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1. Introduction

1.1 Project Description

The purpose of the project was to develop an online system that extends the FRESH (Forage Resource Evaluation System for Habitat) deer web application to include a calculator for moose during the winter season. The FRESH system is essentially a calculator that utilizes plant data along with animal nutritional requirements and determines how many animal-days (one animal for one day) that the given plant data can maintain. This value only reflects a given instance in time, and does not reflect any complex animal-forage dynamics. The animal-days value is primarily used in comparing different habitats or a single habitat in various states. During winter months, moose primarily feed on branches and twigs of various plants. Consuming these branches take varying amounts of time due to the different branch/twig sizes. These different sizes also yield varying nutritional levels. In the FRESH-moose calculator, time is an included factor.

The moose calculator originally existed as a Microsoft Excel spreadsheet developed by Dr. Spalinger of the UAA Biology Department. In this version a user must manually enter plant information to be used for the calculations. This was the main resource for understanding the basic functionality this project needs to encompass.

The current FRESH-deer calculator exists online and can be reached at http://cervid.uaa.alaska.edu
1.2 Meetings
Dr. Spalinger, Dr. Mock, and myself conducted near-weekly meetings to track the progress of this project. This was helpful in many ways, primarily to help with understanding the calculations used in the model. It was also a good chance to demonstrate the user interface to the client, and make changes as necessary.

2. Project Overview

2.1 Data

The data used in the FRESH Moose system naturally consist of plant and animal information. The following is a list of the types of data that go into a single calculation.

Plant Coefficients
These coefficients are unique to each plant species and are applied to a given stem diameter measurement to determine various properties of that stem.

Mass: WA  WB  WC  WD
Digestible Protein: DPA  DPB
Digestible Dry Matter: DDMA  DDMB
Neutral Detergent Fiber: NDFA  NDFB


Plant Stem Densities
Each plant has the following 8 stem diameter groups:




0-1 mm




1-2 mm




2-3 mm




3-4 mm




4-5 mm




5-6 mm




6-7 mm




7+  mm

The number of stems per m2 is needed to determine how much biomass each diameter group will contribute for a given plant species. This measurement is collected for 3 separate vertical layers of a given species making for 32 measurements total.



Snowfall Constraint

For all plant species, stem density measurements are made for 3 separate vertical layers. These vertical layers each equal 1 meter in length and start at the base of the plant. The Snowfall constraint is divided into 3 values that impact stem availability for these layers.

Severity

Light      ( All layers of the plant are available

Average ( Half of the first layer is unavailable

Severe   ( The entire first layer is completely inaccessible



Plant Percent-in-Diet Constraint

Certain plants are toxic if their contributing biomass is high enough in the total biomass consumed by an animal. Therefore each plant species has a value that indicates the max percent that a plant can contribute to an animals diet.

Animal Constraints
Each moose that a calculation is made for has a set of basic dietary requirements. These requirements are used in the final calculation to determine moose days.

Dry Matter Intake (g/day) – The daily requirement for the animal

Digestible Dry Matter (%) – The percent of biomass consumed that must be DDM

Digestible Protein (%) - The percent of biomass consumed that must be DP

Time Foraging (min/day) – The time per day the moose will spend foraging

Animal Properties

Currently there is only one Animal Property that is used, which is the mass of the moose in kilograms. This is used to calculate how fast a moose can consume plant matter.

2.2 Calculations

The moose-day calculation is done in two phases. The first phase is deriving values for each diameter size class of a plant species that can be compared to the given animal constraints. Once we have these values we can then use a linear programming solution to determine the optimal diet for the moose.

The first phase requires stem diameters to apply the plant coefficients to. Since we have been dealing with only groups of stem diameter sizes for now the best solution is to simply take the average stem size of a group (i.e. for the stem group 0-1mm, we can use .5mm as the diameter size.).

The first phase calculations are as follows:

For a given plant species P with stem group N with average stem diameter n:

Diameter at browse point
DB(n) ( (-0.00197 * n3) + (-0.00427 * n2) + (0.8605 * n) – 0.0395

Stem Mass

Mass(n) ( (WA*DB(n)3) + (WB*DB(n)2) + (WC*DB(n)) + (WD)

Total Biomass for stem size n of plant P

Biomass(n) ( Mass(n) * 10.0 * (Total stems per m2 for n of P)

Percent of Biomass that is Digestible Protein



DP(n) (DPA * DB(n)DPB


Percent of Biomass that is Digestible Dry Matter



DDM(n) ( DDMA * DB(n)DDMB


Percent of Biomass that is Neutral Detergent Fiber


NDF(n) ( NDFA * DB(n)NDFB


Time in seconds to eat 1 gram of Biomass


Time(n) ( (((((Animal Mass)0.7 * 0.263) / NDF(n)) * 0.03 + Mass(n))/

       (((Animal Mass)0.7 * 0.263) / NDF(n))) / Mass(n)

To understand the flow of information better, here is a diagram illustrating the structure of the calculations:
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Figure 1
Tan: initial values supplied by the user or the database

Green: final calculated values

White: intermediate values

In the second phase of calculation, the values created for each stem diameter group for each plant is used in conjunction with the animal constraints to calculate the total moose days. This is done by choosing varying amounts of biomass from different plant parts while the total biomass keeps within the boundaries of the animal constraints (time, protein, dry matter). For this we can create a series of equations and solve them simultaneously using a linear programming algorithm.

These equations take this form:

P = Percent of plant part used

B = Biomass

DP = Digestible Protein

DDM = Digestible Dry Matter

T = (time foraging)/(Dry Matter Intake)

TP = Time to eat 1 gram of Biomass

P1B1DP1 + P2B2DP2 + P3B3DP3 + … + PnBnDPn   > DPconst
       P1B1 + P2B2 + P3B3 + … + PnBn 

P1B1DDM1 + P2B2DDM2 + P3B3DDM3 + … + PnBnDDMn   > DDMconst
       P1B1 + P2B2 + P3B3 + … + PnBn
P1B1TP1 + P2B2TP2 + P3B3TP3 + … + PnBnTPn   < Tconst
       P1B1 + P2B2 + P3B3 + … + PnBn
2.3 Existing Model

The existing model for calculating moose carrying capacity was developed by Dr. Don Spalinger of the UAA Biology Department and was implemented in an Excel Spreadsheet. Each spreadsheet created is equivalent to one moose calculation where both plant and animal values can be edited and the calculation re-evaluated. The spreadsheet makes intermediate calculations between each sheet, with the final solution being calculated by Excel’s included solver. There are a few drawbacks to this design:

Static Design

Adding plants to a calculation is not trivial. It requires manually entering the plant values and calculations throughout the entire model.

Intuitiveness

At first glance, it is difficult to understand how the model works. Data is organized across 6 different sheets, which makes it hard to visualize the steps involved in making the calculation.

3. Project Requirements

3.1 Functional Requirements

Overall, the main goal was to create an intuitive, dynamic, and worldly available version of the Excel model. The following is a list of initial requirements that Dr. Spalinger and I had come up with.

1. The application must be accessible by the web

2. Plant nutritional data must be stored on the server in a database. A user will be able to add/delete/modify this data through a secure page over the web.

3. User information for secured access must be stored on the server. A user will be able to add/delete/modify this data through a secure page over the web.

4. A user will be able to view and select nutritional data from the database to be used in a calculation. Views will exist to make selecting data easier (view of data for a given location, range, etc.).

5. A user will be able to create nutritional data to be used in a calculation that will only be available for that session.

6. A user will be able to either hand-enter or import data for stem density frequencies for a given set of nutritional data.

7. A user will be able to specify snow depth by selecting ‘light’, ‘average’, or ‘severe’. This value will effect what plant layers are available to the animal.

8. A user will be able to enter all animal constraints by hand.

9. A user should be able to specify the max percent a given plant can contribute to the total diet of the moose.

10. A completed calculation should be able to be saved locally in a text file or some other well-known format.

11. A completed calculation should be able to be printed on standard 8.5x11 paper.

12. An offline version of the calculator should be available at some point in time. (Low priority)

These requirements were subject to change as the project continued.

3.2 System Specifications

The end user must access the application over the internet using any major-market web browser (Firefox, Internet Explorer, Netscape Navigator). The user should also have the .NET framework installed on their computer.

4. System Implementation
The language I ultimately chose to write the application in was ASP.NET/C#. There were a few reasons for choosing this set of languages. The main reason was because the FRESH deer model implemented by Oran Weaver was written in ASP.NET/C# and it made sense to continue with that language set since integration would be easier. It also seemed like a good chance to become familiar with a language I had very little experience in. The tools available in Visual Studio.NET solidified my choice, since it would make picking up the language easier. 

4.1 Database
The initial requirement for the database was to create a simple table that could store sets of plant coefficients. This was good for initial development, but it soon became apparent that hand entering stem densities or even importing them for each set of plant coefficients was not a practical solution. If a user decided to work with 5 plants, each plant would have the 8 stem diameter groups over 3 different layers which would mean a user would have to enter 5*8*3 = 120 stem density values. It was decided storing stem density information in the database would be a good idea.

The other decision made when creating the database was to organize the plant information by locality. This concept was borrowed from the deer model and is divided by location and further divided by stand.

The following is the implemented database diagram and a description of it’s tables and values:
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Figure 2

Location
L_ID (int) – The primary key and unique identifier for each location.

Location (varchar(50)) – The name of the location.


Stand
S_ID (int) – The primary key and unique identifier for each stand.



L_ID (int) – A foreign key from the Location table.



Stand (varchar(50)) – The name of the stand.


WholePlant
WP_ID (int) – The primary key and unique identified for each combination of plant coefficients and stem densities.

S_ID (int) – A foreign key from the Stand table.

P_ID (int) – A foreign key from the Plant table.
SD_ID (int) – A foreign key from the StemDensity table.



Plant
ID (int) – The primary key and unique identifier for a set of coefficients.

Forage (varchar(50)) – The scientific name for the plant. This may have been better place in the WholePlant table.

WA – Mass coefficient A

WB – Mass coefficient B

WC – Mass coefficient C

WD – Mass coefficient D

DDMA – Digestible Dry Matter coefficient A

DDMB – Digestible Dry Matter coefficient B

DPA – Digestible Protein coefficient A

DPB – Digestible Protein coefficient B

NDFA – Neutral Detergent Fiber coefficient A

NDFB – Neutral Detergent Fiber coefficient B

MTB – Mass Total Biomass in Diet constraint.



StemDensity
SD_ID – The primary key and unique identifier for a set of stem densities

S1L1 - stems/m2 for stems 0-1mm in diameter in Layer 1

S1L2 - stems/m2 for stems 0-1mm in diameter in Layer 2

S1L3 - stems/m2 for stems 0-1mm in diameter in Layer 3

S2L1 - stems/m2 for stems 1-2mm in diameter in Layer 1

S2L2 - stems/m2 for stems 1-2mm in diameter in Layer 2

S2L3 - stems/m2 for stems 1-2mm in diameter in Layer 3

S3L1 - stems/m2 for stems 2-3mm in diameter in Layer 1

S3L2 - stems/m2 for stems 2-3mm in diameter in Layer 2

S3L3 - stems/m2 for stems 2-3mm in diameter in Layer 3

S4L1 - stems/m2 for stems 3-4mm in diameter in Layer 1

S4L2 - stems/m2 for stems 3-4mm in diameter in Layer 2

S4L3 - stems/m2 for stems 3-4mm in diameter in Layer 3

S5L1 - stems/m2 for stems 4-5mm in diameter in Layer 1

S5L2 - stems/m2 for stems 4-5mm in diameter in Layer 2

S5L3 - stems/m2 for stems 4-5mm in diameter in Layer 3

S6L1 - stems/m2 for stems 5-6mm in diameter in Layer 1

S6L2 - stems/m2 for stems 5-6mm in diameter in Layer 2

S6L3 - stems/m2 for stems 5-6mm in diameter in Layer 3

S7L1 - stems/m2 for stems 6-7mm in diameter in Layer 1

S7L2 - stems/m2 for stems 6-7mm in diameter in Layer 2

S7L3 - stems/m2 for stems 6-7mm in diameter in Layer 3

S8L1 - stems/m2 for stems 7+ mm in diameter in Layer 1

S8L2 - stems/m2 for stems 7+ mm in diameter in Layer 2

S8L3 - stems/m2 for stems 7+ mm in diameter in Layer 3
My plan was to eventually add a table to the design to carry user information. This would hold user names and passwords for users with access to edit plant data. Unfortunately at the time of this writing, it has not been completed.

4.2 Data Structures and Algorithms
Making a calculation requires either entering data by hand or retrieving it from the database. Either way this data must be stored in a location where it can be easily obtained and changed by the user. Storing this information in a format similar to an array seemed tedious and harder to program. I decided that the best way to store the information for each user would be to create a Plant object that would store all plant information for a given plant (coefficients and stem densities) as it was received. A list of Plant objects could then be stored in the user’s session variable.

Another decision I made on the overall design was to include a data access layer for the database. A data access layer basically consists of methods that can select, update, and insert data into a persistent data source (in this case the database explained in section 4.1). This helps receive and modify the data without having to deal with the complexity inherent in accessing the database.

The following is a crude object diagram of the data flow in the application:
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Figure 3
The green nodes represent the web pages as the user sees them. A user can travel between these pages through navigation buttons on each page.

As for the Calculator page, we can see from this diagram that it passes data to a Linear Calculator class which then makes a call to Lp_solve. Lp_solve is a free library for calculating linear programming solutions. The Linear Calculator class is merely an intermediate stage that takes in the array of Plant objects and builds the necessary equations to feed into Lp_solve.

4.3 User Interface
The user interface of FRESH moose was one of the most enjoyable aspects of the project to develop. Using Visual Studio as a development environment worked really well for this purpose, since you can easily view and organize forms, tables, and other tools while adding them to the project.

One of the main ASP.NET/C# classes that I incorporated into the application was GridView. This tool basically points to a data source and displays the information in a table like format. The programmer can specify methods for selecting, adding, updating and deleting values, which makes it a powerful and intuitive form on the user side of things.

Plant Selection

The following is a screenshot of the first page, where the user is prompted to select plants from the database.
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Figure 4
The “Locations” and “Available Stands” drop down menus are linked to the underlying database along with the plant coefficients. By changing the Location or Stand, an event is called which in turn changes the plants in the “Available Plants” list to display the plants for that area. To add a plant to the working set, or “Selected Plants” section, the user can click on the select button next to any row in the Available Plants table.

The “Edit” button can be used before selecting a plant to modify its contents. In retrospect, the edit button should have been placed in the Selected Plants area since any edits done in the Available Plants area is not committed to the database. It’s simply used to modify a plant before selecting it for the working set. The “Delete” button in the Selected Plants area simply removes a plant from the working set.

Clicking on the “Use Selected Plants” creates a list of the selected plants by copying the data from the database into instances of the class Plant. These are placed in a list and stored in session.

Stem Density Entry

The following is a screenshot of the Stem Density Entry page:
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Figure 5
At this stage each Plant stored in session displays the stored plant coefficients along with the stem density values for each of the 8 diameter groups over the 3 vertical layers. These stem density values are displayed in text boxes leaving the user to modify them at will.

Although not displayed, a “Start Over” button is present at the bottom of this page. Clicking it will bring the user to the first page with all Plants stored in session deleted. There also exists a “Continue to Calculator” button that brings the user to the Calculator page.

Calculator


The following is a screenshot of the Calculator page:
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Figure 6
At this point the user can enter the Animal Constraints that will be used in the calculation. Default values were created from the values used in the Excel model. Snow depth can be selected from the corresponding drop-down menu that defaults to the “Light” setting.

The “Back” button was added to allow users to go back to the Stem Density Entry page and make modifications as necessary.

Clicking the “Calculate Moose Days” button executes the calculation and loads the calculated values into a GridView above the Animal Constraints form as shown below in Figure 7.
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In this table there exists the following new values:

Moose Days


The number of days the plant selection can support one moose

((Total biomass consumed)/(Animal DMI requirement))*1000

Daily Forage Time


The time the moose would have to spend foraging per day

((Total time taken eating)/(Total Biomass Consumed)) * ((Animal DMI requirement)/1000)

Percent Used (%)
The percent of the biomass consumed

Biomass Used (kg/ha)
The amount of biomass used in kilograms per hectare of land

Time Eating (min)
Time spent consuming the given plant part in minutes

Percent of Total (%)
The percent that plant part contributes to the total diet

5 Results

Overall I believe I made a great deal of progress in the FRESH moose system and one could argue that I have completed the calculator portion. Many have commented on the aesthetics and clean look of the page including the client. It’s a straight forward design that I believe has a lot of potential. A problem that developed later in the development process was the lack of time due to taking on a new full time position and other unavoidable personal matters. I believe that if a little bit more effort could be applied to this application it could be completed and be put in use.


5.1 Unfinished Requirements/ Known Bugs

A critical portion of the application that I didn’t have time to incorporate into the final project was a data management page. It would basically consists of a single page where a user could insert/update/delete values in the database to create more plants for calculations. Although the course is over, I may take on this project in my spare time if I have time.

Another issue with the application is the lack of any sort of help. To any biologist familiar with the process, it should be somewhat self-explanatory however there could be a few small paragraphs or lists explaining values that would be helpful. 

The only bug that I believe is worth mentioning is a problem with the initial page. Any changes that a user makes to a plant in the Available Plants section will be viewable by another user if they have the same plant in their Available Plants section. I believe this problem is rooted in that the data access layer, but I haven’t located the problem yet.

5.2 Lessons Learned
The experience gained through this project was great and taught me many things. Foremost is to not make promises you can’t keep. My confidence often times would get the best of me, and a function/feature that I would swear up and down could be done by the next meeting time would not be completed. This was due largely in part to the fact that this was my first web application and it was in a language/development environment I was still becoming familiar with.

I also learned a lot in regards to working with a real client that has expectations and deadlines. I have had experience through my day job in this, but I have never had so many design decisions to make. Working with Dr. Spalinger was enjoyable and taught me a lot about communication and developing an application with someone who may not understand certain capabilities and limitations of a system.

I knew when I started this project again from the previous semester that it would be a challenge. I can remember a week or two into the semester asking myself what I had gotten myself into, but by the end of the semester I am proud of the work I have done, and I’m glad I could create something that will one day help understand more about moose habitat.
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