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Summary 

The overall aim of this graduation thesis is to analyze the controversial scientific debate 

on organic agriculture’s environmental performance in terms of public good provisioning. 

The thesis is composed of six chapters, which are summarized in the following.  

Chapter 1 briefly describes developments in agricultural production and its environmental 

impacts and introduces central concepts. Scientific controversies about environmental 

performance assessments of organic agriculture are identified with a focus on underlying 

reference units (RUs) and lay ground for the two research objectives: (i) classify lines of 

argumentation in the scientific debate and identify controversy hotspots; (ii) identify and 

analyze argumentation related to RUs.  

Chapter 2 provides more detailed information on the nexus between agricultural 

production, environmental impacts (climate change, biodiversity loss, water degradation) 

and the provision of public goods related to organic agriculture. 

Chapter 3 shows the procedure of the systematic database literature search, which was 

supplemented by a web-based search to obtain the scientific publications under study 

(total cases n=93). It explains how the method of qualitative content analysis is used to 

pursue the research objectives. Also, a scheme for delineating argumentative structures 

within the data is presented. 

Chapter 4 presents the results of my research. The first part elaborates that debates on the 

comparative environmental performance of organic agriculture primarily revolve around 

two main lines of argumentation: (i) focus on lower yields and the associated 

insufficiency of organic systems to provide the agricultural products demanded by a 

growing world population without expanding the farmed area; (ii) focus on lower 

productivity related to land use change (LUC) and the effects on various environmental 

dimensions. Reviews of the empirical evidence on both yield gaps and leakage effects are 

included. Debates are traced back to the central criticism of lower yields in the context of 

output-based environmental assessments. The second part examines the decisive 

influence of and the justifications for RUs in environmental impact assessments. The role 

of policy and research objectives and value-based assumptions is shown. Further, the 

overall polarized argumentation regarding RUs is described as an argumentative 

deadlock. 
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Chapter 5 contextualizes the key findings and zooms out on paradigmatically opposed 

approaches to agricultural sustainability and related frames and narratives. Focus is put 

on the concepts of ‘resource sufficiency’ and ‘functional integrity’ and production-based 

narratives. Limitations of the research are addressed.  

Chapter 6 concludes on the key findings of the thesis, emphasizing that the choice of a 

RU within the ambiguous debates is both an implicit operationalization of agricultural 

sustainability and a way of framing it. Prospects for future research efforts are derived, 

including closing research gaps, adopting new forms of knowledge creation, and 

reframing binary debates while disclosing normative aspects. Finally, a brief outlook on 

the scientific assessment of agri-food systems is provided. 
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1 Introduction 

It is common sense that agriculture primarily pursues the central societal need of food 

production. The historically rising and increasingly complex demand for food and other 

agricultural produce went hand in hand with a major leap in productivity, especially in 

the second half of the twentieth century when agriculture was substantially intensified 

(Gomiero et al. 2011b). Central contributing factors leading to this rising productivity 

were the application of synthetic fertilizers and pesticides, mechanization of agriculture, 

irrigation techniques and newly developed high-yielding crop varieties (Pingali 2012). 

However, not only demand has influenced agricultural production but also increased 

global trade and advanced transportation and communication technology have shown to 

change agricultural systems (Knudsen et al. 2006). Overall, these developments have 

more than doubled the productivity of the main agricultural crops on average and 

increased that of some cereals even four to fivefold (Gomiero et al. 2011b). Although 

food production has largely met demand over the last half century, hunger is on the rise 

again and over 800 million people are still undernourished or lack sufficient nutrients; at 

the same time, overweight and obesity are increasing rapidly in all countries, leading to a 

triple burden of malnutrition (HLPE 2017, 2018; Ingram 2020).  

In addition, the outlined development has extended the scope of agricultural production 

far beyond the provision of food and other produce, and today includes numerous 

environmental and resource-related challenges. Such challenges increasingly gain 

traction in science and policy arenas, not least because of the overarching debate on 

climate change and its socio-ecological consequences (IPCC 2019). The environmental 

and resource-related problems at hand are twofold. On the one hand, agricultural 

production has a considerable impact on ecological and climatological processes at the 

global level, as previous developments towards intensification have often been (and still 

are) accompanied by adverse environmental effects (Clark and Tilman 2017). In a widely 

recognized article, Foley et al. (2011) identified agriculture’s global environmental 

impacts, including greenhouse gas (GHG) emissions, habitat loss, soil and water 

degradation, freshwater withdrawal and disrupted nitrogen (N) and phosphorus (P) 

cycles. Accordingly, in the case of Germany, a recent report by the German Federal 

Environment Agency identified climate change, biodiversity loss and anthropogenic 

interference in the N cycle as main causes of environmental damage from agriculture 

(Baumgarten et al. 2018). On the other hand, the environmental degradation is aggravated 
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by the fact that both the expansion and intensification of global agriculture is limited by 

planetary boundaries (Rockström et al. 2009; Steffen et al. 2015). Critical resources such 

as water, arable soils, raw materials and nutrients are finite and become increasingly 

scarce under the prevailing modes of production (Ekins et al. 2016; Lutter et al. 2016; 

FAO 2016, 2017).  

All the adverse environmental impacts indicated above can be referred to as ‘(negative) 

externalities’ or synonymously ‘(negative) external effects’ in the realm of resource 

economics. Perman et al. (2009) provided the following definition: “An external effect, 

or an externality, is said to occur when the production or consumption decisions of one 

agent have an impact on the utility or profit of another agent in an unintended way, and 

when no compensation/payment is made by the generator of the impact to the affected 

party” (p. 134). In other words, agricultural production can cause negative externalities, 

such as GHG emissions or water pollution, which are to the detriment of a society, e.g. 

individual or business costs through climate change impacts or public spending for water 

treatment. One could think of describing such outcome as ‘public bads’ (cf. Plankl et al. 

2010; Jones et al. 2015). Conversely, the concept of public goods is a means of describing 

positive environmental outcomes that are socially relevant and not provided by any 

market (Perman et al. 2009). Therefore, in the context of agricultural production, which 

occurs in agroecosystems and thus depends on natural resources, the provision of 

additional ecosystem services (ES) along food and other produce benefits the 

environment (locally and globally), the sustainability of food systems and the resilience 

of involved actors (Augstburger et al. 2019). Due to these far-reaching impacts agriculture 

has today, its scope of responsibility therefore increasingly extends beyond the mere use 

of resources for production towards safeguarding resources for society as a whole and 

thus to the provision of several public goods (Pe'er et al. 2019). 

The increasing understanding of the linkages between agricultural production, 

environmental degradation and human diets gives rise for numerous authors and evidence 

to call for radical changes in how we produce and consume food, meaning an urgent and 

profound transformation of food systems (Horton 2017; Caron et al. 2018; Caron 2020). 

Such calls include achieving sustainable agricultural, i.e. its capacity to meet the needs of 

current and future generations (Caron et al. 2014), in line with the globally agreed-upon 

Sustainable Development Goals (SDGs) by the United Nations (UN 2015).  
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In the light of increasing environmental damage, organic agriculture, which according to 

the International Federation of Organic Agriculture Movements particularly aims at 

developing sustainable agriculture, has constantly evolved over the last decades (IFOAM 

2020). Especially in western industrialized nations, organic agriculture has developed as 

explicit criticism of  intensive conventional practices, which are commonly associated 

with environmental damage (Halberg et al. 2006). The provision of several public goods 

can therefore be considered as a main focus of organic agriculture (Niggli 2015). Today, 

organic agriculture is politically promoted and publicly perceived as an environmentally 

friendly farming system (Meemken and Qaim 2018). This general view has been 

supported by numerous studies that identified environmental benefits of organic 

agriculture (e.g., Stolze 2000; Halberg et al. 2006; Gomiero et al. 2011b; Niggli 2015; 

Reganold and Wachter 2016a; Eyhorn et al. 2019). 

However, the environmental performance of organic agriculture has been the subject of 

intense debate within the scientific community and criticism has been raised regarding its 

environmental benefits (e.g., Badgley et al. 2007a; Kirchmann et al. 2008; Mondelaers et 

al. 2009; Noleppa 2016; Clark and Tilman 2017; Müller et al. 2017; Connor 2018b; 

Meemken and Qaim 2018). Aspects debated particularly controversial include the lower 

average yields of organic compared to conventional agriculture, i.e. yield gaps (cf. 

Halberg et al. 2006; Ponti et al. 2012; Seufert et al. 2012; Ponisio et al. 2015); potential 

LUC-related environmental damage resulting from lower productivity, i.e. leakage effects 

(cf. Tuck et al. 2014; Searchinger et al. 2018; Kirchmann 2019; Smith et al. 2019); and 

the question of whether environmental impacts from agriculture should be assessed per 

unit area or per unit output, i.e. the adequate choice of reference units (RUs) (cf. Niggli 

2015; Kirchmann et al. 2016; Ponisio and Kremen 2016; Seufert and Ramankutty 2017; 

Sanders and Heß 2019). The underlying RUs play a central role in this context because 

they can be understood as a means of representing the socio-environmental performance 

of agriculture, i.e. the provision of various public goods, and can therefore significantly 

influence research results and their interpretation (Sanders and Heß 2019). For example, 

GHG emissions of a farm, agricultural region, or farming system can be expressed per 

unit output (CO2eq per kg yield) or per unit area (CO2eq per ha); the former mode of 

assessment might favor highly productive, input intensive systems and the latter might 

favor lower productive systems less dependent on external inputs.  
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Examining the above illustrated perspectives, it becomes evident that there are competing 

and controversial scientific findings concerning the assessment of environmental impacts 

of agriculture, particularly organic agriculture. While it seems clear that a way must be 

found to address both food production targets and environmental challenges in agriculture 

in order to achieve SDGs such as ‘zero hunger’, ‘climate action’ or ‘life on land’, potential 

answers to the question of how to achieve this are heavily contested (Eyhorn et al. 2019; 

Pe'er et al. 2019). In the light of far-reaching and resource-related policy decisions within, 

for example, EU’s Common Agricultural Policy (CAP) (Pe'er et al. 2019), clear scientific 

advice seems particularly important. Despite the controversies at hand being no uncharted 

territory – the question in which cases it is appropriate to relate environmental impacts to 

the output and when to the area has already been raised twenty years ago (Geier 2000) –

heterogeneity in scientific findings seems to have persisted to date. It can therefore be 

assumed that the scientific community has to some extent failed to give clear advice to 

policy makers on the role alternative ways of farming such as organic agriculture can play 

in addressing the socio-environmental challenges ahead (Haller et al. 2020).  

Against this background, the primary aim of this thesis is to investigate the above-

introduced scientific heterogeneity by synthesizing and retracing the scientific debate on 

environmental performance of agriculture, particularly organic agriculture, in the context 

of public good provisioning. My research intends to disentangle the debate under 

investigation in order to contribute to the broader discussion on the role of organic 

agriculture for solving the environmental and resource policy challenges of agriculture 

and to determine possible recommendations for future research efforts. The broadly 

termed research aim will be pursued by means of the following research objectives:  

i. Classification of the different lines of argumentation related to organic 

agriculture’s environmental performance in scientific publications and relating 

them to each other. Here, the identification of particularly contentious points of 

discussion and publications within the debate will be focused on. As can be 

assumed from the first examination of the literature, the aspects of yield gaps and 

leakage effects play a central role in the debate and therefore deserve a detailed 

revision. 

ii. Identification of the justifications for (and utilization of) RUs in the literature 

related to environmental performance assessments of organic agriculture and 

relating them to the overall debate under investigation.  
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To gain a sufficient understanding of the debate on the provision of public goods by 

agriculture and its various impacts on the environment, it is useful to first consider some 

of the underlying agri-environmental relations. The following chapter therefore moves on 

to provide some fundamental information on the nexus between agricultural production, 

environmental impacts, the provision of public goods and the role of organic agriculture 

within it. 
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2 Agricultural production, environmental impacts and public 

goods  

2.1 Development of agricultural production  

The development of productivity over the last sixty years can be illustrated using the 

trajectories of both the outputs of (Figure 1) and the inputs to (Figure 2) agricultural 

systems. 

 

Figure 1: Annual cereal yield [t/ha] in Germany, France, USA and China  from 1961-2018 (FAO 2020). For 
underlying calculations, see Supplementary Table 1 (Appendix 1) (own illustration). 

 

Figure 2: Annual total fertilizer (1961-2017) and pesticide (1990-2017) use per cropland in Germany (FAO 
2020). For underlying calculations, see Supplementary Table 1 (Appendix 1) (own illustration). 
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Figure 1 shows the global trend of continuously increasing average cereal yield in the 

period from 1961 to 2018. Besides Germany, trajectories are shown for France as largest 

European agricultural producer, the USA as largest Western producer and China as largest 

producer worldwide since the mid-1980s (all in terms of total cereal production quantity 

according to FAO (2020)). Cereal yield is measured as tons (t) per hectare (ha) of 

harvested land and serves as a proxy for the output development in staple agriculture (cf. 

McArthur and McCord 2017). Although not a focus here, it should be mentioned that 

from a global perspective, yield variations among countries – especially between top 

decile and bottom decile producers – are very wide, which not always can be ascribed to 

agro-ecological differences but also to differences in socio-economic and policy 

environments (Alexandratos and Bruinsma 2012).  

Following on from this, Arneth et al. (2019) found in the IPCC special report on climate 

change and land that the rapid intensification of land use (LU) has contributed 

significantly to the globally observed increase in cereal crop production. Accordingly, the 

authors showed a large increase in total fertilizer application worldwide and explained it 

by both higher fertilizer application per ha and the expansion of crop- and grassland under 

fertilization, i.e. replacing natural ecosystems by areas for agricultural use (Arneth et al. 

2019). In the case of Germany, however, wheat production has more than doubled 

between 1980 and 2013 while in the same time the area used for cultivation1 did not 

increase to a significant extent (Lutter et al. 2016), which emphasizes the general upward 

trend in productivity (Figure 1). 

Figure 2 shows both total fertilizers use, and pesticide use per cropland in Germany. 

Regarding fertilizers it becomes clear that consumption in Germany grew rapidly in the 

1960s and 1970s, then flattened off in the 1980s and subsequently decreased again. A 

slowdown in fertilizer consumption since the 1980s has been observed throughout Europe 

and was mainly due to reduced government support for agriculture and growing concerns 

about environmental impacts (Knudsen et al. 2006). The steep decline in fertilizer use in 

the beginning of the 1990s can be explained by the slump in agriculture in Germany’s 

eastern federal states following reunification (Wegener and Theuvsen 2010; Werner 

2017). The use of pesticides per cropland area shows a clear upward trend since the 1990s 

 

1 Generally, the cropland share in total German land area has been almost constant throughout the last 

decades, descending from 36.4 % in 1961 to 34.3 % in 2017 (FAO 2020). 



 

8 

 

(earlier data were not available) and has increased considerably as the treatment of pests 

and diseases, both in plants and livestock, has become increasingly important to safeguard 

investments in agricultural production (Knudsen et al. 2006).   

In addition, agriculture in Germany has been undergoing profound structural change for 

decades, i.e. fewer and fewer farms are managing increasingly large areas per farm with 

less labor and increasing capital input, which is frequently considered problematic 

(Nowack et al. 2019) (Figure 3a,b).  

 

Figure 3: Key figures of agricultural structural change in Germany: farm size structures (1994 to 2018) 
(Figure 3a) and employees and capital intensity (1991 to 2016) (Figure 3b). Data in the years with * refer 
to the former territory of Germany (modified according to Nowack et al. (2019)). 
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2.2 Environmental impacts  

Today, there is a wide array of scientific studies on negative environmental effects of 

agriculture (e.g., Stolze 2000; Gomiero et al. 2011a; Clark and Tilman 2017; Baumgarten 

et al. 2018; Balmford et al. 2018; Arneth et al. 2019). As indicated in the introduction, 

Foley et al. (2011) concluded that global trends in both expansion and intensification of 

agriculture are decisively driving climate change, biodiversity loss and the depletion of 

critical ES. In Europe, the ecological consequences of intensified agriculture were already 

visible twenty years ago and were largely due to simplified, high input arable systems 

(Stoate et al. 2001). While agricultural production is accompanied by many on and off-

farm environmental impacts, some of them are particularly present in the scientific 

literature and will be explained below specifically in the German context. 

 

2.2.1 GHG emissions  

According to estimates by the UBA, German agriculture emitted 65.2 million tons of 

carbon dioxide equivalents (CO2eq) in 20162, which represented around 7.2 % of total 

GHG emissions in Germany. The main contributors to emissions of climate relevant gases 

are: i) methane (CH4) emissions from livestock farming and the storage and application 

of fertilizers (liquid and solid manure) and ii) nitrous oxide (N2O) emissions from 

agricultural soils, partly as a result of N fertilization. The fact that both CH4 and N2O are 

much more potent GHGs than CO2, thus is particularly important for climate change 

mitigation options in agriculture (Baumgarten et al. 2018).  

While the figure for Germany may seem relatively small, GHG emissions from 

agriculture have a higher magnitude on a global scale. Foley et al. (2011) stated that 

agriculture accounted for 30-35 % of global GHG emissions, mainly because of tropical 

deforestation, CH4 emissions from livestock and rice cultivation and N2O emissions from 

fertilized soils; making food production the single largest direct and indirect driver of 

climate change. Worldwide, it is estimated that agriculture is the direct cause of about 

80 % of global deforestation; in the case of Latin America with its globally relevant 

Amazon biome (Suarez et al. 2015), commercial agriculture accounts for around two 

 

2 Not included in this figure: GHG emissions from i) fuel consumption in agricultural machinery and 

vehicles, ii) intermediate inputs (e.g., fertilizer production) and iii) energy consumption in agriculture. GHG 

emissions from agricultural LU and LUC (e.g., uprooting of grassland and fenland)  are also reported in 

separate sectors (Baumgarten et al. 2018). 
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thirds of deforested area (Kissinger et al. 2012). Such areas are often used for oilseed 

cultivation like soy products which are increasingly produced for international markets 

(Kissinger et al. 2012). In Germany, particularly meat production is based on imports of 

protein-rich animal feeds such as soybeans and soy meal, mainly from North and South 

America (Foley et al. 2011; Baumgarten et al. 2018). This illustrates the global 

interconnectedness of LUC-associated GHG emissions, which are sometimes referred to 

as virtual land trade (cf. Baumgarten et al. 2018). 

 

2.2.2 Biodiversity 

Another critical area of influence within agriculture is the biodiversity. As described by 

Schader et al. (2012), biodiversity can be described according to four different levels: i) 

diversity within species (genetic diversity), which enables species to adapt to changing 

environments; ii) species level (encompassing faunal and floral diversity), i.e. which 

species of a selected group such as birds or plants occur in a certain area; iii) regional 

diversity of habitats and ecosystems in which species live; iv) ecosystem functions, which 

describe services delivered by functioning natural systems to humans. 

Functioning ecosystems are an important basis for human life and depend on a large 

diversity of animal and plant species, which in turn is closely linked to habitat and 

landscape diversity. Being the largest land user in Germany3, agriculture therefore has an 

enormous influence on terrestrial biodiversity (as well as on aquatic biodiversity, see 

section below) (Baumgarten et al. 2018). There is large consensus in the scientific 

literature that the above described trends in agricultural expansion and intensification 

contribute to an overall decline of biodiversity in plants, insects and birds (cf. Benton et 

al. 2002; Bengtsson et al. 2005; Garnett et al. 2013a; Hallmann et al. 2017). The 

agricultural use of plant protection products such as insecticides, herbicides or growth 

regulators is a major factor influencing the decline of, e.g., field bird species and flower 

pollinators (Baumgarten et al. 2018).  

 

3 According to the German Federal Office of Statistics, 50.8 % (18,162,493 ha) of German land area 

(35,758,154 ha) was used by agriculture in 2018 (Destatis 2019). 
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2.2.3 Water degradation  

Furthermore, nutrient loadings from agriculture are a major driver of surface water and 

groundwater pollution with far reaching consequences, e.g., restricted water use for 

drinking, harmful algal blooms, decreasing aquatic biodiversity and degraded coastal 

ecosystems (Tilman et al. 2001; Withers et al. 2014). Of central importance here is the 

process of eutrophication which occurs due to excess nutrient enrichment in water bodies. 

Drainage water from agriculture which often contains relatively high concentrations of P 

and N – mainly due to intensive fertilizer use and livestock intensification in 

industrialized agriculture (Rockström et al. 2009) – accelerates the nutrient input to inland 

and coastal waters (Khan and Mohammad 2014; Withers et al. 2014). In Germany, 

especially north western regions of the country are affected by high area balance N 

surpluses (i.e., excessive nutrient input relative to nutrient removal on a given area) which 

correlates with high livestock density in the same regions (Baumgarten et al. 2018). 

Drawing a broader picture, the above-mentioned examples can be extended with impacts 

of agriculture in the areas of soil protection, contamination prevention (through plant 

protection products or medicine use in livestock (Grenni et al. 2018)), animal welfare and 

landscape quality (Niggli et al. 2009b). 

General remarks on the life cycle assessment (LCA) method and the link between 

environmental indicators and RUs 

In general, when evaluating the environmental impact of agriculture a variety of methods 

can be used as decision support tools (van der Werf et al. 2007). The method of LCA is 

one of them. According to Geier (2000), the discussion about negative and positive 

environmental impacts of agriculture resulted in the development of various scientific 

evaluation approaches beginning in the 1980s. The high demand for ecological 

assessment concepts for agriculture then led to an increasing application of the LCA 

method with agricultural reference in the 1990s, whereby its original field of application 

is industrial production. The further development of the product-based LCA method 

under consideration of agricultural requirements took place in the following years (Geier 

2000; Haas et al. 2000; van der Werf et al. 2020). Today, LCA is the most widely used 

method to assess environmental impacts of agricultural products (van der Werf et al. 

2020). However, the scope of LCA studies exceeds environmental impacts of certain 

agricultural products and includes considerations on farming systems as a whole, i.e. 

comparative LCA of agricultural production systems (Hayashi et al. 2005).  
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Moreover, it should be noted here that the choice of RUs, i.e. output unit or area unit, is 

directly related to the choice of environmental indicators used for benchmarking different 

agricultural production systems. In general, many environmental indicators (e.g., the 

amount of emitted GHG) can be area-based and/or product-based. The question of which 

RU to choose is therefore inherently linked to the question of which indicators to focus 

on when evaluating a farming system’s sustainability (Rigby and Cáceres 2001; Halberg 

et al. 2005; Mondelaers et al. 2009). 

 

2.3 Provision of public goods and the role of organic agriculture  

2.3.1 The concepts of public goods and common-pool resources 

It becomes clear from the above that besides providing food and other commodities, i.e. 

private goods, agricultural production increasingly contributes to the state and provision 

of public goods at both global and regional levels, e.g. agricultural landscapes, farmland 

biodiversity, soil functionality, water quality and availability, climate stability etc. 

(Cooper et al. 2009).  

In resource economics, public goods are commonly characterized as non-rivalry and non-

excludable (Perman et al. 2009). Some naturally renewing resource systems exhibit such 

characteristics, e.g. the composition of earth’s atmosphere or water resource systems, and 

are therefore considered public goods (Perman et al. 2009). However, since the 

characteristics of non-rivalry and non-excludability of public goods are influenced by 

their biophysical character, both can be exhibited to almost any degree, i.e. all public 

goods are situated along a continuum of ‘publicness’ (Cooper et al. 2009). Meaning that 

non-excludability can be influenced through technical exclusion mechanisms, often 

associated with high costs, and non-rivalry can fall victim to congestion effects, i.e. above 

a certain intensity of use the value perceived by individual users is depleted (Cooper et 

al. 2009). In addition to the biophysical characteristics, the degree of publicness of a good 

depends on the institutional framework in place, especially the distribution of property 

rights (Plankl et al. 2010). These relationships are shown in Table 1.  
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Table 1: Classification of goods according to their degree of publicness (modified according to Cooper et 
al. (2009)). 

Degree of publicness 

Low Medium High 

Private good Club good Impure public good  Pure public good 

Rival Non-rival for a small 

user group 

Non-rival Non-rival 

Excludable Excludable Excludable only at 

high costs, high risk 

of congestion 

Non-excludable, 

certain degree of 

congestion possible 

Examples:  

- Wheat 
- Timber 

Examples: 

- Private parks 

Examples: 

- Public access 
to farmland 

- Landscapes 

Examples: 

- Stable 
climate 

- Biodiversity 

- High air 
quality 

 

When considering agricultural production and the natural resource systems it depends on 

and influences at the same time, it becomes clear that the concept of pure public goods is 

rather a theoretical consideration. Even such public goods with a high/global degree of 

publicness such as a stable climate can be subject to overuse, as becomes evident in the 

accumulation of GHGs in the atmosphere (Cooper et al. 2009), to which global agriculture 

contributes significantly (cf. Chapter 2.2.1); and which will further be aggravated by 

increasing depletion of resource system’s regenerative capacity through human activity 

(Rockström et al. 2009; Steffen et al. 2015). 

Most resource systems relevant from the perspective of agricultural production should 

therefore be considered in a more technical sense as common-pool resources (CPRs) 

(equivalent to impure public goods in Table 1) (Ostrom 2008), since their use is not 

indefinite, although their scarcity may not be immediately apparent at a local or regional 

scale. As noted by Augstburger et al. (2019, p. 4), “The definition of a resource system 

as a CPR refers to its use and management. CPRs are used by more than one actor, and 

the use is rivalrous. Traditionally, CPRs have been described as natural resources that are 

used by a small group of actors (e.g., a pasture used by a group of pastoralists […])”. 

Accordingly, in the context of agriculture, CPRs have been managed historically through 

common property institutions, while today, “agroecosystems and their links with the 
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larger ecological environment and cultural landscape ecosystems are managed through 

state, private and common property regimes” (Augstburger et al. 2019, p. 2).  In addition, 

the term ‘global commons’ indicates “that CPRs can also be large, even global, resource 

systems that are used by a large number of people. (Augstburger et al. 2019, p. 4). For 

example, the atmosphere, biodiversity, or food systems can all be considered CPRs or 

global commons (ibid.). However, as the analyzed scientific debate has been found to 

mostly refer to such resources simply as public goods, this term – with the remark on 

technical inaccuracy made here – is also used in this thesis.  

While the public goods concept is well established in economic theory (Cooper et al. 

2009), the economic perspective on public good provisioning and negative environmental 

externalities from agricultural practice is a relatively new and challenging one due to the 

interdisciplinary nature of such analyses (Treu and Sanders 2019). Thus, it is very difficult 

to determine the environmental and economic cost associated with negative 

environmental externalities from agriculture from the perspective of resource economics 

(Dabbert 2003). Moreover, the value of non-market public goods to a society is hard to 

approximate and barely reflected in prices for agricultural commodities (Maredia and 

Pingali 2001; Eyhorn et al. 2019). Hence, to prevent undersupply of public goods in cases 

where market incentives are not sufficient to ‘produce’ them, policy regulations aim at 

their provision through, e.g. biodiversity and water protection measures within EU’s 

common agricultural policy (CAP) (European Commission 2017).  

 

2.3.2 The role of organic agriculture 

One concrete policy measure aiming at reducing negative environmental impacts from 

agriculture in the EU is the promotion of organic agriculture (BMEL 2020). For instance, 

a study tailored to the Danish context by Jespersen et al. (2017) found that organic 

agriculture has the potential to contribute to a range of public goods and thus can be a 

valuable policy instrument.  

Partly as a result of political promotion the turnover for organic products in Germany has 

nearly doubled over the last decade and additionally, the government’s goal of 20 % of 

agricultural land to be farmed organically is set to be reached by 2030; yet the share of 

organically managed area accounted for some 9 % of the total utilized agricultural area 

in 2018 (BMEL 2020). Being not a German phenomenon, the growing organic sector can 



 

15 

 

be observed globally and is reflected in both sales and organically managed land area 

(Figure 4). 

 

Figure 4: Increasing global sales and increasing global land area under organic production (Reganold and 
Wachter 2016a). 

 

Accordingly, the scientific interest in organic agriculture’s ability to provide public goods 

has evolved, resulting in a wide range of literature on positive environmental effects of 

organic agriculture (Niggli 2015). Niggli (2015) recognized that “most publications 

address the positive effects of organic farming on soil fertility, biodiversity maintenance 

and protection of the natural resources of soil, water and air” (p. 83). These positive 

effects or avoided negative externalities are commonly associated with the basic 

principles of organic agriculture which Müller et al. (2017) briefly described as refraining 

from using synthetic fertilizers and pesticides, promoting crop rotation and focusing on 

soil fertility and closed nutrient cycles (a detailed overview of regulations for and 

principles of organic agriculture are provided in Seufert et al. (2017) and IFOAM (2020), 

for example). 

The wide range of literature includes both national and global level studies as well as 

several reviews and meta-analyses which have supported the general view that organic 

agriculture is more environmentally beneficial than conventional agriculture through 

findings such as greater soil carbon levels, higher soil quality and less soil erosion, greater 
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plant and faunal as well as habitat and landscape diversity, and generally lower nutrient 

pollution (Reganold and Wachter 2016a). Nevertheless, the role of organic agriculture in 

the context of environmental impacts and public good provisioning has been subject of 

intense debate and criticism in the scientific realm as indicated in the introduction. Studies 

that relativize the environmental benefits of organic agriculture have also recently found 

resonance in public media, e.g. Smith et al. (2019) in Doherty and Oliver (2019) or 

Meemken and Qaim (2018) in Spiegel Online (2020). The following chapters move on to 

elaborate in further detail the controversies within the scientific debate.  
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3 Material and methods 

3.1 Systematic literature search 

The first step in working on the research objectives derived above was a systematic 

literature search which aimed at opening the field of research on environmental 

performance in agriculture, especially organic agriculture. Thus, all relevant publications 

contributing to examine the role and influence of agriculture on the provision of public 

goods as described above should be identified and therefore form the central object of 

analysis in this thesis.  

The scientific online database Scopus was initially used to identify relevant studies. After 

refinement of key terms and test inquiries in Scopus, the search string was defined 

(Appendix 2). The applied search string was not restricted to specific areas of 

environmental performance (e.g., water protection, biodiversity, etc.) as the interest in 

knowledge was focused on arguments related to RUs underlying the different areas of 

performance. Furthermore, it was assumed that the occurrence of the term ‘yield’ is a 

strong indicator for the relevance of a publication for the object of investigation, since 

studies which do not consider yield in any form presumably do not reflect on the question 

how to comprehensively assess environmental performance in agriculture. In addition, 

there was no restriction on specific research locations in the search string, as it was 

assumed that the debate under investigation is not per se location-bound and, analogous 

to the development of organic agriculture, that it takes place mainly in Europe and North 

America. Finally, it was assumed that the relevant peer-reviewed articles and books or 

book chapters are written in English. Therefore, the Scopus inquiry was not conducted in 

any other language.   

The procedure of the database search included several selection steps which resulted in 

the inclusion of relevant publications to the thesis’ data set (Figure 5). First, the Scopus 

records obtained by the search string were reduced by screening their titles and abstracts. 

The full texts of the remaining records were then screened for the occurrence of certain 

key terms, such as ‘reference unit’, ‘output/product/area unit’ and modifications of them. 

Articles that did not contain such terms were excluded in order to achieve a quantity of 

publications to be analyzed in detail that was appropriate to the scope of this work. 

Accordingly, German-language articles obtained in the supplementary web-based search 

(Figure 5) were screened for the terms ‘Bezugseinheit’, ‘Produkt-/Ertrags-/Flächenbezug’ 



 

18 

 

and modifications. In the last selection step, the remaining full text articles were reviewed 

in detail to assess their eligibility for examining the research objectives.  

 

Figure 5: Flow diagram of the combined procedure of systematic literature search and web-based search 
(modified according to Moher et al. (2009)). 

 

The database search was complemented with a web-based search (Google and Google 

Scholar), mainly using the snowball sampling drawing on the afore yielded literature and 

particularly on the extensive review by Sanders and Heß (2019) on environmental and 

social performance of organic agriculture. The complementary web-based search was 

intended to include relevant literature not captured by the Scopus inquiry as well as 

literature that is not subject to classic peer review but contributes to the scientific debate 

under investigation. The selection criteria for publications to qualify for relevance were 

the same as in the database search. As the web-based search was not based on a single 

inquiry but on targeted search for relevant publications, the multiple selection steps were 

omitted.  

In total, the data set consisted of n=93 scientific publications (cases). The full record of 

the cases including bibliographical data is provided in the Supplementary Material. In 

order to obtain the desired information from the retrieved cases, a qualitative content 

analysis was carried out as described in the following.  
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3.2 Qualitative content analysis using MAXQDA 

According to Mayring (2015), the goal of content analysis in general is to analyze 

communication systematically and rule-based in order to draw conclusions about certain 

aspects of communication. Further, Mayring (2015) concretized ‘classifications’ as one 

focal area of qualitative analysis, meaning the ordering of data material according to 

certain empirically meaningful aspects in order to enable a more structured, abstracted 

description of the collected material.  

Hence, the second step was to perform a qualitative content analysis, or more precisely a 

content structuring, non-theory-based qualitative content analysis, of all cases identified 

by the literature search described above. The applied method and its core aspects which 

are presented in the following are based on Kuckartz (2018), who in turn draws upon 

Mayring (2015). All retrieved cases were imported into the qualitative data analysis 

software MAXQDA, with which the analysis was performed.  

According to the formulated research objectives, the sampling units fell into one with the 

units of analysis, i.e. scientific publications, in my research. Sampling units generally 

represent the basic unit of a content analysis and are selected from the set of all potential 

objects of investigation (Kuckartz 2018, p. 30). In order to obtain specific content-related 

information from the individual analysis units, these were coded, which is equivalent to 

categorizing text segments (the terms ‘category’ and ‘code’ are often used 

interchangeably in this context).  

The codes were created by a mixed form of a-priori code creation and code creation 

directly on the material, i.e. deductive-inductive coding (Kuckartz 2018, p. 95). Because 

of the explorative and descriptive orientation of the research aim and objectives this mode 

of coding the material seemed to be the most appropriate one. In contrast to code creation 

through paraphrasing summaries, in which the entire content-bearing material is 

paraphrased, the implemented deductive-inductive code creation in this thesis involved 

only certain aspects of the material that relate to the topic of the code creation (Kuckartz 

2018, pp. 77–78). This offered the advantage of omitting the wealth of content in the 

analyzed material that goes beyond the research objectives of this thesis.  

In accordance with Kuckartz’ (2018, p. 100) descriptions, the starting point for code 

creation was a coding frame consisting of relatively few codes, which was derived from 

the first examination of texts during the literature research and review. For example, the 
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main codes ‘Environmental performance’ and ‘Reference units’ with their sub-codes 

were largely derived from the initial text work. Central publications that contributed to 

the first rudimentary coding frame were those by Gomiero et al. (2011a), Meemken and 

Qaim (2018), Sanders and Heß (2019) and Kirchmann (2019). The codes derived in the 

first step served as a kind of search grid for the subsequent analysis of the cases (Kuckartz 

2018, p. 96). 

In a second step of the analytical process, further main and sub-codes were inductively 

created directly on the material. The concrete implementation of the inductive coding was 

based on the corresponding guideline provided by Kuckartz (2018). The guideline leaves 

the freedom of mixing different ways of forming categories on the material while working 

on the content of the coding frame (Kuckartz 2018, pp. 83–86). The individual steps of 

which are briefly explained below (some of the steps were carried out iteratively).  

1. Determining the objective of code generation based on the research questions: The 

goal of coding the retrieved scientific publications was to identify and structure 

argumentative figures within the debate on environmental performance and public 

goods in the context of agriculture, particularly organic agriculture.  

2. Determining the types of codes and level of abstraction: The assigned codes can 

be described as thematic codes on the one hand, i.e. a code denotes, e.g., a certain 

area of environmental performance, a certain argument or thinking figure etc. On 

the other hand, they can partly be considered as analytical codes based on the 

thematic codes, i.e. how are arguments derived and related to each other or how 

is the choice of RUs possibly justified, for example. Regarding the level of 

abstraction, it seemed reasonable to distinguish according to the type of code. For 

thematic codes it appeared useful to remain close to the formulations of the 

literature, i.e. a low level of abstraction, in order to identify, e.g., recurring 

arguments and thinking figures. For analytical codes, on the other hand, a higher 

level of abstraction might be more useful, e.g., to better identify relationships 

between arguments. 

3. Familiarization with the data and determining the type of coding unit: Since the 

data were collected specifically by the literature search described in Chapter 3.1, 

a familiarization already took place and the coding unit was determined early on. 

Generally, in qualitative content analysis, a unit of coding (or coded segment) is 

a text passage that is related to a certain category or content, e.g., a theme or sub-
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theme. Thus, in this thesis sense units were defined in advance as coding units, 

i.e. the coded segments consist of complex statements that should also be 

understandable outside their text. 

4. Sequential processing of the texts and code generation directly on the text: Based 

on the text segments, codes were developed. While the beginning of the code 

generation was rather open, in the further process the constantly growing code 

system had to be kept in mind and accordingly already existing codes were 

assigned or new ones were generated. Thus, during the process, new, more general 

codes could be composed of newly formed codes and already existing ones if they 

were very close in terms of content.  

5. Systemization and organization of the coding frame: The totality of all codes can 

be referred to as coding frame. As the number of created codes increased, similar 

ones were grouped together and bundled into more general ‘main codes’ where it 

seemed appropriate. Important considerations in this step were the total number 

of codes appropriate for the scope of the thesis and the necessary degree of 

differentiation or generality of the codes according to the research objectives.  

6. Determination of the coding frame: As soon as the circular processing of steps 4 

and 5 reached a phase in which the essential aspects were covered by codes, the 

coding frame had to be fixed as far as possible. The frame was checked for 

compliance with important criteria such as comprehensiveness, plausibility and 

communicability and modified if necessary. However, there was still the 

possibility of changing the coding frame at a later point in the process in order to 

enable a continuous adaptation to the entire material. Furthermore, in this step the 

code definitions were created and illustrated with quotations. The so-called code 

book contains the coding frame together with all code definitions and is provided 

in Appendix 3. 

According to Kuckartz (2018, p. 95) the development of the coding frame 

(Supplementary Table 7 in Appendix 3) can be considered as preparatory work for the 

subsequent analysis and as part of it, i.e. as a first analytical achievement in itself. In the 

research at hand the coding frame can therefore be seen as a first step to disentangle the 

debate under investigation by providing a scheme of prominently featured subjects of 

discussion. The coding frame is also intended to be applied or challenged in future, 

similarly targeted research and to facilitate access to the overall debate.  
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3.3 Scheme for delineating argumentative structures 

According to Sampson et al. (2011), scientific argumentation is crucial in developing, 

evaluating and validating scientific knowledge and is characterized by claims, evidence 

and reasoning. Criteria to use when assessing the quality of a scientific argument should 

therefore be of both empirical (e.g. ‘does the evidence support the claim?’) and theoretical 

(e.g. ‘does the reasoning sufficiently explain how the evidence supports a claim?’) nature 

(Sampson et al. 2011).  

Due to the overlapping of the scientific and the policy debates regarding the research 

subject at hand, argumentation in the policy arena also deserves brief consideration. As 

pointed out by Espinosa et al. (2017), an argument in a more general sense is understood 

as a statement or a series of statements for or against something. In policy analysis, one 

of the most relevant models in researching argumentative frameworks goes back to 

philosopher Stephen E. Toulmin (1922-2009), which contains four elements to be 

considered when assessing arguments: ‘data’ in terms of supporting evidence, ‘warrants’ 

that make use of causal relations to interpret the data, ‘backings’ in terms of moral 

principles underlying the warrants, and ‘rebuttals’ in terms of statements that disagree 

with data, warrants or backings (Espinosa et al. 2017).  

On this basis a scheme for delineating argumentative structures within the retrieved 

literature was developed. The general and frequently appearing assumption that the 

environmental performance of organic agriculture is superior to that of conventional 

agriculture (or simplified ‘Organic agriculture (OA) is more environmentally friendly 

than conventional agriculture (CA)’; cf. Reganold and Wachter (2016a)) served as initial 

assumption or argumentative starting point for the analysis. My research then set out to 

identify arguments or chains of argumentation, which either approve or relativize the 

initial assumption and/or related arguments. In addition to this logic, a color scheme was 

established for better clarity to relate different statements according to their content 

(Figure 6). To ensure that the arguments relevant to the debate could be traced and 

synthesized as clearly as possible, all publications contained in the data set were examined 

chronologically using the above-described method.  

In all steps following the initial assumption in Figure 6 (‘OA is more environmentally 

friendly than CA’), a (non-)occurring change of color indicates whether the directly 

preceding argument is confirmed or relativized, respectively, i.e. green-green/orange-
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orange: the preceding argument is confirmed; green-orange/orange-green: the preceding 

argument is relativized. Following this logic, arguments 1 and 2 are relativizing the initial 

assumption. Argument 3 in turn is relativizing argument 1, whereas argument 4 affirms 

argument 1. The same logic applies to argument 7 which affirms argument 3.  

 

 

Figure 6: Exemplary scheme for relating arguments (Arg) starting from the general assumption that 
organic agriculture (OA) is more environmentally friendly than conventional agriculture (CA) (own 
illustration). 

 

Although in this thesis no discourse analysis4 in the social science sense is 

methodologically applied, the concepts of ‘framing’ and ‘narratives’ provided a useful 

analytical framework for the investigation of the scientific debate. As explained by Lakoff 

(2010), co-founder of the field of cognitive science, ‘frames’ are interconnected systems 

of unconscious structures (physically measurable in neural circuits) in the human brain, 

which we use to think and talk, i.e. all thinking and talking unavoidably involves framing. 

 

4 According to (Keller et al. 2001, p. 7), ‘discourse’ in the social and political public usually refers to (more 

or less) public, planned and organized discussion processes that relate to specific topics of general social 

interest. For an overview of different terms and concepts in the realm of discourse analysis with regard to 

environmental policy, see Espinosa et al. (2017).  

OA is more 
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than CA 

Arg 1 

Arg 2 

Arg 4 

Arg 3 

Arg 7 

Arg 8 

Arg 9 

Arg 6 

Arg 5 

Arg 10 
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In methodological terms, Viehöver (2001, pp. 188–189) proposed to consider frames as 

elements of a narrative. Especially in policy discourse analyses (cf. Candel et al. 2014; 

Leipold et al. 2019) the concept of verbal framing is prominent and often related to the 

concepts of ‘story-lines’ or ‘narratives’; however, there are no clear definitions of and 

delineations between the latter two due to its overlapping use in different scientific and 

policy arenas (Espinosa et al. 2017). Narratives have various key functions in the policy 

process including enabling communication, maintaining or changing value systems, 

configuring political alliances and collective action etc. (Espinosa et al. 2017).  According 

to Viehöver (2001, p. 178), narratives are systems of rules that structure discourses. In 

this respect it is not surprising that narrative constructs also have the potential to permeate 

scientific discourses (cf. Fisher 1994; Sheehan and Rode 1999). 
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4 Results 

4.1 Classification of different lines of argumentation 

The first research objective of this thesis aimed at identifying different lines of 

argumentation related to organic agriculture’s environmental performance and relating 

them to each other by focusing on particularly contentious scientific arguments and 

publications. By application of the scheme for delineating argumentative structures 

presented in Chapter 3.3, two main lines of argumentation could be identified in the 

analysis. The first is presented in Chapter 4.1.1; the second is presented in Chapter 4.1.2. 

For reasons of clear presentation in limited space, simplifying formulations and the 

aggregation of closely related arguments were deliberately adopted in the graphical 

summaries of the lines of argumentation; therefore, Figure 7 (Chapter 4.1.1), Figure 10 

(Chapter 4.1.2), Figure 14 (Chapter 4.1.3), and Figure 18 (Chapter 5.3) should not be 

interpreted in isolation from the corresponding text and should rather be considered as a 

general synopsis. Although the retrieved cases were analyzed chronologically in order to 

be able to retrace the network of arguments as clearly as possible, it seems most 

appropriate to present the results by thematic content instead. The following sections 

therefore move on to present those arguments and publications that have been identified 

in the debate as particularly central or controversial. 

 

4.1.1 Productivity and food system sustainability  

Figure 7 shows the first line of argumentation to be illustrated and starts with the broadly 

framed relativization of possible environmental benefits of organic agriculture through 

lower yields and their impact on food security5. 

 

5 It could be argued that the concept of food security does not fit within the realm of environmental 

performance of agriculture. However, the analysis has shown that food security is a frequently encountered 

argumentative figure within the debate and is closely linked to overall sustainability considerations (cf. 

Dabbert 2003; Schader et al. 2012) as well as to LU efficiency of agricultural systems, and thus their 

environmental performance assessment (cf. Tal 2018; Kirchmann 2019). 
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Figure 7: First line of argumentation with discussions mainly revolving around broader aspects of food 
system sustainability including soil quality, nutrient availability, yield gaps and future scenarios for 
agricultural development (own illustration). 

 

Regarding the challenge of feeding a growing world population without further 

agricultural expansion, Reganold and Wachter (2016a) stated that “Probably the biggest 

criticism of organic agriculture is its lower yields compared with conventional 

agriculture” (p. 5). This broad criticism could initially be identified in publications by, for 

example, Goklany (2002) and Kirchmann et al. (2007) and essentially states that a drop 

in productivity due to lower yields in organic agriculture leads to an insufficient supply 

of food for the growing world population if a major part of agriculture was converted to 

organic management. 
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Within this line of arguments a long-term study by Mäder et al. (2002a), which compared 

organic and conventional agriculture by measuring many aspects of crops and soil over 

21 years, and the reactions to it, illustrate how controversial the same results can be 

interpreted in terms of yield differences. On average, the study found the crop yields on 

organic plots to be 20 % lower. On the one hand, these results were commented as 

‘outstanding’ and considered as fostering organic agriculture’s credibility given that 

substantial reductions in fertilizer application still led to 80 % of the conventional yield 

(Stokstad 2002). On the other hand, Goklany (2002) pointed out in his comment on Mäder 

et al.’s (2002a) results that “there are environmental and humanitarian trade-offs that 

should be considered before judging the overall merits of different agricultural systems” 

(p. 1889). According to Goklany’s (2002) critique, an assumed 20 % drop in crop 

production through a large-scale conversion to organic agriculture would have acted 

contrary to the achievements of conventional agriculture since the 1960s and would have 

increased the number of people suffering from malnourishment and chronic hunger in the 

Global South. 

In accordance with the above criticism, Kirchmann et al. (2007) stated that “animal 

manures and other organic nutrient sources would simply not be sufficient to feed the 

growing world population” (p. 970) if a major proportion of agriculture would be 

converted to organic production. The authors postulated that agricultural production 

“needs to be seen from the perspective of food demand” (Kirchmann et al. 2007, p. 970). 

In this context, it was questioned whether a conversion to organic agriculture would be a 

“viable alternative to produce sufficient amounts of food” (ibid.) assuming a necessary 

land expansion due to lower yields, nutrient limitations and increasing climatic 

restrictions like drought.   

Following up on the above-shown criticisms, three clusters of arguments have been 

identified in the analysis. The first revolves around aspects of soil quality (including soil 

fertility, soil erosion and soil carbon content). The second deals with the context-

dependency of the frequently debated yield gap and if or how the yield gap might be 

closed. The third includes broader considerations about productivity related to food 

security and food system sustainability, also regarding agricultural policy.  
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Soil quality and its impact on food security 

In direct response to Goklany’s criticism, Mäder et al. (2002b) argued that in the long 

term fertile soils are indispensable for sustainable crop production and that conventional 

intensive agriculture, despite its large contribution to hunger alleviation, has led to 

irreversible soil loss and degradation in large areas of the world. They further claimed 

that due to the loss of soils from high-intensive agriculture the remaining land will also 

be used for crop production instead of ecological compensation.6 Commenting on the 

criticized yield gap and referring to their own study’s results, Mäder et al. (2002b) noted 

that “Organic farming may need more land to produce the same yield, but it maintains 

fertility and biodiversity of the cropped land” (p. 1889). Similarly, Niggli et al. (2008; 

2009a) argued that organic agriculture substantially reduces the risk of soil loss through 

erosion by wind and water as well as by overgrazing which is considered “a crucial 

precondition for future food security” (Niggli et al. 2009a, p. 12). Linking soil fertility 

and food security, Gomiero et al. (2011a) also argued that “preserving or increasing soil 

organic matter content has to do not only with a farm long-term sustainability (and 

benefit), but, and maybe most importantly, with preserving a country’s long term food 

security” (p. 114). Reganold and Wachter (2016a) also found evidence that organic 

systems have a lower soil erosion risk compared with conventional systems.  

Regarding climate change adaptation, some authors have considered organically managed 

soils beneficial – opposed to Kirchmann et al.’s (2007) argument that increasing drought 

conditions for agricultural production impairs organic method’s suitability – because of 

better rainwater retention capacity, which is reported to maintain crop productivity in 

drought conditions (Niggli 2015; Reganold and Wachter 2016a), and to improve erosion 

and flood protection compared to conventional farming (Sanders and Heß 2019). Further, 

Reganold and Wachter (2016a) concluded that because of the higher soil organic matter 

(SOM) content in organic systems they are “ideal blueprints for developing methods to 

[…] build soil carbon stores” (p. 3), which is an important tool in addressing climate 

change.  

 

6 The related question of whether agricultural intensification is beneficial or detrimental to ecological 

compensation (cf. Ewers et al. 2009) will also be addressed in Chapter 4.1.2 in the course of the land-

sharing/land-sparing debate. 
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The described arguments that generally emphasize organic agriculture’s advantages 

regarding better soil quality are corroborated by several of the analyzed publications. For 

example, the synthesis studies by Mondelaers et al. (2009), Halberg (2012) and Meemken 

and Qaim (2018) consistently reported that organic systems have shown higher soil 

quality as indicated by SOM content and reduced erosion. Accordingly, Kremen and 

Miles (2012) found a strong positive impact of organic and diversified agriculture on the 

enhancement of key soil quality indicators, one of which being enhanced levels of SOM. 

Fess and Benedito (2018) provided a review of comparative studies on soil fertility 

management including the major conclusions and found that “Numerous investigations 

have shown that soil organic matter was improved in fields under organic management 

compared to conventional management” (p. 6). 

However, various arguments relativizing the above findings were also identified. 

Referring to the already mentioned study by Mäder et al. (2002a), Trewavas (2004) 

seriously questioned the claim that because of higher microorganism content organic soils 

are more fertile and criticized that Mäder and colleagues “are trying to impose an 

inappropriate ecological and artificial supposition on fertility on which frankly there is no 

evidence” (p. 776). Trewavas (2004) claimed that because of the underlying interaction 

between plants and soil, the extent to which plants find the soil they grow in fertile 

ultimately determines yield, which, he argued, is higher in conventional systems. He 

further generally criticized the thinking behind organic agriculture, which in his view had 

been outdated in many cases for 30 – 40 years; and illustrated this by stating that a study 

by Pimentel et al. (1995), on which Mäder et al. (2002b) (and later also Niggli et al. 

(2009a)) based their assumptions on lower soil erosion through organic agriculture was 

“grossly flawed” (Trewavas 2004, p. 776).  

The more recent review by Tal (2018) also addressed the higher soil erosion risk in the 

light of a scenario with large-scale conversion to organic agriculture due to its higher land 

demand. Tal (2018) argued that particularly in drylands “preventing erosion and restoring 

soil integrity can be done more expeditiously with conventional agricultural methods than 

through organic practices” (p. 9); and that land stewardship ultimately depends on the 

extent of mechanical tillage rather than on conventional or organic methods. 

Further, Kirchmann et al. (2007) found that soil fertility is superior in conventional 

cropping systems under cold-temperate conditions; and additionally constrained 
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Reganold and Wachter’s (2016a) assessment of ‘soil carbon stores’ by concluding that 

organic agriculture is not an option to sequester carbon (C) in the soil under Swedish 

conditions. The authors pointed out the importance of stringently considering boundary 

conditions and input factors (i.e., are the applied nutrients coming from within or outside 

the system) when conducting farming system comparisons (Kirchmann et al. 2007).  

Partly based on the study by Kirchmann et al. from 2007, several critical arguments 

regarding possible advantages of organic agriculture for soil quality were reinforced by 

Bergström and Kirchmann (2016) in a commentary on the review on organic agriculture’s 

environmental performance by Reganold and Wachter (2016a). Bergström and 

Kirchmann (2016) argued that “lower yields in organic agriculture cannot lead to build-

up of more soil organic matter than higher yields in systems growing similar crops” (p. 

1) because of smaller inputs of roots and plant residues. And further – by also addressing 

the system boundaries – that data on higher C stocks in organically managed soils “have 

been shown to be the result of the import of externally produced organic sources” (p. 1). 

The authors held the view that nutrient replenishment in organic systems through 

untreated minerals does not necessarily supply nutrients in plant-available form and thus 

results in a decline in soil fertility as opposed to using mineral fertilizers (Bergström and 

Kirchmann 2016).  

Reganold and Wachter (2016b) countered the above by stating that any farming practice 

can result in soil deficits if nutrients are not properly balanced. The either slow release of 

plant-available nutrients from untreated minerals, composts or manures or the quick 

release of mineral fertilizers should thus be accounted for in the management of any farm 

(Reganold and Wachter 2016b). Moreover, the authors saw Bergström and Kirchmann’s 

“statement ‘that using untreated minerals instead of mineral fertilizers will result in a 

decline in fertility in organically managed soils’ […] not corroborated in the published 

literature” (Reganold and Wachter 2016b, p. 1). Reganold and Wachter (2016b) argued 

that the expressed criticism does not take away from their finding that “organically 

managed soils have consistently higher soil carbon compared with conventional systems” 

(p.1).  

Niggli (2015) argued in the same direction by emphasizing that there is “abundant 

evidence from long-running field studies that organic farms and organic soil management 

lead to good soil fertility” (pp. 84-85) and higher SOM compared to conventionally 
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managed soils. Most recently, a report by the German Advisory Council on Global 

Change noted that lower average yields of organic agriculture are partially or fully 

compensated for by higher C sequestration, which is usually not captured in CO2 

footprints (WBGU 2020). 

Following the above, it becomes evident that not only the question of productivity, i.e. 

yield, is under discussion in relation to food security issues, but also broader questions of 

ES in relation to soil quality, for example. However, the yield performance of organic 

agriculture has been identified as one hotspot of discussion within the overall debate and 

deserves further elaboration. As Niggli (2015) concisely noted, “the lower yields of 

organic agriculture are often the main reason that the sustainability of this farming 

concept is questioned” (p. 86). The following sections, therefore, move on to first provide 

a review of the empirical evidences on yield gaps between organic and conventional 

agriculture available in the literature and then to present the two remaining clusters of 

arguments affiliated to the criticism of organic agriculture for not being capable of 

providing sufficient amounts of food on a global level.  

Review of empirical evidence on yield gaps between organic and conventional 

agriculture available in the literature  

First, some terminological remarks should be considered. Yield is defined as the 

harvested part of crop growth or animal production and is the result of the interplay of 

complex processes within the soil and farm management practices (van Noordwijk and 

Brussaard 2014). Yield gaps in crop production are the difference in production per unit 

area between what is considered feasible (based on site-specific radiation and temperature 

or highest-observed yield record) and what is achieved in terms of crop yield, hence yield 

gaps indicate inefficient use of land (van Noordwijk and Brussaard 2014). However, 

when the term yield gap is referred to within the debate on comparative (dis)advantages 

of organic management, it typically means the yield difference of organic and 

conventional management on an equal-area basis.  

The discussion on yield gaps has time and again been boosted (especially related to food 

security issues) by comprehensive meta studies that analyzed yield data (Leifeld 2016). 

Kirchmann (2019) and Connor (2018b) agreed that a review by Badgley et al. (2007a) 

marks the beginning of the broad discussion whether organic agriculture is able to feed 

the global population. However, the study has been criticized by many scholars for 

reviewing studies that did not meet minimum scientific standards (Cassman 2007; Connor 
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2008; Seufert et al. 2012) and is therefore not considered reliable and meaningful by some 

scholars unlike the more-rigorous meta-analyses (Meemken and Qaim 2018).The most 

frequently cited meta-analyses on yield gaps have been found to be the studies by Ponti 

et al. (2012), Seufert et al. (2012) and Ponisio et al. (2015). Due to the limited scope of 

this thesis a review of the primary yield data used in the mentioned meta-analyses was 

not applicable. However, recent reviews provided a synthesis of the results of the above-

mentioned meta-analyses, the results of which are summarized in Table 2. 

Table 2: Average yield difference (%) between organic and conventional agriculture, as observed by global 
meta-analyses (modified according to Meemken and Qaim (2018) and Haller et al. (2020)). 

Crops 

Studies7 Seufert et al. (2012) Ponti et al. (2012) Ponisio et al. (2015) 

global meta-analysis  

of 66 studies 

from 1980-2010 

global meta-analysis 

of 135 studies 

from 1975-2004 

global meta-analysis 

of 115 studies 

from 1977-2012 

Cereals -26 % -21 % -22 % 

Roots and tubers Not included -26 % -29 % 

Oilseeds -11 % -26 % -12 % 

Legumes/pulses -10 % -12 % -15 % 

Fruits -3 % -28 % -8 % 

Vegetables -33 % -20 % -13 % 

All crops -25 % -20 % -19 % 

 

It becomes clear that these large-scale studies came to rather similar conclusions with 

empirical data showing that organic yields across all crops are averagely 19 to 25 % lower 

than yields under conventional management. Importantly, however, Seufert (2018) noted 

that although “scientific consensus on the size of the average organic-conventional yield 

gap is […] emerging” (p. 198), this average yield gap masks substantial variability in site- 

and study-specific yield differences. Accordingly, Meemken and Qaim (2018) found a 

wide range of results in the available studies (with higher organic yields in some situations 

 

7 Regarding reliability and validity of the studies, Seufert (2018) noted that the study by Ponti et al. (2012) 

represents a systematic quantitative summary of the scientific literature without performing a full meta-

analysis but simply averaging values across studies and is thus rated by the author as having lower reliability 

and validity than the other two studies. Further, Seufert (2018) rated her earlier work (Seufert et al. 2012) 

as having lower reliability and validity than Ponisio et al. (2015), since study- and sampling-dependence 

was not controlled for, which most likely resulted in underestimated confidence intervals. However, Ponisio 

et al. (2015) have also been criticized for comparing polycultures with conventional monocultures (cf. 

Noleppa 2016; Haller et al. 2020). 
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and considerably lower organic yields in others) and stated that “Surprisingly little 

research has tried to control for such selection bias in estimating yield effects of organic 

farming based on observational data” (p. 44); and further that the estimated yield gaps 

might be both over- or underestimated due to confounding factors such as farmers’ 

knowledge and favorable environments. Sanders and Heß (2019) also noted that in order 

to make correct yield comparisons with conventional farms, the effects of a soil’s yield 

capacity – organic agriculture is currently carried out disproportionately on lower-

yielding soils, less in favored areas – and crop variety effects would have to be considered. 

In addition, Seufert (2018) pointed out that the synthesized yield data is mostly from 

Europe and North America, leaving studies from countries of the Global South, which 

have a lot of organic area and producers, strongly underrepresented (Figure 8). This 

geographical bias in terms of regional coverage does not allow robust conclusions on the 

size of the average organic-conventional yield gaps in a global context (Seufert 2018).  

 

Figure 8: Share of regional coverage of studies synthesized by large-scale yield gap analyses (modified 
according to Seufert (2018)). 

 

In addition, some authors found the available literature biased towards studies reporting 

higher conventional yields relative to organic, which might result in overestimated yield 

gaps (Niggli 2015; Ponisio et al. 2015; Lorenz and Lal 2016). For example, Niggli et al. 

(2009a) stated that although a 100 % conversion to organic agriculture could decrease 

global yields, this yield reduction would be highly context-specific ranging from 30 to 

40 % in intensively farmed regions under the best geo-climate conditions to barely any 

yield losses in less favorable regions coined by subsistence agriculture and periodic 

droughts and floods. 
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Seufert (2018) provided possible factors influencing the inconsistent results (differences 

in statistical methods used, low sample size, differences in crop species included in the 

crop group comparisons, differences in the conventional system organic yields are 

compared to, differences in management in the organic system, and differences between 

sites with different agro-ecological conditions) but added that there is no scientific 

consensus on what factors are responsible for the variability in the differences between 

organic and conventional yields.  

In the light of the above-shown figures, including the uncertainties regarding empirical 

evidence on average organic-conventional yield differences, the following section 

presents arguments from the analyzed publications that have been found to debate the 

(dis)advantages of organic agriculture as regards the interplay of food security along other 

sustainability dimensions. 

Interplay of context-dependent yield gap with concepts of food security and sustainability  

Overall, many arguments have been identified which revolve around the question whether 

the prevailing yield differences between organic and conventional systems might be 

closed in the future. Consequently, different assessments of the future trajectory of 

organic-conventional yield gaps have been found.  

Meemken and Qaim (2018) argued that, in any case, given the higher knowledge 

requirements for farmers to adopt organic practices, it is likely that average yield gaps 

would rise under a large-scale adoption of such. On the other hand, Fess and Benedito 

(2018) concluded under consideration of several comparative yield studies, including the 

above meta-analyses, that organic systems have the potential to produce competitive 

yields over time. They further stressed that globally important cereal crops have been 

given greater breeding attention beginning with the so called green revolution leading to 

the development of wheat or corn varieties, for example, with superior yield performance 

under high-input conditions compared to lower-input organic conditions (Fess and 

Benedito 2018). Therefore, the authors argued that the yield potential of organic 

agriculture could be promoted by a renewed interest in the development and improvement 

of crop varieties with superior yield performance under organic management. Further 

factors that might influence the future development of yield gaps – the direction, however, 

not always clear – include overall research funding (Niggli 2015) and potential 

technological change (Seufert and Ramankutty 2017).  
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Accordingly, Halberg et al. (2015) considered it important to discuss “options for 

increasing yield trends in organic agriculture or other means of limiting crop needs, such 

as diet changes” (p. 133), reduced food waste or more research and innovation – opposing 

Kirchmann et al.’s (2008) view that the lower organic yields reported at the time would 

lead to severe food shortages under large-scale conversion and to further loss of natural 

habitats due to a great expansion in cropland. 

Reganold and Wachter (2016a), who among other dimensions also reviewed the 

productivity of organic agriculture with reference to the prominent syntheses (Badgley et 

al. 2007a; Ponti et al. 2012; Seufert et al. 2012; Ponisio et al. 2015), found that “these 

studies give strength to the argument that adoption of organic agriculture under 

agroecological conditions where it performs best may close the yield gap between organic 

and conventional systems” (p. 2). However, many controversial arguments (and other 

publications) were identified in the context of the study by Reganold and Wachter 

(2016a). They illustrate the partly unambiguous disagreement between researchers within 

the debate on the future trajectory and the overall relevance of yield gaps. Figure 9 shows 

the contextual relations between several of these publications which can be considered as 

two argumentatively contrasting clusters. 

 

Figure 9: Central publication clusters and contextual links regarding the debate on the yield gap between 
organic and conventional agriculture and its implications. The colors yellow and blue indicate which cluster 
a publication belongs to. Green arrows indicate the inclusion of supporting arguments in the direction of 
the arrows; orange arrows indicate criticism accordingly (own illustration). For explanation of the letters, 
see text.  
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Bergström and Kirchmann (2016) argued that the underlying studies cited by Reganold 

and Wachter (2016a) were based on flawed conclusions and did not take into account 

important boundary conditions (Figure 9 a, b); for example, “how organic crop yields are 

affected by nutrient transfer from conventional to organic agriculture, and the requirement 

for more arable land to produce sufficient food with organic methods” (Bergström and 

Kirchmann 2016, p. 1). Referring to Leifeld (2016), the authors also assumed that organic 

yield levels would be considerably lower when carried out not on relatively small 

experimental plots but on a larger scale (Bergström and Kirchmann 2016) (Figure 9 c). 

Accordingly, Leifeld (2016) argued that under large-scale implementation of organic 

agriculture nutrient availability might be insufficient due to lacking nutrient spillover 

from conventional fields. Asserting that food security and affordable products – “societal 

returns of modern agriculture” (Leifeld 2016, p. 2), which are insufficiently appreciated 

in the debate, he argued – are major building blocks for a peaceful society, the author held 

the view that “the goal must be to keep the price low” (ibid.). Despite the indisputable 

negative environmental externalities from intensive farming, this would be better possible 

in the prevailing conventional agriculture, he concluded, than under the unknown 

consequences from a large-scale implementation of organic agriculture (Leifeld 2016).  

In response to Bergström and Kirchmann’s (2016) arguments, Reganold and Wachter 

(2016b) agreed that nutrient limitations could arise if organic agriculture became 

extremely widespread. However, they argued that these are hypothetical scenarios and a 

similar hypothetical scenario would be to consider possible synergies of a large-scale 

adoption of organic practices, e.g. enhanced supply chains for organic inputs (Reganold 

and Wachter 2016b) (Figure 9 b).  

Further, the authors considered Bergström and Kirchmann’s (2016) assumption that 

organic yields would be considerably lower at a large scale as an unsubstantiated claim 

(Figure 9 b). In turn, they criticized Bergström and Kirchmann’s (2016) citation on this 

issue (Leifeld 2016), as the study assumed “that organic plots only benefit from being 

surrounded by conventional fields, and that this benefit is lost when these plots are 

expanded to field or landscape level” (p. 1), while Ponisio and Kremen (2016) suggested 

that the opposite might be true (Figure 9 d, h).  

Accordingly, disagreeing with Leifeld’s (2016) criticism of Ponisio et al.’s 2015 study 

(Figure 9 f), Ponisio and Kremen (2016) found “absolutely no empirical evidence in the 
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published literature” (p. 1) for Leifeld’s (2016) hypothesis that a broad-scale adoption of 

organic practices could result in decreased yields because of reduced N deposition from 

conventional fields (Figure 9 g). As a basis for Reganold and Wachter’s (2016b) 

argumentation, Ponisio and Kremen (2016) noted that Leifeld (2016) overlooked the 

potential positive implications of a large-scale transition to organic practices and instead 

only focused on how large scales might reveal negative consequences (Figure 9 h, g).  

Further, Ponisio and Kremen (2016) expressed their fundamental disagreement with 

Leifeld (2016) on low prices8 and the purpose of agricultural systems by arguing that “our 

goal should be to produce nutritious, affordable and accessible food in a socially and 

environmentally sustainable manner and not just ‘keeping the prices low’” (p. 1) (Figure 

9 g).  

The seemingly unambiguous disagreements illustrated in Figure 9 are condensed in the 

following statements: “research shows that organic farming systems better balance the 

four sustainability goals [productivity, environmental impact, economic viability and 

social wellbeing] than their conventional counterparts and are more likely to achieve 

agricultural sustainability” (Reganold and Wachter 2016a, p. 6), i.e. the benefits are not 

outweighed by lower yields. This was countered by: “It is obvious that many of the 

benefits reported by Reganold and Wachter are flawed when analysed in detail. We 

strongly believe that something so fundamental as food production cannot be limited to 

using predetermined organic methods with no basis in natural science” (Bergström and 

Kirchmann 2016, p. 2).  

Similar arguments as by Bergström and Kirchmann (2016) and Leifeld (2016) were 

voiced by Tal (2018) and Connor (2018b). Referring to Norman Borlaug – central figure 

in the so called green revolution and Nobel Peace Prize laureate in 1970 – Tal (2018) 

noted that generating organic material (e.g., manure) to ensure adequate N and P in the 

fields to produce food for ten billion people would involve a vast expansion of the planet’s 

cow population; with adverse environmental effects such as GHG emissions and off-site 

eutrophication. And even if it was possible to produce these amounts of organic material, 

 

8 It has been found not entirely clear whether Leifeld (2016) referred to prices in terms of overall 

externalities or market prices of food. Regarding price differences between organic and conventional 

products, Eyhorn et al. (2019) noted that because conventional agriculture is heavily subsidized and 

externalities are not yet internalized in the market price, organic products remain relatively less affordable 

to consumers.  
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the nutrients would still not be enough to feed the world population without a dramatic 

expansion of cropland, Borlaug was quoted (Tal 2018).  

In addition, Connor (2018b), who sharply criticized the decade-long ‘abuse’ of 

organic/conventional crop yield ratios in scientific studies, also based his argumentation 

on the insufficient supply of N in fields under organic management9. Connor (2018b) 

found that the well-cited studies he referred to (Badgley et al. 2007a; Seufert et al. 2012; 

Ponisio et al. 2015; Müller et al. 2017) failed to include such calculations into their, thus, 

“overoptimistic predictions of the productivity” (p. 128) of organic agriculture based on 

yield ratios. Consequently, the author held the view that the limitation of inadequate N 

supply alone “is sufficient to disqualify the notion of feeding the world organically” 

(Connor 2018b, p. 128) and considered the potential of organic agriculture to ‘feed the 

world’ as a ‘myth’ that “has been important during the last decade in the promotion of 

OA, and the closely related ‘agro-ecology’10 […] as alternative paradigms for agricultural 

production” (Connor 2018b, p. 129).  

Related arguments have been found in another paper by Connor (2018a), where the author 

stated that the underlying productivity of organic agriculture is generally ignored and 

often denied in the current promotion of organic agriculture as a more environmentally 

friendly farming paradigm. Again, the study by Müller et al. (2017) was criticized as 

misleading and over-optimistic analysis of potential large-scale transformation to organic 

agriculture (Connor 2018a). Alike, Kirchmann (2019) criticized with reference to the 

above-mentioned meta-analyses the mistaken use of crop-by-crop yield ratios as 

estimates of system productivity and noted that the “reliance of organic yields on nutrient 

input derived from conventional agriculture has not been considered in crop-by-crop yield 

ratios” (p. 23).  

Moreover, several reviews have addressed the issue of yield differences between organic 

and conventional agriculture, the conclusions however diverging in scope and direction. 

 

9 In organic agriculture, the N must be supplied to non-legumes by biological N fixation (BNF) of 

intercropped or rotated legumes (in situ BNF) or from manure (ex situ BNF) (Connor 2018b). The 

additional land needed for either in situ or ex situ BNF must be included in the calculation of a system’s 

productivity, he argued (Connor 2018b). 

10 For further contextualization: Dale (2020, p. 632) stated that “Although agroecology was originally 

discussed in the 1920s and 1930s as the application of ecology in agriculture, in the last few decades the 

term has come to be associated with not only on-farm practices that are antithetical to industrial agriculture, 

but also social movement struggles for a fair and sustainable food system”.  
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For example, Meemken and Qaim (2018) concluded that due to the observed yield gaps 

organic agriculture cannot be the paradigm or global blueprint for sustainable agriculture 

and food security and instead advocated for “sustainable productivity increases” (p. 39). 

Fess and Benedito (2018), on the other hand, found that organic systems “do indeed have 

potential for producing competitive yields over time” (p. 22) and cautioned that the 

prevailing conventional systems with their main focus on maximizing productivity and 

profitability have created a “fundamentally unsustainable situation for the rapidly 

growing global population” (p. 5).  

The above reflections on what approach to agriculture may or may not be a path to more 

sustainable food systems in the future lead to the third identified reasoning revolving 

around the initial criticism of organic agriculture for not being capable of sustainably 

producing sufficient amounts of food on a global level.  

Focus on productivity extended by systems perspective and questions of policy relevance 

While Niggli (2015) stated that the increase in global population “gives rise to the crucial 

question as to whether organic farming could feed the world” (p. 86), Halberg et al. (2006) 

argued that “the overall question of whether organic farming can feed the world is too 

simplified to allow for a thorough inquiry and to be policy relevant” (p. 280). Instead it 

would be of more relevance for policy makers to consider regional and global relations 

between large scale promotion of organic agriculture and contextual socio-economic 

aspects (Halberg et al. 2006). In accordance, Tittonell (2013) considered the question 

whether organic agriculture can ‘feed the world’ – which, he argued, is posed time and 

again by proponents of agricultural intensification when debating alternatives to current 

agriculture – as inappropriate, misleading and fundamentally irrelevant. Inappropriate 

“because it leads to a fruitless debate in which parties take to their side very strongly, get 

emotional and miss the opportunity to learn from each other” (p. 3); misleading “because 

by assuming that world food security can be solved through a single set of principles and 

agricultural practices it prevents any opportunity for out-of-the-box-thinking” (ibid.); and 

irrelevant because of the undeniable negation to the reversed rhetorical question “Can 

conventional agriculture feed the world?” (ibid.), given the amount of people living in 

hunger and malnourishment.  

Overall, quite some research effort has been found to reproduce what Tomlinson (2013) 

called discursive framing of the ‘global food security challenge’ and the International 
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Panel of Experts on Sustainable Food Systems (IPES-Food 2016) called ‘feed the world’ 

narrative (discussed in more detail in Chapter 5). Table 3 gives an impression of the 

persistence of formulations attributable to this discursive framing or narrative in the 

analyzed literature over time. 

Table 3: Examples of the occurrence of formulations attributable to the ‘global food security’ framing (cf. 
Tomlinson 2013) or the ‘feed the world’ narrative (cf. IPES-Food 2016) in scientific publications. 

Publication Quotation  

Mäder et al. (2002b) “Furthermore, he [Goklany] indicates that organic farming might 
not be sufficient to feed the world” (p. 1889) 

Badgley et al. (2007b), 

Connor (2008) 

“Can organic agriculture feed the world?” (Title), “Organic 

agriculture cannot feed the world” (Title)   

Kirchmann et al. (2008) “There are recent claims that sufficient food can be produced by 

organic agriculture, expressed in terms such as ‘organic 
agriculture can feed the world’” (p. 3)  

Ponti et al. (2012) “A key issue in the debate on the contribution of organic 

agriculture to the future of world agriculture is whether organic 

agriculture can produce sufficient food to feed the world” (p. 1) 

Niggli (2015) “The fast-growing human population gives rise to the crucial 

question as to whether organic farming could feed the world” (p. 
86) 

Kremen (2015) “[…] which forms of agricultural intensification can best feed the 

world now and in the future” (p. 1) 

Reganold and Wachter 

(2016a) 

“[…] we already produce adequate kilocalories of food to more 

than feed the world but do not provide adequate access to all 
individuals” (p. 5) 

Müller et al. (2017) “[…] the ability of organic agriculture to feed the world 

sustainably has been challenged” (p. 2) 

Meemken and Qaim 
(2018) 

“[…] the question of whether organic agriculture alone could 
actually feed the world […] arises time and again” (p. 51)  

Tal (2018) “[…] the notion that changing food consumption patterns would 
allow organic agriculture to feed the world […] is a utopian one” 

(p. 4) 

 

Extending the scope of agricultural sustainability, Reganold and Wachter (2016a) found 

that questions of distributive justice are sometimes excluded from the whole debate. 

Looking beyond the productivity aspects, they argued that while yield is an important 

sustainability metric, the issue is more complex than how many kilograms of food are 
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yielded per ha (Reganold and Wachter 2016a). This view has been found to be 

corroborated in several other publications (Holt-Giménez et al. 2012; Reganold 2012; 

Ponisio and Kremen 2016; Gattinger et al. 2019).  

Holt-Giménez et al. (2012) summed it up succinctly by criticizing the well-cited study on 

yield gaps by Seufert et al. (2012) to the extent that their findings would not get to the 

root of the problem of hunger. The true causes of hunger are not a lack of agricultural 

productivity, they argued, but poverty and inequality (Holt-Giménez et al. 2012). The 

authors concluded that raising productivity, especially for resource-poor farmers, is only 

one piece of ending hunger (Holt-Giménez et al. 2012). This suggests that focusing the 

criticism of an agricultural system mainly on productivity aspects is questionable from a 

broader policy perspective. However, the authors left the question of how to achieve 

sustainable food security open while noting that the conventional methods already 

employed by resource-poor farmers “have a poor track record in this regard” (Holt-

Giménez et al. 2012, p. 597). Also looking beyond mere productivity aspects, Seufert and 

Ramankutty (2017) stated that “organic agriculture cannot be the Holy Grail for our 

sustainable food security challenges” (p. 11) but concluded that from a broad policy 

perspective it “could be an important part of a suite of strategies to improve the 

sustainability and equity of our food system” (ibid.). In addition, the concept of yield 

stability, which will not be further discussed here, was argued to be central when 

comparing organic and conventional agriculture regarding food security (Knapp and van 

der Heijden 2018). 

Similarly, Müller et al. (2017) elaborated more holistically on how to ‘feed the world’ 

and came to the result that combined with complementary changes in the global food 

system “organic agriculture can contribute to feeding more than 9 billion people in 2050, 

and do so sustainably” (p. 3). In their underlying food system scenario, which includes 

changed feeding rotations, reduced animal numbers and changed waste patterns, no 

additional cropland needs to be occupied, potentially curbing many environmental 

concerns (Müller et al. 2017). By focusing more on demand side measures in the future 

development of organic agriculture and not only on sustainable production, the authors 

further argued, the necessity of yield increases could be reduced and organic agriculture 

could contribute to provide sufficient food for the 2050 global population when 

implemented in a well-designed food system (Müller et al. 2017; Gattinger et al. 2019).  
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In contrast, Tal (2018) raised doubt that such food system changes can be achieved in the 

foreseeable future and create the conditions for organic agriculture to produce sufficient 

amounts of food on a global level. He described the idea of a future in which changed 

food consumption patterns would enable organic agriculture to ‘feed the world’ with no 

additional land demand as a “utopian one” and found “absolutely no empirical basis for 

such optimism” (p. 4). Regarding policy-relevant questions, Tal (2018) asserted – quite 

contrary to the above-illustrated assessments by Halberg et al. (2006) and Tittonell (2013) 

– that the guiding question for policy makers at the macro-level should be: “Given present 

technologies and anticipated demand for food, should organic agriculture be scaled up as 

the normative approach to farming at the global level?” (p. 2); a question he unequivocally 

negated.  

Further, it has been found that Tal’s (2018) review contains a representative reasoning 

within the debate on organic agriculture’s merits and its impacts on food security; it is 

used here both to abstract several elements of the above outlined arguments and to make 

the link with the second identified main line of argumentation discussing organic 

agriculture’s (dis)advantages.  

As Tal (2018) argued, “An evaluation of the conventional/organic dilemma at the global 

level needs to begin with the implications for food security” (p. 3). Consequently, the 

author referred to the lower average yields of organic systems and to demographic 

projections (Tal 2018). Such reasoning has been found in the analyzed literature to 

frequently lead to discussions on adequate nutrient supply or effects on soil quality on the 

one hand, and on the other hand on possible deviations from the average yield gap and 

discrepancies between (global) supply and demand for agricultural produce. Tal (2018), 

in this respect, discussed two major reviews in the field (Seufert et al. 2012; Müller et al. 

2017). While these two studies reached to similar conclusions, the total range of 

conclusions of the analyzed publications regarding possible (dis)advantages of organic 

agriculture for future food systems have been found to widely deviate, as shown above.  

In addition to the presented discussions on broader food system aspects, another highly 

debated line of argumentation needs elaboration, as exemplified in Tal’s (2018) further 

reasoning. The author argued that the land requirements of an ‘organic revolution’ (i.e., 

global transition to organic agriculture) will not only impair food security but also result 

in severe environmental damage, and is therefore “unjustifiable ecologically and 
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realistically, not implementable” (Tal 2018, p. 5). Formulated the other way round but 

essentially expressing the same, Tuomisto et al. (2012a) noted that a “large scale 

conversion to organic farming could provide environmental benefits only at the expense 

of reducing food production or extending production into other areas of land” (p. 316). 

Several other studies have been found to address this reasoning. The next chapter 

therefore moves on to present the identified arguments revolving around this criticism. 

  

4.1.2 Land use efficiency and environmental sustainability 

In short, the second identified main line of argumentation, which puts the environmental 

benefits of organic agriculture into perspective, again focuses again on yield differences, 

but mainly on their impact on land requirements. Analogous to Figure 7 (Chapter 4.1.1), 

Figure 10 shows the main arguments in a simplified way and with the reasoning that 

organic agriculture is less efficient in its use of land compared to conventional agriculture. 

This leads to the notion that an expansion of agricultural land is necessary to maintain the 

current food production levels (Goklany 2002; Trewavas 2004), which has been 

considered “as the most serious environmental impact posed by organic farming” by 

Kirchmann et al. (2007, p. 970). Several environmental dimensions, including 

biodiversity loss, nutrient leaching and greenhouse gas emissions, have been found 

controversially discussed in connection with the expansion of agricultural land or the 

conversion from natural to arable land, as will be shown below.  
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Figure 10: Second line of argumentation with discussions mainly revolving around environmental effects 
of organic agriculture, including effects on biodiversity, nutrient leaching and GHG emissions, aspects of 
land-use change, and leakage effects and the role of RUs related to the broader societal context. Green/red 
shaded elements indicate the existence of both supporting and relativizing arguments (own illustration).   

 

Biodiversity 

The above mentioned statement by Kirchmann et al. (2007) indicated that possibilities of 

conserving biodiversity are greatly reduced if wild nature is transformed into arable land. 

This is closely related to the land-sharing/land-sparing framework that arose from the 

question of how to integrate agriculture and biodiversity; and which has been identified 

as a frequent reference discussion in the debate analyzed here, mostly through a high-

profile article by Green et al. (2005).  

In a nutshell, Green et al. (2005) framed the issue at hand as a trade-off between two 

contrasting management options: ‘land sparing’ (agricultural areas are used intensely, 
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which results in high yields on relatively small area, thereby allowing for the permanent 

preservation of species-rich areas nearby) and ‘wildlife-friendly farming’ (larger land 

area is needed because of lower yields, which leaves less land for permanent preservation, 

but more biodiversity can occur on the wildlife-friendly farmland itself) (Fischer et al. 

2008). Although showing frequent overlaps with the above discussed arguments on food 

security issues (cf. Vandermeer and Perfecto 2005) as well as with forthcoming 

arguments, a detailed elaboration of the land-sharing/land-sparing debate exceeds the 

scope of this thesis.  

Regarding biodiversity loss, Gabriel et al. (2013) argued that the relatively low organic 

yields may result in biodiversity harm (much greater than the on-farm benefit of organic 

practice) through larger areas of land being brought into agricultural production locally 

or elsewhere. This reasoning can be referred to as leakage effect. Hence, the authors 

concluded that “In high-productivity landscapes, organic farming is not an efficient way 

of maximizing biodiversity and yield” (Gabriel et al. 2013, p. 363) and that organic 

systems are worthy of encouragement rather in low-productivity landscapes, where yield 

differences between organic and conventional agriculture are lower (Gabriel et al. 2013). 

Partly drawing on the results of Gabriel et al. (2013), Noleppa (2016) similarly argued 

that advantages of organic agriculture for biodiversity measured per area are no longer 

evident and even turn into disadvantages in a highly productive context like Germany 

when considering LU efficiency, i.e. when measuring the loss of biodiversity per unit 

output. The author therefore concluded that if there is too strong a focus on promoting 

organic agriculture in Germany, positive local contributions to biodiversity could be made 

on extensively farmed land, but these would have to be bought at the cost of significantly 

more negative biodiversity effects on land elsewhere – following the reasoning behind 

leakage effects – and the net effect would therefore be negative (Noleppa 2016). 

However, Gabriel et al. (2013) noted that when assessing the trade-off between yield and 

biodiversity negative impacts of conventional agriculture on local and global biodiversity 

might be underestimated when yield figures do not include the full life cycle 

environmental costs of inputs, such as fertilizers and pesticides. Further, their results 

indicated “that an increase in biodiversity comes about largely through a considerable 

reduction in yield independent of the farming system” (Gabriel et al. 2013, p. 359). In this 

regard, other scholars found that there is no simple relationship between yields and the 
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conversion of natural habitat (Reganold and Wachter 2016b), which opposes the blanket 

notion that a large-scale transition to organic agriculture would supplant vast amounts of 

habitat due to lower productivity and therefore is unlikely to have a positive effects on 

current global biodiversity trends (Tal 2018). In addition, the implicit assumption (usually 

found in ‘carbon footprint’ calculations) that biodiversity would be better protected if 

land were taken out of production instead of farmed less intensively has been found to be 

challenged; as the WBGU (2020) recently pointed out that in Europe, for example, 

agricultural landscapes have promoted biodiversity in many places over millennia, so that 

the loss of agriculture would impoverish biodiversity, not stabilize it. 

Also referring to the study by Gabriel et al. (2013), Seufert and Ramankutty (2017) 

stressed the “importance of habitat conversion for biodiversity loss” (p. 3), which is why 

environmental assessments generally should control for yields, they argued. Accordingly, 

Tuck et al. (2014) stated that „the debate turns on whether or not the decreased yields 

from organic farms negate any local benefits“ and further that the reasoning behind this 

argument is that “lower yields push up food prices, and as a consequence, more wild or 

marginal land is brought into agricultural production […] hence, begging the question, is 

there an overall cost of organic farming to biodiversity?” (p.747). However, it has also 

been argued that there are “other, often unmeasured, potential positive environmental 

benefits of organic farming” (Tuck et al. 2014, p. 753), which cannot necessarily be 

investigated based on comparative studies (Clark and Tilman 2017), so an overall 

evaluation of organic agriculture’s environmental performance in relation to crop yields 

needs to account for different spatial scales and the effects of farming practices on 

multiple environmental factors (Tuck et al. 2014).  

Accordingly, Meng et al. (2017) stated that most comparative studies have likely 

underestimated the total positive externalities leading to environmental benefits of 

organic agriculture. Stein-Bachinger et al. (2019) hypothesized that the positive effect of 

organic agriculture on biodiversity – in connection with production-integrated measures 

and adapted management of landscape structures – in large contiguous areas could be 

much higher than previously researched. For example, such beneficial effects of organic 

practices on biodiversity can be directly related to the absence of pesticides or to 

diversified crop compositions (Jespersen et al. 2017).  
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Moreover, Jespersen et al. (2017) questioned the “single-issue focus on agri-environment 

policy measures where policy makers most often analyse public goods measures 

independently of each other” (p. 260). However, analyzing the same socio-environmental 

objectives, e.g. how to improve biodiversity or how to reduce environmental impact of 

nutrient leaching (see next section), from an integrated perspective “might point to 

organic agriculture as the most cost-effective policy option” (ibid.) to achieve several 

public goods at the same time.  

Nutrient leaching  

Another identified discussion point is the relation between LU efficiency in organic 

agriculture and leaching losses of nutrients, which is particularly relevant for the 

protection of water bodies. The main argument criticizing organic agriculture in this 

context is condensed by Kirchmann et al. (2007, p. 970) stating that “if more land is used 

for agriculture to produce sufficient food, leaching losses will be [significantly] 

increased” as natural land, forests, or grazing areas will be transformed to arable land.  

Some studies have been identified that include findings (partly) in favor of the above 

critique. Tuomisto et al. (2012a) found in a meta-analysis higher ammonia emissions, N 

leaching and N2O emissions per unit output in organic systems leading to higher 

eutrophication and acidification potential per unit output while acknowledging high 

variation within the results across different studies. However, another key finding was 

that “Organic farms tend to have […] lower nutrient losses […] per unit of field area” 

(Tuomisto et al. 2012a, p. 309). Similarly, Bergström and Kirchmann (2016) noted (with 

reference to two individual field studies) that nutrient leaching is not significantly 

different between organic and conventional systems per unit area, but it is almost twice 

as high in organic systems per unit output; leading the authors to the claim that “producing 

sufficient food through organic agriculture will greatly increase the nutrient load to 

natural waters” (Bergström and Kirchmann 2016, p. 1).  

On the other hand, Mondelaers et al. (2009) in their meta-analysis found no significant 

difference in N leaching per unit output between organic and conventional systems while 

acknowledging the limited set of studies available. Similarly, Seufert and Ramankutty 

(2017) found that N leaching in organic agriculture seems to be lower on average per unit 

area, while it might be higher per unit output. Regarding P loss from organic versus 
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conventional systems, their study found available data to be insufficient to allow for 

reliable conclusions (Seufert and Ramankutty 2017).   

Further, Schader et al. (2012) identified “three facts underlining a lower eutrophication 

potential of organic farming” (p. 196), i.e. reduced absolute nutrient loads that can be 

emitted from the system, much lower quantity of directly available N in organically 

managed soils, and a more efficient nutrient management in organic systems due to higher 

opportunity costs of N losses. Niggli (2015) also found evidence indicating a more 

efficient and less polluting way of using N in organic systems. In addition, Müller et al. 

(2017) argued that “Conversion to organic agriculture […] reduces the contribution of 

agriculture to the disruption of the nitrogen cycle” (p. 4) because of the overall reduced 

N-availbility in organic systems.  

Overall, the identified arguments regarding organic agriculture’s impact on leaching 

losses have been found to be based on scanty data and the conclusions on organic 

agriculture’s impact are highly dependent on the underlying RUs. This is in line with 

Seufert and Ramankutty’s (2017) observation that the environmental impact of organic 

management through leaching losses (especially on water quality) is one of the 

environmental dimensions with greatest uncertainty. Kusche et al. (2019) also shared this 

assessment and, taking into account the reviews and meta-analyses on the topic published 

up to that point, recognized a very inconsistent and partly contradictory picture.  

GHG emissions  

Finally, the initially identified criticism of the lower LU efficiency in organic agriculture 

and the resulting relativization of environmental benefits has also been found prominent 

in discussions on GHG emissions. 

Flessa et al. (2002) found in an evaluation of the aggregated GHG emissions (CO2, CH4, 

N2O) from two farming systems in southern Germany that conversion from conventional 

to organic agriculture led to reduced emissions per unit area, but emissions per unit output 

were not reduced. In a meta-analysis also including the aforementioned study, 

Mondelaers et al. (2009) summarized that “organic farming seems to score equal or better 

when emissions are expressed per unit area” (p. 1108), however, per unit output no 

general direction was noticeable. This concurs with earlier findings by Shepherd et al. 

(2003), who pointed out a lack of comparative studies regarding CO2, CH4 and N2O 

emissions from organic and conventional systems. Another meta-analysis by Skinner et 
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al. (2014) compared GHG fluxes from soils under organic and non-organic management 

and was based on 19 field studies under temperate climate. The study found (based on 

relatively weak data) that N2O emissions from organically managed soils were lower per 

unit area and higher per unit output compared to soils under non-organic management 

(Skinner et al. 2014). Thus, depending on underlying yield data, Skinner et al. (2014) 

emphasized that “It is still highly debated whether soil-derived GHG emissions per output 

are equal or lower for organic farming” (p. 560).  

While the above findings appear to be rather vague, they have been found to result in 

controversial and partly very definite conclusions. On the one hand, some scholars rather 

cautiously concluded that the conversion to organic agriculture may contribute to the 

reduction of GHG emissions, if the policy goal is to reduce agricultural production 

intensity (Flessa et al. 2002), or that it is not easy to interpret the potential benefit of 

organic agriculture regarding GHG emissions as it depends on the underlying RU 

(Shepherd et al. 2003). Accordingly, Skinner et al. (2014) emphasized that although “the 

mitigation potential of organic farming diminishes” (p. 561) when soil-derived N2O 

emissions are scaled to the output, it should be considered that sufficient productivity is 

only one aspect of agricultural sustainability.  

On the other hand, the results of Skinner et al. (2014) were taken up by Leifeld (2016), 

who used the aspect of higher emissions from organically managed soils per unit output 

for arguing that “any agricultural scenario with a higher land demand […] appear[s] 

inadequate” (p. 2), given that direct LUC emissions rank high in total GHG emissions 

from agricultural activity (Leifeld 2013a). Similarly, Kirchmann (2019) argued that 

consequences of LUC are often of greater environmental significance than differences at 

the field level, which is why “The need for more organic arable land to produce the same 

amount of crop requires full attention on the comparison between organic and 

conventional cropping systems” (p. 24). He illustrated the argument by using field data 

from Flessa et al. (2002) and describing it as “Low emissions per area can result in high 

emissions per product” (Kirchmann 2019, p. 24) (Figure 11). This view again questions 

the pro-environmental profile of organic agriculture in the light of possible leakage 

effects.  
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Figure 11: GHG emissions as CO2-equivalents per unit area and per unit output for winter wheat with data 
from a comparative organic and conventional field study by Flessa et al. (2002) (Kirchmann 2019). 

 

Critique of the argumentation brought forward by Leifeld (2016) was voiced by Ponisio 

and Kremen (2016). Similar to an argument shown above in the context of biodiversity, 

the authors relativized the criticism of lower LU efficiency in organic systems by stating 

that “there is no simple relationship between yields and amounts of land used for 

production […] – often, yield intensification leads to agricultural expansion and 

conversion of natural habitats in a phenomenon known as the Jevon’s paradox” (Ponisio 

and Kremen 2016, p. 2). Further, the authors criticized Leifeld’s (2016) assertion that 

organic agriculture creates more GHG emissions per unit output for not including a large-

scale, systems perspective but only considers gas fluxes from soils (Ponisio and Kremen 

2016). When considering the entire system, they argued, “organic farming systems have 

on average higher energy efficiency and lower greenhouse gas emissions per farm product 

than conventional farms” (Ponisio and Kremen 2016, p. 2)11. In line with Ponisio and 

Kremen (2016), van der Werf et al. (2020) cautioned that LU dynamics associated with 

shifts between higher- and lower-yielding systems are less clear and yield gains due to 

intensification may coincide with and expansion of agricultural land. 

 

11 In this regard, other scholars argued that GHG emissions should be assessed on an individual farm basis 

because of the site and management influences, which make generalized statements and conclusions on 

system-related (e.g., organic vs. conventional) differences difficult (Hülsbergen and Rahmann 2015). 
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The decisive influence of RUs is corroborated in a study by Lee et al. (2015), which 

addressed the conflicting findings in previous environmental assessments and conducted 

a logistic regression to identify the structural variables associated with superior 

environmental effects of organic versus conventional agriculture. They found that GHG 

emission effects of organic agriculture were highly dependent on the RU, i.e. output-

based or area-based expression; and therefore cautioned that future studies, especially on 

GHG emissions, should identify the appropriate RU in the light of potential yield 

differences between conventional and organic agriculture (Lee et al. 2015). In the context 

of LCA of lettuce cultivation, Foteinis and Chatzisymeon (2016) also addressed the 

influence of RUs on environmental sustainability in the system comparison and found a 

strong dependence. 

Overall, the identified arguments in environmental assessments of organic agriculture 

regarding GHG emissions implicate that it is not only important to consider boundary 

conditions, i.e. accounting for emissions along the whole production chain (cf. Skinner et 

al. 2014) but also – again – the crucial role of the underlying RU. As Halberg et al. (2005) 

succinctly stated: “In general, organic systems are more extensive than conventional 

systems […] and show a lower environmental impact per farm area. […] But if the lower 

production is compensated for by more intensive production in other areas (regions), then 

the total emission on a global scale may be the same or even higher” (p. 44). This 

reasoning not only applies to GHG emissions but to various environmental dimensions 

including the ones outlined in the preceding sections. The subsequently often diverging 

results of farming system comparisons create an overall polarized picture of the debate. 

While some scholars emphasize the transformative potential of organic agriculture, which 

has “proven sustainability benefits, including improved soil quality, enhanced 

biodiversity, reduced pollution and increased farm incomes” (Eyhorn et al. 2019, p. 253), 

others question its sustainability in light of lower productivity and per unit output 

assessments, leading to the notion that “the environmental benefits of organic agriculture 

are less clear than widely believed” (Meemken and Qaim 2018, p. 50). In the latter mode 

of argumentation, the assumed leakage effects, e.g. through emissions from LUC, have 

been found to be central elements.  

The following sections therefore move on to first provide a review of the empirical 

evidence on leakage effects and then to conclude the findings of the first research 
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objective (Chapter 4.1). Subsequently, in Chapter 4.2 the findings of the second research 

objective are presented, i.e. the analysis of proposed RUs within the debate.  

Review of the empirical evidence on leakage effects 

As defined by Meyfroidt et al. (2013), leakage is one form of LU displacement and refers 

to a displacement of environmental impacts, thereby counteracting the intended effects of 

an initial measure aiming at environmental protection. In other words, leakage effects 

describe unintended GHG emissions or other negative consequences of (changes in) LU 

(Murray et al. 2004; Meyfroidt et al. 2013). The concept of leakage effects is particularly 

present in policies for climate change mitigation through carbon crediting schemes, e.g. 

in the ‘Clean Development Mechanism’ of the Kyoto Protocol or the ‘Reducing 

Emissions from Deforestation and Forest Degradation’ (REDD) policy (cf. Lambin and 

Meyfroidt 2011; Müller 2012a). Regarding biodiversity conservation, efforts to integrate 

the concept of leakage effects into trade-off analyses, e.g. the land-sharing/land-sparing 

framework, is still in its infancy (Grau et al. 2013; Fischer et al. 2014). Mainly in the 

context of feedstock production for biofuels, leakage effects12 are also referred to as 

indirect land use change (ILUC) (Searchinger et al. 2018).  

In the context of evaluating the environmental performance of organic agriculture the 

concept of leakage is innate to the lower yield performance of organic systems (see 

Chapter 4.1.1) or the lower LU efficiency (see Chapter 4.1.2), respectively. The reasoning 

that lower organic yields would lead to environmental damage has been in place for 

several decades (cf. Stolze 2000; Rigby and Cáceres 2001). As summarized by Reganold 

and Wachter (2016a, p. 1), “At the turn of the twenty-first century, sceptics considered 

organic agriculture to be ideologically driven and inefficient. […] They argued that 

organic agriculture relies on more land to produce the same amount of food as 

conventional agriculture and that adopting organic agriculture on too large a scale could 

potentially threaten the world’s forests, wetlands and grasslands”. The question that arises 

from the continued warnings of the environmental risks of large-scale introduction of 

organic management is what empirical evidence they are based on.  

 

12 Other identified terms describing the same effect are ‘land-use augmentation’ or reduced ‘land-savings’ 

(Maredia and Pingali 2001), and ‘same-level-services’ in the context of carbon offset mechanisms (Müller 

2012a). For an overview of main terms used in describing direct or indirect effects of agricultural supply 

chains over different spatial and temporal scales, see Parra Paitan and Verburg (2019). 
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In earlier publications13, only few observational or quantitative data (e.g., density-yield 

functions) could be identified as a basis for argumentation on leakage effects from the 

adoption of organic agriculture. Instead, rather blanket assumptions on the additional 

amount of land required under large-scale implementation of organic management have 

been found that did not quantify the assumed leakage effects. As shown in Chapter 4.1.1, 

such figures are prone to variation and uncertainty, so the assumed amounts of additional 

land needed for agriculture production varied immensely. Interestingly in this context, 

Holt-Giménez et al. (2012) stated that the assumption of organic agriculture requiring 

twice as much land as conventional agriculture has become a “conventional mantra” (p. 

595).  

The more recent literature has been found to include more nuanced considerations on 

underlying cause-effect mechanisms and the magnitude of leakage effects, so the central 

assertions identified in the analyzed literature from 2016 onwards are presented in more 

detail in the following.  

There have been attempts to quantify the higher land demand resulting from a conversion 

to organic practices with highly varying outcomes, as synthesized by Haller et al. (2020): 

Comparing complete crop rotations in ten studies from high-income countries, 

Mondelaers et al. (2009) arrived at a 20 % lower LU efficiency in organic agriculture. 

Tuomisto et al. (2012a) concluded in their meta-analysis of 71 European studies that 

organic agriculture requires 84 % more land than conventional agriculture. Finally, Clark 

and Tilman (2017) came to a 25 % (100 %) higher land consumption for legumes and 

oilseeds (meat, milk and eggs) in organic agriculture. In general, while the assumed 

higher land consumption is one side of the coin, sustainability assessments of organic 

agriculture are concerned with concrete effects of this increased land consumption on 

various environmental indicators.  

Accordingly, Kirchmann et al. (2016) argued that conversion from low- to high-yielding 

agriculture or vice versa causes ILUC, since “more land and water is required to produce 

the same amount of food through organic farming” (p. 104). In addition, Kirchmann 

(2019) asserted that consequences of ILUC, i.e. converting forests, grassland, or wetland 

 

13 Due to reasons of limited space, the qualitative and quantitative assertions made on the amount of 

additional land that is needed as a result of conversion to organic agriculture until 2016 as well as comments 

on the respective references are provided in Supplementary Table 4 (Appendix 1). 
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into arable land, “results in lost products […] and lost ecosystem services (sequestered 

carbon in soil, wildlife, biodiversity, etc.)” (p. 24). The authors’ notion of leakage effects 

when converting conventional to organic agriculture is illustrated in Figure 12, assuming 

35 % lower yields on organic compared to conventional farms, which would lead to 54 % 

increased arable land to achieve the same yield (Kirchmann 2019).  

 

Figure 12: Conceptual leakage effects from converting conventional to organic agriculture, assuming a 
35 % yield gap and 54 % higher arable land demand to produce the same yield according to Kirchmann 
(2019).  

 

Interestingly, in this representation the provision of ES is not attributed to the organic 

(and conventional) arable land but only to non-agricultural land. However, agriculture is 

both a consumer and a producer of ES (DeClerck et al. 2016) and organic agriculture 

particularly aims at utilizing and maintaining ES (Sandhu et al. 2010). An alternative view 

of ES provision by agricultural systems, was provided by Boone et al. (2019) and is shown 

in Figure 13.  
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Figure 13: Provision of ES by agricultural systems according to Boone et al. (2019). 

 

Following the review of Haller et al. (2020), further studies are discussed here that 

quantified the effects of a possible increase in organically managed land. Noleppa (2016) 

used the concept of virtual land trade to estimate the impact on global biodiversity of 

increasing the amount of organically farmed arable land in Germany to 20 % and 100 %, 

respectively. His analysis resulted in an additional land consumption of 815 000 ha for 

20 % organic agriculture or 6.5 million ha for 100 % organic agriculture with an 

associated biodiversity loss of 0.01 % and 0.08 %; with additional land being consumed 

mainly in Northern Africa/Middle East (0.17 million ha) and other EU member states 

(0.141 million ha) in the 20 % scenario, and in Northern America (1.114 million ha) and 

other EU member states (1.051 million ha) in the 100 % scenario (Noleppa 2016).  

Also in the context of biodiversity effects, Meemken and Qaim (2018) stressed with 

reference to Gabriel et al. (2013) that biodiversity benefits diminish with increasing 

intensity of organic systems, but that disagreement exists whether organic agriculture’s 

benefits also diminish with increasing scale; and thus cautioned against simplistic global 

prescriptions. However, finding site-specific solutions is aggravated by a publication bias, 

as “Previous studies of organic farming on biodiversity have been strongly biased towards 

temperate Western and Northern Europe and North America” (Tuck et al. 2014, p. 753), 

creating a knowledge gap especially in the context of tropical and subtropical climates 

(Tuck et al. 2014; Reganold and Wachter 2016a; Seufert and Ramankutty 2017). In 
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addition, only few studies have established direct impact-yield relations, which further 

aggravates existing knowledge gaps (Seufert and Ramankutty 2017). This is underlined 

by Stein-Bachinger et al. (2019) who found in their review that the evaluated literature 

regarding organic agriculture’s impact on biodiversity did not provide direct relations 

between biodiversity and yield on the investigated area; and that only in 3 of the 75 

analyzed studies yields were indicated at all. Overall, several studies found a lack of data 

on externalities (also beyond biodiversity impacts) directly paired to yield information 

(Meng et al. 2017; Seufert and Ramankutty 2017; Balmford et al. 2018; Ramankutty et 

al. 2019).  

Moreover, Müller et al. (2017) modeled the effects of 100 % organic agriculture on 

various environmental parameters on a global level relative to the FAO reference scenario 

for 205014 with 0 % organic production. Central results being that at a minimum mean 

yield gap of 8 %, this conversion would lead to a 16 % increase in land demand, at a mean 

yield gap of 25 %, the land demand increases by 33 % (Müller et al. 2017). This increased 

land demand would increase deforestation by 8 to 15 %, assuming that the area of 

grasslands remains constant and depending on the assumed yield gap, which would have 

dramatic consequences for global biodiversity (Haller et al. 2020). Müller et al. (2017) 

demonstrated that high percentages of organic agriculture can be achieved without 

increasing arable land by including in their calculations regions with very extensive or 

subsistence agriculture (where yields can be significantly increased by organic 

management) and by combining the conversion with measures to reduce the share of 

animal forage in cropland and to reduce food waste.  

However, regarding nutrient availability, Connor (2018b), criticized the use of Seufert et 

al.’s (2012) organic/conventional crop yield ratios in Müller et al.’s (2017) calculations 

of organic system productivity (also see Chapter 4.1.1) to the extent that the authors 

“introduce much more N into their model calculations than legumes could supply on the 

land area allocated to them” (p. 129). Connor (2008) argued that a much larger proportion 

of available land would be required in legumes than is reflected in the yield ratios, so the 

 

14 The 2050 reference scenario (Alexandratos and Bruinsma 2012) “describes agriculture as forecast by the 

FAO, adopting their assumptions on yield increase, cropping intensities and regional dietary change, and, 

implicitly, via their production and consumption structure, on underlying elasticities” (Müller et al. 2017, 

p. 3). 
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productivity of the projected system would be much lower than under conventional 

management15.  

Indeed, the question whether “sufficient organic nutrient sources from recycled N and 

BNF would be available to grow enough food to feed the global population into the future 

without requiring considerably more land area” (Seufert and Ramankutty 2017, p. 9) 

seems highly debated, yet unanswered (Seufert 2018). 

In addition, Smith et al. (2019) calculated the effect of a 100 % conversion of agriculture 

to organic management in England and Wales – countries showing relatively high crop 

and livestock productivity, leading to greater production penalties in conversion to 

organic methods – and therefore arrived at a 150 % higher total land consumption, which 

would have to be covered by imports under unchanged consumption and nutritional 

habits. The net effect in terms of GHG emissions of this higher land demand depends on 

both the assumed LUC scenario elsewhere, i.e. whether natural, semi-natural or existing 

arable land is used for compensatory production, and the degree of soil C sequestration 

(Smith et al. 2019). To quantify this effect, the authors relied on the ‘carbon opportunity 

cost’ concept of Searchinger et al. (2018), i.e. the land’s opportunity to store carbon if it 

is not used for agriculture. Following the reasoning of ‘carbon opportunity cost’, Smith 

et al. (2019) concluded that “As well as increased GHG emissions from compensatory 

changes in land use to make up for production shortfalls, there are substantial opportunity 

costs from reduced availability of land for other purposes, such as greater C storage under 

natural vegetation” (p. 4).  

As noted by van der Werf et al. (2020), the justification for assigning additional GHG 

emissions to organic food resembles the reasoning in favor of ‘land sparing’ (cf. Chapter 

4.1.2). They criticized the use of this reasoning by Smith et al. (2019) to the extent that 

“land-use dynamics associated with shifts between higher- and lower-yielding systems 

are less clear. Yield gains due to intensification may well increase profit in that area, 

thereby encouraging expansion. Therefore, land-use intensification may coincide with 

expansion of agricultural land” (van der Werf et al. 2020, p. 422). In support of this, other 

 

15 Connor’s (2018b) reasoning was that “a leguminous green-manure crop (GrM) grown only to provide N 

for a following cereal crop would, as a 1:1 GrM-cereal OA system with a usual OA/CA crop yield ratio 

(av. 0.75), produce 0.75 CA yield but over two units of land. System level OA/CA production would be 

0.38, thus requiring 2.6 OA land units for equivalent CA, i.e. an extra 1.6 land units” (Connor 2018b, 

p. 128). In other words, Müller et al.’s (2017) projected system would require 160 % additional land 

according to Connor (2018b). 
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scholars argued that such leakage effects usually can only be observed mediately, which 

makes related assumptions on net effects prone to uncertainty; it was also argued that 

technological developments, changing food consumption patterns or reduced food wastes 

might reduce the extent of leakage effects resulting from extensification of agricultural 

production (Müller et al. 2017; Sanders and Heß 2019).  

Haller et al. (2020) quantified such scenarios and stated that in Germany 50 % less food 

wastes would theoretically already be enough to expand organic agriculture in Germany 

to 60 % of the agricultural land without causing leakage effects. In addition, a reduction 

in the production of concentrated feed on arable land and thus a shift towards more plant-

based diets would be opportunities for the expansion of organic agriculture or other agro-

ecological approaches (Müller et al. 2017; Haller et al. 2020).  

Other recent studies argued that such cross-sectoral measures, i.e. coherent policy mixes 

(cf. Eyhorn et al. 2019) which include the various dimensions of leakage but which go far 

beyond domestic LU efficiency considerations are required in any case in order to 

safeguard globally important ecosystems (WBGU 2020). This is especially the case for 

tropical forests, given that the main driver of deforestation in the Asian tropics or in Latin 

America is the cultivation of oil palms and cattle farming or the cultivation of soybeans 

(mainly used as animal feed in German livestock production) (Haller et al. 2020). 

Accordingly, the sole reliance on potential leakage effects when assessing more extensive 

forms of agriculture can be challenged by the fact that the effects of higher land demand 

on global biodiversity decisively depend on which food and feed products are imported 

and where they come from (Haller et al. 2020). Germany, for instance, imports its main 

arable crops wheat, maize, barley and rape predominantly from Ukraine (grain), France 

and Poland (rape and maize), so it can be assumed that additional imports required due to 

lower domestic LU efficiency are mainly from these countries, as argued by Haller et al. 

(2020). In contrast, a large share of food imports from tropical countries (including 

biodiversity hotspots) is accounted for by products that cannot or can hardly be cultivated 

in the EU, such as coffee, cocoa, tea and southern fruits and vegetables and thus are not 

affected by domestic changes in LU efficiency (Haller et al. 2020). 
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4.1.3 Key findings: productivity issues as a melting pot for polarized debates  

The first identified line of argumentation focuses on the main criticism of organic 

agriculture, namely, to provide insufficient amounts of products on the given farmland 

area because of lower yields, which is argued to result in environmental damage. The 

debate includes issues of soil fertility and nutrient availability, the extent and context-

dependency of yield differences, and the policy-relevance of various food system-related 

sustainability problems (Chapter 4.1.1). 

The role of soil quality for agricultural production  

While some controversial arguments regarding the effects of organic and conventional 

agriculture on soil quality (related to food security and C sequestration potential) could 

be identified, there is a large body of publications that generally support the view that 

organic soil management positively effects soil fertility, which was argued to be a 

precondition for long-term food security. The picture becomes less clear regarding 

considerations on large-scale conversion to organic agriculture due to lower LU 

efficiency and its effect on soil degradation though erosion. Also, the aspect of climate 

change mitigation through C sequestration in organically managed soils was coined by 

large uncertainty (Seufert and Ramankutty 2017), as became evident in discussions on 

potential adverse effects on global GHG emissions through land conversion.   

Several studies have pointed out the crucial role of management effects on soil quality, 

irrespective of the farming system. To counteract the trend that has been called 

‘conventionalization’ of organic agriculture, i.e. organic farms become a slightly 

modified version of modern conventional farms, resulting in many of the same social, 

technical and economic characteristics (Darnhofer et al. 2010), Halberg (2012) 

highlighted the need for developing organic principles in line with agro-ecological 

practices including crop diversification, integration of functional biodiversity, mulching, 

green manure, and catch crops. Just as a conventionalization of organic farms has been 

observed, Seufert and Ramankutty (2017) pointed out that “many conventional farms 

have, in recent years, increased the use of organic practices such as conservation tillage, 

cover cropping, or composts” (p. 11). Typically, both organic and conventional farming 

systems comprise a high variation in management practices, which makes average system 

comparisons difficult in this regard (Dabbert 2003). 
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Overall, the results of the latest research syntheses draw a clear and positive picture as 

regards effects of organic methods on global soil health (Sanders and Heß 2019; Haller 

et al. 2020; WBGU 2020). As Sanders and Heß (2019) put it, maintaining soil fertility 

and thus securing production potential does not per se imply a conflict of goals between 

protection and use of agricultural soils. Beyond mitigation potentials, the WBGU (2020) 

concluded that due to the manifold positive soil effects, organic management is a strategy 

for climate change adaptation, irrespective of the lower average yields reported in several 

meta-analyses. However, beyond the relatively clear overall picture of positive soil 

effects, several other points of discussion seem to have impeded the transparency of the 

overall debate on environmental benefits of organic agriculture.  

The role of yield gap analyses  

Meta-analyses investigating the yield performance of organic compared to conventional 

agriculture have been found to take a crucial role within the analyzed debate. This is 

underlined by Leifeld (2016), who found the “discussion on the yield gap […] boosted” 

(p. 1) by Ponisio et al.’s (2015) meta study, or by Seufert (2018) affirming that the yield 

performance is “at the center of the debate about the pros and cons of organic agriculture” 

(p. 196). As explored in Chapter 4.1.1, empirical evidence to date speaks clearly for lower 

average yields in organic agriculture. However, beyond average values, the available data 

was also found highly variable in context, depending on system and site characteristics 

with study selection biases to be considered and yield-limiting factors not sufficiently 

understood (Seufert et al. 2012; Lorenz and Lal 2016; Seufert and Ramankutty 2017; 

Meemken and Qaim 2018; Seufert 2018). There is increasing recognition that “yield is 

only one factor within a set of complex socio-economic forces” (Ponisio and Ehrlich 

2016, p. 5) that determine the sustainability of food systems.  

The role of large-scale conversion scenarios  

Following the above, the difficulty of drawing robust conclusions on the size of the 

average organic-conventional yield gaps in a global context not only influenced the 

discussions revolving around food security but also such about various environmental 

impacts (Chapter 4.1.2). The often encountered large-scale conversion scenarios and the 

potential consequences for both food availability and environmental impacts have been 

found elusive in many respects, especially because of the partially opposed assumptions 

on the future trajectory of yield gaps (Chapter 4.1.1), which decisively influences 

assumed leakage effects (Chapter 4.1.2). While some authors emphasized the merits of 
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organic agriculture for sustainable food systems and expressed the view that yield gaps 

might be closed when, for example, fostering agroecological conditions or taking into 

account food system changes and potential synergy effects of large contiguous areas 

under organic management (Ponisio et al. 2015; Ponisio and Kremen 2016; Reganold and 

Wachter 2016a; Müller et al. 2017; Fess and Benedito 2018), others strongly disagreed 

by invoking nutrient limitations, the mistaken use of crop-by-crop yield ratios in studies 

estimating system productivity, and consequently substantially lower yields under large-

scale implementation of organic agriculture, which would impair global food security 

(Bergström and Kirchmann 2016; Kirchmann et al. 2016; Leifeld 2016; Connor 2018a, 

2018b; Meemken and Qaim 2018; Kirchmann 2019). The seemingly unambiguous 

disagreements in certain aspects have been found most peculiar in the argumentative 

controversy revolving around publications by Reganold and Wachter (2016a) and 

Bergström and Kirchmann (2016) (Figure 9 in Chapter 4.1.1).  

The role of frames and narratives regarding policy-oriented research  

Despite the disagreements, several studies gave rise to the general notion that “various 

types of agriculture can have a place in feeding the world” (Dobermann 2012, p. 177). 

This has been found to be echoed in other statements such as “no one farming system 

alone will safely feed the planet”, but rather “a blend of […] systems will be needed for 

future global food and ecosystem security” (Reganold and Wachter 2016a, p. 6); or 

“smart combinations of organic and conventional methods could contribute toward 

sustainable productivity increases in global agriculture” (Meemken and Qaim 2018, 

p. 39). Interestingly, Holt-Giménez et al. (2012) called this aligning argumentation for 

the combination of organic and other methods to tackle the challenges at hand a 

“conventional wisdom” (p. 595) at the time. However, this conventional wisdom does not 

seem to have resulted in a fruitful debate. Rather, the controversies within a binary framed 

‘organic versus conventional’ debate – which, according to Tal (2018), fosters the 

tendency “on both sides of the […] divide to caricaturize the other and cherry pick 

extreme examples of environmentally problematic practices” (p. 9) – seems to have 

persisted to date. 

Hence, Seufert and Ramankutty (2017) roughly divided the debate into researchers 

promoting organic agriculture as a solution to sustainable food security challenges and 

others condemning it as a “backward and romanticized version of agriculture that would 
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lead to hunger and environmental devastation” (p. 1). Interestingly in this context, Connor 

(2018b) questioned the role of scientific journals, since his criticism (regarding the use of 

organic/conventional crop yield ratios as estimate of system productivity, cf. Chapter 

4.1.1) of the study by Seufert et al. (2012) was refused to be published by the same 

journal. Thus, he cautioned that “Scientific debate requires that Journals are open to 

criticism and debate and do not unreasonably align themselves with alternative ideologies 

or paradigms” (Connor 2018b, p. 129). This view suggests that the scientific community 

embroiled in the debate is not resistant to value-based perspectives in favor of certain 

types of agricultural ‘ideologies’ or ‘paradigms’. 

Moreover, the controversial discussions on scenarios considering large-scale conversion 

to organic agriculture implied questions of the overall policy-relevance of certain 

scientific inquiries. As explored in Chapter 4.1.1, some scholars uttered calls for more 

holistic assessments beyond productivity aspects when evaluating the relative merits of 

alternative agricultural systems. Strikingly, the question of whether organic agriculture 

could ‘feed the world’ has been found to be a way of framing the issue that has persisted 

across the analyzed publications over a long time period (Table 3 in Chapter 4.1.1). While 

some scholars condemned it as too simplified and not policy-relevant (Halberg et al. 

2006; Tittonell 2013), others considered it a crucial question (Niggli 2015) or an 

interesting thought experiment (Meemken and Qaim 2018). The role of frames and 

narratives becomes particularly evident in this context, which will be further discussed in 

Chapter 5.  

Along the discussions on food security, controversies have also been found in the second 

line of argumentation regarding effects of large-scale conversion to organic agriculture 

on various environmental dimensions (Chapter 4.1.2). Here, the uncertainties regarding 

yield gaps and system-level feedbacks are reflected in the use of the concept of leakage 

effects as prominent argument to put (local) environmental benefits of lower-yielding 

organic agriculture into perspective.  

The role of assumed leakage effects and underlying RUs 

Regarding biodiversity effects (Chapter 4.1.2), the issue at hand has been found 

predominantly framed as a trade-off between biodiversity protection and yield 

performance, which closely links to the land-sharing/land-sparing framework. Hence, 

solid data on how yield effects biodiversity are essential yet scanty. The prevailing notion 
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in the debate has been found to be that the proven local biodiversity benefits of organic 

systems (i.e., expressing biodiversity effects per unit area) are likely to be offset by the 

higher land demand when scaling up organic agriculture (i.e., expressing biodiversity 

effects per unit output, see Chapter 4.2), although disagreement exists in this regard and 

counterfactual synergetic effects are conceivable.  

Further, in the discussions on nutrient leaching (Chapter 4.1.2) it became particularly 

evident that the results and conclusions of environmental assessments in this regard 

strongly depend on the choice of RU and on the assumed extent of agricultural land 

expansion from large-scale adoption of organic agriculture. The environmental impact of 

organic management through decreased or increased nutrient leaching, e.g. including 

eutrophication potential, is therefore coined by large uncertainty.  

Also, regarding GHG emissions (Chapter 4.1.2), the issue of LU efficiency and by which 

RU emissions are expressed have also been found to polarize the debate, resulting in 

diverging conclusions on organic agriculture’s (dis)advantages for climate change 

mitigation. The prevailing framing of the trade-off – like the ‘land sparing’ argument – is 

based on the reasoning that additional GHG emissions are assigned to organic systems 

due to the lower LU efficiency compared to conventional systems when producing a fixed 

amount of output.  

Consequently, the review of empirical evidence on potential leakage effects (Chapter 

4.1.2) has shown that attempts to quantify the effects of organic agriculture on the 

different environmental dimensions to date do not allow for generalized conclusions on 

the merits of organic agriculture – especially not under global-scale scenarios, given the 

context-dependency of yield gaps and prevailing knowledge gaps. This is underlined by 

Seufert and Ramankutty (2017) who pointed out that potential outcomes of large-scale 

conversion to organic agriculture are highly uncertain given the large uncertainties on 

various environmental dimensions (e.g., land degradation) and the limited understanding 

of system-level feedback, which ultimately may affect future food production. The 

uncertainties are further aggravated by the role of value-based assumptions regarding the 

choice of RUs, as will be explored in more detail in Chapter 4.2, which influences the 

outcomes of scientific studies. Hence, the reliance on leakage effects as argument 

relativizing organic agriculture’s advantages on a larger scale has been found to be 

challenged by the food systems perspective which considers altered consumption patterns 
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(including which foods are consumed, where they are cultivated, and the total amounts 

consumed) and wastage. It was argued that moving beyond measures of LU efficiency 

and adopting cross-sectoral approaches is imperative for future food systems to safeguard 

globally crucial ecosystems such as tropical forests.  

By zooming out, it becomes clear that the two identified lines of argumentation, as 

summarized in Figure 14, are closely interrelated and are based on the same fundamental 

criticism of organic agriculture, namely the lower yields and the frequently applied 

output-based expression of environmental performance, respectively. Strikingly, it has 

been found that the same mode of argumentation has been persistent in the literature for 

several decades, i.e. organic is environmentally advantageous in many respects compared 

to conventional agriculture, but when impacts are expressed per unit output most 

advantages are offset or turned into disadvantages due to lower yields and thus lower LU 

efficiency and potential leakage effects. This reasoning has been found across various 

environmental dimensions and both in early (cf. Goklany 2002; Trewavas 2004) and 

current publications (cf. Meemken and Qaim 2018; Kirchmann 2019).  

Especially the scientific knowledge generated from the use of different RUs has so far led 

to a polarized debate. As summarized by Eyhorn et al. (2019, p. 253), “Transformative 

systems such as organic farming have proven sustainability benefits, including improved 

soil quality, enhanced biodiversity, reduced pollution and increased farm incomes, but in 

many contexts result in lower yields so that their sustainability per unit product is 

sometimes questioned”. This demonstrates the need for a detailed analysis of RUs in 

environmental assessments of organic agriculture. The next chapter therefore moves on 

to elaborate on the second research objective, i.e. to identify the RUs proposed in the 

analyzed publications and the corresponding justifications put forward by researchers.  
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Figure 14: Synopsis of the two main lines of argumentation identified within the debate on environmental 
(dis)advantages of organic compared to conventional agriculture (Figure 7 and Figure 10) (own 
illustration).  
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4.2 Analysis of the argumentation on RUs  

4.2.1 Multifunctional agriculture and varying environmental impact scales  

As already indicated in the introduction of the thesis, Geier (2000) found no consensus in 

the use of RUs (also called functional unit (FU) within LCA) and thus dealt with the 

question of when it is reasonable to relate environmental impacts to the output and when 

to the area of agricultural production when conducting LCA. The author recommended 

that the choice of RUs for environmental impacts should be differentiated according to 

whether the object of investigation (e.g., a farm or a farming region) has the potential for 

qualitative change of the environment or not (Figure 15). Geier’s (2000) reasoning is 

examined in more detail below as it has been found to be taken up in essence by several 

other scholars. 

 

Figure 15: Agricultural environmental impact of a farm differentiated by quality and spatial scope of the 
environmental impact (own illustration modified according to Geier (2000)). 

 

Regarding this differentiation, the per unit output reference, i.e. the expression of 

environmental impacts in relation to a defined product and thus an efficiency indicator, 

presupposes that the environmental impacts are ‘divisible’, Geier (2000) argued. 

However, he noted that there are environmental impacts (right side of Figure 15) that do 

not allow such divisibility, making a per unit output reference unfeasible and 

inappropriate; examples are biodiversity or soil quality on the farm area, the deterioration 

of which cannot be compensated by higher yields from an ecological point of view (Geier 
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2000). Therefore, in Geier’s (2000) classification, such impacts are referred to as 

qualitative impacts, which are fully caused by the object of investigation and always have 

an effect on a local scale. Accordingly, the area is to be chosen as RU, Geier (2000) 

argued. Further, the author identified cases where the object under investigation 

significantly, but not fully, effects the environmental impact (e.g., a single farm’s impact 

on a region’s drinking water quality); here, too, an area reference is required, since the 

agricultural yield is not relevant for the drinking water quality (Geier 2000). On the other 

hand, when the object of investigation cannot significantly influence an environmental 

impact (e.g., a single farm’s impact on GHG emissions, which have an effect on a global 

scale), such impacts are called non-qualitative impacts (left side of  Figure 15) and the 

output is the appropriate RU (Geier 2000). Under these circumstances, an increase in 

efficiency (environmental impact per unit output) leads to an environmental 

improvement, which also applies for eutrophication or resource use, for example (Geier 

2000). 

In the above considerations it is important to note, however, that while Figure 15 refers 

to a farm’s environmental impact, the ‘quality’ of an impact depends on the size of the 

object under investigation (Geier 2000). If, for example, an agricultural region is 

investigated in which a water catchment area is located, a full/qualitative effect of 

agriculture on drinking water quality can be assumed instead of a medium impact (Geier 

2000).  

Moreover, Geier (2000) argued that the choice of the appropriate RU should take into 

account on the one hand the multifunctionality of agriculture, i.e. the integration of 

ecological, economic and political conditions, and on the other hand possible agricultural 

surplus production, the reduction of which was a EU policy concern in the 1990s. 

Regarding the latter, it might be appropriate to use the per unit area reference even for 

non-qualitative environmental impacts and thus aim at an ‘absolute’ instead of a ‘relative’ 

environmental improvement through more extensive organic agriculture, for example 

(Geier 2000). Accordingly, other authors noted that the question of how an increase in 

organic agriculture would affect environmental impacts and food security provision had 

no practical relevance for EU agricultural policy under the circumstances of surplus 

production at the time (Stolze 2000; Dabbert 2003). For example, Dabbert (2003) 

expressed the view that “Linking the environmental effects of agricultural production to 
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farmed area may give a misleading picture” (p. 58) in system comparisons but “given the 

sustained surplus production in the EU, this argument seems of minor relevance” (ibid.).   

The above considerations have been found to be taken up in several other publications. 

For example, Halberg et al. (2005) argued in line with the proposition of Geier (2000) 

and other scholars (Haas et al. 2000; Boer 2003) “that the choice of the indicator should 

be connected with the impact category type: an area-based indicator should be preferred 

for regional impacts (such as eutrophication and acidification) and product-based 

indicators should be used for global impacts (e.g. climate change)” (p. 44).  

In addition to the link between RUs and the spatial scope of environmental impact 

categories, Hayashi et al. (2005, p. 105) noted that “the plurality of functional units” in 

LCA is related to discussions on multifunctionality of agriculture. By providing a list with 

LCA case studies using multiple functional units, the authors illustrated that results of 

environmental assessments “are dependent on the choice of functional units” (Hayashi et 

al. 2005, p. 106) and thus need further interpretation. In the words of Schader et al. (2012), 

“During the last decades the role of agriculture shifted from its mere production function 

to a multifunctional role” (p. 199). In order to take account of these multiple roles in 

society (Schader et al. 2012) and also to make the results of LCAs better communicable, 

functional units can be directly linked to the different agricultural functions (Table 4) 

(Nemecek et al. 2005). 

Table 4: Overview of agricultural functions and functional units (FUs) in LCA (modified according to 
Nemecek et al. (2005) and Schader et al. (2012)). 

Function  FU/RU 

Productive function  Agricultural output (e.g., dry mass or 

calorific value of products) 

Land management  Area (e.g., hectare per year) 

Financial function  Gross profit  

 

The use of multiple functional units based on the multifunctionality rationale has been 

found to be adopted in several other LCA studies (Müller-Lindenlauf et al. 2010; 

Nemecek et al. 2011; Meier et al. 2015). Van der Werf et al. (2007) concretized that from 

an LCA point of view, impacts should be expressed per unit product when the production 
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of commodities is the main function of the system; and “for a non-market function[s] (e.g. 

environmental services)” (p. 337) impacts should be expressed per unit area. 

In addition, van der Werf et al. (2007) argued, similar to Geier (2000), that on the one 

hand the impact per unit output expression “combines an environmental criterion and a 

production criterion, and thus is a measure of environmental efficiency […], rather than 

a measure of environmental impact” (p. 337). The reliance on which “may well lead to a 

preference for high input-high output systems” (ibid.), which are associated with major 

pollution problems when concentrated regionally. On the other hand, the impact per unit 

area expression “combines an environmental criterion and an area, the latter supplying a 

context, allowing the implementation of area-based threshold values” (ibid.); this can be 

valuable for specific national or regional emission targets, but “may well lead to a 

preference for low input-low output systems” (ibid.), which may be environmentally 

beneficial at regional level, but may increase LU elsewhere associated with additional 

impacts (ibid.). Thus, van der Werf et al. (2007) stated that “The two modes of expression 

are clearly complementary” (p. 337) and consequently pointed out their “feel[ing] that 

there is a strong case for expressing impacts of agricultural production systems both per 

unit area and per unit product” (ibid.). 

 

4.2.2 Deficiencies in the use of multiple RUs in LCA 

Indeed, Hayashi (2013) found that the recommended use of both per unit area and per 

unit output expressions of environmental impacts in agricultural LCA has been applied 

in many studies. However, the author argued that “in order for policymakers and farm 

managers to use LCA in agricultural decision making such as the selection of alternative 

agricultural production systems, further scrutiny is necessary” (Hayashi 2013, p. 331). 

First, because “both indicators, environmental impacts per product unit and those per area 

unit, are asymmetric” and second, because “inconsistent recommendations may be 

derived from two different indicators” (Hayashi 2013, pp. 331–332). According to 

Hayashi (2013), these core problems regarding decision making are based on the “two 

alternative views of agricultural production” (p. 332), which the author termed ‘land-

oriented expression’ and ‘product-oriented expression’, as illustrated in Table 5 and 

described in the following.  

 



 

70 

 

 

Table 5: Two alternative views on environmental impacts of agricultural production (modified according 
to Hayashi (2013)). 

Land-oriented 

expression  (𝐼)  
𝐼𝑚𝑝𝑎𝑐𝑡 𝑝𝑒𝑟 𝑙𝑎𝑛𝑑 𝑢𝑛𝑖𝑡 

𝐿𝑎𝑛𝑑 𝑢𝑛𝑖𝑡
=

𝑖𝑚𝑝𝑎𝑐𝑡
ℎ𝑎
 ℎ𝑎

=
𝑜𝑢𝑡𝑝𝑢𝑡

𝑖𝑛𝑝𝑢𝑡
 

Product-oriented 

expression (𝐼𝐼)  
𝐼𝑚𝑝𝑎𝑐𝑡 𝑝𝑒𝑟 𝑙𝑎𝑛𝑑 𝑢𝑛𝑖𝑡

𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑙𝑎𝑛𝑑 𝑢𝑛𝑖𝑡
=

𝑖𝑚𝑝𝑎𝑐𝑡
ℎ𝑎
𝑘𝑔
ℎ𝑎

=
𝑜𝑢𝑡𝑝𝑢𝑡

𝑜𝑢𝑡𝑝𝑢𝑡
 

 

First, the asymmetry of the two modes of expression is due to the difference in quotients, 

i.e. the ratio of environmental impact to RU. On the one hand, the land-oriented 

expression (𝐼) “consist[s] of outputs (environmental impacts) as numerators and an input 

(land) as a denominator” (Hayashi 2013, p. 332), i.e. land is considered as input to the 

process of agricultural production. On the other hand, the product-oriented expression 

(𝐼𝐼) consists of output as both numerator and denominator. Second, derived from this 

asymmetry, Hayashi (2013) argued that comparisons of production systems based on 

land-oriented expression are different from comparisons based on product-oriented 

expression as “information about production […] is not used” (p. 332) in the former and 

thus may lead to inconsistent policy or farm-level recommendations. Adequately 

communicating results of comparative LCAs of organic agriculture to, for example, 

policy makers is therefore closely linked to methodological issues, which was also 

addressed by other scholars (e.g., Schader et al. 2012; Meier et al. 2015). 

On the one hand, Schader et al. (2012) recognized the significant advances in assessing 

environmental impacts of agriculture through the general use of the LCA method; on the 

other hand, they pointed out severe methodological problems commonly found in 

agricultural LCA and studies using similar approaches. The authors cautioned that 

comparisons between farming systems need to be adequate to the aims of a study and if 

methodological problems are not accounted for, there is a risk of biased results (Schader 

et al. 2012). Thus, their study suggested more careful consideration of methodological 

choices, including the choice of RUs, in order “to be aware of both the uncertainty of the 

results and the potentially misleading political consequences in the communication of 
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LCA results on agricultural enterprises to consumers and policy makers” (Schader et al. 

2012, p. 206).  

Following the methodological shortcomings identified by Schader et al. (2012), Meier et 

al. (2015) noted in their review that although agricultural LCA studies are often perceived 

only as comparison of agricultural products, “a comparison of organic vs. conventional 

products is inevitably a comparison of organic vs. conventional farming systems. So, the 

comparison of the environmental impact of organic vs. conventional products using LCA 

must reflect the impacts of these different ways of production adequately” (p. 205). 

However, as such LCA “often do not adequately differentiate the specific characteristics 

of organic and conventional farming” (Meier et al. 2015, p. 206), the authors asserted that 

based on this method it is not yet possible to draw a conclusive picture on the comparative 

environmental performance of organic agriculture. The review thus recommended to 

reconsider the conclusions drawn from previous comparative LCA studies on the 

environmental performance of organic and conventional agriculture (Meier et al. 2015). 

Further, the authors proposed widening the narrow focus on production efficiency of 

contemporary LCA studies (i.e. using per unit output expression) by acknowledging the 

multifunctionality of agriculture and using different functional units (ibid.).  

In line with Meier et al. (2015), Müller et al. (2012b) argued that “Due to the systemic 

approach of OA and its multiple outputs, comprising ecosystem services besides 

commodities, comparison of organic to conventional agriculture is difficult” (Müller et 

al. 2012b, p. 5), which is why “Due account has to be given to the functional unit […] on 

which comparisons are based” (ibid.). The large influence of the analysts, especially in 

LCA, where impacts per unit output are the most common metric, may result in negatively 

biased assessments of systemic approaches such as organic agriculture, which they found 

problematic from a policy perspective (Müller et al. 2012b). 

Despite recent methodological proposals and developments in the field, which “seek to 

broaden the relevance of LCA results” (Pelletier et al. 2019, p. 1581) to support integrated 

sustainability decisions, LCA still assesses agroecological systems such as organic 

agriculture inadequately for several reasons, as pointed out by van der Werf et al. (2020). 

On the one hand, this is due to the lack of operational indicators for key environmental 

dimensions including land degradation, biodiversity loss and pesticide effects (cf. 

Schader et al. 2012). On the other hand, as described above, it is due to the narrow 
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product-based perspective on functions of agricultural systems, which is closely 

intertwined with the issue of RUs and echoed by the difference between the frameworks 

of LCA and ES (Figure 16). When recalling Hayashi’s (2013) findings on the asymmetry 

between the two alternative views on environmental impacts (land- and product-oriented 

expression), it comes as no surprise that the two frameworks “differ greatly in how they 

consider land”, as van der Werf et al. (2020, p. 420) stated, meaning that in LCA land is 

modelled as a fungible resource input (such as fossil energy) while in ES assessment it is 

“part of the agricultural system, as land is the basis for essential ecosystem functions” 

(ibid.) related to the soil (cf. Berlin and Uhlin 2004). Therefore, LCA faces obvious 

problems when assessing the environmental performance of organic agriculture16 (van 

der Werf et al. 2020).  

 

16 This mode of argumentation has also been found to apply outside the scope of LCA studies, however a 

delineation between LCA and non-LCA studies regarding justifications for the use of RUs could not always 

be drawn entirely clear as LCA studies are often considered in meta-studies that attempt to assess the overall 

environmental impact of agricultural systems.  
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Figure 16: Contrasting per unit output and per unit area assessments of agricultural systems related to the 
LCA and ES frameworks (van der Werf et al. 2020). 

 

Discussions on deficiencies in the context of LCA have been found to be persistent until 

present. While some emphasized that comparisons of organic and conventional 

agriculture regarding environmental impact and productivity are “ideally based on 

comprehensive environmental assessment tools, such as the widely applied [LCA] 

technique“ (Boone et al. 2019, p. 2), many scholars have been found to agree that the 

narrow ‘eco-efficiency’ perspective – as implemented by the output-based expression – 

must be complemented by using area-based indicators, i.e. considering agriculture’s 

multifunctionality (Halberg et al. 2005; Hayashi et al. 2005; Nemecek et al. 2005; van der 

Werf et al. 2007; Müller-Lindenlauf et al. 2010; Nemecek et al. 2011; Meier et al. 2015; 

Liang et al. 2017; van der Werf et al. 2020).  
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4.2.3 Contrasting justifications for output- and area-based expressions  

In view of the controversies in the scientific debate, it is particularly interesting how the 

choice of a certain RU is justified from different perspectives. The studies of Berlin and 

Uhlin (2004) and Tuomisto et al. (2012a), which implicitly reflect the two alternative 

views pointed out above by Hayashi (2013), have been found to be exemplary in this 

respect.  

In essence, Berlin and Uhlin (2004) argued at the example of a Swedish case study 

comparing organic and conventional milk production (Cederberg and Mattsson 2000) that 

the opportunity cost of LU17 should be included in LCA assessments due to shortcomings 

of the method, as mentioned above. While Cederberg and Mattsson (2000) concluded in 

their product-based assessment that a larger use of arable land, especially grassland, in 

the low-input organic system promotes domestic environmental goals (biodiversity, 

aesthetic value), Berlin and Uhlin (2004) countered that this view neglected the 

opportunity cost principle; in their view, this principle is highly relevant when considering 

LU related environmental impacts due to the great strategic importance of land as a 

resource. Consequently, Berlin and Uhlin (2004) chose the per unit area expression of 

environmental impacts. In their belief, classical LCA, which uses per unit output 

expressions, does not resolve short and long-term issues; the narrow product-based view 

is therefore not “enough for making strategic interpretations of the results” (Berlin and 

Uhlin 2004, p. 199). 

On the other hand, the aspect of opportunity cost of LU was also taken up by Tuomisto 

et al. (2012a) who in their meta-analysis selected several indicators “to include all 

environmental impact categories and quantified these per unit area and per unit product, 

using [LCA] when available” (Rossing et al. 2014, p. 75). Tuomisto et al. (2012a) agreed 

with (explicit reference to) Berlin and Uhlin (2004) that “In order to assess the overall 

environmental performance of the different systems, the alternative uses of the extra land 

requirements should be taken into account” (p. 316). Interestingly, however, they 

emphasized the importance of analyzing environmental impacts per unit output rather 

than per unit area, given the increasing demand of food globally and the “pressures to 

increase rather than reduce production per unit area” (ibid.). This is in contrast to Berlin 

 

17 The opportunity cost of LU can be described as opportunities foregone, as measured by the utility that 

could be derived from an alternative use (e.g. reduced amount of GHG emissions), if more land is required 

for organic compared to more intensive conventional milk production (Berlin and Uhlin 2004). 



 

75 

 

and Uhlin’s (2004) conclusion that “When LCA is used as a base for policy and strategic 

decisions land […] should be the starting point of the analysis and consequently be 

regarded as a production process in the chain [as opposed to an] […] input that can be 

replaced or changed” (p. 200). This controversy illustrates the importance of considering 

the different spatial scales and policy contexts under investigation.  

As has already been indicated at several points, the choice of RUs in environmental 

performance assessments of agriculture has a decisive influence on its results, which in 

turn influence the relevance and integration of the studies in the policymaking process; 

e.g. in agri-environmental policy evaluation regarding direct payments (cf. Schader et al. 

2012) or in the promotion of organic agriculture as a policy measure to reach certain 

environmental goals on a national level (cf. Dabbert 2003; Jespersen et al. 2017). Flessa 

et al. (2002) pointed out in this context that the question of which RU to rely on depends 

on specific (agrarian) policy goals, e.g. reducing or increasing the intensity of agricultural 

production. For example, Leifeld and Fuhrer (2010) argued in the context of 

benchmarking GHG emissions of organic agriculture at the system level that “the amount 

of food produced should set the scale for system analysis [because] […] the supply of 

high-quality food and fiber is a key purpose of agriculture for any production system” (p. 

597). This assertion was made in response to Niggli et al. (2009a) who, in contrast, argued 

that “the very purpose of the organic paradigm is producing less livestock while 

increasing the share of crops for human consumption” (p. 6), which they believed makes 

a “per area benchmarking of GHG emissions […] more appropriate than per product 

quantity for farming system comparisons, especially in the context of climate change and 

livestock production” (ibid.). Both sides of this exemplary argumentative controversy 

have been found to be associated with several other identified arguments presented in the 

following. 

Arguments advocating per unit output assessments  

Similar to Leifeld and Fuhrer (2010), Seufert and Ramankutty (2017) argued that “a 

primary purpose of agriculture is production” and also noted that “Often farming system 

assessments only examine the impact per unit area” (p. 1). Because of this and given that 

yields vary, they held the view that “it is important to also assess the [environmental] 

performance of farming systems per unit output” (p. 1), especially because of the strong 

environmental impact of land conversion. Based on the results of Seufert and Ramankutty 

(2017), Ramankutty et al. (2019) agreed that compared to using a per unit area expression 
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of environmental impacts, “A more appropriate comparison would be on equal-product 

basis” (p. 100). The authors argued that potential environmental benefits of organic 

management such as improved soil structure and enhanced water retention in soils “trade 

off against” the lower yields (Ramankutty et al. 2019, p. 100), which fits within the mode 

of argumentation within the second identified main criticism of organic agriculture’s 

environmental performance in Chapter 4.1.2.  

Meemken and Qaim (2018) also expressed the view that “measuring per unit of output 

seems more relevant to assess environmental impacts from a global perspective” (p. 48) 

given the rising demand for food and agricultural products. While cautioning that “yields 

should never be seen in isolation – as they often have been in the past”, Seufert (2018, 

p. 197) also argued that yields are still an essential component of environmental 

sustainability assessments of farming systems and that per unit output measures therefore 

“matter for all those environmental variables that have trade-offs with yields or that 

perform better in natural ecosystems” (ibid.).  

In support of this, Gabriel et al. (2013) focused on quantifying the trade-off between 

agricultural production, i.e. yield, and biodiversity, following the land-sharing/land-

sparing framework (see Chapter 4.1.2). They argued that many reductions in ES are 

mediated through species abundance and diversity, which is why examining the 

environmental impact of organic agriculture on biodiversity per unit output is valuable, 

given that “Organic yields are globally on average 25 % lower than conventional yields” 

(Gabriel et al. 2013, p. 356).  

In the same vein, Balmford et al. (2015) pointed out that from a conservationist 

perspective they are “interested in land sparing [and] […] back up calls for sustainable 

intensification, in which negative impacts of yield increases are avoided or minimized” 

(p. 66). In their view, “the key to bringing about sustainable intensification is to avoid 

dogma and instead explore the likely effects of all promising options – on yield but, 

critically, also on net negative externalities per unit of production” (Balmford et al. 2015, 

p. 67). While the authors pointed out that the land-sharing/land-sparing debate remains 

controversial and many important issues remain unresolved, they suggested that “it has 

provided a valuable framework that forces us to be explicit about our objectives in 

evaluating alternative approaches to food production” (Balmford et al. 2015, p. 68). This 

view is corroborated by Balmford et al. (2018), who argued that “comparisons of the 
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overall impacts of contrasting agricultural systems should focus on the sum of externality 

generated per unit of production” (p. 478). The authors acknowledged that expressing 

externalities per unit area is valuable for identifying local-scale impacts, but “it 

systematically underestimates the overall impact of lower-yield systems that occupy more 

land for the same level of production”; i.e. which have a lower LU efficiency (Balmford 

et al. 2018, p. 477). The same reasoning has also been found in the study by Noleppa 

(2016) on effects of conventional and organic farming systems on regional and global 

biodiversity.  

In addition, Kirchmann et al. (2016) also followed the logic of land-sharing/land-sparing 

and argued that the yield perspective should be included alongside expression per unit 

area in the evaluation of the agricultural impact on biodiversity, as the LU efficiency in 

organic cropping systems is lower compared to conventional ones. They extended this 

argument to other environmental dimensions by stating that “expressing losses to the 

environment such as greenhouse gases or leaching of nutrients per area disregards 

cropping intensity” and thus may be misleading (Kirchmann et al. 2016, pp. 103–104). 

While the authors conceded that leaching of nutrients may affect adjacent or remote water 

bodies, making “both nutrient flows per area and amounts leached per product […] 

relevant units” (Kirchmann et al. 2016, pp. 104–105), this did not take away from their 

general conclusion that “the environmental impact of agricultural systems should be 

expressed per unit crop product or other intensity measures rather than on an aerial basis” 

(ibid.). Leifeld (2016) has been found to argue similarly in relation to biodiversity loss 

and GHG emissions. 

Arguments criticizing per unit output assessments as insufficient  

Contrarily, however, Niggli (2015) asserted that “Environmental benefits, as provided by 

organic farms, are absolute goods and cannot be relativised by the fact that yields are 

lower than in conventional agriculture” (p. 86), which in his view is especially true for 

soil fertility building, biodiversity preservation, reduced nutrient and pesticide leaching 

losses as well as surface run-off erosion and drainage. This argumentation, in line with 

Niggli et al. (2009a) (see above), suggests that a per unit output expression of impacts is 

not feasible or is not considered appropriate in various environmental dimensions. Several 

other scholars have also been found to put forward arguments that partly contradict the 

above output-oriented points of view and are more in line with Niggli’s (2015) position 

that yields cannot relativize many of organic agriculture’s environmental benefits.  
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In the context of biodiversity conservation, Ponisio and Ehrlich (2016) considered output-

based assessments, i.e. focusing on yield gains, as “virtually irrelevant” (p. 5) when 

weighing up food security and biodiversity benefits of alternative farming systems, partly 

because the often used “dichotomy between ‘land sparing’ and ‘land sharing’ is based on 

the false assumption that there is a simple relationship between yields and amounts of 

land used for production” (p. 6).  

While the key function of food production of agricultural systems and related aspects of 

LU efficiency have been found to mainly serve as an argument for a per unit output 

expression of environmental impacts, a study in the Chinese context by Meng et al. (2017) 

was an exception. The study examined several environmental impact indicators including 

GHG emissions, N leaching and biodiversity and evaluated them per unit area; their 

rationale was that food production, which is the most important function of agriculture 

according to the authors, must compete with other LUs, given that land resources are 

finite and scarce (ibid.). Thus, “policy-makers can account for differences in land use 

efficiency [when] […] environmental impacts are expressed per unit area” (Meng et al. 

2017, p. 51). 

Moreover, Tittonell (2014) stated that “Calculating emissions or any other environmental 

impact per unit of produce, as often done through the methods of environmental 

accounting, is […] misleading” (p. 7), since the cause for global warming is the total net 

emission of GHGs per area, “irrespective of the yields obtained” (ibid.). In support of 

this, a report by Müller et al. (2016) on the role of organic agriculture to reduce the 

environmental impact of EU agriculture found that “it is important to go beyond mere 

efficiency assessments” (p. 18) and advocated for adopting “the entire-food-systems 

perspective, in particular in contrast to common life-cycle analyses that focus on (eco-

)efficiency and per-unit product emissions” (p. 42). The report criticized that the 

efficiency rationale “assumes an unquestioned demand for agricultural products that 

should be met with the lowest possible GHG emissions”, which the authors found “a 

limited view […] and not necessarily the most important way […] of measuring emissions 

and emission reductions in agriculture” (Müller et al. 2016, p. 34). 

Accordingly, Müller et al. (2017) adopted such a systems approach to gauge the potential 

of organic agriculture for the sustainability of future food systems. Doing so, the authors 

aimed to go “beyond a focus on production, yields and environmental impacts per unit 



 

79 

 

output of specific commodities” (Müller et al. 2017, p. 2). Seufert et al. (2012) also called 

for evaluating “the performance of farming systems through more holistic system 

metrics”, since “yields are only part of a range of economic, social and environmental 

factors that should be considered” (p. 231). In the same vein, Ponisio and Kremen (2016) 

suggested that the continued focus on yield and the related focus on per unit output 

evaluations in the debate surrounding the adoption of alternative farming practice is 

insufficient regarding the socio-ecological challenges agricultural production is facing. 

Instead, they argued that “all aspects of a farming system […] must be evaluated” (Ponisio 

and Kremen 2016, p. 1), including ES, which “are generally expressed per unit area”, as 

van der Werf et al. (2020, p. 420) noted. 

Arguments contextualizing the trade-off between choices of RUs  

An exception in terms of exhaustiveness in the considerations on the appropriate choice 

of RUs is the report by Sanders and Heß (2019) on the environmental and social 

performance of organic agriculture in Germany. In accordance with some of the studies 

mentioned above, the authors criticized the general use of per unit output expressions as 

a basis for relativizing environmental benefits of organic agriculture and justified this as 

follows. First, the data on environmental impacts on the one hand and yield potential of 

organic and conventional systems on the other hand are mainly derived from different 

sources due to the lack of studies measuring both the specific environmental impact of 

organic and conventional agriculture and the yields achieved on the same farm area; 

linking data from different sources can therefore lead to distorted assessments (ibid.). 

Second, the per unit output expression does not sufficiently take into account the lack of 

statistically reliable yield data from organic farms in practice (ibid.). In order to make 

correct yield comparisons with conventional farms, the effects of a soil’s yield capacity 

– organic agriculture is currently carried out disproportionately on lower-yielding soils, 

less in favored areas – and crop variety effects would have to be considered (ibid.). Third, 

the authors found little or no justification for the choice of RUs in scientific studies, 

although the results and conclusions of which are significantly influenced by it (ibid.).  

Similarly, the report by Haller et al. (2020) in the same field concluded in line with the 

above findings that the assessment of environmental impacts of agricultural production 

systems depends crucially on which RU is chosen for the corresponding environmental 

parameter; and that it is therefore necessary to define the appropriate RU for each 

parameter and context. 
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In view of the criticized insufficient justifications for the choice of RUs, Sanders and Heß 

(2019) therefore deliberated on which RU would be ‘technically’ appropriate for the 

respective environmental dimensions that the report examined with reference to 

Germany.  

Supplementary Table 5 (Appendix 1) provides an overview of the proposed RUs and the 

respective justifications from this technical perspective. Importantly, the authors 

complemented their considerations by deliberating on the appropriate RUs when 

assessing the environmental performance of agriculture not from a mere technical, but 

from a societal, i.e. policy perspective (Table 6), meaning to consider the innate trade-

offs between using and protecting natural resources, both of which create value for society 

(Sanders and Heß 2019).  

Regarding the preservation of soil fertility, the authors found no trade-off between using 

and protecting arable soils, since soil fertility safeguards the production potential. More 

importantly, the authors noted that soil fertility, by definition, refers to the area, so per 

area expression should be used when assessing agriculture’s impact on soils (Sanders and 

Heß 2019). Similarly, in the case of resource (N and energy) efficiency, the output unit 

was considered immanent, since efficiency is defined as the ratio of input to output 

(Sanders and Heß 2019).  

However, regarding the other investigated environmental dimensions (water protection, 

biodiversity, climate protection, climate adaptation), the RU to be used from a societal 

perspective was found not to be immanent by the authors since a trade-off exists between 

resource use and protection. Further contextualization was therefore intended to 

determine the appropriate RU by including the following criteria: the spatial scope of a 

solution to reduce environmental impact bearing the question ‘What exactly is the 

environmental problem and how severe is the environmental problem in a particular 

region?’; the regional characteristics of environmental impacts (or scarcity of individual 

public environmental goods) bearing the question ‘Is the public good to be provided on a 

local or global scale?’; and the risk and extent of leakage effects bearing the question 

‘Does the provision of a public good in one region result in negative environmental 

impact in another region?’ (Sanders and Heß 2019).  
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Table 6: Justifications for the use of area- and output-based expression of environmental impacts in 
agricultural environmental assessments from a socio-political perspective (according to Sanders and Heß 
(2019)). 

Environmental 

dimension 

Proposed RU 

from societal 

perspective 

Justification  

Soil fertility  Area unit Inherently given 

Resource 

efficiency  

Output unit Inherently given  

Water 

protection 

Area unit Spatial scope and regional characteristics 

- Reduction of water pollution and thus the costs for 

water treatment can only be solved by a regional 
change in management practices  

→ provision of the local public good has priority over 

yield target 

Leakage effects 

- Extensification in one region might lead to 

intensification and possible water pollution elsewhere 

(normative consideration needed which pollution 
effect should be prioritized) 

Biodiversity Area unit Spatial scope and regional characteristics 

- Loss of endangered animal and plant species can only 

be stopped by improved habitat-specific living 

conditions (usually determined at site or landscape 
level) and cannot be compensated by higher output  

→ provision of the local public good has priority over 

yield target 

Leakage effects 

- Extensification in one region might lead to 

intensification and possible negative impacts on 

biodiversity elsewhere (normative consideration 
needed which biodiversity effect should be prioritized)  

Climate 

protection 

Output unit/ 

area unit18 

Spatial scope and regional characteristics 

- GHGs are distributed ubiquitously, which requires a 

global mitigation solution (regional differentiation may 
be useful for protecting carbon-rich peat soils)  

→ global public good; certain output should be 

produced with lowest possible GHG emissions 

Leakage effects 

 

18 Ideally, both RUs should be used in order to reflect different aspects of a farming system evaluation and 

enable a differentiated picture (Sanders and Heß 2019). Limitations for the use of the respective RUs, see 

Supplementary Table 5 (Appendix 1). 
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- Emission reduction in one region might lead to 

emission increase elsewhere resulting in net zero or net 

negative effect regarding climate change mitigation 

Climate 

adaptation  

Area unit Spatial scope and regional characteristics 

- Negative consequences of extreme weather events in 
certain regions by erosion and floods can only be 

reduced in affected regions by decentralized solutions, 

e.g. by ensuring high aggregate stability or infiltration 
capacity of the soil and cannot be compensated by 

higher output  

→ provision of the local public good has priority over 
yield target 

Leakage effects 

- Extensification in one region might lead to 

intensification and possible negative impacts on 
adaptation capability elsewhere (normative 

consideration needed which adaptation effect should 

be prioritized) 

 

Sanders and Heß (2019) argued that the prioritization conflict between either using 

resources or protecting resources should always be considered when assessing 

agriculture’s performance in providing public goods; a blanket determination of the RU 

therefore does not do justice to the complexity of the conflict of objectives. Rather, it is 

necessary to weigh up in a differentiated manner in which context and by which means 

resource use or resource protection is to be given higher priority and thus which RU is to 

be used for the evaluation of socio-environmental performance (Sanders and Heß 2019). 

  

4.2.4 Key findings: argumentative deadlock on justifications for RUs 

To sum up, the analysis of the proposed RUs and their justifications within the debate on 

the environmental performance of organic agriculture has shown that in the realm of the 

frequently conducted LCA studies, arguments on the appropriate use of functional units 

mostly revolved around agriculture’s multifunctionality and the spatial scale of 

environmental impacts (Chapter 4.2.1). Many authors agree that the narrow eco-

efficiency perspective has to be complemented, specifically through conducting multi-

criteria analyses (Tuomisto et al. 2012a, 2012b; Hayashi 2013) and integrating more 

holistic perspectives on agriculture such as the ES framework (Schader et al. 2012; Meier 

et al. 2015; Ribal et al. 2017; Boone et al. 2019; van der Werf et al. 2020). This is related 
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to the reasoning that yield and productivity should not be the sole benchmark when 

assessing the environmental performance of organic agriculture (cf. Chapter 4.1.1). 

However, despite some agreement on complementing efficiency measures with more 

systemic perspectives, the analysis has shown that the outcomes of environmental 

performance assessments, including LCAs, vary widely and have resulted in controversial 

discussions. This might be explained by the fact that most agri-food LCA studies tend to 

ignore biodiversity impacts as well as soil quality effects of management practices 

(usually central to organic management) such as diversifying crop rotations and using 

inter-/catch crops (van der Werf et al. 2020); and that no consensus exists on how to 

include changes in SOM into LCA (Halberg 2012; Knudsen et al. 2011). This is 

aggravated by additional deficiencies in comparative analyses of organic and 

conventional systems, e.g. regarding the choice of system boundaries or diverging 

geographical or soil characteristics between study sites (cf. Gomiero et al. 2011a; 

Kirchmann et al. 2016). Moreover, shortcomings in the use of multiple RUs in LCAs 

became evident, as land- and product-oriented expressions of environmental impacts 

resemble two different views on agricultural production (Chapter 4.2.2). This can lead to 

inconsistent and hard-to-communicate results and recommendations for policymaking 

from comparative LCAs (cf. Schader et al. 2012). 

Importantly, controversial justifications for the most appropriate use of the corresponding 

RUs in a given context have been found (Chapter 4.2.3). They can be summarized in two 

broadly framed reasonings that have been found to dominate the debate: 

i. Expressing environmental impacts per unit output is more relevant (especially 

from a global and food security perspective) because the LU efficiency, which is 

important for LUC-related impacts, is accounted for. Per unit area expressions can 

be misleading, since farming intensity is not accounted for and therefore must be 

complemented by the yield perspective (e.g., Kirchmann et al. 2016; Balmford et 

al. 2018; Meemken and Qaim 2018; Kirchmann 2019; Ramankutty et al. 2019). 

Exemplary statement: “Expressing emissions per area disregards whether it is a 

high- or low-yielding cropping system. It is apparent that systems with low 

emissions would be ranked environmentally superior. […] The need for more 

organic arable land to produce the same amount of crop requires full attention on 

the comparison between organic and conventional cropping systems. 
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Consequences of land use change […] are often of greater environmental 

significance […]” (Kirchmann 2019, pp. 23–24). 

ii. Expressing environmental impacts (solely) per unit output is not appropriate 

because it does not account for the complexity of goods and services provided by 

agro-ecosystems. Per unit output expressions can be misleading, since the total 

amount of environmental impact is decisive (e.g., Tittonell 2014; Niggli 2015; 

Ponisio and Kremen 2016; Müller et al. 2017; Sanders and Heß 2019). Exemplary 

statement: “When discussing climate change mitigation in agriculture, the primary 

metric usually used is emissions per […] output, rather than emissions per hectare 

[…] With such an approach conventional agriculture usually performs better […] 

despite the fact that […] emissions per ha tend to be lower [in organic]. This is a 

limited view which does not allow a proper assessment of mitigation potentials 

across whole food systems” (Müller et al. 2016, p. 34). 

The outlined positions seem to have in common that per unit output and per unit area 

expressions can and sometimes should be used complementary (according to what has 

been found largely recommended within LCAs). However, contradictory justifications 

for the appropriate use of the corresponding RUs seem to prevail. In other words, some 

authors argue that because of the lower productivity and lower LU efficiency of organic 

agriculture (resulting from its systemic approach), per unit output assessments are more 

appropriate to map the overall impact (i). Others argue that because of the systemic 

approach of organic agriculture, which aims at the provision of multiple goods and 

services, per unit area assessments are more appropriate to map the overall impact (ii). 

This leads to the conclusion that there seems to exist what I call an ‘argumentative 

deadlock’19 in terms of supporting argumentation for the prioritized use of the respective 

RUs, particularly regarding environmental dimensions that are coined by trade-offs 

between resource use and protection (cf. Chapter 4.2.3). 

Figure 17 intends to illustrate central concepts and discourses that appeared to contribute 

to the identified argumentative deadlock regarding the justifications for and proposed use 

of the respective RUs. In particular, it shows the potentially complementary use of the 

 
19 The term ‘deadlock’ is considered appropriate here in reference to Hospes (2014) who, in the context of 

discussions on the concept of food sovereignty, found that the debate is characterized by a deadlock, in part 

because the epistemic community (consisting of academics and professionals with shared beliefs and shared 

aversions) failed to debate how to reconcile conflicting values and discourses.  
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output- and area-based expression of environmental impacts (indicated by the shapes in 

the center), which is however complicated by the related – often binary framed – debates 

(indicated by the arch-shaped connecting lines). This leads to a polarized overall picture 

of the debate with some arguing in favor of the ‘productivity perspective’ on the one hand 

and others arguing in favor of the ‘systemic perspective’. The related various scientific 

discussions (some of which, as shown in the previous chapters, reveal diverging views on 

what should be prioritized in environmental assessments of agriculture) are in turn 

embedded in the socio-political realm that is characterized by normative and value-based 

discussions, as will be explored in Chapter 5. This embeddedness is indicated by the 

double arrows between the dotted boundary of the scientific realm, which is permeable 

for normative aspects related to the broader public debate, and the grey line that connects 

socio-political factors that in turn influence the scientific realm. For example, Figure 17 

illustrates the interdependence between the advocated RUs, policy objectives (which in 

turn can be connected to research objectives) and the societal discourses to which these 

objectives are linked, i.e. which environmental impacts and services (including public 

goods) related to agriculture are considered most important at a certain scale. 
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Figure 17: Different concepts and discourses related to the debate on RUs in agricultural environmental 
performance assessments and the embeddedness of the scientific discourse in the socio-political realm 
(own illustration). For explanation, see text.   
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5 Discussions 

5.1 Contextualizing the key findings 

The interweaving of the key findings, as summarized in Chapters 4.1.3 and 4.2.4, have 

revealed an overall ambiguous picture of the scientific debate on organic agriculture’s 

performance regarding environmental impacts and public good provisioning. This can be 

explained not only by partly insufficient data but is also rooted in contrasting modes of 

argumentation related to different frames and narratives.  

In particular, regarding the role of RUs within the controversial debates depicted in Figure 

17, other scholars have described the interdependence between methodological choices, 

research objectives and societal discourses. For example, Halberg et al. (2005) 

emphasized that the choice “between product-based and area-based assessment and 

evaluations of production systems is a political or normative one that has implications for 

which environmental issues will be most important, local or global, and which function 

of the production system should be highlighted” (p. 44). Further, Schader et al. (2012) 

argued that such methodological choices based on normative assumptions can create a 

bias of results in favor of intensive or extensive agriculture and potentially misleading 

political consequences.  

Accordingly, Holt-Giménez et al. (2012) argued with regard to argumentative figures, 

that yield-centered performance comparisons are misleading when organic agriculture is 

set up “as a straw man to be knocked down by its conventional counterpart” (p. 596). The 

higher output-based performance of conventional systems usually holds true in the 

context of mono-cultural commodity farms, the authors argued, but not when considering 

small-plot farms using agroecological methods (Holt-Giménez et al. 2012). 

Given the pressing socio-ecological challenges at hand, the little effort that has been made 

in the scientific community in adequately justifying  the choice of underlying RUs (cf. 

Sanders and Heß 2019) and thus in addressing value-based trade-offs seems deplorable 

for two reasons. First, the dependence of agricultural environmental assessments’ 

outcomes on the underlying RUs is not a novel scientific finding (cf. Chapter 4.1.2). 

Second, it was already argued in 2005 by Halberg et al. that the inherent socio-political 

trade-offs in studying the environmental performance of (organic) agriculture are rarely 

explicitly addressed, yet the selection of some indicators over others “is already a 

normative (i.e. value-based) choice” (p. 45) and often based on researchers’ own 
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perceptions or subjective views; therefore researchers should “justify explicitly […] their 

choices of objectives and indicators in relation to societal goals” (p. 46). It appears that 

this plea has not resonated with many researchers. 

This is reflected in my results insofar as evaluations of the choice of a RU as ‘misleading’ 

(cf. Tittonell 2014; Kirchmann et al. 2016) entail the question in which direction the 

respective RU ‘leads’, which in turn is rarely elaborated upon. This involves questions of 

what is prioritized in (the governance of) certain agricultural production systems or what 

is considered the overarching ‘purpose’ of such (cf. Leifeld 2016; Ponisio and Kremen 

2016). As Tal (2018) aptly noted, the diverse debate on environmental impacts of 

agriculture does not allow for a ‘one-size-fits-all’ solution, so the question becomes: 

“What is a society’s environmental priority?” (p. 7).  

Regarding agricultural sustainability, the primary role of science in finding an answer to 

such questions should be to enhance the transparency of the debate (Struik et al. 2014). 

However, the already lengthy processes of aligning policies and negotiating sustainable 

pathways are often hampered by diverging interests and world views (Eyhorn et al. 2019), 

which are also influencing the scientific realm. In order to derive recommendations for 

future research efforts, further contextualizing the controversial debates contributing to 

the argumentative deadlock revolving around different RUs appears crucial.  

The next sections therefore move on to discuss the combined key findings of my research 

in the light of a twofold issue that appeared to pervade the debates. First, contrasting 

paradigms of agricultural sustainability – and related different normative, value-based 

considerations of resources (especially land) within agricultural production – seem to take 

on a crucial role. Second, these paradigms are reflected in the entangled frames and 

narratives (some of which were already briefly addressed in Chapter 4.1.1). 

 

5.2 Wicked sustainability problems  

First, the concept of sustainability has been found to contribute to controversies within 

the debate and thus deserves elaboration. Perhaps the most frequently quoted definition 

of sustainability stems from the renowned Brundtland report20, which was a turning point 

 

20 “Sustainable development is development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” (World Commission on Environment and 

Development 1987) 
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“for the very idea of sustainability” (Thompson 2010, p. 197). However, the increasingly 

common distinction of three sustainability dimensions in the wake of the report – 

ecological, economic and social – is not very helpful in assessing organic agriculture, as 

argued by Alrøe et al. (2006, p. 80), because it “tends to remove focus from the relations 

between the three and thereby counteract the insights of organic agriculture”, which is 

based on an integrated, systemic perspective. In fact, discussions on sustainability in 

agriculture gained traction before the Brundtland report (Thompson 2010, p. 203).  

The classical distinction of the economist Gordon K. Douglass dates back to 1984 and 

advocates three schools of defining agricultural sustainability: “food sufficiency, 

stewardship and community, each based on distinct normative assumptions regarding 

what are the important roles of agriculture in society” 21 (Halberg 2012, p. 983).  

The philosopher Paul B. Thompson, renowned in the field of agriculture, environmental 

and food ethics (MSU 2020), reduced Douglass’ analysis “into two overall concepts for 

sustainability in agriculture: resource sufficiency and functional integrity” (Halberg 2012, 

p. 984). This was based on the reasoning that sustainability should not be defined as an 

end goal in itself, as a system could be sustainable regarding resource use while adopting 

morally reprehensible practices (e.g., disregarding animal welfare, cf. (Thompson 2010, 

p. 270)). Thus, Thompson cautioned that the sustainability term should not be used as an 

umbrella for everything desirable agriculture should achieve, but as an additional criteria 

to assess its functioning and endurance in the long-term (Halberg 2012). Importantly, 

Halberg (2012) noted that the different schools of agricultural sustainability according to 

Douglass (1984) are still present today, “but many users of the sustainability term seem 

not to be fully aware of the normative content behind their statements” (p. 983). Table 7 

summarizes the key characteristics of the above-mentioned schools and concepts and 

intends to make clear the normative aspects by which each approach is informed. 

  

 

21 Thompson (2010, pp. 203–205) noted that Douglass (1984) described the second school (stewardship) 

by “ecological integrity” and the third school (community) by “social sustainability”.  
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Table 7: Characterization of the three visions of agricultural sustainability (food sufficiency, 
stewardship/ecological integrity and community/social sustainability) according to Douglass (1984) and 
of the two concepts for sustainability in agriculture (resource sufficiency and functional integrity) 
according to Thompson (2010). 

Three schools of agricultural sustainability according to Douglass  

Food sufficiency This view considers population growth in a Malthusian22 way (Thompson 

2010, p. 204) and sees agriculture as an instrument for feeding the world. 

Sustainability is largely a matter of sufficient food production (Halberg 
2012). “In this group we find the defenders of the modern ‘conventional’, 

industrialised agriculture currently represented by the term ‘sustainable 

intensification’” (Halberg 2012, p. 984).  

Stewardship/ 

ecological 

integrity 

In this view “it is agriculture itself that must be sustainable. It is not simply 

a matter of agriculture making society sustainable by ensuring that there is 

enough to eat” (Thompson 2010, p. 205). Thus, major concerns are the 
ecological balance and the biophysical limits to agricultural production 

(Alrøe et al. 2006). “This school includes ‘environmentalists’ who are 

concerned with the limits to growth in a finite global environment” (Halberg 
2012, p. 984).  

Community/ 

social 

sustainability 

“Sustainability as community shares the concern for ecological balance, but 

with special interest in promoting vital, coherent rural cultures” (Alrøe et 

al. 2006, p. 83). It suggests that small-scale, diversified, family-run farms 

are more beneficial to sustaining vibrant rural communities than industrially 
organized farms (Thompson 2010, p. 206). Cultural practices encouraging 

values of stewardship, self-reliance, humility and holism are considered 

equally important as scientific insight (Alrøe et al. 2006). “This school 
includes ‘alternative’ forms of agriculture, including the roots of modern 

organic farming” (Halberg 2012, p. 984).  

Two overall concepts for sustainability in agriculture according to Thompson 

Resource 

sufficiency 

“[…] is an ‘accounting approach’ that focuses on how to fulfil present and 

future human needs for food, and on how we can measure and calculate the 

proper balance between present resource use and future needs” (Alrøe et al. 
2006, p. 83) based on input/output relations seen from without the system. 

The LCA method represents a specialized resource sufficiency view and is 

indispensable for environmental assessments under this perspective 

(Halberg 2012). Conceptualizations of agricultural sustainability revolve 
around resource “measurement problems” (Thompson 2010, p. 240). 

Functional 

integrity 

Here, based on an ecological perspective, “Humans and nature form 

vulnerable socioecological systems that have crucial elements, such as soil, 
crops, livestock, ecosystems, cultural values, and social institutions, which 

must be regenerated and reproduced over time” (Alrøe et al. 2006, p. 83). 

Hence, this perspective “has strong similarities with the principles of 

organic agriculture” (Halberg 2012, p. 984). Agricultural sustainability is 
conceptualized in terms of a system’s capacity for self-regeneration (Alrøe 

et al. 2006, p. 83). 

 

22 The British economist Thomas R. Malthus (1766-1834) established the idea of an ‘overpopulation’, 

entailing that the population would grow exponentially, whereas food production would only grow linearly 

(FARN 2019). 
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What is more, Thompson (2010) pointed out that the ‘resource sufficiency’23 and 

‘functional integrity’ approaches to sustainability “rely on technically complex, deeply 

theory-laden ideas from environmental science” (p. 273). Yet it is crucial, he continued 

with reference to Norton (2005), that key value decisions made in connection with 

sustainability can be expressed in plain language, “not only to ensure that the broadest 

possible range of the public can participate in conversations about sustainability but also 

because even technical specialists tend to talk past one another when they are allowed to 

continue indefinitely in the jargon of their disciplinary specializations” (Thompson 2010, 

p. 272).  

In the context of my research, different considerations of land as a resource in agriculture 

and thus in the justification of appropriate RUs have been found controversial within the 

analysis. Meaning that land, on the one hand, can be modelled as resource flow or input 

and viewed from the perspective of productivity/efficiency measures or resource 

sufficiency in the sense of Thompson (usually the case with economically rooted LCAs). 

On the other hand, it can be seen as an integral part of agricultural production that cannot 

be substituted from the more systemic (ecologically rooted) functional integrity 

perspective, which embodies the “multifunctionality of agriculture and its provision of a 

broad range of ecosystem services” (van der Werf et al. 2020, p. 419). This is also 

reflected in the contrasting picture of which goods and services are commonly represented 

by which RU (cf. Figure 16 in Chapter 4.2.2).  

The confounding influence that the sustainability term potentially has on the scientific 

debate on comparative socio-environmental performance of agricultural production 

systems was also made clear by Seufert (2018); she noted that “critics argue that organic 

agriculture may actually not be more sustainable than conventional agriculture, and that 

it would not be viable if practiced at larger scales” while advocates of organic agriculture 

“argue either that the jury on comparative organic yields […] is still out […] or that yields 

are not the right metric to assess farming systems by” (p. 196). 

 

23 Note that Müller et al. (2016) used the term ‘resource sufficiency’ for describing approaches that reduce 

wastage or the consumption of animal products, as such provide leverage for climate change mitigation in 

food systems. They further argued that for an encompassing sustainability assessment of organic agriculture 

it is crucial to consider not only ‘efficiency’ and ‘sufficiency’ measures but also the ‘consistency’ of 

resource use, i.e. approaches to optimal resource use that address “the question of the roles different 

resources play in the context of a sustainable food system” (p. 42). 
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Consequently, it is important, one the one hand, to acknowledge that science is embedded 

in a broader societal context (cf. Figure 17) to inform public debates through expert 

knowledge (Kuyper and Struik 2014) on socially agreed-upon sustainability metrics in 

agriculture (Shennan et al. 2017). This thesis covered aspects of environmental impacts 

and productivity and left economic viability, social wellbeing and animal welfare aside. 

On the other hand, finding an appropriate balance both within and between these metrics 

inevitably involves differing opinions, e.g. on the relative priority to be given to each 

(Thompson 2010; Shennan et al. 2017). As Thompson (2010) argued, the crucial 

difference between the perspectives of ‘resource sufficiency’ and ‘functional integrity’ 

“is that different types of value judgment inform each approach [which represents] […] a 

fundamental moral ambiguity in the way sustainability functions as an ideal” (pp. 234–

235). Accordingly, Fischer et al. (2014) noted that many sustainability problems that 

involve both environmental and social considerations do not allow for universally ‘right’ 

or ‘wrong’ solutions, but only trade-offs depending on subjective perspectives. Such 

complex sustainability problems are often referred to as ‘wicked problems’24.  

This recognition implies that any operationalization of sustainability (in environmental 

impact assessments of agriculture and beyond) is not only of scientific nature but goes 

along with broader societal norms and values that are often “overlooked and sometimes 

even denied in the natural sciences” (Struik et al. 2014, p. 80). Consequently, when 

inquiring into such sustainability trade-offs – as is the case for organic agriculture’s 

comparative performance in public good provisioning – my research suggests with 

reference to Fischer et al. (2014), that scientists cannot avoid certain ideological positions, 

value judgments or inherent preferences when debating the performance of organic 

agriculture to provide public goods. Moreover, my research suggests that the scientific 

community engaged in the here analyzed literature has struggled with openly addressing 

such normative aspects influencing the argumentation. This is underlined by, for example, 

Struik et al. (2014) who found with regard to discussions on sustainable intensification 

that “scientists still have difficulty in defining the playing field. […] They are not always 

able to define the scientific discourse, identify sustainability indicators, quantify 

sustainability thresholds, work out the way science should play its role within the 

 

24 Alrøe and Noe (2014, p. 65) noted: “Wicked problems are complex problems where there is disagreement 

on what the problem actually is, there are different interests and different perspectives involved that frame 

the problem differently, and proposed solutions often contradict each other”. Also see Thompson (2010, 

p. 237) or Game et al. (2014). 
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scientific and societal debate, or the role of individual scientists in the debate, both 

towards the policy-makers and the general public” (p. 85). Before this background, it 

comes as no surprise that while some argued that sustainable intensification “is needed to 

address food security” (Godfray and Garnett 2014, p. 4), others argued that “agricultural 

intensification cannot legitimately claim to be ‘sustainable’ nor does agricultural 

intensification address issues of food security” (Loos et al. 2014, p. 356). 

Turning towards a broader view, Thompson’s (2010) concepts of ‘resource sufficiency’ 

and ‘functional integrity’ are reflected in the “contrast between industrial and agrarian 

philosophy” 25 (p. 8), which Shennan et al. (2017) found to characterize the “debate 

surrounding the role for organic agriculture in future food production systems” (p. 317). 

Shennan et al. (2017) stated that “The most common representation of the industrial-

agrarian dichotomy is the comparison between organic and conventional agriculture, the 

former usually aligned with the agrarian philosophy, the latter with the industrial 

approach” (p. 318). The authors criticized this binary framing, which “perpetuates an 

either/or mentality” (Shennan et al. 2017, p. 317). Also, Mehrabi et al. (2017) criticized 

that “By classifying agriculture into a conventional versus alternative typology, scientists 

are enforcing a partisan dialogue of ‘us’ and ‘them’, both within science and in wider 

society” (p. 721). For example, the strongly context-dependent outcomes of organic-

conventional yield comparison studies (cf. Chapter 4.1.1) illustrate the poor explanatory 

power “of a binary conventional versus alternative system classification for predicting 

socioecological outcomes” (Mehrabi et al. 2017, p. 720), which in turn impairs clear 

evidence-based policy-making based solely on such binaries (Mehrabi et al. 2017). 

Similarly, regarding the industrial-agrarian dichotomy and the related frames, Bieling 

(2019) cautioned that idealizing or demonizing certain farm structures does not advance 

the current discussion about agricultural sustainability, but rather obscures crucial 

questions about how to implement targeted support measures in different contexts. In this 

 

25 In a nutshell, the industrial philosophy embodies a utilitarian view of agriculture as an industrial process, 

thus focusing on efficient production at low financial cost, with dependence on external inputs, and 

simplified monocultures and economies of scale and specialization in large agricultural enterprises 

(Shennan et al. 2017). The agrarian philosophy emphasizes the social and environmental value of land 

stewardship and biodiversity and focuses on the management of ecosystem processes and services on small-

scale farms, which includes to various degrees alternative agriculture movements such as agroecology 

(Shennan et al. 2017). Shennan et al. (2017) proposed an extension of the industrial and agrarian 

philosophies of agriculture by adding a third vision of agriculture under the term ‘ecological’, which allows 

a better representation of farming systems along “different degrees of industrialization, agrarianism or 

diversification” (p. 334). For a visualization, see Supplementary Figure 1 (Appendix 1). 
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context, Nowack et al. (2019) found that the common assumption that smaller farms 

generally provide more environmental or animal welfare-related public goods per area of 

agricultural land cannot be confirmed empirically. For a constructive discourse on future 

steering measures (e.g., within the CAP), the authors therefore considered it essential to 

also negotiate the socioeconomic and cultural functions of agriculture, which have 

received little attention in both public and scientific debates (Nowack et al. 2019).  

 

5.3 Norms and values embodied in frames and narratives  

This leads to the second aspect of the twofold key issue revolving around the identified 

argumentative deadlock, namely the role of frames and narratives entangled in the debate. 

Being closely related to value systems, narratives hold the potential for transformation of 

knowledge and normative conceptions and, according to the philosopher Paul Ricoeur, 

can be understood as birthplaces of possible worlds (Viehöver 2001, p. 182; Espinosa et 

al. 2017). The observation by Seufert and Ramankutty (2017) (cf. Chapter 4.1.3) that in 

performance assessments critics and advocates of organic agriculture often describe 

different realities (or ‘worlds’) seems to echo Ricoeur’s view and reflects the strong role 

of narratives in the overall scientific debate on agricultural sustainability. Following 

Viehöver’s (2001, pp. 188–189) suggestion to consider frames as elements of a narrative, 

it could be argued that framing research questions in the manner ‘can organic agriculture 

(or any other system) feed the world’ (cf. Table 3) corresponds to the ‘feed the world’ 

narrative, as described by the International Panel of Experts on Sustainable Food Systems 

(IPES-Food 2016).  

The ‘feed the world’ narrative26 implies that food security is provided by increasing total 

food production (IPES-Food 2016). This narrative has been central throughout the 

development of industrial agriculture (enabling the so-called green revolution), but still 

is today in the light of ever-increasing environmental concerns and technological 

innovations and thus has brought about concepts such as ‘sustainable intensification’, 

‘climate smart agriculture’, ‘precision agriculture’, ‘digital farming’, or ‘agriculture 4.0’ 

(cf. Gras and Cáceres 2020) which aim at increasing agricultural production while 

 

26 Also Thompson (2010, p. 203) noted that “‘Feeding the world’ had long been a mantra for mainstream 

agricultural science, and in the 1970s it became an explicit ambition of large-scale commodity agriculture”, 

thus the narrative is attributable to the resource sufficiency perspective on sustainability and the industrial 

paradigm according to Thompson (2010). 
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minimizing environmental impact (IPES-Food 2016). As shown throughout the analysis, 

the environmental advantages of organic agriculture are often questioned because of 

lower average productivity and LU efficiency, which would result in an expansion of 

cropland and potential leakage effects if it were to ‘feed the world’. Production-based 

narratives are therefore also linked to the reasoning of ‘land sparing’. In this context, the 

IPES-Food (2016) identified the dominant framing of food security issues and thus 

environmental trade-offs as a mechanism locking industrial agriculture in place. Such 

production-based narratives regularly highlight daunting projection figures (cf. FAO 

2017) of, for example, the required increase of agricultural production by 2050 to meet 

the demand of the future global population27 (Tomlinson 2013; IPES-Food 2016). 

On the other hand, the increased recognition of the ES framework and agroecological 

approaches in global policy making (van der Werf et al. 2020) has promoted the concepts 

of ecological or eco-functional intensification28, leading to a “battle of discourse” 

between the mentioned approaches in competition for “hegemony […] in terms of 

defining the ‘right’ development pathway for agriculture” (Halberg et al. 2015, p. 127). 

More recently, Eyhorn et al. (2019) noted that this ‘battle’ is dominated by two narratives: 

“incremental steps to improve efficiency in conventional agriculture while reducing 

negative externalities, versus transformative redesign of farming systems based on 

agroecological principles” (p. 253), the latter being largely associated with the principles 

of organic agriculture.  

 

27 In this context, some scholars found that related discussions on the sustainable intensification imperative 

are largely coined by neo-Malthusian terms (Tomlinson 2013; Kuyper and Struik 2014).  

Neo-Malthusian theory assumes that the increasing population growth, especially in countries of the Global 

South, will have economically restraining effects, so the proponents e.g. advocate for strict birth controls 

(FARN 2019). Although the logic behind this is racist and misogynistic and therefore should be named as 

such, it is quite often found in ecological and agricultural debates when reference is made to 

‘overpopulation’(ibid.). In this context, scientists should be aware of their responsibility for possibly laying 
the ground for far right and misanthropic argumentation, in which issues of resource consumption are 

shifted primarily to the African continent (ibid.). Thus, researchers from all disciplines informing agri-

environmental policy should be aware of these relationships and should consider questions of justice in a 

differentiated manner (ibid.). 

28 The phrases ‘sustainable intensification’ and ‘ecological intensification’ represent very different 

perspectives in discourses in science and policy circles (Kuyper and Struik 2014). The former means 

increasing agricultural output while keeping the ecological footprint minimal; the latter means increasing 

agricultural output by capitalizing on ecological processes in agro-ecosystems (Struik et al. 2014). For an 

overview of the different modes of farming systems most relevant to the debate at hand, see Garibaldi et al. 

(2017). 
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In a way, Scoones et al. (2019) provided an umbrella for the above-mentioned frames and 

narratives by offering insight into the bigger picture of global resource use and protection 

regarding land. The authors analyzed three ways of framing resource scarcity (Table 8) – 

absolute, relative and political scarcity – that arise in light of “predictions of rising 

populations, natural resource depletion and hunger [and] […] are evident in competing 

narratives that animate debates about the future of food and farming” (Scoones et al. 2019, 

p. 231).  

Table 8: Simplified summary of the three framings of scarcity according to Scoones et al. (2019, p. 234).  

Framing Key proponents Understanding of scarcity Understanding of the 

problem 

Absolute Ecological 

economists, 
resource ecologists, 

demographers  

Scarcity is physical, real and 

inescapable  

The problem is finite 

limits 

Relative Neoclassical, new 

institutional and 
agricultural 

economists 

Scarcity is relative to demand. 

Physical limits can be mitigated 
through economic comparative 

advantage, science, technology 

and innovation 

The problem is 

underproduction due to 
suboptimal allocation of 

resources  

Political Critical political 

economists and 

sociologists, 

political ecologists 

Scarcity is defined relationally 

and can be manufactured, both 

politically and discursively  

The problem is access, 

inequality and the 

historical relations of 

power  

 

Countering ‘feed the world’ narratives and ‘land sparing’ arguments (cf. Chapter 4.1.2), 

some scholars asserted that such arguments lose their relevance when the ‘truism’ (cf. 

Tomlinson 2013) of a future need for “additional crop productivity (either on existing or 

additional land) is called into question” (IPES-Food 2016, p. 17). This reasoning, 

although not explicitly stated by the IPES-Food (2016), could also be seen as a critique 

of the ‘absolute’ and ‘relative’ framings of resource scarcity. In the view of Ponisio and 

Ehrlich (2016), “A focus on increasing yields alone to feed the world or protect 

biodiversity will achieve neither goal. To promote sustainable agriculture, we must move 

past focusing on these oversimplified relationships” (p. 1). Accordingly, the IPES-Food 

(2016) concluded that ‘feed the world’ narratives do not meet the complexity of the socio-

ecological challenges at hand, as increasing recognition has evolved that hunger is 

fundamentally a social question tied to inequality, poverty and social exclusion 
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(corresponding to the ‘political’ scarcity framing) rather than a question of net calories 

produced globally. This is underpinned by one key argument of Scoones et al. (2019) – 

“that current mainstream narratives emphasise absolute and relative scarcity, while 

ignoring political scarcity” (p. 231). 

Importantly, in the context of my research, the IPES-Food (2016) report identified another 

key lock-in mechanism, namely ‘measures of success’. Since research funding or political 

support for agriculture is often decided on the basis of specific performance indicators, 

the authors criticized that the primarily used indicators are designed to optimally measure 

“the efficiencies of highly-specialized and increasingly large-scale farms” (p. 55), while 

under-valuing benefits of diversified agroecological systems such as resilience to shocks, 

the provision of ES or high resource efficiency29 (IPES-Food 2016). The report concluded 

that “it is clear that current systems will be held in place insofar as these systems continue 

to be measured in terms of what industrial agriculture is designed to deliver, at the 

expense of the many other outcomes that really matter in food systems” (IPES-Food 2016, 

p. 57). 

Fischer et al. (2014) made an apt remark that gets to the heart of the controversies at hand: 

“A healthy scientific community should test, confirm, and perhaps even argue about 

ideas, conceptual frameworks and theories. However, at times, scientific debates can 

become polarised and unproductive” (p. 149). Considering the partly incompatible 

controversies within the identified argumentative deadlock and carrying further the 

metaphor of Fischer et al. (2014), it could be argued that the involved scientific 

community might need a ‘recovery’ in order to provide more effective insight into which 

role organic agriculture and other forms of agriculture must play in food systems of the 

21st century. 

Consequently, the question arises as to how this argumentative deadlock could be 

alleviated, i.e. how a ‘recovery’ process might be implemented in terms of research 

efforts, and thus make the scientific debate on how to assess the performance of 

agriculture to provide public goods more productive. After numerous competing results 

and conclusions have emerged from comparative studies on the environmental 

performance of organic and conventional agriculture, the question that the scientific 

 

29 Anderson et al. (2020) emphasized that “Evidence of the advantages, benefits, impacts, and multiple 

functions of agroecology abounds”. For a review, see HLPE (2019). 
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community should ask is how it can provide ample information for policymaking on 

national or global level, “so as to increase the decision space of actors in the joint quest 

for sustainability” (Struik et al. 2014, p. 86).  

The following chapter therefore moves on to derive conclusions of my research and 

prospects for future research efforts by attempting to reconcile some of the controversies 

that became apparent. Figure 18 intends to abstract the key findings of my research and 

how they relate to the prospects derived below. The central box including the stylized 

lock depicts the argumentative deadlock (Figure 17) that has been found to influence the 

discussions on trade-offs regarding the role of organic agriculture in food system and 

environmental sustainability and vice versa. The connecting lines between the trade-offs 

and the derived recommendations as well as the double arrows between the latter illustrate 

the strong interconnectedness of the investigated contents. 

 

Figure 18: Abstracted key findings of the two research objectives and their relations to the derived 
recommendations for the scientific debate (own illustration). “Lock” by Random Panda from Noun Project 
is licensed under CCBY. 

 

5.4 Limitations 

Several deficiencies became apparent in elaborating on the research objectives of the 

present study. One general shortcoming of the qualitative method used in my research is 



 

99 

 

the statistically non-representative sample size. The relatively small number of 93 

analyzed cases therefore does not allow for generalized conclusions. However, the 

qualitative approach allowed for an in-depth analysis of different lines of scientific 

argumentation and their linkages. The latter probably could not have been elucidated with 

a quantitative approach.  

Regarding the analytical process, the phases of coding and creating the coding frame 

could have been designed more rigorously in terms of less subjective bias, e.g. by 

conducting a sample coding and calculating inter-coder reliability within a team of coding 

persons (cf. Kuckartz 2018, p. 45), however this was not possible due to capacity 

constraints. While it might have resulted in different labels for the (sub)codes and their 

interrelationships (cf. Appendix 3) it can be assumed that the overall results presented in 

Chapter 4 would not have deviated substantially, as the analyzed cases were obtained 

through a systematic literature search. 

In addition, the applied scheme for delineating argumentative structures did not draw on 

an existing, proven framework, but was designed for the objectives of this work, due to 

the (to my knowledge) lack of existing studies that investigate similar scientific 

heterogeneity in this depth and extent. The general applicability to other similar research 

problems is therefore to be tested. In this context, another main challenge of my research 

was the stringent demarcation between the obtained results in Chapter 4 and the 

discussing contents, as the research objectives also aimed at contextualizing and 

comparing certain aspects of the analyzed scientific studies, which in a classical thesis 

design is exclusive to the discussion chapter. This explains the rather comprehensive 

discussions in Chapters 5.1–5.3.  

Accordingly, one of the greatest difficulties was to compress the large amount of data 

into the limited scope of this thesis. As qualitative research, to some extent, always bears 

the risk of prioritizing certain aspects over others, this might also hold for the work at 

hand. Throughout the thesis I have used exemplary quotes derived from many possible 

alternatives in the analyzed literature for the presentation of the results. While I am 

confident that the chosen exemplary quotes illustrate the debate under investigation in a 

differentiated manner, subjective bias cannot entirely be eliminated. Different foci in 

terms of exemplary quotes are therefore conceivable when presupposing a less integrated 

but more neoclassical economic or ecological analytical lens, for example. However, it 
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can be assumed again that the overall identified argumentation and controversies in the 

analyzed cases would not have deviated substantially.  

Consequently, against the background of the complex intertwining of the various covered 

discourses and arguments that stretch over a vast array of disciplines, my research does 

not claim to fully unravel them. In this context, I particularly acknowledge the perhaps 

provocatively simplified and contrasting presentation of the various debates entangled in 

the identified argumentative deadlock in Figure 17. It is not to express the complex 

linkages of the different aspects. Rather, it intends to provide a structure to the overall 

controversy; and it hopes to contribute to elucidate conceptual barriers in the scientific 

community.  
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6 Conclusions and outlook  

6.1 General observations 

The present study explored the controversial scientific debate on organic agriculture 

regarding environmental impacts and public good provisioning by conducting qualitative 

content analysis based on scientific publications yielded from a systematic literature 

search. It primarily aimed at synthesizing and retracing the debate in order to contribute 

to the broader discussion on the role of organic agriculture for solving the environmental 

and resource policy challenges. The first research objective resulted in the demarcation 

of different lines of argumentation related to organic agriculture’s environmental 

performance and relating them to each other by focusing on particularly contentious 

publications and arguments. The results, as presented in Chapter 4.1, emphasized the 

ambiguous overall debate when it comes to evaluating the dis(merits) of organic 

agriculture in light of different environmental and resource-related challenges at hand. 

The outlined ambiguity was complemented by the second research objective – the in-

depth analysis of modes of argumentation about RUs – and its results, as presented in 

Chapter 4.2. It was shown that besides conceptual deficiencies in the use of output- and 

area-based expressions of environmental impacts, contrasting justifications exist for the 

appropriate use of the two. This contrasting picture was described as argumentative 

deadlock that seems to hinder a fruitful scientific debate on policy-oriented solutions for 

future agricultural development.  

Following on from this, it can be concluded that both the methodological deficiencies 

within LCAs and the contrasting justifications for the appropriate choice of RUs are 

symptoms of the different perspectives on (or operationalizations of) agricultural 

sustainability and resources in scientific research (cf. Chapter 5.2). The different modes 

of operationalizing agricultural sustainability in turn have been found to be embodied in 

different frames and narratives entangled in the scientific debate (cf. Chapter 5.3). In sum, 

it can therefore be concluded with regard to Shennan et al. (2017)30 that the choice of RUs 

in environmental impact assessments is an implicit way of framing the issue of 

agricultural sustainability, with respect to both environmental and food security issues. 

 

30 The authors argued that when comparing organic and conventional agriculture, it greatly matters ‘what 

to compare’, i.e. “the choice of what examples to compare and how the comparison is framed can greatly 

impact the results obtained” (Shennan et al. 2017, p. 320). The ‘what to compare’ seemed transferrable to 

the choice of RUs when benchmarking environmental impacts of different agricultural systems.   
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Accordingly, the findings of my research could be considered as extension of the lock-in 

mechanisms ‘measures of success’ and ‘narratives’ identified by the IPES-Food (2016) 

report, especially in light of the argumentative deadlock described above. Moreover, my 

research underpins the finding by Sanders and Heß (2019) that the choice of RUs – despite 

its crucial role – often is inadequately justified in relation to the broader societal context. 

This is reflected in the fact that the ‘Justification’ code was assigned in only 28 of the 93 

analyzed cases (Supplementary Table 6 in Appendix 1). In addition, no other studies 

could be identified that investigated the controversial scientific debate on environmental 

assessments of organic agriculture with an explicit focus on the role of RUs within. 

 

6.2 Prospects for a recovery of the scientific debate 

6.2.1 Close research gaps on agroecosystems functioning  

As can be derived from the discussions on soil quality explored in Chapter 4.1.1, focusing 

on management effects on arable soils and the various ES they underpin, regardless of 

the farming system, is an important issue for future research. The prevention and 

restoration of degraded soils present leverage for achieving several desirable outcomes 

related to soil functions and ES (Schwarzer 2019; Costantini and Priori 2020). However, 

despite the “increasing evidence of positive soil, crop, and human health impacts of 

organic systems”, improving the efficacy of such integrated management under 

agroecological conditions requires further research (Leifert 2020). Regarding organic 

agriculture as a policy measure to provide multiple public goods, Jespersen et al. (2017) 

pointed out that more evidence is needed “of the synergies between public goods effects 

in relation to specific organic farm types, farm sizes, soil types and geographical location 

as well as management” (p. 260). 

The discussions explored throughout Chapters 4.1.1 and 4.1.2 further revealed that 

knowledge gaps exist on environmental impacts of organic agriculture at larger scales 

and in different contexts. For example, the encountered deficiencies in comparative 

analyses of organic and conventional systems emphasize the need for longer-term studies 

in comparable contexts with diverse crops and areas in order to properly understand the 

potential of organic agriculture (Gomiero et al. 2011a; Kirchmann et al. 2016). It is 

particularly important to gain a deeper understanding of “the local (and global) carrying 

capacity of the agroecosystems” (Gomiero et al. 2011a, p. 116) and to take the services 
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they deliver into account in policy decisions, e.g. when incentivizing ecosystem-

enhancing management practices through payment schemes (cf. Eyhorn et al. 2019).  

Moreover, the deficiencies within LCA, as shown in Chapter 4.2.2, offer room for future 

research. Recent developments in this area attempted to extend the relevance of LCA 

results by relating the rather narrow eco-efficiency measures to planetary or regional 

sustainability boundaries, so as to taking ecosystem carrying capacities into account 

(Pelletier et al. 2019). However, the LCA method still inadequately assesses alternative 

farming systems, since it “very often consider[s] only one function of an agricultural 

system: provision and processing of biomass”, as argued by van der Werf et al. (2020, 

p. 419). This is specifically problematic regarding the alarming decline in biodiversity, as 

“an LCA-compatible method that can consider, in detail, impacts of the variety of 

agricultural practices on biodiversity in both conventional and organic agriculture is still 

lacking” (van der Werf et al. 2020, p. 422). Given the origin and product-based nature of 

this method, this might not come as a surprise. However, it seems all the more important 

for future research to critically reflect on the mainstream status of eco-efficiency 

approaches, which, as Schader (SMC 2018) noted, results in a large number of annually 

published LCA studies. This is especially true in light of the urgently demanded 

transformation of global food systems (Horton 2017; Caron et al. 2018; Caron 2020). 

Consequently, to better represent agroecological systems in the future, van der Werf et 

al. (2020) derived recommendations for LCA practitioners assessing agricultural systems, 

e.g. including the use of both product-based and area-based functional units, the 

consideration of land degradation, biodiversity and pesticide effects within LCA, and the 

supplementation of LCA with others frameworks such as the ES framework.  

Along with efficiency-based approaches, studies focusing on yield gaps and leakage 

effects have taken on a central role in the discussions. Regarding yield gaps (cf. Chapter 

4.1.1), the highly context-dependent outcomes do not allow for generalized conclusions 

on the relative merits of organic systems on a global level. Further, given the present 

study bias and research gaps “it is safe to say that organic yield management still has huge 

potential for improvement”, according to Seufert (2018, p. 205). To achieve such 

improvements, she recommended to focus on addressing N availability under organic 

management, developing sustainable weed management practices for organic farms, and 

developing crop varieties better adapted to organic conditions (Seufert 2018). In the 

words of Dobermann (2012), “Instead of doing further meta-analyses to attempt to 
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determine the optimal combination of agricultural systems, scientists should return to 

their fields and laboratories, and concentrate their efforts on increasing the performance 

of both conventional and organic agriculture” (p. 177).  

Regarding discussions on leakage effects as a consequence of conversion to organic 

agriculture (cf. Chapter 4.1.2), the heterogeneity of outcomes should be seen in light of 

the complex interactions between food and land systems (cf. Meyfroidt et al. 2019). 

Further, there is growing evidence that food should be recognized as fundamental human 

right and food systems “as a means to promote human health and environmental 

sustainability” (Nestle 2020, p. 1685). Therefore, an increasing adoption of food system 

perspectives in agricultural environmental performance assessments seems urgently 

needed if the SDGs are to be achieved (cf. Eyhorn et al. 2019). One the one hand, this 

emphasizes the importance of transdisciplinary research, e.g. to improve knowledge on 

cause-effect mechanisms of land-use transitions or on “how drivers of societal change, 

and policy instruments, may affect consequences of shifting from conventional to organic 

food” (van der Werf et al. 2020, p. 424). On the other hand, it hints towards framing 

agricultural research under the notion of complex adaptive socio-ecological systems 

(Preiser et al. 2018). This shifts the focus of study, inter alia, towards the “nature and 

structure of relationships between components in a system” (Preiser et al. 2018, p. 7) that 

have to be considered explicitly. As van der Werf et al. (2020) put it, “Science and policy 

efforts should concentrate on real-world solutions, such as increasing yields of 

agroecological systems and halting deforestation through improved land and forest 

governance”(p. 424) rather than on quantifying ILUC, i.e. leakage effects. In this context, 

improving communication not only between scientific and public actors, but also between 

different research strands31 seems crucial.  

Often related to the discussions on yield gaps and leakage effects are scenarios that 

consider a large-scale conversion to organic agriculture, as explored throughout Chapter 

4.1. Given the uncertain outcomes, issues revolving around large-scale conversion 

 

31 For example, Huang et al. (2015) found that it would be of great value to combine the ideas and methods 

of two scientific communities that focused on sustainable agriculture in terms of either ‘multifunctional 

agriculture’ or ‘ecosystem services’, but did so independently and had little interaction and exchange. 

Moreover, Darnhofer et al. (2010) found that the ‘conventionalization’ debate may have suffered from a 

lack of interdisciplinary studies, as “the links between the changes noted by social scientists and the 

agronomic practices of farmers have not been established” (p. 71). Therefore, different disciplines should 

be integrated for the ‘conventionalization’ debate to become relevant to practitioners (Darnhofer et al. 

2010). 
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scenarios or questions of whether ‘organic can we feed the world’ should be interpreted 

with caution (cf. Seufert and Ramankutty 2017). In the context of ILUC arguments, as 

van der Werf et al. (2020) noted, this is mainly due to the neoclassical rootedness of the 

economic models used in consequential LCA32, which, inter alia, assume “that individuals 

have rational expectations and maximize utility” (p. 423).  

This train of thought could be taken much further and would, if one follows progressive 

economic thinkers like Kate Raworth, raise interesting questions for future research at the 

intersection of agriculture and economics. Today, established metrics to measure human 

societies’ well-being cling on to GPD growth, as, for example, embodied in SDG 8 

(Beaudoin 2018); however, they are ill-suited to monitor the required shift from linear to 

regenerative economic (cf. Raworth 2017, p. 240) and thus agricultural design. Future 

research could be guided by questions such as: how does mainstream economic theory 

and its established metrics impair the scientific assessment and thus the political support 

of alternative farming systems? This might foster the development of better-suited 

metrics (or ‘measures of success’, following the IPES-Food (2016))33 in line with the 

‘living purpose’ (Raworth 2017, p. 240) of agricultural enterprises adopting regenerative 

practices (cf. Rhodes 2017; Beaudoin 2018; Schwarzer 2019; Wilkinson 2020). 

The discrepancies between what scientific assessments prevailingly have measured in 

agricultural production systems and the increasingly obvious socio-ecological challenges 

of these systems were vividly abstracted by Gomiero et al. (2011a): “We would like to 

conclude by reminding each of us that we all depend inescapably on agriculture for our 

life. We feel that maybe there has been too much focus on agriculture as a mere economic 

activity, forgetting that, differently from all other economic activities, this is the only one 

that we cannot afford to dismiss or allow ourselves to lose” (p. 117). 

 

6.2.2 Adopt new forms of knowledge creation  

Meeting the complex resource-related challenges in agriculture requires “the local 

adaptation of practices and therefore the production of knowledge in local conditions” 

 

32 “LCA is attributional when it analyses current or past processes, and consequential (CLCA) if it aims to 

forecast the impacts of a given policy decision on the system under study” (Parra Paitan and Verburg 2019, 

p. 5).  

33 For a visualization of the proposed measures by the IPES-Food (2016), see Supplementary Figure 2 

(Appendix 1). 
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(Caron et al. 2014, p. 50), which challenges modes of centralized knowledge generation. 

This becomes clear, for example, in the ‘soil health and food’ mission area of the EU’s 

‘Horizon Europe’ framework34. To counteract the insufficient communication35 of 

research knowledge to farmers and policy (Hedlund 2017), the mission’s activities set out 

to “reverse the traditional linear vision of research and development” (Veerman et al. 

2020, p. 14) by establishing ‘living labs’ and ‘lighthouse’ farms, i.e. places to conduct 

experiments and showcase good practices. The mission board members, consisting of 

both farmers and researchers, emphasized that “interdisciplinary teams working in a 

transdisciplinary mode”36 are required to gain integrated and locally applicable 

knowledge on soil health (Veerman et al. 2020, p. 15). Scientists therefore need to 

increasingly engage in new forms of knowledge creation and reflect on their role within 

it (cf. Kuyper and Struik 2014). 

However, regarding the wicked sustainability problems at hand, Alrøe and Noe (2014) 

described an analytical void, as “existing approaches to cross-disciplinary research are 

problematic because they remain first-order”37 (p. 66) and thus fall short of the innate 

complexity of the problems. The authors’ proposed framework for second-order, 

polycular research therefore might bear great potential for future research design across 

the scientific disciplines involved in the debates at hand; the framework embodies a 

perspectivist view on science by “let[ting] go of the idea of that there is one common 

rationality” (p. 74) and by asking how to appreciate this plurality. The notion of polycular 

science could have practical implications so as to advancing the trend of “scientification 

of politics” (Alrøe and Noe 2014, p. 74) in a more inclusive manner compared to 

 

34 The mission’s main goal is to achieve that “By 2030, at least 75% of all soils in each EU country are 

healthy and are able to provide essential services that we depend on” (EU 2020, p. 2). 

35 For insights into how science communication could be enhanced through story-telling, see e.g. Martinez-

Conde and Macknik (2017) or Ettinger (2020). Methods and examples for achieving environmental policy 

impact through more effective science-policy engagement are provided by Dinesh and Downing (2019). 

36 Wehrden et al. (2019) found no agreement over definitions of the terms inter- and transdisciplinary 
research; however, they defined five basic building blocks required for such research: “(1) creation of 

collective glossaries, (2) definition of boundary objects, (3) use of combined problem- and solution-oriented 

approaches, (4) inclusion of a facilitator of inter-and transdisciplinary research within the team and (5) 

promotion of reflexivity by accompanying research” (p. 875).  

37 “This can be in the form of independent and uncoordinated research perspectives on a given problem, a 

patchwork of coordinated but still separate research perspectives, a synthesis through the lens of a 

hegemonic discipline (such as, often, economics), or a synthesis based on a new integrated discipline (such 

as first-order system theories)” (Alrøe and Noe 2014, p. 66). Moreover, they used the term ‘cross-

disciplinary research’ as an umbrella term for the various forms of multi-, inter- and transdisciplinary 

research (Alrøe and Noe 2014). 
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prevailing practices where carefully selected commissions of scientific experts – “often 

consisting of neoclassical economists” (ibid.) – underpin certain political positions. 

Appreciating a polycular perspectivist science therefore would offer room for more 

inclusive definitions of agricultural and food system sustainability in the scientific 

process – including feminist and indigenous perspectives that are crucial for the 

governance of CPRs on a global level (cf. CSM 2019; Virtanen et al. 2020). The polycular 

framework outlined by Alrøe and Noe (2014) has the potential to “reveal new 

observational dimensions that cannot be observed from any first-order perspective” (p. 

71) according to the authors; it “forms a new basis for planning and performing 

interdisciplinary research” (p. 76). In this way, the controversial discussions on how to 

measure goods and services provided by agriculture most appropriately might be 

enhanced through the lenses of a perspectivist understanding of science. 

More recently, Bruhn et al. (2019a) advocated for the ‘grounded action design’ 

framework as a valuable tool for “research organizations acting in a scientific advisory 

function” (p. 336). While conventional forms of policy advice are inadequate to dealing 

with the wicked sustainability problems at hand (Bruhn et al. 2019b), the ‘grounded action 

design’ framework38 offers a “a reflexive and co-creative process where stakeholders, 

relevant experts and decision makers – guided by researchers from a scientific advisory 

organization – explore, map and expand their understanding of the complex problem 

space before the political institution or decision making body sets transformative change 

in train” (Bruhn et al. 2019a, p. 336).  

 

6.2.3 Rethink agricultural performance and reframe binary debates 

The above also calls into place a revision of what is considered high or low socio-

environmental ‘performance’ of agriculture (Caron et al. 2014; Garibaldi et al. 2017). As 

Caron et al. (2014) stated, “Agricultural performance can no longer be looked at only 

through land and labour productivity, as has been the case since the late 19th century” (p. 

46). Instead, “A whole set of local specific criteria should be developed to take into 

account environmental and social dimensions such as the natural resources and 

ecosystems health and potentialities” (ibid.). Generally, the integration of ecological and 

 

38 For a visualization of the four phases of the framework, see Supplementary Figure 3 (Appendix 1). 



 

108 

 

socioeconomic evidence is crucial yet challenging, partly because “the multiple 

disciplines involved have different traditions and vocabularies” (Garibaldi et al. 2017, 

p. 69). Future research should therefore also focus on standardized frameworks and 

common vocabulary (Garibaldi et al. 2017). 

Echoing these concerns, Augstburger et al. (2019) recently adopted the Agroecosystem 

Service Capacity (ASC)39 approach to better understand farm-based agroecosystems and 

how they can “either contribute to the availability of CPRs and a robust management of 

them; or in contrast, […] deteriorate the availability and management of CPRs” (p. 3). 

The authors proposed both to relate the ASC-index with incentives in the agricultural 

sector and to include the index in the standards of organic agriculture and good agriculture 

practices, so the “farm-based agroecosystems would be required to have a minimum 

ASC-index and provide a minimum of services/benefits to society and nature” 

(Augstburger et al. 2019, p. 22). This could both revert the deterioration of CPRs and 

improve the standards with their still “reductionist view on the role of an agroecosystem 

within a planetary system” (ibid.). However, to arrive there, more empirical data is needed 

for robust rating scales in different contexts (Augstburger et al. 2019). Moreover, the 

authors stated that in the future, “we need to find simple ways to operationalize food 

system sustainability40 and to bring in debates on regenerative food systems” 

(Augstburger et al. 2019, p. 22). Again, this might be fostered by inter- and 

transdisciplinary research partnerships, which simultaneously “implement multi-

stakeholders’ original learning approaches that embed scientific knowledge into local 

innovation systems” (Caron et al. 2014, p. 44). 

However, when operationalizing agricultural sustainability “the issues at stake are not 

only scientific but also relate to norms and values” (Kuyper and Struik 2014, p. 77), which 

is reflected in the different frames and narratives (cf. Chapter 5). Often, a conceptual 

polarization seems to hinder a fruitful exchange on future-oriented solutions, which might 

 

39 The authors conceptualized agricultural landscapes as agroecosystems and farms as farm-based 

agroecosystems, which enabled them “to acknowledge that every piece of land on Earth has a role with 

regard to the use and management of natural resources and ecosystems”; thus “The farm-based 

agroecosystems contribute to the sustainability of food systems, which can contribute to the commonly 

used and managed global ecological integrity of the planetary system” (Augstburger et al. 2019, p. 2). 

40 DeClerck et al. (2016), for example, operationalized agricultural sustainability in terms of an ES and 

resilience (ESR) framework. For a visualization, see Supplementary Figure 4 (Appendix 1). 
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be alleviated by intentionally reframing certain debates (cf. Kremen 2015; Shennan et al. 

2017; Hanspach et al. 2017).  

For example, a settlement of the dichotomous and “ideologically charged ‘organic versus 

conventional’ debate” (Seufert et al. 2012, p. 231) seems important (cf. Shennan et al. 

2017) to avoid simplistic prescriptions in favor of one farming system41. For instance, 

Seufert and Ramankutty (2017) set out to help the debate move forward by addressing 

the “more policy-relevant question […]: Where does organic agriculture perform well, 

and where does it not?” (p. 1), instead of reproducing previous reviews that asked the 

question whether organic is good or bad.  

Similarly, regarding the often referenced land-sharing/land-sparing debate, several 

authors suggested that the ‘either-or’ dichotomy of this framework limits the realm of 

biodiversity conservation, so the prevailing narrative that is dominated by the notion of 

an inevitable trade-off between food production and biodiversity conservation (cf. 

Lambin 2012) should be reframed (Fischer et al. 2014; Kremen 2015; Hanspach et al. 

2017). Trade-off models such as the land-sharing/land-sparing framework have 

intellectual value in identifying situations of inefficient resource (land) allocation, but 

they cannot easily inform real-world decisions, i.e. identifying which of the possible 

efficient allocations in terms of providing multiple goods or services is ‘best’, because of 

underlying value-based trade-offs (Fischer et al. 2014).  

It should also be noted that conclusions based on future food system scenarios such as a 

‘100 % conversion to organic’ are dependent on value-based assumptions, since 

ideological bases in agricultural research generally influence the problem formulation and 

methodological choices (cf. Huang et al. 2015). From today’s perspective, with the 

German meat industry posting a record turnover in March 2020 (Destatis 2020), and 

global desertification on the rise (Tal 2018) – just to name a few issues at hand – the 

criticism of hopeful visions that societal change (e.g. reduced meat consumption) “would 

allow organic agriculture to feed the world” (Tal 2018, p. 4) seems legitimate. This, 

however, does not take away from scientifically underpinned counterfactual visions42. 

 

41 For example, the discussions on agroecology (cf. Altieri et al. 2017; Shennan et al. 2017) or regenerative 

agriculture (cf. Rhodes 2017) already provide frameworks beyond the organic-conventional dichotomy.  

42 Especially in view of global systemic crises such as the ongoing COVID-19 pandemic, radical change in 

societal behavior and norms that, inter alia, affect consumption patterns and international trade are predicted 

to result in new food system architectures and no longer appear utopian (Caron 2020). New concepts that 
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Such scenarios could picture a world in which alternative farming systems “can help to 

shape new social norms for sustainability” (Wanger et al. 2020, p. 1150). This is 

especially relevant as it can be assumed that without an adaptation, i.e. overall reduction, 

of the production intensity, the pressing environmental and resource-related challenges at 

hand cannot be solved (Sanders and Heß 2019). 

In this context, systemic perspectives on agriculture and food – and with it the ‘political 

scarcity’ narrative (cf. Table 8 in Chapter 5.3) – have been largely neglected, as 

“narratives of technological change and economic growth have come to dominate key 

food and agriculture policy debates” (Freibauer et al. 2011, p. 26). This has, according to 

Fouilleux et al. (2017), led to a productionist imperative conveying “the simple and 

singular message of increasing production […] while other critical dimensions of food 

security tend to be overlooked” (p. 1672). The IPES-Food (2016) metaphorically pictured 

such production-based narratives to contribute to “vicious cycles […] that will need to be 

broken if a transition towards diversified, agroecological systems is to be achieved” (p. 

45). 

However, competing narratives are existent in the scientific discourse on agricultural 

sustainability (cf. Chapter 4.2.4) and the choice of different RUs in scientific studies has 

shown to be an implicit operationalization of sustainability and thus a way of framing it, 

which in turn feeds into certain narratives (cf. Chapter 6.1). At this point, it is worth 

reiterating what has been derived in Chapter 5.1: Whether the use of a respective RU is 

considered ‘misleading’ raises the question in which direction it ‘leads’, i.e. what is 

prioritized in food systems governance. Following the urgent calls for transformative 

development of food systems (cf. Horton 2017), the direction in which environmental 

assessments of agriculture should break out therefore seems to be clear. This is not to say 

that output-based assessments of are not relevant, especially in the context of computing 

‘climate footprints’ that compare GHG emissions of different production entities (cf. 

Weckenbrock et al. 2019). It seems, however, that predominantly yield-focused ‘eco-

efficiency’ assessments of organic agriculture ought to lose momentum when due account 

is to be given to the SDGs and the Paris Agreement. In the same vein as Geier (2000) 

argued twenty years ago (cf. Chapter 4.2.1), it could be argued today that in view of the 

 
connect the health and food sectors with environmental dimensions are already emerging, e.g. ‘OneHealth’ 

or ‘Planetary Health Diet’ (cf. Rüegg et al. 2019; WBGU 2020). 
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misbalanced global production of nutrients43 (cf. Bahadur et al. 2018) and the pressing 

ecological crises, it is becoming increasingly appropriate to use per unit area expressions, 

i.e. to aim at an ‘absolute’ instead of a ‘relative’ environmental improvement. 

In headline form, efficiency-centered environmental assessments of agriculture (cf. van 

der Werf et al. 2020) and ceteris paribus assumptions44 in food system scenarios (cf. 

Caron 2020) appear short-sighted, and ‘feed the world’ narratives misleading (cf. 

Shennan et al. 2017; Bisoffi 2019, p. 109) and poorly geared to finding future socially 

and ecologically just pathways. 

Consequently, the notion of agri-food systems should shift from an exclusive focus on 

increasing production towards recognizing their full diversity in the process of redesign 

(Caron et al. 2018). Indeed, Eyhorn et al. (2019) noted that a “shift from competing 

narratives to a collaborative strategy for reaching the SDGs has already started” (p. 254), 

as agroecology and the notion of comprehensive regenerative economic design become 

more widely recognized in the policy discourse (cf. Bisoffi 2019). In the view of Caron 

et al. (2018), the development of a strategic narrative that links environmental and agri-

food issues is crucial; and “the starting point must be to shift the focus from ‘feeding 

people’ to ‘enabling people to nourish themselves’ and doing this in a way that is 

sustainable” (p. 4). Such counter-hegemonic narratives can be found, for example, under 

the term ‘food sovereignty’ (cf. Juárez et al. 2018), which are – corresponding to the 

‘political’ scarcity framing – concerned with global inequalities and “the importance of 

local farming solutions” (Scoones et al. 2019, p. 238). Narratives that challenge the 

hegemonic positions of ‘feed the world’ narratives in agriculture or ‘growth’ narratives 

in economics (cf. Raworth 2017) – and thereby challenge the perpetuation of 

unsustainable practices – appear central to transformative socio-ecological development 

(cf. Asara et al. 2015). Researchers engaged with agricultural sustainability should 

therefore be aware of their role in the process of co-creating narratives and thus exerting 

power (cf. Scoones et al. 2019). Following Asara et al. (2015), they should articulate their 

 

43 Overproduction of grains, fats and sugars and insufficient production of fruits, vegetables and protein to 

meet the nutritional needs of the global population (Bahadur et al. 2018). 

44 According to Lissack (2017), “The traditional sciences often bracket away ambiguity through the 

imposition of ‘enabling constraints’ – making a set of assumptions and then declaring ceteris paribus” (p. 

575). While hidden values, i.e. values not made explicit, underlying such assumptions can impede the 

public’s acceptance of a scientific claim, second-order science (cf. Chapter 6.2.2) “reveals hidden issues, 

problems and assumptions which all too often escape the attention of the practicing scientist” (Lissack 

2017, p. 575). 
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findings “into a broader critique of the fundamental underpinnings of our societies […] 

to meaningfully inform the social–ecological transformation required to confront the 

global environmental crisis” (p. 382).  

 

6.2.4 Toward a normative agricultural sustainability science 

Finally, re-thinking agricultural performance in terms of public good provisioning and 

reframing established debates gets to the heart of the identified controversies revolving 

around the use of different RUs in environmental impact assessments. It seems clear that 

in order to meet the complexity of interactions between land and food systems45, a 

differentiated and contextualized evaluation of (organic) agriculture’s capacity to provide 

socially desired outcomes is needed, which in turn does not allow for a blanket definition 

of a RU for environmental impacts. This was extensively elaborated by Sanders and Heß 

(2019) (cf. Chapter 4.2.3). However, contrasting argumentation has been found to coin 

the overall scientific debate regarding the appropriate use of RUs in evaluating organic 

agriculture, which, I argue, has culminated in an argumentative deadlock (cf. Chapter 

4.2.4). Before this background, the twofold dilemma of different notions of sustainability 

and contrasting frames and narratives (cf. Chapter 5) seems to make it difficult to exploit 

the full potential of scientific knowledge to accelerate the required “Great Food 

Transformation” (Lucas and Horton 2019, p. 386). This suggests several high-level 

implications for future development of the scientific community in the field.  

To begin with, a focus on under-researched ‘deep’ leverage points, i.e. less obvious but 

potentially far more powerful areas of intervention for paradigm shifts and societal 

change (Abson et al. 2017; Fischer and Riechers 2019), could be a useful underpinning 

of policy frameworks46 that aim to accelerate the required change towards more 

sustainable food systems. Abson et al. (2017) argued that it is important to move beyond 

rather ‘shallow’ leverage points, which “are relatively easy to implement yet bring about 

little change to the overall functioning of the system” (p. 31). To move towards 

transformational sustainability interventions, three realms of leverage are of particular 

 

45 For visualizations, see Figure 2 in Meyfroidt et al. (2019) or Figure 3 in Augstburger et al. (2019). 

46 Such as the one proposed by Eyhorn et al. (2019). It included the support and improvement of 

transformative systems, “Fostering the demand of sustainable food products”, “Incentivizing improvements 

in mainstream systems”, and “Raising legal requirements and industry norms” (p. 254).  
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interest for future research: “reconnecting people to nature, restructuring institutions and 

rethinking how knowledge is created and used in pursuit of sustainability” (Abson et al. 

2017, p. 30). Especially the latter emphasizes the need to question the role of research 

within power relations (Caron et al. 2018; Scoones et al. 2019), as dominant narratives 

“legitimate and condition to the same degree, certain types of knowledge, while excluding 

others” (Gras and Cáceres 2020, p. 6). 

Refining this leverage points perspective, Fischer and Riechers (2019) provided a 

methodological boundary object47 (Figure 19). It bridges calls for more knowledge on 

cause-effect mechanisms, e.g. regarding ILUC (van der Werf et al. 2020), and questions 

of system design and human intent (Fischer and Riechers 2019), i.e. the norms and values 

embodied in frames and narratives. The leverage points perspective can be used from 

multiple methodological angles, which “generates the potential to attract numerous 

different scholars, and importantly, creates potential for different types of scholars to 

collaborate” (Fischer and Riechers 2019, p. 118).  

 

Figure 19: Schematic illustration of four realms of leverage along a gradient from shallow to deep leverage 
points. Round arrows indicate potential interaction between any combination of leverage points (Fischer 
and Riechers 2019). For explanation, see text. 

 

47 Boundary objects are “perspectives or concepts that facilitate inter‐ and transdisciplinary communication 

and collaboration by offering a shared vocabulary and narrative” (Fischer and Riechers 2019, p. 118). For 

example, other successful boundary objects are ‘resilience’ or ‘ecosystem services’, which started out as 

concepts and are now adopted in increasingly complex methodologies (Fischer and Riechers 2019).  
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Due to the fundamental changes needed in global agri-food systems (Horton 2017) in 

addition to the underlying complex human-environment systems interactions (Preiser et 

al. 2018), it could be argued that the leverage points perspective bears great potential for 

the diverse disciplines engaged with agri-food systems sustainability to enhance their 

collaboration. Adopting such boundary objects in inter- and transdisciplinary research 

might enable the scientific discourse to more productively inform the lengthy process of 

genuinely transformational change in agriculture. 

In the analyzed literature, several scholars called for ‘overcoming’ (cf. Seufert et al. 2012; 

Meemken and Qaim 2018; Tal 2018) or ‘transcending’ (cf. Eyhorn et al. 2019) ideological 

barriers between advocates of different modes of farming systems in order to reach a 

transformative redesign of agricultural systems. Fischer and Riechers’ (2019) recognition 

of leverage points suggests that these calls might more rapidly come into effect if pursued 

by getting to the bottom of such value-based barriers through active scientific engagement 

with the underlying norms and values. This might enhance not only the scientific but the 

overall debate on the future of agriculture. Importantly, this requires scientists to openly 

reflect on how their value judgments potentially lead them to a certain framing or 

analytical framework (Fischer et al. 2014), which ideally includes deliberating on the 

choice of certain RUs in environmental assessments of agriculture.  

Consequently, the recent call for a normative approach to land system science (Nielsen et 

al. 2019) could be a guiding example for agricultural science due to the many overlaps48. 

As Alrøe and Noe (2014) pointed out, “The science of sustainable agriculture is an 

example of a science that does not have its own scientific perspective. It depends on […] 

many different specialized disciplines […] and it must always be prepared to include new 

perspectives […] due to the influence of a large variety of stakeholders and the structural 

and semantic developments within agriculture, food, the environment, and society at 

large” (p. 65). Thus, in accordance to Nielsen et al. (2019), it could be argued that the 

community involved in the science of sustainable agriculture “should more actively 

engage with and reflect on potential normative implications of the different steps of […] 

research, from problem framing to results including how our own norms as positioned 

 

48 Nielsen et al. (2019) stated that “Science should provide solutions for societal transformations toward 

sustainability in the face of global environmental change. Land system science, as a systemic science 

focused on complex socio-ecological interactions around land use and associated trade-offs and synergies, 

is well placed to contribute to this agenda” (p. 1). This seems highly applicable to agricultural sustainability 

science.  
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subjects influence this process” (p. 2). This would allow “to contribute to the illumination 

and solution of wicked social-ecological problems” (ibid.), such as those explored in my 

research. 

However, as the identified controversies made clear, such discussions are not easy to 

conduct in a fruitful manner – even (or maybe especially) within scientific arenas. Living 

in a society which in large parts highly values scientific information for democratic 

decision-making and thus expects a rational, value-free science, so that “no scientist 

wants to see his/her work described as ‘emotional’ or ‘selective’” (Pielke 2007, pp. 43–

44), bears substantive challenges for such a normative approach to agricultural science. 

At the same time, the traditional notion of science is increasingly challenged by activist-

oriented scientists who “aim to contribute to the work of social movements” (Dale 2020, 

p. 632), e.g. regarding agroecology. Such developments seem to echo the previous 

invitations by some scholars in the field for researchers to actively contribute to ethical 

and political debates about the future of agricultural sustainability with other stakeholders 

(Kuyper and Struik 2014) and to discuss their own potential value-judgments more 

openly, rather than hiding them “behind an untouchable veil of (unattainable) 

‘objectivity’” (Fischer et al. 2014, p. 154). In this context, Nielsen et al. (2019) argued 

that a normative approach49 does not require a fundamental restructuring of scientific 

principles, including objectivity, but rather that engagement in discussions on normative 

implications of the research process is critical. 

Thus, when evaluating an agricultural or food system (e.g. through model scenarios) to 

predict possible future outcomes, and understanding sustainability according to 

Thompson’s (2010) ‘functional integrity’, this inevitably brings about “the values implicit 

in understanding natural resources as a system capable of regeneration” (p. 251). On the 

other hand, when understanding sustainability from the ‘resource sufficiency’ 

perspective, it is easy to dissociate “the value commitments that come to the fore in [this] 

[…] approach” (Thompson 2018, p. 23) from the (mathematically) complex modeling 

activities in agricultural sustainability science. This is to say that in both economic and 

 

49 The authors suggested to approach “normativity as a process, not an endpoint” (Nielsen et al. 2019, p. 2) 

by reflecting upon three general normative dimensions within land system science: (i) “What are the 

different values and perspectives that underlie land system research?” (p. 3); (ii) “What are the assumptions 

regarding how ‘best’ to achieve prioritized goals?” (p. 3); (iii) “What should be the key research questions 

of a normative agenda in land system science?” (p. 4). These questions also seem relevant in the field of 

agricultural science.  
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ecological model analyses the chance of concealment of inevitable value judgments50 is 

lower “when we think of sustainability in terms of functional integrity” and higher “when 

we think in terms of resource sufficiency” (Thompson 2010, p. 269).  

Crucially, as Scoones et al. (2019) pointed out, model scenarios “may or may not have 

some analytical utility […] But when their assumptions are flawed – whether in terms of 

the behaviour of individuals in a perfect market or the availability of potential land” (p. 

238), seemingly ‘objective’ evidence can “become potentially dangerous and misleading, 

obscuring other insights” (ibid.). In this context, Thompson (2010) reiterated one of 

Norton’s key points: “that it is important to avoid a ‘value-free’ notion of science, 

precisely because doing so conceals key value judgments” (p. 251). As already noted 

previously, my research suggests that the choice of different modes of expressing 

environmental impacts, i.e. RUs, which decisively influence assessments’ outcomes, are 

a way of framing the resource-related issues in agriculture and thus are subject to value-

based judgments and the different approaches to sustainability. While studies conducting 

narrative analyses with a focus on the role of scientific actors seem rare, they might offer 

important insight as to how research might evolve in line with the increasingly complex 

sustainability issues. A guiding example could be the study by Gras and Cáceres (2020). 

What might be practical implications, then, for discussions on the appropriate use of RUs 

in a normative approach to environmental impacts assessments of agriculture? Again, 

Thompson 2010 provides an entry point here. In his words, “Whether we are thinking of 

resource sufficiency and functional integrity, on the one hand, or thinking of sustainability 

as a social movement, on the other, we can use indicators to […] communicate trade-offs 

in a decision-making process” (Thompson 2010, p. 271). Such trade-off evaluations, 

recall from Chapter 4.2, became evident in the context of different RUs when they are the 

basis for decision making in agri-environmental policy, for example. The recognition of 

a normative approach to scientific inquiry allows to shape trade-off evaluations “as a 

deliberative, reflective, or democratic process […] informed by ethics […] at the stage of 

decision making” (ibid.). Openly deliberating on normative aspects underlying the use 

 

50 For example, value judgments regarding distributive justice both between different countries and 

different generations, the importance of which for sustainable development can no longer be denied 

(Thompson 2018, p. 23). 
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different RUs could therefore be understood as a guide for “how much weight to give 

each dimension for which an indicator has been selected” (ibid.).  

Succinctly combining many of the above aspects, Klapwijk et al. (2014) demonstrated 

how practical applications of such normative trade-off analyses might look like. Rather 

than ‘decision support’, the authors argued, trade-off analyses can be used as ‘discussion 

support’ in participatory approaches, thus fostering social learning and co-production of 

knowledge. This in turn “reinforces a systems perspective within which the key factors 

and objectives” (Klapwijk et al., p. 114) of agri-environmental issues are identified and 

evaluated. A participatory normative approach could then capitalize on new forms of 

knowledge creation adopting a polycular understanding of science, as described above. 

In the words of Alrøe and Noe (2014), “By being based on ordinary language and by 

contextualizing specialized observations, polycular communication can become 

accessible for stakeholders, political decision makers and scientists alike [and] […] would 

provide a very different scientific input to democratic debate and political decision 

making” (pp. 74–75). 

A guiding example for such endeavors could be the work of the research, action and 

communication collective ‘AgroecologyNow’ that aims to contribute to transformational 

change in food systems on the basis of  “shared values and politics” (Anderson et al. 2020, 

p. 563). Such approaches are bolstered by contemporary discussions on how a plurality 

of human values shape agricultural and economic systems alike (cf. Arias-Arévalo et al. 

2017; Jones and Tobin 2018). 

 

6.3 Outlook 

It is becoming increasingly clear that a radical transformation of entire agri-food systems 

is necessary, as there is growing evidence that our current path of producing and 

consuming food will neither achieve the 1.5°C target of the Paris Convention – 

irrespective of other measures to reduce GHG emission (Clark et al. 2020) – nor halt the 

dramatic loss of biodiversity (WBGU 2020). Before this background, there seems not 

much room left for argumentation against a turning away from mainstream productivity-

centered environmental assessments of (organic) agriculture, i.e. considering it as a means 

to produce food in a neoliberal sense (cf. McIntyre 2009; Haller 2019), which feeds into 

certain narratives and other mechanisms locking industrial agriculture in place (IPES-
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Food 2016). Instead, it seems inevitable to move towards more integrated assessments 

that rethink agricultural performance (e.g., Müller et al. 2016) and land management in 

general (e.g., WBGU 2020) across various societal and technical dimensions by making 

use of the newest insights from sustainability and complex systems science. In other 

words, agriculture should be considered both as life-giving and potentially life-

threatening part of human existence in the proclaimed Anthropocene, instead of a mere 

technocratic and economic activity.  

Recent developments related to the ongoing COVID-19 pandemic illustrate the increasing 

importance of many aspects of this thesis, in particular the role of science in socially 

relevant debates and the future of our agri-food systems. First, the role of science in 

influencing political decision-making throughout the crisis is widely discussed in the 

public (Kim 2020). The discussions revealed to the broad public (perhaps for the first 

time to this extent) the possibilities and limitations of scientific advice in providing 

information on which far-reaching policy decisions are based. Arguably, the implications 

of infection protection measures are barely comparable to agri-environmental policy 

decisions in their immediacy and perceived relevance for a society and its individuals. 

Yet it can be assumed that the challenge of restructuring global agri-food systems is 

equally important for the long-term survival of (not only human) societies on this planet 

given the unprecedented environmental crises at hand. Like combating a pandemic, this 

task requires many far-reaching political decisions, which should therefore be based on 

adequate scientific information. 

Second, the ongoing pandemic has recently also (re)introduced the issue of intensive 

livestock farming and animal welfare into the public discourse, mediated by high SARS-

CoV-2 infection rates due to precarious employment in slaughterhouses (Zeit Online 

2020). The discussions illustrate how the neoliberally steered globalization of agricultural 

production and trade entails multi-layered ethical considerations on which food should be 

consumed or how and where it should be produced. Here too, scientific findings can be 

trendsetting, but once again their limitations in informing the public debate become clear 

when scientists (usually perceived as objective) develop arguments in discursive spaces 

permeated by norms and values, as shown in this thesis.  

What set out as a seemingly technical question on environmental impacts of organic 

agriculture and the underlying RUs used in its evaluation also raised philosophical 
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questions. On the one hand, justifications for the use of output- or area-based agricultural 

assessments are ideally informed by science on complex socio-ecological systems and 

sustainability in general. This, on the other hand, inevitably reveals deeply normative 

aspects of how we, in the words of Thompson (2010, p. 17), “articulate our relationship 

to the natural world and our dependence on the continuing viability and integrity of 

natural ecosystems”. Given the need for a radical change in the way we produce and 

consume food (Horton 2017), this process might be greatly accelerated by a no less radical 

change in how the scientific community largely investigates and debates on these issues. 

My research hopes to contribute to this process by elucidating conceptual barriers in the 

scientific debate so as to make progress in “devising future policy […] that analyses 

together environment, land-use, food production, food consumption and human health” 

(Horton 2017, p. 1323). I am confident that the scientific controversies at hand can gain 

in transparency as increasing numbers of researchers acknowledge the socio-ecological 

relationships within the complex systems and thus openly discuss the underlying norms 

and values. This could facilitate a more fruitful scientific and societal debate about what 

kind of agricultural sustainability is democratically desired and feasible and could lead 

the way for transformative policy decisions. 
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Appendix 1: Supplementary Tables and Figures 

Supplementary Table 1: Applied parameters for agricultural the output (Figure 1) and input (Figure 2) data 
download from the FAO statistical database (FAO 2020). 

 Figure 1 Figure 2 fertilizer** Figure 2 pesticide 

Year 1961-2018 1961-2001 2002-2017 1990-2017*** 

Domain Crop Fertilizers 

archive 

Fertilizers 

indicator 

Pesticides indicators 

Item(s) Cereals, 

Total* 

Total Fertilizers - Nutrient 

nitrogen N 

(total) 

- Nutrient 

phosphate 

P2O5 (total) 

- Nutrient potash 

K2O (total) 

Pesticides (total) 

Element(s) Yield Consumption Use per area of 

cropland 

Use per area of 

cropland 

*Included crops are wheat, rice, maize, barley, oats, rye, millet, sorghum, buckwheat, and 

mixed grains according to the World Bank development indicators for agricultural output and 

productivity (World Bank 2013). For underlying data set, see Supplementary Material.  

** Due to lack of data, for the time period 1961-2001 fertilizer consumption data were set 

against land use data (Domain: ‘Land Use’; Item: ‘Cropland’; Element: ‘Area’), both from FAO 

(2020) to obtain the fertilizer use per area of cropland (Supplementary Table 2). For the period 

2002-2017 fertilizer use per nutrient per area data were directly available. The annual sums of 

the nutrient nitrogen, phosphate and potash were calculated subsequently (Supplementary Table 

3). For underlying calculations, see Supplementary Material.  

***Data were only available from 1990 in the FAO statistical database. For reasons of data 

integrity, data from other databases have not been included in the chart. 

 

Supplementary Table 2: Total fertilizer use per cropland area in Germany (1961-2001) based on merged data from 
FAO (2020) and own calculations. 

Year Total fertilizer 

consumption [t] 

Cropland area 

[1000 ha] 

Fertilizer use per area 

of cropland [kg/ha] 

1961 3275800 12724 257.45 

1962 3555420 12691 280.15 

1963 3703470 12663 292.46 

1964 3952040 12661 312.14 



 

II 

 

1965 4195800 12645 331.81 

1966 4107190 12639 324.96 

1967 4211430 12525 336.24 

1968 4264940 12505 341.06 

1969 4561440 12479 365.53 

1970 4763600 12391 384.44 

1971 4900680 12404 395.09 

1972 4856760 12444 390.29 

1973 4935930 12449 396.49 

1974 5088640 12479 407.78 

1975 4932430 12510 394.28 

1976 5209200 12563 414.65 

1977 5050610 12560 402.12 

1978 5108600 12576 406.22 

1979 5309310 12558 422.78 

1980 5169350 12530 412.56 

1981 4856240 12498 388.56 

1982 4753570 12464 381.38 

1983 4587420 12450 368.47 

1984 4741130 12428 381.49 

1985 4822760 12426 388.12 

1986 4834470 12420 389.25 

1987 4809980 12390 388.21 

1988 4874870 12390 393.45 

1989 4590900 12391 370.50 

1990 3350700 12414 269.91 

1991 2968660 11807 251.43 

1992 2843850 11708 242.90 

1993 2672220 11911 224.35 

1994 2906440 12037 241.46 

1995 2820950 12061 233.89 

1996 2818930 12064 233.66 

1997 2856820 12060 236.88 

1998 2938430 12107 242.71 

1999 3033160 12038 251.97 

2000 2742780 12020 228.18 

2001 2613410 12021 217.40 
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Supplementary Table 3: Sum of nitrogen (N), phosphorus (P) and potash (K) fertilizer use per area of cropland in 
Germany (2002-2017) based on own calculations with data from FAO (2020). 

 Fertilizer use per area of cropland [kg/ha] 

Year Nitrogen Phosphate Potash NPK Sum 

2002 149.02 27.29 39.98 216.29 

2003 151.9 23.61 40.43 215.94 

2004 146.98 25.02 39.54 211.54 

2005 147.5 22.64 35.21 205.35 

2006 132.61 21.93 36.69 191.23 

2007 149.66 26.23 42.34 218.23 

2008 127.81 14.37 14.77 156.95 

2009 129.19 19.36 29.87 178.42 

2010 148.32 23.77 36.01 208.1 

2011 135.85 20.46 32.00 188.31 

2012 137.01 23.61 34.99 195.61 

2013 138.73 23.52 37.85 200.1 

2014 150.99 24.95 38.09 214.03 

2015 141.95 23.88 33.01 198.84 

2016 138.68 19.32 35.95 193.95 

2017 125.02 17.42 32.72 175.16 

 

Supplementary Table 4: Qualitative and quantitative assertions on leakage effects from conversion to organic 
agriculture in the analyzed literature until 2016. 

Source/Assertion Reference Comment 

Goklany (2002): 30 to 40 % lower 

organic cereal yields than 

conventional (typical for Europe) 

would lead to 43 to 67 % more 
land to keep production constant. 

Environmentally, the question is 

whether reduced impacts on a 

smaller area are outweighed by 

increasing cropland  

Calculations based on yield data 

from comparison trial by Mäder et 

al. (2002a). Goklany (2002) in his 

reasoning refers to Goklany (1998, 
1999) 

The references (Goklany 1998, 

1999) argued that halting 

agricultural expansion is crucial 

for biodiversity conservation 
under a growing population. This 

can be achieved by productivity 

increases through technological 

progress, economic growth and 

freer trade.  

Trewavas (2004): Because 

“organic farms require more land 

to generate the same amount of 

produce […] going organic world-

wide would level the remaining 

forests of the world since it is only 

under forests that any soil that 

could be used for farming is still 
present”  

Based on yield data from 

comparison trial by Mäder et al. 

(2002a). Assumption on forest 

loss from implementation of 

organic agriculture based on 

Gregory et al. (2002), who in the 

respective section state that 

increased production must be 
achieved through intensification, 

In Gregory et al. (2002), no 

assertion is made on organic 

management and concrete effects. 

The paper investigated different 

intensification practices and its 

environmental consequences.    
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since extensification will not 

produce enough food because 

“Most of the potentially available 

land is presently under tropical 

forest. Cultivation of more of this 

land is undesirable […]” (p. 281).  

Kirchmann et al. (2007, p. 970): 

“substantially more land is needed 

to produce the same amount of 

food if organic agriculture is 
introduced on a large scale”; “if 

more land is used for agriculture 

[…], leaching losses will be 

increased [because] 

Transformation of natural land, 

forests or grazing areas to arable 

land results in significantly higher 

leaching losses. Leaching losses 

per unit of area are as a rule lower 

from ecosystems having 

permanent vegetation cover”; and 
“possibilities of conserving 

biodiversity are greatly reduced if 

wild nature is transformed into 

arable land”.  

The reference on higher land 

demand (Chen and Wan 2005) 

stated that organic agriculture 

cannot satisfy China’s food 
demand, since “In the 2000 years 

before 1950, China basically used 

only organic manure: average 

yields of rice and wheat increased 

by 41 and 17 kg per ha, 

respectively, over each 50-year 

period” (p. 73-74) and only with 

increased use of synthetic 

fertilizers rice and wheat yields 

increased substantially. And 

further that organic agriculture is 
not viable on a large scale in 

China because of lower 

productivity and resulting higher 

land demand. 

The reference on biodiversity 

(Green et al. 2005) showed 

retrospective calculations 

suggesting that two to four times 

more land would be required to 

produce the then amounts of food 

grown in the US, China and India 
without past yield increases. 

Further, that “farming (including 

conversion to farmland and its 

intensifying use) is the single 

biggest source of threat” (p. 551) 

to threatened bird species.  

The reference Chen and Wan 

(2005) is a ‘Letter to the Editor’. 

The references on higher leaching 

losses investigated N and ion 
leaching from boreal forest stands 

in Sweden with no direct reference 

to agriculture.  

The paper by Green et al. (2005) 

established the land sharing/land 

sparing framework and suggested 

a choice between having a greater 

area of low-yielding farmland or 

having a smaller area of high-

yielding farmland and more area 

available for wild nature 
elsewhere. The authors concluded 

that the paper “does not provide an 

answer” (p. 554) to the question of 

what kinds of farming give the 

best prospect of minimizing 

habitat loss while providing food. 

They continued, “our analysis 

highlights the need to know more 

about density-yield functions of 

real species in the real world, 

about how they might be modified 
by changes in agricultural and 

conservation methods, and about 

how far different kinds of farming 

influence the wildlife of 

nonfarmed areas. We also need to 

know much more about the extent 

and limits to which land is spared 

from agricultural use because of 

increased yields” (ibid.). 

Kirchmann et al. (2008): Based on 

yield-data from European long-

term experiments and national 

statistics, they calculated that 
organic cropping systems without 

animals would require 100 % 

more cropland (due to 50 % lower 

organic yields), organic crop-

animal systems would require 

33 % more land (25 % lower 

organic yields) and mean organic 

production would require 67 % 

more land. The higher land 

demand would be higher than the 

percentage yield gap because of 
assumed less efficient cropland 

use in organic systems.  

Various references regarding yield 

differences (see Chapter 4.1.1) and 

leakage effects of cropland 

expansion. 

Regarding Trewavas (2001), see 

above (similar reasoning as in 

Trewavas (2004)). Regarding 

Green et al. (2005), see above. 
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“One major consequence of a 

great expansion in cropland would 

be further loss of natural habitats, 

as pointed out by e.g. Green et al. 

(2005), Hole et al. (2005) and 

Trewavas (2001)” (p. 23).  

Leifeld et al. (2013b): “OF 

generally give lower crop yields 

than CF, so any expansion of OF 

would imply either decreased 
global food production or 

additional conversion of land with 

a high soil C content to cropland, 

leading to additional C emissions. 

Thus, the interpretation […] that 

practices central to OF can 

mitigate climate change through C 

sequestration in soils is 

misleading” (p. 1).  

No source was provided for the 

assumption of leakage of GHG 

emission when expanding organic 

agriculture. 

The source for lower organic 

yields was Seufert et al. (2012). 

Leifeld et al.’s (2013b) paper 

responded to a meta-analysis by 

Gattinger et al. (2012) to identify 

differences in soil organic carbon 
between organic and non-organic 

systems. The authors replied that 

they were careful not to equate the 

enhanced SOC stocks their study 

found with climate change 

mitigation (Gattinger et al. 2013). 

Further they highlighted the 

context-dependency of the average 

lower yields in organic systems.  

Gabriel et al. (2013): Because of 

variances in yield gap, “it is 

difficult to predict how much more 
land is needed to produce the same 

amount of food with organic 

agriculture, but it seems clear that 

it requires substantially more land 

(Goklany 2002; Trewavas 2004) 

[…] (locally or elsewhere), at a 

biodiversity cost much greater 

than the on-farm benefit of organic 

practice (Goklany 2002; Hodgson 

et al. 2010)” (p. 362).  

For the sources Goklany (2002) 

and Trewavas (2004), see above.  

Hodgson et al. (2010) adopted the 
land sparing/land sharing 

framework and measured density 

and species richness of butterflies 

on various sites. They predicted 

the optimal LU strategy to 

maintain yield whilst maximizing 

butterfly abundance: When yield 

gap is higher than 13 %, farming 

conventionally and using spared 

land as nature reserves is optimal. 

When the spared land is only used 
as extra field margins, however, 

organic management is optimal 

whenever yield gap is below 65 %.  

Gabriel et al.’s (2013) passage on 

lower yields in organic agriculture 

potentially increasing the total 
area under production was taken 

up by Tuck et al. (2014), who 

added that there are “other, often 

unmeasured, potential positive 

environmental benefits of organic 

farming” (p. 753).  

Garnett (2013b): “since yields 

from these [organic] systems tend 

to be lower, […] more land is 

needed for a given volume of food 

production. This in turn has 

implications for CO2 release and 

biodiversity loss” (p. 35).  

The reference on biodiversity loss 

(Phalan et al. 2011) compared land 

sharing/land sparing by comparing 

crop yields and densities of bird 

and tree species in Ghana and 

northern India (density-yield 

function for each species) for a 

given production target and 

suggested that “both countries 

could produce more food with 
minimal further negative impacts 

on forest species if they were to 

implement ambitious programs of 

forest protection and restoration 

alongside sustainable increases in 

agricultural yield, but they could 

not if they adopted land sharing” 

(p. 1290).  

The reference on GHG emissions 

(Burney et al. 2010) estimated the 

net effect on GHG emissions of 
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historical agricultural 

intensification. The resulting 

higher yields have avoided net 

emissions between 1961 and 2005. 

Lorenz and Lal (2016, pp. 143–

144): “Several reviews and 

metaanalysis have shown that OA 

yields are lower than those 

achieved under conventional 

agricultural practices. Thus, OA 
relies on more land to produce the 

same amount of food compared to 

conventional agriculture. For 

example, relative to conventional 

systems, between 9% and 214% 

more land is needed to produce 

one unit arable crop by OA, and 

between 6% and 346% more land 

is needed to produce one unit 

animal product (Meier et al., 

2015). In addition, adopting OA 
on a large scale could potentially 

also threaten the world’s forests, 

wetlands, and grasslands (Crowder 

and Reganold, 2015).” 

For sources of yield gap, see 

Chapter 4.1.1 

Meier et al. (2015) reviewed 34 

comparative LCA studies of 

organic and conventional 

agriculture and found that 
“Comparative LCAs often do not 

adequately differentiate the 

specific characteristics of the 

respective farming system” (p. 

193) with the most critical points 

being N fluxes influencing 

acidification, eutrophication and 

global warming potential, and 

biodiversity.    

The assertion on potential 

ecosystem damage under adoption 
of organic management refers to 

Crowder and Reganold (2015, 

p. 7611) stating that “adopting 

organic agriculture on too large a 

scale could potentially threaten the 

world’s forests, wetlands, and 

grasslands” with reference to 

Trewavas (2001) (see above) and 

Avery (2006). 

Crowder and Reganold (2015) 

suggested “that organic agriculture 

can continue to expand even if 

premiums decline. Furthermore, 

with their multiple sustainability 

benefits, organic farming systems 
can contribute a larger share in 

feeding the world” (p. 7611).  

The publication by Avery (2006) 

is a popular science book, the 

author of which is a critic of 

organic agriculture (Seufert 2018). 

Interestingly, the author’s father 

already expressed criticism of 

organic agriculture in the 1980s 

arguing it would destroy vast 

amounts of wildlands because of 
its lower yields (cf. Rigby and 

Cáceres 2001). 

 

 

Supplementary Table 5: Justifications for the use of area- and output-based expression of environmental impacts 
in agricultural environmental assessments from a ‘technical’ perspective (according to contributions in Sanders 
and Heß (2019)). 

Environmental 

dimension 

RUs proposed from 

technical perspective 

Justification  

Water protection 

(Kusche et al. 

2019) 

Area unit appropriate; 

however, differentiated 

consideration required, 

individually by substance 

group and public good 

provided 

Regionally provided drinking water: Area unit 

appropriate as regionally polluted N, pesticides and 

veterinary drugs influence local water treatment. 

Output unit inappropriate because it cannot be 

assumed that higher yields from conventional 

agriculture will lead to farmland taken out of 

production or to reduced livestock density in order 
to relieve the groundwater  

Soil fertility 

(Rüdiger and 

Schmidtke 2019)  

Depends on chosen 

indicators for soil fertility, 

which depends on whether 

economic or ecosystem 

service assessment is 

focused on  

Most indicators chosen are area-based (e.g. 

earthworm biomass per area); output unit 

appropriate for indicator ‘P-level in topsoil’.  

Area and output unit appropriate for ‘plant-

available P-level in topsoil’ but depends on regional 

context  
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Biodiversity 

(Stein-Bachinger 

et al. 2019) 

Area unit appropriate Output unit not appropriate because due to lack of 

data directly linking yield and biodiversity; many 

wildlife species have specific habitat and food 

requirements and, their conservation is linked to 

agricultural sites and required differentiated land 

use, in which achieving certain yield levels should 

not be the highest priority 

Climate 

protection 

(Weckenbrock et 
al. 2019)  

Complementary use 

appropriate: output unit 

useful in principle, 
currently area unit better 

suited 

Output unit useful because GHG emissions have 

global effect and can be aggregated; logic behind 

using output unit (producing a certain amount of 
products in the most climate friendly way) should 

be questioned in general, given the large amounts 

of food waste, the high share of crops used as 

animal feed and that food consumption patterns 

might change regarding animal products. 

Area unit appropriate for system comparisons and 

regarding climate policy goals because total 

amounts of GHG emissions are more relevant, thus 

a mere focus on output unit might be misleading. 

Output unit appropriate for comparative LCA, 

however they are subject to greater uncertainty 
because the emission factors are insufficiently 

context-specific and the emission factors from the 

inputs are so far of limited reliability.   

Resource 

efficiency 

(Chmelikova and 

Hülsbergen 

2019) 

Both units appropriate, 

depending on research aim, 

goal and context 

Area unit immanent for N balance, which indicates 

the N loss potential; and for energy input per 

hectare. 

Output unit immanent for input/output ratios 

 

 

Supplementary Table 6: Documents containing ‘Justification’ codings (for explanation, see Appendix 3), n=28, 
exported from MAXQDA (Supplementary Material). 

MAXQDA document 

Balmford_2018_env-costs-and-benefits-of-high-yield-farming 

Bergström-kirchmann_2016_are-the-claimed-benefits-of-OA-justifi 

Berlin-Uhlin_2004_LCA-opportunity-costs 

Dabbert_2003_Organic-agriculture-and-sustainability-environment 

Foteinis_2016_LCA-OA-vs-CA-lettuce-Greece 

Gabriel-et-al_2013_Food-production-vs-biodiversity 

Gattinger-et-al_2019_BeiträgeDesÖLzumKlimaschutz-BioTopp-Vol1-S 

Geier_2000_AnwendungderÖkobilanzmethodeinderLandwirtschaft 

Haas-et-al_2000_LifeCycleAssessmentFrameworkIn 

Halberg-et-al_2005_Env-assessment-tools-for-evaluation 

Haller-et-al_UBA_2020_EntwicklungsperspektivenderÖkologischenLa 

Kirchmann_2019_why-organic-agr-is-not-they-way-forward 

Kirchmann_et-al_2016_FlawsAndCriteria 

Lee_2015_Measuring-the-environmental-effects-of-organic-farming 

Leifeld&Fuhrer_2010_OrganicFarmingAndSoilCarbonSeq 
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Meng_et-al_2017_env-impacts-and-production-performances-of-OA-i 

Mondelaers_2009_meta-anal-env-impacts-OAsCA 

Müller-et-al_2016_OrganicFarmingClimateChangeMitigationAndBeyon 

Müller-lindenlauf-et-al_2010_assessment-of-env-effects-organic- 

Nemecek-et-al_2005_ÖkobilanzierungvonAnbausystemenimSchweizeris 

Niggli-et-al_2009_lowgreenhouseagriculture 

Ribal-et-al_2017_OrganicVersusConventionalCitrus 

Sanders-Heß_2019_Leistungen-des-ÖL-für-Umwelt-und-Gesellschaft 

Seufert_2018_ComparingYieldsOrganicVSConventionalAgriculture 

Seufert-Ramankutty_2017_Many-shades-of-gray_Context-dependent-p 

Stolze_et-al_2000_organicfarmingineurope-vol6 

Tittonell_2013_FarmingSystemsEcology 

Tittonell_2014_FoodSecurityAndESinaChangingWorldAgroecology 

 

 

 

Supplementary Figure 1: Three philosophical poles of agriculture (ecological, agrarian, and industrial) and zones 
where system types are located (Shennan et al. 2017). 
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Supplementary Figure 2: Visualization of the required shift in indicators for measuring agricultural socio-
ecological performance (IPES-Food 2016). 



 

X 

 

 

Supplementary Figure 3: Grounded action design framework with four phases according to Bruhn et al. (2019a). 
For a detailed description, see Bruhn et al. (2019b). 

 

Supplementary Figure 4: Visualization of the ES and resilience (ESR) framework by DeClerck et al. (2016). 
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Appendix 2: Scopus search string  

Search string applied in Scopus on 28/1/2020: 

TITLE-ABS-KEY ( ( "organic farm*"  OR  "organic agricul*" )  AND  ( "environment* impact"  

OR  "environment* effect" )  AND  yield ) 
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Appendix 3: Code book  

The code book was created in and exported from MAXQDA. It includes the coding frame 

(Supplementary Table 7) and below the respective code descriptions together with application 

examples.  

Supplementary Table 7: Coding frame. 

1 Environmental performance 

     1.1 Biodiversity 

     1.2 Climate change mitigation and adaptation 

     1.3 Environmental benefits OA 

     1.4 Environmental costs OA 

     1.5 Resource efficiency 

     1.6 Soil protection 

     1.7 Water protection 

2 Productivity aspects 

     2.1 LU efficiency 

     2.2 Leakage effects 

     2.3 Scaling up OA 

     2.4 Yield gap 

3 Systems perspective 

     3.1 Consumption patterns 

     3.2 Context matters 

     3.3 Ecosystem services 

     3.4 Farming practices 

     3.5 Rebound effect 

     3.6 Scale matters 

     3.7 Surplus production 

4 Reference units 

     4.1 Area unit 

     4.2 RU comparisons and trade-offs 

     4.3 Justification 

     4.4 LCA  

          4.4.1 FU 

          4.4.2 Limitations 

     4.5 Product unit 

     4.6 Proposal for assessing environmental impacts 

5 Norms and policies 

     5.1 Food security 

     5.2 Ideology 

     5.3 Multifunctionality 

     5.4 Norms and values 

     5.5 OA concept 

     5.6 Policy decision-making 

     5.7 Public goods 

     5.8 Sustainability 

6 Related concepts and discourses 

     6.1 Agroecology 

     6.2 Breeding for OA 

     6.3 Land sharing vs. sparing 

     6.4 Sustainable intensification 

7 Other 

     7.1 Research gap 

     7.2 Yield stability and resilience 

1 Environmental performance 

Only the subcodes of this code are used. These include several areas of environmental performance of agriculture 

as well as environmental benefits and costs of organic agriculture within these areas. Often, text segments are 

coded with several of the subcodes as areas of environmental performance often are addressed together.  

For example the following segment is coded with "Biodiversity", "Climate change mitigation and adaptation", 

"Soil protection" and "Water protection" as well as "LU efficiency" which belongs to another main code: "To 

assess the difference in environmental pressure between organic and conventional agriculture we investigated 

the following indicators of the environmental state: land use efficiency, organic matter content, nitrate and 

phosphorus leaching, biodiversity and greenhouse gas emissions." (Mondelaers et al. 2009, p. 1102)  

1.1 Biodiversity 

This code is used when environmental performance of agriculture related to biodiversity and habitat loss is 

addressed.  
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Example: "Our updated meta-analysis shows that organic farming on average increases biodiversity [...] by about 

one-third relative to conventional farming." (Tuck et al. 2014, p. 751) 

1.2 Climate change mitigation and adaptation 

This code is used when environmental performance of agriculture related to climate change mitigation, GHG 

emissions and/or aspects of energy consumption are addressed.  

Example: "However, across a large number of studies, GHG emission per produced unit is comparable between 

organic and conventional crops with some studies showing higher emissions in conventional crops and others 

the reverse" (Jespersen et al. 2017, p. 250)  

1.3 Environmental benefits OA 

This code is used when (potential) environmental benefits of OA are addressed or discussed.  

Examples: "When comparing the performances of organic and conventional agricultural practices it has been 

shown that organic generally performs better or much better than conventional for a wide range of key indicators" 

(Gomiero et al. 2011a, pp. 115-116); "There is currently considerable discussion about the merits of particular 

forms of agriculture. [...] Much of the debate concerns the merits or otherwise of organic agriculture which is 

often seen by the public as producing food free of chemicals and being more environmentally friendly." 

(Trewavas 2004, p. 757) 

1.4 Environmental costs OA 

This code is used when (potential) adverse environmental effects of OA are addressed.  

Example: "At the turn of the twenty-first century, scpetics considered organic agriculture to be ideologically 

driven and inefficient. They argued that organic agriculture relies on more land to produce to produce the same 

amount of food as conventional agriculture and that adopting organic agriculture on too large a scale could 

potentially threaten the world's forests, wetlands and grasslands." (Reganold and Wachter 2016, p. 1) 

1.5 Resource efficiency 

This code is used when the resource efficiency of agriculture is addressed, including nutrient and energy 

efficiency. Land use efficiency is captured by a separate code due to its centrality for the debate.  

Example: "Angesichts knapper Ressourcen, des wachsenden Bedarfs an Nahrungsmitteln und Biomasse sowie 

der zu erwartenden negativen Effekte des Klimawandels kommt der Steigerung der Stoff- und Energieeffizienz 

zentrale Bedeutung zu." (Hülsbergen and Rahmann 2015, p. 91)  

1.6 Soil protection 

This code is used when environmental performance of agriculture related to soil quality and/or aspects of land 

degradation, e.g., through soil erosion are addressed.   

Example: "Compare with conventionally managed soils, organically managed ones show a higher organic matter 

content, higher biomass, higher enzyme activities of micro-organisms, better aggregate stability, improved water 

infiltration and retention capacities, and less susceptibility to water and wind erosion" (Niggli 2015, p. 85)  

1.7 Water protection 

This code is used when environmental performance of agriculture related to water protection is addressed. 

Included are aspects of water quality (e.g., impacts of nutrient and pesticide leaching) and water quantity. 

Example: "Summing up, there are three facts underlining a lower eutrophication potential of organic farming: 

ORganic farming systems have lower nutrient level, which reduces the absolute quantity of nutrient loads that 

can be emitted from the system due to lower stocking rates and the ban of mineral nitrogen fertilizers [...]." 

(Schader et al. 2012, p. 196)  

2 Productivity aspects 
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Only the subcode are used, which include aspects of agricultural productivity related to environmental 

performance of agricultural systems. The subcodes are closely interconnected and in some cases compatible with 

the main code "Systems perspective", however, it seems helpful to distinguish between them due to the centrality 

of productivity aspects in the scientific debate and in order to better identify their role as arguments.  

2.1 LU efficiency 

This code is used when land use efficiency is addressed for evaluation the environmental performance of 

agriculture. Example: "With land resources finite and scarce, agriculture and food production must compete with 

other land uses [...]. When performances and environmental impacts are expressed per unit area, policy-makers 

can account for differences in land use efficiency" (Meng et al. 2017, p. 51)  

Further, the code is use when aspects of land use change in general and opportunity costs of land use related to 

the environmental performance of agriculture are addressed.   

Examples: "In a relevant comparison between organic and conventional cropping systems, environmental 

consequences caused by land use change such as lost products [...] and lost ecosystem services [...] must be 

included:" (Kirchmann 2019, p. 22); " 

2.2 Leakage effects 

This code is used when effects of land use change resulting from lower productivity in OA are addressed.  

Example: "In summary, footprints of iLUC must be considered in a balanced comparison of farming systems. 

Fig. 3 illustrates how iLUC affects the need for more arable land for organically grown crops to compensate for 

lower yields" (Kirchmann et al. 2016, p. 104)  

The code is closely linked to the subcodes "Scale matters", "Yield gap" and "LU efficiency", however, due to the 

importance of productivity aspects to the debate and the frequent occurence a separate subcode was created. 

2.3 Scaling up OA 

This code is used when the environmental performance of organic agriculture or its sustainability in general is 

consdiered in the light of a hypothetical or actual increase of land area under organic management, i.e. increasing 

the scale of organic agriculture. The code would also fit into the subcode "Scale", however, due to the importance 

of productivity aspects to the debate a separate subcode was created.  

Example: "Some authors have argued that the yield gap between organic and conventional agriculture would 

increase if more farms were converted to organic because of problems in nutrient availability. Organic agriculture 

today often relies on nutrient inputs from conventional farms and is highly dependent on the livestock sector, and 

it is unclear whether there would be sufficient non-BNF organic nutrient inputs (from animal manure, municipal 

solid wastes, or crop residues) if organic were to be scaled up" (Seufert and Ramankutty 2017, p. 9) 

2.4 Yield gap 

This code is used when the yield gap, i.e. the yield difference between conventional and organic agriculture is 

addressed.  

Examples: "Some authors have argued that the yield gap between organic and conventional agriculture would 

increase if more farms were converted to organic because of problems in nutrient availability." (Seufert and 

Ramankutty, p. 9); "Lower yields in OA systems, and consequently lower energy production per unit area, mean 

that more land would be required to produce the same amount of energy" (Lorenz and Lal 2016, p. 142)  

3 Systems perspective 

This code is used when the role of a systems perspective (agricultural production systems/food systems) for 

environmental performance assessment is addressed. 

Example: "However, organic agriculture cannot be the Holy Grail for out sustainable food security challenges 

[...] being primarily a production system, organic agriculture has limits in its ability to transform the food system. 
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From an environmental perspective, other changes to the food system (for exmaple, reducing food waste and 

changes in diet) might have greater benefits" (Seufert and Ramankutty 2017, p. 11) 

Some general aspects regarding ecosystem services, food systems (e.g., consumption patterns) and of agricultural 

production systems (e.g, scale of production/impact) are coded separately via the subcodes.  

3.1 Consumption patterns 

This code is used when the environmental performance of agricultural systems is related to consumption patterns 

and/or the aspect of food waste. 

Example: "The conversion to organic agriculture therefore has a considerable potential to reduce GHG emissions 

from agriculture, if it is combined with dietary changes that lead to a reduction in food wastage and lower 

consumption of animal products" (Müller et al. 2016, p. 42)  

3.2 Context matters 

This code is used when the agricultural context is addressed for the choice of reference units. Example: "This 

strong product-based approach, however, fits poorly when assessing impacts on important ecosystem services 

that must be managed at the landscape scale. For instance, mosaic landscapes with small fields and high crop 

diversity favour biodiversity and key ecosystem services [...] while maintaining agricultural productivity, but 

current LCA practice does not capture the positive effects of these landscape configurations" (van der Werf et al. 

2020, p. 424)  

Further, the code is used when the context regarding investigated environmental impacts and agro-ecological 

conditions is addressed for the (environmental) performance of agricultural systems. Example: "The 

environmental footprint of agricultural production needs to be reduced [...] Neither conventional nor organic 

methods currently have perfect answers to these challenges. [...] Organic methods are well suited to reduce land 

degradation and improve soil quality, but in many situations, crop productivity and environmental efficiency 

could be further improved if these methods were combined with moderate levels of synthetic fertilizers and the 

newest insights into plant genetiv improvement" (Meemken and Qaim 2018, p. 57) 

3.3 Ecosystem services 

This code is used when the concept of ecosystem services is addressed for evaluating the environmental 

performance of agriculture. 

Example: "Considering emissions per yield is still an arbitrary comparison of systems. The need for more organic 

arable land to produce the same amount of crop requires full attention on the comparison between organic and 

conventional cropping systems. Consequences of land use change - converting forests, grassland, or wetland into 

arable land - result in lost products [...] and lost ecosystem services (sequestered carbon in soil, wildlife, 

biodiversity, etc.)" (Kirchmann 2019, p. 24)  

3.4 Farming practices 

This code is used when the role of farming practices and management decisions are addressed and linked to the 

environmental performance of agricultural systems.  

Example: "There is not a single organic or conventional farming system, but a range of different systems, and 

thus, the level of many environmental impacts depend more on farmers' management choices than on the general 

farming system" (Tuomisto et al. 2012a, p. 318) 

3.5 Rebound effect 

This code is used when the rebound effect is addressed in relation to environmental performance assessment of 

agricultural systems.  

Example: "Yield gains due to intensification may well increase profit in that area, thereby encouraging expansion. 

Therefore, land-use intensification may coincide with expansion of agricultural land." (van der Werf et al. 2020, 

p. 422) 
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3.6 Scale matters 

This code is used when the scale of environmental impacts (local/regional/global) is addressed for the choice of 

a reference unit. Example: "The low emissions from extensive systems may have local or regional benefits. But 

if the lower production is compensated for by more intensive production in other areas (regions), then the total 

emission on a global scale may be the same or even higher. Therefore, from a global perspective the interesting 

indicator is the emission per kilogram product." (Halberg et al. 2005, p. 44) 

Further, the code is used when the scalar considerations are addressed for more general sustainability issues 

related to agriculture. Example: "The debate on agricultural intensification has clear scalar dimensions, 

outsourcing of food production to areas where agro-ecological conditions are most suitable and enabling 

insitutions are in place, might be a desirable option. From a local perspective, however, such forms of 

intensification might not be so desirable" (Kuyper and Struik 2014, p. 77)  

3.7 Surplus production 

This code is used when surplus production of agricultural produce is addressed for the choice of reference units.  

Example: "Linking the environmental effects of agricultural production to farmed area may give a misleading 

picture. Impact per unit output might be the more appropriate scale to evaluate the environmental effects of 

agricultural production. In that case, organic farming — due to lower yields — may under-perform conventional 

farming. However, given the sustained surplus production in the EU, this argument seems of minor relevance, 

especially when the issue of keeping marginal land in production is gaining importance in the EU." (Dabbert 

2003, p. 58) 

4 Reference units 

Only the subcodes are used, which particularly include aspects of reference units related to assessments of 

environmental performance of agriculture (e.g., comparisons, proposals and justifications for a choice) and the 

related LCA method. 

4.1 Area unit 

This code is used when environmental impacts of agriculture are expressed per unit of area. 

Example: "Comparing organic and conventional farming on a per hectare basis makes sense in the current 

political environmental of the EU as can be seen from the above discussion." (Stolze et al. 2000, p. 96)  

Further, the code is used when implications of expressing environmental impacts per area unit are addressed, 

e.g., (dis-)advantages, limitations or when conclusions on the environmental performance based on the area unit 

are addressed. 

Example: "Niggli et al. (2009) regarded C sequestration as the single most important measure for low GHG 

organic agriculture. They argued that in the context of climate change and livestock production, a per area 

calculation of GHG emissions would be more appropriate than a per product quantity for farming system 

comparisons." (Leifeld and Fuhrer 2010, p. 597)  

4.2 RU comparisons and trade-offs 

This code is used when the use or the outcome of expressing environmental impacts per different reference units 

is contrasted; with or without further interpretation.   

Example: "The positive performance of organic agriculture when measured against a range of environmental 

indicators has been widely reported. However, organic systems produce lower yields and thus require larger areas 

to produce the same output as conventional production systems. In consequence, environmental benefits of 

organic agriculture are less pronounced or even absent if measured per unit of product than per unit of area." 

(Müller et al. 2017, p. 2)  

Further, the code is used when trade-offs in the use of different reference units and potentially conflicting 

conclusions are ex- or implicitly addressed. 
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Examples: "In the absence of further interpretation, the comparison of organic and conventional farming by 

means of different scientific indicators does not present an immediate contribution to the agri-environmental 

political assessment of organic farming." (Dabbert 2003, p. 61); "In short, while there are unquestionable 

environmental advantages when food is grown organically, many comparative studies do not support blanket 

assumptions of organic agriculture's off-site, environmental superiority. Tradeoffs in environmental metrics and 

indicators, it seems are unavoidable." (Tal 2018, p. 7)  

4.3 Justification 

This code is used when a justification for the choice of a reference unit is given.  

Example: "When performances and environmental impacts are expressed per unit area, policy-makers can 

account for differences in land use efficiency" (Meng et al. 2017, p. 51) 

Further, the code is used when the importance of justifications for the choice of reference units or the way of 

assessing environmental performance in agriculture in general is addressed:  "In the end, any choice of which 

impacts from livestock systems are more important to address in a given context will be political decisions, 

depending on a local or regional/national context and the discourses in society. Researchers need to justify 

explicitly their choices of objectives and indicators in relation to societal goals such as reflected in the 

environmental assessments from the European Environmental Agency" (Halberg et al. 2005, p. 46)  

4.4 LCA  

This code is used when the method of life cycle assessment is addressed in general for evaluating or comparing 

the environmental performance of agricultural systems.  

Example: "Life cycle assessment (LCA) is increasingly used to assess the ecological sustainability of food 

products and is seen as a useful tool to evaluate environmental impacts of food products and production systems 

[...] LCA is the most comprehensive method available and useful for avoiding problem-shifting e.g., from one 

phase of the life cycle to another because it analyzes potential environmental impacts throughout a product's life 

cycle [...]" (Meier et al. 2015, p. 194) 

The subcodes are used for more detailed aspects of LCA studies.  

4.4.1 FU 

This code is used when the role or the choice of different functional units within LCA studies are addressed.  

Example: "Indeed, many authors assess environmental impacts both per product unit (for example, per kilogram) 

and per area unit (for example, per hectare) [...] However, for policymakers and farm managers to use LCA in 

agricultural decision making [...] further scrutiny is necessary for [...] both indicators, environmental impacts per 

product unit and those per area unit, are asymmetric." (Hayashi 2013, pp. 331-332) 

4.4.2 Limitations 

This code is used when limitations of the LCA method regarding the assessment of environmental impacts of 

agriculture are addressed.  

Example: "However, from the 34 reviewed LCA studies, which compared products from organic and 

conventional farming systems, it is not yet possible to draw a conclusive picture on the general environmental 

performance of the different farming systems. An important reason for this is that comparative LCAs on 

agricultural products from different farming systems often do not adequately differentiate the specific 

characteristics of organic and conventional farming on the inventory level." (Meier et al. 2015, p. 206)  

4.5 Product unit 

This code is used when environmental impact of agriculture are expressed per unit of product. 

Example: "Significantly lower yields in the organic systems means far greater N leaching from the organic than 

conventional systems if expressed per unit of product." (Kirchmann et al. 2007, p. 971)  
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Further, the code is used when implications of expressing environmental impacts per output unit are addressed, 

e.g., (dis-)advantages, limitations or when conclusions on the environmental performance based on the output 

unit are addressed. 

Example: "Organic yields are globally on average 25 % lower than conventional yields according to a recent 

meta-analysis [...], although this varies with crop types and species and depends on the comparability of farming 

systems. Hence, it is questionable whether the environmental performance of organic farming is still better if 

related to the unit of output per area." (Gabriel et al. 2013, p. 356) 

4.6 Proposal for assessing environmental impacts 

This code is used when proposals for assessing environmental impacts of agriculture are made or discussed 

related to reference units. 

Example: "Given the rising demand for food and agricultural products, measuring per unit of output seems more 

relevant to assess environmental impacts from a global perspective." (Meemken and Qaim 2018, p. 48)  

Further, the code is used when proposals for assessing environmental impacts of agriculture are made or 

discussed in a broader context.  

Example: "However, while expressing externalities per unit area can help identify local-scale impacts, it 

systematically underestimates the overall impact of lower-yield systems that occupy more land for the same level 

of production. To be robust, assessments of externalities also need to include the off-site effects of management 

practices, such as crop production for supplementary feeding of livestock, or off-farm grazing for manure inputs 

to organic systems." (Balmford et al. 2018, p. 477)  

5 Norms and policies 

Only the subcodes are used. These include normative and policy aspects related to the debate, e.g., the concept 

of public goods, ideological aspects or the concepts sustainability and food security. The following example 

shows the interconnectedness between the subcodes "Food security", "Sustainability", "LU efficiency" and 

"Yield gap": "The fast-growing human population gives rise to the crucial question as to whether organic farming 

could feed the world. The indisputable advantages of organic farming in delivering public goods and services 

shrink if too much land is needed to produce food. Therefore, the lower yields of organic agriculture are often 

the main reasons that the sustainability of this farming concept is questioned" (Niggli 2015, p. 86).   

5.1 Food security 

This code is used when the concept of food security (or the importance of food production for humans in general) 

is related to the evaluation of agricultural systems in relation to environmental impacts. Example: "A more 

sustainable production of sufficient food and fibres for a growing human population is one of the greatest 

contemporary challenges and deserves out wholehearted attention. Projections of population growth and 

awareness that arable land is a limited resource globally indicate that intensification of agricultural production 

on existing arable land is the way to produce sufficient food" (Kirchmann et al. 2016, p. 105)  

5.2 Ideology 

This code is used when ideological aspects of the debate are addressed or become visible. Example: "Ideological 

barriers between supporters and opponents of organic agriculture need to be overcome to pave the way for 

developing and implementing more sustainable forms of farming" (Meemken and Qaim 2018, p. 57) 

The code could be included into the subcode "Norms and values". Yet, the repeated occurence of the terms 

"ideology", "ideological barrier" etc. and the associated potential constroversy made it appear useful to separately 

capture them.  

5.3 Multifunctionality 

This code is used when the multifunctionality of agriculture is addressed in relation to environmental 

assessments. Example: "During the last decades the role of agriculture shifted from its mere production function 

to a multifunctional role. Multifunctionality acknowledges the fact that agriculture fulfils multiple role in society. 
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Apart from producing food and fibres, agriculture is carries out for landscape maintenance, conservation of 

natural resources, and cultural purposes" (Schader et al. 2012, p. 199)  

5.4 Norms and values 

This code is used when normative statements are made or discussed. Example: "We disagree with Leifeld 

fundamentally on the purpose of our agricultural system - our goal should be to produce nutritious, affordable 

and accessible food in a socially and environmentally sustainable manner and not just 'keeping proces low'. So-

called low-cost food produced by industrialized, conventional agriculture comes at a great price to our soils, 

water, biodiversity, atmosphere and worker health" (Ponisio and Kremen 2016, p. 1) 

Further, the code is used when the role of values within the research/debate is addressed. Example: "According 

to the American philosopher Paul Thompson, this so-called "non-substantive" use of the term "sustainability" 

may be a good way of bringing people to discuss agricultural systems and practices and realize how their different 

opinions are founded in different interests and based on different values" (Halberg 2012, p. 983)  

5.5 OA concept 

This code is used when organic agriculture is addressed by framing it according to its underlying principles, 

potential environmental (dis-)advantages or its general perception.  

Examples: "Organic agriculture is often put forward as a solution to reduce the negative impact of agriculture on 

the environment" (Boone et al. 2019, p. 2); "Organic systems, on the other hand, rely on the management of on-

farm resoures, embracing a whole-system approach to food production, which consequently results in an 

approach that is perceived as more sustainable in comparison to modern conventional systems." (Fess and 

Benedito 2018, p. 5) 

5.6 Policy decision-making 

This code is used when the link between policy decisions and environmental assessments of agriculture is 

addressed. Example: "As both conventional and organic farming appear to display different advantages for 

different environmental criteria, the question becomes: What is a society's environmental priority? In other 

words: Can these studies offer meaningful insights for informing national and global policies? Many 

environmental advocates prioritize climate change as the paramount environmental challenge facing the world 

today, because of both its irreversibility and the vast numbers of peoples and ecosystems affected." (Tal 2018, p. 

7) 

Further, the code is used when the link between policy decisions and the choice of reference units is addressed. 

Example: "When performances and environmental impacts are expressed per unit area, policy-makers can 

account for differences in land use efficiency" (Meng et al. 2017, p. 51) 

5.7 Public goods 

This code is used when the provision of (environmental) public goods by agriculture is addressed. 

Example: "So far, policy makers have not explicitly considered supporting organic agriculture as a single policy 

measure to achieve several public goods at the same time. This might be due to the single-issue focus on agri-

environment policy measures where policy makers most often analyse public goods measures independently of 

each other, e.g. how to reduce environmental impact of nitrogen, phosphorus and pesticides or measures for 

improvement of the biodiversity." (Jespersen et al. 2017, p. 260) 

5.8 Sustainability 

This code is used when the concept of sustainability is addressed, particularly in relation to environmental 

assessments. Example: "[...] it is undoubtedly mistaken to simply equate sustainable agriculture with low-yield 

farming. However, the issue of productivity and sustainability features heavily in the literature [...]" (Rigby and 

Cáceres 2001, p. 32) 

Further, the code is used when the use or characteristics of the concept of sustainability are addressed. Example: 

"According to the American philosopher Paul Thompson, this so-called "non-substantive" use of the term 



 

XX 

 

"sustainability" may be a good way of bringing people to discuss agricultural systems and practices and realize 

how their different opinions are founded in different interests and based on different values" (Halberg 2012, p. 

983)  

6 Related concepts and discourses 

Only the subcodes are used, which include the concepts of agroecology, ecosystem services and the debate on 

sustainable intensification. 

6.1 Agroecology 

This code is used when the concept of agroecology is addressed within the debate on environmental performance 

of agriculture. 

Example: "The myth that these papers promulgate of the potential of OA to feed the world has been important 

during the last decade in the promotion of OA, and the closely related "agro-ecology" [...], as alternative 

paradigms for agricultural production for Europe [...] but also for adoption in aid projects for developing 

countries." (Connor 2018, p. 129)  

6.2 Breeding for OA 

This code is used when aspects related to plant breeding (especially in the context of organic agriculture) are 

addressed for evaluating the environmental performance of agriculture.  

Example: "Our review highlights potential policy targets to improve organic performance to match this ambitious 

goal, including (i) targeted research programs to develop new crop varieties for conditions specific to organic 

management and development of efficient and selective organic pesticides" (Seufert and Ramankutty 2017, p. 

11)  

6.3 Land sharing vs. sparing 

This code is used when the debate on "land sharing vs. land sparing" is explicitly or implicitly addressed. 

Example: "Also, estimates of biodiversity of cropping systems need to be put into a land-demand perspective. 

High-yielding systems require less land to produce the same amount of food, sparing land for nature, and maintain 

ecosystem services and a rich biodiversity" (Kirchmann et al. 2016, p. 104)  

6.4 Sustainable intensification 

This code is used when the approach of sustainable intensification is addressed within the debate on the 

environmental performance of agriculture.  

Example: "In our view the key to bringing about sustainable intensification is to avoid dogma and instead explore 

the likely effects of all promising options - on yield but, critically, also on net negative externalities per unit of 

production, on prices and livelihoods, and in terms of likelihood of uptake by farmers." (Balmford et al., p. 67)  

Further, the code is used to include the occurrence of the concept of ecological intensification or eco-functional 

intensification.  

Example: "The consequences of upscaling organic and agroecologically based farming based on eco-functional 

intensification in high intensive areas without changes in diets towards less animal products per capital are 

unclear." (Halberg et al. 2015, p. 136)  

7 Other 

Only the subcodes are used, which contain aspects with a subordinate role for this work.  

7.1 Research gap 

This code is used when research gaps related to the assessment of environmental performance of agriculture are 

addressed. 
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Example: "To carry on extensive long-term trials for a number of crops in several different geographical areas 

would be of fundamental importance to understand the potential of organic farming as well as to improve farming 

techniques in general" (Gomiero 2011, p. 100)  

7.2 Yield stability and resilience 

This code is used when the concepts of yield stability and resilience of food production are addressed for 

evaluating the environmental performance of agricultural systems.  

Example: "So far, studies comparing organic or conservation agriculture with conventional agriculture have 

tested whether organic agriculture or conservation agriculture differ in yield, biodiversity or environmental 

services compared to conventional agriculture. However, an important issue that is relevant for the discussion on 

food security is that of yield stability (i.e., the variability of yield across years). So far, it has not been tested 

whether yield stability in organic and conservation agriculture differs from that in conventional agriculture." 

(Knapp et al. 2018, p. 2)  
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