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INTRODUCTION
Olive production plays a strategic role in Mediterranean agriculture and in the Turkish economy. As a key 
component of rural livelihoods, regional development, and foreign trade, the sector has substantial socio-economic 
importance, particularly in the Aegean Region, which serves as the main production and processing hub. A  
significant number of farming households depend on olive cultivation, and olive groves occupy a notable share of 
Türkiye’s agricultural land. Despite its importance, olive production faces increasing sustainability challenges due 
to intensive use of water, energy, fertilizers, and pesticides. The transition toward a more circular and resource-
efficient agricultural system requires a careful assessment of input use at the farm level.

In this context, the study evaluates the resource use efficiency of olive farms in the Foça district of İzmir  
Province using Data Envelopment Analysis (DEA). Both radial (BCC) and non-radial (Slack-Based Measure) 
models  are applied within an input-oriented framework.  By integrating physical  and economic performance 
indicators,  the  study  provides  a  comprehensive  assessment  of  technical  efficiency  and  identifies  areas  for 
improving resource management and sustainability in olive production.

MATERIAL AND METHODS
Primary data collected through face-to-face surveys with 69 randomly selected olive farmers in the Foça district  
of İzmir Province (Figure 1). The sample was determined using proportional sampling based on a population of 
478 registered producers, with a 90% confidence level and 10% margin of error (Newbold, 1995). The structured 
questionnaire gathered information on demographic characteristics, farm structure, production practices, input use, 
and cost components. Secondary data obtained from institutional reports and relevant academic studies.

Figure 1. Research field in the Foça district

Technical efficiency measured using Data Envelopment Analysis (DEA). All computations performed 
using the web-based deaRshiny application (Benitez et al., 2021). An input-oriented approach under variable 
returns to scale (VRS) adopted to evaluate the potential for proportional input reduction without decreasing output. 
In the radial DEA framework, an input-oriented BCC model was estimated using olive production quantity (Y1)  
as the single output (Charnes et al., 1978; Färe et al., 1985).

To capture input-specific  inefficiencies,  a  non-radial  Slack-Based Measure (SBM) model under VRS 
applied. While the BCC model focused solely on physical output (Y1), the SBM specification incorporated both 
olive production quantity (Y1) and gross production value (Y2) to account for economic performance.

Inputs included cultivated land, labour cost, fertilizer cost, pesticide cost, irrigation cost, energy/fuel cost,  
pesticide use intensity, and chemical input cost per kilogram of output. Olive farms treated as decision-making 
units (DMUs). This combined radial and non-radial framework enabled the identification of both proportional and 
input-specific inefficiencies in olive production.
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RESULTS AND DISCUSSION
Data Envelopment Analysis (DEA) applied to evaluate the input-oriented technical efficiency of olive farms, 
focusing on the extent to which inputs could proportionally reduce without decreasing output. Descriptive statistics 
(Table 1) reveal substantial heterogeneity among farms in both physical and economic performance, supporting 
the use of a variable returns to scale (VRS) specification. Olive production quantity varies considerably, ranging 
from 1760 to 162840 kg, with a mean of 24059 kg, indicating the coexistence of small- and large-scale producers. 
Gross production value (GPV) also displays high dispersion, reflecting differences in market conditions and price 
realization. Input costs—particularly labour, fertilizer, pesticide, irrigation, and energy—show marked variability, 
suggesting diverse production structures and management practices. Per-kilogram input indicators further reveal  
differences in input intensity, pointing to potential inefficiencies in chemical use among certain farms. Overall, the 
heterogeneity observed in both outputs and inputs justifies the application of radial and non-radial DEA models.

Table 1.Information on output and inputs of olive farms used in DEA.
Mean Standard Deviation Maximum Minimum

Olive production quantity (kg) 24059.13 30574.15 162840.00 1760.00
GPV-Gross production value (€) 32109.44 39920.74 217843.73 2416.69
Labour cost (€) 7206.68 7565.50 47572.22 713.44
Pesticide cost (€) 91.56 114.34 600.00 4.44
Fertilizer cost (€) 519.95 490.09 2361.11 8.61
Irrigation cost (€) 123.37 153.07 750.00 5.56
Energy/ fuel cost (€) 573.58 760.25 4016.67 31.11
Pesticide cost per kilogram of output (€) 0.012 0.01 0.07 0.00
Fertilizer cost per kilogram of output (€) 0.034 0.02 0.10 0.02

The radial BCC results indicate a high average technical efficiency score (0.988), suggesting limited 
proportional input reduction potential at the aggregate level. However, this high average may mask input-specific 
inefficiencies and comparisons between efficient and inefficient farms show that efficient producers operate at 
larger scales, generate higher output and income, and achieve greater GPV. Although efficient farms incur higher 
total pesticide expenditures, this largely reflects their production scale. When evaluated per kilogram of output, 
efficient farms—particularly under the SBM specification—demonstrate more controlled input use, indicating 
superior resource management. To obtain a more detailed assessment, the Slack-Based Measure (SBM) model 
employed. Compared to the radial BCC model, SBM identifies greater inefficiencies by explicitly incorporating  
input slacks. Input slack analysis shows that labour cost constitutes the main source of inefficiency, followed by  
energy/fuel and irrigation costs. Pesticide-related slacks also more pronounced under the SBM model, particularly 
when expressed per kilogram of output. Fertilizer-related slacks are relatively moderate.

The comparison of BCC and SBM results suggests that radial models may overestimate efficiency by 
ignoring  non-proportional  input  excesses.  The  SBM  model  provides  a  more  policy-relevant  evaluation  by 
identifying specific areas where input reductions are feasible. Overall, efficiency improvements in olive production 
should  prioritize  labour  optimization,  energy efficiency,  and improved irrigation and pesticide management 
practices to enhance both economic performance and resource sustainability.

CONCLUSIONS
This study demonstrates the importance of combining radial and non-radial DEA models when assessing technical 
efficiency in olive production. While the input-oriented BCC model indicates relatively high average technical 
efficiency,  the  SBM results  reveal  substantial  input-specific  inefficiencies  that  remain  hidden  under  radial 
assumptions, particularly for labour, energy/fuel, irrigation, and pesticide-related inputs.

The findings highlight that efficiency differences among olive farms driven not only by production scale 
but also by managerial and input-use practices. From a policy perspective, targeted interventions focusing on 
labour optimization, improved irrigation management, rational pesticide use, and energy efficiency could generate 
significant efficiency gains without expanding land or reducing output. In this respect, the SBM model provides  
more informative guidance for designing input-specific efficiency improvement strategies in olive production.
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