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Introduction

The main purpose of this lectures is to contribute to the upgrading of professional standards and practices in business management  and to provide information and guidance to individuals and organizations wishing to start or improve business activities. Course book is an introduction to professional consulting, its nature, methods, organizational principles, behavioural rules, and training and development practices. It also suggests guidelines to consultants for operating in various areas of management. However, it is not intended to replace books and manuals that deal in depth and detail with management functions and techniques: for this the reader should refer to special sources. 

In a nutshell, the course book is intended for: 

– new entrants to the consulting profession; 

– independent management consultants and consulting firms;

 – consulting departments of productivity, management and small-business development institutes and centres; 

– internal management consultants in business companies and governments; 

– management teachers, trainers and researchers (who may be part-time consultants, and whose work is closely related to that of consultants); 

– students of management and business administration; 

– managers, business people and administrators who wish to use consultants more effectively, or to apply some consulting skills and approaches in their own work. 

Finally, many principles and techniques described in the course book apply to consulting in general; hence consultants operating in areas other than management and business may also find it useful and inspiring.
Theme 1. BASIC ECONOMIC PRINCIPLES
The aim of theme’s study is to learn the basic economic principles
Plan
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Farm Business Management classification 

1.1
Overview of scientific disciplines
A basic understanding of the approach and significance of Agricultural Economics — more specifically, Farm Business Management — is facilitated by its classification into the sciences. 
 SHAPE  \* MERGEFORMAT 



Figure 1. Farm Business Management classification within the sciences (altered according to Mußhoff and Hirschauer, 2016)

Farm Business Management is part of both Natural and Social Sciences. In Social Sciences, the study of humanity and how humans live together as a society are the focal point. Economics investigates (broadly) the rational handling of goods, for which there is only a limited supply. At the forefront of this investigation are those running a business in agriculture (in this case), and their requirements and opportunities for using the resources available to them (in order to reach their goals). The reference object for these decisions is the farm business. Therefore, it makes sense to provide support for decision makers in farm businesses to enable them to make the best use of their (commercial) potential.

Agricultural Sciences are an interdisciplinary subject area. Important branches within the Natural Sciences, such as Soil Science, Physics, Chemistry, Biology, Technology and even Economics are used for analyses and evaluations, and continue to be developed.

Farm Business Management became a Science in the 19th century. Its founding fathers are said to be Albrecht Thaer (1752–1828) and Heinrich v. Thünen (1783–1850). Thaer is owed the credit for introducing the Agricultural Sciences as a standalone discipline. In 1802, he established an agricultural research and education institute in Celle, Germany. In his four-volume work, “Grundsätze der rationellen Landwirtschaft (The Principles of Rational Agriculture)” (1809–1812), he emphasises the significance of the highest possible (pure) profit as opposed to the highest possible yield. 

Heinrich v. Thünen, one of Thaers’ pupils and peers, was steered by the leading English economists of the time, including Adam Smith. In 1826, he published “Der isolierte Staat in Beziehung auf Landwirtschaft und Nationalökonomie (The Isolated State in Relation to Agriculture and the National Economy)”, in which he devised theories based on an empirical set of data. To do this, he applied the “isolating abstraction” method, whereby individual influencing factors and their effects are examined and varied, while others are kept constant (ceteris paribus). Another important method developed by Thünen is marginal analysis, which provides evidence of relative excellence in production at different prices and costs. At the beginning of the 20th century, significant new findings were developed through the work of Friedrich Aereboe, namely “Organismustheorie
 (Theory of Organisms)” (1865–1942) and Theodor Brinkmann, with “integrierende und differenzierende Kräfte (integrating and differentiating powers)”
 (1877–1951). These findings placed a strong emphasis on the configuration of a farm as a holistic exercise.

1.2
Farm Business Management scope of work

In managing a farm, the farmer (or rather, the family running the farm) generally pursues the following key goals:

· Sustainably securing a material livelihood (sometimes in combination with other income sources)

· Reasonable remuneration for the applied resources (means and factors of production)
(“Reasonable” = at least the same amount that the factors of production could earn when used for alternative purposes)

In terms of sustainable use, aiming for the highest short-term profit is not the focal point here, but rather the objective of a sustainably high level of profitability. Moreover, sustainable profit maximization is only the sole objective of an enterprise in very few cases — more on this in the following sections.

Agricultural production is governed by the laws of nature and is determined by both internal and external influences. 

Among the internal forces are:

· Natural prerequisites for production: Soil quality, crop rotation restrictions and climate conditions largely determine the size of the natural yield and the risk of producing individual crops.

· Human prerequisites: The skills and knowledge of the farm manager are reflected in the performance of the entire farm and its individual business areas. 

· Commercial prerequisites: Supply of land, workforce, capital and rights. Financial strength, proportion of equity and equity reserves. Internal logistics (state of buildings, distance from yard to field, size and shape of plot, etc.) and external logistics (distance from market, etc.).

Among the external forces are:

· Technical advancement: Advances in the areas of biotechnology (breeding advances) and mechanisation (high-performance machinery) 

· Economic development: e.g. changes to consumer income and demands, inflation, level of national debt and any resulting adverse effects on national economic performance;

· Political measures: Agricultural policy (deficiency payments, interventions, etc.), pricing and market policies, environmental policy, agricultural structural measures and agricultural social policy.

· Societal influences: e.g. increasing environmental consciousness and the resulting increase in environmental protection measures, such as usage restrictions, and legislative demands and requirements, which have cost implications (e.g. in water reserves).

Whereas natural conditions change very slowly, if at all, the economic and technical conditions in agriculture are continuously developing, leading to changes in the price-cost margins (e.g. due to supply and demand changes, agricultural policy measures and cost increases in means of production and wages). Changes to the framework conditions have knock-on effects: 

· On a sector level, they influence agricultural structure, the offshore and downstream sector, and agricultural policy as a result

· On an individual farm level, it influences the relative excellence of individual crops and animal products, the profitability of entire farming systems and earnings in the agricultural sector.

The consequences are radical processes of adaptation in farming to permanently accommodate the new economic and technical conditions, particularly in the following three areas:

1. The intensity of individual production processes,

2. The combination of individual factors of production,

3. The combination of products.

Therefore, the scope of work for applied Farm Business Management is:

· To outline key initiatives that will lead to improvements in profitability or to the realisation of other management goals within the business. Not to strive for repeatable formulas and scientific illustrations of economic principles.

· To demonstrate managerial principles that enable managers to assess and understand the effects of plans and professional advice on the business under changing conditions, and to come to the right decision.

Models are often used as an aid to carrying out these tasks. A model depicts a simplified view of reality and is therefore a suitable aid for creating a high-level overview and coming to grips with complex processes.

Although he was fundamentally opposed to models due to their often improper use, the Swedish development economist, Gunnar Myrdal (1898–1987), had the following to say about them:

Since ordinary thinking too often proceeds by fairly simple rules of thumb and unicausal explanations and rarely ascends to a complex system of relationships, model thinking may serve as a kind of thought-therapy, loosening the cramped intellectual muscles, demonstrating the falsity and doubtfulness of generalisations. 

(Myrdal, G.: Asian Drama, Vol. III, Massachusetts 1969, S.1962)

Economic models generally have three elements:

a) Behaviour:
(
 Maximising objectives (e.g. profit)
(
 Minimising objectives (e.g. costs, labour requirements)
(
 Other restrictions resulting from behaviour

b) Data:
Parameters, which should be taken as given

c) Variables:
Parameters, which are determined in the model:
(
 Endogenous variables
(
 Exogenous variables

The objective function can either be minimised or maximised, i.e. costs are minimised or profit is maximised. It is possible to take into account multiple objective functions, but only if they are reduced to one objective function by using weighting factors. In fact, it is also possible to consider behaviour as a limitation on productivity.

The availability of factors and capacities of production, and the quantitative relationships between the requirement for factors of production and their contribution to the objective function, are described using data. 

The endogenous variables of a model are, for example, the production process and trading activities. They are also described as ‘dependent variables’ since their degree of expansion is a result of the model calculation. Once the degree of expansion of the endogenous variables is known, the model result can be applied in practice. 

In the overarching system, the exogenous variables are in fact variable, however, they represent data for the optimised system. For example, subsidised means of production are variables for the respective government, whereas for farmers, they are data. 

There are three distinct types of models:

a) Verbal:
economic contexts are illustrated using words;

b) Graphical:
economic contexts are illustrated graphically, for instance, by using the system of co-ordinates (production function).

c) Algebraically:
economic contexts are illustrated by using mathematical equations and equation systems.

There are essentially two different types of economic model: normative models and positive models:

For normative models, the objective function, e.g. profit maximisation, is normally set as a rule. The model then serves to identify which organisational structure will enable the business to achieve the highest profit. If the actual objective function deviates from the normative function, then the actual progress of the business will deviate from the model result. Normative models can therefore only be used to determine a business's organisation if the profit is to be maximised. This means that the normative model does not establish the actual course of events, only the intended course of events at best. 

Positive models, on the other hand, at least attempt to record the actual objective functions and behaviours of the decision makers and others involved in formulating the model. In this way, a positive model attempts to predict the end goal of the actual trend.

Although both normative and positive models have the same basic structure and require the same data, the effort required to obtain data for the normative model is significantly less, since the objective function is already provided according to a rule and there is no effort required to gather behavioural data. Whether a model is constructed in a more normative or positive manner is determined by the behavioural data available and its usage in the model.

During practical planning, there is often an attempt to reduce the purely normative character of a model by taking into account behavioural restrictions or selecting the “optimum plan” from a number of business plans according to a number of criteria.

2
Principle managerial considerations

2.1
Goals, uses, behaviours

A person’s managerial goals stem from their aspirations and requirements. Usually, the requirements are too large to be satisfied within the context of the managerial options available to them. The endeavours of business owners and their employees are consequently geared towards making the largest possible contribution towards satisfying their material and non-material desires via their economic activities and behaviours.
These desires have an order of priority, which reveal the preferences of the individuals in question. In almost all cultural circles, people are primarily concerned with fulfilling their basic existential needs, such as: a safe supply of food, accommodation, clothing and a minimum amount of time for leisure and social activities. Other desires, such as educating one’s children, saving money, saving for a pension, social status and moderately physical work are generally placed lower down the preferential scale.
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Figure 2. Maslow's hierarchy of needs
The extent to which goods contribute towards satisfying the desires of an individual person or family is described as a benefit. Since some important desires (benefits) cannot be satisfied by money, money cannot serve as the only measure of the benefit. In addition to the problem of subjectivity in evaluating the benefit, this also creates the issue that when benefits are derived from different goods, they cannot be measured by the same standard of assessment, e.g. money.
In business management, we attempt to solve this difficulty approximatively by further differentiating the benefit into: a) benefits that are not measurable by their monetary value, or could not potentially be evaluated for their equivalent monetary value, such as time for leisure and social contact, or food security; and b) benefits that represent actual money (financial commodities) or assets valued in monetary terms. If the commercial activity then causes the availability of the business’s financial or tangible assets to increase, income is earned. A business owner can view the amount of net farm income earned in a financial year a simplified manner via the following calculation:
a) using the value of the assets taken from the business in the form of products or money over the course of the year and
b) using the additional net owned assets (= equity) available at the end of the financial year compared to the beginning of the financial year.
The amount of net farm income achieved in a financial year can be determined more accurately by using the following simple formula:

net own assets*) at the end of the financial year

– net own assets at the beginning of the financial year

+ withdrawals (withdrawal‑ of money and produce)

– net own assets transferred from private funds

= Net farm income (in UK referred to as Farm business income)
*) net own assets = total assets – assets financed by outside capital (= equity)

(For the Net farm income, opportunity costs for own factors have not yet been taken into account. The result after subtracting opportunity costs for own factors (such as own labour, own land, own capital) from the Net farm income is often referred to as 'Economic Profit' or just 'Profit').
Since farm income can be measured in monetary units, it is well suited as a measure for objectively evaluating commercial success. So much so, that in economic models, it is often assumed that (sustainable) income maximisation is the sole goal of an enterprise. It is also assumed, that pursuing farm income simultaneously maximises the collective benefit in a wider context.
Assuming income maximisation as the goal serves to simplify a complex system of economic goals, and is all the more appropriate if the business owner or company is more materialistically inclined. However, this simplified, one-dimensional objective fails to incorporate the following context:
a) The cash income proportion of the total benefit increases, the more the business owner’s needs can be satisfied through money. Since not all needs are material in nature, and even material goods have a limited supply, the normative objective function of income maximisation may need to be modified. 
b) Simply splitting income from other forms of benefit fails to take into account, that strongly subjective substitutions exist between cash-relevant and non-cash-relevant forms of benefit; for instance, the desire for free time is usually all the greater
· the lower the pay for additional work and 
· the higher the income already achieved by the individual carrying out the additional work.
c) During the business development process, increasing the benefit usually involves reducing consumption (benefit) in the present to achieve a greater benefit in the future. Sacrificing benefits should only be used as a tactic if the resulting added benefit in the future is at least slightly higher than the current benefit sacrifice. This minimum degree of additional future consumption is its social time preference expressed as a percentage of the current consumption sacrifice value (= investment). Time preference is a subjective measure, which represents a significant determining factor in the consumption and conservation behaviour of economic subjects.
d) In agricultural oriented societies, maintaining and increasing general soil fertility is regarded as extremely important. A farmer’s actions in this area must be supported by professional farm business planning. Therefore, within the context of business development planning, sustainable income is to be increased, but not at the short-term expense of soil fertility and the environment.
e) Income consists of any changes to assets in the form of tangible and financial assets (money) within a financial period. Based on experience, more importance is placed on gaining additional funds in the short-term than increasing the value of tangible assets, which only offer indirect additional consumption opportunities. In this respect, a significant disparity can emerge here, in that a business owner has to repay the loan for a machine quicker than the additional funds earned from replacing the machine will allow — even working overtime. The loan repayments do not account for the owner’s net income, yet his consumable income will potentially be even lower than it would have been without the financed investment. These issues are to be identified during business development planning, provided that consumable income and liquidity/solvency ratios are established and consulted upon as evaluation criteria alongside net income.
f) During business planning, the quantities and prices are calculated based on averages. According to experience, a rise in profits is associated with a significant increase in the absolute as well as relative profit distribution (profit variance), even under uncertain economic conditions (economic restructuring, high inflation rates), meaning that the risk characterisation ratios are considerably deferred. These risk aspects must always be taken into account during business planning.
The reasons stated above in favour of minimising the importance of pure income/profit maximisation as a business goal represent but a few examples of better understanding the circumstances. Nevertheless, objective success measures, such as income or profit, are compulsory for assessments and planning. Still, economists — especially business consultants and planners for (often complex) farm businesses — must always make efforts to find out what other forms of benefit are present in each value system and in what context. These benefits must be taken into account adequately in any planning process, for instance, by establishing constraints. On the other hand, changes to the value system could also form a prerequisite for a commercially successful development measure, making this a potential topic for consultation.
Side note on the uniqueness of benefits

Diogenes and Alexander

The Greeks held a congress on the Isthmus of Corinth and agreed to undertake a military expedition with Alexander against the Persians, for which Alexander was named as Supreme Commander. Since a great number of statesmen and philosophers took this opportunity to pay him their respects and wish him well, he thought that perhaps Diogenes of Sinope, who was also staying in Corinthia, would do the same. However, he remained in the peace and quiet of the Kraneion, not caring a jot about Alexander; so Alexander went to Diogenes himself. When he arrived, Diogenes was lying in the sun. Since he received so many visitors, he pulled himself up a little and looked Alexander straight in the eye. He greeted him cordially and asked how he could help him. “Just please”, he added, “don't block out my sun!” Alexander was apparently so taken aback by this and so amazed at the pride and magnanimity of the man despite the contempt he had shown towards him, that while his companion walked away laughing and joking about it, he cried: “Honestly, if I were not Alexander, I would want to be Diogenes!”
(Plutarch, Alexander - Caesar, Lebensbeschreibungen, from the German translation by Friedrich Salomon Kaltwasser, edited by Wolfgang Ritschel, Berlin 1982, p. 18.)

Behaviour:
When illustrating goals and maxims, it is usually a prerequisite for those involved to behave rationally, and consequently only make carefully considered and well thought-out (sensible) decisions. However, in real life, other types of behaviour exist, such as emotional behaviour, traditional or habitual behaviour, coincidental/unguided behaviour and inconsistent behaviour. At the very least, rationality is diminished by the pursuit of prestige and recognition, or the pursuit of independence (e.g. using one’s own equipment although it is uneconomical).
The types of behaviour listed may become relevant when explaining different economic strategies. To be in a position to conduct reliable, goal-orientated planning processes and consultations, and so on, it must be assumed that those involved are acting rationally.
The rationality principle, economic principle, profit principle (principle of acquisition):
Generally, acting according to the rationality principle means reasoned behaviour in all senses. This behaviour is characterised by the meticulous thought processes in production-related and business contexts.
Behaviour according to the economic principle also follows the rationality principle, but is more specifically defined. This behaviour is typified by the pursuit of
either:
maximising the benefit using the available resources
or:
achieving a specific benefit by applying minimal resources
The ‘profit principle’ (also known as ‘principle of acquisition’) is even more specifically defined (still following the rationality principle and the economic principle). This behaviour is exhibited when
either:
the available factors of production (both owned and borrowed) are implemented in such a way, that the highest possible sustainable profit is gained
or:
a specific sustainable profit is achieved with the minimum amount of production factors.
Side note on ‘rationality’
‘Rationality’ is a very broad concept, which requires further explanation.
Once the objective of ‘rational behaviour’ has been set in a particular value system, the distinction may be drawn between substantive and formal rationality.
A person behaves with substantive rationality if they use their resources to satisfy their needs, which are generally recognised as such and regarded as important within the social system. This would be the case in Western European behaviour if, for example, profit were considered to be a significant evaluation criterion for alternative courses of action.
Formal, rational behavioural strategies, on the other hand, pursue less valuable objectives from the perspective of the social system, and are purely rational in terms of their approach. For example, a farmer would display formal, rational behaviour by uprooting a fully ripe fruit field in the most cost-effective way possible. Whether this behaviour is substantive rational or irrational depends on the individual circumstances. Finally, a certain degree of (formal) rational behaviour can be observed in someone who appears destructive in the way they attempt to achieve their goal.
Furthermore, depending on the extent to which the person acting has objective knowledge at their disposal, their rationality can be either subjective or objective.
Subjective, rational behaviour is observed, for example, when a farmer declines to grow hybrid varieties because he believes that the normal variety achieves higher yields, even though trials — of which he has no knowledge — have clearly proven the opposite. A proper assessment can only take place in the knowledge of an alternative course of action. In this situation, objective, rational behaviour would only be possible if the decision maker were aware of all possible courses of action.
Knowledge of alternative courses of action could look as follows for different people:
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Subjective and objective rationality can be coupled with both substantive and formal rationality, giving four different types of rationality from which to choose:

Rationality



Formal
Substantive

rationality
rationality


Objective
Subjective
Objective
Subjective

rationality
rationality
rationality
rationality

2.2
Household — Farm operation — Farming company

Although in common terms there is often no clear distinction, within a business administration context a line must be drawn, for economic reasons, between the concepts of household, farm operation (or just 'farm') and farming company.

A household is an economic unit, which consumes goods and services on the one hand, but also provides the resources (factors of production
) for commercial activity on the other hand. 
A farm operation (or just farm) is a technical and spatially-organizationally demarcated economic unit (in the sense of a 'permanent establishment'), which produces and sells goods and services (outputs) by utilising the available means of production (inputs). 
A farming company operates one level above the farm. It is a financially and geographically independent economic unit, which can comprise multiple legally and financially interdependent farms in multiple different locations. A company is always responsible for the collective finances of its individual farm(s). A comprehensive balance sheet can therefore be created for the company, but not for an individual farm.
In family-owned farm businesses, the household, farming company and farm operation often form a single unit.
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Figure 3. Possible relationships between household, farming company and farm operation
Using the farm operation success metrics, evidence should be gained of the commercial and technical efficiency of all implemented factors of production. This does not, however, take into account whether the implemented factors of production belong to the household (own labour, own land, owner equity) or are borrowed (outside labour, outside capital, rented land). Therefore, when establishing the ‘Farm total factor income’, the resulting expenses from implementing (non-land) capital, land and labour are not taken into account. This income statement for the farm relates to a (fictitious) “debt‑ and rent-free” economic unit, which means the success metrics have a secondary function of measuring the economic and technical efficiency of a particular volume of factors of production. The Farm total factor income therefore assumes a special status, because it represents the remuneration of all implemented factors of production (total capital and land, total labour and entrepreneurship) and consequently provides evidence of the farm’s contribution to the value creation within the national economy at the same time.
In contrast to the farm success metrics, the company success metrics relate to the commercial and entrepreneurial efficiency of the use of owned factors of production (own capital and land, own labour and entrepreneurship). Therefore, the relationship between owned and borrowed factors of production must be distinguishable, which, as described above, is not done on a farm operation level.
For example, when buying five tractors for five farms belonging to one company, it is not possible to determine which farms the two tractors financed on loan should be assigned to. From the company balance sheet, it can be understood that the assets have risen by the value of five tractors and that outside capital has increased by the acquisition cost of two tractors. From this example, it is clear that owned and borrowed factors of production can only be split successfully on a company level. Splitting owned and borrowed capital and land is necessary in order to establish suitably differentiated success metrics. This is why it is only possible on company level to determine the return on invested equity, for example. When establishing the remuneration for owned factors of production (own capital and land, own labour and entrepreneurship), income and expenses from and for interest and rents must therefore be thoroughly accounted for so that the company success metrics (such as net farm income, return to equity, own land, own labour) also represent the farming family’s remuneration for using the aforementioned owned factors of production. These success metrics are therefore extremely important when evaluating alternative development opportunities from a farm business perspective.
Practical class

Student must know relationships between household, farming company and farm operation
Control questions:

1. What is farm business management?
2. What are the main concepts of farm business consideration?
3. How distributed managerial risks?
Questions for discussion:

1. How do we measure the impacts of farm business management?
2. How should we interpret relationships between household, farming company and farm operation?
Case study: McKinsey and the Globalisation of Business Management 

What was Marvin Bower’s rationale for wanting to expand McKinsey internationally? 

● U.S. based competitors had developed international businesses 

● Clients needed to think globally and understand more than America 

● Transform national firm into international firm 

● Rapid growth of American multinational investment 

● A worldwide shortage of U.S. dollars → encourage U.S. corporations to establish factories in EU → to buy American products 

● Helps secure the firm’s survival and longevity 

1. Enlarge client base (local + international client base) 

2. Offer the prospects of lucrative new sources of income 

3. Create opportunities for talented people 

● Yearned for American management know-how 
What were the market-based factors that underpinned McKinsey’s success in expanding globally? 

● Europe was successful 

● Making contract with local players (not market based factors) 

● Shortage US dollar 

● At first, one-firm approach → the same and consistent physical office space, dress-code and appearance and format of reports and other documents be uniform 

1. To minimise the distractions and deviations the client is likely to take 

2. Increase confident from clients and CEO. 

3. Build identity 

● Recruiting MBAs from Top Rank Business school (Harvard) → focus on young, relatively malleable individuals 

● Consultants were rewards on the basis of their performance and were also motivated by promotion from consultant to principal and partner. 
● Up or not policy for associates → whose performances were reviewed annually 
● Expand large contacts with local elites in foreign countries in order to develop a domestic client base 
Scholars have often described consultants as being transmitters of business techniques. Does the case study support this? 
New ideas and concepts developed at Harvard Business School and other consultancies leading American business schools were regularly diffused to practitioners by McKinsey and other consultancies. 
● McKinsey formalised its own contribution to management knowledge by launching the McKinsey Quarterly 
● McKinsey Quarterly presents the firm’s innovative work on management theory to business leaders worldwide 
For the consulting industry, what lessons can be drawn from the history of McKinsey & Company? 
● One-firm: not only in term of attitude and philosophy but of legal entity 
● Local network: McKinsey go to Europe and build that network 
● Consulting is very good at helping client with their problems but not their own problems. But McKinsey took time to plan for their success 
● Some American consultants sought to apply scientific management in Europe. Bedaux usually giving a minority share in local consultancies to close associates. The role of American consultancies was subsequently eroded by local spin-offs established by former employees 
● The adoption of M-form to manage multiproduct firms 
● CHANGE 
● Premium on pleasing the client 
● Quality of its work as the staff expand
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Theme 2. BUSINESS OWNER AND FARM MANAGER RESPONSIBILITIES
The aim of theme’s study is to learn the main essence of business owner and farm manager responsibilities
Plan

1
Farm manager responsibilities and qualifications


1.1
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Farm manager responsibilities and qualifications

Scientific research shows that a company’s economic success is substantially dependent on the farm manager’s entrepreneurial capabilities, including the appropriate commercial, managerial and production-related skills.

Problems and factors influencing economic success

On many farms, the farmer has multiple tasks to complete simultaneously: He is the farm manager and principal farm worker all in one. Unfortunately, due to the physical strain of manual labour, the farm manager’s entrepreneurial activities, such as monitoring the market, often get neglected. This has a detrimental effect on the economic result.
In the context of running a farm business, there is a distinction to be made between the (entrepreneurial) tasks of the business owner and the day-to-day farm business management activities. They are clarified in more detail in the following diagram.

When carrying out their work, farmers constantly find themselves in the conundrum of how to divide up their available work time. They are required to divide their allotted work time between leadership activities (e.g. direction, company financing and the associated responsibilities and risks), decisions as a farm manager (e.g. implementation of company requirements, organisation of operational processes, planning and delegation of work), and carrying out the actual work. 
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Figure 4. Principle farm business management and leadership tasks
(Steinhauser 1982)
1.1 Business owner (entrepreneurial) activities

Setting business goals 

Goals are the main preoccupation of the business owner. Their vision is unique to them, and the importance they place on each goal depends heavily on the economic situation. Below is an extract from the multitude of motivating factors:

a) Striving for profit is the most important economic (private sector) goal. This goal is often intentionally restricted due to

· the requirement for extensive risk mitigation procedures, which are at odds with the goal of achieving the highest possible profit. 

· obligations towards varying ethical or social principles. An example of this could be not letting a long-standing member of the team go, even if this means not achieving the highest profit.

· respect for stipulations and requirements related to conservation and environmental protection.

b) Striving for prestige and recognition, which stems from the business owner’s social needs. An example of this would be over-mechanisation of the farm and costly construction and fitting out of farm buildings, which exceed the mandatory utility value. These “prestige investments” are harmless as long as they can be financed by readily available surplus funds, do not reduce the living standards of the family and, above all, do not impede or render the financing of practical economic investments completely impossible.

c) Striving for independence is particularly prominent in the farming sector. Examples of this could be:

· the uneconomical use of own equipment despite existing alternative mechanisation solutions (e.g. through service providers), 

· shying away from collaboration with other farms in terms of sales and — more commonly — production.

· the common tendency to call oneself a “farmer”, even though one might only have a comparably modest, self-employed existence.

d) The desire for more free time, holidays and free weekends, which is gaining in importance when compared to how other professions are changing.

These few examples alone make it apparent how conflicting the visions can be. Realising one goal rules out another; or at least diminishes it.

As a consequence, entrepreneurial farmers must create a prioritised list indicating the highest priority goal, the context in which it is to be achieved, any other objectives which can be achieved at the same time, and which plans must be postponed or cancelled.

Decision 

Coming to a well-founded decision is contingent on taking into account the farm’s limited options (to varying degrees), i.e. the factors of production with limited availability.

The right decision depends on a choice being made between the various opportunities available. The individual farm business goals should therefore be added one by one to the business plan with their own weighting and compared against one another. This exercise produces various business models with diverging economic results. Formulating the objectives, which is preceded by the decision to pursue one of the available options (alternatives), is the most important job of the business owner.

Execution 

Once the decision has been made, the farm manager must then execute the business plan in line with the goals. For this, he determines the correct sequence of implementation steps and a timeline for the whole process. 

Risk 

By assuming responsibility for the decision and for executing the chosen plan, the business owner also assumes the commercial risk. Despite best efforts to create a solid basis for the plan, it is impossible to predict if and how prices, costs and yields will fluctuate to a degree of certainty. The only option is to act based on expectations and assume the probability of an occurrence. Risk arises from the danger of plans diverging from reality. The risk increases, the less information the business owner has at his disposal and the less predictable the future.

1.2 Managerial tasks

The best plan and the most appropriate business model will not be successful if the business owner fails to manage the business properly or is negligent. The most important managerial tasks are: Purchasing and sales, arranging work and monitoring operations.

Purchasing and sales

The prices achieved for selling their own produce and the costs of purchasing the necessary means of production vary greatly among farmers. In order to improve their purchasing and sales performance, farm managers must meet the following pre-requisites:

· Obtain current market information

· Receive offers from various buyers and suppliers

· Create estimates/forecasts to gain an overview of (a) when produce could be sold and in what quantity, and (b) when production materials may be required.

Important estimates in this context are:

· Fertiliser and crop protection estimates

· Feed estimate

to estimate the total requirement for feed that is bought in.

· Cash flow, finance and investment forecasts

A cash flow forecast will help the business owner to gain an overview of the liquidity of the business at any one time, i.e. the amount of cash expected to come in and out of the business.

· Work estimate:

All planned changes to the farm’s activity regarding the scope and type of livestock farming — either by renting additional land or leasing out/setting land aside — have an affect on level and timing of the demand for work hours. With the aid of the work estimate, the farm manager can check whether the planned changes can be realised by the existing farm workers without constantly or occasionally overburdening them, and whether existing workers can be pushed to full productivity.

Arranging work 

The farm manager must ensure smooth operations by arranging work on a daily and weekly basis. For example, particularly when dealing with external contractors,

· Cultivation, maintenance and harvesting work must be carried out within the agreed timescales,

· Machinery and equipment must be serviced in a timely manner and prepared for work,

· Seed, commercial fertilisers and crop care products must be stocked up on time. 

Omitting any of these items is damaging to the business in terms of idleness, overwork and lower yields.

Monitoring operations

Even the most basic estimates lose their effectiveness if they are not accompanied by continuous operational monitoring. This includes:

· Constant monitoring of the production-related operational processes, e.g. whether the animals are being fed based on performance, the shed climate is correct, the fertiliser amounts have been measured correctly

· Recording results as a basis for comparing target and actual values. Only by monitoring operations is it possible to determine how far the actual business result deviates from the expected result, and where the root causes can be found. It provides the business owner with data, which can be used to adapt the business plan and estimates to real conditions.

· Bookkeeping forms the basis of financial monitoring. Without knowing the profitability of the entire farm and its individual branches, it is impossible to manage a farm business correctly. This can only be achieved through thorough recording of all the important operational events.

Practical class

Student must know the main responsibilities and task in business management, and be able to identify and describe professional managerial risks.
Control questions:

1 How you understand professional managerial activities?

2 What do you know about main risks in business management?
3 Explain main managerial tasks.

Questions for discussion:

1 What is the difference between management and entrepreneurship? Name some examples.

Case Study: When Business & Enterpeneurship
1. What was Statler Group engaged to do?

 - To merge both companies’ policies Did Royce Kellogg consider the project to be complex one? - No, he thinks that it is nothing to worry about → easy job 

2. What was Royce Kellogg’s initial perception of Barlow and Roussos? 

- They are inexperience → even Barlow has 6 years experience, she still has no experiences in merging companies.

 - They cause more problems than they solve. 

- Too young → don’t respect Did this perception change over time? - The perception about Barlow and Roussos doesn’t change at all 

3. What concerns were staff conveying to Royce Kellogg after they had spoken to the consultants? 

- Staff were concerned about whose policy would get adopted because it impacted their employment. 

- Royce should have communicated to staff → the importance of the work 

4. Is the business relationship between the Statler Group and Kellogg-Champion Securities a lost cause? How should the consultants - and the client - handle the status meeting? 
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Theme 3. OVERVIEW OF AGRICULTURAL FACTORS OF PRODUCTION
The aim of theme’s study is to learn the main agricultural factors of production and to analyse their characteristics
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Overview

The resources used during the production process shall henceforth be referred to as factors of production.

In literature, the factors of production are often broken down in 
two different ways into:
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‘Entrepreneurship’ (or 'management') is often named as an additional ‘primary’ factor in both variations. However, this does not refer to the people entrusted with the management of the company (they would fall under ‘services’ or ‘labour’), but rather their leadership qualities (which are difficult to quantify) and their particular capacity to combine the so-called ‘primary factors’ through the use of planning and organisation in a way that brings greatest benefit.

When classifying the factors of production into land, capital and labour, ‘rights’ are not expressly mentioned. Depending on their monetary value, they can be handled as intangible goods in economic analyses. 

The following overview illustrates a detailed arrangement of the agricultural factors of production. Their individual elements are described in further detail in the following sections.
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Figure 5.
Outline of agricultural factors of production

Farm businesses differ in the proportions of each factor of production they have available. Small farm businesses have less productive land available and often minimal capital, yet they have a greater amount of labour at their disposal per unit of land (ha) than larger businesses. Larger business, conversely, use more capital and land for agricultural production.

These varying provisions of each factor can have profound effects on the optimal arrangement of the business model, particularly if the price relationships change between the different factors of production over time.

This is why, for example, wages for labourers and with this income expectations in family businesses have risen considerably higher than input prices over the last few decades. In other words: The ‘labour’ factor of production has become increasingly more expensive than the ‘capital’ factor of production. Many farm businesses have already adapted by swapping labour for capital to the maximum extent possible. In some cases, they have even ‘over-mechanised’ and run themselves into debt. As a consequence of this shift in costs from labour to capital factors of production, over 4.8 million individuals in Germany have left the agricultural sector since 1950.

The following can be concluded from this:

1. Factors of production can be — albeit only to a certain extent — substituted by (swapped for) one another. This means, for example, that the same amount of food can be produced using different combinations of factors (more work, less capital, and the opposite).

2. Subject to set prices for land, labour and capital, farmers strive to achieve a ratio between the three factors of production that will enable them to produce food for the lowest cost.

3. For every long-term change in the price ratios between each factor of production, a new equilibrium must be found between them.

4. The greater the shift in costs between the individual factors of production, the more attractive it is to exchange them (factor mobility).

These aspects are reflected in the structural changes within agriculture. Changes in the type of production and production capacities, the farm size and structure, or in the commercial structure (from full-time to part-time farming) are all external signals of this structural shift.

Goods

Economic goods can be divided into non-durable and durable goods.

Non-durable goods:
are directly used up during the course of a production period and transformed into other goods: e.g. seeds, fertiliser, crop protection products, fertiliser, feed, energy and power, etc. They are therefore described as goods belonging to current assets.

Durable goods:
can be used over multiple production periods. They are therefore described as goods belonging to fixed assets, although livestock are generally excluded from this category and described separately as livestock assets (sometimes ‘biological’ assets). 
Depreciable fixed assets wear out during their life cycle (until their performance capacity has been expended), thus losing their value: e.g. buildings, machinery, equipment, etc.
Non-depreciable fixed assets do not wear out through (proper) usage and therefore do not lose value: e.g. land and permanent land improvements (e.g. ditches, terraces).

	Side note: The term "costs"

The reduction in value caused by the usage and consumption of goods is described as a cost. Costs are therefore not derived from the acquisition of a good. When acquiring a good, the owner is neither richer nor poorer, since he has merely exchanged a financial asset (“money”) for a fixed, livestock or current asset. If, however, the good is used up (e.g. diesel) or worn out (e.g. tractor), costs are incurred to the value of the depreciation.


Due to its particular significance in agricultural production, land is usually dealt with as an independent factor of production in business analyses. In agriculture, land is not only a location for commercial buildings and plants, but also a factor of production with its own productive force. When dividing the factors of production between land, capital and labour, land’s prominent position becomes particularly apparent. 

In a company, the available goods are compiled in a balance sheet, arranged by application and source of funds.

	Use of funds:

Assets
	Source of funds:

Capital/Liabilities

	Fixed assets:

[ Rights *) ]

Land

Land improvements

Farm buildings and building structures

Machinery, equipment, operat. installations

Permanent crops

Livestock assets

Current assets (Intermediate inputs/materials 
in the form of stocks and crop inventory)
	Owner equity

(calculated from the difference 
between ‘total assets’ and borrowed capital) 

	
	Borrowed capital
(liabilities)



	!!    Total assets = total capital (liabilities incl. owner equity)   !!


*) as long as an acquisition or transaction value exists, rights are added to the balance sheet as intangible goods under fixed assets. They are thus also part of the non-land assets.

Land is, on the other hand, also part of capital. Therefore, in financial analyses mistakes can easily be made when dividing the factors into the three categories land, capital and labour: as soon as costs are allocated to land separately, costs for capital must not include land again, otherwise land would appear twice: once under capital and once as a stand-alone entry. The correct term for ‘capital without land’ is therefore non-land capital. In academic literature and in the learning materials at HSWT, however, the word “non-land” is often omitted from the term “capital”, although non-land capital is implied. This is permissible if it can be assumed from the context that land is added as its own factor of production. If, however, the literature refers to “labour and capital” (and land is not expressly named as a stand-alone factor), then land is included in capital.

Land

For farm businesses, land is the principle means of production:

· Due to its capacity to generate plant growth

· As a location for farm buildings and production premises

· For facilitating the movement of internal traffic.

Thus, the farm acreage not only comprises land directly used for growing crops (including forests), but also uncultivated land, water courses, wasteland and plots for buildings, roads, etc.

The particular characteristics of land are (broadly)

· Immobility:
necessitates the use of mobile equipment and often incurs high transport costs

· Irreproducibility:
can imply scarcity and high prices

· Indestructibility:
if used properly, land is not subject to depreciation, although potentially erosion, humus depletion and salinisation may occur.

Land improvements

Land  improvements are inextricably linked to land and cannot usually be reversed. Their intended effect is to increase yields, make the soil easier to till or make it easier to grow new crops by changing the physical or chemical properties of the land: e.g. drainage (open ditches or piped drains), humus enrichment measures, de-stoning, deep ploughing, deep loosening, wind-breaking hedges, dykes, terracing or levelling.

Land improvements that are of use for an unlimited period and do not require any maintenance work (e.g. levelling, de-stoning, lifting, etc.) are added to the value of the land once complete. Land improvements that are of use for a limited period (e.g. piped drains) or require maintenance work (e.g. open ditches) remain stand-alone economic goods and thus count towards the stocking assets.

Farm buildings

Complete building constructions (usually with a roof) that are fixed firmly to the ground (immobile) and usually have a long life cycle for the purpose of accommodating people, animals and goods to protect them from outside elements, such as: animal housing, storage and machinery sheds, workshops, etc.

Recorded on a company level: Inventory record with technical description (e.g. year of construction, manufacturing costs, type of build, materials, condition, fixtures and fittings, capacity (length, width, height, no. of cubicles, m³, m²), etc.).

Building structures

Building constructions (immobile) that are not complete buildings by nature (e.g. without roof or other elements), such as: silos, slurry/manure stores, yard and passage fixtures, fixed enclosures for the yard or field, etc.

Recorded on a company level: Inventory record with technical description (e.g. year of construction, manufacturing costs, type of build, materials, condition, fixtures and fittings, capacity (length, width, height, m³, m²), etc.).

Operating installations

Mechanical systems, such as handling equipment, conveyors, drying plants, feed preparation systems, etc., that are fixed to one location.

Recorded on a company level: Inventory record with technical description (e.g. year of acquisition, cost of acquisition, type, manufacturer, rated output or working capacity, etc.).

Machinery and equipment

Mobile technical aids intended to increase human productivity by saving costs, lightening loads and improving the quality of the output.  Examples: all self-propelled machines (tractors, combine harvesters, choppers, lorries/farm vehicles, etc.) and their attached or trailed equipment (cultivators, seed drills, fertiliser spreaders, sprayers, carting trailers, etc.), as well as small implements and tools.

Recorded on a company level: Inventory record with technical description (e.g. year of acquisition, type, manufacturer, rated output or working capacity (e.g. working width), etc.).

Permanent crops

In contrast to crops on rotation (annual or perennial), permanent crops are not part of a rotation system, and are often integrated with technical apparatus (e.g. a trellis or espalier system), e.g. fruits/berries, asparagus, vine and hop systems, tree nurseries and Christmas tree nurseries (not forest-grown).

Recorded on a company level: Inventory record with technical description.

Livestock
Animals for commercial use. Globally, there is a distinction between livestock used for work (pulling, carrying and keeping watch) and for production, however, the former is generally restricted to developing countries nowadays. The purpose of commercial livestock is to process primary agricultural products into produce for human consumption (e.g. milk, eggs, meat), technical raw ingredients (e.g. fur, wool, skin, intestines) and organic fertilisers.

Recorded on a company level: Livestock register classified by type of animal, age, type of use and, if applicable, listed according to standardised units (livestock units).

Intermediate inputs/materials

In most cases, these are non-durable goods that are used up during the production period and must be re-purchased for the next one, e.g. seed, fertiliser, crop care products, fertiliser, energy and power, etc. They are therefore described as goods belonging to current assets. In farm businesses, they are mostly stocks and crop/field inventory.

Recorded on a company level: Inventory record with type and quantity data.

Services

Services include:
a) Work in the sense of independent mental or physical activity carried out by the farming family and those employed in the farm business.

b) Services in the sense of activities carried out by external contractors, e.g. veterinary services, agricultural contractors, machinery cooperatives, advisers, etc. For the above, the service provider carries part of the risk.

Rights

Rights describe the claim to particular services and service options from third parties. The possession of rights can either expand the commercial scope and thus the production opportunities of a farm business (beneficial interests) or it can constitute a burden on the farm business through the rights of others (onerous rights). 

Farm personnel can be broken down further by using the following criteria:

	Criterion
	Description

	Payment
	Paid workers are usually compensated for their work based on an employment contract. Their payment can be made either in money or in kind. Statutory taxes and national insurance are also to be paid.

Unpaid workers are the farm manager/owner and family members without an employment contract. The needs of the family members are met as part of ongoing farm business operations. Although expecting a remuneration, they do formally not claim compensation for their work. Neighbours who help out on the farm also class as unpaid workers.

	Family membership
	Family-related and non-family workers.

	Length of time in the farm business
	Permanent workers (available all year round) and
temporary workers (only available at certain times of the year)

	Employment basis
	Full and part-time workers

	Qualification
	Farm manager, professional, skilled or unskilled worker


The following examples are factors of production that are classed as ‘rights’:

· Delivery rights and production quotas (e.g. milk quota [in the EU from 1984 to 2015], sugarbeet quota, starch potatoes, distillery products)

· Rights of use (footpaths, pastures, water courses, hunting and fishing)

· Contractual agreements (supply and purchase agreements, co-operations)

Practical class

Student must know the overview of agricultural factors of production and be able to identify and describe the main types of them
Control questions:

4. What are the main properties of land?

5. What is the difference between land and land improvements?

6. Explain the services in farm business.

Questions for discussion:

Explain main rights in farm business. Give the examples.
Class Discussion Questions

● What costs and benefits may affect business management? 

Costs 

- They might lose up valuable people 

- Take away element of creativity 

Benefits 

- Give them credibility 

- Get an extra qualification behind your name 

- Cut out the competitors cost of fragmented 

● Who benefits from accreditation? Identity the stakeholders that benefit the most? 

Client makes benefit from this, understanding what they gonna get from consultancy. clients don't know how to differentiate, what they can ask the consultants. however, you must balance the credibility. 

● Would top-tier consulting houses like BCG, McKinsey and Bain be supportive of initiatives to certify practicing management consultants? 

Beneficial than other consultancies
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Theme 4. LAND AND LAND IMPROVEMENTS
The aim of theme’s study is to learn the main land essence for agribusiness, clarifying definition of land improvements 
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1. Properties of land

Land comprises the entire area of an economic unit, including its watercourses, and is a primary factor of production for farm businesses:

· Due to its capacity to generate plant growth

· As a location for farm buildings and production premises.

· For facilitating the movement of internal traffic

The specific properties of land and its functions within agricultural production are instrumental in determining the type of production undertaken by a farm business, as set forth in the following paragraphs in substantial detail.

Of the characteristics of land, its

· Immobility,

· Irreproducibility and 

· Indestructibility (with exceptions)
are the most prominent. The fact that the location of land cannot be altered makes it necessary for farm businesses working off the land to situate their operations in the vicinity of usable land. When compared to other commercial enterprises, the opportunities for concentrating agricultural production in areas with convenient opportunities for buying and selling are decidedly limited due to the exceptionally high requirement for land used for production. As a result of these circumstances, agriculture has very little scope when it comes to deciding on a location in comparison with most private-sector businesses. When considering location, a distinction is made between external and internal conditions.

1.1. External location conditions

The immobility of land and the high demand for land per farm have led to the following circumstances developing in land-dependent business areas within agriculture:

· Inevitable wide distribution of farms.

· Wide-ranging distances between individual farms and their markets.

· Varying distances of farms to the nearest market — using the same road types and means of transport — lead to varying farm gate prices for the same products and required resources because of varying transport costs. 

The influence of the distance to markets on the value of land

Under otherwise identical conditions, the type of production and the financial success of a farm business can be influenced simply by the location of the land in relation to the market, as Thünen once described. The context is broadly illustrated as follows:

In order to demonstrate the degree of influence of the distance of land to market (external location conditions), all determinants from a range of influencing factors (e.g. climate, soil quality, farm size, traffic conditions) — except distance to market — are kept constant, i.e. only the location of the land in relation to the market is varied. 
The advantage gained from having a convenient location in relation to the market is also described as a "rent" (describing a benefit in monetary units). Since the advantage in this case is based on the location of the land in relation to the market, it is referred to as a “locational rent”.(sometimes also referred to as Thünen rent). The term “land rent” also exists, which refers to the productivity that can be attributed solely to the ‘land’ factor of production. 

Under the described conditions, the rent (R) to be achieved from growing a particular crop can be calculated using the formula:

R = Y (p − c) − Y × f × m

Where: 

R = Rent (benefit in monetary units) per unit of land

Y = Yield in production units per unit of land

p = Market price in monetary units per unit of yield

c = Average production costs per unit of yield

f = Freight rate in monetary units per unit of yield and distance

m = Distance from market in units of distance

By assuming the same yield per unit of land, the same market price per yield unit, the same production costs per yield unit and the same transport costs per unit of yield and distance, the rent achieved depends solely on the distance from market. In other words, if Y, p, c and f are constant, then the rent R (the benefit) is exclusively a function of distance from market m. As the distance of production operations from the market increases, the rent per unit of land increases as a consequence of increasing transport costs, as shown in the following potato crop example. The same circumstances can be seen in the illustration that follows, whereby the values from the table have been used as the underlying data set.

Table 1.
Rent of growing potatoes based on distance from market (simplified)
	Distance from market (m)
	Market earnings (E)
E=Y×p
	Production costs (C)
C=Y×c
	Difference
(D)
D=E−C
	Transport costs (T)
T=Y×f×m
	Location rent (R)
R=D−T

	km
	€/ha
	€/ha
	€/ha
	€/ha
	€/ha

	0
	4000
	3560
	440
	0
	440

	100
	4000
	3560
	440
	200
	240

	200
	4000
	3560
	440
	400
	40

	300
	4000
	3560
	440
	600
	-160

	400
	4000
	3560
	440
	800
	-360

	Yield 400 dt/ha 

Potato price €10/dt  
	Production costs (excl. transport) €8.9/dt

Transport costs €0.5/dt and 100 km


If the transport costs (T) to market per unit of land (T = Y × f × m) reach the same level as the sum difference (D) calculated from the yield per unit of land and the difference between the market price and the average production costs per yield unit (D = Y [p − c]), then the rent R = 0. This scenario is shown in the previous example with a distance of 220 km from the market.

Table 2.
Calculation of potato crop economic viability thresholds

	   Location rent at 0 km distance from market
	440
	€/ha

	 /
 Transport costs per km and ha
	2.00
	€/km and ha

	= Location rent is “€0/ha” at a distance of
	220
	km


Growing this crop any further away from the market is not viable, since it would lead to a loss as a result of rising transport costs. Producers located at a distance of m = 220 km from the market are described as ‘threshold producers’ because, under the given assumptions, the economic crop viability threshold has been reached. Producers located at a more convenient distance from the market effectively gain higher farm-gate-prices for their produce, thus earning a rent. The profit achieved due to a more advantageous location in relation to the market is described as the ‘location rent’.
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Figure 5. Location rent curve for potato production depending on distance from market.

Observing the economic scenario in this unrealistic, abstract way shows that the location of land exerts a strong influence on the achievable economic result. Thus, two pieces of land with otherwise identical properties that are located at different distances from the market will have different values as a means of production. 

Influence of location on type of production

In addition to the findings drawn above, the discussion around how location of land influences the type of production is also of interest. This observation is also conducted under ceteris paribus (c. p.) conditions, i.e. all assumptions except the distance of land from market should be kept the same.

It is assumed that, in a region with a central market, only potato and grain crops are in competition with one another to be cultivated. In this case, unlike in real economic circumstances, only one type of crop may be cultivated, and it is assumed that there are no dips in yield as a result. Furthermore, all other production factors required for growing the crop — except land — can be bought at the same prices and at the required volume.
Table 3.
Rent in potato and grain crops based on distance from market. 

	Potato crop
	Grain crop

	Distance from market (m)
	Difference
(D) *)
	Transport
costs (T)
T=Y×f×k
	Location rent (R)
R=D−T
	Difference

(D)
	Transport costs (T)
T=Y×f×k
	Location rent (R)
R=D−T

	km
	€/ha
	€/ha
	€/ha
	€/ha
	€/ha
	€/ha

	0
	440
	0.0
	440
	133
	0
	133

	100
	440
	200
	240
	133
	35
	98

	200
	440
	400
	40
	133
	70
	63

	300
	440
	600
	-160
	133
	105
	28

	400
	440
	800
	-360
	133
	140
	-7

	500
	440
	1000
	-560
	133
	175
	-42

	
	Yield 400 dt/ha

Price €10/dt
	Production costs (w/o transport) €8.9/dt

Transport costs €0.5/dt and 100 km
	Yield 70 dt/ha 

Price €16/dt  
	Prod. costs (excl. transport) €14.1/dt

Transport costs €0.5/dt and 100 km


* ) Difference D is calculated from market earnings per ha minus the resulting costs for production (also compare with table 1).
The maximum distance from market at which it is sensible to grow grain is established (like the calculation for potatoes) as follows:
Table 4.
Calculation of grain crop economic viability thresholds

	Location rent at 0 km distance from market
	133
	€/ha

	/ transport costs per km and ha
	0.35
	€/km and ha

	= Location rent is “€ 0 per ha” at a distance of
	380
	km


In the following diagram representing the calculated location rent for potatoes and grain, the point of intersection is clearly distinguishable. This point of intersection indicates the distance from market at which the location rent is the same for both crops.
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Figure 6. Rent based on distance from market for farms growing two crops (potatoes and grain in this example)

As shown by the table values and rent curves in the diagram, growing potatoes in the immediate vicinity of the market enables a significantly higher benefit than growing grain crops. As the distance from market increases, the achievable rent from growing potatoes drops more sharply than the rent for grain. The underlying cause is the considerably higher quantity of potatoes produced, leading to more sharply increasing transport costs per unit of land, as the distance from market progressively increases. As a knock-on effect, the achievable rent from growing potatoes already falls to 0 monetary units at distance in 220 km from market, while the grain crop continues to achieve a profit up to a 380 km distance from market.

From an economic point of view, the crop that yields the greatest rent under the specific conditions is preferred. Consequently, in the above example, this would require a switch between the two types of crops grown, provided the rent from grain surpasses that of potatoes. This change would take place at a distance from market where the location rents of the products are at the same level (= point of intersection in the diagram):


Location rent of potatoes
=
Location rent of grain


€440/ha − x km × €2/ha and km
=
€133/ha − x km × €0.35/ha and km


307
=
1.65 x


x
=
186.06 km

Up to a distance from market of 186 km, potatoes ought to be grown, and in the area between 186.06–380 km, grain ought to be grown. If the distance to market extends beyond 186.06 km, then the achievable rent from growing grain surpasses that of potatoes. 

At the point of intersection between both rent curves (at a distance from market of 186.06 km) the location rents are:
 Potatoes:
€440/ha − 186.06 km × €2.00/ha and km
=
€67.88/ha 
 Grain:
€133/ha − 186.06 km × €0.35/ha and km
=
€67.88/ha

This example illustrates that the location of the land in relation to the market has repercussions for the structure and profit potential of a farm business due to the immobility of land and the resulting transport costs. The value of land as a factor of production is determined by its location as well as other influencing factors. 

1.2. Internal location conditions

The internal location conditions of a farm are characterised by the distance of the fields from the farmyard, the track conditions and the shape and size of the land parcels. 

Since plots of land are fixed, production resources, such as materials, machinery and equipment, must be transported from the yard to the production location and vice versa, which requires the application of vehicles and labour. In principle, the internal location conditions have the same knock-on effects on the business structure and financial success as described for external conditions. Poor transport circumstances, remote locations, widely distributed land parcels and difficult field shapes lead to increased expenditure on means of transport and the ‘labour/services’ factor of production, which in turn lead to lower productivity than on farms where the yard is directly surrounded by the fields. The achievable rent is therefore lower when compared to consolidated farms.

The additional advantage of having good internal connectivity is that mechanical advancements can be better utilised, leading to reduced set-up, non-productive and travel times for completing work, when compared to smaller, poorly shaped land parcels.

1.3. Other factors affecting land value

Other factors affecting land value include, but are not limited to:

· The natural conditions at the location,

· The relative scarcity of means of production within the farm business,

· Livestock density in line with fertilization regulations,

· Constraints in water reserves.

When investigated in more depth, the conclusion to be drawn is that the natural conditions of land are marked by many different factors. As a resource, land represents a composite variable consisting of

· Climate,

· Structure and depth of the topsoil,

· Consistency of the subsoil,

· Nutrient content and composition as well as the 

· Character of the surface 

To mention just a few. The influencing factors mentioned above are also composite variables in themselves, as will be explained in more detail using the ‘climate’ example. 

Climate is described by its characteristics, such as average annual temperature, highest and lowest temperatures, growing season duration, number of frost-free days, amount and distribution of precipitation throughout the year, and wind movement. Since the various climate factors and other influencing factors vary so greatly and appear in many different combinations, the properties of land as a resource can diverge greatly — even within a small area — and thus have strong implications for its use in the production process.

Pre-existing territorial divisions based on these natural factors are known in Germany as the “soil-climate-areas” (Boden-Klima-Räume (BKR)) devised by the Julius Kühn-Institut.
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Figure 7. Soil-climate-areas (BKR) in Germany

Source: Roßberg et al. 2007, Stuttgart: Eugen-Ulmer KG.

The BKR were originally conceived to improve research into and advice on plant varieties. The classification was carried out with the aim of aggregating areas with the most homogeneous local agricultural conditions into soil-climate-areas. The area borders also follow the municipal borders, in order to facilitate later usage and management of the ring-fenced areas. The areas were divided up first and foremost on the basis of weather and soil conditions. For each municipality, a weighted average soil quality was established based on the soil values attributed to the map unit principle soil types. With regard to weather, the monthly average rainfall figures and temperatures for the months of March to August were taken into account. The next step was to use a clustering process to consolidate the areas according to their homogeneity in terms of soil quality, precipitation and temperature variables. Expert knowledge on each area was enhanced by a working group at the Association of German Chambers of Agriculture and in reference to the previous BKR regions provided by the competent authorities of each federal state.

1.4. Influence of natural local conditions on type of production

Generally, any given area of land will allow many different crops to be produced. Nevertheless, the number of cultivated plants that would provide a comparably high yield is limited, since each individual crop has different demands on the factors mentioned above, such as climate, soil composition, nutrient content and nutrient condition. The natural local conditions exert a significant influence on the type of production chosen by a farm business, since the degree to which individual plant requirements can be met varies so greatly depending on the soil properties at a given location. 

It is also worth noting that the natural properties of land are extremely constant and only change within a narrow scope. Thus, farmers are able to influence the properties of the land to a certain extent through the use of irrigation and drainage systems, targeted application of mineral fertilisers and crop care products, and suitable tillage processes, for example. This can lead to an increase or change in the range of commercially viable crops available and to an increase in the yield level of a particular location. Considering the total influence of all factors affecting soil property, the options for influencing soil conditions are still limited. Any changes incur associated costs, which only makes economic sense if the additional yield achieved by implementing a certain measure surpasses the additional associated costs.

As a result of the limited options for adapting the soil, when structuring a farm business, land usage should be strongly geared towards the specific natural and economic conditions of the location as determined by the land itself, rather than attempting to adapt the land to the requirements of individual crops. 
Examples:

· Pure grassland can only be used for ruminant animals or biogas plants

· Growing asparagus requires more sandy soil

· Winegrowing is only possible under favorable climate conditions (in Germany e.g. the southern parts), etc.

2 Land use-related business management concepts

The farm acreage (FA) comprises the entire area available to a farm business, regardless of its ownership and whether it is used (commercialized) or not:

Farm acreage =  owned land  +  leased land  −  land leased out

How the acreage is used depends on a multitude of factors, for example

· The soil quality, surface characteristics and climate conditions of the location

· The commercial strengths (e.g. price/cost ratio of the different crops) and 

· The business-specific prerequisites (e.g. farm size, availability of capital and labour).

The diagram (Fig.8) provides an overview of the different classes of farm acreage and associated land use-related business management concepts.
In addition to data showing the scale of the various types of farmland in hectares, information about the individual land parcels as a percentage of the overall farmland provides a good overview of how the land is used. The farm acreage ratio indicates the percentage of individual usage types within the farm acreage.

	Farm acreage (FA)
(FA = Owned land plus leased land minus land leased out)
	Cropland (CL)
	Cultivable acreage (CbA)
	Cultivated acreage (CdA)
	Arable land (AL)
	Grain
	Wheat, barley, rye, triticale, oats, grain maize,etc.

	
	
	
	
	
	Pulses
	Broad beans, field peas, lupins, etc.

	
	
	
	
	
	Root crops
	Potatoes, sugar beet, fodder beet, fodder carrots,etc.

	
	
	
	
	
	Oil-producing crops
	Oilseed rape, sunflower, soya bean, turnips, etc.

	
	
	
	
	
	Fibre plants
	Flax, hemp (also cotton, etc., in other countries)

	
	
	
	
	
	Forage
	Maize silage, grass-clover ley, clover, lucerne,etc. 

	
	
	
	
	
	Energy crops
	Tall wheatgrass, miscanthus, energy maize, etc.

	
	
	
	
	
	Field vegetables
	Vegetables, garden crops, seeds

	
	
	
	
	
	Uncultiv. land
	Uncultivated land on rotation, temporary set-aside

	
	
	
	
	Permanent grassland
	Pastureland
	Cut grassland (fresh grass feed, hay, silage, etc.)

	
	
	
	
	
	Meadows
	Grazing

	
	
	
	
	
	Mowing meadow
	Combined cutting and grazing

	
	
	
	
	
	Litter meadow
	Cut grassland

	
	
	
	
	Permanent crops
	Fruit crops
	Hard, stone, bush and soft fruits, as well as nuts

	
	
	
	
	
	Vineyards
	Wine and table grapes

	
	
	
	
	
	Hopfields
	 

	
	
	
	
	
	Tree nurseries
	 

	
	
	
	
	
	Farm-grown timber
	 

	
	
	
	
	
	Other perennial special purpose crops 

	
	
	
	
	Domestic and commercial gardens (land used for fruit and vegetables)

	
	
	
	Ornamental gardens and lawns, private parks

	
	
	
	Structural reversion (unused due to inconvenient farm/parcel structure)

	
	
	
	Social reversion (unused due to unfavourable natural conditions)

	
	
	
	Speculation reversion (unused due to being in a concentrated area)

	
	
	Woodland

	
	
	Managed waters
	 

	
	Land used for tracks, yards and buildings

	
	Unmanaged waters
	 

	
	Uncultivated moorland, barren land, wasteland (reclamation area, heathland)

	
	Other land (ditches, hedges, walls)


Based on Reisch E. and G. Knecht, Landwirtschaftliches Lehrbuch 3, Betriebslehre, Ulmer, 1995 (adapted)

Figure 8. Land use classification

Cropland (CL): This includes cultivable farmland, cultivable woodland and managed waters. The cropland ratio indicates the percentage of these types of use in cropland. 

Cultivable acreage (CbA): This is subdivided into the following types of crops: 

· Arable land (including temporary grassland),

· Permanent grassland,

· Gardens, fruit plantations, vineyards, hopfields, tree nurseries and osier plantations. Poplar plantations and Christmas tree plantations are also included with the latter.

Cropland (CL): This includes cultivable farmland, cultivable woodland and managed waters. The cropland ratio indicates the percentage of these types of use in cropland. 

Cultivable acreage (CbA): This is subdivided into the following types of crops: 

· Arable land (including temporary grassland),

· Permanent grassland,

· Gardens, fruit plantations, vineyards, hopfields, tree nurseries and osier plantations. Poplar plantations and Christmas tree plantations are also included with the latter.

Cultivated acreage (CdA): Low-yield and hillside farmland, which requires high levels of manual labour to achieve profitability, is increasingly being left fallow (social reversion). This has led to the emergence of the term “cultivated acreage (CdA)”, in addition to “cultivable acreage (CbA)”. CdA constitutes CbA minus fields that have not been cultivated for a year or more, unused permanent grassland and other unused agricultural land (e.g. former areas under vines or abandoned fruit plantations).

The cultivated acreage ratio indicates the percentage of individual crops within the CdA. For arable land, the individual plants are consolidated into root crops, grain and forage. This enables the entire CdA to be split into four groups:

· Grain (including grain maize),

· Root crops (including field vegetables, strawberries, garden crops),

· Forage crops (forage and permanent grassland),

· Special purpose crops.

Arable land (AL): This classification can be used for one of the following cultivated plant groups as the main crop, all of which are classified according to their similar cultivation, maintenance, harvest or utilisation methods:

· Grain,

· Maize for grain,

· Pulses for grain,

· Oil-producing crops and fibre plants for grain or straw,

· Root crops including beet seeds and forage root crops,

· Field vegetables including peas and beans, garden crops and vegetable seeds,

· Special purpose crops such as tobacco, and medicinal and aromatic plants,

· Forage including green maize, green grain and pulses (individually or as a mixed forage crop), as well as clover, lucerne (also for seed), grass-clover and lucerne ley and temporary grassland,

· Green manure as a main crop and bare fallow.

Arable land includes any land with a crops on an annual or multiannual rotation. The arable land ratio indicates the percentage of individual crops or crop groups on arable land.

The main crops provide the main benefit from a piece of arable land. Main crops with an early harvest allow the same plot to be used again for a catch crop before the next main crop is planted. They are divided according to their growing time into

· Winter catch crops,

· Stubble crops,

· Undersown crops.

They can also be grouped according to their use, into

· Commercial catch crops,

· Fodder catch crops and

· Green manure catch crops

The yield — particularly for stubble and undersown crops — is subject to sharp fluctuations due to the weather-dependent growing times, which can be short. For this reason, it is often only decided at the time of harvesting whether a catch crop will be used for forage or green manure.

Arable and grassland usage principles:

Whether land is used for arable or grassland is based on the soil quality and surface composition, ground water status and climate. High rainfall — particularly on non-porous soils — hinders tillage. It leads to increased weed growth and incidences of plant disease. For this reason, it increases the labour required for arable farming and diminishes the yield. In contrast, plenty of rain, high air humidity and hard soils encourage grassland growth. Hillside situations impede the use of machinery and increase the demand for labour.

Arable farming is only feasible up to a 15% incline without significantly increasing the amount of labour required. By comparison, intensive grassland farming is feasible up to a 25% incline. Acreage with an even steeper incline can be used for extensive continuous grazing (although generally with limited profitability). Other reasons for preferential or exclusive use as grassland (= pure grassland) are a habitual danger of flooding, shallow soils and very short growing periods (mountain pastures).

There are therefore various reasons for farming the land as pure grassland, which either favour or disfavour the natural requirements for production. As a result, the yields vary to a much greater degree between grassland locations than they do between good and bad arable locations. Thus, when evaluating and constructing a business model, it is particularly important to establish the pure grassland acreage. The same is true for clarifying whether land can be transformed into arable through land improvement measures such as drainage, and whether it would be commercially viable to do so.

Permanent grassland acreage (GA): According to its use, a distinction is made between

· Pastureland,

· Meadows,

· Rough pastures and mountain pastures,

· Litter meadows.

Grassland acreage that is regularly cut and grazed is described as a mowing meadow. 
Harvested products are classified into commercial crops and forage crops according to their usage potential. Forage crops must only be utilized for animal consumption. Since the scale and structure of livestock farming are dependent on the proportion of forage area, it is particularly important for the latter to be precisely located and classified.

Primary forage acreage (PF): Includes: 

· Permanent grassland,

· Forage (including temporary grassland),

· Forage root crops.

Secondary forage acreage (SF): This comprises the following areas:

· Commercial crops, which provide fodder as a secondary use, e.g. sugar beet, peas, cabbage, grass seed,

· Forage catch crops. Forage seeding during autumn for consumption in the following year (e.g. stubble clover) is not taken into account.

Total forage acreage (TF): Is calculated from the sum of the primary and secondary forage acreage.

Permanent crops: Permanent crops are fruit orchards and vineyards, hopfields, perennial berry crops, asparagus fields and osier plantations. They are part of fixed assets.

In contrast to annual crops, permanent crops can only be produced by investing considerably higher intermediate inputs in the form of labour and capital for tillage, crop care, equipment and trellising. The invested capital is laid down over a longer period of time. Its value continues to grow until the plantations reach full yield potential, which can take several years. For example, the acquisition costs for a hopfield are around €12,000–16,000 (for Hallertauer equipment). It is also worth noting that a full yield can only be expected after 3–4 years.

Permanent crops also usually require a particularly high investment in labour for maintenance and harvesting. They are therefore suitable for farms with a high amount of labour in relation to land, which cannot be utilised profitably in other areas of the business. 

Data capture: Data on the scale of permanent crops are derived from the size of the cultivated land or on number of pieces (e.g. number of fruit trees, hop or grape vines). Additional information about the type of crop make it easier to estimate the labour requirement (e.g. spindlebush or half/standard tree, cordon or wire espalier).

3 Costs of land

Land belongs to non-depreciable fixed assets — it does not wear out through use. However, changes in value over time may be incurred by fluctuating market prices resulting from market conditions. The acquisition and use of non-depreciable fixed assets do not represent an expense, since they are not associated with a reduction in equity. Equity-reducing expense only comes about when the farm owner sells a capital good at a price that falls below the acquisition value or activates a specific value reduction.

When calculating costs for non-depreciable goods — as described for other permanent resources — there are two significant differences compared to depreciable capital goods:

· There is no regular annual depreciation

· The average value of the fixed assets (for which interest costs / opportunity costs occur) corresponds to the full acquisition costs

Since land tends to be purchased as an exception in farming, the interest costs (if no substantial information on acquisition costs is available) is generally calculated based on an estimated market value:

Interest costs = acquisition costs or market value × interest rate

Additional costs for land are generally limited to taxes, encumbrance, etc., that are connected to the main property or land usage:

Land tax:

Land tax is a form of real-estate tax related to the structure and value of a plot of land, and for which the personal circumstances of the owner are almost never taken into consideration.

In Germany, land tax is divided into 

· Land tax A (farm and forestry businesses) and

· Land tax B (all others). 

Land tax is collected by towns and municipalities and is in Germany calculated as follows:

Basic land tax rate (Grundsteuermessbetrag) × municipal rate (Hebesatz)

The basic land tax rate is established uniformly for all municipalities and is calculated by a mill rate (= per thousand) on the unit value of the plot of land:

· For farm and forestry businesses, both 6 per thousand (of the unit value)

· For all others 2.6–3.5 per thousand dependents on type (in former West German states) or
· 5–10 per thousand (in former East German states where unit values are considerably lower)

The municipality applies its own mill rate to the basic tax rate.

In 2001, the weighted federal average mill rate in Germany from the municipalities was 258% for land tax A (farm and forestry businesses) and 447% for land tax B.

Per unit value an estimated standard rate could be €5–10 per hectare.

Other taxes, contributions, etc.

In addition to land tax, agricultural businesses must also allow for other land-related costs in the form of professional association memberships and contributions to regional water and soil associations (if applicable).

Indicative values per year: 
· Professional association membership (see svlfg.de) €20–25/ha CdA
· Water and soil associations (if applicable): approx. €5/ha CdA
· Farmers’ association: €13–18 basic contribution plus €3–4/ha CdA

· Public liability approx. €5–15/ha CdA

Costs of land: rental expenses, opportunity costs, rental value

When farmland is rented, the annual rent amount is included in cost analyses instead of any interest costs. Even for owned land, however, it usually makes sense to use an opportunity cost approach based on the amount of money that could be obtained from alternatively leasing out the land, instead of the opportunity (interest) costs for equity.

By definition, interest costs for owned capital represent the opportunity costs of the invested capital. The interest rate used for determining the opportunity costs is derived from a comparable alternative capital investment.

In reality, however, the possibility of liquidating capital bound up in the land by selling it off and investing it elsewhere is seldom an option. Even if it were, the land would normally be sold off in parts. Furthermore, the market value is often only based on a theoretical estimation, which forms a rather broad basis for deducing opportunity costs.

For most farmers, not selling, but leasing out is a possible alternative to self-cultivation. The benefit from self-cultivation should therefore be at least as high as what can be obtained by leasing out the land. This forgone rental income determines the opportunity costs of land.
In cost analyses, if no distinction is made between owned or rented land, the (opportunity) costs of land are often simply described as 'rental value' (or just 'costs of land'), which covers both, rental expenses, and opportunity costs of own land:
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4 Costs of land improvements

Land improvements are measures that improve the natural yield potential of the land. Regarding the annual cost structure for land improvements, there are three distinct groups:

· Land improvements with an indefinite period of use and no maintenance costs

· Land improvements with an indefinite period of use involving maintenance costs

· Land improvements with a limited period of use.

Land improvements that are of use for an indefinite period and do not involve any maintenance costs (levelling, de-stoning, lifting, etc.) are added to the value of the land once complete. As discussed for land, the annual costs consist in the interest costs based on the full establishing expenditure.

The annual costs for land improvements with an indefinite period of use and which require maintenance (open ditches for irrigation and drainage, terracing, etc.) consist of the interest costs for the establishing expenditure and the annual maintenance costs. 

The annual costs for land improvements with a limited period of use (piped drains, etc.) consist of the depreciation, the interest costs for the average bound capital (half the establishing expenditure) and the annual maintenance costs. With this, the cost calculation follows the same way as it is applied for the buildings.

Practical class

Student must know the main essence and properties of land and be able to identify and describe land improvements.
Control questions:

1. What are the main characteristics of land?

2. What are the internal location conditions of land?

3. What are the external location conditions of land.

Questions for discussion:

1. How might specialisation of roles within the land usage?  Give the examples.
McKinsey Case Interview Examples

Client goal
Loravia is a fictional country located in Eastern Europe with a population of 20 million. The government of Loravia wants to achieve major improvements in both the quantity and quality of education for its children. Because McKinsey has great deal of global knowledge and expertise in the education sector, the Loravian Department of Education has asked McKinsey to provide advice on how they can achieve this transformation in its school system.

Description of situation

Loravia’s free-market economy is still developing, having emerged from many decades under communism. Recently, the government of Loravia put in place a new economic plan, with aspirations to transform its economy and “turbocharge” its development so that it is well positioned to compete with its European neighbors. The government of Loravia realizes that the education of its children is a critical factor in meeting its economic-development goals. It intends to transform its school system over the next 10 years so that it is able to support its economic aspirations.

Schooling in Loravia is completely public, and is provided by a network of government-run schools, which admit children from ages 5 through 18.

The first stage of this effort is to diagnose the current state of education in schools in Loravia to determine how best to meet the government’s future aspirations.

McKinsey study
McKinsey has been asked to support the Loravian Department of Education in diagnosing the condition of its current school system, and in identifying the most important areas for improvement.

Helpful hints

· Write down important information.

· Feel free to ask the interviewer for an explanation of any point that is not clear to you.

Question 1:

What are the issues you would want to investigate in diagnosing the condition of the current school system in Loravia?

Helpful hints

· Take time to organize your thoughts before answering. This tells the interviewer that you think about the problem in a logical way.

· Develop overall approach before diving into details.

Question 2:
One of the clients at the Loravian Department of Education mentions the example of neighbor country C, which outperforms all of Loravia's economic peers and neighbors in the international assessment. She believes that the more concentrated school structure in this country is a big reason for its better outcomes in the international assessment. She suggests that having larger, less fragmented schools allows for more effective selection and training of teachers, leading to improved education outcomes for the students. Finally, she shares that 15 percent of Loravia's population are currently attending school.

What would be the reduction in the total number of schools in Loravia if it were to reach the same average school size as neighbor country C?

Helpful hints

· Don't feel rushed into performing calculations. Take your time.

· Talk your interviewer through your steps so that you can demonstrate an organized approach.

References:

This text refers in depth to chapter 3.2.1 from

Steinhauser, H., Langbehn, C., Peters, U. (1982): Einführung in die landwirtschaftliche Betriebslehre, Allgemeiner Teil, Ulmer.

supplemented and altered to include current examples

Theme 5. LIVESTOCK ASSETS
The aim of theme’s study is to learn general aspects of livestock assets, concept of livestock units and dung units
Plan
1. Livestock assets — general aspects

2. Determining herd size

3. Livestock units

4. Animal units

5. Dung units (DU)

1.1 Livestock assets — general aspects
Livestock assets comprise all animals kept for commercial use. Globally, there is a distinction between livestock used for work (pulling, carrying and keeping watch) and for production, however, the former is generally restricted to developing countries nowadays. 

The purpose of livestock farming is to: 

· Supply high-quality food,

· Utilise whole crops that are not destined for human consumption,

· Process marketable products and supplementary feeds to increase profits and secure farm business earnings,

· Retain and promote soil fertility (farmyard manure)

Other aspects:

· Grassland and forage crops are only sold as an exception. They are destined for use by cows and sheep to produce milk, meat and wool products, and breeding animals for sale.

· The same is true for market crop waste products (beet leaves, straw, field vegetable waste, etc.) and waste products from subsidiaries (brewer’s grains, culinary and butcher’s waste). Through digestion by livestock, these products can improve the profitability of market crops. Nevertheless, the labour and capital investment required to use waste products as feed often make it unprofitable. 

· The more intensively the land is farmed, the more demand is placed on its humus and nutrient supply. The benefits of livestock farming in this instance are twofold: On the one hand, it delivers humus and nutrients back to the soil via bedding muck, manure, liquid manure and slurry. On the other hand, forage crops generate significant amounts of humus on arable land and open up the lower layers of soil, which draws nutrients up to the top.

· Pigs and poultry compete with humans for food. These types of livestock are primarily fed with crops that are also used to feed humans, which means they have a market price. It makes sense to process market crops as long as converting them into animal products brings in higher revenues than selling them as they are (processing value > market price).

The decision to sell or process a commercial crop depends on the price of the pure plant product in comparison to the price of the products it creates through processing. Low cereal prices and high pig prices make pig fattening more favourable. On a case by case basis, it depends on whether the farm has sufficient available labour, and whether housing already exists or would need to be built. Comparison calculations would need to be carried out in order to avoid making the wrong decision.

2. Determining herd size

The coverage, scale, composition and workload involved in livestock farming are a product of the natural and commercial circumstances of the farm. In order to create estimates, to determine anticipated income, to forecast basic ration and concentrate requirements, manure quantities, labour requirements, etc., it is essential to accurately record the herd size for the various types of livestock and age groups, as well as the number of animals sold annually.
This is best achieved via the herd register, which is updated each month with the current livestock and any acquisitions or disposals. The annual average herd size can then be calculated accordingly. 

In order to (at least approximately) determine the herd size without using the herd register, the following data are required:

· Number of male and female animals held,

· Average duration of use and rearing performance,

· Number of cull and breeding animals sold annually,

· Fattening duration.

Determining the average herd size:
 EQ \f(Total no. of animals raised annually ×No. of months (or weeks); 12 months (or weeks)) 
Examples: 

a) Average piglet herd for a farm producing 3000 piglets per year aged between 3 weeks (post-weaning) and 9 weeks (fattening maturity) = 6-week rearing phase:

Average herd size =   EQ \f(3000 × 6 weeks; 52 weeks)  =  346.15 heads

b) Average fattened pig herd for a farm producing 3000 fattened pigs per year;
4.3 month fattening duration (2.79 rounds per year):

Average herd size =   EQ \f(3000 × 4,3 months; 12 months)  =  1075 heads

c) Average heifer herd for a farm producing 50 finished animals per year with a rearing duration of 26 months (age range = 2–28 months):

Average herd size =   EQ \f(50 × 26 months; 12 months)  =  108.33 heads

d) Average beef herd for a farm producing 50 finished animals per year with a fattening duration of 16 months (age range = 2–18 months):

Average herd size =   EQ \f(50 × 16 months; 12 months)  =  66.67 heads

The housing requirement corresponds to the average herd size, assuming that, for example, pig fattening is carried out seasonally as an exception, or that beef calves are calved all at once rather than split into multiple calving groups.
In any case, it is sensible to have a slightly higher number of shed places available for pig and beef fattening. Otherwise, the target level of production would not be achieved, because there are inevitably gaps in occupancy due to losses and building disinfection, when purchasing piglets and breeding from existing sows, or due to extended fattening periods and difficulties selling.

Conversely, the highest possible level of production can be determined from the number of shed places.

Example:
1000 pig places; 4.3 month fattening duration (2.79 rounds per year)

At 12 months’ occupancy:
1000 pl. × 12 months / 4.3 months = 2,790.7 animals


At 11 months’ occupancy:
1000 pl. × 11 months / 4.3 months = 2,558.14 animals

3. Livestock units

Livestock units (LSU) are used to count animals of different types and groups. 
One livestock unit (1 LSU) corresponds to a live weight of 500 g housed all year round on the farm. Therefore, when calculating the herd size in livestock units, the average annual size must always be observed. For growing animals, the average weight should also be used as a basis.

A cow with a live weight of 500 kg is classed as 1.0 LSU, and at 600 kg as 1.2 LSU. Accordingly, a fattened pig, which has a starting weight of 25 kg and an end weight of 115 kg (average weight 70 kg) during the average annual stock count, classes as 0.14 LSU. One fattening bull grows from a birth weight of 45 kg in the first year to 355 kg 12 months later, which roughly corresponds to (45 + 355): 2 = 200 kg = 0.4 LSU on average in the first year. When calculating LSUs, it is common to split them into livestock units that eat roughage (RLSU) (cows, horses, sheep) and pig livestock units (PLSU). Beef herds are measured in beef cattle livestock units (BLSU).

In agricultural statistics and for reporting requirements (e.g. LSU occupancy per ha), coefficients are used instead of actual live weights and the actual average herd size of the farm.

Table 2. Livestock unit key according to KTBL (1 LSU=500 kg live weight)
	Animal type
	LSU/animal

	Beef cattle
	

	Cows and beef cattle over 2 years old
	1.2

	Female beef cattle 1–2 years old
	0.6

	Male beef cattle 1–2 years old
	0.7

	Female beef cattle 0.5–1 year old
	0.4

	Male beef cattle 0.5–1 year old
	0

	Female beef cattle up to 6 months old (rearing)
	0.19

	Male beef cattle up to 6 months old (fattening)
	0.3

	Pigs
	

	Fattening pigs (up to 110 kg)
	0.13

	Fattening pigs (up to 115 kg)
	0.14

	Fattening pigs (up to 120 kg)
	0.15

	Breeding sows without piglets, boars (150 kg)
	0.3

	Breeding sows with piglets (piglet 1.4–9 kg)
	0.4

	Breeding sows with piglets (piglet 1.4–13.4 kg)
	0.45

	Rearing gilt (30–90 kg)
	0.12

	Rearing piglet (6/8–15 kg)
	0.02

	Rearing piglet (6/8–25 kg)
	0.03

	Rearing piglet (13–28 kg)
	0.04

	Poultry 
	

	Layers
	0.0034

	Pullets (up to 18 weeks)
	0.0014

	Broilers (up to 35 days)
	0.0015

	Rearing Peking ducks (up to 3 weeks)
	0.0013

	Fattening Peking ducks (up to 7 weeks)
	0.0038

	Rearing muscovy ducks (up to 3 weeks)
	0.0012

	Fattening muscovy ducks (up to 10 weeks)
	0.005

	Rearing turkeys (up to 6 weeks)
	0.0022

	Fattening turkeys, hens (up to 16 weeks)
	0.0125

	Fattening turkeys, cockerels (up to 21 weeks)
	0.0222

	Sheep
	

	Sheep over 1 year old
	0.1

	Sheep up to 1 year old
	0.05

	Horses 
	

	Horses over 3 years old
	1.1

	Horses up to 3 years old
	0.7

	Ponies and small horses
	0.7


Assumptions: Animal place continuously occupied, linear growth. For non-standard production processes, the LSU value is established individually. 
4. Animal units

In addition to calculating the size of a farm’s herd based on livestock units, the LSUs are then converted into a different animal unit (AU) key for tax purposes. If the AU occupancy based on land size (ha) exceeds certain upper limits, then there are tax implications.

For example, these are:

· Trade tax applicable on stock that exceed the AU limit

· Additional charges for exceeding the local AU occupancy/ha

· Obligation to submit income statement accounting records for tax purposes and/or to apply profit markups on estimated profit.

Side note: Upper herd limits using animal units
In accordance with section 51 of the German Valuation Act (BewG), stock are classed entirely as part of the farm business, provided that within the financial year 
	for the first 20 hectares
	   no more than 10 animal units

	for the next 10 hectares
	   no more than 7 animal units,

	for the next 20 hectares
	   no more than 6 animal units,

	for the next 50 hectares
	   no more than 3 animal units

	and on additional land
	   no more than 1.5 animal units


per hectare are bred or kept on land used regularly for agricultural use by the farm owner.
Table 3: Conversion key for herd sizes in animal units (AU) based on feed requirements 

	Animal type
	1 animal
	

	
	
	

	Counted according to average herd size: 
	 
	 

	
	
	

	Alpacas
	0.08
	AU

	
	
	

	Female deer (does)
	
	 

	Female deer under 1 year old
	0.04
	AU

	Female deer, 1 or more years old
	0.08
	AU

	 
	 
	 

	Poultry
	
	 

	Layers (incl. regular breeding to supplement the flock)
	0.02
	AU

	Layers from bought-in pullets
	0.0183
	AU

	Breeding turkeys, ducks and geese
	0.04
	AU

	 
	 
	 

	Rabbits
	
	 

	Breeding and angora rabbits
	0.025
	AU

	 
	 
	 

	Lamas
	0.1
	AU

	 
	 
	 

	Horses
	
	 

	Horses under 3 years old and small horses
	0.7
	AU

	Horses, 3 or more years old
	1.1
	AU

	 
	 
	 

	Cattle
	
	 

	Calves and young cattle under 1 year old (incl. fattening calves, starter calves and bull calves)
	0.3
	AU

	Young stock, 1–2 years old
	0.7
	AU

	Heifers (over 2 years old)
	1
	AU

	Fattening animals (fattening duration less than 1 year)
	1
	AU

	Cows (incl. mother and suckler cows with their suckling calves)
	1
	AU

	Breeding bulls, draught oxen
	1.2
	AU

	
	 
	 

	Sheep
	
	 

	Sheep under 1 year old, incl. fattening lambs
	0.05
	AU

	Sheep, 1 or more years old
	0.1
	AU

	Pigs
	
	 

	Breeding pigs (incl. young breeding pigs over around 90 kg)
	0.33
	AU

	Ostrich
	
	 

	Breeding birds, 14 months old and above
	0.32
	AU

	Young birds/fattening birds over 14 months old
	0.25
	AU

	Goats
	0.08
	AU

	Counted according to produced units:
	
	

	Poultry
	
	

	Young broilers (up to 6 cycles per year — heavy animals)
	0.0017
	AU

	Young broilers (more than 6 cycles per year — light animals)
	0.0013
	AU

	Pullets
	0.0017
	AU

	Fattening ducks
	0.0033
	AU

	Fattening ducks in the rearing phase
	0.0011
	AU

	Fattening ducks in the fattening phase
	0.0022
	AU

	Fattening turkeys from self-bred young turkeys
	0.0067
	AU

	Fattening turkeys from bought-in poults
	0.005
	AU

	Young turkeys (poults), up to around 8 weeks
	0.0017
	AU

	Fattening geese
	0.0067
	AU

	Rabbits
	
	

	Fattening rabbits
	0.0025
	AU

	Cattle
	
	

	Fattening animals (fattening duration 1 year and more)
	1
	AU

	Pigs
	
	

	Light piglets (up to around 12 kg)
	0.01
	AU

	Piglets (between around 12–20 kg)
	0.02
	AU

	Heavy piglets and light store pigs (between around 20–30 kg)
	0.04
	AU

	Store pigs (between around 30–45 kg)
	0.06
	AU

	Heavy store pigs (between around 45–60 kg)
	0.08
	AU

	Fattening pigs
	0.16
	AU

	Young breeding pigs up to around 90 kg
	0.12
	AU

	
	
	


5. Dung units (DU)

Over the last decades, many farmers without much land have stocked up their herds considerably to produce higher volumes in order to keep up with the industry’s changing income structure. Accommodating the large amounts of manure on small farms can lead to environmental pollution from nitrates entering the ground water and from water eutrophication.

The problems caused by landless commercial processing plants in this respect are even bigger. Since 1989, there have been regulations in place in Germany to restrict livestock farming to upper limits per hectare (number animals or processed product quantities). Dung units are used as a measure for this.

1 dung unit (DU) generates an annual quantity of dung containing no more than 80 kg N and no more than 70 kg P2O5. 
Applying 3 dung units/ha of slurry and poultry manure (not solid manure) as fertiliser is regarded as a permissible upper limit. Dung units (DU) are also used in organic farming to establish the maximum stocking per acre, e.g. (Demeter):
Table 4. Dung unit assessment overview 

	Animal type
	DU/head
	Head/DU
	LSU

	Beef cattle
	
	
	

	Breeding bulls
	0.8
	1.25
	1.2

	Cows
	0.7
	1.5
	1

	Beef cattle (over 2 years old)
	0.7
	1.5
	1

	Beef cattle, 1–2 years old
	0.5
	2
	0.7

	Calves
	0.2
	5
	0.3

	Sheep and goats
	
	

	Sheep and goats, up to 1 year old
	0.03
	30
	0.1

	Sheep and goats, over 1 year old
	0.05
	18
	0.1

	Horses
	
	
	

	Horses under 3 years old and small horses 
	 
	 
	0.7

	Horses, 3 or more years old 
	 
	 
	1.1

	Pigs
	
	
	

	Breeding sows with piglets up to 20 kg
	0.33
	3
	 

	Breeding sows without piglets
	 
	 
	0.3

	Breeding boars
	 
	 
	0.3

	Store pigs, 20–50 kg
	 
	 
	0.06

	Piglets
	 
	 
	0.02

	Fattening pigs
	0.14
	7
	0.16

	Fattening pigs over 50 kg
	 
	 
	0.16

	Poultry
	
	
	

	Layers
	0.01
	100
	 

	Pullets
	0.005
	200
	 

	Broiler chickens
	0.005
	200
	 

	Fattening ducks
	0.007
	150
	 

	Fattening geese
	0.005
	200
	 

	Fattening turkeys
	0.01
	100
	 


Source: Sächsische Landesanstalt für Landwirtschaft

Table 4: Highest permissible number of animals in relation to 1.4 dung units (DU) per ha
	Type or class of animal
	Highest permissible number of animals per ha CdA

	Equines (e.g. horses) from 6 months old
	2

	Fattening calves
	5

	Other beef cattle under one year old
	5

	Male beef cattle between 1–2 years old
	3.3

	Female beef cattle between 1–2 years old
	3.3

	Male beef cattle from 2 years old
	2

	Breeding and fattening heifers
	2.5

	Milk cows, cull cows
	2

	Other cows
	2.5

	Ewe, she-goat
	13.3

	Piglets
	74

	Breeding sows (without piglets)
	6

	Fattening pigs and other pigs
	10

	Broilers
	280

	Layers
	140

	Pullets
	280

	Fattening ducks
	210

	Fattening turkeys
	140

	Fattening geese
	280


Source: Sächsische Landesanstalt für Landwirtschaft

Example of a restriction in a water reserve: 
"Erlangen-Höchstadt Spardorf Marloffstein Erlangen Water Reserve
Erlangen-Höchstadt district office statutory regulation regarding water reserves in the Erlangen-Höchstadt administrative district, Spardorf and Marloffstein municipalities, and in the city of Erlangen, supplying water to the Spardorf administrative district
Appendix 2: on the Erlangen-Höchstadt district office statutory regulation of 31/01/2005 regarding water reserves in the Erlangen-Höchstadt administrative district, Marloffstein and Spardorf municipalities, and in the city of Erlangen, supplying water to the Spardorf administrative district
1. Housing
1.1 Housing with liquid manure system
For buildings housing herds of over 40 dung units (DU), the mandatory slurry storage volumes are to be split between two watertight containers.
40 dung units (= 3200 kg nitrogen per year) apply to the following herd size limits for individual animal types:
40 dairy cattle (1 head = 1.00 DU)
65 fattening bulls (1 head = 0.62 DU)
150 fattening calves or young fattening beef stock (1 head = 0.27 DU)
300 fattening pigs (1 head = 0.13 DU)
3500 layers or fattening turkeys (100 heads = 1.14 DU)
10000 other fattening poultry (100 heads = 0.40 DU)
The total stock may not exceed 80 dung units per building or 120 dung units per farm location. If there is more than one type of animal on the farm, then the relevant dung units are to be added together.
1.2 Housing with solid manure system
For herds of over 60 dung units, the mandatory liquid manure storage volumes are to be split between a minimum of two watertight containers. The stock may not exceed 80 dung units per building or 120 dung units per farm location. If there is more than one type of animal on the farm, then the relevant dung units are to be added up. The calculation is performed as in point 1.1.
Figure 1: SIDE NOTE: Dung unit (DU) definition

Practical class
Student must know the principles and theoretic bases of livestock assets classification in farm business, and be able to apply the theoretic knowledge in practice

Control questions:

1. Explain the marginal value principle.

2. Explain the optimal costs’ level and optimal costs’ forming principles.

3. Explain the optimal production direction principle.

4. What are the prerequisites for the reaching of maximal profit?

Questions for discussion:

1. Explain the interrelation between marginal value principle and the opportunity costs principle.

Solve the tasks:

Task 1. There is presented the dependence of company total costs’ (TC) from output volume (Q) in table 1.1. Determine the variable costs (TVC), fixed costs (TFC), marginal costs (MC), average costs (AC), average variable costs (AVC), average fixed costs (AFC).

Table 1.1 – Initial data 

	Q, pieces
	0
	1
	5
	10
	15
	20
	25
	30
	35

	TC, uah
	55
	85
	375
	700
	1500
	1600
	1770
	1800
	1950


Task 2. Company produces concentrative forage for livestock industry. An information about output, price and production costs is presented in the table below. Identify and calculate the total costs (TC), variable costs (TVC), fixed costs (TFC), marginal income.

Table 1.2 – Production and economic indicators for company. 

	Item
	Value

	Productivity
	1050
	t of forage

	Average price
	17
	uah / c

	Raw materials
	8.5
	uah / c

	Fuels for production 
	2
	uah / c

	Salary of production workers
	5
	uah / c

	Depreciation expenses
	67 000 
	uah

	Salary of top managers
	45 880
	uah

	Buildings and equipment maintenance
	2 000
	uah


Methodical recommendations for the solution:

Total costs (TC) are calculated as follows:
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where TFC – time-fixed costs, uah; TVC – time-variable costs, uah.

Average costs (AC) are calculated as follows:
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where Q – volume of output, pieces.

Average fixed costs (AFC) and average variable costs (AVC) are calculated by the same principle as AC (see 1.2 formula).

Marginal costs (MC) are calculated as follows:
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It would be better to present results of task 2 solution in a table form.

Theme 6. DEPRECIABLE FIXED ASSET COSTS
The aim of theme’s study is to learn general principles of depreciable fixed asset costs, understand classification and characteristics, forming opinion about depreciation
Plan
1 General principles

1.1 Cost allocation for durable inputs

1.2 Depreciation

1.3 Interest

1.4 Determining capital costs using the annuity factor

2 Machinery, implements and operating facility costs

2.1 The depreciation threshold

2.2 Fixed costs

2.2.1 Depreciation (when usage is below threshold)

2.2 Interest

2.2.3 Housing

2.2.4 Insurance, taxes, charges

2.2.5 Practical tip

2.3 Variable costs

2.3.1 Depreciation (when usage is above threshold)


2.3.2 Repairs

2.3.3 Maintenance

2.3.4 Operating supplies, consumables, auxiliaries

2.4 Machinery cost calculation examples

2.5 Process costs, comparison costs and minimum usage (break-even usage)

2.5.1 Process costs


2.5.2 Comparison costs

2.5.3 Minimum utilisation of machinery (break-even usage)

3 Cost of buildings, building structures, permanent crops

3.1 Deductions based on individual cost line items

3.2 Building specifications

3.3 Determining the investment requirement

3.4 Example of a building cost calculation for dairy cattle shed
1 General principles
Durable inputs comprise physical assets, which can be used by the farm business over a longer period (>1 year). They include land, land improvements permanent crops, buildings and building structures,
 as well as machinery, implements and operating facilities.

1.1 Cost allocation for durable inputs

Costs are generally defined as the "consumption of value" (loss of value) of goods and services.

The use of long-term assets incurs costs. Based on their usage dependency, there is a distinction between: Fixed costs  ó  Variable costs


 (non-usage-dependent (usage-dependent ownership costs) operating costs)

The distinction between the two lies in whether the costs change as the scale of use increases and de-creases (dependent on their usage). If the costs vary at different scales of use, then they are variable costs. 

The following table demonstrates the types of cost that are usually relevant for various durable inputs.

Table 1. Cost allocation for durable inputs
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Example of a variable cost: If a tractor with 85 kW of power is used for 1 hour, it uses e.g. 10 litres of diesel. If it is used for 2 hours, it uses 20 litres, so the costs increase depending on the scale of use. Therefore, they are variable. On the other hand, there are costs, which do not change based on their scale of use. One example is vehicle tax. Regardless of how many hours a vehicle has be driven, the tax remains the same, i.e. ‘fixed’. It is a fixed cost.

Regarding the inclusion of VAT in cost calculations (as part of acquisition costs, inputs costs, etc.) the following is generally applicable in Germany:

 -for flat rate farms: calculate using gross prices (incl. VAT)

 -for standard taxation (optional):
 calculate using net prices (ex. VAT)

1.2 Depreciation

From a business management standpoint, the price paid to acquire a capital good does not represent a cost. Ultimately, financial assets are simply transformed into tangible assets. The buyer is neither richer nor poorer after the acquisition; his balance sheet has not changed. Costs are only incurred for capital goods when they lose value due to usage over the course of time (depreciation).

The value reduction is reflected in the balance sheet for all depreciable resources on an annual basis,
 so that the balance value of each capital good is constantly being reduced.

In the cost calculation, the annual amount for value reduction is described as “depreciation for wear and tear and/or obsolescence”. In practice, depreciation for wear and tear and/or obsolescence is often simplified as “depreciation”, whereas the term “depreciation” is actually a broader concept incorporating other types of value reduction not associated with wear and tear or obsolescence.

Attention:
No depreciation occurs for resources that do not lose value through usage (such as land).

When accounting for the loss in value from capital goods (depreciation), it is important to indicate the duration of use, during which the loss in value occurs to the good (duration of use (N)). In addition to time, a further limiting factor is the asset’s output capacity. This primarily relates to the available output units (e.g. tractor hours). In this case, it is assumed that the reasonable use of a piece of machinery or equipment is equally limited by its output capacity (n) due to the increasing costs of repair.


When accounting for the entire duration of use of a capital good, if one assumes that at the end of its life the good no longer possesses a market value (residual value = 0), then ultimately the entire acquisition price is to be “written off” during its duration of use. Provided there is still a residual value at the end of the duration of use (residual value > 0), the value reduction only amounts to the difference between the acquisition price and the residual value.

If there are removal or disposal costs at the end of the duration of use, then these are added to and written off with the acquisition costs. When accounting for cash flow for the purchase of a capital good, a one-off payment takes place along with the acquisition. To be in a position to replace the capital good with a new one at the end of its duration of use, enough money must be earned during the duration of use to recuperate at least the same amount as the entire value reduction. The annual depreciation value thus represents a “reserve” of money for the replacement purchase.

First of all, this does not take into account the fact that potentially more money will be required for the replacement purchase than the original due to inflation (depending on the calculation method, this can be remedied).

Interpreting depreciation as “saving money for replacement” becomes particularly significant during business planning, since the question of …How much money do I need to earn each year to maintain the asset value of my farm business? can be answered with the total depreciation value.

In summary, there are various objectives that arise for depreciation:
- Providing evidence of the correct balance sheet figure (book value) in business accounting,

 - Distribution of acquisition costs (= entire value reduction) throughout the duration of use,
- Provision of financial means to invest in replacements (= long-term maintenance of assets)

Depending on the business goal, there are various methods to account for depreciation, amongst which the most used is the linear depreciation method (straight line depreciation method).

1.2.1 Linear depreciation (straight line depreciation):

The linear depreciation method is characterised by constant annual depreciation rates. Thus, the acquisition costs for a capital good are distributed equally across each year of the duration of use. This allows the book value of a capital good to be reduced in consistent increments (= linear), so that the course of the asset value follows a straight line over time:
Calculation:
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Assessment:


· Simple to calculate


· For a scale of use that remains constant from year to year, the acquisition costs are generally distributed well enough throughout the duration of use.

· The goal of nominal maintenance of assets is achieved 

· The goal of real maintenance of assets is only achieved if no inflation rate is given. 

However, the prerequisite for real maintenance of assets is for the actual value over time to correspond to the book value established via linear depreciation.
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Figure 2. Linear depreciation (straight line depreciation)
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1.2.2 Progressive depreciation

Progressive depreciation is characterised by depreciation rates which increase over time. This allows the book value of a capital good to be reduced in ever increasing increments (= progressive).

A progressive depreciation process is adopted if the capital costs (depreciation and interest costs) are established and simplified by using an annuity factor (value adjustment reflects the redemption payments of an annuity loan). This method has a tendency to lead to higher capital costs than linear depreciation, which simplifies the process of ascertaining the interest costs, since the average amount of capital on which interest is paid is higher.

Therefore, it does not generally reflect how the value of durable means of production changes in reality. At best, progressive depreciation makes sense where the requirement for machinery is continually
 increasing or where (e.g. with fruit plantations, vineyards, etc.) the revenues to cover depreciation costs are only earned as the yield potential of the new installation starts to increase.
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Figure 3: Progressive depreciation (or progressive amortisation corresp. to an annuity loan)
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The interest costs, which are part of the annuty, are calculated yearly from the residual value of the
previous year multiplied by the interest rate:
For the first year,the resufing intrest costs are. 10% x 100000 = 10000

The annual depreciation amount is calculated as follows from both the annuity and interest diflerences.
Forthe first year, the resuting depreciation amount s 6380 - 1000 = 1630

The book value (residual value) of the capital good is finally reduced by the calculated depreciation value.
For the firstyear, the resuting book value is 100000 - 16380 = 83620




Using this method, the calculation must be revised each year, because as the residual value decreases, the interest costs (residual value × interest rate) also decrease over time. However, since the sum of the interest plus depreciation always remains constant, the depreciation amount inevitably increases.
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1.2.3 Degressive depreciation (accelerated depreciation)

Degressive depreciation is characterised by depreciation rates which decrease over time. This allows the book value of a capital good to be reduced in ever decreasing increments (= degressive). Degressive depreciation has the significant advantage that it creates a value curve, which captures the actual residual value of machinery more accurately than is the case with linear or even progressive depreciation. Of the various forms of degressive depreciation, geometric-degressive is the most widely used.

Geometric-degressive depreciation (diminishing balance depreciation, declining balance depreciation). During the first year of the duration of use, a specific percentage rate is established and written off from the acquisition price of the good. In the following years, this set percentage rate is written off from the residual value of the good (residual book value). Using this method, the amounts to be written off become progressively smaller and, at the end of the planned duration of use, the good is not fully depreciated. At the end of this period, therefore, the remaining residual value must be completely written off.

This also means that, since the book value can never reach a zero value through degressive decpeciation amounts, the depreciation rate can only be calculated by setting a specific residual value:
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Figure 4. Geometric-degressive depreciation (diminishing balance depreciation)
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Side note:

For moveable fixed assets acquired up to 31/12/2010, Germany's federal government permitted companies to use geometric-degressive depreciation (“deprec. in decreasing annual amounts”) rather than linear depreciation (“deprec. in consistent annual amounts”) in accordance with Section 7 of the EstG (federal tax law).  It was permissible to change (once!) from degressive to linear deprec. during the period of use. This was necessary, if the company was to ultimately write off the residual value to zero. In this case, the depreciation was calculated from the time of the changeover based on the remaining residual value and the residual duration of use for each economic good. From a business management standpoint, it made sense to move over from degressive to linear depreciation in a year when the linear depreciation value was higher then the continued degressive depreciation value.
In the above example, that would be the case from year 4. However, the above calculation is an unsuitable example from a taxation point of view, since an deprec. rate of 40% was not permitted (max. 20%).

Sum of the years’ digits deprecation

In sum of the years’ digits deprecation (SYD), the depreciation amount is reduced each year by a set amount (degression amount). The degression amount is the quotient from the acquisition price and the sum of the planned years of use (1+2+3+…). In this way, the good is completely written off at the end of the duration of use. In Germany, the sum of the years’ digits depreciation method is permissible in accordance with commercial law but not tax law, which makes it a less important method than geometric-degressive depreciation.
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Figure 5. Sum of the years’ digits deprecation

First, the sum of the expected years of use is created.

For five years of use, this would be: 1 + 2 + 3 + 4 +  5 = 15. 

In the first year, the resulting depreciation rate would be: remaining years of use sum of years of use 5 : 15 = 33%

which, at an acquisition cost of 100,000, corresponds to a depreciation of 33,333 

and a remaining book value (residual value) of 66,666.

The depreciation rate in the second year is then 4 : 15  = 26,7%

The depreciation is thus 26.7% × 100,000  = 26,667; and the book value is 40,000, and so on.
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1.2.4 Linear depreciation of replacement value

The objective of linear depreciation of replacement value is to be able to fully finance a replacement purchase using the depreciation amount, also accounting for inflation. From the difference in the average depreciation per year using linear depreciation, it is clear how much the farmer must draw on his nominal profit to finance the investment in a replacement. Since this profit is then associated with a loss of assets or must be reinvested as part of linear depreciation, it is described as “fictitious profit” to avoid this.

In linear depreciation, fictitious profits increase as prices and depreciation amounts increase each year. As a consequence, fictitious profits (assuming maintenance of assets) are at their highest when there is heavy investment in depreciable fixed assets and when inflation rates are high. This depreciation method is most relevant in states with high inflation rates.
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Figure 6. Linear depreciation of replacement value
[image: image25.png]Book value in @ (ncl. A):

100 000

26000
120000
s1es7

Year  Price  Repl NominalAdjusted  Total Previous  Book
increase _ value deprec. deprec. deprec. deprec. _value
1 100000 20000 20000 s0000
2 5000 105000 21000 1000 22000 20000 63000
3 5000 110000 22000 2000 24000 42000 44000
4 5000 115000 23000 3000 25000 65000 23000
5 5000 120000 26000 4000 25000 2000 0




With a duration of use/depreciation of 5 years, the annual result would be:

 -Nominal depreciation = 20% of the replacement value
-Adjusted depreciation = 20% of the price increase × no. of assumed depreciation periods before
1.2.5 Unit of production depreciation method

The annual depreciation amount is determined by the actual usage of the good in a given year. In order for the good to be completely depreciated during the specified time period, a provisional total output must be assumed.

The unit of production depreciation method (UP) is only relevant in balance sheets for ascertaining profits and in cost calculations if the operating times vary greatly from year to year.
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Figure 7. Unit of production depreciation method
The depreciation duration corresponds to a total output of 10,000 operating hours
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1.3 Interest
Investing in goods ties up capital. Interest must be paid on external finance, and no interest can be earned on equity. Costs are incurred in both scenarios. These costs are expressed via the ‘interest cost’. The interest cost incorporates both the interest expenses to be paid on external finance (borrowed capital) and the opportunity costs for using own capital. The size of the interest cost depends 

- on the average fixed asset value for which interest costs occur, and

- on the interest rate.

=> Interest costs  =  interest rate  × average fixed asset value over the entire duration of use

Where: interest rate = weighted rate from proportion of external finance and proportion of equity
1.3.1 Average fixed asset value over the duration of use:

The average fixed asset value over the duration of use is calculated from the average book values of the individual years of use (including the acquisition costs and the residual value at the end of the duration of use (even if this is zero)).

Depending on how the depreciation amount (= loss in value) fluctuates throughout the duration of use of the capital good, the residual value of the capital good (book value) can follow different trends.

In this way, the selected depreciation method determines the average fixed asset value on which interest is to be paid. The examples given above would produce the following values:

(Acquisition costs of 100,000 each; duration of use of 5 years each)
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The average fixed asset value (in % of acquisition costs) follows clear paths when using linear, progressive or declining balance depreciation, which depend on only a few different parameters. Standardisation is not always feasible when using the other methods of depreciation, since they account for other factors that are determined on case-by-case basis, often arbitrarily (fixed deprec. rate, price increases, annual output, etc.).
The course of the average fixed asset value over time is discussed once more below for the three core depreciation variants (linear, progressive, degressive).
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NNote: For each of the depreciation variants shown (linear, progressive, degressive), the course of the book value over time and consequently the average fixed asset value differ, however: the average annual depreciation amount remains constant! Thus, for farm management related analyses, the linear depreciation method is preferable and will be used for all following calculations!
a) Linear depreciation

The average book value of a capital good (and thus the average fixed asset value over time) in linear depreciation is defined in simple mathematical terms as the arithmetic mean between the starting value (acquisition costs) and the end value (residual value). 
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Figure 8. Average fixed asset value over time as a % of acquisition costs in linear depreciation
Calculation:
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b) Progressive depreciation

In progressive depreciation, i.e. when depreciation follows the redemption payments of an annuity loan, the average fixed asset value on which interest is to be paid depends on the duration of use and the adequate interest rate.

The average fixed asset value over time

- increases as the duration of use increases!

- increases as the interest rate increases!

[image: image36.png]Duration of use

s w0 s | 2 L w | m s | s w0

irterestrate

2,0%|

3.0%)

40%)

50%)

5.0%|

7,0%|

5.0%|

5.0%|

10,0%)
11.0%|

S065% S148% S2.31% 53,13% S3.94% S476% SSST% | S637% STAT% ST96%
S088% S221% S344% S465% SSE% S7,05% S823% S939% G0.SI% 6165%
S131% S2.83% S455% S615% S772% S9.27% 6078% 6225% 6369% 6507%
S162% S364% S564% STE0% S9S2% 61,39% 6319% 6493% G8E0% 68,19%
S194% 5435% S571% S9,02% 6126% 6341% 654T% 67.42% 69.26% 70.99%
5225% S504% S776% 60.40% 6293% 6533% 67,59% 6970% T166% T34T%
S255% S572% SBTE% 6173% 6452% 67,13% 6955% 7178% T382% TSETH
S285% S6,38% S976% 63.01% 660%% 6882% TIATH T3ET TS74% T159%
53,16% ST.04% 60.76% 6425% 67.47% 70.40% T3,03% 7538% T7.45% 79:27%
53,45% ST69% 6170% 65,43% 6G.83% | T1.8T% | T4S6% | 76.91% 78.86% G0T%





[image: image37.png]‘Average fied asset value as % of A

5%

0%

5%

0%

e5%

0%

5%

50% 4

110%
100%
50%
80%

70%
60%
50%
40%
30%

20%

0

15

Y

B
Periods (duraton of use)

3

50





Figure 9. Average fixed asset value over time as a % of acquisition costs based on the duration of use and interest rate for progressive depreciation
c) Sum of the years’ digits deprecation

In sum of the years’ digits depreciation, the average fixed asset value over time depends on the duration of use of the capital good: the average fixed asset value over time is reduced as the duration of use increases!
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Figure 10. Average fixed asset value over time as a % of acquisition costs based on the duration of use in sum of the years’ digits depreciation
1.3.2 The appropriate interest rate for mixed financing (borrowed + owned capital use)

In principle: the interest rate used should express the opportunity costs for the invested capital. For an investor, therefore, it represents the required rate of return from an investment (also referred to as "adequate target rate"). The appropriate interest rate for the total capital is determined by the rates for the invested owned capital (equity) and borrowed capita (loans).

The appropriate rate for equity can also be calculated:

- from the nominal interest earnings from an alternative external investment,

- from the nominal interest earnings from an alternative internal investment,

- from the interest saved by paying off outside capital

When comparing with alternative investments, the investments should always be of an identical duration and risk level. In practice, an achievable interest rate for capital investments (“credit interest”) is often used across the board.

The appropriate rate for outside capital is set by the interest rate that must be paid for surrendering the capital (“interest on loan capital”, “interest on debit balance”).

If an investment is financed by owned and borrowed capital, then the appropriate rate is calculated from the weighted average of the adequate target rates of both proportions of capital, and this ratio is to be observed throughout the entire duration of use.

Discussing all potential combinations of the various depreciation methods and types of loan (repayment by instalments, annuity, etc.) would go into too much detail here, therefore the influence of financing on the adequate target rate will be explained below using the most simple (and most important in practice) combination of linear deprec. and linear loan amortisation (= repayment by instalments).


Three different cases will be explored:

· Case 1: Depreciation duration = loan amortisation duration (without residual value)

· Case 2: Depreciation duration > loan amortisation duration (without residual value)

· Case 3: Depreciation duration > loan amortisation duration AND residual value > 0

Case 1: Depreciation duration = loan amortisation duration (without residual value)
 

(Depreciation and amortisation progress in a linear fashion (in identical amounts))

If (for linear depreciation and linear loan amortisation) the depreciation duration is identical to the loan amortisation duration, the ratio of outside capital to equity over the entire depreciation duration remains constant (in the following example:  60:40)
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The average adequate target rate can be calculated from this easily by taking the ratio of equity to outside capital (at point 0) as a basis, since this ratio also corresponds to the average ratio during the entire depreciation duration.:
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*) Attention:

If the average of the string of values is to be calculated using the “sum of values divided by number of values” formula, remember that there are 6 values for a depreciation duration of 5 years!

The number of values to be counted is always one more than the number of depreciation periods.
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Case 2: Depreciation duration > loan amortisation duration (without residual value)

Depreciation and loan amortisation progress in a linear fashion (in identical amounts)
If (for linear depreciation and linear loan amortisation) the depreciation duration is longer than the loan amortisation duration, the ratio of outside capital to equity changes over the course of the depreciation duration.
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The average adequate target rate can no longer be calculated based on the starting ratio of equity to outside capital (at point 0), since the ratio changes over the course of the depreciation duration. Therefore, when calculating the capital proportions, it is the total amount of capital over the entire depreciation duration which is relevant.
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Capital  x Interest = Propof | formuls:
proportion rate intrate | 210000 x 3% +90000 x 6%
Equity 0%  x 3% 21% | 210000 + 90000
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An even easier way to determine the average proportion of outside capital (i linear depreciation
and linear amortisation), ithout listing the individual series of values, is to add:
= the starting proportion of outside capital (at point )= 60000€ / 10000€ = 60%
into the ratio with
= the proportion of outside capital duration to the total depreciation duration,

where (as in case 1 above) the number of values in the series

must always be 1 more than the number of calculation periods

Outside capital duration + 1 2 Years + 1 0%
depreciation duration + 1 5 Years + 1

ffthe starting investment proportion of outside capital is now multiplied by the time proportion of the
outside capital, the outcome is the average outside capital proportion

‘average outside capital proportion = starting investment proportionos x  time proportionoc
60% x 50%
= 30%

'The average equity proportion then results from the percentage difference.

Alternative calculation using the above:




Case 3: Depreciation duration > loan amortisation duration AND residual value > 0
Depreciation and loan amortisation progress in a linear fashion (in identical amounts)

If (for linear depreciation and linear loan amortisation) the depreciation duration is longer than the loan amortisation 
duration, the ratio of outside capital to equity changes over the course of the depreciation duration and 
the total bound capital and equity increase in relation to the case without a residual value.
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As in case 2, the average adequate target rate cannot be calculated based on the starting ratio of equity to outside capital (at point 0), since the ratio changes over the course of the duration of use. Therefore, when calculating the capital proportions, it is the total amount of capital over the entire duration of use which is relevant.
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‘The following case can also be calculated (without listing the individual series of values) more easily.

I bound up is calculated by the known formula
- 100000 € 2+ 20 e -
‘The average (over the total deprec. duration) amount of outside capital (OC) s calculated

(similar to case 2) as follows
OC(star) ,  OCduration+: _ 60000 2Y+1 - q5000€

2 deprec_ duratior 2 Y+ 1

The average outside capital proportion is thus calculated as follows

Outside capital (as an average of total deprec_duration) ~ _ 15 000 € - %
Total capital (as an average of total deprec. duration) 60000 €

“The average equity proportion then results from the percentage difference.




Effects of inflation 
When calculating using constant or actual prices, the (nominal) adequate target rates are further reduced by the inflation rate in order to retain the actual adequate target rate. If the inflation rate is modest (< 4%), however, the correction is often not carried out in practice, since (without adjustment) the costs are consciously overestimated and the calculation must be carried out very carefully. If the inflation rate is high, the actual adequate target rate is usually very difficult to determine, since the interest earnings from alternative investments are largely unknown and investing with the bank often leads to negative actual adequate target rates.

An approximate inflation adjustment can be carried out by simple subtraction:
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1.4 Determining capital costs using the annuity factor
Capital costs consist of:

·
Costs for the consumption of capital (= depreciation) and


·
Costs for the use of capital (= interest).

In linear depreciation (straight-line depreciation), these costs are determined as follows:

·
Depreciation:  (A - R) / N

·
Interest: ((A + R) / 2)  ×  p

In cases where there is no residual value and depreciation can be estimated based on annuity loan repayments, the costs can be determined using an annuity factor as follows:

When using the annuity factor, the decrease in value (deprec.) is implied progressively, which (depending on the interest rate and duration of use) means that the average investment value on which interest is to bepaid is more  than half of the acquisition/constructing costs .
2 Machinery, implements and operating facility costs

2.1 The depreciation threshold

In cost calculations, the depreciation costs for machinery are usually part of the fixed costs, assuming a fixed useful lifetime. However, the duration of use for machinery is limited by two factors:


a) Technical and material obsolescence and 


b) Wear and tear of the machinery through use.

For example, a tractor has a performance capacity of 10,000 hours and a duration of use contingent on technology and materials of a maximum of 10 years. If the tractor is only used a little, i.e. fewer than 10,000 hrs: 10 years = 1,000 hrs/year, then its duration of use will be limited by its technical and material obsolescence. The duration of use (and thus depreciation) will consequently not be affected by a change in the annual usage within this threshold, therefore, in this case, depreciation can be considered as a more stable, non-usage-dependent cost factor. However, if the annual usage surpasses the threshold of 10,000 hrs: 10 years = 1000 hrs/year, then the performance capacity of the machine (10,000 hrs) will be consumed before the 10 years have passed, i.e. it cannot be used for a full 10 years and must be replaced sooner.
The duration of use and thus depreciation now depend on the annual usage and are consequently regarded as a variable cost factor. If the duration of use is 2000 hrs per year then the machine will be obsolete in 5 years’ time, and will need to be written off after 5 years. If used for 2500 hrs per year, then 4 years. Since the depreciation is classed as either a fixed or variable cost dependent on the scale of use, they are
 described as conditional variable costs. Machinery costs can therefore be classed as follows:
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The point at which depreciation becomes variable is described as the depreciation threshold.

It corresponds to the annual usage level at which both the time-based duration of use (Number of years N) and the output-based duration of use (performance capacity: number of units n) are exhausted: 
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Example:
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2.2
 Fixed costs



2.2.1 Depreciation (when usage is below threshold)

When the scale of use of a machine falls below the depreciation threshold (n/N) the depreciation counts as a non-usage-dependent fixed cost.

For annual depreciation, a linear approach is common for business management calculations (straight line
 depreciation) in order to achieve a consistent distribution of the acquisition costs throughout the duration of use:
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Example:
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Disposal costs at the end of use should be added to the acquisition costs when calculating the depreciation, however, they are normally only relevant for fixed operating facilities and often neglected in practice. It is only advisable to apply a residual value if the estimated duration of use (e.g. for commercial reasons) lies significantly below the usual/feasible duration of use, and if the machine is expected to have a resale value at the end of use.

When estimating the duration of use for depreciation calculations, the estimation should be based on the expected economic useful life, i.e. the time frame to earn back the invested funds, rather than the potential technical lifetime of the machine. It therefore only seldom makes sense to write a machine off over more than 15 years, even though many machines that are only used on a small scale are still in use after 20 years or more.

The repair costs quoted in standard values (e.g. KTBL in Germany) relate to standard durations of use.
 When machines are used for longer, the repair costs often exceed these standard values. Long durations of use (= low depreciation) and a potential disregard for higher repair costs lead to costs being underestimated. This is worth avoiding if possible. 

A more conservative (shorter) estimation of the duration of use prevents high repair costs in older machinery from being “forgotten” by consciously overestimating the depreciation.

2.2.2 Interest


In linear depreciation, if no residual value has been accounted for, the interest is calculated by multiplying
 the interest rate by half of the acquisition/constructing costs. 
When a residual value is accounted for, the result is:  (A + R) / 2 × interest rate

For further details, see point 1.3

As described in point 1.4, the total capital costs (sum of depreciation and interest costs) can also be determined by using the annuity factor. The depreciation is assumed to be progressive in this case, which leads (based on the interest rate and duration of use) to the average fixed asset value on which interest is to be paid being more than half the acquisition/constructing costs 
2.2.3 Housing


Housing costs comprise the variable and fixed costs for machinery and storage shed(s). In practice, since it can be very time-consuming to compile a list of the exact costs, the annual housing costs are often simply estimated as 0.2–0.7% of the acquisition costs (of the machine).

However, the costs can be more accurately estimated by using the surface area or floor space requirement. The KTBL indicates the following guide values for machinery stores (closed on all sides, 4 sectional doors) as derived from its online survey: 
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The costs per m² relate to the ground space for a 4 m usable building height. The annual costs are estimated at 6.25% of the constructing costs, which consist of the following:
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Examples
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As an alternative approach to calculating based on the construction costs, using the rental value is also conceivable, provided the relevant information is available.
2.2.4
Insurance, taxes, charges



Insurance: All costs are compiled as required for insurance by law or for voluntary cover.

The KTBL estimates the following annual insurance costs (limited liability):
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In practice, annual insurance costs are predominantly estimated as a flat 1% of the acquisition costs. 

In comparison to the KTBL values, however, this estimate is often insufficient. 

The following propositions can be deduced from the KTBL data:
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Taxation:
All direct costs related to the taxation of capital goods.
In Germany, agricultural vehicles are exempt from road tax, therefore, no costs are to be incorporated. 

For any vehicles which are not used for agriculture, the current road tax rates are available via the German Finance Ministry’s online road tax calculator.

Charges:
Technical inspection on vehicles with own registration number.
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In Germany, pesticide sprayers are legally required to have regular
(biannual) checks. KTBL estimates approx. 5–7 €/m working width annually.
2.2.5 Practical tip


As detailed above, in practice, the acquisition costs (A) of a machine are used to create a simplified estimate of the annual costs for housing and insurance, in same way as for depreciation and interest:
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2.3

Variable costs


2.3.1 Depreciation (when usage is above threshold)

 For above-threshold usage, machinery depreciation values are a variable cost factor.

 The depreciation amount per unit of output (h, ha, etc.) is calculated by:
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2.3.2
Repairs


Establishing repair costs is a significant problem when calculating machinery costs. 


The basic premise of using as much real data as possible and as little standard data as necessary is not recommended in this case. Using records from individual farms poses the problem that every necessary repair over the entire duration of use of a machine must be captured and distributed in order to correctly and methodically establish the repair costs. However, since hardly any records are available in practice for identical machines over the entire duration of use, it is advisable to revert to standard data (even for large farms). 

Furthermore, if the reference values used are from individual experience, the opportunity costs for repairs carried out by the farmer are usually completely disregarded. 

In Germany, the KTBL (a research institute for mechanisation) publishes guide values for machinery repair work, which are continually updated. The majority of the data are derived from reports from agricultural operations and custom service providers about actual repairs and maintenance work. 
It also includes wear and tear for tyres, and labour costs for carrying out repairs independently. This comprehensive database makes it possible to estimate the expected average progression of repair costs.


The following factors play a decisive role in measuring repair costs:


 -
Age and use of the machine,

 -
Servicing and preventive maintenance,

 -
Structure and functionality of individual units, proportion of wearing parts.

The KTBL guide values always relate to a unit of use (i.e. costs per ha, h, etc.) and always count as an average for the entire “period of use and lifetime of the machine”, i.e. from brand new purchase to end of use, which is determined from the output-based duration of use (h, ha, etc.).


E.g.: The performance capacity (i.e. the output-based lifetime) of a 4x4 tractor is 10,000 hours. At full capacity utilisation, i.e. once the tractor has reached 10,000 hours of use, the repair cost guide values are on average 5 euro an hour.

If the machine is not utilised up to its potential capacity, lower average repair costs per unit of use are to be expected. When buying used machinery, however, higher average repair costs are to be expected, since the requirement for repairing machinery increases substantially with (usage/) age, and the initial period of low maintenance has already passed.

In order to account for these two factors 

 -
End of use before reaching capacity (low utilisation) and


 -
Start of use when a proportion of the output has already been utilised (“used machinery”)
 in repair costs, the KTBL has worked out correction factors.


The correction factors differentiate between machinery and implements that generally indicate high or low wear and tear. For example, ploughs have a comparatively high degree of wear and tear, since the shares deteriorate with every furrow. 
By contrast, for example, tractors exhibit more cyclical wear and tear (repairs often appear after a period of varying length during which no repairs were required). 
In the first case, the repairs increase on average less than for machines with a low amount of wear and tear at the beginning.
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Figure 11:
Correction factors for repair costs
Source: KTBL Machinery with low wear and tear (tractors, self-propelled machines, transporters)

Example:


The performance capacity (i.e. the output-based lifetime) of a 4x4 tractor is 10,000 hours (in max. 12
 years). At full capacity utilisation, i.e. once the tractor has reached 10,000 hours of use, the repair cost guide value is on average, e.g.: 7,00
euro per hour. If the tractor has only been utilised to 80% capacity (i.e. only 8,000 hours of total output or 8,000 / 12 years = 667 hours per year) the correction factor is 0.90.

Thus, the average repair costs are:  0,90
×
7,00
€/hr
=
6,30
€/hr

If the tractor is no longer new and has already used up 30% of its performance reserve (i.e. already worked 3,000 hrs), the correction factor for the remaining lifetime is:

· if the tractor is driven for a further 7,000 hrs to reach its 10,000 hrs:

1,19
×
7,00
€/hr
=
8,36
€/hr


 -
if the tractor is only driven for a further 5,000 hrs to reach 8,000 hrs:

1,10
×
7,00
€/hr
=
7,72
€/hr






The following graph illustrates the correction factors for repair costs with examples for machinery with low wear and tear:
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Figure 12:
Trend curves for repair cost correction factors for machinery with low wear and tear
The graph clearly demonstrates the non-linear progression of repair costs depending on  the age and utilisation of a machine.


For new machines, the trend curves follow a progression which closely correlates to the following functions:








- Machinery with low wear and tear: Correction factor  =  utilisation as a % 0.5
-  Machinery with high wear and tear: Correction factor  =  utilisation as a % 0.35

E.g.:  
Correction factor for a new plough with a utilisation of 67%:


Correction factor = utilisation as a % 0.35  = 67% 0.35 = 0.67 0.35 = 0,869212936 
2.3.3
Maintenance









Machinery maintenance requires labour above all else. The material expenditure is minimal and is usually incorporated into operating supply costs. Since maintenance is carried out to a large extent during times when there is less work, the opportunity costs for the time spent on the work are minimal.

Rather than incorporating maintenance costs into machinery costs, they are normally captured as part of general farm work, and therefore class as a (fixed) overhead for the farm.

2.3.4
Operating supplies, consumables, auxiliaries


Operating supply costs comprise:

 - 
Energy costs to operate petrol/diesel and electric motors

 - 
Lubricant costs to reduce wear and tear

 - 
Auxiliary costs (all other consumables, e.g. twine, plastic sheeting, etc.)

The operating supply cost figure is a product of the required amount and the price.



E.g.:
10
l diesel use per hour × 0,80 €/l  = 8 €/hour

When setting the fuel price, the following should be noted (Germany):


 - 
VAT:
 For flat rate farms, calculate using the gross price (incl. VAT).

For standard taxation, calculate using the net price (ex. VAT).

 - 
Gas oil price reduction: In Germany, farmers receive a rebate from the state on a proportion of their costs for fuel. 

This price reduction is to be accounted for in the price used.

Standard values for fuel consumption are published by the KTBL and are based on 40% engine load.

For work that clearly demands a lower or higher engine load, the usage values can be reduced down to 30% (e.g. for pulling a rake) or increased up to 50% (e.g. for deep ploughing).

For medium engine loads, a rough formula can be applied: 0.1167 litres of diesel per kW and hour (0.086 l
 per HP and hr) Lubricant consumption is usually estimated at 1% of diesel consumption:

2.4

Machinery cost calculation examples


New machinery
 The following diagram illustrates how to establish the variable and fixed costs of a new machine that is used both above and below the depreciation threshold.

1) Maintenance costs excluded. They are largely determined by assessing the man hours req. (outside labour or opportunity costs).
2) All prices ex. VAT
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Figure 13:  Machinery cost calculation for a new 4x4 tractor (102 kW)

Used machinery

The costs for used machinery are calculated in much the same way as for new machinery.

Depreciation is calculated based on the remaining residual duration of use and the acquisition costs (at the time of buying the used machine).

If calculating the costs for continuing to use a machine that is already owned, it is advisable to use the actual residual value as a basis for calculating the depreciation and interest cost rather then the (purely theoretical) book value.

The standard repair cost value (valid for the potential total output n) should be corrected based on the utilised and remaining output 
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Figure 14. Machinery cost calculation for a used combine harvester
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2.5

Process costs, comparison costs and minimum usage (break-even usage)

2.5.1    Process costs


Process costs include all costs for carrying out a work process.

E.g. ploughing 1 ha:  Tractor costs + total plough costs + labour costs

For tractor costs, only the variable costs need to be applied, if it can be assumed that the tractor is already available. If a tractor is used exclusively for a single work process, then the fixed costs should also be accounted for. It is usually very difficult to establish the opportunity costs for the work. Therefore, wage costs for seasonal workers are usually used as a basis for opportunity costs.
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Example: Ploughing

Based on the cost calculation in Figure 13 for a tractor with 600 h output per year,

the resulting process costs for 1 ha of ploughing are as follows

For one plough Plough, 6 shares, A =€23,000, R = €0, N = 14 years,
Interest rate: 3%: housing: flat rate of €160 per year
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2.5.2
Comparison costs


The quality of an alternative process cannot always be judged based on the process costs alone, since the quality of the work and the mechanical condition of the machine, etc., can produce marked differences.


The following applies: Comparison costs  =  process costs  ±  plus/minus points for quality of work, etc.


The following parameters may be relevant for plus/minus points:]

-
Speed costs:

as the speed of the work increases, the acreage output increases, yet the quality of the work drops and losses in revenue creep in.
-
Timeliness costs: 
as the acreage being worked on increases, the time line for  completing the work increasingly deviates from the optimum timing, meaning losses creep in.


-
Technical advancements: have the potential to reduce losses 

-
Varying requirement for man hours

Important: depending on the situation, the above factors can negatively affect owned as well as rented machinery and implements.




2.5.3
Minimum utilisation of machinery (break-even usage)


When comparing the use of rented or owned machinery, the decision hangs on which of the two alternatives is the most cost-effective dependent on how much the owned machinery is utilised (annual usage level). As the utilisation of owned machinery increases, the fixed cost burden per unit of output (ha, h, etc.) drops and it becomes a more competitive option when compared to rented machinery.


It is therefore worth establishing what level of output (ha, hrs, etc.) a machine needs to reach each year in order for the costs of owned machinery to become lower than (or break even with) those of rented machinery. To do this, the costs of owned machinery are compared against the costs of rented machinery.


The variable in this equation is the level of usage of the owned machine, which will ultimately determine the fixed cost burden per ha or h. 

The minimum annual usage is therefore established where there is cost parity between the two alternatives.
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Reformulating the equation and solving it according to the “annual use” variable results in:
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E.g.:
To rent or buy a plough?

Rental fee:

27
€ per ha
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When comparing the entire work process, as described under 2.5.1, the relevant costs for all affected elements must be taken into account: implement, tractor, labour.

If the quality of the work differs between owned and hired mechanisation, then the expected disadvantages (speed costs, timeliness costs, etc.) for each option must be attributed accordingly as a cost. 
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E.g.:
Combine harvesting using own machine (calculation per Figure 14) or custom hire the service?


· Potential disadvantages of using owned machinery compared to a service provider due to outdated technology of own machine. 

· 1% higher losses than service provider = 1% × 80 dt/ha × 15 €/dt = 12 €/ha
Potential disadvantages of using a service provider compared to owned machinery due missing optimum harvest time when using the service provider.

· 15% higher quantities to dry grain than with owned mach. = 15% × 80 dt/ha × €1.60/dt = €19.20/ha 
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If the given minimum annual usage is exceeded, then owned machinery is more cost-effective than 
using the service provider.

3
Cost of buildings, building structures, permanent crops

Buildings are understood to be constructions that are firmly fixed to the ground. They normally have a comparatively long duration of use. Their purpose is to protect people, animals and objects from external elements. They support, facilitate and enable production. Buildings also include their fixtures and fittings, such as electrical installations, water pipes, etc. 

Building structures include stores for manure and slurry, forage silos, yard and passage fixtures, bridges and fixed fencing around the yard and fields.


Unlike rotating crops (annual or perennial), permanent crops are not part of a rotation system and are often integrated with technical apparatus (e.g. trellises or espalier systems): e.g. fruit/berry, asparagus, vine and hop plantations, tree nurseries and Christmas tree plantations (not forest-grown).

3.1

Deductions based on individual cost line items

The annual costs for buildings, building structures, permanent crops and land improvements with a limited duration of use* all include depreciation, interest, maintenance (repairs) and insurance (if applicable), and are generally derived from the acquisition/constructing costs. Although some costs (maintenance, repairs) can also be variable (usage-dependent), in practice they are usually estimated by using a simple flat rate, and handled as a completely non-usage-dependent (fixed) cost along with the other cost line items. 

For annual depreciation, a linear approach (straight line deprec.) is common for business management calculations: acquisition/constructing costs divided by the duration of use. Although in the case of permanent crops (fruit plantations, vineyards, etc.), when the depreciation costs are only earned as the yield potential starts to increase, it also makes sense to use progressive depreciation in some instances.

Removal and disposal costs at the end of use are to be added to the acquisition/constructing costs when calculating deprec.. In practice, however, they are mostly neglected, which almost certainly
 (particularly with permanent crops) leads to an underestimation of costs.

It is only advisable to apply a residual value if the estimated duration of use (e.g. for economic reasons) lies significantly below the usual/feasible duration of use. From a business management point of
 view, a residual value approach only makes sense if the economic good is indeed expected to have an additional commercial use (e.g. to be sold, rented out, or used for another purpose) after the initial use.

When estimating the duration of use for depreciation calculations, the estimation should be based on the expected economic duration of use, i.e. the time frame to earn back the invested funds, rather than the potential technical lifetime of the machine.

When calculating the depreciation for buildings with technical installations (e.g. cow sheds), a distinction must always be made between the building frame (≥ 20 years) and the installation (8–15 years) — or a weighted average duration of use must be used — to account for the different durations of use.

The KTBL even differentiates between three usage periods (N) for cost calculations:



Long-term:
building constructions such as the building pit, foundations, outer walls, inner walls, (N = 30 years) ceilings and roofs, tank and main sewers, mixing and outlet shafts, connecting and outlet pipes.



Medium-term:
Construction installations such as concrete slatted floors, stone cubicles and technical
(N = 15 years)
systems for waste water, fresh water, gas, heating, ventilation systems and power plants; storage containers and storage areas outside of the building, 



Short-term:

Custom systems such as cubicle dividers and feeding fences, slurry pumps and
 (N = 10 years)
accessories, slurry mixers, flushing pipes, stop valves and gate valves, automatic feeders, 
feeder wagons, mechanical feed distributors, feed containers, on-call feeders,troughs, etc.

In linear depreciation, if no residual value has been accounted for, interest is calculated by multiplying the interest rate by half of the acquisition/constructing costs. As described in point 2.3, the total capital costs (sum of depreciation and interest) can also be determined by using the annuity factor. The depreciation is assumed to be progressive in this case, which leads (based on the interest rate and duration of use) to the average fixed asset value on which interest is to be paid being more than half the acquisition/constructing costs 

In practice, the annual average costs for building maintenance and repairs (including installations) are estimated as a simple flat rate percentage of the acquisition/constructing costs — even though a proportion are certainly variable (usage-dependent) — and fully factored into the non-usage-dependent (fixed) costs

along with the other cost line items.


For buildings, the KTBL estimates (per the above differentiation):
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The annual costs for insuring buildings (including installations) are estimated at approx. 0.2% of the acquisition/constructing costs.

Flat rate estimates for maintenance and insurance are difficult to ascertain for permanent crops (and land improvements), so individual values must be used for these.
 In summary, for practical calculations where no residual value is accounted for, the key takeaways are:
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3.2

Building specifications


Various key metrics can be utilised as reference units to create specifications for buildings and to assess building costs. In addition to a usage unit, e.g. cubicle, floor areas and buildings volumes are widely used.


In Germany, the terminology and calculation procedures are partly described in DIN 277 “Areas and "volumes of buildings - Part 1: Building  construction”. The following characteristics are important for" agriculture:
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3.3

Determining the investment requirement

When determining the investment requirement for buildings, it is common to refer to standard values during the planning phase — assuming no specific cost estimates are available. Standard values are published by the KTBL. Examples can be found in their Agricultural Handbook.

For animal housing, the KTBL provides two different cost classifications on its website (www.ktbl.de):

-
Functional classification based on cost pools


-
Planning-based classification on three levels (DIN 276)


a)
Functional classification based on cost pools



Cost pool data are guide values for roughly determining the level of investment required and the annual costs for construction, as well as cost comparisons with alternative solutions. They are used in the pre-planning phase, usually by management consultants, construction consultants and farmers. 



Cost pools are function-specific building parts or groups of construction parts. They are designated as follows: 
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b)
Planning-based classification on three levels (DIN 276)



In accordance with DIN 276: “building construction costs”, the costs for planning and executing


building measures are classified in line with planning. This classification, which is primarily used by architects during cost calculations, differentiates on a high level between the following cost groups:
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The KTBL only publishes standard values for cost groups 300 to 500.


Costs for land (100), renovation and development (200) and furnishing (600) are very much dependent
 on location and are therefore estimated individually. Additional building costs (700) can be estimated as
 around 10% of the established investment requirement.


The second level of classification acc. to DIN 276 breaks costs down into core building construction elements, followed by a third level of classification, which breaks the costs down even further. 


Below are some examples for cost group 400 (Building — technical systems):
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For a complete list of building elements with explanations, see www.ktbl.de > Stallbau.

For simple profitability calculations, DIN 276 is often too detailed. However, it does provide a good basis for comparison against the farm’s own cost estimates.
3.4

Example of a building cost calculation for a dairy cattle shed
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In practice, however, the annual costs of an animal shed are usually roughly estimated at 10% of the amount invested.

Practical class
Student must know the features of depreciable fixed costs.
Control questions:

1. Name different categories of fixed costs and give short characteristics.
2. What are Process costs, comparison costs and minimum usage (break-even usage)?

3. What are cost of buildings, building structures, permanent crops
?

Solve the tasks:

Task 1. Machinery cost calculation for a tractor, 102 kW (93–111 kW, 126–151 HP), power shift transmission
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Theme 7. COST ALLOCATION IN FARM BUSINESS
The aim of theme’s study is to learn basic definition and structure of costs in farm businesses, different types of costs allocation










Plan

1
Definition and structure of costs in farm businesses


2
Cost allocation based on attribution

3
Cost allocation based on variability


3.1
Fixed costs



3.2
Disproportional variable costs (step costs)


3.3
Proportional variable costs



3.4
Features of opportunity cost progression


4
Cost allocation based on planning status


4.1
Planning-dependent costs



4.2
Non-planning-dependent costs


4.3
Conditional variable costs
1 Definition and structure of costs in farm businesses

A consumption of value through the application of factors of production to create specific outputs is described as a cost.

The following line items are applicable as value consumption, i.e. costs, in agricultural production
 processes (farm enterprises) and are therefore important for farm businesses:

a)
Consumption of short-term means of production (current assets)


e.g. seed, fertiliser, pesticide, diesel oil, feed, etc.

b)
Use of long-term, durable means of production (fixed assets)


Proportional value consumption of long-term (durable) means of production, such as depreciation for building, structures, systems, machinery, implements, etc.

Note:
Land is also classed as a permanent means of production but has a special status due to its lack of value consumption (no depreciation!). However, as with other means of production (short and long-

term), land also forms part of the farm’s assets, which incurs costs from the use of capital (see ‘c’).


Since land plays a particularly important role in agriculture, it is often considered as as standalone factor of production in cost calculations, rather than simply a capital component.

Since borrowed land can also be used in addition to owned land, a distinction is made between:
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Owned land

c)
Costs for the use of capital: Capital is required to finance the use of both short-term means of production (current assets) and long-term means of production (fixed assets).

The cost of supplying the required capital is distinguished according to the origin of the capital as follows:
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Equity is compensated for via profits, although still incurs (opportunity) costs!
Provided that land is classed as a standalone factor of production in a cost calculation and its costs are accounted for via a rental value, then interest costs only need to be determined for non-land capital.

d) Labour costs
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Family workers are compensated via profits, although still incur (opportunity) costs.

e) Custom service costs



e.g. for using contractors, mechanisation services, advisors, etc.


f) Other costs


e.g. insurance, business taxes.
Agricultural production costs can be allocated according to various criteria:

-
 their ability to be assigned to a certain product (or farm enterprise): special costs and general costs (overheads)

-
their variability as production expands: fixed costs and variable costs (proportional and disproportional)

-
dependence on planning: 
planning-dependent and non-planning-dependent costs
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Figure 1. Cost allocation options

Although in theory any combination of the various costs is possible, in practice there is a high intersection of

 - fixed costs and overheads on the one hand and

 - proportional costs and special costs on the other.


When making farm business planning decisions, it is worth bearing in mind that for short-term business development measures (technical upgrades/improvements from year to year), only the proportional variable special costs are relevant at first, while the fixed costs and overheads are not affected by these changes.

Additional fixed costs and overheads are only incurred when planning decisions are made about long-term business development measures (investments in fixed assets).
2
Cost allocation based on attribution


In any farm business, there is usually more than one product produced (multi-product business). As a result, there are normally two fundamentally different cost types, which are

·
Overheads
which cannot be directly or indirectly attributed to any of the products or farm enterprises

·
Special costs which can be directly or indirectly attributed to specific products or farm enterprises

Overheads are costs generated by those factors of production, which are utilised by multiple farm enterprises (or farm branches), and therefore cannot be definitively attributed to a specific farm enterprises. They are usually costs derived from land, buildings (to a large extent), permanent family and external workers, and a proportion of the costs of machinery and implements. Costs that can be attributed to a group of connected farm enterprises are described as ‘cost center overheads’.

Special costs are directly and indirectly attributable to a product (or farm branch, or farm enterprise), e.g. costs for seed, fertiliser, feed concentrate, spcific machinery and spcific buildings.

Farm branches and farm enterptrises incur attributable special costs as well as proportionate overheads.


Planning calculations use opportunity costs rather than overheads, since the production facors financed by overheads could be used to produce multiple alternative products, so using these factors to produce one product prevents them from being used to create a different product, thus generally implying a foregone profit (lost benefit).
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Figure 2. Allocation of costs for the entire farm business based on attribution
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Figure 3. Allocation of costs for individual business sectors (e.g. livestock) based on attribution
3
Cost allocation based on variability


Both special costs and overheads can be further sub-divided according to their behaviour when the quantity of the product changes, which is often the result of a farm enterprise expansion. A distinction is made between fixed costs, disproportional variable costs, proportional variable costs
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Figure 4.  Allocation of special costs based on their behaviour as a result of expanding production

The extent to which individual costs increase or decrease can be represented by

·
Total costs per year (= sum of costs per year)

·
Average costs per unit (= unit costs)

·
Marginal costs per additional unit (= additional costs per unit resulting from production expansion)
3.1
Fixed costs
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·
Total costs: 
Constant, i.e. independent of production quantity

·
Average costs: Decreasing, i.e. the higher the production quantity, the lower the unit costs (cost degression)

·
Marginal costs: Equate to zero in terms of capacity
3.2

Disproportional variable costs (step costs)
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·Total costs:
 Constant within capacity, rise stepwise when capacity exceeded (if a second or third specialist machine needs to be acquired).


Disproportional variable costs are therefore described as “step costs”.

·
Average costs: “Sawtooth progression”

·
Marginal costs: Only occur if capacity is expanded

3.3
Proportional variable costs
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·
Total costs:
Increase in proportion to the scale of production.

·
Average costs: Remain constant (consistent material expense per unit)


·
Marginal costs: Remain constant, since the same costs occur in line with each additional unit.
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Figure 5. Progression of fixed, proportional variable and disproportional variable costs
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Figure 5. Progression of fixed, proportional variable and disproportional variable costs depending on the scale of production, represented as total, average and marginal costs *)


3.4
Features of opportunity cost progression


When a production process is expanded yet capacity is limited, opportunity costs occur due to the reduction of one or more alternative farm enterprises.


Once the least viable farm enterprise (from an economic standpoint first and foremost) has been dismissed, there is an increase in opportunity costs as another farm enterprise expands.
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Figure 6. Typical opportunity cost progression (illustrated as marginal costs)
4
Cost allocation based on planning status


In the context of business development planning, various measures are usually put forth, e.g.:

·
Introduction of new farm enterprises

·
Changes in the range of production (type of production)

·
Creation or purchase of new permanent crop systems, buildings and machinery

·
Uprooting of permanent crop systems, sale of machinery, demolition of buildings

4.1
Planning-dependent costs



Executing the measures prescribed in a business development plan incurs increased or
 or decreased costs, which are induced by the plan and are therefore planning-dependent.

Note:

a)
When uprooting permanent crop systems and demolishing buildings, no depreciation or interest costs may be saved, since the measures represent a destruction of assets and


b)
When selling long-term means of production, the annual amount of depreciation and interest 
costs saved must only be derived from the targeted sales revenue; the book value is only relevant for tax purposes.

4.2
Non-planning-dependent costs



Farm costs that do not arise from business planning are described as “non-planning-dependent” costs.

These are the fixed costs related to existing buildings and permanent crops, land tax, business insurance and any wages for permanent workers, for example. A discussion may be needed around whether the costs are incurred objectively, i.e. they are indeed non-planning-dependent, or whether they are only non-planning-dependent due to the subjective circumstances of permanent workers, who are kept on for
 social or other reasons.

“Non-planning-dependent” costs are more or less identical to fixed costs, and “planning-dependent” costs correspond to (proportional and disproportional) variable costs.

The proportion of non-planning-dependent (fixed) costs decreases as the planning period increases, while the proportion of planning-dependent costs increases. For example, a smaller proportion of costs are available for the coming year's production plan than there are for a business development plannspanning the next 20 years.   
4.3
Conditional variable costs

Costs that can be fixed (non-planning-dependent) or variable (planning-dependent) depending on the farm’s circumstances and planning status are described as conditional variable costs.

Examples:

a)
A farm has a milking parlour. Since this building is already available at the time of planning, the fixed building costs are classed as fixed costs on a farm level.


b)
Another, otherwise identical farm does not have a milking parlour. Within the context of executing a plan, a new parlour is to be built. The fixed costs of the new building (depreciation, interest, maintenance) areregarded as variable costs within the context of the plan.

c)
When a machine is used within its normative annual capacity, the depreciation costs are fixed costs.


If it is used above this threshold, the depreciation costs become variable costs.
Practical class
Student must know cost allocation, its types in farm business.
Control questions:

1. What are the fixed costs?

2. What are the step costs?

3. Explain the concept of opportunity costs.

Questions for discussion:

1. Explain progression of fixed, proportional variable and disproportional variable costs based on the scale of production, represented as total, average and marginal costs with using Excel program
.
2. Explain Progression of fixed, proportional variable and disproportional variable costs based on the scale of production, represented as total, average and marginal costs with using Excel program

Theme 8. INTRODUCTION TO LINEAR PROGRAMMING FOR FARM BUSINESS PLANNING USING THE OPTIMIZATION SOFTWARE XA AND MS EXCEL
The aim of theme’s study is to learn basic structure of an LP matrix in XA/Excel, data input and output in XA/Excel, solution of optimisation problems in sub-ranges
Plan

1 Handling of the computer program XA in MS Excel 
1.1 Basic structure of an LP matrix in XA/Excel 

1.2 Data input in XA/Excel 
1.3 Data output in XA/Excel 
1.4 Arrangement of the input and output ranges in the Excel worksheet 
1.5 Control commands (command line entries, LPCMD) 
1.6 The XA Interface module 
1.7 Optimisation 
1.8 Parametrising in LP models with XA 
1.9 Working with split matrices (Style III programming) 
2 Special formulation approaches 
2.1 Basic model 
2.2 Breakdown of production processes 
2.3 Land use 
2.4 Labour management 
2.5 Decreasing marginal productivity 
2.6 Investment (increasing marginal productivity) 
2.7 Financing 
2.8 External regulations and directives 
2.9 Other specific formulation approaches 
3 Farm business planning with the aid of linear programming 
4 Solution of optimisation problems in sub-ranges 
4.1 Optimal feed ration 
4.2 Optimal mechanisation 
5 Multi-period model approach 
5.1 Introduction 
5.2 Multi-period land use planning 
5.3 Production planning assuming price cycles 
5.4 Optimal reinvestment time

1 Handling of the computer program XA in MS Excel

1.1 Basic structure of an LP matrix in XA/Excel

The computer system XA (Sunset Software Technology, San Marino, USA) in connection with the program MS Excel can solve linear optimization problems according to the simplex algorithm. Excel serves as the user interface for data input and further processing of the results. XA has the ability to read the data necessary for optimization from the Excel worksheets and, after linear optimization has been performed, write the results to the designated areas of the Excel worksheet. For the user, the individual calculation steps (initial matrix, exchange steps, final matrix) of the optimization are not visible. XA presents only the results from the final matrix. Basically, the input of data for linear optimization in Excel is done in matrix form, i.e. in a combination of columns and rows. The data to be arranged in this matrix are the same as in the manual arithmetic procedure (simplex tableau): 

( Activities: variable name (=identification), objective function coefficient, technical coefficients 

( Constraints: constraint name (=identification), capacity In addition, minimum and maximum limits of extension can be defined for the activities (= variables = = procedures = processes). 

The matrix can be built up in three different basic variants (called Styles at XA): 

Style I: Arrangement of activities in columns and constraints in rows. 

Style II: Arrangement of activities in rows and constraints in columns. 

Style III: The arrangement is done in multiple tables on any number of worksheets. 

All the following explanations and sample calculations refer to Matrix Style I . Style II will not be discussed further, as everything said for Style I can be directly applied to Style II. Style III places special demands on the matrix structure and is dealt with in a separate chapter.

1.2 Data input in XA/Excel

The structure of the matrix in Excel is very similar to the representation of an LP problem as a system of equations (or inequations): 

   Cereals         Dairy cow     Fattening bull 

Total GM: 600 × x1 + 1500 × x2 + 400 × x3 = Max! 

Land: 1,0 ha ( x1 + 0,5 ha ( x2 + 0,2 ha ( x3 (( 100 ha 

Stable: 0,0 Pl. ( x1 + 1,3 Pl. ( x2 + 0,8 Pl. ( x3 (( 90 Pl. 

Labour: 10 hrs ( x1 + 45 hrs ( x2 + 14 hrs ( x3 (( 3600 hrs 

The parameters contained in the (in)equations are sufficient to clearly define the LP problem. The parameters as well as the names of the activities and constraints are therefore transferred to an Excel worksheet (in an abstracted way). It is not necessary to convert the constraint inequations into equations by introducing slack variables, since XA does this internally.
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1.4 Arrangement of the input and output ranges in the Excel worksheet

To maintain clarity and flexibility (e.g. for stepwise enlarging the matrix), a structured arrangement of the input and output ranges required for XA in the Excel worksheet is of great importance. It is advisable to divide the different ranges into several worksheets of an Excel file. On each worksheet, the individual elements should then be grouped as clearly as possible. A sample for the design of the input and output ranges is shown in the following overview. It shows in parallel the implementation of the optimisation example already dealt with in XA/Excel and the range names used for this when the individual elements are divided into four worksheets: 

Worksheet 1: Input ranges and output of the most important results such as activity level and Variable reduced cost of the activities (with total gross margin), utilisation and shadow prices of constraints. 

Worksheet 2: Sensitivity ranges of variable objective coefficient of the basic variables with repetition of names, activity level, objective function coefficient and variable reduced cost of the activities. The upper and lower bounds of the variables can also be repeated. 

Worksheet 3: Sensitivity range of variable reduced cost with repetition of names, activity level, objective function coefficient and variable reduced cost of activities. The upper and lower bounds of the variables can also be repeated. 

Worksheet 4: Sensitivity range of constraint shadow prices with repetition of the name, capacity value (RHS), utilisation and shadow price of the constraints. The range for displaying the values of the RHS must be defined as two columns even if only one column was used for this purpose in the matrix!

The repetition of important input and output data on worksheets 2 to 4 serves to facilitate the identification and interpretation of the sensitivity ranges. In order to make this possible, the same range names must sometimes be specified repeatedly on the different worksheets. In Excel, this is possible by prefixing the name of the worksheet to the range name in the range definition (menu: Formulas > Define names) and separating it from the worksheet name with an exclamation mark. So, for example, the range for outputting the extent of the variable activity level on sheets 1, 2 and 3 must be defined as follows: 

For sheet 1: Worksheet1!XAVA 

For sheet 2: Worksheet2!XAVA 

For sheet 3: Worksheet3!XAVA 

The output ranges on tables 2 to 4 must necessarily be arranged in columns, as this is the only option for the sensitivity analysis tables. For the other output ranges (XAVA, XACA, etc.) it is no problem to define them in rows on one spreadsheet and in columns on another.

1.5 Control commands (command line entries, LPCMD)

Control commands make it possible to influence the optimisation process and the display of results in linear programming. They are entered as a command line in a specially named cell of the Excel worksheet: the LPCMD range (one cell, see data entry). Many control commands have a default setting in case they have not been specifically set. It is therefore usually sufficient to include only those commands in the LPCMD range that are to deviate from the standard setting. Concerning the syntax of the control commands, it generally applies that the individual commands can be abbreviated as far as they can still be clearly distinguished from other commands by XA.

To use several commands at the same time, they are entered one after the other (separated by a space) in the command line: Syntax: Maximize yes Set Casesensitive yes or shorter: Max y Set Case y Control commands retain their value in successive optimisations. For example, if a command is removed from the command line, the default setting does not automatically apply again. This is because once optimised, XA remains loaded in the computer's memory and stores the information once received until an explicit instruction is given or XA is removed from memory.

1.6 The XA Interface module

The XA interface module creates the connection of data input and output in Excel to XA. By default, the module is located in the workbook xaModul.xls. This workbook must therefore be opened in order to solve an LP matrix. When the module folder is opened, the XA menu appears on the screen with the following commands: 

XA Solver Load XA solver and run optimisation 

XA Revise Solver XA Revise Solver (optimisation aid in Style III - programming) 

XA Unload Remove XA from memory 

Clear ranges Deleting the contents of the data output ranges 

If the matrix templates from the appendix to this script are used, the following menu commands can also be used. They are only active if a correspondingly prepared spreadsheet is selected. 

Adjust ranges: Final matrix (On sheet with xaTableau) 

Adjust parametric ranges: Variable (for variable-related parametrisation results) 

Adjust parametric ranges: Constraints (for constraint-related parametrisation results) 

How to handle the commands in practical use is explained in the following chapters. At this point, we would like to go into the setting options with which the user can influence the way the macros work. The following overview shows the first rows of the module sheet. They are used to adjust the XA macros.
1.7 Optimisation

After the input and output ranges required for XA have been defined in the Excel worksheet and the XA interface module (file xaModul.xls) is available, XA/Excel is ready for operation. The command Ctrl+Shift+X loads the XA Solver into the working memory, reads the input ranges of the LP matrix, performs the optimisation and writes the desired results into the predefined data output ranges of the Excel worksheet. 

Excursus on keyboard shortcuts
On German keyboards, the Ctrl (Control) key is referred to as Strg (Steuerung) and the Shift key is the Umschalt key (temporarily switch to capital letters). The key combination Ctrl+Shift+X is executed by briefly pressing the X key once while simultaneously holding down the Ctrl and Shift keys. 

Memory management

The XA Solver remains loaded in the working memory (RAM) after optimisation until it is removed from the memory with the command Ctrl+Shift+Q (or by closing the workbook). This has the advantage that XA saves the time for loading in successive optimisations and starts calculating faster. Furthermore, this behaviour is mandatory for using the XA Revise Solvers. A disadvantage of this feature, however, is that elements of the command line (LPCMD range) are also removed from memory (and thus switched off) only when XA is removed from memory and reloaded.

XA Message Window 

As long as XA is loaded in the working memory, the so-called XA Message Window is also visible on the screen. It contains information about XA (version, capacity), the execution of the optimisation (e.g. number of variables and constraints), as well as (depending on the setting of the command line (LPCMD)) the repetition of the input data and display of the optimisation results. The window is especially important if problems occur during optimisation. For example, it contains information on input errors or, in the case of an unsolvable matrix formulation (infeasible solution, unbounded solution), it indicates the activity or constraint responsible for the unsolvability.
By means of a special LPCMD control command ("Output"), the content of the window can be written into an ASCII file or, with definition of the range name xaOutput, into a spreadsheet. After optimisation, the window can be reduced to an icon manually or with a control command ("Set Visible" in LPCMD). It is also possible to close the window completely; but XA remains loaded in the memory. By default, after an optimisation, the XA Message Window remains on the screen (as a window or symbol), but the Excel workbook with the matrix becomes the active window again. However, once the message window has been activated by mouse click, the Excel ribbon may have to be clicked again before Excel is ready to work again

1.8 Parametrising in LP models with XA

Parametric optimisation allows a further analysis of the sensitivity of the optimal solution with changed parameters. It comprises an optimisation procedure in which one or more parameters from the following categories are kept variable (parametrised): 

( Objective function coefficients (gross margins of the procedures) 

( Production capacities (RHS) 

( production coefficients (exchange rates of the processes in the initial solution) The importance of parametrisation is primarily to be seen in checking the effects of changed assumptions with uncertain planning data on the optimisation result. It is often difficult to foresee the future development of product and input prices, or the determination of production capacities and technical coefficients (e.g. crop yields) are based on rough estimates. By parametrising such uncertain values, it is possible to determine how sensitive the optimal solution reacts to changes (ceteris paribus). Parametrisation can basically take place in two variants: 

( Variation of a parameter along the limits of its sensitivity range (so-called corner-point parametrisation) 

( Variation of a parameter in constant steps. 

Corner-point parametrisation 

The variation of a parameter within its sensitivity range usually affects the variable activity level. If the sensitivity range is exceeded, an exchange of a basic and non-basic variable takes place; as the parameter continues to vary, constant exchange rates then apply again until the next sensitivity limit is reached. The organisation at the respective next sensitivity limit is therefore always of interest, since there are always linear substitution ratios (and boundary values) between these corner points. In corner-point parametrisation, one therefore sets the value of the parameter to be examined equal to its (smallest) sensitivity limit and determines the optimal organisation with all relevant results. In the next step, the value of the variable parameter is set equal to the next sensitivity limit and the optimal solution is determined again. This continues until the sensitivity range approaches infinity or until possibly earlier if the results achieved are no longer of interest.

1.9 Working with split matrices (Style III programming)

Dividing the LP matrix into several tables can be useful if: 

( the matrix of an LP problem becomes very large and with Style I or Style II programming the number of columns in Excel is no longer sufficient. 

( Sub-ranges of the matrix have only a few linkage points to other sub-ranges. For example, it may be useful to present the field work and the livestock husbandry in separate tables. This makes the individual tables more compact, as each table only contains the rows that also contain entries (so, large "blank" areas in the matrix can be avoided). 

( the structure of sub-ranges of the matrix is repeated several times. This is the case, for example, when separate rations are calculated for numerous animal groups during a farm optimisation. Formulating each ration in a single table makes it easier to copy the structure for further rations and again avoids a lot of large "blank" areas in the matrix.

2 Special formulation approaches

2.1 Basic model
In the following sections, specific formulation approaches to problems of agricultural farm business planning will be explained. In addition to technical production issues, aspects of investment and financing are also addressed. In addition to the isolated presentation of the formulation approaches in the text, there are also example matrices for XA for important questions. They are available as Excel files and are attached as printouts. Reference is made in the text to the example matrices. The model shown below serves as the basis for the individual special approaches
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The farm on which the basic model is based has 50 ha of arable land, 10 ha of grassland, 4500 hrs labour , capacity, 60 stable places for dairy cows and 60 places that can alternatively be used for rearing heifers or fattening bulls. The basic model was deliberately structured in a simple way and limited to the most necessary items in order to be able to present the examples clearly. 
The individual examples are therefore in no way suitable in themselves to do sufficient justice to the planning reality of a farm. Rather, it requires a combination of many of the approaches shown in order to take into account the diverse interactions between the individual activities of a farm with sufficient precision. With regard to such comprehensive and wholistic planning approaches, section Abschnitt 3 provides the necessary details. 
The technical coefficients of the activities presented are compiled in gross margin calculations, which can also be found in the appendix. The objective function coefficients of the activities of the basic model correspond to the gross margins of the procedures. Any modifications to the matrix that become necessary in the examples are documented in the appropriate place. 
The separation of animal husbandry and fodder production, as already included in the basic model, and the associated balancing of fodder energy is explained in the following section

2.2 Breakdown of production processes

A breakdown (disaggregation) of production processes always makes sense when there are alternatives for action and it is not clear from the outset how the farm organisation in this range is to be designed. In order to be able to decide in which way income and expenses are to be recorded, it is useful to subdivide the products and means of production of an agricultural farm as follows: 

Products: 


Production resources: 

Exclusively market-driven 
Exclusively for purchase 

Exclusively farm related

 Exclusively self-generating 

Optional market-determined 
Optional to be purchased 

For exclusively market-driven products / means of production to be purchased, the gross monetary income of the product or the purchase price of the means of production is used to measure the output or the proportional variable costs. There are valuation difficulties for exclusively farm-specific products / means of production to be produced on-farm. They are to be taken into account in the LP model as internal physical output or demand. Optional market products / means of production to be purchased are also to be recorded as physical output or input for an accurate calculation. However, buying and selling activities are to be introduced for these goods. Income and expenses are therefore only included in the gross margin if their valuation is clear. In all other cases, they are included in the model as a physical output / requirement. In the following sections, this principle will be illustrated with practical examples (forage, purchase/supply, soil nutrients).
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2.3 Land use

The availability of land is taken into account in the LP matrix by a constraints row. All farm enterprises that use land (usually a whole year) receive a 1 (1 ha claim) in this row. The farm land capacity is usually to the right of the arithmetic symbol (<=), but can also be made available via an activity. Possibilities of increasing and decreasing land capacity are to be taken into account through leasing activities (take or let land on lease). If leasing of land (take or let) is only possible to a limited extent, fixed upper bounds can be set. It often makes sense to divide the available land according to different qualities. This results in a separate constraint row for arable land, grassland, possibly also for vineyards, orchards, etc. If necessary, each category can be subdivided again according to different qualities (e.g. separate reporting of the land suitable for sugar beet, differentiation between meadow and pasture, etc.).
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2.4 Labour management

The labour time requirements for the production processes is unevenly distributed over a year. In particular periods of time, there are working time peaks where bottlenecks in labour capacity prevent the implementation of a farm enterprise, although the overlall annual labour capacity is not fully utilised. For this reason, it is advisable to include rows for anticipated labour peaks in the LP model in addition to the constraint row for the total labour time requirement. It is advisable to choose the fieldwork periods suitable for a particular climatic region. For the crop production enterprises, the respective labour requirement in a time period can be easily determined (see gross margin calculations in the appendix). For the livestock enterprises, the determination of the relevant coefficients is mostly approximate based on the number of field work days of a period. 
In the same way, the labour capacity in the time periods is also determined: Hrs in time period = hrs per year / 365 × field work days per time period.

2.5 Decreasing marginal productivity

With an increase in the proportion of cereals in the total arable land, the yield per hectare decreases disproportionately due to unfavourable crop rotation ratios. In order to be able to implement this non-linear relationship in the linear model, the grain yield function must be divided into several sub-ranges, each with a constant marginal productivity (linear approximation). In the example shown below, these are the five ranges 0-50%, 50-60%, 60-75%, 75-87.5% and 87.5-100% cereals proportion. The marginal gross margin, which remains constant within these ranges, decreases from 600 €/ha to 187.5 €/ha. The usable land is 100 ha

Discontinuously linearly decreasing marginal yields in cereal production (100 ha AL)
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When determining the optimal cereals share, it is crucial that the objective function coefficient of the activities (share levels) is not the average gross margin achieved in each case, but the marginal gross margin applicable to the respective sub-range.
Formulation approach for crop rotation-related yield degressions
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In the optimisation process, activities compete for available capacity. According to the order of their competitive strength, the activity 0-50% (max. 50 ha) is extended first (all other factors being equal), then 50-60% (max. 10 ha), and so on. If, for example, a cereals content of 67% of the arable land is determined as the optimum, this is realised by the following activities:
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2.6 Investment (increasing marginal productivity)

Investments, especially in the livestock sector, are often an example of increasing marginal productivity, as an increase in stock here is usually associated with a significant reduction in labour time requirements and building costs per unit. The decreasing unit costs and factor demands inevitably increase the average gross margin per unit. Similar to the decreasing marginal productivity, due to the required linearity of the approach, a usually continuously degressive function must be converted into a discontinuous one (through approximation). An example from pig fattening may clarify the situation: A farmer is planning the construction of a fattening pig stable and has various offers of stable construction solutions. The annual costs (depreciation, maintenance, interest costs) were estimated as a sum at 10% of the initial investment for the construction of the stable.

[image: image105.png]capital investment requirement
@ per stable place
Total (in thousands)
Marginal demand per place

Annual costs (10%)

@ per stable place
Total (in thousands)

Marginal cost per place
Labour requirement

@ per stable place
Total

Marginal demand per place

Stable size (Places)
0 400 750 1000

€/place 0 480 450 435
€1000 0 192 338 435
€lplace 480.0 415.7 390.0
€/place 0 48 45 435
€1000 0 19 34 44
€lplace 480 416 39.0
Hrs/Plac 0 134 115 107
Hrs 0 536 862.5 1070

Hrs/Place 134 093 0383




2.7 Financing

Investment financing planning concerns the determination of the most favourable sources of finance for an investment, taking into account the overall capital requirements of the farm (including current assets) as well as the securing of the farm's ability to service its debt. In an LP model, this goal is achieved by introducing financing activities in conjunction with constraints to ensure liquidity. Again, the construction of a fattening pig stable should serve as an example investment (400 to 1000 places, Zapf approach). Since the interest costs for capital is taken into account via the financing activities, now the objective function coefficient of the stable construction activities only includes depreciation and maintenance. Accordingly, the capital requirement (separated into current and fixed assets) is to be formulated as a demand. Of course, for all other activities, the interest costs for capital for the bound assets must not be included as a cost in the objective function coefficient and the capital requirement must be included as a demand in the model.
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The investment will use capital for current and livestock assets (for pig fattening) and fixed assets (stable). Current assets are always 100% bound up, whereas fixed assets (as a general approximate simplification) are on average 60% bound up over time. 
Equity capital ("EqCap", interest rate 6%) of up to € 150,000 can be used for financing. Current and livestock assets ("Curr&LstAss") can also be financed through a revolving loan ("RevLoan", = overdraw of the current bank account). Sources of funding for fixed assets are a subsidised loan ("SubsLoan", max. € 100,000) and a free bank loan ("BankLoan"). 
The different binding of the capital over time is taken into account in the LP matrix via the interest rates. Furthermore, one usually chooses 1000 € as the reference unit for the financing activities in order to avoid too large numbers. The objective function coefficients of the financing activities thus represent the interest costs in € per € 1000 capital requirement (interest expense for borrowed capital, opportunity costs for equity capital) The capital supply is accordingly 1000 € per unit (into the respective row for current or fixed assets). 
To ensure sustainable or long-term debt service capability, the rows "SustainabDRC" and "LongtermDRC" are used (DRC = Debt Repayment Capacity). The debt repayment capacity is (simplified) generally calculated as follows:

Total gross margin from agricultural production incl. direct payments 

– Fixed and general costs (excl. interest) 

– Private withdrawals (+ incoming payments) 

– Existing debt service (interest and principal repayment) 

± Other out- or incoming payments (forest, diversification, ...) 

= (Remaining) long-term debt repayment capacity 

+ Depreciation for new investments in buildings and technologies 

= (Remaining) sustainable debt repayment capacity

The model-internal consideration of the total gross margin is done by entering the objective function coefficient of all activities in the DRC rows, but with the opposite sign, since services mean a "delivery of debt service capability", but costs reduce the debt service capability (demand). Only the financing activities are an exception here. For them, the respective coefficient results from the annual debt service to be paid per € 1000 loan amount, assuming the conditions of an annuity loan (annual annuity, see the following overview). For a current account loan (revolving loan), only interest is to be estimated, no repayment. No debt service is required for equity capital. The existing fixed and overhead costs, private withdrawals and debt service on existing liabilities are also not available for new debt service payments. They are therefore entered as a fixed sum (with a negative sign!) in the capacity column (RHS). Sources of liquidity that are not part of the model via an activity, e.g. (parts of) direct payments and net income from forestry, diversification, etc., are also to be included in the amount of the capacity column: since they are deliveries of liquidit they reduce the negative amount of the fixed and overhead costs. 

In the case of long-term debt service capability (in contrast to the sustainable one), depreciation for investment activities is also taken into account as a source of liquidity. Therefore, the coefficients of the investment variables include in the line 'SustainabDRC' only the maintenance costs, while in the line 'Long-term DRC' they also include the depreciation

2.8 External regulations and directives

Requirements in the farm organisation according to the directives of the EU agricultural reform often necessitate complex approaches in the implementation in an LP model. It is therefore usually sensible not to include schemes that are only very unlikely to be considered (such as the small producer scheme for larger farms) in the model from the outset. The example therefore requires individual adaptation of the described facts and, if necessary, expansion (e.g. cultural landscape programme, environmental protection requirements, etc.). 

Direct payments (premiums, compensation payments, subsidies, ...) 
Although direct payments based on the activity level of a production process can be included in the market output, they are more transparently presented as "physical (monetary) supply". The row "Trans Prem" and the activity "Premiums" are used to add direct payments to the total objective function value. The advantage of this approach is that the sum of the premiums received can be easily read off and the amount of the premium can be examined more closely (e.g. parametrise). When leasing land, it is important to consider whether the land is acquired with or without payment claims. In addition, if the payment demands are taken into account in the model, it should be noted that they can be allocated to both arable and grassland. 
Milk quota (EU 1984 to 2015) 

Farm milk production was limited by quota in the EU from 1984 to 2015. In the example, this upper bound is entered via the capacity column in the constraint row "Milk quota". Per dairy cow, an 8000 kg quota (annual milk yield per cow) is demanded. In addition to the presentation in the example, activities can be formulated to increase or decrease the quota via purchase/sale or lease. 
Application limit for farm manure of animal origin 

In Germany, the application of farm manure of animal origin is limited by law to a maximum of 170 kg of nitrogen per hectare. In the example shown, the line "Max N Manure" ensures that this limit is complied with.

Formulation approaches for (external) agricultural policy guidelines
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2.9 Other specific formulation approaches

To change coefficients that are in a fixed relationship to each other, the formulation of an index is suitable. In the following model, for example, an index for the prices of different cereals was formulated. By varying the index, the optimal farm organisation can now be determined for different scenarios. By parametrising the index, it is also easy to determine the effect of a gradual reduction in cereal prices by 2% each on the optimal farm organisation. The control command for this (LPCMD range) would then read: 

Parametric PriceIndex 1 0.5 0.02

Formulation approach for coupling activities via indices
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3 Farm business planning with the aid of linear programming

Linear programming offers farm business planning a method with which the one combination of farm enterprises can be found that has the highest total gross margin among all options (=optimum farm organisation), considering all relevant constraints. If formulated appropriately (through disaggregation of the activities), the opportunity costs of the factors demanded by the activities are taken into account internally in the model and are therefore (appropriately) minimised. 
To implement the real conditions of a farm in an LP model, the formulation approaches explained in detail in section 2 can be used in appropriate combination. Depending on the situation and the planning focus, individual sub-ranges of the farm should be formulated in more detail (such as feeding, mechanisation, market crop production, etc.). 
In general, the procedure for operational planning with LP corresponds to that of the simplified programme planning method. In the start-up phase, the production capacities and constraints are determined. Even with a highly disaggregated representation of the production processes in the model, it is advisable to quantify them first in the form of gross margin calculations (with special consideration of a wide range of factor demands). The gross margin calculations provide a compact overview of the economic efficiency of the processes and serve as data base for the model. The next step is to create various farm business plans using the LP model. 
If formulated appropriately (taking into account all marginal output, marginal costs and marginal factor demands), the total objective function value can be used directly as the comparable gross margin and thus as the central selection criterion for the optimal plan. A particular advantage of the method is that once a model has been created for a farm, it is easy to determine its effect on the optimal farm organisation by changing individual coefficients. When drawing up farm business plans, a distinction is made between production models, investment models and financing models
Schematic representation of the model structure for farm planning
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4 Solution of optimisation problems in sub-ranges

4.1 Optimal feed ration

The aim of calculating an optimal feed ration is to determine 

( which feedstuffs are included in the ration and to what extent (variables) 

( while complying with all nutritional requirements (constraints) 

( and minimising costs (objective function)

In the case of ration optimisation for fattening pigs, an isolated consideration is easily possible, since usually only marketable components are used, thus enabling a clear evaluation. When optimising the total ration (forage and concentrate) for ruminants, a proper evaluation of the components is often only possible to a limited extent. The optimal forage ration is often dependent on labour management aspects. Furthermore, feed production competes directly with cash crops for available land. Since all these factors are not taken into account in an isolated model, the corresponding opportunity costs must be expressed in the objective function coefficient, which can only ever be done approximately. It is largely convention to express the objective function coefficient (cost of feed) as a positive value and to minimise the objective function (Maximize No in the command line). The coefficients with the nutrient contents, although they represent a delivery, are also entered as positive values. Accordingly, maximum conditions are formulated with the arithmetic sign <= and minimum conditions with the arithmetic sign >=. The requirements for the ration refer either to the unit of weight of the feed (e.g. 1 kg, 1 dt, 1 t of feed) or to the requirement for one animal (per day). The reference to the unit of weight is best suited for feed mixtures, as the respective proportion of a component in the mixture can be read directly from the activity level of the variable. The reference to the daily requirement is often more suitable e.g. for ruminant rations, as the ration consists of forage and concentrate. The coefficients of the possible ration components (nutrient contents) usualy refer to fresh matter (e.g. 1 kg of fresh matter or any other chosen weight measure unit).

The requirements for a ration can be defined as fixed or variable maxima/minima: 

( Fixed constraints are entered via the capacity column (RHS): e.g. energy requirement at least 13 MJ ME e.g. dry matter intake maximum 20 kg 

( Variable constraints are bound to a specific other nutrient via transfer activities: e.g. Ca:P - Ratio 1 : 0.5 to 1 : 0.7 e.g. crude fibre content is at least 16% of dry matter

The formulation proposals presented in the examples (appendix) can also be implemented as part of a whole-farm matrix, so that feed can be provided via production activities (consideration of opportunity costs) or purchase activities. Furthermore, it makes sense to formulate a separate approach for each animal and performance group (fattening stages, lactation stages) or different feeding periods (summer, winter forage) in order to avoid balancing between the various animal groups.

4.2 Optimal mechanisation

As an example for determining the optimal mechanisation, the harvest of cereals was chosen, since the restriction to a single machine such as the combine harvester enables a largely isolated approach. In the example, a farmer is considering replacing his existing combine harvester with a new one to harvest his own 50 ha of cereals. The following data is available on the mechanisation alternatives available for selection:

Calculation data for mechanisation alternatives
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It is also possible to use one's own combine harvester in the machinery ring (125 €/ha) or to have one's own land harvested via the machinery ring (125 €/ha, 25 €/ha losses, 1 hrs/ha). A proposal for transferring the planning problem into an LP model is included in the appendix. By varying (parametrising) the land used for grain crops on the farm, it is possible to determine which mechanisation is most advantageous for which acreage. The resulting total and average costs are shown in the following figure. Note that the amounts (total objective function value) take into account the income from machinery ring activity and the labour costs.
5 Multi-period model approach

5.1 Introduction

The objective of formulating multi-period models is to determine not only the optimal production, investment and financing programme, but also their optimal temporal distribution over a longer planning period. However, the following specific problems arise here: 

( The payment flows cannot be valued equally at the different points of time due to changes in purchasing power and occurring opportunity costs of the capital. Thus, payments require discounting (as it is done in multi-period investment calculations). 

( It is necessary to choose a suitable planning horizon, as this can influence the planning result. Long-term models have the advantage that the final situation (model end-period), with its assumptions and evaluations, has less impact on the planning result. Furthermore, inter-periodic interactions can be taken more into account. Short-term models, on the other hand, offer greater planning certainty with regard to the assumptions made (prices, framework conditions and technical coefficients). 

( Decisions require permanent review, even in the implementation phase. The models must therefore be constantly adjusted to the changing assumptions during the planning period. 

( A cautious interpretation of the results is necessary to maintain flexibility in subsequent decisions required to adapt to changing conditions (e.g. changes in capital market conditions, influencing variables not recognised as relevant, etc.). 

Of particular importance in multi-period optimisation are: dynamic-simultaneous models and dynamic-recursive models. Both planning approaches link several periods and their factor availabilities to time series, whereby the dynamic-simultaneous models permit optimisation across periods, whereas the dynamic-recursive models optimise individual periods on the basis of the preceding periods.

5.2 Multi-period land use planning

The problem of multi-period cropping planning can be particularly important in the case of an expected shift in the cost-benefit ratios between the different use alternatives or a major change in factor endowments. Here it is possible to allocate and value benefits and demands over time and to take into account their inter-periodic relationships. This method also offers advantages due to a more flexible crop rotation design and the appropriate farm optimisation when planning the cultivation of perennial crops. In the following planning approach, a farmer intends to expand pig fattening on the basis of self- produced cereals from 400 fattening places in period I to 900 fattening places in period III. The cereals yield is assumed to be 75 dt/ha; the feed requirement per fattening place is 4 dt of cereals. 

The arable land is to increase from 30 ha in period I to 45 ha in period II and 60 ha in period III. 

The gross margin of cereal cultivation is 600 €/ha for all planning period. 

The gross margin per fattening place is 65 € in period I+II and 67.5 € in period III. 

The crop rotation share of cereals (taking into account other cultivation methods) should not exceed 75% in total during the planning period. However, for reasons of space, the presentation of further procedures was omitted. The objective function coefficients of the individual activities are discounted via the activity net present value of the gross margins (NPV GM). 

The interest rate used for calculating the discount factors is: 6.0%

5.3 Production planning assuming price cycles

An interesting example of the application of multi-period optimisation is production planning under the assumption of certain price trends. The main question here is the temporal distribution of production cycles and their allocation to assumed price cycles. A particular problem here is the overlapping of production processes. 

Practical class
Student must know basic structure of an LP matrix in XA/Excel, data input and output in XA/Excel, solution of optimisation problems in sub-ranges and be able to identify and solve of optimisation problems in sub-ranges.
Control questions:

4. What are the basic structure of an LP matrix in XA/Excel?

5. What are the control commands?

6. Explain the farm business planning with the aid of linear programming.

Questions for discussion:

3. Explain the multi-period model approach? Give the examples.

Task 1. Please range production processes according to their relative advantages. Use the data given in table 13.2

Table 1 – Initial data

	Production process
	Production factor

	
	Arable land
	Labor

	Unit of estimation
	Requirement, ha
	Income/ha,

uah
	Rank
	Requirement, man-hours
	Income/man-hours,

uah
	Rank

	Winter wheat
	0
	
	
	15
	73.33
	

	Sugar beet
	1
	4200
	
	50
	80
	

	1 ha of FCP + 2 DC
	1
	3800
	
	130
	27.69
	

	1 ha of FCP + 2 DC+E
	1
	1850
	
	0
	
	

	1 ha of FCP + 3 BF
	1
	1800
	
	90
	17.78
	


DC – dairy cow; FCP – feed crop production; BF – bulls on fattening.
Theme 9. INTRODUCTION TO MULTI-PERIOD CALCULATIONS OF INVESTMENT EFFICIENCY
The aim of theme’s study is to learn sense of profitability criteria in multiperiod investment calculations
Plan
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3 Sensitivity analyses
1 Key principles

1.1 Static and multiperiod profitability calculations
The main purpose of carrying out a profitability calculation is to answer the following questions: 

(( Is an investment profitable (absolute profitability)? (= will the invested capital be earned back, including any appropriate interest?) 

(( Which investment is the most profitable? (relative profitability of 2 or more alternatives) 

(( When should an investment be made (optimum replacement time)? 

(( What should the period of investment be (optimum duration of use)? 

To answer these questions, the following points are important to remember: 

(( the payment amounts associated with the investment, 

(( the payment schedule and 

(( the interest rate, expressing the opportunity costs for the invested capital (also referred to as "adequate target rate", "required rate of return", "target rate of return")

The multiperiod profitability calculation method enables the economic effect of the scheduled distribution of payments to be captured with much higher precision than the static method. The multiperiod method is therefore particularly suitable for economically assessing investments with irregular payments over multiple periods (years). The method is ideal for business development plans and projects involving 

(( permanent crops, stock increases (herd development), 

(( technical changes implemented in stages or 

(( expected changes to technical and monetary factors over the course of time.
1.2 Payment flows, periods and cash flow

Any commercial procedures within the context of an investment are expressed in payment flows. The payment flow associated with an investment serves as the basis for assessing profitability and financing potential. Payments in a payment flow are classed as either cash inflow (inflow) or cash outflow (outflow). In simplified terms, cash outflow are all payments that are applicable to carrying out an investment project, and cash inflow are essentially income. Though any payments in kind and opportunity costs (e.g. for labour) are also to be regarded as cash inflow and payments as appropriate. 

For multiperiod profitability calculations to differentiate between total and equity interest payments, receiving external funds is included as a cash receipt and the corresponding repayments and interest are included as cash outflow. 

cash receipts (= inflow): Any liquid capital flowing in to the business from an investment and any other outputs with a monetary value resulting from an investment, such as natural produce. In multiperiod investment calculations to determine the efficiency of the total capital investment as well as that of the equity investment, the receipt of external capital is also to be considered as a cash receipt. By definition, receivable payments are not yet cash inflows. 

Cash payments (= outflow) Any liquid capital flowing out of the business and any costs with a monetary value that are associated with an investment, such as increased labour input from family workers as a result of an investment. Cash payments for interest and amortisation are also to be considered in multiperiod investment calculations to determine the efficiency of the total capital investment as well as that of the equity investment. Depreciation payments are not taken into account, since the total acquisition costs during the acquisition period are included in the calculation.

1.3 Compounding interest and discounting

An investor will value payments received today at a higher value than payments that are only due in a year's time. The criteria for the higher valuation could be: 

a) The interest amount that would be accrued throughout the year by investing/utilising the payment received today, or 

b) The interest payments that could be saved by paying off existing debts one year sooner. 

In both cases, a disadvantage occurs through the capital being available one year later, which can be valued on the basis of the foregone profits (interest earned or interest saved), i.e. the opportunity costs.

Discount factors indicate the cash value of future payments in the amount of €1 and need only be multiplied by the relevant payment amount. The higher the interest rate and the farther into the future a payment occurs, the smaller the factors and the greater the devaluation. Payments in T0 (period t0) are valued with a factor of 1 (no revaluation).

The purpose of future vlaue factors is to revalue past payments in today's terms, or to revalue current payments at a future point in time. In a similar way to discount factors , the future value factors are simply multiplied by the relevant payment amount. A past payment is valued higher than a current payment because interest earnings are taken into account for the past payment. A future value factor is the reciprocal value of a discount factor, therefore it is greater than 1.

1.4 Present value

When compounded or discounted payments from a cash flow are added together at a consistent point in time, it provides the present value of the series of payments. The present value can be calculated for any point in time (T0) within the payment period. The present value of a series of payments is calculated using the following formula:

[image: image111.png]I I In
g tht gyttt o
- e 92 G On
a+pm a+nt 0T Tt a+m




[image: image112.png]



P = Present value 

I = Cash inflow (receipts) 

O = Cash outflow (payments)

2 Profitability criteria in multiperiod investment calculations

2.1 Significance of decision-making criteria

Business decisions are not only influenced by economic objectives such as maximising earnings or minimising costs, but also by a multitude of subjective motives and criteria, such as personal interests, expectations of the future, appetite for risk, etc. For this reason, economic decision-making criteria can never be the sole point of reference when evaluating alternative courses of action. Financial mathematics cannot replace a decision. It can, however, be extremely helpful in the decision-making process. 

In general, the decision-making criteria for profitability calculations should fulfil the following requirements: 

a) All payments and any other costs or outputs that occur as part of an investment must be included, 

b) The amount and timing of cash receipts and payments should have a bearing on the decision, and 

c) The rules for decision making must be logical and easily understandable. Building on the concepts already introduced, some of the most important methods for assessing the profitability of an investment are introduced and explained in more detail in the examples below. 

In principle, all of the methods use the formula specified for determining the present value. It is simply solved using different parameters

2.2 Net Present Value (NPV)

Using the Net Present Value method, the T0 point in time is set as the relevant point in time, so that all other payments occur at either then T0 point in time (period t0) or later. As a result, all payments must be discounted at the T0 point in time, provided they did not fall due in period t0. The resulting present value is then the Net Present Value of series of payments.

Problem: What is the current value of a future series of irregular payments? (The future payments refer to the current point in time, i.e. they are discounted).
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P = Present value 

I = Cash inflow (receipts) 

O = Cash outflow (payments)

The possible results of a Net Present Value calculation can be summarised into three case groups and interpreted accordingly: 

a) If the Net Present Value of an investment is calculated as positive, this means that the invested capital ( will be earned back completely via the investment, ( interest will be earned on the invested capital in line with the used target interest rate and ( a present value surplus will be earned in the amount of the "Net Present Value". The investment is therefore more economically favourable than an alternative use of the capital. 

b) If the Net Present Value equates to zero, the capital will earn interest based on the suggested target interest rate r or, in other words, the invested capital will be earned back with interest at the interest rate. The investment is therefore economically comparable to an alternative use of the capital. 

c) If the Net Present Value is negative, the investment should be ceased, since the capital can be utilised elsewhere and achieve more interest. A negative Net Present Value can even indicate potential capital losses in addition to the insufficient interest.

2.3 Equivalent annuity

Broadly, the equivalent annuity method serves to transform a payment that is due at a certain point in time T into n regular payments of the same value (= annuity). It therefore enables a series of irregular payments to be be transformed into a series of regular payments over n periods, whose Net Present Value is the same as the original series of payments. The equivalent annuity is also described as an average annuity.
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2.4 Internal rate of return

The return or effective yield from an investment is known as the internal rate of return. This interest rate is compared to the target interest rate (alternative interest return on capital). As is known from the Net Present Value method, a Net Present Value of zero means that the invested capital will be earned back with interest at the assumed target interest rate. Determining the internal interest entails finding the discount rate at which the Net Present Value of a series of payments equates to zero. This also then means, that the present value of cash inflow corresponds to the present value of cash outflow.

The established internal rate of return can be interpreted as follows: 

a) If the internal rate of return is greater than the specified target interest rate r, then the investment is deemed positive (capital achieved more interest than alternative). 

b) If the internal rate of return and r are the same, then the invested capital was earned back with appropriate interest, however no additional profits were earned. 

c) If the internal rate of return is lower than r, then a loss of interest occurs, since the invested capital would have earned more interest elsewhere. 

d) If the internal rate of return is lower than 0, then a loss of capital occurs, i.e. the invested capital can only be partially recuperated from the earnings resulting from the investment. No interest is earned on the capital. The internal rate of return does not depend on the volume of investment and is therefore suitable for comparing investments of irregular volumes. 

This is a significant advantage compared to the Net Present Value method.

2.5 Payoff period

The payoff period is also determined based on discounting the series of payments. The discounted cash flow is cumulated from the T0 point onwards until the initial (negative) outflow surpluses (discounted) are balanced out equally by the received inflow surpluses (discounted). The payoff period is then used to determine how long the investment project would need to run in order to earn back the invested capital with an appropriate amount of interest. The point in time at which this is achieved is also known as the "break-even point". 

Problem: How long does it take for an investment project to break even?

Solution:
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Investments with a high cash inflow at the beginning are best suited to this method, since the break-even point is achieved sooner. Furthermore, any potential differences in payments after the pay-off period do not have any effect on the relative performance of alternatives when using this method of calculation. For this reason, the pay-off method is not generally sufficient as a standalone basis for decision-making.

2.6 Benefit-Cost Ratio (BCR)

This method is also based on the Net Present Value method as above. It consists in determining separate Net Present Values for the cash inflow and outflow then dividing the Net Present Value of the cash inflow by the Net Present Value of the cash outflow. The resulting ratio is known as the benefit-cost ratio (BCR).
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When calculating the BCR, it does not matter whether the cash flow contains only negative or only positive periods. If the benefit-cost ratio (BCR) is greater than 1, then interest is achieved above the target interest rate. In this case, the investment makes sense. Under no circumstances should any cash inflow or outflow be netted in advance when calculating the BCR, as this can lead to the result being distorted (netting out).

2.7 Net benefit-investment ratio (NBIR)

To determine the net benefit-investment ratio, the first step is to calculate the capital or present values of the positive proportion of cash flow. Then the present value of cash flow is calculated for the “negative” investment years. The quotient of both figures is the net benefit-investment ratio. Since the figures are completely “netted out” as part of the NBIR calculation, there is no danger of making mistakes from “netting out” otherwise.
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Net benefit increase is predominantly used in business planning to measure changes to the net surplus (net benefit) as a result of development measures after external financing. The net benefit increase (NBI) is thus determined on the basis of a comparison between cash flows after external financing with and without a project:
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The net benefit increase indicates by what percentage the net surplus changes on average over the reference period if the farmer carries out the planned development measures. The cash flow progression illustrates how this surplus is distributed over time. The nature of the progression depends on the structure of the external financing. 

The net benefit increase makes it possible for a farmer to estimate, for example, whether there is a sufficient incentive to participate in state initiatives to promote agricultural development based on the income uplift to be expected from a specific initiative. Furthermore, this parameter can be used to easily compare multiple alternative measures based on their effect on the farmer’s income. In both cases, however, attention should be paid to the distribution of the increased income over time.

2.8 Comparing interpretations of the different profitability criteria

Since the profitability criteria described here are all ultimately derived from one another, any contradictory interpretations are ruled out. The following overview illustrates the context of the explanatory power of each variable and summarises the most important interpretive approaches

Comparing interpretations of the different profitability criteria
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3 Sensitivity analyses

Sensitivity analyses are carried out to establish the effects of changes in data on profitability and financing calculation results. In general, they are used to monitor how any changes in unreliable data sets, such as yield, price and expenditure data, effect commercial success. These types of calculation are predominantly used to assess risk due to their ability to highlight any areas where critical variances may appear. 

The clear representation of cash inflow and outflow in multiperiod investment calculations makes them a prime candidate for sensitivity analyses. This is especially true when the calculations have been programmed into a spreadsheet whereby the results are accurately updated in real time when individual data are changed.

The results of a sensitivity analysis can be plotted on a graph and illustrated as a “sensitivity rhombus” (see the above overview). Doing so requires the Net Present Values to be determined at different interest rates for the following six series of payments: 

1) average cash inflow (receipts) 

2) cash inflow reduced by 10%

3) cash inflow increased by 10%

4) average cash outflow (payments) 

5) cash outflow increased by 10% 

6) cash outflow reduced by 10% 

In the above graph it is evident that the left hand point of the rhombus represents the least favourable scenario (cash inflow – 10% and cash outflow + 10%), whereas the right hand point reflects the most favourable combination (cash inflow + 10% and cash outflow – 10%). If both intersections of the Net Present Value lines are projected onto the X axis, it is possible to see the internal rate of return achieved by each. 

The interest rate at which both “average value curves” intersect would lead to a Net Present Value of 0 in this investment scenario. The interest rate at which both curves intersect thus indicates the internal rate of return of the investment in a standard scenario.
Practical class

Student must know the forms of investments and be able to analyze types of financing and choose the most preferable.

Control questions:

1. Name the types of investments. 

2. Name the types of financing due to the financial assets’ origins.

Solve the tasks:
Task 1. Estimate the indices of efficiency of investments. Initial data is given in table 1.
Table 1– Initial data

	Item
	Size

	Output, pieces
	100 000

	Market price of product, uah
	200 

	Cost price, uah
	160

	Investments, uah
	14 000 000

	Fixed assets value, uah
	12 500 000


Task 2. Determine the optimal direction of enterprise development by cost reimbursement criterion. Initial data is given in table 2

Table 2 – Initial data

	Indices
	1 direction
	2 direction
	3 direction

	Investments, uah
	250 000
	1 000 000
	1 300 000

	Cost price of annual output, uah
	1 100 000
	1 080 000
	900 000


Task 3. Determine the optimal direction of enterprise development. Initial data is given in table 3.
Table 3 – Initial data

	Indices
	1 direction
	2 direction
	3 direction

	Annual output, pieces
	110 000
	115 000
	125 000

	Investments, uah
	200 000
	500 000
	700 000

	Cost price of 1 piece, uah
	4.7
	4.3
	4.1


Tests for the knowledge control
1 Which of the following options are within the scope of services provided by management consultants?
A. Management functions, processes and systems. Sector-specific services. Human resource consulting services.

B. Specific management problems and challenges. Business strategy and transformation.

C. Approaches to organizational change and performance improvement

D.All of above.

2 What is the working model of generalists and specialists in most consulting firms?

A.Combining the skills and perspectives of generalists and specialists to solve problems in a broader context can achieve better results when encountering problems.

B.Generalists analyze multiple situations and propose corresponding solutions.

C.Experts analyze a situation and propose ways to solve the problem.

3 What are the types of leading firms in the consulting market today?

A、 The market is currently clearly dominated by executive consultancies and strategy consultancies.

B、 The market is currently clearly dominated by large multifunctional and multiservice consulting firms.

C、 The current market is clearly dominated by digital consultancies and data analytics consultancies.

4 Firms that provide consulting on corporate strategy, corporate organization, business restructuring and other general management issues and position themselves as management consultants on strategically critical issues and general business development.

A、 Strategy and general management consulting firm

B、 Information technology and e-commerce consulting firm

C、 Benefits Employee Consultancy

5 Firms refer to “integrated development models” and to the necessity to adjust IT consulting to the “increasing complexity of clients’ businesses”.

A、 Strategy and general management consulting firm

B、 Medium-sized generalist and specialist firms

C、 Information technology and e-commerce consulting firm

6 Firms traditionally specialized in the field of employee benefits, including actuarial services, pension schemes, social insurance and benefits, wage schemes and salary administration, and pension fund management.

A、 Medium-sized generalist and specialist firms

B、 Benefits Employee Consultancy

C、 Sole practitioners and small partnerships

7. This group embraces a variety of organizations, ranging from a few to 50–100 consultants. General management, strategy and business development consulting for small and medium-sized businesses, often in a limited geographical area; consulting in one or a few technical areas；sectoral specialization.

A、 Strategy and general management consulting firm

B、 Sole practitioners and small partnerships

C、 Medium-sized generalist and specialist firms

8、 The existence of thousands of sole consulting practitioners and small partnerships of 2–5 consultants demonstrates that, despite market domination and aggressive marketing by large professional firms, there is plenty of interest in working with independent individuals or small teams and their networks.

A、 Medium-sized generalist and specialist firms

B、 Sole practitioners and small partnerships

C、 Non-traditional suppliers of consulting services

9.What is an internal consultation?

A、 That is established within an organization – a business corporation, a public utility, a government ministry or department – to provide consulting services to other units of the same organization.

B、 It is an advisory service contracted for and provided to organizations by specially trained and qualified persons who assist, in an objective and independent manner, the client organization to identify management problems, analyze such problems, recommend solutions to these problems, and help, when requested, in the implementation of solutions.

C、 A new group of suppliers of management consulting services has emerged in recent years. This group is rather heterogeneous but has one common characteristic: its original and main function is a service other than consulting, but consulting is viewed as a technically useful and financially profitable addition to its products and services.

10.What are the trends in Management consulting and other professions?

A.Management consultants have been increasingly moving into new service areas.

B.Other providers of professional and business services have tended to do more and more management consulting.

C.Firms from different professions tend to work together more frequently than in the past.

D.All of above.

11. What is the key factor leading to the management of professions?

A、 The growing size and complexity of professional firms.Changes in the market and in competition.

B、 The ambiguous attitude of many professionals to management.

C、 The shortage of managers for professional service organizations.

D、 The underdeveloped body of knowledge on the management of professions.

12. What's the nature of the service?

A、 Building and managing a clientele.

B、 To be able to transfer knowledge to clients, a consulting firms creates, develops and manages its own knowledge base. 

C、 Professional consultants, including the beginners in the firm.

D、 In consulting, the product is the advice given to the client.

13. What's the Managing the consultant–client interface?

A、 Building and managing a clientele.

B、 Professional consultants, including the beginners in the firm.

C、 To be able to transfer knowledge to clients, a consulting firms creates, develops and manages its own knowledge base.

D、 In consulting, the product is the advice given to the client.

14. What's the managing knowledge？
A、 Building and managing a clientele.

B、 Professional consultants, including the beginners in the firm.

C、 In consulting, the product is the advice given to the client.

D、 To be able to transfer knowledge to clients, a consulting firms creates, develops and manages its own knowledge base.

15. What's the managing professional workers？
A、 Building and managing a clientele.

B、 Professional consultants, including the beginners in the firm.

C、 In consulting, the product is the advice given to the client.

D、 To be able to transfer knowledge to clients, a consulting firms creates, develops and manages its own knowledge base.

16. How to improve the productivity of management consulting?

A、 To increase working-time utilization.

B、 Charge higher fees per unit of time worked for clients.

C、 All of above.

17. What does productivity mean in management consulting?

A、 Increasing productivity means earning more fees per consultant employed.

B、 The profit margin achieved by the consulting firm reflects above all the productivity and leverage levels. Higher consultant productivity and higher leverage generate higher margins. 

C、 In the consulting business improvements in earnings per partner and profitability do not always require the firm to grow. There are even growth patterns that fail to increase profitability, or that reduce it, even though total profits are higher.

18. What does margin mean in management consulting?

A、 In the consulting business improvements in earnings per partner and profitability do not always require the firm to grow. There are even growth patterns that fail to increase profitability, or that reduce it, even though total profits are higher.

B、 Increasing productivity means earning more fees per consultant employed.

C、 The profit margin achieved by the consulting firm reflects above all the productivity and leverage levels. Higher consultant productivity and higher leverage generate higher margins.

19. What does growth mean in management consulting?

A、 In the consulting business improvements in earnings per partner and profitability do not always require the firm to grow. There are even growth patterns that fail to increase profitability, or that reduce it, even though total profits are higher.

B、 Increasing productivity means earning more fees per consultant employed.

C、 The profit margin achieved by the consulting firm reflects above all the productivity and leverage levels. Higher consultant productivity and higher leverage generate higher margins

20. How to achieve excellence professionally and in business?

A、 The environment in which consultants operate, and their clients’ needs, are constantly changing.

B、 Every consulting firm sets its own standards of performance and achievement.

C、 All of above.

21. What is Management consulting? 

A. Management consulting can be viewed either as a professional service, or as a method of providing practical advice and help. 

B. Management consulting is a professional service, but not a way to provide practical advice and help.

C. Management consulting is neither a professional service nor a way to provide practical advice and help.

D. All options are right.

22. What is the purpose of using the consultant? 

A. solving management and business problems;

B. implementing changes;

C. achieving organizational purposes and objectives;

D. All options are right.

23. Which of the following issues cannot be resolved using an advisor?

A. unrealistic self-image;

B. high staff turnover;

C. Replace a better leadership;

D. lack of perspective.

24. What methods can the consultant provide when consulting the consultant?

A. providing information; 

B. doing diagnostic work; 

C. planning and managing organizational changes; 

D. All options are right.

25. Which of the following words is right?

A. More complete and relevant information is not the main or only thing the customer needs to make the right decision;

B. The consultant can only identify one suitable person in the assignment; 

C. Diagnostic skills and instruments are among the consultant’s principal assets;

D. Developing systems and methods is not what consultants should do, which is the task of leadership.

Individual work

The aim of individual work is to study the issues, that are not included into the basic themes of discipline’s study plan and to control student’s ability to work independently and to use additional literature. Complex tasks for individual work includes theoretical question and practical task. Student must give answers for one theoretical question and solve the tasks. Feel free while choosing the theoretical questions to answer. 

Theoretical questions for individual work
1. List of business management responsibilities
2. A Comprehensive Task Management Approach
3. Oversee Production Processes
4.  Manage Financial Data
5. Manage Human Resource Functions
6. Manage land improvements
7. Oversee Regulations and Policies
8. Inputs in business management
9. Outputs in business management
10. Manage main risks in business management
11. Entrepreneurship profit
12. Opportunity and spank costs
13. What Does a Business Manager Do?
14. Business process: definition, life cycles and process

15. Business management skills and software
Task for individual work
Range production processes by their relative advantages. Make the conclusion. Choose the variant of initial data in accordance with number in students list.

Table 1 - Initial data (Variant 1)

	Production process
	Unit of estimation
	Sum of reimbursement, uah
	Requirement of factors

	
	
	
	Land, ha
	Cattle-places
	Work, man-hours
	Basic forage,

kStU

	Grain
	1 ha
	1000
	1
	
	12
	

	Feed
	1 ha
	-500
	1
	
	14
	5000

	Dairy cow
	1 cow
	2850
	
	1.1
	54
	-2500

	Bulls 
	1 bull
	1050
	
	1.3
	17
	-1667

	Capacity
	
	
	5000
	3500
	200000
	


Table 2 - Initial data (Variant 2)

	Production process
	Unit of estimation
	Sum of reimbursement, uah
	Requirement of factors

	
	
	
	Land, ha
	Cattle-places
	Work, man-hours
	Basic forage,

kStU

	Grain
	1 ha
	2000
	1
	
	12
	

	Feed
	1 ha
	-600
	1
	
	14
	5000

	Dairy cow
	1 cow
	2750
	
	1.3
	53
	-2500

	Bulls 
	1 bull
	1050
	
	1.1
	17
	-1667

	Capacity
	
	
	5000
	3500
	200000
	


Table 3 - Initial data (Variant 3)

	Production process
	Unit of estimation
	Sum of reimbursement, uah
	Requirement of factors

	
	
	
	Land, ha
	Cattle-places
	Work, man-hours
	Basic forage,

kStU

	Grain
	1 ha
	1000
	1
	
	11
	

	Feed
	1 ha
	-500
	1
	
	14
	5000

	Dairy cow
	1 cow
	2750
	
	1.2
	53
	-2500

	Bulls 
	1 bull
	1150
	
	1.3
	17
	-1667

	Capacity
	
	
	5000
	3500
	200000
	


Table 4 - Initial data (Variant 4)
	Production process
	Unit of estimation
	Sum of reimbursement, uah
	Requirement of factors

	
	
	
	Land, ha
	Cattle-places
	Work, man-hours
	Basic forage, kStU

	Grain
	1 ha
	1000
	1
	
	12
	

	Feed
	1 ha
	-500
	1
	
	14
	5000

	Dairy cow
	1 cow
	2750
	
	1.1
	53
	-2500

	Bulls 
	1 bull
	1050
	
	1.3
	17
	-1667

	Capacity
	
	
	5000
	3500
	200000
	


Table 5 - Initial data (Variant 5)

	Production process
	Unit of estimation
	Sum of reimbursement, uah
	Requirement of factors

	
	
	
	Land, ha
	Cattle-places
	Work, man-hours
	Basic forage, kStU

	Grain
	1 ha
	1200
	1
	
	12
	

	Feed
	1 ha
	-500
	2
	
	14
	5000

	Dairy cow
	1 cow
	2850
	
	1.2
	53
	-2500

	Bulls 
	1 bull
	1050
	
	1.2
	17
	-1667

	Capacity
	
	
	5000
	3500
	200000
	


Glossary
Agricultural area – Any area taken up by arable land, permanent grassland or permanent crops.

Arable Crops – In the context of the common agricultural policy, arable crops consist of the following: cereals (such as wheat, barley, oats, rye, maize, and sorghum), oilseeds (soya beans, rape seed and sunflower seed), protein crops (peas, beans and lupins), flax and hemp.

Asset - A possession of value, usually measured in terms of money.

Capital – The physical equipment (buildings, equipment, human skills) used in the production of goods and services. Also used to refer to corporate equity, debt securities, and cash.

Capital good: A good that is a manufactured (or previously produced) factor of production that is used to manufacture or produce other things. Common examples of capital goods re the factories, buildings, trucks, tools, machinery, and equipment used by businesses in their productive pursuits. The acquisition of capital goods is the primary goal of business investment.

Cost: Best referred to as opportunity cost, this is the highest valued alternative foregone in the pursuit of an activity. This is a hallmark of anything dealing with economics -- or life for that matter -- because any action that you take prevents you from doing something else. The value expressed in terms of satisfaction of the foregone activity is your opportunity cost. Because there are usually several alternatives that aren't pursued, opportunity cost is the highest-valued one. An opportunity cost is sometimes compensated with some form of payment, like a wage. However, the existence of an opportunity cost is independent of any actual cash outlay.

Demand – The total quantity of goods and services consumers are willing and able to buy at all possible prices during some time period.

Depreciation: A more or less permanent decrease in value or price. "More or less permanent" doesn't include temporary, short-term drops in price that are common in many markets. It's only those price declines that reflect a reduction in consumer satisfaction. While all sorts of stuff can depreciate in value, some of the more common ones are capital, real estate, corporate stock, and money. The depreciation of capital results from the rigors of production and affects our economy's ability to produce stuff. A sizable portion of our annual investment is thus needed to replace depreciated capital. The depreciation of a nation's money is seen as an increase in the exchange rate. This process is described in detail in the entry on the J curve.

Direct: The mathematical notion that two variables change in the same direction, that is, an increase in X goes with an increase in Y, or a decrease in X goes with a decrease in Y. The alternative to a direct relation is an inverse relation, in which an increase in one variable goes with a decrease in the other. Direct relations are graphically illustrated by positively-sloped curves, a common example being the supply curve.

European Union (EU) – A group of twenty-seven democratic European countries - its member states - committed to working together for peace and prosperity. The member states have set up common institutions to which they have entrusted some of their sovereignty. This allows the member states to consider matters of joint interest and to make decisions in a democratic matter at the European level. These decisions are then laid down as binding and enforceable law.

Factors of production: The four basic factors used to produce goods and services in the economy--labor, capital, land, and entrepreneurship. These are also called resources or scarce resources. The term "factors of production" is quite descriptive of the function these "resources" perform. Labor, capital, land, and entrepreneurship are the four "factors" or items use in the "production" of goods and services. So there you have it "factors" of "production."

Fixed cost: In general, cost that does not change with changes in the quantity of output produced. More specifically, fixed cost is combined with the adjectives "total" and "average" to indicate the overall level of fixed cost or the per unit fixed cost. Fixed cost is incurred whether of not any output is produced. The same fixed cost is incurred at any and all output levels. This means that total fixed cost is, in fact, FIXED. However, it also means that average fixed cost, or fixed cost per unit, declines as the output level increases. Spreading out $100 over 1,000 units gives a lower per unit fixed cost that spreading out $100 over 10 units.

Fixed factor of production: An input whose quantity cannot be changed in the time period under consideration. This usually goes by the shorter term fixed input and should be immediately compared and contrasted with variable factor of production, which goes by the shorter term variable input. The most common example of a fixed factor of production is capital. A fixed factor of production provides the "capacity" constraint for the short-run production of a firm. As larger quantities of a variable factor of production, like labor, are added to a fixed factor of production like capital, the variable input becomes less productive. This is, by the way, the law of diminishing marginal returns. For more detailed discussion, take a look at the shorter, more commonly used alias of fixed factor of production, which is fixed input.

Goods: When used without an adjective modifier (like "final" goods or "intermediate" goods), this generically means physical, tangible products used to satisfy people's wants and needs. This term good should be contrasted with the term services, which captures the intangible satisfaction of wants and needs. As such, you will frequently see the plural combination of these two phrases together "goods and services" to indicate the wide assortment of economic goods produced using the economy's scarce resources. As you might imagine this general notion of wants and needs satisfying goods and services pops up throughout the study of economics.

Half-finished (Intermediate) goods and services: Goods and services that are used as inputs or components in the production of other goods. Intermediate goods are combined into the production of finished products, or what are termed final goods. Intermediate goods will be further processed before sold as final goods. Because gross domestic product seeks to measure the market value of final goods, and because the value of intermediate goods are included in the value of final goods, market transactions that capture the value of intermediate goods are not included separately in gross domestic product. To do so would create the problem of double counting.

Income: Revenue earned or received by households that can be used for consumption or saving. For the aggregate economy, earned income is termed national income, while received income is termed personal income. The key is that income for the aggregate economy is generated in the production of goods and services.

Indirect: The mathematical notion that two variables change in the opposite directions, that is, an increase in X goes with a decrease in Y, or a decrease in X goes with an increase in Y. The alternative to an indirect relation is a direct relation, in which an increase in one variable goes with an increase in the other. Indirect relations are graphically illustrated by negatively-sloped curves, a common example being the demand curve.
Input: The resources or factors of production used in the production of a firm's output. This term is most frequently associated with the analysis of short-run production, and is often modified by the terms fixed and variable, as in fixed input and variable input. In the short run, the quantity of a fixed input cannot be changed, meaning it cannot be used to expand output. In contrast, a variable input can be changed, making it THE means of expanding output in the short run.

Investment – The purchase of a security, such as a stock or bond. 

Labor force: The total number of people willing and able to exert mental and/or physical efforts in productive activities. In principle, this is everyone 16 years of age and over who is willing and able to work. In practice, it includes the sum of anyone over 16 years who is employed or unemployed but actively seeking a job. The labor force is essentially a more technical term for the economy's labor supply.

Land: One of four basic categories of resources, or factors of production (the other three are labor, capital, and entrepreneurship). This category includes the natural resources used to produce goods and services, including the land itself; the minerals and nutrients in the ground; the water, wildlife, and vegetation on the surface; and the air above.

Limited resources: Finite quantities of labor, capital, land, and entrepreneurship available to an economy for the production of goods and services. This is one half of the fundamental problem of scarcity that has plagued humanity since the beginning of time. The other half of the scarcity problem is unlimited wants and needs.

Loan: In general, a transaction in which a legal claim is exchanged for money. The legal claim is typically a contract or promissory note stipulating when and how the money will be repaid. The lender gives up the money and receives the legal claim. The borrower gives up the legal claim and receives the money. A loan can be either an asset or a liability, depending on who does the borrowing and who does the lending. To the borrower, a loan is a liability, something that is owed. The borrower must pay off the loan or repurchase the legal claim. However, to the lender, a loan is an asset, something that is owned. In fact, loans represent a significant part of a bank's assets.

Manure – Animal droppings (faces) mixed with straw or similar material used as bedding in sheds, barns or night yards. Animal manures are an excellent source of plant nutrients. Approximately 70-80% of the nitrogen, 60-85% of the phosphorus and 80-90% of the potassium in feeds is excreted in the manure. If heaped to rot well before use, farmyard manure does not cause crop burn, increases most crop yields and water-retaining properties of soils.

Marginal analysis: A basic technique used in the economics that analyzes small, incremental changes in key variables. The economic obsession with marginal changes exists for at least two reasons. One reason is that many economic decisions made in the real world are made "at the margin." A second reason for using marginal analysis can best be termed analytical sophistication.

Marginal cost and marginal product: Because variable cost is largely associated with the cost of employing a variable input in the short run, it's possible to identify a connection between the marginal cost curve and the marginal product curve. In particular, the quantity of output in which marginal cost is at a minimum, is the same quantity of output produced by the variable input when the marginal product of the variable input is at a maximum. In addition, over the range of production in which the variable input experiences increasing marginal returns and marginal product increases, the marginal cost curve declines. And over the range of production in which the variable input experiences decreasing marginal returns brought on by the law of diminishing marginal returns and marginal product increases, the marginal cost curve is rising.

Marginal cost: The change in total cost (or total variable cost) resulting from a change in the quantity of output produced by a firm in the short run. Marginal cost indicates how much total cost changes for a give change in the quantity of output. Because changes in total cost are matched by changes in total variable cost in the short run (remember total fixed cost is fixed), marginal cost is the change in either total cost or total variable cost. Marginal cost, usually abbreviated MC, is found by dividing the change in total cost (or total variable cost) by the change in output.

Market: The organized exchange of commodities (goods, services, or resources) between buyers and sellers within a specific geographic area and during a given period of time. Markets are the exchange between buyers who want a good--the demand-side of the market--and the sellers who have it--the supply--side of the market. In essence, a buyer gives up money and gets a good, while a seller gives up a good and gets money. From a marketing context, in order to be a market the following conditions must exist. The target consumers must have the ability to purchase the goods or services. They must have a need or desire to purchase. The target group must be willing to exchange something of value for the product. Finally, they must have the authority to make the purchase. If all these variables are present, a market exits.

Materials: The stuff used in the production of tangible products that become the tangible products. Materials, also termed raw materials, are part of the land category of scarce resources. Space is also part of the land resource category. Another term that works as a synonym for materials is natural resources. Perhaps it's obvious that without materials, there would be no tangible products.

Monetary: Relating to money, usually used as a modifier with other terms, generating such concepts as monetary policy, monetary unit, and monetary authority.

Needs: This are often thought of as a physiological or biological requirement for maintaining life, such as the need for air, water, food, shelter, and sleep. Satisfaction is achieved by fulfilling needs. Physiological needs should be contrasted with psychological wants that make life more enjoyable but are not necessary to stay alive. However, when push comes to shove, and the nitty gets down to the gritty, it matters very little to markets if people need goods or want goods, so long as they are motivated to satisfy them. This motivation is what drives economic activity.

Net income: A common term for profit, as the difference between total revenue and total cost. When used in the real world of business wheeling and dealing, this notion of net income general refers to accounting profit rather than economic profit. The "net" aspect of net income indicates that some (that something being cost) is deducted from total or "gross" income. Other common terms used in this same context are net revenue and net earnings.

Output: A generic term for a tangible good or an intangible service that is the end result of the production/resource transformation process. This notion of output, which also goes by the alias product, usually surfaces in the context of analyzing the short-run production of a firm. The short-run relation between a variable input and output is of particular interest because it reveals the law of diminishing marginal returns. This law indicates that additional quantities of a variable input, when added to a fixed input, have decreasing marginal products, or marginal returns.

Production cost: The opportunity cost of using labor, capital, land, and entrepreneurship in the production of goods and services. Production cost is important to supply. The price received by a seller must be great enough to cover production cost. Note that production cost includes what you probably think of as the traditional "cost of doing business," but it includes other less obvious costs, as well. While labor, capital, and land typically involve an explicit cost--an actual money payment--the cost of entrepreneurship is often an implicit cost. In particular, the cost of entrepreneurship is termed normal profit.

Production inputs: The resources, or factors of production, used in the production of output by a firm. This term is most frequently associated with the analysis of short-run production, and is often modified by the terms fixed and variable, as in fixed input and variable input. The quantity of a variable input can be changed in the short run and the quantity of a fixed input cannot be changed.

Production: The process of transforming the natural resources of the land into consumer satisfying consumption and capital goods using scarce resources. In a world of scarcity, with unlimited wants and needs and limited resources, living standards are enhanced by transforming the planet's raw materials, that don't provide much satisfaction in their natural state, into goods, that provide more satisfaction.

Productivity: The ratio of output (goods and services) produced per unit of input (productive resources) over some period of time.

Profit: As a generic term, this is the difference between revenue and cost. There are, however, three specific sorts of profit, each with a different meaning. Accounting profit is the difference between revenue and accounting expenses. Economic profit is the difference between revenue and the opportunity cost of production. Normal profit is the economic profit that could be earned by an entrepreneur in another business and is thus an opportunity cost deducted from revenue when calculating economic profit.

Quantity: In a market, the amount of a good that is bought, sold, or traded among buyers and sellers. In a standard market diagram, quantity is displayed on the horizontal axis.

Quota - An imposed limit on the quantity of goods produced or purchased. Import quota can be used to restrict the purchases of goods from foreign origins.
Raw materials: The stuff used in the production of tangible products that become the tangible products. Raw materials, also shorted to just materials, are part of the land category of scarce resources. Space is also part of the land resource category. Another term that works as a synonym for materials is natural resources. Perhaps it's obvious that without materials, there would be no tangible products.

Requirement: This is often thought of as a physiological or biological need for maintaining life, such as the need for air, water, food, shelter, and sleep. Satisfaction is achieved by fulfilling needs. Physiological needs should be contrasted with psychological wants that make life more enjoyable but are not necessary to stay alive. However, when push comes to shove, and the nitty gets down to the gritty, it matters very little to markets if people need goods or want goods, so long as they are motivated to satisfy them. This motivation is what drives economic activity.

Resources: The labor, capital, land, and entrepreneurship used by society to produce consumer satisfying goods and services. Land provides the basic raw materials--vegetation, animals, minerals, fossil fuels--that are inputs into the production of goods (natural resources). Labor is the resource that does the "hands on" work of transforming raw materials into goods. Capital is the comprehensive term for the vast array of tools, equipment, buildings, and vehicles used in production. Entrepreneurship is the resource that undertakes the risk of bringing the other resources together and initiating the production process.

Services: Activities that provide direct satisfaction of wants and needs without the production of tangible products or goods. Examples include information, entertainment, and education. This term service should be contrasted with the term good, which involves the satisfaction of wants and needs with tangible items. You're likely to see the plural combination of these two into a single phrase, "goods and services," to indicate the wide assortment of economic production from the economy's scarce resources. Economic activities -- such as transportation, banking, insurance, tourism, telecommunications, advertising, entertainment, data processing, and consulting -- that normally are consumed as they are produced, as contrasted with economic goods, which are more tangible.

Side (By-) product: One of two goods that are produced jointly using the same resource--that is, the production of one good automatically triggers the production of the other. Also termed joint products or complements-in-production, the phrase by-product is often used when one of the products is unwanted or of secondary importance. For example, sawdust is generally considered a by-product from producing lumber from trees.

Supply: A schedule of how much producers are willing and able to sell at all possible prices during some time period.

Tax: Any sort of forced or coerced payment to government. The primary reason government collects taxes is to get the revenue needed to finance public goods and pay administrative expenses. However, the more astute leaders of the first estate have recognized over the years that taxes have other effects, including--(1) redirecting resources from one good to another and (2) altering the total amount of production in the economy. As such, taxes have been used to correct market failures, equalize the income distribution, achieve efficiency, stabilize business cycles, and promote economic growth.

Total cost: The opportunity cost incurred by all of the factors of production used by a firm to produce of a good or service, including wages paid to labor, rent paid for the land, interest paid to capital owners, and a normal profit paid to entrepreneurs. Total cost is most important in the analysis a firm's short-run production decision and is frequently separated into total variable cost and total fixed. cost.

Value: Quite simply, this is the amount of consumer satisfaction directly or indirectly obtained from a good. service, or resource. The more a good satisfies a person's want or need, then the more valuable it is to that person. Furthermore, different people are likely to place different values on a good. Resources are valuable to the degree that they are used to produce stuff that consumers want. The bottom line is that value, like beauty, is truly in the eye of the beholder.

Value-added tax: A tax on the extra value added during each stage in the production of a good. Most of the stuff our economy produces goes through several "stages," usually with different businesses. In each stage, resources do their thing to the good to make it a little more valuable. For example, an ice cream store can take 50 cents worth of ice cream, fudge, and whipped topping and turn it into a hot fudge sundae that's valued at $1.50. The efforts of the ice cream resources thus add $1 in value. A value-added tax is based on this extra value. While it's been debated off and on in the United States, a value-added tax is commonly used in Europe.

Variable cost: In general, cost that changes with changes in the quantity of output produced. More specifically, variable cost is combined with the adjectives "total" and "average" to indicate the overall level of variable cost or the per unit variable cost. Variable cost depends on the amount of produced. If there is no production, then there is no variable cost.

Weight: When applied to location theory, the relative attractive force of one activity to another based on transportation cost. The weight of an activity in this context is comparable to the weight of matter subject to gravitation forces. The weight of an activity is greater if it incurs higher transportation cost. As such, it is attracted, or pulled, to other activities to reduce transportation cost. With the weight (transportation cost) of an activity is often related to physical weight (heavier items cost more to move), it need not be. Other factors affecting weight include special handling (security, comfort) and type of transportation (walking, automobile, airplane).
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� The farm business is like a living organism — changing one part has a knock-on effect on the whole. These complex relationships must be taken into account when running a farm business. As a business owner, the farmer should always keep an eye on sustainably protecting the fertility of the soil — by whatever means — as this has a knock-on effect on yield and productivity.


� Integrating powers push for versatility: Utilising and maintaining soil fertility, and balancing workload, feed and risks.�Differentiating powers push for specialisation, whether they are in the natural and commercial conditions of the farm, the skills and preferences of the farm manager or the cost benefits of larger units of production


� Options for structuring factors of production:


   a) Labour, land, non-land capital (non-land assets) (macroeconomic classification)


   b) Goods, services, rights (micro-economic classification)
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