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MOTIVATION 
 
v Global climate change (CC) is likely to increase the variability of rainfall, 

temperature, and the frequency of extreme weather events (IPCC 2014). 
v Europe recorded a warming of about 1°C during the last century, faster than 

the global average. 
v CC effects represent a “challenge” that European agriculture has to face in the 

immediate future. Technology will play an important role in addressing CC 
challenges   

v Innovation in technologies that promote mitigation and adaptation will be critical 
for tackling climate change. It can decrease the costs of policy measures and 
provide new opportunities for the private sector. 

v For example: innovation in plant breeding to develop crop varieties that are 
more resilient to climate change impacts is one of the several possible adaptation 
options for agriculture. 

v Even if innovation is a complex process (Tidd and Bessant, 2009), the 
innovation output may consist of patents as a way of protecting an invention. 

AIM 
 
v Patents can be considered the best available indicator to examine inventive 

activity in adaptation-related biotechnology as patents are widely used to secure 
companies’ investments in agricultural biotechnology (Groombridge, 1992). 

v Following Cruz-Cázares et al. (2013), linking directly innovation inputs to firm 
performance would generate misleading results. Because of short-term costs, 
innovation inputs could not improve firm performance by themselves. Some 
investments that do not result in innovations are sunk costs that will not improve 
firm performance (Koellinger, 2008). 

v Using a Stochastic Frontier Approach, this study proposes an empirical analysis of 
the innovation-firm performance relationship considering explicitly the 
impact of innovation output as patents on efficiency. 

v Relating innovation activities to firm efficiency is not new in the literature but 
the relevant empirical evidence is limited and often inconclusive and 
ambiguous (see Cruz-Cázares et al. 2013 for a literature review). 

DATA DESCRIPTION 
 
v Data are collected yearly 2007-2017 for Belgium, Finland, France, Germany, 

Italy, Portugal, Spain, and Sweden 
v Data are drawn from the ORBIS (Bureau Van Dijk) dataset at firm level. 
v Data are collected on balance sheet and income statement of European farms 

belonging to the ‘Agriculture, forestry and fishing’ (Section A - NACE Rev. 2) 
industry. 

Dep. Var.: TFE - 2 Lags Models TFE - 4 Lags Model 

Operating revenues Model 1 Model 2 Model 3 Model 3 

Production Function Model 

Total asset 0.487*** 0.499*** 0.543*** 0.575*** 

  (0.000) (0.000) (0.000) (0.000) 

Fixed asset -0.220*** -0.221*** -0.227*** -0.227*** 

  (0.008) (0.010) (0.002) (0.003) 

Material cost 0.243*** 0.243*** 0.244*** 0.241*** 

  (0.000) (0.000) (0.000) (0.000) 

Employment cost 0.273** 0.274*** 0.286*** 0.279*** 

  (0.011) (0.001) (0.001) (0.001) 

Dummy Year Yes Yes Yes Yes 

Inefficiency Model 

pat_agri_lag2 -0.114***   0.390***   
  (0.000)   (0.000)   

pat_tot_lag2   -0.147*** -0.488***   
    (0.000) (0.000)   

pat_agri_lag4       0.320*** 

        (0.000) 

pat_tot_lag4       -0.342*** 

        (0.000) 

Constant -1.358*** -1.316*** -1.292*** -1.355*** 

  (0.000) (0.000) (0.000) (0.000) 

Observations 1,000 1,000 1,000 1,000 

N. of Farms 130 130 130 130 
N. of countries 8 8 8 8 

Robust p-values in parentheses; *** p<0.01, ** p<0.05, * p<0.1 

Variable Description mean min max N 
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Operating 
revenues in euros from income statement (ORBIS dataset) 9536.18 -6.50 4793200 1543 

Total asset in euro from balance sheet (ORBIS dataset) 6948.18 0 5945800 3105 
Fixed asset in euro from balance sheet (ORBIS dataset) 3807.75 -0.15 3536800 3105 

Material cost in euros from income statement (ORBIS dataset) 3199.45 -25.73 2126600 1103 
Employment cost in euros from income statement (ORBIS dataset) 1347.27 0.00 626300 1676 
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pat_agri_lag2 
2 year lags of n. of patents in CPC A01 "Agriculture; 

Forestry; Animal Husbandry; Hunting; Trapping; 
Fishing” including biotechnology (PATSTAT dataset) 

0.84 0 123 4928 

pat_tot_lag2 2 year lags of n. of patents in All sections (PATSTAT 
dataset) 0.96 0 129 4928 

pat_agri_lag4 
4 year lags of n. of patents in CPC A01 "agriculture; 

forestry; animal husbandry; hunting; trapping; fishing” 
including biotechnology (PATSTAT dataset) 

0.74 0 96 4928 

pat_tot_lag4 4 year lags of n. of patents in All sections (PATSTAT  
dataset) 0.85 0 102 4928 

True fixed effects 
model with 2 year 

lags of n. of patents  
(Model 3) 

True fixed effects 
model with 4 year 

lags of n. of patents  
(Model 3) 

Dummy 
patent 

Mean 
efficiency 

Dummy 
patent 

Mean 
efficiency 

0 0.77 0 0.78 
1 0.78 1 0.78 

ANOVA test 
F 0.05 0.05 

Prob > F 0.82 0.82 

True fixed effects model 
with 2 year lags of n. of 

patents  (Model 3) 

True fixed effects model 
with 4 year lags of n. of 

patents  (Model 3) 

Country Mean 
efficiency Country Mean 

efficiency 
Portugal 0.63 Portugal 0.63 

Spain 0.73 Spain 0.74 
Finland 0.78 Italy 0.78 

Italy 0.78 Finland 0.79 
France 0.81 Belgium 0.81 

Belgium 0.81 France 0.81 
Sweden 0.84 Sweden 0.82 

Germany 0.87 Germany 0.90 
ANOVA test 

F 6.82 6.68 
Prob > F 0.00 0.00 

Dummy 
patent Freq. Cum. 

0 264 5.36 
1 4,664 100 

Total 4,928 

EMPIRICAL STRATEGY 
 
To estimate technical efficiency, we introduce, as innovation outputs, agricultural 
and total patent variables in the inefficiency model, to capture the effect of the 
“environment” in which a farmer produces his/her agricultural output (Kumbhakar and 
Knox Lovell, 2000) 
The methodology used is based on the SFA models to control for: 
• Time-varying inefficiency and unobserved farm heterogeneity (True Fixed 

Effect) using the Greene (2005) model 
• Territorial heterogeneity clustering our estimation by countries 
• Heteroskedasticity: specifying explanatory variables for the inefficiency variance 

function (Green, 2007) 
Incorporating the inefficiency model a simultaneous estimation of production input 
coefficients and inefficiency factor parameters based on a two-stage maximum-
likelihood procedure is applied (Kumbhakar et al., 1991). 

OUR SPECIFICATION 
 
Following Greene (2005) – a time-varying SFA approach with farm-specific 
fixed effect (ai) – the production function can be expressed as: 
 
(1)   Yit = Xit b+ (vit - uit) + ai   i=1,..., N and t=1,…, T    
 
Where Xit is a vector of the input variables; vit~ N(0,σv

2 ); uit inefficiency term is 
distributed as a half-normal random variable N+(0,σu

2 ) and ai  fixed effects. 
 
Following Greene (2007) and Hadri et al. (2003), an extension is considered 
where inefficiency determinants related to observed heterogeneity of 
European farms are directly included in the inefficiency function modeled in the 
variance of the inefficiency error: 
 
(2)   
 
where zit is a vector of inefficiency determinants that may have an indirect effect 
on the production function of a European farmer. 

		σ uit

2 = exp ′γ zit( )

Table 2: Sthocastic frontier estimations of a Cobb-Douglas function 

Table 1: Descriptive statistic 

Table 3: Technical efficiency scores by holding a patent or more and by country 

MAIN RESULTS AND CONCLUSIONS 
 
v Both all the typologies of patents and agricultural patents reduces 

farmers’ technical inefficiency. The impact become mixed when both patents 
variable are included in the estimations.  

v We find that there is not significant difference in technical efficiency 
between farms which secure their R&D investments with patents and the rest of 
the same. 

v Results by country show that farmers belonging to Germany and Sweden are 
the most efficient with respect to farmers situated in the Southern of Europe 
as Portugal and Spain. 

v Policies aiming to incentivize innovative firms which develop patents not only 
in agricultural and biotechnology can strengthen their capacity to adapt to 
climate change.  


