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Introduction
Nutrient and organic matter fluxes resulting from intensive livestock production
Apart from animal products like meat, milk and eggs livestock also produces excreta. Typically 60-80% of the nitrogen (N) and phosphorous (P; usually expressed as phosphate P2O5) and 70 to over 95% of the potassium (K; usually expressed as K2O) that animals take up in their feed are excreted and have to be handled in liquid or solid form. These residues which also contain considerable amounts of organic matter can either be handled as waste which has to be disposed of or as manure which is recycled. 
If the livestock excreta are disposed of, as is often the case in intensive livestock production in Asia, this usually means a controlled or uncontrolled discharge to water courses or unproductive land, either of the fresh excreta or after treatment. Treatment can reduce the amount of nutrients and organic matter. A discharge of animal residues to water causes eutrophication with serious implications to surface waters (rivers, lakes, marine ecosystems) downstream of the point of discharge. It can also have negative effects on human and animal health. A discharge to unproductive land causes an accumulation of nutrients and heavy metals. This harms the fertility of the soil and can cause the contamination of groundwater through leaching losses and surface water through run-off losses and erosion.
If livestock residues are recycled, the nutrients and the organic matter are used as fertilizer for crops and grassland or as feed for fish or sometimes livestock (not in Asia and Europe). The resulting fluxes of nutrients and organic matter therefore have to be assessed in a wider context which considers the effect on the crops or aquaculture systems as well as the environment. For the productivity of the crops or the fish or animals fed with manure an appropriate dosing and the prevention of health risks are important. Potential environmental impacts from manure used as fertilizer are losses to surface water through run-off or erosions, leaching losses to ground water, accumulation of excessive nutrients and heavy metals in the soil, nitrous oxide losses to the atmosphere and the transmission of pathogens to humans and animals. The extent of these impacts largely depends on appropriateness of the manure management.
Implications for farmers
Manure management is an important cost factor for livestock producers. It must be an aim to minimize these costs while respecting legal restrictions and the reactions from the neighbour​hood. To do this livestock farmers producing manure and farmers utilizing the manure (produced on their own farm or received from other farmers) need reliable information on the amount and of residues that have to be handled, on their composition (water content, nutrient and organic matter content, pH) etc. Furthermore they need realizable practical recommendations on the proper handling of manure.
A decision support tool (DST) on nutrient and organic matter fluxes for farmers is needed for the selection of an appropriate manure management strategy, for the planning of the necessary facilities and as a support for the manure management. For the selection of an appropriate manure management strategy and the necessary facilities, the framework conditions of the farm (legal restrictions, farm structure, land availability, abilities of the farmer, economic consequences, neighbours etc.) have to be taken into account. The nutrient fluxes DST must be well harmonized with the DST for the selection of appropriate technology. Furthermore, a close link to the recommendations for crop fertilization and fish production is essential for the practical implementation of the manure management.
Implications for the public

As discussed above, residues from livestock production can have various negative effects on the environment. To assess these impacts, to define and implement legal limits and to provide recommendations and support to farmers it is also essential to have reliable information about the relevant fluxes of nutrients and organic matter. 
Inputs from a DST on nutrients and organic matter fluxes can for example bee needed to evaluate the environmental impacts of livestock production on a farm or in an area, to define limits for farms size or livestock density in an area or for the identification of suitable and unsuitable areas for new livestock operations. Furthermore, it can support the monitoring of livestock farms and farms utilizing manure because many aspects can be modelled more reliably or more efficiently than measured. The DST on nutrients and organic matter fluxes must take into account national and local policy restrictions, the needs of different institutions (Departments of Agriculture and Environment, extension services etc.) and must be harmonized with the DST for spatial planning.
Potential elements of the DST

A DST on nutrients and organic matter fluxes will essentially by a calculation model. It will need appropriate templates for the collection of the required input data and it must generate clear and concise outputs (tables, figure, flow charts) meeting the expectations of different users. Scenario comparisons should be possible for the evaluation of different options. The DST could also be used as a database to collect information from different farms in the course of time. To aid manure management and the interpretation of the calculation results the DST could also contain checklists, recommendations for different farm types and environments or case study examples. Potentially, the DST could also be linked to cost calculations, if these are not yet covered by the DST for the selection of the most appropriate manure management strategy and technology.
The DST could also play an important role as awareness raising and capacity building instrument. For such applications it would be possible to provide guided lessons for self study.
The DST could be implemented either as a software which could be distributed to potential users on a CD or via internet or as an internet based application.
Potential applications or modules of a DST on nutrient fluxes and balances

Nutrient balances
The land livestock balance is a common approach to assess how much crop area is needed to recycle the manure of a given farm or in an area or if the livestock density on a farm or in an area corresponds to the carrying capacity of the land (if manure is recycled as fertilizer). It compares the amount of nutrients in the manure and in chemical fertilisers with the nutrient uptake or requirements of the crops and grassland. 
Possible applications
· Assessment of how much crop land (and grassland) is needed for recycling the manure of a farm or in an area. 

· Determination of the possible size of a livestock operation depending on the crop surface (and fish production) available for manure recycling on the farm or in an area.
· Assessment, if the present manure and fertilizer use of a farm corresponds with the crop nutrient requirements or if there is a surplus or deficit. 
· A surplus, which means a higher potential for negative environmental impacts could then be reduced 1) through a reduction of chemical fertilizer use, 2) a reduction of animal numbers, 3) by convincing (more) neighbouring farms to use the manure on their fields or buying more crop land, 4) exporting manure from the area or 5) by reducing the amount nutrients in manure through treatment or feeding measures. 
· A deficit, which would result in yield reductions and a soil fertility degradation could be reduced by 1) applying more chemical fertiliser or 2) using more manure acquired from other farms or through an increase of animal numbers. Nevertheless, nutrient deficits seldom exist in areas with intensive livestock production.
· Assessment of the total load to the environment without differentiation between different impacts.

· Tool to organize the logistics of manure distribution in programs for area-wide collaboration of livestock and crop producers (contractual agreements, distribution of manure in space and time, transport etc.).
· A simple substitute for detailed fertilizer plans.

· Assessment of how many animals are can be allowed in an area in the context of building or farm operation permits or spatial planning.

· Identification of hot-spots with high risk of environmental impacts through area-wide nutrient balances linked to GIS applications.
Possible options

· Balance between manure and fertilizer inputs and crop requirements (according to official recommendations).

· Balance between manure and fertilizer inputs and crop uptake.

· Farm gate balance comparing inputs (with or without atmospheric deposition and N fixation of legumes) into the farm and outputs (with partial or without consideration of losses to the environment) from the farm.
· Amount of nutrients in livestock excreta/manure calculated from feed inputs and production parameters or taken from default values.

Potential users

· Livestock farmers wanting to recycle their manure on their own land or on neighbouring farms (as a planning and management tool).
· Extension services or farmers training institutions as an awareness raising and educational tool.
· Managers of programs for area-wide integration of livestock and crop production.
· Local authorities as an evaluation tool for farm permits.
· Provincial and national authorities for spatial planning.
Amounts and composition of manure

Based on the amount of excreta and nutrients contained in them and the litter used and assumptions on the decomposition and immobilisation processes as well as losses the amount and composition of manure produced on a farm is calculated. The calculation has to take into account the housing and manure management system and must be done separately for liquid and solid manure. The same inputs for nutrients excretions can be used as for the balance calculation. 
Possible applications
· Planning the dimensions of manure storage and treatment facilities. For manure treatment systems a link to the results on processes and losses from the manure treatment DST should be made.
· Evaluating the nutrient value of different types of manure.

· Evaluating the amount of manure needed to cover the nutrient demand of different crops.

· Planning aid for programs of area-wide integration of livestock and crop production.

· (Assessing the amount of nutrients and organic matter discharged. This calculation would probably be more appropriate in the manure treatment DST.)

· Input for cost calculations.

Possible options
· Information on processes and losses of manure treatment taken form the manure treatment DST (via automatic interface or manual transmission) or calculated in this DST.

· Only for nutrients or also dry and organic matter.

· Taking into account rain water getting into the manure stores or not.
· Total amount over the year and average composition or with seasonal differentiation.
Potential users

· Livestock farmers wanting to recycle their manure on their own land or on neighbouring farms (as a planning and management tool).
· Managers of programs for area-wide integration of livestock and crop production.
· Monitoring agencies for the validation of measurements (together with manure treatment DST).
Tool for manure distribution and fertilizer plans
Based on the amount and composition of the manure produced (see previous heading) and crop nutrient requirements the appropriate or maximum manure dose is calculated for different crops and manure doses are attributed to the crops in such a way that all the manure is utilized. The amount of chemical fertilizer needed in addition to the manure is calculated for each crop. 
Possible applications
· Planning the manure distribution and fertilization of an individual farm.

· Planning aid for programs of area-wide integration of livestock and crop production.
· Input for differentiated cost calculations.

Possible options
· Suggested dosing according to P or N.
· Maximum dose equal to part or full nutrient requirement of crops or with defined surplus tolerance.
Potential users

· Livestock farmers wanting to recycle their manure on their own land or on neighbouring farms (as a planning and management tool).
· Crop farmers receiving manure from livestock farms.
· Managers of programs for area-wide integration of livestock and crop production.
Quantification of different environmentally relevant emissions and losses

Different emissions and losses to water (discharge, run-off and overflow, leaching) and atmosphere (ammonia, nitrous oxide, methane) as well as accumulation in the soil are quantified.
Possible applications
· Evaluation of the environmental impacts of specific farms or farming systems.

· Environmental assessment of a farm.

· Identification of hot-spots of environmental pollution.

Possible options
· Only for fluxes and processes that have to be considered anyhow when calculating the composition of the manure (mainly ammonia) or also for other losses.
· Level of consideration of climate, soil type, topography etc.
· Level of consideration of farming practice.

· Full distribution of N and P (sum of all effects equal to 100% of turnover) or not.
Potential users

· Agencies issuing farm permits.

· Agencies dealing with environmental monitoring.
· NGOs dealing with ecology.
Aspects to consider when evaluating a potential DST on nutrient fluxes and balances

Objectives of the DST

The objectives and potential applications of the DST must be defined by the stakeholders involved. Contrary to the manure treatment DST, nutrient fluxes and balances at the whole farm or area-wide level are not an indispensable part of the LWMEA project. The requirements of the farmers could also be met by a set of recommendations and default values. The evaluation of the livestock carrying capacity of a farm or area or spatial planning could be done with simpler approaches like a maximum livestock density (e.g. livestock units per hectare). Nevertheless, a common DST for the different applications would certainly facilitate the procedure and is probably a prerequisite that the different aspects are dealt with in a coordinated manner.
The objectives of the DST on nutrient fluxes and balances will differ for different stakeholders. Farmers need a management tool while policy is rather interested in a monitoring and evaluation tool. This does not only influence the results required from the DST but also the motivation for such a tool. As soon as the tool is used to define and impose restrictions for the farms, farmers will tend to be afraid of the consequences of the DST and will rather oppose than support it. It will therefore be important that the project teams try to achieve a compromise between different stakeholders concerning the objectives of the DST.
The objectives of the DST can differ from country to country, depending on the stakeholders involved in the project, different legal frameworks and farm structure etc. Nevertheless, to allow a comparison and exchange of experience it is quite essential that a common approach can be defined which can be implemented to a variable degree in the different countries.

Conclusions after workshops in April 2007 
A computer based model which allows scenario calculations for different objectives is generally favoured by scientific and policy orientated experts. However, simple hardcopy recommendations and guide values will also have to be provided for each country or even at more differentiated level (e.g. different sets for Northern and Southern Vietnam). The model will be a helpful tool to provide these.
At least at short and probably middle term the DST model will hardly be directly used as a manure management but rather as a technical and spatial planning too, e.g. for the selection and dimensioning of manure treatment facilities and in the context of farming permits and monitoring activities that take into account the carrying capacity of the land. This implies that high priority will have to be given to the manure treatment aspects. For manure management, e.g. the dosing of manure for different crops and generally fertilizer plans, hardcopy recommendations and demonstration plots or farms will be more important.

In collaboration with the team that works out the manure treatment DST, decision tree modules will have to be developed to support the selection and implementation of correct manure recycling strategies and techniques. For this purpose national guidelines about the "best available techniques" could be helpful.
Potential users

The DST will probably be used by a wide range of different users with differing needs and backgrounds. For the following reasons this does not only influence the objectives set for the DST but also the level of detail of the calculation: 

· Specialized farmers intending to use the DST as a planning and management tool will opt for a detailed calculation that takes into account a wide range of farm-specific variables while policy makers will rather prefer a simple approach which does not go into technical details of farm management.
· A tool that shall be used for policy implementation and monitoring on a large number of farms must be simple and robust to manipulation while a tool for the application on farms should be able to take into account the farm-specific situation and thus needs a certain level of differentiation.
· The technical knowledge that can be expected from different user can vary within a wide range. While some users might have a scientific background or profound experience in livestock production and fertilization, others can not be expected to have such competences.
· A tool for the assessment of environmental impacts will have different requirements than a tool to optimize farm management.

It is not easy for one tool to meet such a wide range of user requirements. Nevertheless, to allow for a direct comparison between different applications it is essential that the tools used by the different users follow the same general procedure. To accommodate the different user requirements it is for example possible to provide different input and output screens which vary in the detail of variables considered. Thus farm-specific inputs can be considered for example for feeding or manure systems when a farmer uses the tool, while default values which are not visible to the user are used for policy applications (see also description of NuFlux).
Conclusions after workshops in April 2007 

The background and the objectives of the potential users will differ considerably. However, the computer based DST model will hardly be used by farmers. Therefore, this model can assume a certain academic background of the users. 
At the farm level, simple but reliable recommendations in the form of oral instructions and information leaflets are needed. In the framework of LWMEAP such tools should therefore have top priority. A computer based model will be helpful to provide these and is also needed for the manure management and treatment strategy selection
Tools used for policy purposes will have to be very simple and robust to manipulation. It will therefore be essential to limit the inputs considered to absolute essentials. Such tools do therefore not necessarily have to be computer based, but an internet based approach would facilitate updates. An internet based approach with a database would also facilitate data archiving. However, the acceptance of such solution and legal confidentiality considerations might be an obstacle for such solutions (especially in Thailand). 
The credibility of the tools provided is a crucial issue. It will be a major challenge to use the same basic approach for simple and robust applications and highly differentiated scenario calculations, because of the fundamentally opposite objectives of the two applications. It might therefore be necessary to provide independent tools even though they use a common basic procedure. For farmers the crucial issue will be that the risk negative impacts on crop yield an quality is minimal when he applies the recommendations. To avoid yield reductions risks due to lacking nutrients, rather generous safety margins for manure dosing could be applied. However, this approach could also be counterproductive as long as the mineral fertilizer use is not reduced accordingly when using manure. 
Availability of input data

The availability of input data is important criteria for any model. Reliable calculations are only possible if the needs of the model are congruent with the availability of the data. The following options can help to overcome this problem:
· A wide range of livestock categories and crops must be available to choose from. The addition of categories must be possible.

· For applications using livestock numbers or crop surfaces from statistics (e.g. are-wide calculations) the categories used in the model must be identical with the categories used in the statistics.

· For input data on farm management that might not always be available or relevant for a specific user, default values can be used (see chapter on potential users). To be reliable, such default values must be compiled by experts with experience about current practice on farms (not only recommendations).

Conclusions after workshops in April 2007 

Reliable default values will be essential both for simple recommendations and for differentiated model calculations. To provide these should therefore be a top priority of LWMEAP. 
Reliability of the input data and assumptions
Any calculation model is as good as its inputs and the assumptions used. The reliability of the inputs and assumptions must therefore be thoroughly analyzed. 

The reliability of the input data on farm management does not only depend on the knowledge of the farmers or experts consulted, but also on their interest in the calculation and the approach chosen to collect the data. If for example a farmer does not know the answer to a question he will often tend to say anything. If he is afraid that the calculation will have negative consequences for him, he might also hold back or manipulate information. To safeguard against such mistakes a set of plausibility tests and control questions should be integrated and the questions should be a precise and clear as possible. The form of such plausibility tests and control questions will depend on the form of data collection (interview, questionnaire, direct input of data provider into the model).
If the model is intended for policy implementation and the monitoring of farmers compliance with legal standards high attention must be given to the robustness for manipulations. In this case it is advisable to keep the model very simple because any variable considered which can not be directly controlled will increase the risk of manipulated input data. Furthermore, every additional variable increases the potential that the calculation procedure is contested.
The reliability of expert assumptions on farming practice used in a model calculations depends on the experience of the experts on the methods typically used on the farms. A frequent problem is that experts mainly know (their) recommendations rather than actual farming practice. Furthermore, the experts experience is often biased by the region or the farm type that he/she is mainly dealing with. 
The reliability of expert assumptions used for processes and efficiencies of different systems greatly depends on the availability of corresponding information in scientific literature. Such information on manure management systems (e.g. losses, speed and efficiency of decomposition process) are scarce for conditions in East Asia. Literature and expert guesses from Europe or Northern America must therefore be used sometimes, even though it is known that they are not fully applicable for conditions in Asia (temperature, rainy season, soils etc.). It is important that models or parts of models using such assumptions are validated under the conditions where the model shall be used before the model is widely used. This means that capacities for the practical validations must be available and that the development of the model will be an iterative process in which the quality of the model is gradually improved.
The reliability of the potential applications of a DST on nutrient fluxes and balances discussed in the previous main chapter will be discussed later.
Conclusions after workshops in April 2007 

Simplicity will be crucial for any tool used widely by farmers or for policy implementation.

A thorough literature review and analysis of locally available data in the LWMEAP countries will be necessary concerning processes and losses during manure storage. The consideration of such processes must be well harmonized with manure treatment considerations. 
General form of the model and coordination with other DSTs
It more than one of the potential applications or modules of a DST on nutrient fluxes and balances discussed in the previous main chapter shall be implemented, this could either be done in one common model or in individual models designed for different user groups and applications. Nevertheless it is essential that there is full congruency between different models. This is probably best guaranteed in one common model with different modules which must not necessarily all be available for each user. Such a system would also have advantages for keeping the model(s) up to date.
As the DST on nutrient fluxes and balances mainly consists of calculations, a PC application is practically predetermined. Nevertheless this application can be designed for local installation or as a web-based application. While the local installation will allow a wider dissemination of the tool, the web-application has the advantage that the newest and identical version is available to all users. This would be important for the comparability and reliability of the calculations. If the DST is implemented as local installation it should be based on standard software that can be expected to be available on any machine (priority Windows; minimal requirement Windows 2000).
A good coordination and harmonization between the different DSTs developed in the framework of the LWMEA project is essential. Appropriate interfaces for the transmission of data should be provided. This could either be automatic, meaning that the different DSTs are all linked, or manual with one DST using results of an other DST as manual input. 
The DST on nutrient fluxes and balances must be most closely linked with the DST on manure treatment. In view of the numerous treatment options it is, at least at present, hardly realistic that the two DST are combined in one application. However, for the evaluation of the most appropriate manure management strategy, the two DSTs must be jointly used. While the DST on nutrient fluxes and balances will be of little relevance for farms without manure recycling, the manure treatment aspects will be less relevant for farms that can recycle all their manure locally on crops with low health related hazards.
The DST on nutrient fluxes and balances will be essential for the spatial planning DST if nutrient balances are a criterion considered there.
Conclusions after workshops in April 2007 

Simple recommendations and hardcopy information material will have a much higher importance than previously realized. 

For the time being the modules dealing with nutrient balances and manure quantities/composition should be positioned independently because nutrient balances can already be calculated reliably while manure fluxes need thorough validation before a model can be released.

It will be a major challenge to harmonize the manure treatment DST and the nutrient flux DST. In principle, a common programming of the two DSTs would be strongly advisable.
The link to the spatial planning DST still needs to be discussed.
One common model or national models

The objectives and applications of the DST on nutrient fluxes and balances will probably vary between project countries and farm structure and management as well as the language are certainly country specific. The question therefore arises if one common model or three national models should be implemented in the LWMEA project. From the point of view of a customized approach individual national models would be favourable. From the point of view of comparability, efficiency and ease of updating one common system would have considerable advantages.
Different possibilities exist to overcome this dilemma and provide customized tools for each country without having different calculation procedures:

· Modular approach with customized input and output screens for different user groups (if necessary). These could be defined individually in each country, while the calculation in the background is identical for all countries.
· Individual default value sets for each country or even for different parts of the country. These default value sets would have to be compiled together with local experts of different background (feeding, livestock management, pigs, poultry, environmental impacts etc.).

· A function to switch between different language versions. Updates and the addition of new languages could be made in a special table with different columns for individual languages and lines for each term used in the input or output screens of the model (see also description of NuFlux).
Conclusions after workshops in April 2007 

There is no fundamental objection but a certain scepticism towards a common model for different countries and user groups. Due attention will have to be given to this. Apart from the language and the guide values that will differ from country to country it might also be recommendable to have different entry-points (internet addresses) for different users. It will be especially be important to give a certain impression of independence between manure management and policy implementation tools. However, the common calculation procedure between the two tools is important to prevent misunderstandings.

While nutrient flux calculations can be done according to the same general procedure in different countries, decision tree parts of the model must also take into account the national policy framework and local social priorities.
Adaptation of NuFlux or a new model

NuFlux was developed in the framework of the AWI project (Area-wide integration of specilized livestock and crop production) in Thailand, Vietnam and China (see NuFlux description below). To build on this existing basis would considerably reduce the investment necessary within the framework of the LWMEA project. Nevertheless it bears the risk that the project is impeded by weaknesses or peculiarities of NuFlux.
If NuFlux would be used as a basis for the new DST, this could be done for the individual modules or parts of NuFlux (e.g. only nutrient balance). It would also be possible or advisable to realise the different parts in individual steps.  

The strengths and weaknesses of NuFlux can be summarized as follows:
· The nutrient balance calculation is quite robust and reliable. Not much further development would be necessary.

· The calculation of the amount and composition of manure is based on many empirical assumptions which would need thorough validation (including measurements) before such an application could be released and widely used.

· The module to distribute the manure to crops could only be used once the calculation of the amount and composition of manure have been validated. It would have to made more user friendly.

· The different user modes and the "one click" translation have so far been successful.

· NuFlux does not give detailed results about different losses and emissions. Only the ammonia loses are calculated as a by-product. A calculation of leaching losses and the volatilization of other gases is not possible because there is no differentiation of soil types and climatic variables.
Conclusions after workshops in April 2007 

The basic approach of NuFlux is not contested. In view of limited resources it is therefore reasonable to use it as far as possible. 

The nutrient excretion and nutrient balance procedures can probably be transferred without major changes, as long as manure treatment is ignored. The biggest challenge will be the interface with the manure treatment DST or the calculation of manure and nutrient fluxes in connection with manure treatment. To what extent manure treatment is considered in nutrient balance calculations (e.g. for spatial planning applications, permits and monitoring) is policy rather than a technical question.
A thorough review of manure processes will be necessary for the manure quantity and composition calculations and corresponding validation measurements in the LWMEAP countries will be necessary.

A new programming is probably inevitable because a much stronger modularization will be necessary for the applications for different users and differing time of release.
NuFlux

Background of NuFlux

From 2000 to 2004 The Livestock Environment and Development Initiative (LEAD) supported national projects on Area-Wide Integration of Specialized Livestock and Crop production (AWI) in Thailand, China (Jiangsu Province), Vietnam and Mexico. These AWI projects can be considered as pilot projects for the LWMEA project. Though organized differently in each country, the national projects all aimed at an analysis of the present situation of manure management and environmental impacts of intensive livestock production and the identification and evaluation of options to have a collaboration of intensive livestock production with crop producers for an environmentally acceptable utilisation of the manure. One common activity in which all countries were involved was the development of a model on nutrient balances and fluxes (NuFlux). This work was mainly carried out at the Swiss College of Agriculture. 
NuFlux will be shortly described and discussed here to give an example of different features that could be integrated in the new DST on nutrient fluxes and balances. In principle, NuFlux would be available as a basis of a new DST, but it might also be better to develop a new tool rather than being burdened with an old tool which also has some weaknesses. The decision which option should be chosen should be made by the LWMEA teams.
"Terms of reference" for the model

An analysis of the needs of the projects and the different project participants provided the following requirements for the nutrient flux and manure management model:

· A tool to provide a robust indicator of the livestock pressure on the environment at various scales (e.g. region, province, farm), on the basis of the sparse available information. It should  adapted to various farming system and the conditions in different countries.

· A tool to support the improvement of fertilisation (e.g. amount and composition of manures); especially the proper substitution of part of the mineral fertiliser with manure.

· A planning aid for manure distribution to different crops on farm and regional level. 

· A user-friendly and easy to update tool which can cope with different levels of detail and reliability of input data (e.g. regional calculations with standard values and farm-specific calculations where relevant management variables for pig, poultry and crop production.

General approach of the model

The model is designed to calculate fluxes for pig and poultry in more detail than for ruminants, because monogastrics contribute more than two thirds of the manure in most project regions and because detailed information on ruminant rations are difficult to get.

The model starts the calculations with the most reliable available information: production parameters for livestock (beginning and end weight, amount and composition of feed used), nutrient demand recommendations for different crops etc. As shown schematically in figure 1, the steps for the calculation are then (i) nutrient excretions, (ii) amount and composition of fresh manure, (iii) amount and composition of manure available for crops, (iv) nutrient demand of crops, (v) nutrient balance. A special module provides a tool for planning the distribution of the different types of manure to different crops. The schematic structure of the model is shown in Figure 1.
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	Figure 1: Schematic structure and path of calculation of the model.


For the nutrient balance, both a supply/demand balance and an import/export balance can be calculated. The supply/demand balance is recommended as standard, because it is easier to get the necessary input data and it is more robust to lacking or unreliable inputs.

The model is equipped with regional default values for all the relevant variables concerning livestock and crop production. These default values which characterise a standard or average management for each project region were put together with local experts. The whole set of default values can be replaced when introducing the model in a new region. If more specific information is available, each default value can be replaced in user-friendly input screens.

Input data livestock production

Detailed calculations of the nutrient fluxes and the manure quantity and quality are done for the following livestock categories: Breeding sows, piglets, fattening pigs, boars, laying hens, young hens, broilers. For each of these categories two production systems or intensities (e.g. high-yielding international breeds and native breeds) are differentiated. For other livestock categories default values for the available manure nutrients (excretions minus losses) are integrated. Such default values are currently built-in for dairy cattle, other cattle, Horses, donkeys/mules, sheep and goats. The list can be changed easily.

· The list of relevant management variables that are taken into account for each pig and poultry category includes the following elements:

· Production parameters: e.g. beginning and end weight, duration of rotation, feed conversion ratio. 

· Housing systems: systems that produce only liquid manure, systems with liquid and solid manure, systems with only solid manure.

· Feed ration: Choice between one feed and phase feeding; amount used per rotation and composition (crude protein, P, K, Mg, Cu, Zn) of each feed 

· Bedding material: share of animals with bedding material and average amount used per animal per day; choice of three bedding materials.

· Cleaning water use (for pigs only): amount of water used per animal per day or amount used per day for the whole heard (with or without drinking water).

For the amount of fresh excreta per animal per day (fresh, dry and organic matter) assumptions had to be made on the basis of the experience from Switzerland and the project partners.

Input data crop production

For each project region, all relevant crops are included. A list of maximum 49 crops is possible. For each crop the nutrient demand recommendations for N, P2O5, K2O and Mg are included. To allow import/export balances, the nutrient and heavy metal uptake and the yield can also be entered. The nutrient demand is given per local surface unit.

The actual total amount of mineral fertiliser used (N, P2O5, K2O, Mg, Cu, Zn) must be entered for balance calculations.

Other variables and assumptions

Assumptions were necessary for the distribution of the excreted fresh, dry and organic matter and each element to liquid and solid manure in the corresponding housing system as well as for the losses in houses and during storage. They were be made on the basis of the experience from Switzerland and the project partners. They are now continuously validated and improved with measurement results in the projects. They can easily be changed individually.

Outputs of the model

The output of the model includes the following parts, which can be jumped to individually:

· Nutrient and heavy metal balance: total balance in kg or tons and in percent of the crop nutrient demand and uptake (if chosen). For easy interpretation a colour code with 6 classes is used to show the balance in percent of the crop demand and uptake.

· Amount and composition of manure: For each of the three pig and poultry manures the total amount (fresh, dry and organic matter) and the composition (dry matter, N, P2O5, K2O, Mg, Cu, Zn) in kg/ton is given.

· Summary of intermediate results, manure export and discharge etc.

· Summary of inputs: animal numbers, crop surfaces, nutrient demand of crops

· Summary of all default values

Different user modes

The model is equipped with three user modes:

· General user mode: For calculations with default values. Only animal numbers and crop surfaces must be entered. No practical background is necessary. This mode is useful for regional balances (e.g. for scenario calculations on the policy level).

· Advanced user mode: All the default values for livestock and crop production can be changed to more specific data. This approach is recommended for farm-specific calculations and for more detailed scenarios. An agricultural background is recommended.

· Expert user mode (password protected): Meant for the "national operator", who can change the default settings.

The main screens, the output and the calculation procedure are the same in all modes. This congruence is important to assure that compatible results and conclusions are arrived at. 

To guarantee that no changes are made in the general calculation procedure, which would bear the risk of mistakes and could lead to different versions of the model being used in different countries, the main calculation sheet is accessible only to the developers.
Languages and translation

To allow an easy translation of the whole model (not program code), all the text is referenced to a translation sheet (about 1000 lines). The whole model can be changed to any language included in this translation sheet with one mouse click. At present English, Thai and Chinese are integrated. Translations to Spanish, Vietnamese, German and French are under way or planned.

Programming tools and user manual

The model is a Microsoft Excel file with Visual Basic applications. It can be run on any machine equipped with Microsoft Office 97 or higher. The model can be distributed in a compressed version on one floppy disk.

A detailed user manual is available in English.

Past applications of NuFlux
In the AWI project, the model was used to calculate regional nutrient balances and manure quantities and composition for some individual project farms. These calculations were mostly done by H. Menzi during the development phase of the model. The national project teams are in possession of the model and were introduced to its use, but did probably not work much with it yet, because the analysis of farms (done in Thailand, Jiangsu Province China and Mexico) were mostly terminated when the model was available.

The results on nutrient excretions were also extensively used in more detailed GIS-applications (nutrient balance maps, development of decision making tools for policy makers etc.) in Thailand and Vietnam. Furthermore, results of the model calculation in Thailand and China also contributed to the study "Geographical Determinants and Environmental Implications of Livestock Production Intensification in Asia" (Gerber et al. 2006) which analyzed the nutrient balance situation across Asia and identified hot-spots of nutrient surpluses.
The model was used to analyse a set of pig farms in El Salvador by a collaborator of SHL in 2005.

Accuracy of the model
It was not yet possible to do a sensitivity analysis of the model. Only a general discussion of the accuracy is therefore possible. 

The key determinants for the accuracy of the model are the reliability of the available input data. The results on nutrient excretions are probably already within an accuracy around +20% because they are mostly based on information about typical farm management, which is judged as quite reliable and is differentiated for different regions. On the other hand the results on manure quantities and composition are not yet reliable, because practically no information was available on the distribution of the excreta solid and liquid manure, losses from lagoons etc. for the project regions or comparable conditions. Unfortunately validation measurements which would be needed to validate and improve the model were not yet possible. First such measurements should be started in 2007 in collaboration with the Asian Institute of Technology (AIT). 
Part 2: Outline of the proposed DST

General considerations
General structure of the DST
The main work in the project for the development of the DST will be the preparation of a PC based tool comprising calculations, decision aids in the form of a decision tree approach and relevant background information and recommendations for good practice. For all the relevant input data about livestock and manure management practice needed for the calculations, the model should be equipped with default values for standard practice for users that do not have or do not want to use farm specific information.
Based on model calculations using the default values for standard management practice, summary recommendations and standard values (e.g. manure composition) will be prepared for the dissemination to farmers in printed form.
The user interfaces (input and output screens) of the DST should offer the possibility to consider national wishes of the project teams as well as the requirements of different user groups. It might also be necessary to release the DST in different phases to allow a more thorough validation of sub-modules where larger assumptions had to be made due to lacking scientific information.
The different sub-modules or tasks of the DST and the institution responsible for their development or coordination was agreed on in a common reference document by Cemagref and SHL (annex 1). According to this reference document the DST is structured into a separate common data base of standard values (assumptions used in the model, default values for livestock and manure management and treatment) and the operational program with the following modules or tasks (Fig. 1):
1. Input module (essential data about the farm and its surroundings like animal numbers, crop surface etc and optional data for which default values can be used if farm specific data is not available)
2. Nutrient balance and manure utilization plan
3. Specification of manure treatment and export system
4. Output module
Each of these modules consists of a number of sub-modules or tasks.

Scope of the DST
The nutrient fluxes part of the decision support tool will deal with the major categories of intensive livestock production in SE-Asia, namely pigs, poultry and dairy cows. For these farm specific calculations must be possible which can take into account livestock management and feeding, housing and manure handling systems, manure treatment, manure use on crops and in fish production.
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Figure 1: Schematic structure of the DST and the division of responsibilities between Cemagref (red frames) and SHL (grey frames). 
Transfer of data between modules defined: A fixed inputs as available in most recent version of database, B input data as defined by user, C – exchange of derived information between principal operation systems; D – output data to be displayed on screen in a user friendly form or sent to an export file.

The part of the DST for which SHL is responsible will include: 
· lists of default values for standard livestock and manure management practice for each of the LWMEAP areas.

· the calculation of excretions and fresh manure. The calculation of changes in the amount and composition of manure during storage and treatment (including pathogens and BOD) is under the responsibility of Cemagref.

· all the manure used on the livestock farm or on crop farms who have a direct agreement with the livestock farmer. It will not include manure that is sold to a middleman or other marketing organizations. The potential marketing will be covered by Cemagref. 
· practical recommendations about good practice in using manure for crops or fish. These recommendations will be made available both in the model and as draft documents for dissemination in printed form to farmers.
· an aid for making a fertilizer plan which includes manure and supplementary mineral fertilizer for all crops relevant in the LWMEAP areas.

The contribution of SHL does not include special considerations about the use of the DST for spatial planning or policy implementation and monitoring activities.

A validation of the parts of the model with experimental measurements will be necessary. However, it would be beyond the scope of this project to carry out special such experiments. However, experimental results from the systems monitoring in component 2 of the LWMEAP will be analysed and any scientific group in the project countries willing to perform experimental measurements will be supported with advice.
Relationship to NuFlux

The new DST will basically follow the same calculation procedure as NuFlux. However, a new programming will be necessary to allow for new and additional processes like manure treatment and manure use for fish production. Furthermore, a literature survey has to be performed to validate the empirical assumptions made in NuFlux. 
Collaborations

A close collaboration between SHL and Cemagref will be crucial. Frequent meetings and electronic contacts will be necessary. The number of the meetings will mainly depend on how far the programming is jointly organized.
SHL does not plan to do the major programming task itself. It will either delegate this to Cemagref or an experienced programmer. In either case it will carry the full responsibility of the scientific correctness and the testing of the sub-module for which it is responsible. If the programming is done in Excel and VBA, part of the Excel calculation part could be done by SHL.

For the establishment of the default value tables on standard livestock and manure management practice in the LWMEAP regions a direct contact between SHL and relevant experts on pig, poultry and milk production, crop fertilisation, fish production and environmental impacts of livestock production will be necessary. The contacts will mainly take place during the missions. It is not planned to pay those experts for their contributions. If larger contributions should prove necessary, a special project would have to be submitted to the RFO of LWMEAP.
As it would not be efficient for different groups doing parallel literature reviews SHL will contribute to a list of joint questions. The actual literature review will then be carried out by a research group in the project countries (e.g. AIT) or by Cemagref.

Close contacts with the national LWMEAP teams and SHL/Cemagref during the whole lifetime of the project will be important to specify nationally specific user requirements. The national project teams will also be responsible for the translation of the whole DST (electronic and printed products). They will also be responsible to design printed recommendations for farmers based on the input received from the DST authors.
SHL will advise all scientific groups in the LWMEAP countries that plan to carry out specific validation experiments for the nutrient flux model. Such contacts have for example already been established with AIT.
Missions

Missions to the LWMEAP countries will be necessary for the following activities:

· Consultation with the national LWMEAP teams and/or designated experts about specific user requirements, reactions to draft versions of the DST and printed recommendations for farmers.
· Consultation with national experts on pig, poultry and milk production, crop fertilisation, fish production and environmental impacts of livestock production on standard livestock and manure management (default values).
· Launching workshops for the DST.
In addition to the mission scheduled towards the end of 2007 under the running contact two to three missions of two weeks will be necessary until the end of the project. With three additional missions it would probably be difficult to finish the project within 15 months because of time capacity problems of H. Menzi.
Description of the contents of the DST
In this chapter only the sub-modules or tasks for which SHL is responsible are discussed in detail. For the others please consult the Cemagref report of C. Burton.
Task T3: Fixed parameters for agronomic decisions
Context of the task
This task is part of the database (module T1) with standard values for assumptions used in the model as well as default values for livestock and manure management and treatment. This database will be compiled in a separate database which will be run alongside the main program. Thus the DST can be revised as new information from the LWMEAP and validation experiments become available without having to change the whole calculation and decision tree procedures.
Summary task description

This task contains 
· all the technical and biological assumptions used in the calculation parts of the DST  plus a short description of how they were derived.
· default values for livestock and manure management for each LWMEAP project region and any other regions where the DST is used.
· plausibility limits to be used for automatic plausibility checks for input data and results.
· Background information and practical recommendations that can be consulted by the user of the DST
The sub-module does not have any direct interface with the normal user (inputs or outputs).

Together with the calculation algorithms this information provides the general framework for the calculations of nutrient balances and fluxes. 

Technical and biological assumptions considered
The technical and biological assumption considered will comprise (list not complete):
· Elements in livestock products (= retention; assumptions): average content of N, P, K, Ca, Mg, Cu, Zn per unit life weight, eggs or milk

· volumes of excretion for different livestock categories, 

· Proportion of excreta collected as liquid and solid manure in different housing and manure removal systems

· bedding types and characteristics (if used)

· Excretions other livestock than pig, poultry and dairy cows (assumptions based on simple model calculations assuming standard production)

· Technical constraints and restrictions on manure use on different crops and in fish production 

· Nutrient (N, P2O5, K2O, Mg, Ca) requirements or nutrient uptake of crops (per unit surface) and maximum surplus allowed for the nutrient balance.
· Nutrient (N, P2O5, K2O, Mg, Ca) and organic matter requirements in fish production that could be covered with manure

· Trace element (Cu, Zn, possible others) uptake of crops (per unit surface).
It will be important that not only absolute values used are recorded, but also on what basis they were derived.
Default values on livestock and manure management and decision tree options considered

The default values on livestock and manure management and the decision tree options considered will comprise (list not complete):

· Productivity data like beginning and end weight, length of rotation, milk and eggs produced.
· Amount and composition of feed per animal place or animal produced for rations with one feed and for phase feeding.
· Water use in animal houses crop and fish nutrient requirements that could be covered with manure.
Other contents
What plausibility limits and background information and practical recommendations should be included in the database can only be decided in the course of the project.

Task T5: Essential data on farm(s) and surroundings
Context of the task
This task is part of the input module T4 to collect the farm specific information needed as inputs for calculations and decision trees. T4 contains the sub-modules T5 "Essential data on farm(s) and surroundings", T6 "Optional data on farm and surroundings  incl. constraints (database values used as default) and T7 "Decision tree to establish farmer preferences on strategies". The module T4 and its sub-modules will include checks that supplied data is plausible and warnings when key data is missing. When non-essential data is lacking, default values will be offered.  
Summary task description

This sub-module collects all the essential input information about a specific livestock farm (or group of farms) and its surroundings which is needed for case specific calculations. The limits of the surroundings of the livestock farm are defined as the crop area of surrounding farms with which a contractual agreement about the recycling of manure (especially liquid manure) is possible. It does not contain more remote areas to which manure is exported via middlemen or other marketing organizations. The potential marketing manure will be covered by Cemagref in task T15.
The sub-module conducts plausibility checks of the input data collected and provides the data in appropriate form for calculations and decision trees in other sub-modules as well as for the farm description in the output module T18.

Input data collected

The essential input data collected by this sub-module will comprise (list not complete):

· Livestock numbers (animal places) for all relevant livestock classes (also others than pig, poultry, dairy cows).

· Information on present livestock and manure management practice including 

· housing and manure collection system,

· manure treatment presently used,

· amount of locally recycled, discharged and marketed manure at present.

· Livestock farms own crop land or fish production available for manure recycling (differentiated by crops).

· Crop land (differentiated by crops) and fish production in a defined area. The defined area will comprise either all the crop land in a certain distance of the farm that is considered feasible for (liquid) manure transport or all the crop farmers with which the livestock farmer hopes that collaboration for manure recycling will be possible. For cost scenario calculations and the comparative evaluation of recycling and additional treatment different transport distances (or radius) might be considered. The actual evaluation of the manure recycling potential which will also consider various restrictions and involve the crop farmers will be conducted in sub-module T10.
Outputs

The sub-module provides necessary inputs for the nutrient balance and manure utilization plan sub-module T8 and its sub-modules and the specification of manure treatment and export system sub-module T13 and its sub-modules as well as descriptive information about the livestock farm and its surroundings for the output module T18. It also interacts with the decision tree sub-module T7 "Decision tree sub-module to establish farmer preferences on strategies".
Task T6: Optional data on farm and surroundings  incl. constraints (database values used as default)
Context of the task
This task is also part of the input module T4 which collects information needed as inputs for calculations and decision trees. It considers management parameters for which default values for standard practice can be used if the farm-specific information is not available or not reliable. The sub-module therefore offers the option to provide farm specific inputs or to use default values from T3.
Parameters considered

The management practice parameters considered by this sub-module as farm specific inputs or default values for standard production will comprise (list not complete):

· Production parameters pig and poultry (input): length or rotation, beginning and end weight, number of piglets per sow, number of eggs per hen, milk yield
· Feeding pig, poultry and dairy cows (inputs): kg of different feeds per rotation, composition of different feeds (crude protein, P, Ca, Mg, K, Cu, Zn, (possibly other relevant trace elements)

· Amount and composition of bedding used.

· Water use in animal houses for drinking, washing, flushing and cooling.

· Present mineral fertilizer use of the farm and its relevant surroundings.

Outputs

The sub-module provides necessary inputs for the nutrient balance and manure utilization plan module T8 and its sub-modules and the specification of manure treatment and export system module T13 and its sub-modules as well as descriptive information about the livestock farm and its surroundings for the output module T18. It also interacts with the decision tree sub-module T7 "Decision tree module to establish farmer preferences on strategies".

Task T8: Nutrient balance and manure utilization plan based on meeting the first limiting nutrient
Context of the task
The overall purpose of this task or module is to evaluate the nutrient balance and to provide support for manure recycling according to good practice. Do achieve this, it contains the following sub-modules:

· Evaluation of nutrient excreta and fresh manure produced (T9)
· Evaluation of local manure recycling potential (10)
· Nutrient balance (T11)

· Manure distribution and storage potential needed (T12)

The task T8 provides the general framework for the interaction of these sub-modules between themselves as well as with the modules T1 (database of assumptions and default values), T4 (input module), T13 (specification of manure treatment and export system) and T18 (output module).
Task T9: Evaluation of excretions and fresh manure produced
Summary task description

Taking into account important production, feeding and livestock management parameters the sub-module calculates excretions of N, P2O5, K2O, Mg, Ca, Cu and Zn (possibly also other relevant trace elements) for different pig and poultry categories, using a simple mass balance approach (input in feed – retention in product = excretion). Furthermore it calculates the amount of fresh excreta (fresh weight, dry matter, organic matter). Based on element excretion, amount of fresh excreta, water use in livestock housing and the housing system specific distribution to solid and liquid manure the sub-module also calculates the amount and composition of the fresh manure. The amount and composition of the manure reaching recycling (after storage and treatment) is calculated in task T14. 
Input data to consider and assumptions

· Livestock numbers (T5)

· Production parameters and feeding pig, poultry, dairy cows (T6)

· Technical and biological assumptions considered (T3) 
Output/results

· Annual excretion of N, P2O5, K2O, Mg, Ca, Cu, Zn, (possibly other relevant trace elements) per animal place for different pig and poultry categories and dairy cows
· Amount and composition of fresh liquid and solid manure leaving the animal houses (pig, poultry, dairy cows)

· Total annual excretion of N, P2O5, K2O for relevant categories of cattle, buffalo, small ruminants etc.

Task T10: Evaluation of manure recycling potential 
Summary task description

Quantification of the amount of manure that is or could be recycled on the livestock farm and its surroundings (as defined in T5). The marketing potential for solid manure selling and liquid manure export to other crop or fish farms is covered in T5 and T15 . The evaluation must also take into account restrictions flagged out in T7.  In this exercise the neighbouring farms that shall receive manure must also be involved in the process: ie: their readiness to receive manure, or to have manure pipes going over their land and their expectations concerning the cost (positive, free, negative) must be reliably known.

General approach

For the crop land and fish production potentially identified for local manure recycling in task T6 a detailed assessment has to be made of the actual manure recycling potential taking into account the readiness of the crop and fish farmers to receive manure as well as technical (crop yield and quality, transport, spreading), social and logistical restrictions. The evaluation is primarily carried out for liquid manure because it is assumed that most of the solid manure can be marketed (T15). The economic evaluation is conducted in task T16 (manure management costing). This evaluation is primarily a negotiation with the potential stakeholders which can partially be based on a decision tree approach. The negotiation can be done in groups or individually with larger farms. 
A major result of the evaluation exercise is a better understanding of the major restrictions for (liquid) manure recycling. In an iterative process this can help to overcome the restrictions that are based on "soft factors" rather than technical and logistical restrictions.
Aspects to consider in the evaluation (list not complete)

· On what crops would the farmers be ready to utilise (liquid) manure. Would they consider the fertiliser nutrients in the manure or only see it as a soil conditioner, irrigation etc.
· Why would farmers not want to recycle manure on other crops.
· uncertain nutrient effect; lacking reliable recommendations

· negative effects on crops; is this perception based on sound experience or only hearsay, examples with excessive manure use or run-off?
· dirty, smelly and tedious handling.

· social gap or conflict between livestock and crop farmers; religion etc.
· How would the crop farmers dose the total amount of manure (over the year): According to the first limiting element (usually P2O5; recommended), N, fixed rate? Would they cover the requirements of the first limiting element 100% with manure, or less, or tolerate a surplus?

· How would the crop farmers distribute manure application over the year for different crops: how much per dose, how many doses and in what season etc.
Output

Ideally a list of local farms (and respective crop surfaces) which have agreed to receive manure for recycling.
Task T11: Nutrient balance
Summary task description

Assessment of the total nutrient and trace element load to the environment of livestock production or assessment of the carrying capacity for livestock production in the defined area assuming manure recycling. This assessment  is done using a mass balance approach that compares nutrient requirements/uptake and nutrient inputs in manure (and mineral fertilizer). 
For the evaluation of the initial situation (without not yet existing treatment) the result shows the nutrient surplus: ie: that which must be removed to ensure a balanced environment.  Alternatively, this becomes the pollution load if not dealt with. This approach can also be applied to assess the general situation of a larger area without looking at individual farms. For the evaluation of future scenarios (including the effect or manure treatment (T14) and the local manure recycling potential (T10) the same calculation can be used for preparing the logistics of manure management and fertilization according to recommended good practice. 
General approach

Mass balance between nutrient and trace element inputs in manure and mineral fertilizer and crop/fish nutrient requirement and trace element uptake.

Inputs

· For evaluation of the initial situation of a  farm and its surroundings or the evaluation of a larger area: 
· Nutrient and trace element excretion of the livestock farm(s) (T9)
· Crop land (differentiated by crops) and fish production in the defined area (T5 or statistics)
· Mineral fertilizer use in the defined area

· For the evaluation of future scenarios: 
· Nutrient and trace element excretion of the livestock farm(s) (T9)
· Crop land (differentiated by crops) and fish production in a defined area on which manure is or could potentially be utilized (T10)
· Mineral fertilizer use in the defined area. Alternatively the balance could also be calculated without the present mineral fertilizer use to show the amount of fertilizer still necessary under the new scenarios.

· Nutrient (N, P2O5, K2O, Mg, Ca) requirements and trace element uptake of crops (T3)
· Nutrient (N, P2O5, K2O, Mg, Ca) requirements in fish production that could be covered with manure (per unit lagoon volume or production; T3)
Output/results

Nutrient (N, P2O, K2O, Mg, Ca) and trace element (Cu, Zn, possibly others) balance which can be interpreted as:

· Total nutrient load to the environment resulting from livestock production and fertilization without differentiation of surface water pollution due to discharge, ground water pollution through leaching, surface water pollution through run-off, accumulation in the soil and gaseous losses to the atmosphere

· Annual accumulation of heavy metals in the soil.

· Assessment of the number of livestock that could be kept in an area assuming that the manure has to be recycled in an environmentally acceptable way 

· Assessment of the crop area and fish production needed to recycle the manure of a livestock farm. 
· Is the recycling potential identified in T10 sufficient or not? If it is not sufficient the recycling (T10) and marketing potential (T15) must be increased or the amount of nutrients must be reduced through additional treatment (T14) or a reduction of animal numbers.
Using GIS, the nutrient balance results can also be shown in the form of maps. The resolution of the result depends on the resolution of the available input data (statistics).

Task T12: Manure distribution and storage potential needed

Summary task description

Based on the nutrient recycling potential (T10) and the available manures and nutrients after treatment (T16/T14) a fertilization plan for all the farms/crops included in the scheme is established. It can be used to determine what quantity of what manure shall be applied at what time on different crops or in fish production. This seasonal utilization profile will also show the necessary storage capacity. This module does not yet deal with the distribution of the manure to specific farms and the logistics of the distribution. This will be dealt with in the planning aid included within the output model T18. 

General approach

Taking into account the crops and fish production available for (liquid) manure recycling and the dosing intentions of the farmers gathered in T10, the appropriate amount of liquid manure, solid manure, possibly sludge is attributed to each crop. A seasonal profile of the manure application and recycling potential is generated. From this the minimum storage capacity for the longest period where production surpasses potential use is calculated. Taking into account storage volume safety margin from T2 or T3 the actual storage capacity needed is defined. 
Inputs

· Crop surface and fish production available for local manure recycling (T10)
· Amount and composition of available manures (deduced from T9 and T13)

· Dosing and distribution restrictions (T3, T10)

Results

· Storage capacity needed

· Overview of potential manure distribution with option to shift amounts of manure between crops (as long as the total requirements are higher than the total amount available). The "fine-tuning" of the distribution will be done at the user-interface of T22.
Output modules on nutrient balance and manure recycling (T20-T22) 
Context of the output sub-modules

The output sub-modules provide the user interface with the DST. They do not generate new information but present the results of the calculations and decision trees and conclusions and recommendations derived from them. Furthermore they also provide the opportunity to access background information and case study examples that are stored in (T2 and) T3. The input and output modules together will make the DST accessible to the user as really interactive tool which allows him to evaluate different scenarios, evaluate the advantages and disadvantages and use the DST as an educative tool. 
I suggest to group the information on nutrient balance and manure recycling in three sub-modules:

· Nutrient balance (and emissions)
· Livestock and manure management recommendations
· Manure distribution and fertilization planning aid
It would be possible to have all this in one sub-module, as in NuFlux. However I see the following advantages in having several sub-modules:
· It is much easier to generate outputs and interactive elements which are tailored to the requirements and wishes of different user groups and countries.
· It is easier to release the different elements in different steps to give time to validate some elements.

· The tool looks less complex to the user that is not using all elements.

· It will be easier to make up-dates for individual part of the DST.
Contents of T20: Nutrient balance (and emissions)
This sub-module will show the following elements:

· Nutrient balance (N, P2O5, K2O, Mg, Ca) in kg per unit surface and year and in % of the nutrient requirements. For easy interpretation the results will have a colour code showing if the situation is balanced, surplus, high surplus or undersupply.
· Heavy metal accumulation in g per unit surface and year.

· A brief automated appraisal of the results.

· An overview of emissions (as far as this information is available form the calculation): discharge to water, ammonia emissions, possibly greenhouse gases.

· An overview of various intermediate results (optional access).
· An overview of the most relevant inputs used to calculate the balance (optional access).
Contents of T21: Livestock and manure management recommendations
This sub-module will primarily be an information module providing an overview of the elements of good livestock and manure management and fertilization. It might also be possible to show good practice and current practice of the farm side by side to make the improvement potential more visible. As good practice is often not a clear standard recipe, the sub-module will also have to discuss how the conditions of a specific farm have to be taken into account when choosing the best strategy and defining farm specific good practice.
Ideally this sub-module would also contain some elements provided by Cemagref to make it more complete. The division of subjects between T19 and T20 will have to be discussed later.

From the side of SHL the sub-module will treat the following topics (list not complete):

· Feeding (for fattening and breeding pigs, hens, broilers and dairy cows).
· Manure removal and water use in the animal house.

· General means to reduce slurry dilution.
· What and how much manure on different crops.

· How to transport and spread the manure (with Cemagref).

· Environmental impacts of livestock production and manure and mitigation options.
Contents of T22: Manure distribution and fertilization planning aid
This sub-module provides the interface for the user to interactively use T10 "Evaluation of nutrient excretions and fresh manure produced" and T12 "Manure distribution and storage potential needed". The sub-module will provide the following options (list not complete):
· Provide an overview of the different types of manure that should be distributed and their composition.

· A decision tree to choose in which priority the manures should be distributed to different crops.

· Generate a list of all farms or fields and their crops that can receive manure (including nutrient requirements)

· The opportunity to assign a certain amount of different types of manure to each farm, field and crop. 
· The amount of still remaining manures.

· The supplementary mineral fertilizer requirement of each field or crop.

· Overviews on the manure utilization.

· The opportunity to generate manure contracts and delivery notes for manure giving amount, approximate nutrient content and time of delivery (optional).
· A nutrient and heavy metal balance on a field basis (otional).

· A database of manure application to different farms/fields/crops to archive the information (optional).
Programming 
Programming platform
Ideally the DST should be usable both as a stand alone application on a PC or LAN and via the internet. This would facilitate updates and data archiving and provide a flexible and modern application. It would allow to have a locally installed program and an internet application at the same time and in one round of programming.
According to my investigation with an experienced programmer in India with which SHL has collaborated in several projects there are two potential platforms that would fit the requirements mentioned above:

1. Delphi7 and MySQL: With this platform the application can be used either on a desktop/laptop or via the internet. The user would have to be using Windows. If the application is used standalone, then the user would have to install MySQL on his computer (available free). On the internet, a server would be configured to have MySQL so computers using the internet version would not have to install MySQL. The system can be easily supplied on a setup CD. The same system would work either standalone or via the internet, so there would not be any re-development. One further advantage with this platform is that almost all reports can be saved as Word or Excel documents. In addition, it is also possible to provide reports directly in Excel. The user has the choice of using either Microsoft Office (costs) or the OpenOffice (available free via the internet). Pia can show you how such an application provides a report on Excel.

2. PHP and MySQL: This is one of the most commonly used platforms for developing internet applications requiring databases. All components needed for development and use are avaialble free. The user can use most of the common internet browsers (Internet Explorer, Mozilla, etc) to interact with the application. Typically, the application is loaded on an internet server, and can be accessed like any other material available on the internet. The server can be on the public internet or on a local area network (LAN). If the server is on a LAN, then the application is available only to users on the same LAN. However, it is also possible to configure a desktop/laptop to use such an application without accessing the internet. In this case, the "server" is also set up on the same computer that will use the application. It will be necessary to add three components to the desktop/laptop - An Apache Server, PHP, and MySQL. After proper setup and loading of the application, typically an icon can be placed on the desktop, and clicking on it will open the application in the available browser. The whole setup can be loaded onto an installation CD, so as to automate the process. All components needed are free. Reports from this system are normal HTML documents. It is difficult to provide reports that are accessed by Excel.

One advantage with such an approach is that it will work on Windows and Linux. And the other advantage is that it can be configured for desktop or internet use without major expenditures. If the application is initially developed for use without the internet, it can be migrated to the internet relatively quickly without major re-development.

I would be strongly in favour of option 1 because it appears to be more flexible for the outputs and easier to install locally.
Programming of the SHL contribution to the DST

It is important that the whole DST is programmed in one unit by the same team. SHL will therefore not do major programming itself, but rather delegate this to an other group that is also doing the programming for the rest of the DST. We see the following two options to achieve this:

1) Mandate to SoftScan in India, with which SHL has had a number of very successful collaborations. This company is highly professional and the programming will be about one third of the price that it would be in Europe. According to SHLs experience it is no problem for the programming group to be remote with today's means of communication.
2) Delegate the programming of the SHL sub-modules to Cemagref.

We would prefer option 1) because it will probably be the most efficient and cheapest.
Budget

Work estimate (days)
	Task
	H. Menzi
	collaborator 
or external

	literature survey
	3
	20

	Detailed process description for calculations
	5
	

	Development decision tree elements
	5
	20

	Design of user interfaces
	2
	20

	Programming
	5
	125

	Testing
	5
	20

	Default values (office work)
	3
	

	User manual and draft documents for dissemination to farmers
	5
	10

	2 missions1)
	30
	

	Coordination
	8
	

	Follow-up support (after project completion)
	not included
	

	Total
	71
	215


1) Not including the mission in late 2007. If a third additional mission should be necessary, it would have to be budgeted separately and it might also necessitate an extension of the end of the project.

Tentative budget


[image: image3.emf]units rate ($ US) total ($ US)

work H. Menzi (days) 71 640 45'440

programming (work)

1) 125 220 27'500

programming (contacts)

1) 5'000

Collaborator and external 90 440 39'600

missions travel 2 3'500 7'000

missions DSA 28 175 4'900

Expert meetings in Asia 5'000

total 134'440


1) Assuming programming in India
Annex 1 -  Version 3 : 24 July 2007
The common reference document defining the work structure and division of responsibilities between the two principle contractors who will deliver the single software package as defined  

General context

1. This document forms the common part of two distinct terms of reference (TOR) documents; these will in turn form part of the contract to be made with each of the two selected contractors to prepare the defined software package.   The project is expected to run for 15 months duration from the signing of contracts.

2.  The two contractors are referred to as Org-A who will concentrate on the engineering issues relating to the collection, storage, treatment and export of manure and manure products from a livestock farm and Org-B who will concentrate on the agronomic issues relating to the manure nutrient evaluation and the application of manure (raw and treated) and related products on the defined surrounding fields.  

3.  The product is a software package described as a “DST or Decision Support Tool” for application within the livestock industry (especially pig and poultry production) across SE Asia including southern China.  This is required as part of the project “Livestock Waste Management in East Asia” which is managed by World Bank (on behalf of the GEF – Global Environmental Facility) with the technical requirement requiring the DST being managed by the Food and Research Council of the United Nations.

4.  The complete product described as the DST package will comprise: (a) the software itself, (b) a detailed report describing its use and operation,  (c) two series of small workshops with local groups (typically 2-3 people each and one in each of the three participating countries) corresponding to the initial preparation and a mid-term revision, (d) the final joint regional workshop for the software launch and (e) the preparation of a series of summary sheets intended for distribution amongst the farming community.

Summary of the  required software package

4.   The final software package will comprise sections produced by each of the two partners but which will work together as a seamless single unit in the final delivered product.  The general scheme is set out in Figure 1 with tasks in bold boxes relating to Org-A and those in boxes edged in fine double lines relating to Org-B.

5.   The final DST software package will be structured as two separate programs: the main program which will comprise an input module (including interrogative decision trees), an output module, data handling and calculating routines; regular revisions on this part of the package are not expected.  The second program is the database of information that will include all fixed information and assumptions that will enable the program; a feature of this part of the package will be the facility for frequent updates as better data becomes available.  

6.   It is envisaged that the package will be developed beyond its delivery and launch (as specified by the contract) on the basis of improving data supplied to the database of information; this would for example include validation and testing of some of the principles assumed in the assembly of the package.  However, this additional work will not form part of the contract to deliver the principal DST software package.
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Figure 1: block diagram showing the broad structure of the software package and the division of responsibilities between each of the two partners designated Org-A and Org-B.   Transfer of data between modules defined: A fixed inputs as available in most recent version of data-file, B input data as defined by user, C – exchange of derived information between principal operation systems; D – output data to be displayed on screen in a user friendly form or sent to an export file.

Required collaboration between Org-A and Org-B

7.   To fulfil the terms of the related contracts both partners agree to a minimal level of collaboration comprising:
a) review meetings alternating between their normal work premises (or at a mutually agreed third location).  A minimum of four such meetings will be held during the project no more than 4 months apart. 

b) use of a common programming platform based on Micosoft Excel/Visual Basic and frequent exchange of software modules as versions become available.

c) shared responsibilities for three collaborative workshops in SE Asia as described in item 4 above and of the production of summary leaflets on the good use of livestock manure.

MODULE 1:  database of information

8.   In order to simplify the inevitable revisions of the program, all fixed data will be compiled in a separate database which will be run alongside the main program.  This will enable easier revision and the option (at a later date but not part of this contract) of an interactive resource on the internet.

Task 1:  Separate common data base of standard values Org-A
9.  Task 1 represents the construction of  the data base and the related protocol for its population with data, operation with the main program and its periodic revision. 

Task 2: fixed parameters for treatment system design Org-A
10.  The database will include both values considered to be the best available (such as aerator efficiency) and estimates of others that will be taken as default in the absence of data submitted when operating the program (such as costs of materials).  It will include:

· all standard values for the main treatments (composting, AD, aeration, separation etc);

· physical properties of manure, water and effluents, as far as these are not calculated farm specifically by the DST;

· data on processes and changes in manure properties for manure storage and main treatments (e.g. proportion of nutrients in different types of manure, degradation of organic matter, evapo-transpiration, nutrient removal)

· materials of construction and related physical properties;

· costs for materials, services and labour;

· standard constraints in construction and operation;

· standard market data;

· standard transport costs and capacities;

Task 3:  fixed parameters for agronomic decisions Org-B
11.  As for task 3 except the subject area is essentially crop nutrition and raw manures.

· required nutrients of main crop types

· timing of application;

· limitations such as no nitrogen on rice after flowering or health constraints;

· fish pond nutrition loads;

· volumes of excreta from different animal types;

· proportion of waste as liquid, solid;

· bedding types and characteristics (if used);

· transport consideration (to local fields);

· plausibility limits;

· default values for livestock management.

MODULE 2: operational program

Task 4: Input module Org-A
12.  The task here involves constructing a user interface to present information and questions and to receive information as inputted.  The module will include checks that supplied data is sensible and warning when key data is missing.  When non-essential data is lacking, default values will be offered.  

Task 5: essential data on farm(s) and surroundings Org-B
13.  This is everything that defines the farm (or farm group) – one might expect such information as animal numbers, age, type, production intensity, housing type, present manure management, land area, crops, rainfall etc.  It is crucial to establish the limits of what are described as local fields (including those available belonging to the neighbours) that can be used for recycling.  Details will be needed of the crop type and which manure (or manure product) is acceptable.  Manure (and manure products, of positive or negative cost) that are sent outside this defined farming area are deemed to have been exported and no further consideration will be given here to their agronomic use.  It is noted though that in the real case, the farmer who exports manure may still retain liability for their correct subsequent use.

Task 6: optional data on farm and surroundings  including constraints Org-B
14.  This covers necessary data but such things as might be reasonably taken from default values such as feeding, water consumption, fertilizer application (quantity and timing) for certain crops or nutrients applied to fish ponds.  Constraints will also be specified in this module such as what crops can not receive untreated manure because of quality or health concerns.  Where the user can’t offer better values, the database defaults will be used. 
Task 7: decision tree module to establish farmer preferences on strategies Org-A
15.  Once the farm is defined, the user will need to clarify a series of preliminary options and preferences in order to determine an analysis sequence.  Thus the farmer will agree/disagree with a series of options – spreading on his own farm, exporting (including sale) of manures and related products, marketing potential (saleable products), readiness of neighbouring farms to receive manure, use of dung in local fishpond, use of biogas, compost etc. This evaluation must also flag out possible restrictions that have to be taken into account (e.g. health and odour issues, transport and spreading during rainy season, readiness of neighbouring farms to use manure). The idea is that some preliminary analysis may be possible to identify at the outset whether realistic solutions are possible or if the farmer needs to relax one or more constraints.

Task 8:  Nutrient balance and manure utilization plan based on meeting the first limiting nutrient Org-B
16.  The overall purpose of this segment is to evaluate the nutrient surplus based on (a) the estimated amounts generated at the farm, (b) that which is required by local crops and (c) any local restrictions or preferences by the farmers involved.

Task 9: evaluation of nutrient excreta and fresh manure produced Org-B
17.  Calculation of nutrient excretion and amount and composition of fresh manure produced based on management data (T6) and the numbers of animal types specified.

Task 10:  evaluation of manure recycling potential Org-B
18.  Detailed evaluation of manure recycling potential including own use for crops and/or fish production.  The marketing potential for solid manure selling and liquid manure export to other crop or fish farms is covered in T5 and T15 . The evaluation must also take into account restrictions flagged out in T7.  In this exercise the neighbouring farms that shall receive manure must also be involved in the process: ie: their readiness to receive manure, or to have manure pipes going over their land and their expectations concerning the cost (positive, free, negative) must be reliably known.

Task 11: nutrient balance Org-B
19.  For evaluation of the initial situation: calculation of nutrient balance (surplus) based on results of T9, recycling potential and nutrient requirements of different crops. The result shows the nutrient surplus: ie: that which must be removed to ensure a balanced environment.  Alternatively, this becomes the pollution load if not dealt with.  For evaluation of future scenarios: same calculation but taking into account the effect of treatment (T14).

Task 12:  manure distribution and storage potential needed  Org-B
20.  Based on the nutrient recycling potential (T10) and the available manures and nutrients after treatment (T16/T14) a fertilization plan for all the farms/crops included in the scheme is established. It can be used to determine what quantity of what manure shall be applied at what time on different crops or in fish production. This will also show the necessary storage capacity. This module does not yet deal with the distribution of the manure to specific farms and the logistics of the distribution. This will be dealt with in the planning aid included within the output model T18.

Task 13:  Specification of manure treatment and export system Org-A
21.  This segment will propose one or more handling systems based on the farm specification, standard data, the defined nutrient surplus (from T8) and farmer preferences.  A further option is to include an iteration loop following treatment specification: segment T8 is then fed with revised data on available nutrient after treatment to provide the nutrient balance for the planning scenario(s).

Task 14:  treatment design modules – A, B, C, …… Org-A
22.  A substantial piece of programming as a design package will be needed for each of the main options – storage, composting, drying, AD, aeration, separation, settling, lagooning – and for each, a series of sub-options can be expected where variations exists such as for AD. Once the design is specified in T17, the effect of the treatment on the amount of manures and nutrients, pathogens and BOD will be assessed. This will also provide the inputs needed for T12 about the amount and composition of treated manures. Assumed values will be specified in the database (T1).

Task 15:  manure transport, export and marketing plan Org-A
23.  Exported manure (and related products) are those defined as removed from the local farming system.  Separate from the farm based design, calculations will be included to provide figures for moving and selling the manure and its products (compost, sludges, dried dung, biogas etc).  In the case of raw manure, export is defined as that implying movement well beyond the natural boundaries of the livestock farm – several km typically.  Because it is virtually impossible to have data on manure use beyond the defined farming area, exported manure will not feature in agronomic calculations although its appropriate subsequent use may remain a responsibility of the farmer.

Task 16:  manure management costing modules Org-A
24.  Accurate costs will depend greatly on the reliability of data but reasonable estimates should be possible at least to distinguish between the cheaper and expensive options.  Cost estimates will be provided for each option covering (a) investment, (b) running and (c) maintenance.   The expected return on sold products will be used to defray the associated cost.

Task 17: decision tree module to establish farmer preferences on treatment options Org-A
25.  Faced with a series of options, the user (farmer) will then proceed through a series of questions to assist with the analysis and thus the identification of the best option in this case.

Task 18: Output module Org-A
26.  Once a choice is finalized (perhaps by running the program several times), a detailed file will be generated to enable its implementation (or at least wider discussion on pursuing this option). 

27.  The output module will summarize the results in different form according to user specific needs. The content of these outputs will comprise results from T8-T17 and relevant information from T4-T6. Furthermore, it can also include practical recommendations for good practice as well illustrative examples and background information that might help the user to understand and properly implement the suggested strategy. Generated files can be in the chosen electronic format. Information for farmers will also be provided in user-friendly printed documents. The design of the different outputs can take into account country and user specific requirements.

Task 19: manure treatment system  and export plan Org-A
28.  This will include estimates of costs, strengths and weaknesses of the manure management package proposed.  This report will be equally for the external contractor who will deal with the implementation of the manure management plan. In addition, there will be a summary of technical details needed for the operation of the treatment facilities including some instructions and recommendations for the proper running and maintenance of the facility.

29.  A scheme will be presented on the quantities of manure (and manure products of treatment) that will be exported beyond the domain for the farming system.  The nutrients contained will not be included in the local mass balance but some comment may be included of a cautionary nature to cover risks (environmental and health) that may be inadvertently transported to other regions.

Task 20: nutrient balance (and emissions) Org-B
30.  Summary of the nutrient (P, K2O, Mg, Ca …) and heavy metal (Cu, Zn, possibly others …) balance situation for the initial and a future scenario (if relevant). It might also include a summary of the emission data that is available as a by-product of the calculation (NH3, discharge) or specific emission calculations (GHG).

Task 21: livestock and manure management recommendations Org-B
31. Practical recommendations about proper livestock management (feeding, water use, ventilation and cooling, manure collection etc.) and manure handling (as far as not covered by T19; e.g. prevention of run-off and overflow losses, transport and spreading options).

Task 22: manure distribution and fertilization planning aid Org-B
32.  User interface with T12. The user can optimize the dosing and distribution of different types of manure to different crops and farms and to determine what supplementary chemical fertilizer is needed. The tool can also provide the basic framework to organize the logistics of the distribution of manure to different farms.
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�I can not yet agree to such a decision without doupts before the investigations we planned have been completed. I have not yet been able to reach my contact in India but a discussion I had with an expert in Switzerland indicated that VBA might not really be appropriate for the decision tree.
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Tabelle1

				units		rate ($ US)		total ($ US)

		work H. Menzi (days)		71		640		45,440

		programming (work)1)		125		220		27,500

		programming (contacts)1)						5,000

		Collaborator and external		90		440		39,600

		missions travel		2		3,500		7,000

		missions DSA		28		175		4,900

		Expert meetings in Asia						5,000

		total						134,440

		Task		H. Menzi		collaborator

						or external

		literature survey		3		20

		Detailed process description for calculations		5

		Development decision tree elements		5		20

		Design of user interfaces		2		20

		Programming		5		125

		Testing		5		20

		Default values (office work)		3

		3 missions		30

		Coordination		8

		Follow-up support (after project completion)		not included

		Total		66		205
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