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This study analyzes the impact of changes in stochastic (soil and climatic) and non 
stochastic (farm managed) inputs on the production of a representative sample of 
2076 French field crop agricultural farms between 1990 and 2015. The study 
quantifies the production impact by decomposing output changes over time via 
Luenbergerindicators, through econometric estimation of a second-order flexible 
parametric technology. This decomposition method provides an empirical 
parametric measure of the impact of soil and climate, of non stochastic inputs, of 
technological change, and of heterogeneity, on changes of farm output.

Abstract

Introduction

The present contribution extends to a directional distance function (Chambers, 
Chung, Färe, 1996) context the methods developed by Färe, Grosskopf, Norris, 
Zhang (1994) and Kumar and Russell (2002) and is based on the intuition by 
Guarda, Rouabah, Vardanyan(2013).
The usual agricultural technology is augmented to include soil characteristics (soil 
carbon and pH) and weather stochastic inputs (rainfall and thermal exposure), in 
addition to non stochastic farm managed inputs and technological change.

Methods

The model decomposesfarm implicit quantity output changesalong 26 yearsof
farm data, from 1990until 2015.
Resultsvary widely regionally among different departments. The effects vary
dependingon the timing of the heatandof rainfallextremes.
Someof the worst climaticeventsoccurredin Franceare characterizedregionally.
Forexample, duringthe Summer2003, mostof the regionsproducingsummerfield
crops(e.g. maize) in the Southreceivedvery negativeimpactsfrom unusualheat
during the months of June, July, and August. In 2006, winter crops were more
negativelyaffected by the cold winter and wet spring (March until May) in the
CenterandEast(exceptionalrainsin ClermontFerrand,Strasbourg,Grenoble).

Results

The importance of this methodology is in quantifying how much of output change 
is due to soil and climate, to technological change, to farm-managed inputs, or to 
structural heterogeneity among farms.
Ultimately, this process of attribution of the changes in output from year to year is 
fundamental to make policy-relevant statements about the relative importance of 
different inputs to changes in output.

Conclusions

Agriculturalproductionrelieson soil, climate,agriculturalinputs,and farmers. The
importanceof climateandsoil inputshasbeenrecentlyreconsideredin agricultural
production. If it is true that climate is changing,an estimationof climate change
impactson agriculturefree of undesiredassumptionsis the keyto understandinga
strategytowards a sustainablefuture. A sectorof humanactivity which hasclose
relationshipwith climate is agriculture. A changedclimate,in turn, couldeither be
detrimentalor beneficialto agriculturaloutcomes.
The impacts of precipitation, temperature and its timing on French field crop
output remainimperfectlyunderstooddespitea growinginterest on the impactof
weather on EuropeanUnion (EU) agriculture. Recent empirical estimates (e.g.
Moore andLobell,2014) arebasedon the effectsof aggregatedoutputsandinputs,
including temperature and precipitation. These studies show that increased
temperatureover the growingseasondecreasesbarleyand wheat yieldsbut does
not significantlydecreaseeconomicprofits acrosscountriesin the EU. Most recent
studies,usually,do not considerfarm managementin the estimatesof the impact
of climateon Frenchwheatandbarleyproduction.
Thequantificationof the impact of climate changeon agriculturalproduction has
been conducted mainly with regression methods that impose undesired
assumptionson the obtained results. The functional forms used in analyzingthe
responseof crops to climatic and weather variableshave been very often quite
restrictive, not considering interactions between inputs. In this study the
technologyis representedby a second-order flexible functional form that includes
interaction betweeninputs.
Becausenight temperatures have increasedmore than daily temperatures, the
timing of thermal exposureis subdividedinto heat during the day and during the
night.

Figure 1. GDD accumulated during the day and night in different years.

Figure 4. Yearly soil and climate impact changes for different years

Figure 2.Rainfall accumulated in different years.

Weather data come from the daily European Commission JRC Agri4Cast data set. 
The grid data are at a resolution of 25x25Kmall over Europe. The precipitation is 
accumulated daily rainfall in each grid location. The temperature data is thermal 
power (in Growing Degree Days, GDD) accumulated over different months along 
the growing season, during the day and the night for different temperature ranges. 
Soil data are yearly interpolated soil carbon and soil pH from BDAT GISSOL 
database. The data on single farmsare from the EuropeanCommission Farm
AccountancyData Network databasefrom 1990 to 2015. Theyincludeeconomic
accountsand management data.
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Figure 3. Output (implicit quantities) changes for different years
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