
Modeling Crop Losses 

In this short introductory section we want to ask ourselves: what is the use of simulation 

modeling in crop loss understanding and analysis? But before moving into the field of crop loss 

modeling, we need to point out a few elements. 

 Production situations differ widely across world agroecosystems and are undergoing

unprecedented changes (Dyson, 1999; WRI, 2005). One definition for ‘production situation’

refers to a hierarchy of constraints to crop production: from production level 1, where no

limit to crop growth occurs, and is defined only by radiation and plant genotype; to

production level 2, where some water shortage occurs at least for some time of the growing

season; to production level 3, where a shortage of nitrogen may also occur; and to production

level 4, where the above limiting factors are compounded by shortages of phosphorus and/or

potassium (Penning de Vries, 1982; Rabbinge et al., 1989). While this first definition focuses

on crop production, another, holistic definition of a production situation is the 'body of

environmental factors ― physical, biological, social, and economic ― where agriculture

takes place' (De Wit, 1982). While both definitions have value, the latter enables one to link

attainable yields to production situations, as well as to human components such as farmers'

skills, socio-economic factors, and available techniques for future improvement (Van

Ittersum and Rabbinge, 1997), and decisions (McRoberts et al., 2011).

 Crop losses caused by diseases, animal pests, and weeds, range between 20 to 40% of the

yield that would be attained otherwise (e.g., Savary et al., 2005; Oerke, 2006), depending on

the production situations. This obviously represents a massive challenge to food security and

food safety, and cannot be ignored.

 Why do we address epidemiological and crop loss modeling in separate sections in this

module? There are four reasons for this.

1. First, the linkage between epidemics and crop losses is that of a growing crop.

This implies that we shall need to consider some basic agrophysiological

principles.

2. A second reason is that the linkages epidemics-crop losses, on the one hand, and

crop losses-economic losses, on the other hand, are non linear. The relationships

between epidemics and crop losses are represented by damage functions, while

the relationships between crop losses and economic losses are governed by loss

functions (Zadoks, 1985). Thus, the translation of epidemics into crop losses is

not direct, and in fact, is quite complex.



3. A third reason is that we want to keep our models as simple and tractable as

possible: we want to model for a purpose (Loomis et al., 1979): epidemics on the

one hand, crop losses on the other. Linking the two implies complex feed-backs

and feed-forwards, which, despite their relevance, would detract us from our main

objective of providing introductory working elements to the topic.

4. Lastly, when thinking of crop losses, other harmful agents must be considered in

addition to plant pathogens: animals (especially insects and spiders), and weeds.

As a result, the analysis of crop losses entails the consideration of injuries caused

by an array of crop harmful organisms. We shall see in the following chapters that

considering so many different organisms does not lead to increased complexity.

 Crop losses ― not epidemics ― are the basis for disease management. As a result, the last

three elements of the above imply a crucial issue: understanding and modeling crop losses is

not easy. In particular, thresholds for decisions, whether strategic (before a crop is being

established) or tactical (when the crop is standing) are not static, but variable (Zadoks, 1985;

Rabbinge et al., 1989). One of the several causes for threshold variation is the considered

production situation.

 Both damage and loss functions are highly variable (e.g., Zadoks, 1985; Savary et al., 2000),

for a number of reasons, among which are (1) the nature of the harmful organism, and (2) the

considered production situation (and therefore, the considered attainable, uninjured, yield).

What follows does not dwell on this important topic. Simulation modeling, however, can be

seen as one tool to address it.

Much of what will be developed in the following chapters is derived, with some 

expansion, but also some simplifications, from the book by Rabbinge et al. (1989). As in the 

previous chapters, our aim is to bring forward ideas and methods that can be implemented with 

ease, and we shall try to provide frameworks that are as simple as possible. 

Let us try, at least temporarily, to answer the question we posed at the beginning of this 

introduction. Simulation modeling in crop loss analysis is useful in at least two important areas: 

one is to produce estimates of likely crop losses caused by one (sometimes several) yield 

reducers; another is to assess and rank the importance of yield reducers in terms of crop losses. 

There are other possible applications of simulation modeling. One potential application, which 

was widely shared when simulation modeling was new to the field of plant protection, was that it 

could become a tool to guide crop protection. There has been accumulating evidence, however, 

that this approach was unlikely to bear fruit for a number of reasons (e.g., Butt and Jeger, 1985; 



Jeger, 2000). Conversely, much simpler approaches based on very solid science could be far 

more successful, such as the EPIPRE program (Zadoks, 1989). 

The second area where simulation modeling is a powerful tool is that, being process-

based, it enables one to not only address "what has been lost", but also what could be gained. In 

other words, the approach enables one to explore scenarios where new crop health management 

approaches (e.g., new genotypes, different crop rotations) would be implemented. This is 

possibly the most exciting reason for using simulation modeling in this area. 
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