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1.  An analysis of virtual mathematical dairy farm profitability models in Lithuania and abroad 
1.1. Situation abroad
Specialized mathematical models are used to compile dairy farm economic indicators assessing the productivity of cattle, breeds, feed, and other indicators from farms in Ireland, the United States, the Netherlands, Australia and other countries. For example, at the University of Maryland in the US, an article published by the Department of Agricultural and Resource Economics [1] analysed one hundred and seven United States dairy farms’ profitability factors, as well as an analysis of them. A regression analysis model was concluded to evaluate the factors most influential to profitability according to twenty years of agricultural statistical data. Parameters were identified for the greatest impact on profitability: farm size, production volume, milking technology, feed, farm expenses, revenue, and others. The main objective of the model is to provide information to farmers on the most important factors influencing the profitability of the farm, using virtual tools to create an opportunity to improve their farm economic and financial situation.
The importance of the search for factors that increase the profitability of dairy farms in Ireland is emphasized by agricultural specialists, economists, politicians, and farmers [2]. This problem came under scrutiny when a downward trend in the number of young farmers was observed, and therefore more and more abandoned farms and farmland areas as a result, as well as a reduction in the volume of milk output in the country. An investigation into the reasons the youth isn’t carrying on running the family dairy farms was launched. 
The Agricultural Research Service Park of Pennsylvania, USA, was created as a mixed economic performance simulation model [3]. The main tasks of the model: to perform certain specific farm activity data for a period, farm economic activity analysis, choose more appropriate management strategies to create a comprehensive, expert system, which is used in making optimal decisions.
The Beginning Dairy Farm Models economic model was established the University of Iowa, USA [4]. The MS Office Excel packet was used to create a spreadsheet that compiles certain parameters and figures out the necessity of funds to build a farm and its payback period. The spreadsheet created at the university is used by students for research. Its purpose is to provide knowledge and skills about necessary funding and the need for reserves when starting a dairy farm and calculating profitability indicators. DAFOSYM (Dairy Forage System Model) was created for users to calculate and assess their profitability according to various indicators, e.g.: quantities and costs of milk, meat, and cereal. The main variables of the model: farm size and type of cattle, cattle herd composition, holding and milking equipment, feeding strategies and feed ration, manure management technologies, costs and expenses, agricultural land allocation soil characteristics, and crop parameters, pasture data, and equipment utilization. 
Australia’s University of Queensland staff, Mark Neal, James Neal, and Bill Fulkerson, created a dairy farm profitability determination model that selects the best forage species for a dairy farm to achieve maximum profitability: the whole-farm approach [5].
1.2.  Situation in Lithuania
1.2.1.  Dairy farming sector prospects analysis 
1.2.1.1. Agricultural structure 
According to the Agricultural Information and Rural Business Centre’s data, Lithuania is dominated by small 1–2 cow dairy farms. They account for 76% of dairy farms in Lithuania. A comparison of the first and second halves of 2010 demonstrates that during the second half the number of 6-10 cow farms and 31+ cow farms increased by 1.09% and 7.25% respectively. The number of dairy farms in the other size categories decreased. Farms in the 3-5 cow categories accounted for 13.16%. Less than half of that, 5.52%, are 6-10 cow farms. The largest farms, which on 01/01/2011 were considered to be more than 100 cows, accounted for just 0.45% of dairy farms, but that number is increasing. On 1 January 2007, there were 188 such farms; on 1 January 2011, there were 227.
While small farms account for about two thirds of dairy farms, their cows as of 01/01/2010 accounted for 26% of cows, and as of 01/01/2011 accounted for 24% of the total number of cows. Meanwhile, total farms with cows numbering 3-4, 21-50, and 50+ increased. 
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    Source: AIRBC
Figure 1.1. Distribution of herds by the number of cows on 01/01/2010 
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Figure 1.2. Distribution of herds by the number of cows on 01/01/2011 
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Figure 1.3. The total number of cows in herds on 01/01/2010 
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      Source: AIRBC
Figure 1.4. The total number of cows in herds on 01/01/2011 
1.2.1.2. Lithuanian dairy farming sector production and sales performance analysis
In 2006-2010, the Lithuanian dairy sector was characterized by large fluctuations in prices, which were determined first by global dairy price trends and then the global economic crisis. Although price fluctuations in Lithuania were mainly due to overseas market milk product selling prices, greater fluctuations were characterized by an amplitude of milk, especially the decline in prices. In December 2007 compared to December 2005, dairy export prices rose 53%, and milk procurement rose 57%. By June 2009 export prices had risen 14% compared to December 2005, while milk procurement by 79%; in December 2010 by 168% and 137%, respectively. The decline in milk procurement prices in 2009 was a result of more than just milk production: also, procurement declined, and did not recover to 2006 levels even in 2010. The reduction in milk procurement and the shortage of raw materials for the dairy industry led to a record increase in imports of raw milk. In 2010 it was 72% higher than in 2006.
 Raw milk production, procurement, and commerce
In 2010, 1.75 million tons of milk were produced, of which 73% were purchased for processing. Milk production reduced by 2.3% in 2010 compared with 2009, while procurement increased by 0.3%. The growth in milk procurement was impacted by higher purchasing prices. At that time, production decreased because of the decline of small farms, which are a relatively large part of milk consumed on farms. Almost all the milk produced is from cows. In 2009, goat’s milk constituted only 0.2 % of milk and since 2006 has steadily declined both in physical weight and in relative terms. In 2006, goat milk was 0.4 % of the total milk produced. Most of the milk is purchased from farmers and family farms, but gradually the relative weight of agricultural associations and companies is growing. In 2006, 17.9% of milk was purchased from the latter in terms of base rates, and in 2009 it was 21.3%.
Raw milk imports in 2010 increased by 22% compared to 2009 and amounted to 205,100 tons. The countries importing it remained: Latvia (79% of imported milk) and Estonia (20%). Compared with 2006, in 2010 the import of raw milk was 72% greater. The average price of imported raw milk in 2010 was 1002 LTL/t. During 2010, 23,600 tons of raw milk were exported. Compared to 2009 2.3 times more milk was exported, 99% to Poland. 
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Figure 1.5. Inclusive milk weight procured in Lithuania from producers 
Compared with 2006, the export of raw milk was 3.8 times greater in 2010. Raw milk imports and exports in 2010 reached their highest levels since accession to the EU. Since 2006, indicators of the quality and composition of milk bought have changed little. In 2006, 95% of the total milk purchased was in line with the EU veterinary sanitary requirements, and in 2010 it was 95.5%. The average fat content of milk purchased in 2006 was 4.11%, and in 2010 rose to 4.15%; protein content was 3.28% and 3.27% respectively. The tendency of increasing milk procurement prices was interrupted only in the second half of 2008 and the first half of 2009. Over the course of a different period, 2006 to 2010, the purchase price of milk increased. In 2010, compared to 2006, the basic indicators of the average annual milk procurement price increased by 24% up to 717 LTL/t.
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Figure 1.6. Average milk procurement prices in the Baltics
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Figure 1.7. Average milk procurement prices in the EU
1.2.1.3. Some factors influencing the Lithuanian dairy farming sector
	Factors
	Correlation strength

	Number of cows (for milking at the age of two years or more) 
	0.97

	Population at the beginning of the month, number of individuals
	0.90

	Diesel fuel retail prices, LTL/l
	0.90

	Milk product import, thousands of LTL
	0.88

	Index of costs borne by milk, %
	0.86

	Purchase price of feed barley, LTL/t
	0.84

	Rapeseed purchase price, LTL/t
	0.83

	Average monthly wages, LTL
	0.66

	Gross capital formation, millions of LTL 
	0.60

	Dairy product retail (consumer) prices
	

	  Curd, 5-9% fat (kg), retail price, LTL
	0.45

	  Butter, 200 grams, average retail price, LTL
	0.44

	  Drinking milk, 2.5% fat, average retail price, LTL/l
	0.36

	  Kefir, 2.5% fat, average retail price, LTL/l
	0.32

	Average raw milk procurement prices in other countries
	

	Slovakia1
	0.98

	Estonia2
	0.97

	New Zealand3
	0.95

	Poland5
	0.94

	Hungary6
	0.92

	Europe7
	0.91

	USA10
	0.89

	Latvia12
	0.88

	Germany13
	0.86

	Bulgaria14
	0.46

	Belarus15
	0.40

	Czech Republic16
	0.36


Source: AIRBC
1 The base price of milk, LTL/100 kg (translated into 3.7% fat and 3.2% protein milk)
2 The base price of milk, LTL/100 kg (translated into 3.5% fat and 3.0% protein milk)
3 The global base price of milk (without VAT), LTL / 100 kg (based on Fonterra forecasts, translated into 4.2% fat and 3.4% protein milk)
5 The base price of milk, LTL/100 kg (translated into milk with unknown fat and protein levels)
6 The base price of milk, LTL/100 kg (translated into 3.6% fat and 3.25% protein milk)
7 Whole milk weighted price in Europe LTL/100 kg
10 The global base price of milk (without VAT), LTL / 100 kg (Class III, standard fat content of 4.2% fat, 3.4% protein content; somatic cell count 250,000/cm3)
12 The base price of milk, LTL/100 kg (translated into 3.5% fat and 3.0% protein milk)
13 The base price of milk, LTL/100 kg (translated into 3.7% fat and 3.4% protein milk)
14 The base price of milk, LTL/100 kg (translated into 3.6% fat and 3.2% protein milk)
15 The base price of milk, LTL/100 kg (translated into 3.4% fat milk with unknown protein levels)
16 The base price of milk, LTL/100 kg (translated into 3.6% fat and 2.8% protein milk)
1.2.1.4.
Status of the Lithuanian dairy farming sector long term forecast 
According to the Agricultural Information and Rural Business Centre’s data, purchasing milk from farmers and family farms during the 2011-2015 period is going to decrease by 3%. However, taking into account that small dairy farms are forecast to decline, it is likely that the projected decrease in purchasing milk from farmers and family farms should be even higher; but, production on farms with herds of more than 50 cows should have a reverse trend (increasing). It also predicted the average milk purchasing prices for farmers and family farms, as well as agricultural companies and businesses will decrease about 6%. Processes in international markets will continue to have the greatest impact on this indicator.
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Source: AIRBC
Figure 1.8. Milk* procurement in Lithuania from producers 01/2011 01-12/2015 
Comments:
Inclusive weight (3.4% fat, 3.0% protein);
 Data since 04/2011 is only prognosis.
1.2.1.5. The needs study of the virtual mathematical dairy farm profitability model 
The study was conducted by questionnaire. Prepared and uploaded at http://apklausa.lt/f/poreikio-virtualaus-atviros-prieigos-pienininkystes-ukio-rentabilumo-matemati-lm5vmaw/answers/new.fullpage 
A study on the need for the Creation of a Virtual Open Access Mathematical Dairy Farm Profitability Model
QUESTIONNAIRE
Institution/company/farm/etc. name and address ...................................................................................................................................
1.  Do you use specialized computer programs to model farming profitability?
	          Yes
	                 No


1.1. If so, state which ones ...............................................................................
1.2. If not, state why .................................................................................................................................... 
2. Do you use virtual tools to model dairy farming profitability?
	          Yes
	                 No


2.1
If so, state which ones ...............................................................................
2.1 If not, state why ....................................................................................................................................
3. Would your institution/company/farm/etc. require a virtual open access (ensuring secure access and data confidentiality) information system, which, in light of relevant farm data and indicators, could be used by a dairy farm: 
3.1. to carry out analysis and modelling of cost of production, profit, profitability, liquidity, or other indicators considering the actual production and predictive market prices? 
	          Yes
	                 No


3.2. to calculate and model individual indicators, e.g. cow breeds and the number, output, feed (selecting components in rations), salary, long-term and short-term financial obligations, technical (price, performance) and other influencing farm profitability, payback period, etc.?
	          Yes
	                 No


3.3. to predict farm economic indicators (output, profits, and the like)?
	          Yes
	                 No


3.4.  to perform other functions (specify ones you believe are important) ______________________________________________________________________________________________________________________________________________________________________________________________________
4. Would you require a dairy farm solutions support system  (answers to questions and searchable solutions to problems, offering your own possible solutions, and so on )?
	          Yes
	                 No


5. Would you like to participate in the virtual  mathematical model development process being created, e.g. enter data using a secure connection (username and password), and perform modelling activities?
	          Yes
	                 No


6. What other issues do you think are important for the development of the virtual mathematical models and information systems for this purpose?
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________
7. Would you like to participate in the presentation of the results of the pilot project?
	          Yes
	                 No


A cover letter and questionnaire were also mailed to dairy farms, as well as dairy counselling, education, research, and training institutions.
1.2.1.6.
A study on the information environment necessary for the creation of a virtual open access mathematical dairy farm profitability model
During the study electronic Lithuanian scientific and applied research data sources were analysed, which provided information about the dairy sector. Below are links to the relevant bodies and institutions websites:
http://www.lmaleidykla.lt/zemesukiomokslai/
http://www.lzuu.lt/erd/lt/31383
http://www.lsmuni.lt/fakultetai-ir-institutai/neakademiniai-centrai/biblioteka-ir-informacijos-centras
http://www.vic.lt/?mid=53
http://www.vic.lt/?mid=381
http://www.vic.lt/?mid=411
http://www.laei.lt/?mt=leidiniai
http://www.laei.lt/?mt=informacinės_db
http://www.lgi.lt/
http://www.lzukt.lt/
1.3. Analysis conclusions
1. After the analysis of foreign literature it was determined that the Irish, American, Dutch, Australian, and other countries’ farms and educational institutions do use specialized mathematical models to evaluate and model key profitability factors using virtual tools.
2. The importance of the search for factors affecting the profitability of dairy farms in Ireland is emphasized by agricultural specialists, economists, politicians, and farmers. This problem came under scrutiny when a downward trend in the number of young farmers was observed, and therefore, more and more abandoned farms and farmland areas as a result, as well as a reduction in the volume of milk output in the country. The urban and rural divide in terms of information technology was identified as one of the reasons why young people are leaving rural regions and not pursuing the dairy farm business their parents started. 
3. Lithuania is dominated by small (1-2 cows) farms, although farms are growing. 
4. In Lithuania, small farmers’ opportunities for rational business analysis, development planning, and diversification invoking consultants are often very limited, and the availability and accessibility of services must be increased for farmers: the development and deployment of virtual mathematical models for solution support systems and other IT tools can run on the internet.
5. During the study it was determined that virtual models designed for farmers, consultants, scientists, and student for modelling dairy farm economic indicators depending on, e.g., cow breeds, herd size, the Nitrates Directive, holding, feeding and milking technology, feed rations, and other indicators, have not been developed in Lithuania yet. 
6. During the study it was determined that there is a need for virtual open access information systems that consider particular farm data and could use indicators to perform analysis and modelling of dairy farm output costs, profit, profitability, liquidity and other indicators, assessing the real and predicted market valued of the output produced. 
7.  It is complicated to put into use in Lithuania the information systems and mathematical models used for this purpose in other countries because of different information environments, technologies used, cattle breeds, base feed, and other reasons. 
8. Lithuania has the information base to develop a virtual open access mathematical dairy farm profitability model/solution support systems.
2. Relational database requirements regarding dairy farm profitability mathematical models
During the study a preliminary investigation was completed into mathematical dairy farm profitability  model feasibility. 
Science and applied research material published in various scientific and applied research sources was used to determine individual components of the model, and relevant internal communication processes, as well as the factors influencing indicators. The structure of the general mathematical model consists of the following components:
· selection of the number of cows:
    -   based on orders of the Lithuanian Minister of Agriculture of the Lithuanian Minister of the Environment: “On approval of requirements for water protection against pollution by nitrogen compounds from agricultural sources” (Nitrates Directive) in annex data
    -   without reference to the Nitrates Directive
· structure of the cattle herd on the farm and data on cattle selection:
  - cows: milking cows, dry cows, calving cows in the calving pen, calf heifers 2 months before calving
    - newborn calves
    -   calves from two weeks to 6 months old
    -   heifers at 6 – (15-16)-(33-23) months old
    -   in-calf heifers at (15-16)-(22-23) months
herd data:
· cow breed 
· cow stage of lactation
· cow month of lactation
· cow age
· cow weight
· cow price
· herd augmentation coefficient
· herd milk productivity evaluation
·  feed ration composition:
- feed selection by type: silage, hay and haylage, roots and tubers, grass, trademarks, and other feed and premixes
-  feed ration coefficient selection
-   feed prices
· cow and heifer holding facilities:
-  group cattle holding enclosures, stalls
             -  calving pens: calving pen, stall
· administrative farm facilities
· milking equipment and primary milk processing device selection and the calculation of depreciation costs
· agricultural machinery selection and calculation of depreciation costs
· other farm machinery selection and calculation of depreciation costs
·   farm administrative, production, and sales cost selection
·   determination of investment demand 
·   parameters for calculating farm profitability and cost-effectiveness


Figure 2.1. Mathematical model of dairy farm cost-effectiveness described in a flowchart
2.1. Individual model component structure
2.1.1. Cattle herd size modelling component
Cattle herd is one of the major investments for farmers engaged in dairy business. The breed and health status of a herd determines milk yield, and understandably, that is what determines success and profit. In choosing the size of the herd, he must take into account the territory of ​​livestock housing, agricultural landed area, technical measures for manure disposal, and many other important factors.
The purpose of this model component is to predict the productivity of the assembled herd, to assess the herd replenishment costs, and to determine the herd cost of the dairy farm investment plan. This component includes selection of the number of animals kept on the farm, herd structure, breed, prices, and information on each lactating cow: stage of lactation, month of lactation, age, weight, and replenishment rate of the herd. Selecting and assessing these parameters, milk production is predicted and the general herd-price and herd replenishment costs are calculated. 
Whereas the animals are not long-term but are a high risk investment. The model must also evaluate dry cow and culled cow costs. 
In anticipation of European Union support, relevant European Union farm requirements must be taken into account, such as, e.g. Nitrates Directive requirements. In this pilot model the following requirements are evaluated. According to the agricultural landed area, cattle housing type, and average annual productivity of cows, the farm's cattle numbers can be selected to comply with the conditions of the Nitrates Directive. Figure 2.2 The size of the herd component flowchart.

Figure 2.2. Herd size component flowchart
2.1.1.1  Selection of cow quantity
Two methods are used to  determine the number of cows on the farm in the model:
1)  without reference to the Nitrates Directive In this model component the number of cows on the farm is determined by choice. 
2)  with reference to the Nitrates Directive. After selecting the criteria for determining the number of cattle, the approximate number of animals on the farm is calculated, and according to it and according to the farm’s agricultural landed area (ha), the largest number of cows corresponding to the farm model and in compliance with the conditions of the Nitrates Directive can be found. This number is a recommendation: the user is informed with a notice if in subsequent model stages the number of cattle in the selected herd structure is in excess of the recommendation. 
      Terms used:
Animal unit (AU): a common term used for the calculation of livestock manure nitrogen content accumulation. One animal unit is equivalent to 100 kg of nitrogen making its way into the fields released though manure accumulated over the years, including manure from grazing animals. 
A livestock unit (LSU) is one dairy cow, three heifers (1 year old), five calves (<1 year), two beef cattle up to the age of 2, three brood pigs and piglets, eight fattening pigs, 150 laying hens, 2,500 broilers, two horses, or nine sheep. 
Estimation of the number of animal units on the farm is determined on the basis of the Nitrates Directive annex data.
The criteria in the model are consistently chosen in this sequence:
· annual cow productivity (kg/year) is selected
· holding methods for individual groups of cattle in cowsheds are selected
· a criteria that complies with the number of animals corresponding to a relative AU is found
Given the fact that the housing cowshed differs for cattle of different ages, the model holding type is selected separately by age and calculated in relation to the number of cattle at that age, corresponding to LSU.
The number of cows (CNo), corresponding to the AU is determined by the type of housing and livestock holding method and the annual productivity of cows: a) 3000-5000 kg., B) 5000-7000 kg., C) > = 7000 kg). Indices are assigned for the selected criteria, according to which data is selected for the Nitrates Directive Annex. Different quantities of animal productivity are calculated according to this formula:
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-here  KaSg - is the number of cows corresponding to LSU,  
       Ala – the dairy farm’s agricultural landed area in hectares; 
The number of pedigree heifers from 6 to 24 months of age and the number of calves (one animal up to 6 months of age), corresponding to LSU, is determined in the same fashion as for cows. Optional criteria: type of barn and livestock holding method.
2.1.2. Cattle herd structure modelling component
The cattle herd is structured in this model selecting animals from each classification group and entering the relevant data for each (Table 2.1).
Table 2.1 Cattle herd classification and model data
	Group
	Data

	milking cows

	Breed, age, stage of lactation, month of lactation, weight, price

	dry cows
	Breed, age, stage of lactation prior to drying up, drying up month, weight, price

	calving cows in the calving pen
	Breed, age, stage of lactation prior to calving, weight, price

	in-calf heifers–2 months until completion of parturition
	Breed, age, stage of lactation prior to calving, weight, price

	calves
	Breed, age, price


Optimum dairy farm profitability is affected by cattle breed. Better breeds of cattle give better yields and better quality milk. 
Cow breeds can be selected from the lists drawn up:
  - Red cattle: Lithuanian Red, Angler, Danish Red, Latvian Brown, Estonian Red, French Simmental, and Norwegian Red 
  - belted cattle: Estonian Holstein, French Simmental, Swedish Black-and-White, Holstein, German Black Pied, Lithuanian Black-and-White, British Friesian, Dutch Belted, Danish Black-Pied

  - other breeds: Ayrshire, Red and White Holsteins, Schwyz, German pied, Swedish pied, Simmental, Jersey
The cattle herd may be structured in accordance with the recommended standards. According to the Lithuanian Ministry of Agriculture and Forestry and the Lithuanian Ministry of Housing and Urban Development “Confirmation of Rules For Technological Design of Cattle Buildings” (Order No. 640 of 7 November 1997, and Order No. 247 of November 11) the recommended rate (Table 2.2) for farms with different groups of cattle operating at capacity (45% of cows in the herd) farm herd reproduction is established in the model.
For this purpose, the number of separate groups of cattle on the farm is determined on the basis of the above-mentioned rules and the number of cows (CNo) is selected:
MC (Milking cows)  = CNo ∙ 0.75 ∙ 0.45
DC (Dry cows)  = CNo ∙ 0.13 ∙ 0.45
CC (calving cows in the calving pen) = CNo ∙ 0.12 ∙ 0.45
IP (in-calf heifers–2 months until completion of parturition) = CNo ∙ 0.12 ∙ 0.45
NC (Newborn calves – up to 2-3 weeks) = CNo ∙ 0.1 ∙ 0.45 
C (Calves – from 2 weeks to 6 months) = CNo ∙ 0.4 ∙ 0.45
H (Heifers at 6 – (15-16)-(33-23) months) = CNo ∙ 0.35 ∙ 0.45
IH (In-calf heifers at (15-16)-(22-23) months) = CNo ∙ 0.35 ∙ 0.45    
Table 2.2 Recommended ratios for groups of cattle of different sizes for full herd turnover on the farm 
	Animal groups
	Milking cattle

	Cows, of them:
	1.0

	- milking 
	0.75

	- dried up
	0.13

	- calving cows in the calving pen
	0.12

	- with suckling calves
	-

	In-calf heifers–2 months until completion of parturition
	0.12

	Newborn calves – up to 2-3 weeks
	0.1

	Calves from two weeks to 6 months old
	0.4

	Heifers at 6-(15-16) months
	0.35

	In-calf heifers at (15-16)-(22-23) months
	0.35

	Meat breed offspring at 8-18 months
	-

	
	

	Total:
	2.32


Notes Coefficients to calculate the number of places are given in the table with the condition that the farm culls 25% of cows per year. Culling more or less than 25% of cows these factors should be adjusted.
Once a herd of cattle has been assembled and data has been entered in Table 2.1 for each herd’s cattle the herd cost is calculated. After the entry of the herd culling factor the cost of herd replenishment is assessed.
2.2. Cow milk productivity determination component
A cow’s milk yield depends on a variety of factors: breed, age, physiological status, stage of lactation, month of lactation, weigh, health, etc. This is why cattle need to be fed enough high quality feed that the dry matter is enough to sustain the corresponding net energy necessary for lactation and the normal physiological functions of cattle including reproduction. It has been established that the yield per cow is directly proportional to the weight of the animal and the amount of net energy for lactation (NRL) it gets from feed.
Milk productivity also depends on the stage of lactation and month of lactation. For each breed of cow, lactation curve models are prepared on the basis of statistical data of milk yield of cows in Lithuania. 
Each individual cattle herd’s data is compiled in this component: breed, stage of lactation, age, month of lactation, and predicted milk yield per cow; these results ensure the prediction of total herd productivity.
2.3. Feed modelling component
Animal growth and productivity depends primarily on the quality and variety of feed and a nutritious diet. Feed nutritional value: its characteristic to satisfy an animal's need for nutrients required for the body’s vital activities, growth, development, and production.
Great livestock productivity and good health depends not only on the quality of the feed, but also on proper feeding. Feeding is called proper if it is biologically wholesome and also economical. Biologically wholesome feeding is when the body gets enough of all the nutrients based on age, weight, productivity, and physiological status.
The most important condition for the development of animal husbandry is to create a strong feed base. The number of animals and improvement of their productivity depends primarily on getting enough feed.
After many tests we identified the extent of nutrients needed daily for a variety of species of different age, weight, performance, and physiological conditions, i.e., we determined feed norms. Feeding norms: the amount of nutrients needed for an animal per day to meet its vital needs, so that it is healthy, can multiply, produce, and use feed economically. Livestock feeding according to the norms is called normalized.
A normalized feeding method is used in this model. Various feed types have different dry matter content. Accordingly, the needed nutrient to support the net energy for lactation is what the animals will absorb from the feed. 
The NEL need per head of cattle is determined by the animal’s weight and milk yield. Considering NEL, as well as ration composed individual feed intake is found, which is necessary to get the predicted milk yield. So, having assessed the quantity of feed and determined the price, feed price is calculated per head (Figure 2.3).

Figure 2.3. Overall scheme of modelling component feed ingredients.
2.3.1. Feed ration
When deciding on the ration several requirements must be taken into account. Most importantly, the high nutrition and quality of the feed have to completely ensure that an animal’s nutritional needs are assured and positively affect its health. This means that the diet is wholesome, balanced, and meets the nutritional norms the specific animal's weight, productivity, and physiological status (NEL).
Feed must be various: grassy, juicy, large, and concentrated, which can be balanced for rations that supplement low energy and nitrogen compound levels in the winter, and to supplement the diet of carbohydrates, regulating sugar, and the ratio of nitrogen compounds in feed in the summer. Dairy cattle must get their main nitrogen compounds in their hay, haylage, juicy, and green feed.
To determine the amount of feed required to achieve the desired yield from a cow start by designing an appropriate feed ration.
In selecting feed groups and assessing their respective coefficients a ration is determined in the model.
               The model uses the following groups of feed:
- silage
- hay, haylage
- roots and tubers
- grass
- trademark feeds
- premixes
Selections are made for the appropriate part of feed (%) designing the ration. Because different feeds have different dry matter content (g/kg of feed) and the need for NEL is assessed for each kilogram of dry matter, the same net energy for lactation value can require a different amount of a certain feed.
2.3.2. Types of feed used in the model
Types of feed used in the model:
· Grass feed: beer dregs, white clover, brome grass, potato solubles, sugar beet (leaves), ryegrass, Egyptian clovers, etc.
· Hay: high oatgrass (straw), oats sowing (husks), Egyptian clover (hay), wheat straw, alfalfa-grass-mixture (hay), etc.
· Silage: beer dregs, oily turnip, potato (tuber), sugar beet (root), sugar beet (leaves), sugar beet pulp, ryegrass, etc.
· Tubers, roots: potatoes (tubers), sugar beet (root), kale, common carrots, common corn, fodder beans, fodder beets, etc.
· Trademark feed: sugar beet pulp, buckwheat, wheat, triticale, linseed, lupins, barley, flour, common corn, etc.
Because different feed has different dry matter (DM) content (g/kg), and NEL is provided in kg/DM, it is necessary to calculate the amount of feed per kilogram of net energy for lactation. Therefore, having selected the relevant type of feed as appropriate to its existing DM quantity the feed rations (kg) will be calculated in the model.
When you select the relevant type of feed, how many kilograms of feed are necessary is calculated on the basis of its content (%) in the ration in order to get a kilogram of dry matter. For that purpose, an information resource called “Chemical composition and nutritional value of feed: Cattle feed nutrition tables” (completed at the Lithuanian University of Agriculture’s Agronomic and Zootechnical Tempus Analysis Laboratory), was used to calculate what part of the NEL is provided by relevant feed per kilogram.
The feed volume parameter used to calculate the cost of feed was determined. 
Feed accounts for the largest part of the cost structure of milk. Therefore, designing rations it is necessary to take into account the availability of resources and options. Some dairy farms produce feed on the farm, while others buy them. 
When changing the composition of rations and selecting different feed prices, the model can calculate what the relevant part of the price of feed (LTL/kg) is corresponding to the cost of milk. 
2.4. Cattle holding space modelling component
This component is designed to separate groups of cattle by age and physiological state in order to model holding space costs. 
For this purpose, calculations were made ​​on the basis of the Rules for Technological Design of Cattle Buildings and Area Norms [24] data. 
Having selected the storage location type according to these norms, the appropriate area was selected to keep the cattle in separate age groups. Typically, during the modelling process an animal holding option is selected that provides good animal health and high productivity, low feed, labour and monetary costs, and allows for eco-friendly production that can protect the environment from contamination by waste production.

Figure 2.4. The structure of the cattle holding premises modelling component
Types of cattle holding space are selected in the model (Figure 2.4):  
   cow and heifer holding facility type:
-  group cattle holding sections
             - towers
- stalls 
   calving space type:
              - calving pen
              -  calving stalls department
Select holding locations for cattle accordingly, their square meter price is then determined. Then, based on area ​​standards, according to the selected cattle holding location type, and the corresponding  square meter prices, holding space cost per head of cattle was calculated.
Following the determination of the number of cattle, the total cattle holding space price is calculated according to individual age groups, and therefore the price per head of cattle on the farm:
HCSC = 
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               Having evaluated the value of the remaining cattle holding area and the number of years for it to be used according to the direct depreciation calculation method annual premises depreciation costs are calculated.
2.5. Administrative and other agricultural facilities modelling component
In addition cattle holding costs, other necessary premises (administrative, feeding paths, manure tracts, milk rooms, milking space, etc.) costs of the dairy farm are included in the model. Various farm buildings may be used for different purposes. 
Thus, administrative and other farm premises costs are calculated in the model. Also, the annual premises depreciation costs are calculated just as they were in the cattle holding space modelling component.
2.6. Milking equipment and initial milk processing installations modelling component
Milk purchase price depends on the quality of milk. Bacteriological contamination of milk can be reduced by selecting good quality milking machines properly prepared for milking cattle. Because milking and refrigeration equipment is an integral part of each dairy farm, these investments are assessed in this mathematical model, too.
In this phase of the model investments in milking equipment are assessed as well as other primary milk processing equipment (refrigerators, milk cleaning and pasteurization equipment) (Figure 2.5). Consistently selecting milking equipment inventory cost is assessed together with the investments needed to buy it. 
Having evaluated the value of each piece of equipment and the number of years for it to be used according to the year count depreciation calculation method annual equipment depreciation costs are calculated.



























































Figure 2.5. Diagram of milking equipment sector components
2.7. Farm administrative, production, and sales cost component
Farm production, administrative, and sales expenses are assessed, and their impact on the cost of milk is estimated in this model.
You can choose the following production costs in the model: wages including deductions for social insurance and health, veterinary services, electricity, oil and gas, pharmaceutical preparations, and other costs (Figure 2.6). 
All assessable expenses for one milking cow. 


Figure 2.6. Other farm expenses modelling component structure
Bedding dairy farm costs are calculated in the model based on several criteria: depending on what type of bedding and cattle holding stalls are used. Criteria used in the model:
· types of bedding: straw, peat.
· Livestock holding method: tethered, untethered with bedding, untethered in a shed, untethered in a combination shed.
These costs are calculated based on the recommended bedding consumption norms provided by the “Confirmation of Rules for Technological Design of Cattle Buildings” [24] document. 
When you select the cattle holding method and the type of bedding, the amount of bedding required per head (kg) per day is calculated. Having entered the price of the type of bedding used on the farm bedding, costs are calculated.
2.8. Determination of investment demand component
The purpose of the investment needs component is to determine the size of the loan (if a loan is necessary).
The above-described model component calculates the investment required for the implementation of the project. These investments will be listed in the project's funding needs and sources table (Table 2.3). It consists of two parts: the need for funds (the project costs) and funding sources.
Table 2.3 The project’s need for funds and funding sources
	Necessary funding
	Total in LTL
	Financing sources
	Total in LTL

	Long-term assets acquisition
	.................
	Medium sources, private capital
	.................

	Negotiable capital
	.................
	Support funding received
	.................

	Unexpected expenses
	.................
	Long-term loans
	.................

	                    Total:
	.................
	Total:
	.................


2.9. Agricultural profitability calculation  component
The investment process of the model, when viewed from a financial perspective, combines two opposing essentially independent processes: production or capital accumulation and a steady income from the receipt of the capital raised. These processes take place sequentially for a given period. Both processes may have different distributions over time. The form of distributions (especially for profit) over time in the model has a very important role: here cash flows are formed at the end of each year.
The object of analysis in the model is payment flows, characterizing both of these processes at the same consistency. This flow’s elements are formed from net income, i.e., profits and investment expenditure indicators, i.e., the cost of the loan repayment.
Net income is gross income (revenue) generated each year-end, after the deduction of all payments related to its receipt. These payments include all of the actual costs of output produced. 
The payback period indicator is employed in this model for assessing the efficiency of investments in the financial analysis. This ratio is obtained by comparing distribution of revenue over time (
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) is evaluated according to the gross profit calculated in formula (5).
In this model, the project payback period is estimated as the time period during which the amount invested in the project (taking the effective annual interest rate) is derived from net investment income after deduction of all funds for the production of output, i.e., the amount of the investment is equal to the same time (n) of the proceeds received (net revenue).

2.7 Figure Determination diagram of investment return period 
2.10. Relational database model 
According to the above information a relational database was developed, which led to a preliminary investigation carried out into creating a mathematical model of open access virtual dairy farm profitability.
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Figure 2.8. Relational database scheme
3. Justification of selected mathematical techniques and software tools
Various mathematical optimization and economic methods, such as logistic, one- and multi-dimensional, linear and non-linear regression analysis, linear programming, etc. have been applied by foreign universities and research institute staff in the models created for dairy farm profitability and other key indicators for a company’s calculation and analysis models. 
Optimization techniques for the determination of dairy farm profitability have been developed in North Florida. A dual linear programming approach has been used to maximize the function of benefits: profits.
The regression analysis mentioned and the linear programming methods are applied to a variety of farm economic and financial indicator calculations.
3.1 Cost and profit modelling 
To compete in the market economy, you must not only have good economic resources, but also use them properly in production, which is not possible without proper expense and production cost account handling. Cost calculation is not only an important tool for company business and frugal resource use, but also an effective tool for production management, an important element of an organization. 
The cost of production is closely linked to the company’s entire economic and financial activities and its basic indicators are production programs, job resources, use of assets, material supply, profit and profitability, financial position, and other economic indicators. Reducing the cost of production is the main source of increasing profits, an important prerequisite for saving. Its reduction is an objective necessity for economic development.
Calculation of cost to a certain extent is a trade secret and the company’s internal affair. As a result, companies, especially start-ups, face a number of practical problems when calculating costs.
Given the nature of making business decisions, a number of different production costs are calculated (Figure 3.1.) that have an independent function:
1. Cost of Production: the production costs of the company: 
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The production cost shows how much expense the company needs to incur to produce one or another product, and also product cost changes throughout production by changing one material to another or changing the raw materials processing technology. This cost indicator is the most difficult to reduce because its reduction reserve is the most limited: you cannot decrease the quality of products, because then nobody will buy them. 
2. The full cost: this is the cost that includes all costs for the output, as well as general (GE) and administrative expenses (AE):
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 3. Commercial cost: the full cost plus sales expenses (SE), i.e.: 
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Given the features of the company’s ongoing sales activity, costs of sales can be included in the cost of goods sold by the direct method. This is the final cost indicator used in pricing. 
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Figure 3.1. Cost indicators
All of the above listed cost indicators can be calculated in advance, before the manufacturing process or at the end. 
Before calculating the output costs, in particular, be aware of what costs there are and how much they are attributed to one or  another output cost indicator. This information’s reliability and objectivity depends on precise costs incurred attributable to output cost. Direct and indirect costs netting in calculating objects is directly interrelated to the problem of the entire calculation system’s validity, economic role, accuracy, and efficiency.
Based on the recommendations for agricultural companies and other companies engaged in the dairy farm business, for the management (internal) of accounting, variables, constants, and direct and indirect costs in the crop sector can be divided according to Table 3.1.
Depreciation costs of equipment and machinery and buildings used in production are included in company industrial purpose operating assets depreciation totals, and are calculated according to the selected depreciation calculation methods. The company’s fixed costs include the cost of the property, the depreciation calculated on a straight line, the number of years, or the double-declining balance method. In the number of years method, the depreciation (DEP) is calculated according to the formula [25]:
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· Here BV is the equipment (building) acquisition price (value), LTL; 
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- the equipment (building) residual price (value), LTL; N is the number of years of the equipment's (building) use.
In order to determine the actual complete production costs, all of the company’s fixed costs should be allocated to individual cost accounting objects. Milk yield is the basis for the breakdown of expenditures in the information system being developed.
As already mentioned above, the calculation of cost indicators has a significant impact on profit calculation, which is obvious from the formula for the calculation of gross profit:
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where 
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 milk (purchasing) price of the i period, 
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 cost of commercial milk for i period, LTL/t.
Thus, reduction of the cost of production is the main source of profit increase. Clearly cost indicator modelling has a direct impact on gross profit modelling.
That is exactly why the information system is being developed, to model these indicators.
Table 3.1 Variable, fixed, direct and indirect cost types on a dairy farm
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	Types of expenditure in relation to the volume of business
	Types of expenses by offsetting the cost

	Dairy farming variable costs:
	Direct
	Indirect

	Feed
	+
	

	Bedding
	+
	

	Medicinal products
	+
	

	Veterinary services
	+
	

	Work payment and social and health insurance contributions (GE)
	+
	

	Hired agricultural services (GE)
	+
	

	Water (GE)
	+
	+

	Other variable expenses (GE)
	+
	

	Variable costs of the farm’s own technical equipment and its use:
	
	

	Fuel (diesel, natural gas, gasoline) (GE)
	+
	+

	Oil (GE)
	
	+

	Repair costs (GE)
	
	+

	Electricity (GE)
	+
	+

	Work payment and social and health insurance contributions (GE)
	
	+

	Production building deterioration (GE)
	+
	+

	Production building repairs (GE)
	+
	+

	Instillation deterioration (GE)
	+
	+

	Production building and equipment rental (GE)
	+
	+

	Production building and equipment insurance (GE)
	+
	+

	Fixed company costs
	
	

	Land and land rent taxes (GE)
	
	+

	Other taxes (GE)
	
	+

	Administrative building and equipment rental (AE)
	
	+

	Administrative work payment and social and health insurance contributions (AE)
	
	+

	Business trip expenses (AE)
	
	+

	Automobile expenses (AE)
	
	+

	Administrative building and equipment deterioration and repair (AE)
	
	+

	Acquisition of accounting forms (AE)
	
	+

	Stationary (AE)
	
	+

	Mail and telephone expenses (AE)
	
	+

	Interest (GE)
	
	+

	General purpose property insurance (GE)
	
	+

	Advertising expenses (SE)
	
	+

	Representation expenses (SE)
	
	+

	Other fixed company costs (GE)
	
	+


3.2. An overview of methods for determining investment efficiency
Investment processes, as viewed from the financial side, combine two opposite and essentially independent processes: production, or the creation of any object, or the accumulation of capital, and steady income.
The two processes indicated take place consistently (with a gap between them or not) or in a segment of real-time in parallel. In the latter case, it is assumed that the profit (income) from investments is obtained before the divestment process expiration moment. Both processes may have different distributions over time or exchange patterns. The form of distributions (especially for profit) over time has a very important, if not decisive, significance here.
Industrial investment analysis basically involves alternative investment project efficiency assessment and comparison. Measuring instruments used in formal performance here, based on the expected revenue and expenditure flow discounting, as well as  indicators, are determined on the basis of accounting data.
Evaluation of the effectiveness of the system of indicators takes place by calculation. In addition to the main description of the essence of the performance characteristics, their utilization limits are determined, as well as factors clarified that influence these parameters
Four indicators are predominantly used in the financial analysis of investment efficiency: net present value, payback period, internal rate of return, and cost effectiveness.
The three most frequently used characteristics of industrial investment efficiency assessment: payback period, internal rate of return, and cost effectiveness. The following indicators are obtained by comparing income distribution and the amount of investment (expenses) over time.
The payback period characteristic is used to assess the model's investment efficiency.
3.3. Determination of investment payback period
This is one of the most frequently used indicators. Despite time factors, e.g. when equal revenues received at different times are considered to be equal, the payback period indicator is determined as ny = K/R, where ny is the simplified payback period indicator, K - is the investment quantity, R is the annual net revenue. If the net income is received unevenly, the payback period is determined by a sequential revenue aggregation and by timing until the pure amount of income does not fall equal to the amount of investment. Most small firms abroad use the ny indicator.
From a financial position the payback period is a more reasonable method of determination. In this case, the payback period is understood as the time period during which the amount of net revenue, discounted at the time of completion of the investment, is equal to the investment. This way, the payback period expresses theoretically the time required to complete the investment compensation discounting income.
If the investment process is presented as an irregular payment flow, the payback period is determined by the summation of the discounted rate of q consistent income until an amount equal to the volume of investment is received. As for investment, it is sufficient for the analysis to have their total amount (output) in terms of the size K (the discounted value of income received from the investment at the beginning of the moment), then the cost of the distribution characteristics do not affect whatsoever the value nok. We will begin the examination of the methodology from the case in which the distribution of income does not have any patterns (free revenue flow). Then nok is discounted by the rate q for the aggregation of consecutive income until the amount received is equal to the volume of investment.
Similarly, the payback period can be found for other types of income distribution. In each such case, the capital investments are treated as current financial rent increases.
Not every income level, invariable under different conditions, leads to a payback. The payback period exists if there is no breech of certain relationships between income and the level of investment. Ergo, at an annual fixed-income revenue, the ratio would look like this: R > q´ K, when fixed-income revenue will generate p times annually R > p((1 + q)1/p -1) ´ K. If the following requirements are not met, the investments are not paid back within any time limit; more precisely, the term is equal to infinity. The above equalities will probably prove useful for rapid assessment of the situation.
The main flaw of the payback period nok indicator when evaluating effectiveness, which has already been addressed in the literature, is that it does not take into account the functioning of the entire investment period and, therefore, it does not have any influence on its generation of income, which is outside nok limits. The payback period should not be a selection criterion, but it can be used only as a constraint for the decision. Accordingly, if the project payback period is greater than the restrictions imposed, such a project is removed from the list of potential investment projects.
3.4. The structure of the investment process
When examining the model, which is expected to help analyse the long-term investment project and measure its financial performance, the main task consists of the revenue stream which is expected to be part of the analysis. The first step in that direction includes an examination of this flow structure: a breakdown into stages, differing in content, i.e. the distribution of income and expenditure. Because the model has to give estimates of revenue and expenditure levels for different possible (expected) conditions, they turn to the formation of the model depending on the external conditions (such as price) and production parameters (output, input level).
Each of the isolated intervals is characterized by a specific level of income and expenditure: expressed as a fixed amount, distribution, or dependencies on any external or production conditions. Formed in this way, the cost and revenue patterns give us the possibility to determine the flow components for each moment or period of time. The vast majority of expenses are evaluated approximately for indicator calculations. Data on investment in a company in any way related to the foreign market, economies of other countries, etc. are extremely variable. As we are considering long-term processes, it is important to keep in mind the possibility of measuring technical parameters. Thus, in the revenue stream formed by the model, the dependence on a number of multi-modal data for the future prevents getting a clear answer to all the issues raised. First the model results for a given base scenario are derived, in which the most likely conditions for the production system's conclusion and functioning are recorded. Next equivalent estimates are obtained for the pessimistic, most likely, and optimistic versions. The whole of the computable assessments received provides the opportunity to reliably visualize the financial implications of the relevant investment. 
3.5. The composition of a cash flow model 
Payment flows are the direct object of the analysis. When it comes to productive investment, in many cases, the flow elements are formed from pure income and investment spending indicators. Net income is understood as gross income (revenue) received in each time segment, after the deduction of all payments related to its receipt. These payments include all of the actual costs: (direct and indirect) labour and material payment, taxes. Investment costs are included in the payment stream with a negative sign. 
Industrial investment analysis basically involves alternative investment project efficiency assessment and comparison. Measuring instruments used in formal performance here, based on the expected revenue and expenditure flow discounting, as well as indicators, are determined on the basis of accounting data. 
3.6. Overview and purpose of selected software tools
Microsoft .NET Platform was selected to create the Virtual Open Access Mathematical Dairy Farm Profitability Model. This platform's components are shown in Figure 3.2. One of the main reasons for this choice is the opportunity to work with the .NET Framework 3.5, MS Visual Studio.NET 2008, and the SQL Server 2005 software and operating systems: Windows 7 and Windows XP. Hence, consider the following components in more detail.
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Figure 3.2. Microsoft .NET architecture
Microsoft Visual Studio .NET. is a universal multilingual programming tool for rapid development and installation of software for Microsoft Windows, the Web, and mobile devices [26]. Using this tool you can create and integrate applications through XML Web services. This allows applications to share data over the internet: XML Web services enable developers to write programs for new or existing code, depending on the platform, programming language, or object model. It is important that developers can complete their programming tasks using their previously acquired skills and knowledge with the help of Visual Studio .NET.
 .NET Framework is the development and execution infrastructure that replaces the development of business applications for Windows. The main objectives of the Microsoft .NET Framework are component support, language integration, application communication over a network, simplifying the creation of and layout of files, improved reliability, and improved safety. .NET Framework architecture is presented in Figure 3.3.
[image: image34.emf]
Figure 3.3. .NET Framework architecture
ADO .NET (ActiveX Data Objects) - database access and data processing applications [28]. ADO.NET provides many advantages in developing business applications. ADO.NET is available for all programs that can encode/decode XML. 
ADO.NET can work through the network protocols using XML (Figure 3.4.) or a more traditional way: client/server architecture [27].
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3.4 Figure ADO.NET architecture
ADO.NET advantages: a) interaction with other environments; b) the opportunity to communicate through heterogeneous environments; c) extensibility; d) the opportunity to serve the growing number of clients without affecting system performance; d) productivity; e) the possibility to quickly improve complex data applications using the ADO.NET object model components; f) effectiveness.
ASP.NET is a programming frame based on the common language runtime, which can be used on servers in developing powerful web applications [29]. ASP.NET is even more perfect than the previous web page development models and has the following advantages:
· Improved performance: ASP.NET is the common language runtime code operating on the server, so it runs the just-in-time compilation and local optimization
· Power and flexibility: ASP.NET is based on common language runtime, so the whole platform can use it
· Simplicity: with ASP.NET it is easy to perform common tasks, from simple form submission and client authentication to deployment and site configuration
· Easy Management: ASP.NET uses a hierarchical text-based configuration system that simplifies changing server features in environments or web applications
· Security: the integrated Windows authentication and configuration program means the program is safe
Microsoft Visual C# .NET [26] is a comprehensive set of tools in creating XML Web services and Microsoft .NET connected applications connecting Microsoft Windows and the network. This powerful development package, which uses the component-oriented C# development language, also provides beginners and advanced developers (with C++ or Java experience) a modern language and environment for the development of a new generation of applications. Visual C # .NET 2008 provides the highest functionality-stream for business processes, including:
· Modern Design: development and arrangement support for development of and use of network services
· Forms design and visual control development of Windows applications
· Authorization tools and services development of powerful Microsoft .NET server solutions
· Migration tools to move the Java-based projects to the Microsoft .NET development environment 
With Visual C # .NET developers can create solutions for a wide range of clients, including the Windows network and portable and stationary devices. Using this explicit programming language and tools, developers can efficiently move their existing C++ or Java language skills and knowledge to the .NET environment. 
MS SQL Server 2005 [30] is a comprehensive set of measures compatible with existing systems and routine data automation intended for all data solutions for a company of any size. Figure 3.5 shows the MS SQL Server data platform layout.
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Figure 3.5. The MS SQL Server data platform layout
SQL Server data platform tools [30]:

· Relational database. Secure, reliable, scalable, highly available, and besides that, a better operating and support structure as well as nonstructural (XML) data relational database model. 

· Replication Services. Data replication for distributed or mobile data processing programs, a good system for accessibility, scalable for synchrony with the secondary data storage and integration of the company's reports solutions with various systems, including existing Oracle databases.
· Notification Services. Great opportunities for programming and installing convertible programs so that personal and time sensitive information updates can be sent to a variety of connected and mobile devices.
· Integration Services. Extraction, transformation, and loading possibilities designed to secure and integrate all the company’s data. 
· Analysis Services. Online analytical processing (OLAP) opportunities to help quickly and efficiently analyse large and multiple databases using multi-dimensional storage.
· Reporting Services. A comprehensive solution that will help to create, manage, and transfer the usual paper printed reports as well as interactive network reports.
· Management Tools. SQL Server integrated management tools which you can use to better manage and coordinate the database.
· Programming Tools. SQL Server integrated programming tools for the database module to help extract-transform-load (ETL) date, to find them, OLAP, create reports, integrated with Microsoft Visual Studio so that it can be used for continuous program production opportunities. Within every main SQL Server subsystem there exist an object model and an API, so that data can be expanded in any direction suitable for the businesses.
This was a look at the software tools with which the virtual open access mathematical dairy farm profitability model will be developed.
4. A preliminary investigation of the virtual open access mathematical dairy farm profitability model's practical realization
The model includes customized spreadsheets:
-productivity
-feed
-quantities and prices of cattle breeds
-expenses
-milking equipment costs
-cattle holding premises costs
-necessary and unaccounted for investment in the project
-investment payback period 

A home page screen to present the virtual mathematical dairy farm profitability model structure to the user. The individual elements of this model are active and can be turned on to perform modelling operations separately. 
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4.1. Productivity modelling component 
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	No.
	Explanations

	1
	Enter the net energy lactation significance

	2
	Enter the average cattle weight

	3
	When you press the key the average and annual productivity of one cow is projected

	4
	When you press the key cells 1 & 2 are cleared

	5
	The lower bound of the dependent interval of average forecast productivity

	6
	The upper bound of the dependent interval of average forecast productivity

	7
	The lower bound of the dependent interval of average forecast annual productivity

	8
	The upper bound of the dependent interval of average forecast annual productivity

	9
	When you press the key calculations are completed, a window is opened for the herd formation 


4.2. Cattle herd structure component
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	No.
	Explanations

	1
	Cattle breed is selected

	2
	The selected number of cattle of the breed in the herd is entered.

	3
	The price for the selected breed is entered.

	4
	The number of cattle written off per year is entered.

	5
	When you press the key values 6,7,8,9,10 are calculated 

	6
	Cattle breed cost calculation. 

	7
	Base fat content milk yield from dairy cattle per day calculation. 

	8
	Whole fat content milk yield from dairy cattle per day calculation.

	9
	The lower bound of the milk cost dependent interval calculation

	10
	The upper bound of the milk cost dependent interval calculation


4.3. Feed component 
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	No.
	Explanations

	1
	Feed type is selected

	2
	Feed quality is selected

	3
	Ration is selected

	4
	Feed price is selected

	5
	Selections are finished, calculations are completed

	6
	Feed costs per kilogram of milk calculation

	7
	Feed price per head of cattle calculation

	8
	Selections are finished, a window is opened for farm cost modelling


4.4. Production, administrative, and sales expenses modelling component
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	No.
	Explanations

	1
	Bedding quality is selected

	2
	Cattle holding type in the cattle-shed is selected 

	3
	Price per ton of bedding is entered

	4
	When you press the key the cost of bedding per head of cattle per year is calculated

	5
	Bedding cost calculation

	6
	Expenses for one head of cattle per year are entered

	7
	When you press the key all costs for one head of cattle per year are calculated

	8
	Total expenses for one head of cattle are calculated

	9
	The lower bound of the milk cost dependent interval calculation

	10
	The upper bound of the milk cost dependent interval calculation

	11
	Completion of the calculations, the milking equipment cost calculator is invoked 


4.5. Milking equipment and initial milk processing installations modelling component
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	No.
	Explanations

	1
	The price for the selected equipment is entered

	2
	The quantity of the selected equipment is entered

	3
	The number of years the equipment will be used is entered

	4
	The liquidation value of the equipment is entered

	5
	When you press the key milking equipment cost, amortization, and the average cost of milk are calculated

	6
	Equipment costs are calculated

	7
	Amortization per year calculation

	8
	The average cost of milk calculation

	9
	Completion of the calculations, the cattle holding premises cost calculator is invoked


4.6. Cattle holding space modelling component
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	No.
	Explanations

	1
	Cattle holding premises is selected

	2
	Area designated for cattle is entered

	3
	The recommended norm is shown according to the selected holding premises 

	4
	Price per square meter of the premises is entered

	5
	The number of years the premises is to be used is entered

	6
	The liquidation value of the premises is entered

	7
	When you press the key the livestock housing price, amortization deductions per year, and the price per kilogram of milk produced are calculated

	8
	Cattle holding premises cost calculation

	9
	Annual premises depreciation calculation

	10
	Annual amortization deduction costs per kilogram of milk produced calculation

	11
	Completion of the calculations, the cattle holding premises cost calculator is invoked


4.7. Investments for the implementation of necessary projects modelling component
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	No.
	Explanations

	1
	Investment for purchasing fixed assets calculation

	2
	Investment in working capital calculation

	3
	Additional, unexpected expenses are entered

	4
	When you press the key the total investment required for the project is calculated

	5
	The total private capital investment is entered

	6
	The total of financing received is entered

	7
	When you press the 9 key the total remaining sum is calculated

	8
	The necessary investment calculation

	9
	The deficient funding calculation

	10
	Completion of the calculations, the farm profitability indicator calculator is invoked 


4.8. Project profitability indicators modelling component
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	No.
	Explanations

	1
	Loan interest rate is entered

	2
	Milk yield per year sales rate is entered

	3
	Profit tax rate is entered

	4
	When you press the key the project payback period is calculated for the optimistic, most likely, and pessimistic versions

	5
	The investment payback period calculation for the optimistic version 

	6
	The investment payback period calculation for the most likely version

	7
	The investment payback period calculation for the pessimistic version

	8
	Done


5. Practical modelling results
Some indicator modelling was done using the Ministry of Agriculture's biological asset normative prices and other official statistics, e.g.: dairy farm investment payback period dependence on:
· net energy lactation values
· head of cattle per herd
· cattle herd count by breed
Investment payback period modelled as optimistic, pessimistic, and most probable versions.
 The following table shows the dairy farm baseline data selected for modelling.
Table 5.1 Baseline modelling data 
	Average cattle weight, kg
	500

	Head of cattle on the farm per year: 
	10

	The number of cattle written off per year:
	10

	Cost per head of cattle, LTL:
	3,000

	 
	 

	Expenses for one head of cattle per year:
	Price, LT

	bedding
	60

	paying wages with taxes
	1,000

	electricity
	50

	oil and gas
	150

	pharmaceutical preparations
	50

	Cattle holding premises cost is determined
	1,000

	Milking equipment cost is determined
	85,000

	Investments in long term assets:
	116,000

	Private capital invested
	20,000

	Structural Funds support:
	40,000

	Unexpected expenses
	50,000

	 
	 

	Annual interest rate, %:
	4

	The rate of milk sold:
	0.9

	Profit tax rate, %:
	19

	Feed:
	Hay      silage      green fodder

	Ration, %:
	40               30                  30

	Price LTL/t
	157


The number and breed chosen are 10 Lithuanian Black and White dairy cows per year on the farm. How investment payback period depends on the feed-generated net energy for lactation values was analysed. The results are presented in the table below.
Table 5.2 The investment payback period on the basis of the net energy for lactation values
	
	Calculation of milk 
cost LTL/kg
	Forecast productively
 from one head of cattle, kg
	 Project investment payback period
 time:

	NEL
	highest
	average
	lowest
	lowest
	average
	highest
	optimistic
	probable
	pessimistic

	100
	0.418
	0.402
	0.403
	23.3
	17.1
	24.2
	5.6
	11.6
	61.0

	120
	0.414
	0.397
	0.393
	30.1
	24.3
	31.8
	4.9
	9.4
	32.2

	140
	0.364
	0.348
	0.342
	36.9
	31.4
	39.3
	3.9
	5.7
	18.5

	160
	0.331
	0.315
	0.308
	43.6
	38.6
	46.8
	3.2
	4.7
	13.4

	180
	0.305
	0.291
	0.283
	50.4
	45.7
	54.3
	2.8
	4.0
	11.1

	200
	0.286
	0.272
	0.264
	57.2
	52.9
	61.8
	2.4
	3.5
	11.0


The results show that with an increase of the net energy for lactation value, investment payback period decreases.
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Figure 5.1. Payback period of the project investment
 dependence on the NRL indicators

The results show that with an increase of the net energy lactation value, productivity per head of cattle increases at the same time as the cost of milk decreases. It is understandable that as cost declines and production volumes rise, sales increase as do farm profits. Average milk costs are calculated and project investment payback period dependence is shown in Figure 5.2.
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Figure 5.2. Average milk cost dependence 
on investment payback period
We selected a cattle breed characterized by better milk composition indicators for the model, e.g.: Angler, and we calculate profitability indicators with the same baseline data.
The results are shown in Table 5.3.
Table 5.3. The investment payback period keeping the angler breed of cattle
	 
	Calculation of milk 
cost LTL/kg
	Forecast productively
 from one head of cattle, kg
	 Project investment payback period
 time:

	NEL
	highest
	average
	lowest
	lowest
	average
	highest
	optimistic
	probable
	pessimistic

	100
	0.48
	0.45
	0.43
	25.47
	23.74
	26.95
	5.82
	15.39
	59.09

	120
	0.40
	0.38
	0.36
	32.61
	31.23
	34.77
	4.30
	9.44
	23.14

	140
	0.35
	0.34
	0.32
	39.75
	38.72
	42.57
	3.40
	5.70
	15.08

	160
	0.31
	0.31
	0.29
	46.88
	46.21
	50.38
	2.96
	4.61
	11.26

	180
	0.28
	0.28
	0.26
	54.03
	53.71
	58.20
	2.48
	3.81
	12.03

	200
	0.27
	0.27
	0.25
	61.16
	61.20
	66.01
	2.22
	3.37
	5.86


A comparison of these results with the results of the Black and White breed (Table 5.2) shows that the cost of milk is lower, productivity is predicted to be greater, and the payback period is shorter. A comparison of the results is presented in Figure 5.3.
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Figure 5.3. Investment payback period dependence on net energy
lactation values ​​and cattle breeds

Also the impact the number of cattle has on investment payback period was analysed. Baseline data used provided in Table 5.4. Suppose Dutch Black and Whites are kept on a farm that gets around 150 MJ net energy for lactation from their daily diet. Over a year about 10% of the cattle are written off. According to these initial inputs the results obtained by using the modelling method are provided in Table 5.4.
Table 5.4 Investment payback period dependence on the number of heads of cattle on the farm
	 
	Number of heads of cattle, %:

	 
	10
	15
	20
	25
	30

	Working capital requirement, LTL/year:
	42796
	61106
	79415
	97725
	116035

	Investment payback period (years):
	 
	 
	 
	 
	 

	optimistic version:
	3.55
	2.89
	2.49
	2.26
	2.11

	most likely version:
	5.13
	4.12
	3.60
	3.27
	3.07

	pessimistic version:
	14.53
	11.16
	9.09
	8.21
	6.32

	Milk cost LTL/kg:
	 
	 
	 
	 
	 

	highest:
	0.34
	0.32
	0.32
	0.31
	0.31

	medium
	0.33
	0.31
	0.31
	0.30
	0.30

	lowest
	0.27
	0.31
	0.35
	0.30
	0.30
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Figure 5.4. Investment payback period dependence on the number of heads of cattle 

As can be seen from the results obtained (Table 5.4, Figure 5.4), with an increase of the number of cattle investment payback time decreases, although working capital increases.
Investment payback periods were also compared by modelling, keeping herds of different cattle breeds.
Baseline modelling data used provided in Table 5.5.
Table 5.5 Baseline modelling data
	Net energy lactation necessity
	150

	Cattle weight
	500

	Predicted milk yield
	31.76-42

	Ration, %:
	 

	Hay (high rye grass)
	40

	Grass (white clover)
	30

	Silage (beer dregs)
	30

	Expenses for one head of cattle per year, LTL
	1,240.5

	Necessary investments for project implementation:
	293,296

	Loan
	203,296

	Loan interest rate, %
	4

	Rate of milk sold
	0.9

	Profit rate, %
	19


Cattle herd structure modelling 
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Figure 5.5. The first formation of the herd in a spreadsheet
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Figure 5.6. The second formation of the herd in a spreadsheet
The assumptions used in this modelling:
· the same average productivity is predicted
· cattle are fed with the same feed rations and types
· there are the same feed costs
· the same dairy cattle numbers and costs
· the same expenses, milking equipment, livestock housing costs, and amortization deductions
· the same loan, interest, and profit rates, product sales factor values
Having entered the relevant parameters (results are presented in Table 5.7) in the spreadsheets we get a shorter investment payback period while keeping better reproductive qualities of cattle breeds; as the resulting projected confidence interval of milk cost is lower, there is a higher baseline fat milk yield, plus the estimated investment period is shorter. Thus, fittingly, cattle breed has a significant impact on dairy farm profitability indicators. 
Table 5.7 Calculated investment payback period for different herds
	 
	 
	Quantity, units
	Average milk yield,
kg/d.

	Herd I
	Lithuanian Black and Whites
	10
	40.18

	 
	Lithuanian Red and Whites
	20
	41.27

	Herd II
	Jerseys
	10
	52.79

	 
	Anglers
	20
	42.46

	 
	 
	 
	 

	 
	Version options:
	Herd I
	Herd II

	Investment payback period
	Optimistic version
	2
	2

	(number of years)
	Most likely
	2
	2

	 
	Pessimistic version
	3
	2


Conclusions
1. The course of work to get practical results shows that there are opportunities to create a virtual open access mathematical dairy farm profitability model.
2. The model's prototype demonstrates the ability to model a virtual environment flexibly and individually–to optimize and evaluate individual parameter influence on the cost and profitability throughout the dairy farm production chain according to farm technologies and other aspects: the choice of breed, milking, feeding technology, feeding ration selection, and others.
3. Continuing the research in this direction there are opportunities to improve the accessibility of consulting services and their availability must be made more accessible to farmers, as well as making better use of Lithuania's high speed internet infrastructure and transferring the farmers to the virtual environment.
4. The development of this project is a real opportunity to develop preconditions for connections with Lithuanian scientists and scientific application development results in databases which are available using the Nemunas Valley information system capabilities currently in the works.
5. It is possible to realize the prospective virtual mathematical dairy farm profitability model as a decision making system and install it on the Nemunas Valley website. 
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Inclusive milk weight (3.4% fat and 3.0% protein) procured in Lithuania from producers 09/2010 to 12/2011
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Inclusive milk weight (3.4% fat and 3.0% protein)


Note: Data since 07/2011 is only prognosis


Source: ŽUMPRIS





Average milk* procurement prices in Lithuania, Latvia, and Estonia 06/2009 to 06/2011 LTL/ton





LTL/ton


Lithuania		Latvia		Estonia





*Inclusive milk weight: 3.4% fat and 3.0% protein in Lithuania and 3.5% fat and 3.0% protein in Latvia andEstonia


**Prices in foreign states (LTL) are given according to the Bank of Lithuania for the day in question





Average milk* procurement prices EU countries for April 2010/2011





LTL/100 kg


Cyprus Greece Finland Italy Sweden Holland Denmark Germany Austria Czech Republic Estonia Belgium Bulgaria Ireland Hungary Luxemburg Slovakia France Portugal Spain Latvia Lithuania Poland Slovenia Romania United Kingdom





*whole milk; **Prices in foreign states (LTL) are given according to the Bank of Lithuania for the day in question


Source: Europan Commision
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Average procurement price (LTL/ton)








Milk procured from farmers and family farms


Milk procured from agricultural cooperatives and companies


Average price paid to farmers and family farms for milk
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Source: AIRBC
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