multi-country computable general equilibrium (CGE) models are important tools 
for analysing tariff and trade policy changes.

• Most CGE models incorporate the 'Armington assumption'.

• The Armington assumption differentiates commodities by their country of origin. 

• It takes the products of an industry which come from different countries to be 
imperfect substitutes for each other. 

• The choice of the Armington assumption is an important one as it impacts on the 
outcomes of policy shocks introduced to CGE models. 

• The terms of trade effect of a tariff is positively related to the home country's 
elasticity of substitution between domestic and imported goods;

• The terms of trade effect of a tariff is negatively related to the elasticity of 
substitution between domestic and imported goods in foreign countries and to all 
foreign countries' elasticities of substitution between import sources;
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(1-2-1)/5 
Armington Model-Steps

• Armington model imposes a two-step 
budgeting procedure. 

• In the first stage, the importer decides 
how much of a particular commodity 
to import. In this stage the decision is 
determined according to the import 
demand function of the importer 
country (i.e. by the price elasticity for 
total import demand) for a product)

• In the second stage given the total 
amount imported, the importer 
decides how much to import from 
each supplier. This decision is based 
on the elasticity of substitution
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(1-2-1)/6 
Armington Model-New Developments

• The Armington specification now underlies the majority of practical policy-oriented 
CGE models. 

• It is argued that traditional CGE models with Armington assumption fail to capture 
the extensive margin of trade, thereby underestimate the trade and welfare effects 
of trade opening. 

• However its theoretical basis is also questioned. (For example,it implies that 
Japan produces a single variety of cars which is an imperfect substitute for the 
single variety produced in Germany)

• Since the 1980s trade theorists have been working on models in which varieties 
are distinguished by firms rather than countries. 

• Land-mark models in this literature are Krugman (1980), Melitz (2003) and Dixon
(2016).
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(1-2-1)/7 
An Application of Armington Model

Topic:  Analysis of agricultural trade liberalization between EU and 
mediterranean partner countries (MPCs) including Turkey (Eruygur
and Çağatay, 2012).

Features: 
• EU’s agricultural trade data at 8 digit level (Combined Nomenclature, CN)  

is used. 
• Totally 207 agricultural sub-chapters (goods) of CN  used to represent the 

agricultural trade of EU. 
• 27 regions are constructed in order to distinguish the regional impacts. 
• All mediterranean partner countries including Turkey are seperately

included as regions. 
• Nested constant elasticity of substitution (CES) function consisting of 27 

import sources (regions)  employed to model EU imports
• Panel data estimation methods are used: Fixed and Random effects



10

(1-2-1)/8 
An Application of Armington Model

Features: 

• The exports of EU is modelled by a nested constant elasticity 
of transformation (CET) function aggregator. 

• The model assumes perfectly elastic export supplies for EU 
imports, hence

• “Given a set of import demand and substitution elasticities, 
the model simulates the maximum change possible in EU’s 
imports “.

• The model assumes perfectly elastic import demands for EU 
exports, hence 

• “Given a set of import demand and substitution elasticities, 
the model simulates the maximum change possible in EU’s 
exports”.   
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(1-2-1)/9 
Trade Liberalization Impacts on  EU’s Imports
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(1-2-1)/10 
Trade Liberalization Impacts on Turkey’s Exports to EU
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(1-2-1)/11 
Trade Liberalization Impacts EU Exports
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(1-2-1)/12 
Trade Liberalization Increases in Turkish Imports From EU
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TAGRIS FEATURES 

• TAGRIS is an optimization model with endogenous prices. 

• The objective function of the model is the sum of consumers’ and producers’ surplus. 

• The production side of the model is disaggregated into four regions: Coastal Anatolia, 
Central Anatolia, East Anatolia, and Southeastern Anatolia Project  Regions 

• The model contains more than 200 activities to describe the production of about 50+ 
commodities with approximately 250 equations and 350 variables. 

• Livestock production is an integrated part of the model.  The feed supply is provided from 
the crop production sector, and disaggregated into six categories, namely direct or raw 
equivalent commercial feed consumption of cereals, milling by-products, oil seed by-
products, straw or stalk by-products from the crop production, odder crops, and range land 
and meadow. 

• The inputs include, dry land, irrigated land, labor, machinery, fertilizer, seed and feed

• Foreign trade is allowed in raw and in raw equivalent form for processed products 

• Trade is differentiated for the EU, USA and the rest of the world (ROW).

• The calibration of demand follows an elasticity based approach. 

• The calibration of supply uses a Maximum Entropy integrated Positive Mathematical 
Programming (PMP) method. 
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TAGRIS INPUT-OUTPUT STRUCTURE
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TAGRIS PRODUCT COVERAGE

• The 50+ products of the model cover 96.3 % of Turkey’s total harvested 
area

• Cereals: Common wheat, durum wheat, barley, corn, rice, oats, rye, spelt, 
millet. 

• Pulses: Chick pea, dry bean, lentil. 
• Industrial crops: Tobacco, sugar beet, cotton. 
• Oilseeds: Sesame, sunflower, peanut, soybean. 
• Vegetables: Melon, watermelon, cucumber, eggplant, fresh tomato, 

processing tomato, green pepper. 
• Tubers: Onion, potato. 
• Fruits and nuts: Apple, apricot, peach, table olive, oil olive, citrus, 

pistachio, hazelnut, dry fig, table grape, raisin grape, tea.
• Fodder crops: Cow vetch, wild vetch, alfalfa, sainfoin.
• Livestock and poultry products: Beef and veal, mutton and lamb, goat 

meat, poultry meat, cow milk, sheep milk, goat milk, egg, cow hide, sheep 
hide, goat hide, wool, hair.
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TAGRIS REGIONAL COVERAGE
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TAGRIS DATA REQUIREMENTS

Table 2. TASM/TAGRIS Data Requirements.
Data Activity Crops Livestock Regional Turkey Annual Quarterly

Area  x X X X X 
  Dry Areas x x x x x 
 Irrigated Area 

  Tree Area 
Production  X X X X X X 
Consumption X X X X X 
Population X X X 
Elasticity 
    Price X X X X 
    Income X X X X 
Trade 
   Export Q  X X X X 
   Export V X X X X 
   Import Q X X X X 
   Import V X X X X 
   X or M Quotas X X X X 
Variable Resource Availability 
   Fertilizers (N and P) X X X X X 
   Water X X X X X 
   Labour X X X X X 
   Tractor X X X X X X 
   Seed/Seedling X X X X X 
   Feed X X X X X 
Input Prices 
   Reservation Wage X X X 
   Tractor Rental Price X X X X 
   Fertilizer Price X X 
  Water Price X X X X 
  Seed/Seedling Price X X 
  Tree Investment Costs X X 
Input Output Coefficients X X X X X X 
Exchange Rate X X 
Interventions 
    Input Subsidies X X X X X 
    Output Price Premiums X X X X X 
    Tariffs X X X X 
    Taxes X X X X 
    Quotas X X X X X 
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Demand expansion due to income and pop 

growth
5 year later

GDP GROWTH        0.159274074
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GDP Growth net of pop growth is 0.09
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