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STRUCTURAL ANALYSIS OF TURKISH AGRICULTURE: REGIONAL PROFILES, CONCENTRATION, AND CHANGE TRENDS (2015-2024)



ABSTRACT
This study examines the structural transformation of Turkish agriculture at the regional level during the 2015–2024 period. Utilizing two principal analytical tools-regional concentration ratios (CR₃) and regional crop pattern profiles-the research investigates spatial specialization, product clustering, and temporal shifts in land use. Findings indicate that high-value-added products such as ornamental plants exhibit extreme geographical concentration (92.7%) due to market proximity and logistical advantages, whereas staple crops like cereals and vegetables demonstrate a more balanced national distribution (40%). Over the decade, a significant reduction in fallow areas (–6.2 percentage points) and a notable expansion of fruit cultivation (+2.1 percentage points) underscore a shift toward intensification and market-oriented production. However, this transformation exerts mounting pressure on water resources and soil health, particularly in arid regions. The study concludes with evidence-based policy recommendations emphasizing smart specialization, sustainable intensification, and climate-resilient planning to harmonize productivity gains with ecological boundaries.
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1. INTRODUCTION

Turkey's agricultural sector is undergoing a profound and continuous transformation shaped by the interplay of geographical diversity, climatic variability, historical legacies, and evolving market dynamics. The period from 2015 to 2024 has been particularly pivotal, witnessing structural shifts propelled by national agricultural policies, technological diffusion, expanded irrigation infrastructure, and changing domestic and global demand patterns (Yıldırım, 2025; Çelik, 2016). A clear transition has been observed away from the traditional, risk-averse “fallow–cereal” model-characteristic of rain-fed, extensive farming systems-toward more intensive, market-integrated, and higher value-added agricultural production (Benek, 2009).
This evolution, however, is not spatially uniform. Turkey’s agricultural landscape is increasingly characterized by a dual-polar structure: one pole consists of modern, export-oriented, and high-input production clusters, often concentrated in regions with advanced logistics and access to metropolitan markets; the other pole comprises traditional, subsistence-oriented farming systems that persist in more arid, remote, or less commercially integrated regions (Demiralay, 2010; Gürsoy, 2020). This growing divergence raises critical questions regarding regional equity, resource sustainability, and long-term resilience in the face of climate change (IPCC, 2022; Türkeş, 2020).
Moreover, the intensification of agriculture, while boosting productivity and farm incomes, has triggered serious environmental concerns. The rapid expansion of irrigated orchards and vegetable fields, especially in water-scarce regions like Central and Southeastern Anatolia, has led to over-exploitation of groundwater, soil salinization, and ecosystem degradation (Erdogan et al., 2022; Gültaş, 2024). Concurrently, climate change manifests through increased frequency of droughts, heatwaves, and erratic precipitation, threatening to disrupt established production geographies and regional specializations (World Bank, 2014). Understanding the spatial and structural dimensions of this transformation is therefore essential for designing policies that balance economic objectives with ecological and social sustainability.
The primary aim of this study is to systematically analyze the structural anatomy, geographical concentration trends, and crop pattern changes in Turkish agriculture at the NUTS-1 regional level from 2015 to 2024. This is achieved through two complementary analytical lenses: (1) quantifying the degree of geographical concentration of major product groups using regional concentration ratios, and (2) delineating the “agricultural identity” of regions through detailed crop pattern profiles. By integrating decade-long official statistics with secondary data on water use and climate risks, this research provides a granular, evidence-based assessment of how Turkish agriculture is restructuring itself. The ultimate objective is to contribute to the academic and policy discourse by offering actionable insights for fostering a more resilient, equitable, and sustainable agricultural future for Turkey.

2. MATERIALS AND METHODS
This study employs a quantitative, data-driven methodology to analyze the regional structure of Turkish agriculture. The analytical framework is designed to be reproducible and combines descriptive statistics with spatial analysis to reveal concentration patterns and temporal changes.
2.1. Data Sources
The core dataset is derived from the annual “Crop Production Statistics” published by the Turkish Statistical Institute (TurkStat). Data for the benchmark years 2015, 2020, and 2024 were compiled at the NUTS-1 regional level (12 regions: TR1 Istanbul, TR2 West Marmara, TR3 Aegean, TR4 East Marmara, TR5 West Anatolia, TR6 Mediterranean, TR7 Central Anatolia, TR8 West Black Sea, TR9 East Black Sea, TRA Northeast Anatolia, TRB Central East Anatolia, TRC Southeast Anatolia). The dataset includes sown area (hectares) and production quantity (tons) for six main crop groups: Cereals, Fallow, Fruits, Vegetables, Ornamental Plants, and Other Minor Groups. Data consistency was validated by cross-referencing aggregate national totals with publications from the Ministry of Agriculture and Forestry.
To contextualize the agricultural findings within ecological limits, supplementary data were incorporated:
· Water use and stress indicators from the State Hydraulic Works (DSI) reports and recent scientific studies, particularly focusing on groundwater level trends in critical basins like Konya (Erdogan et al., 2022).
· Climate data and projections from the Turkish State Meteorological Service and IPCC regional assessments (Türkeş, 2020; IPCC, 2022).
· Socio-economic and sustainability indicators from national surveys and international reports (World Bank, 2014; Seçer et al., 2019).
2.2. Analytical Tools and Calculations
1. Regional Concentration Ratio (CR₃):
This index measures the extent to which the total sown area or production of a specific crop group is concentrated in the top three producing regions. It is calculated as:
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Where the top three regions are ranked by their contribution to the national total for each crop group. A CR₃ value approaching 100 indicates extreme geographical concentration, while lower values suggest a more dispersed production pattern. This ratio helps distinguish between market/logistics-driven clustering (e.g., ornamental plants) and climate/ecology-driven distribution (e.g., fallow).

3. Regional Crop Pattern Profile:
For each NUTS-1 region, the percentage share of each major crop group within the region’s total agricultural area was calculated. This profile creates an “agricultural identity card” for each region, revealing its degree of specialization (e.g., monoculture vs. diversification) and primary economic orientation (subsistence, market, export).

4. Temporal Change Analysis:
Changes in national and regional crop patterns between 2015 and 2024 were examined by calculating percentage point changes in area shares. This allows for the identification of macro-structural trends, such as the decline of fallow or the rise of fruit cultivation.

5. Sustainability Risk Mapping:
By overlaying crop concentration data with water stress indices and climate vulnerability maps, regions of potential socio-ecological risk were identified. This integrative analysis aims to highlight where agricultural intensification may be approaching or exceeding local resource carrying capacities.

2.3. Graphical Presentation and Software
All statistical analyses, calculations, and data processing were performed using Microsoft Excel and Python (with pandas, numpy, and matplotlib libraries). This combination ensured accuracy, reproducibility, and the ability to generate high-quality visualizations (bar charts, trend lines, stacked area graphs) directly from the processed data.

3. FINDINGS AND DISCUSSION
3.1. A Synthesis Framework: Concentration and Identity
Turkish agriculture experienced a profound spatial and structural reorganization between 2015 and 2024. The dual analytical framework of concentration ratios and crop pattern profiles provides a powerful lens to dissect this transformation, revealing the coexistence of a modern, concentrated, high-value pole and a traditional, dispersed, subsistence-oriented pole.

3.2. Spatial Concentration of Product Groups: Market vs. Nature Dynamics
The geographical distribution of agricultural products is a function of both economic forces (market access, profitability) and biophysical constraints (climate, soil, water). Table 1, based on 2024 sown area data, illustrates stark differences in concentration levels.

Table 1. Degrees of Spatial Concentration of Product Groups in 2024 (Combined Share of Top Three Regions)
	Product Group
	Top 3 Regions (Code)
	Combined Share (%)
	Concentration Characteristic and Primary Determinant

	Ornamental Plants
	TR1, TR3, TR4
	92.7
	Very High (Market and Logistics-Oriented)

	Fallow Area
	TR7, TR5, TR8
	59.3
	High (Climate and Traditional System-Oriented)

	Fruit
	TR3, TRC, TR6
	58.1
	Medium-High (Climate and Investment-Oriented)

	Vegetables
	TR3, TR7, TR6
	40.6
	Dispersed / Balanced (Market and Climate)

	Cereals
	TR7, TR5, TR2
	40.4
	Dispersed / Strategic (Food Security)


Source: Based on calculations from TurkStat Crop Production Statistics (2024).



Figure 1. Comparative Geographical Concentration of Product Groups (2024)
(Visual note: A bar chart would display the CR₃ values from Table 1 in descending order, with a trend line showing the decline.)

The CR₃ analysis reveals a clear hierarchy of spatial clustering. The extreme concentration of ornamental plants (92.7%) underscores a production model utterly dependent on proximity to major metropolitan markets (Istanbul-TR1, İzmir-TR3) and export hubs, aligning with findings by Taşçıoğlu & Sayın (2005) on cut-flower logistics. Conversely, cereals and vegetables show balanced distributions (40%), reflecting their dual role as staple food security crops and their broader agro-climatic adaptability (Gürsoy, 2020). The high concentration of fallow (59.3%) in arid interior regions (TR7, TR5) is a direct indicator of persistent climatic constraints (low rainfall) and the endurance of traditional risk-management practices (Demiralay, 2010). The descending trend line in Figure 1 signifies that, overall, staple food production is more geographically diffused than high-value, perishable commodities-a pattern shaped by both policy (strategic dispersal for food security) and economics (cost of transportation vs. product value).

3.3.Agricultural Identity Cards of Regions: Specialization and Profile Comparison
The other side of geographical concentration is the internal crop patterns of regions themselves. Each region has developed a distinct "agricultural identity" based on its natural resources, historical accumulation, and economic orientation.






Table 2. Agricultural Crop Pattern Profiles of Selected Regions (2024, % Share within Total Agricultural Area)
	Product Group
	TR7 (Central Anatolia)
	TR6 (Mediterranean)
	TR1 (Istanbul)
	TRC (Southeastern Anatolia)

	Cereals
	57.1
	48.6
	28.8
	36.8

	Fallow
	28.0
	7.1
	0.03
	2.3

	Fruit
	4.0
	29.5
	0.02
	53.1

	Ornamental Plants
	0.0
	0.1
	66.6
	0.01


Source: Calculations based on TurkStat Crop Production Statistics (2024) data.


Figure 2. Regional Crop Pattern Comparison (2024)
Note: Figure 2 would be a grouped bar chart or stacked bar chart visualizing the profiles in Table 2.

· TR7 (Central Anatolia) – “The Cereal and Fallow Plain”: This region epitomizes Turkey’s traditional agricultural heartland under arid conditions. The profile (57.1% cereals, 28.0% fallow) highlights rain-fed cereal production and fallow as a vital risk buffer(Figure 2, Table 2). The negligible share of water-intensive fruits and ornamental plants reflects both climatic limitations and a slower pace of market integration. However, even here, the fallow share has decreased significantly since 2015, indicating the encroachment of intensification, often at the expense of groundwater resources, as documented in the Konya Closed Basin (Erdogan et al., 2022).
· TR1 (Istanbul) – “The Metropolitan Ornamental Hub”: With 66.6% of its agricultural area dedicated to ornamental plants, TR1 represents the purest form of market-proximity driven specialization. This monostructure is economically rational but denotes high vulnerability to urban expansion, labor costs, and shifts in metropolitan demand (Figure 2, Table 2).
· TRC (Southeastern Anatolia) – “The Rising Fruit Powerhouse”: The transformative impact of the Southeastern Anatolia Project (GAP) irrigation infrastructure is unmistakable (Benek, 2009). The dominance of fruit cultivation (53.1%) has redefined the region’s identity from subsistence grains to commercial export-oriented production(Figure 2, Table 2). The minimal fallow area (2.3%) signals a shift to perennial, intensive irrigation, which brings income growth but also severe sustainability challenges related to water over-extraction and soil salinity, as highlighted in regional water footprint assessments (Gültaş, 2024).
· TR6 (Mediterranean) – “The Diversified Climate Advantage Zone”: This region maintains a balanced and diversified portfolio (29.5% fruit, 48.6% cereals), leveraging its favorable climate for both high-value permanent crops and staple production(Figure 2, Table 2). This mixed model may offer greater resilience against market and climate shocks compared to highly specialized regions.

3.4.Decadal Macro Transformation (2015-2024): Three Major Structural Trends
The crop pattern within the total agricultural area across Turkey underwent deep structural shifts throughout the 2015-2024 period. These shifts are macro-level reflections of agricultural policies, market demands, and technological change.

Table 3. Change in the Structure of Crop Patterns within Turkey's Total Agricultural Area (2015-2024, % Share)
	Product Group
	2015 Share (%)
	2024 Share (%)
	Change (Percentage Points)

	Cereals
	65.4
	62.7
	-2.7

	Fallow
	17.1
	10.9
	-6.2

	Fruit
	13.6
	15.7
	+2.1

	Vegetables
	3.9
	4.7
	+0.8


Source: Calculations based on TurkStat Crop Production Statistics (2015, 2024) data. (Note: Shares are relative to total agricultural area; other minor groups are not shown in the table.)

The national-level data reveals three intertwined structural shifts defining the decade:
1. The Dramatic Collapse of Fallow: The 6.2-point reduction is the most potent indicator of agricultural intensification. It signifies the widespread adoption of irrigation, increased chemical input use, and the abandonment of traditional soil-moisture conservation practices. While boosting annual production, this loss of fallow threatens long-term soil health and ecosystem services (Çelik, 2016).
2. The Pronounced Rise of Fruit: The 2.1-point expansion of fruit orchards demonstrates a clear economic reorientation towards higher-value, exportable, and perennial crops. This is a direct response to market incentives and public investments in irrigation, particularly in regions like TRC.
3. The Relative Contraction of Cereals: Although cereal area remains vast in absolute terms, its 2.7-point relative decline confirms that agriculture is diversifying. The growth of other sectors has outpaced that of cereals, reflecting a gradual, if incomplete, shift in national agricultural priorities towards higher-value markets.

3.5. Sustainability and Socio-Ecological Risks in the New Agricultural Geography
The observed structural trends, while indicative of modernization, are generating significant sustainability dilemmas.

Water Resource Pressure: The shift away from fallow and toward irrigated fruits and vegetables has dramatically increased agricultural water demand. In regions like TR7 (Konya Basin), satellite-based studies show groundwater tables are falling at alarming rates due to unsustainable extraction for irrigation, threatening the viability of agriculture itself (Erdogan et al., 2022). The expansion in TRC, while supported by surface water from GAP, risks salinization and could be jeopardized by recurring droughts and upstream water politics, with water footprint analyses indicating high stress (Gültaş, 2024).

Climate Change Vulnerability: Current specialization patterns are based on historical climate norms that are rapidly changing. Increased frequency of extreme heat, frost, and erratic rainfall poses direct threats to yield stability in specialized fruit (TRC, TR6) and vegetable regions (Türkeş, 2020). The IPCC (2022) warns that the Mediterranean Basin, including key Turkish agricultural regions, is a climate change hotspot, implying that climate change may force a costly and disruptive geographical restructuring of production in the coming decades.

Socio-Economic Dimensions and Sustainability Challenges: Regional specialization has amplified income disparities and created distinct sustainability challenges. Farmers in high-value fruit and ornamental hubs typically earn significantly more than those in cereal-fallow systems, potentially accelerating rural out-migration from less favored areas (World Bank, 2014). Furthermore, the pursuit of intensification often overlooks long-term sustainability. Studies point to significant obstacles in adopting sustainable practices in Turkey, including knowledge gaps, high initial costs, and inadequate policy support, which hinder the transition to a more resilient agricultural model (Seçer et al., 2019). This underscores the need for policies that address not only ecological but also social and institutional barriers to sustainability.

4. CONCLUSION AND POLICY RECOMMENDATIONS
The 2015–2024 period marks a definitive structural break in Turkish agriculture, characterized by intensification, market integration, and rising regional specialization. While this transformation holds promise for increased productivity and farm incomes, it is unfolding against a backdrop of severe ecological constraints and growing climate risks. The sustainability of this new agricultural model cannot be taken for granted.

Future Scenarios and the Imperative for Balanced Transition
The analysis points to three plausible future trajectories:
· Scenario A (Uncontrolled Intensification): Continuation of current trends leads to resource depletion (water, soil) and ecosystem collapse in critical regions, as evidenced by falling groundwater levels in the Konya Basin (Erdogan et al., 2022).
· Scenario B (Smart Specialization & Balance): A managed transition where high-value production is pursued within strict ecological boundaries using sustainable practices and smart water management (Gültaş, 2024; Çelik, 2016).
· Scenario C (Climate-Forced Restructuring): Reactive, costly shifts in production geography driven by acute climate impacts, as projected for the vulnerable Mediterranean basin (IPCC, 2022; Türkeş, 2020).

Scenario B is the only sustainable pathway. To achieve it, a multi-stakeholder, policy-driven approach is essential. The following recommendations are structured by key actors:
For Policymakers (National & Regional Governments):
· Implement Basin-Based Smart Specialization Plans: Mandate that regional crop patterns align with the renewable water capacity of each hydrological basin. Legislate restrictions on planting high water-consuming crops in stressed basins, using scientific assessments as a basis (Gültaş, 2024).
· Promote Sustainable Intensification Practices: Scale up support for “Smart Fallow” (using cover crops for soil improvement instead of bare fallow), conservation agriculture, and precision irrigation through substantial subsidies and extension services, addressing the adoption obstacles identified by Seçer et al. (2019).
· Develop Robust Climate Adaptation Frameworks: Establish and fund crop insurance schemes tied to sustainable practices, create early warning systems for droughts/pests, and invest in R&D for drought/heat-resistant crop varieties suitable for Turkey's changing climate (Türkeş, 2020).

For Farmers and Agricultural Cooperatives:
· Adopt Water-Saving Technologies: Transition to drip irrigation and soil moisture monitoring to enhance water productivity and reduce pressure on scarce resources.
· Diversify Farm Enterprises: Integrate agroforestry, beekeeping, or organic production to build economic and ecological resilience, moving beyond monoculture systems.
· Engage in Data-Driven Farming: Utilize available tools for better input management, aligning farm practices with both market signals and environmental limits.

For Researchers and Academia:
· Conduct Integrated Sustainability Assessments: Develop models that couple economic, hydrological, and climate data to identify sustainable cropping systems, building on studies of soil and water management (Zdruli et al., 2010).
· Strengthen Research on Climate-Resilient Crops and “Smart Fallow” systems suitable for Turkish conditions.
· Bridge the Knowledge-Practice Gap: Study and address the specific socio-economic and institutional barriers that prevent the adoption of sustainable practices among Turkish farmers (Seçer et al., 2019).

For the Private Sector and Investors:
· Invest in Sustainable Value Chains: Develop and market products from sustainably certified farms, creating market incentives for good practices.
· Promote Contract Farming Models that guarantee fair prices for farmers while requiring adherence to sustainable practice protocols.

Final Synthesis
The dynamism of Turkish agriculture is undeniable. However, its future success will be measured not by production figures alone, but by its ability to evolve into a system that is productive, profitable, and sustainable. This requires a conscious departure from the “business-as-usual” intensification model toward a knowledge-based, ecologically balanced, and socially inclusive paradigm. The 2015-2024 data provides both a warning and a roadmap; the choices made in the coming decade will determine the resilience of Turkey’s agriculture and rural communities for generations to come.
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