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Introduction

• Stochastic approaches serve to account 
explicitly for uncertainties related to exogenous 
sources that are likely to affect the 
developments of markets 

• They are especially useful when focusing on the 
effect of uncertainty on a target variable(s) 

• Uncertainties might be combined or be 
considered separately 

• Stochastic analysis applied to the OECD-FAO 
Agricultural Outlook, complementary to the 
deterministic baseline 



Methodology

The approach 
presented here is 
based on a 
methodology 
developed at the 
European 
Commission’s Joint 
Research Center in 
Seville. 



General assumptions

• The deterministic baseline is correct

• Historic variations and correlations 
will continue into the future

• The considered factors are the only 
causes of volatility



Step 1 – Macroeconomic uncertainty

Macro variables

• For macro-economic drivers that are 
treated stochastically historical 
deviations around expected values are 
calculated. 



Step 1 – Macroeconomic uncertainty 
analysis

• For the macroeconomic variables, 
deviations from expected values are 
computed as the ratio of the one-year-
ahead forecast to the observed 
outcome. 

• The forecasts come from past OECD 
Economic Outlooks and from the 
International Monetary Fund.

• This generates a time series of forecast 
errors from 2004 to 2015. 



Calculated macroeconomic 
uncertainties



Macroeconomic uncertainties

• Issues / questions / possibilities

– Normality + covariance ≠ underlying macro 
model

– Stochastic global macro model exists?

– Estimating and drawing variability via 
empirical distribution functions

– Subset of macroeconomic variation 
considered



Step 1 – Yield uncertainty

Crop and milk yields

• For the yield drivers that are treated 
stochastically, historical deviations 
around trends are calculated. 



Step 1 – Yield uncertainty analysis

• The deviations around expected yield are 
measured as the ratio of the estimated 
yield to the observed outcome, 

• Estimated yields are obtained by an OLS 
regression over the period 1996-2015 using 
in Aglink-Cosimo yield equations . 

• The distribution is truncated so that yields 
more extreme than the largest and 
smallest deviations cannot occur. 



• Assumption of a truncated multivariate normal distribution
• Truncation is done at historical minimum and maximum 

values
• Precludes from taking negative values or extreme shocks 

which are unrealistic

Distributions



Yields



Yield uncertainties

• Issues/questions/possibilities

– Imposing normality on climatic error 
function necessary?

– Why not drawing from the empirical 
distribution? 

– Data quite limited for estimating 
distributions

– Only partial approach



Step 2 – Model input generation

• Uses the deviations and errors 
estimated in step 1, and generates 1 000 
alternative values are for each year of 
the projection period 2015-2024. 

• Performed by the software R. 



Assumptions of Step 2

• Deviations and errors are normally 
distributed

• The covariance between exogenous drivers 
is relevant information. 
• Estimated covariances are used only for the 

macroeconomic drivers and for yields within each 
regional block (e.g. the EU), but not between regional 
blocks. 

• For the macroeconomic variables, the 
stochastic deviation is assumed to increase 
over time; 
• Annual values depend on cumulative effect of current 

and progressively reduced past deviations



Step 2 – Macroeconomic 

Evolution of the uncertainty aggregated for the 
macroeconomic indicators in Brazil



Step 2 - Yield

Uncertainty evolution over the projection period for the 
region Oceania



Step 3 – Model simulations

• Stochastic terms are incorporated as 
multiplicative factors into the equations. 

• Shifting the relevant function above or 
below its ‘central’ position in the 
deterministic baseline run. 

• Simulating the AGLINK-COSIMO model for 
each of the 1000 alternative uncertainty 
scenarios providing max. 1000 different 
sets of model output. 

• Not all sets yield a solution.
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Stochastic simulation results

• Provide a range of values within 
which a medium-term outcome may 
lie in a given year.

• Used to gauge the probability of a 
particular variable reaching a given 
threshold or target value. 

• Permits the formulation of “what-if” 
scenarios for baseline variables.



Discussion points

• Limitation to conditional stochastic uncertainty analysis 
with equilibrium models is that “extreme” shocks may 
change the structure of economic reality (e.g. policy 
responses to high food prices) 
o Aglink-Cosimo specification (and other PEs and 

CGEs) assumes a stable economic structure 

• Making stochastic analysis work improves model 
specification 
o Running a model 1000 times with different 

combinations of exogenous variables is highly 
instructive 

o Why are some of the yield and macroeconomic 
draws not “digestible” by the model? 



Discussion points (cont.)

• Scenario and stochastic uncertainty analysis may both 
serve objectives in different ways 
o Extreme exogenous events (perhaps user defined) 

may be analyzed without stochastic analysis in 
scenarios 

o reduce the load on stochastic analysis to those 
issues with suitable uncertainty distributions (past 
variability) 

o “fancy” is not necessarily targeted best 

• Focus necessary depending on priorities 
o Understand uncertainties in baseline projections? 
o Understand policy implications of distributions? 
o Quantify model uncertainty? 
o Any key markets that require specific attention?



Thank you
Visit our website:

www.agri-outlook.org
Contact us at:

EST-Projections@fao.org

http://www.agri-outlook.org/
http://www.agri-outlook.org/


Aglink-Cosimo model

• Partial equilibrium model, driven by elasticities, 
technical parameters and policy variables, non-
agricultural markets are not modelled and are 
treated exogenously to the model. 

• provides representations of national and global 
agricultural markets where all of the major 
agricultural sectors are assumed to be 
connected, 

• outlook simulation tool that constructs 
projections over a ten year period so that all of 
the main characteristics of the crops and 
livestock sectors influence the final equilibrium.



Yield Uncertainty (I)

• In Aglink-Cosimo, yield is modelled as a function 
of real prices and a trend which represents 
technological change assuming a Cob-Douglas 
function of the form 

• First we estimate the yield   𝑌𝑐,𝑟,𝑡 with an OLS 

using historical data from 1996-2014 keeping the 
cost of production elasticity's (𝜉𝐶𝑃𝐶𝐼) constant

𝐿𝑜𝑔 𝑌𝑐,𝑟,𝑡 = 𝑎 + 𝜉𝑌𝐿𝐷,𝑃𝑃 ∙ 𝐿𝑜𝑔
𝑃𝑃𝑐,𝑟,𝑡−1

𝜉𝐶𝑃𝐶𝐼𝐶𝑃𝐶𝐼𝑐,𝑟,𝑡−1 + 1 − 𝜉𝐶𝑃𝐶𝐼 𝐶𝑃𝐶𝐼𝑐,𝑟,𝑡
+ 𝑡𝑟



Yield Uncertainty (II)

• Second we calculate the uncertainty as the error 
term (  𝑒𝑐,𝑟,𝑡)

 𝑒𝑐,𝑟,𝑡 =
𝑌𝑐,𝑟,𝑡
 𝑌𝑐,𝑟,𝑡

– This process is done for a total of 79 crops variables which 
represent the major producers of arable crops in the world. 

– We assume that the error terms (  𝑒𝑐,𝑟,𝑡) is a random variable 
following a truncated normal probability density function 
(PDF) 𝜓  𝜇,  𝜎, 𝑎, 𝑏; 𝑒 , furthermore they are correlated by 
blocks of regions and follow a truncated multivariate normal 
distribution  PDF,𝜓 𝝁, 𝚺, 𝒂, 𝒃; 𝒆 , 



Yield Uncertainty(III)

𝜓 𝝁, 𝚺, 𝒂, 𝒃; 𝒆 =
exp −

1

2
𝒆−𝝁 𝑇𝚺−𝟏 𝒆−𝝁

 𝑎
𝑏
exp −

1

2
𝒆−𝝁 𝑇𝚺−𝟏 𝒆−𝝁 𝑑𝒆

for 𝑎 ≤ 𝑒 ≤ 𝑏 and 0 otherwise, with 𝚺 being the covariance matrix,  μ
and  σ denoting the mean and the variance of the parent general 
normal distribution, and a and b specifying the truncation interval. 

• The third step consists on using replicating n shocks, 
times v variables, times y years using the R package 
tmvtnorm developed by Wilhelm and Manjunath (2014)
– The truncation is done using as values the minimum and 

maximum error terms from the OLS

– We enter the simulations as multiplicative para meters 



Aglink-Cosimo TROLL equation 
(OLS estimation) 

Output CSV file – Input file for R

R Drivers 
(Multivariate Truncated Normal 

Distribution) 

Output CSV file – Input for AMI Graphical report of the stochastic draws

AMI System 
(Running the model n times)

Results (Excel or CSV files)

Process



Macroeconomic uncertainties

• Current methodology
– 8 variables in report (GDP*2, CPI*2, GDP-def

*2, $/€, oil price), no non-EU macroeconomic 
uncertainty

– Recently extended to 36 macroeconomic 
indicators + oil price

– Draws from multivariate normal distribution 
with covariance matrix estimated based on 
forecast errors

– Yearly accumulating (additive) errors with ad-
hoc down-weighting for some variables



Yield uncertainties

• Current methodology
– 54 country-crop combinations (in 2013 

report) and 79 in more recent draft 
methodology description

– Time series on national yields since 1993 
(generally)

– Ratios of observed over fitted yields 
determine variability

– Recent move to truncated normal to avoid 
low yields outliers



Step 2

• From these deviations the stochastic 
behavior of the drivers is formalized and 
1000 sets of future alternative values for 
these drivers, based on their stochastic 
behavior, are generated. 



Methodology for Macro

• Need for a joint distribution of the 
deviations around the projected 
trends for the choose variables

– Use the errors in the forecast as the basis 
for calculating the variability in the 
macroeconomic variables

– Estimate the joint probability distributions 
of the forecast errors



Steps

• For the yield drivers that are treated 
stochastically historical deviations around 
trends are calculated. For macro-economic 
drivers that are treated stochastically historical 
deviations around expected values are 
calculated. 

• From these deviations the stochastic behavior 
of the drivers is formalized and 1 000 sets of 
future alternative values for these drivers, 
based on their stochastic behavior, are 
generated. 

• The Aglink-Cosimo model is simulated for each 
of the alternative values of the drivers. 



Objective

• Assess how uncertainty on key 
assumptions about the 
macroeconomic environment and 
yield levels might affect price 
projections.

• It is only partial as it does not capture 
all sources of variability

• Gives an estimation of possible future 
variations based on historical 
variations


