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Abstract 
Development of a Cross-Platform Solution for Calculating Certified Emission Reduction 

Credits in Forestry Projects under the Kyoto Protocol of the UNFCCC 

Gregory McIntyre 

 

This thesis presents an exploration of the requirements for and development of 

a software tool to calculate Certified Emission Reduction (CERs) credits for afforestation 

and reforestation projects conducted under the Clean Development Mechanism (CDM).  

We examine the relevant methodologies and tools to determine what is required to 

create a software package that can support a wide variety of projects involving a large 

variety of data and computations.  During the requirements gathering, it was 

determined that the software package developed would need to support the ability to 

enter and edit equations at runtime.  To create the software we used Java for the 

programming language, an H2 database to store our data, and an XML file to store our 

configuration settings.  Through these choices, we can build a cross-platform software 

solution for the purpose outlined above.  The end result is a versatile software tool 

through which users can create and customize projects to meet their unique needs as 

well as utilize the features provided to streamline the management of their CDM 

projects. 

Keywords: Java, XML, SQL, H2, Carbon Emissions, United Nations Framework 

Convention on Climate Change, UNFCCC, Clean Development Mechanism, Climate 

Change, Afforestation, Reforestation. 
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Chapter 1 

Introduction 

1.1 Introduction 

Climate change has become one of the most important topics of this century, as 

our planet is undergoing serious changes due to the adverse effects humans have had 

on the environment.  The 9ŀǊǘƘΩǎ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ change trend over the last 140 

years shows this clearly in Figure 1.1 [UNF06].  When compared to baseline of 1961-

1990, we see an increase of over 0.5°C in temperature, which may appear to be 

insignificant, but this increase has already seen significant effects such as increasing sea 

levels and altered weather patterns [UNF06].  Furthermore, the period before 1961-

1990 shows that the baseline itself has increased over what came before it. 

 
Figure 1.1:  Variation of the Earth's surface temperature for the past 140 years. 
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Three main questions under consideration are: where this increase in global 

temperatures is coming from?, and what can we do to combat it?.  The source is 

relatively easy to pinpoint as cars, industry, and other sources of pollution introduce 

harmful gases into the atmosphere that have the effect of trapping heat resulting in a 

slow increase in temperature [EPA18].  ¢ƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ƻŦ ǘƘŜǎŜ άƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎέ 

(GHG) is carbon dioxide as it accounts for 81% of GHG emissions in the United States in 

2016 [EPA18] alone.  Any attempt to fight climate change should target these emissions 

with an eye to lowering both the existing carbon content in the atmosphere and future 

emissions.   

The United Nations officially recognized climate change as a common concern of 

mankind in 1988 [UNF06] and established the United Nations Framework Convention on 

Climate Change (UNFCCC) in 1992.  This created a common framework for countries to 

work together to limit GHGs [UNF18d].  By 1997, the Kyoto Protocol was negotiated and 

developed into an international treaty to strengthen the membersΩ ŎƻƳƳƛǘƳŜƴǘǎ ŀƴŘ 

legally bind them to specific targets for reducing emissions [UNF18e].   

The Kyoto Protocol permits a participating country that fails to meet its 

obligations through national measures, to purchase excess carbon reductions from 

other countries or by funding projects through an initiative such as the άClean 

Development Mechanismέ (CDM) [UNF18e].  The CDM allows for carbon reduction 

projects in developing countries that reduce carbon emissions to receive Certified 
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Emission Reduction (CER) credits which can then be sold to developed countries to help 

them meet their reduction targets [UNF18b].   

A CER project can be anything that reduces or offsets emissions such as cleaner 

power generation, efficient technology, or planting forests.  There are currently over 

7800 registered projects to date that have collected 1.9 billion tons of credits [UNF18b].  

For a project to qualify for the CDM and earn CERs, it must do more than just reduce 

emissions: those responsible for the project have to demonstrate that the reduction 

amount is above and beyond what the land would have achieved without the assistance 

[UNF18c].  To determine the amount of the reduction attributed to the project, it is 

compared to a hypothetical baseline scenario representing how the land would have 

been used.  The difference in reduction from the baseline scenario to the actual project 

is called additionality and is what determines the number of credits the project would 

receive [UNF18c]. 

Given the nature of the groups involved and the scale of the projects, very 

specific outlines are provided on how to calculate and measure additionality.  To this 

end, the UNFCCC has created a set of standard procedures for project managers on how 

to determine reductions and monitor the changes over time.  These procedures, known 

as Methodologies, are available from the UNFCCC website as digital documents and 

cover a wide variety of project types ranging from power generation to forestry projects 

[UNF18a].  The Methodologies provide high-level instructions for calculating the CERs 

awarded for the entire project.  Lower-level calculations such as measuring individual 
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trees are detailed in other documents referred to as Tools.  These tools are also 

available on the UNFCCC website. 

 For this thesis, we will specifically be focusing on the Methodologies that relate 

to afforestation and reforestation (A/R): planting new forests and replanting old forests 

respectively.  Currently the Methodologies are available for download from the CDM 

website but only as static documents and with no automated mechanism for organizing 

the data or calculating the results.  This implies that those in charge of a project are left 

with creating their own software modules to compute additionality or they must find 

third-party software.  This thesis examines the development and use of a set of software 

modules to implement the Methodologies related to A/R projects and their monitoring.  

These software tools are implemented using Java (a programming language able to run 

on a wide variety of platforms with minimal changes), H2 (a single file database system) 

and eXtensible Markup Language (XML) to create an interface, organize input data and 

perform calculations.   

The remainder of this thesis is organized as follows.  In Chapter 2, we examine 

the current A/R Methodologies, their related reference documents and outline which 

components present the greatest challenge in adapting them to software.  Chapter 3 

describes the chosen technology and approaches used in developing the software 

modules and how they help meet the needs of the project.  The actual software will be 

described in Chapter 4, where we outline its various features as well as a detailed look 

at its interface.  Chapter 5 is where the research is all brought together by entering 
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equations from one of the Methodologies into the software, discussing any changes or 

adaptations that must be made.  Finally, Chapter 6 is where we discusses our 

conclusions and present the future work for improvements and implementation of the 

software developed. 
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Chapter 2 

Background 

2.1 Introduction 

The software modules we developed for this research implement four different 

Methodologies for A/R projects which are differentiated by variations in land type 

(wetland or non-wetland), and project size (large or small scale) [UNF18a].  Wetlands 

are defined as lands that are regularly saturated throughout the year [CDM17], and a 

project is classified as large scale if it exceeds 16000 tons of carbon removal from the 

atmosphere per year [CDM17].  The Methodologies outline which sections of the forest 

to measure and how to calculate the CERs received for each of their project types 

[ARL13a].   

As mentioned in Chapter 1, the Methodologies make use of Tool documents for 

lower-level calculations.  The Forestry Project Methodologies are comprised of several 

different Tools to standardize the procedures used in the calculations required by 

projects. For example, to calculate the net removal of GHGs, we have to deduct the 

GHGs that have been produced by fires [ARL13a].  We do this by following the 

instructions provided in the Tool for calculating emissions from fires that have occurred 

within the project area [ARL13a].  The details of this Tool are included in Appendix A for 

reference.  The Methodologies refer to six Tools [ARL13b] which in turn reference two 
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more Tools bringing the total to eight distinct Tools [Est15b].  The remainder of Chapter 

2 will examine the Methodologies and Tools in detail. 

2.2 Afforestation/Reforestation Methodologies 

2.2.1 Large-scale Methodology for Nonwetlands 

The Methodology that is most computationally intensive of the four is that which 

is used for large-scale projects taking place on non-wetlands [ARL13a].  This 

Methodology tracks changes in carbon pools while accounting for any GHGs that result 

from fires, or from relocating agricultural activity to make room for the project 

[ARL13a].  Carbon pools can be seen as reservoirs that absorb and emit carbon [DHS16].  

There are five carbon pools monitored in the A/R Methodologies: trees, shrubs, dead 

wood, litter, and soil [ARL13a].   

Trees and shrubs make up the largest carbon pool and so tracking these is 

mandatory (the other three pools are smaller with respect to volume of carbon and may 

be excluded by the project proponents from monitoring [ARL13a]).  Excluding the 

smaller pools can lower costs by reducing the resources needed to monitor and 

measure the forest.  This however implies that the project may receive fewer CERs if it 

does not demonstrate growth in the soil, dead wood or litter pools.  Each project 

manager will have to decide the best option for their situation with respect to which 

carbon pools to include.  Once this is known, a baseline scenario can be selected.   
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The baseline scenario is the hypothetical change in carbon levels based on the 

most likely use for the land had the project not been implemented [Glo17].  Comparing 

this baseline result with the actual measurements of the forest after the project has 

been implemented will determine the additionality of the project.  This difference 

affects the CERs eventually awarded for the project [ARL13a].  The process for selecting 

a baseline scenario is outlined in Section 2.3.10 where we also examine the relevant 

Tool.  With the baseline scenario and carbon pools selected, the step of stratification of 

the project area can commence [ARL13a].  Stratification is the act of dividing the project 

land into different areas based on criteria such as vegetation type [ARL13a].   

Once stratified, the steps of the Methodologies are fairly straightforward.  Each 

measurement in the change in carbon levels from the previous measurement for each 

pool is totaled.  Deductions are made of any GHGs from fires or relocating agricultural 

activity [ARL13a].  This value is then further reduced by the estimated carbon from the 

baseline scenario in the net impact of the A/R project for that time period under 

consideration [ARL13a].  The specific procedures for each of these steps are given in the 

reference Tools which are discussed in Section 2.3.  This net loss or gain is converted to 

CERs that are then awarded to or deducted from the project [ARL13a].   

2.2.2 Other Methodologies 

 The three remaining Methodologies follow the same basic procedure as the 

large-scale Non-wetlands Methodology with some key variations.  The Wetland 

Methodologies are simplified by excluding litter on the forest floor, and through using a 
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single equation for soil carbon instead of referencing the related Tool document 

[ARL13b][ARS13].  Small-scale Methodologies simply use the pre-project land use, 

rather than the selection Tool to determine the baseline scenario [ARS13][ARS15].   

2.3 Tool Summaries 

2.3.1 Baseline Scenario Selection Tool 

The baseline scenario is a hypothetical alternate land-use for the project area 

and is important in determining the net benefit of a project.  To select the most 

appropriate scenario, we use a Tool provided by the UNFCCC for selecting baseline 

scenarios.  This tool stands out from the others as it does not have any equations and it 

is only a decision-making flow-chart, used during ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛƴƛǘƛŀƭ ǎǘŀƎŜǎ.  Once the 

scenario has been selected, the baseline scenario is used for the entire project lifespan 

[Com07].  An overview of the baseline scenario selection process is presented in Figure 

2.1 [Com07].   

The first step in this process is to compile a list of all possible land use scenarios 

for the project area then and remove any that are not practical due to financial, 

practical or political barriers [Com07]. Ideally, this would leave only one option which 

would then be the baseline.  However, if multiple uses remain, then we move to Step 3, 

where the costs and benefits of the remaining scenarios are analyzed with the most 

financially viable usually selected.  If the most likely scenario is an A/R project that does 

not need assistance from the CDM, then the project may not be eligible to receive any 
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support.  Otherwise, the baseline scenario is chosen [Com07].  The last step is to 

examine any existing A/R projects in the same region and explain why those projects 

may not require CDM support, while this project would merit support. An example 

reason might be that there are different laws or financial concerns in that area, or that 

there are other barriers to implementation [Com07].   

 
Figure 2.1: Flowchart of Baseline Scenario Selection 
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Once selected and approved, the data for the baseline scenario are obtained 

from either a standardized baseline provided by the UNFCCC, or from data collected 

from ground measurements following a standard forestry measurements procedure 

that would be provided by those running the project [UNF18b]. 

2.3.2 Tool for Estimation of Changes in the Level of Carbon in Trees and 

Shrubs 

 The monitoring of carbon stocks in the plant life in the forest is mandatory for all 

four of the A/R project types and is computed using the Tool for monitoring the changes 

in trees and shrubs [Est15b].  This Tool provides both instructions for measuring the 

trees and instructions for measuring the shrubs. 

The first step for determining the carbon levels in the trees is to calculate the 

change in carbon stocks between two points in time [Est15b].  If there has been an 

event that would drastically alter the carbon levels of the forest, such as a fire, then it is 

recommended to use two measurements of the forest with different sample plots 

[Est15b].  Otherwise, it is sufficient to just remeasure our previous sample plots and 

compare this value to the previous measurement in order to estimate the overall carbon 

change of the forest [Est15b].  If there has been very little time (or growth) between the 

two measurements, then the project manager may decide to save the cost of measuring 

altogether and simply use a result of no change [Est15b].  In addition to these 

calculations for change in carbon stocks between any two points in time, there are also 

calculations for the annual change in carbon stocks [Est15b].   
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The first two components of the Trees and Shrubs Carbon Level Tool are focused 

on calculating the change over time in carbon stocks in the forest.  To be able to 

calculate this value, we need to know the carbon level at a specific point in time: this is 

the focus of the third step of the tool [Est15b].  The most common approach is to select 

sample plots ƻŦ ƭŀƴŘ ƛƴ ŜŀŎƘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ strata in order to provide a statistically 

representative sample of that stratum from which the biomass of the entire forest can 

be extrapolated [Est15b].  Alternatively, if available, tree growth can be projected using 

existing data and forest growth models from other research [Est15b].  Those running the 

project may also use their own method for calculating the volume of the trees provided 

they can demonstrate that their approach is accurate [Est15b].  The process of 

demonstrating accuracy is outlined in two other Tool documents that are discussed in 

Section 2.3.7.   

Once the tree carbon level calculations have been completed, the shrub carbon 

level needs to be determined.  This calculation mirrors the tree approach by providing 

instructions for determining the change in carbon levels in the shrubs between any two 

points in time, per year or just the current carbon level [Est15b].  The shrubs 

computation is less effort as it requires no direct plant measurements in the field but 

instead creates an estimate based on the canopy cover (the percentage of the forest 

floor obscured by plants from the sky) of the forest which can be determined from 

existing air photographs or satellite images obtained via an aerial survey [Est15b].   
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2.3.3 Tool for the Estimation of Carbon Stocks in Dead Wood and Litter 

In addition to living plants, it is also necessary to measure the carbon content of 

dead plants and dead wood in the forest.  To accomplish this, the Tool for measuring 

dead wood and litter is utilized [Est15a].  The first step of this Tool is to measure dead 

trees, stumps, and logs within the sample plots in order to estimate the overall carbon 

for the project area [Est15a].  Dead trees and stumps are measured in a similar fashion 

to the living ones:  their volume is estimated with adjustments for their state of decay 

and the degree of their branch loss [Est15a].  While the dead trees and stumps can be 

spread throughout the sample plot, the logs are selected by laying out two intersecting 

lines and measuring all logs that cross those lines [Est15a].  The lengths of these lines, as 

well as the decay level of the logs, are factored into the calculations to estimate the log 

carbon levels for the sampling plot and for the project area [Est15a].  It is possible to 

skip these measurements by using the Trees and Shrubs Tool to estimate the dead wood 

levels [Est15a].  Litter is determined by weighing gathered samples and adjusting for the 

moisture [Est15a].   

Once the dead wood and litter have been measured and extrapolated over the 

whole project area, we can compare this to previous measurements to arrive at the 

change in carbon between two points in time [Est15a]. 
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2.3.4 Tool for Estimation of Soil Organic Carbon Stocks 

 If the project area is not a wetland and the litter remains on the forest floor, 

then the Tool for tracking changes in carbon levels in soil should be used to estimate the 

stocks of soil organic carbon [Too11].  It is assumed that barring any major disturbances 

to the soil, the carbon level will remain constant [Too11].  Disturbances such as 

ploughing, removing stumps, harvesting or planting trees can result in a change to the 

carbon levels such that it will take at least 20 years with no further disturbances to 

reach a steady state again [Too11].  For those 20 years, we calculate the rate of change 

and current carbon levels based on the initial carbon levels, time since the disturbance, 

and estimated carbon loss from the disturbance [Too11].  Outside of that time period, it 

is assumed that there is no change in soil carbon levels [Too11] 

2.3.5 Tool for the Estimation of GHG Emissions from Burning 

If a fire occurs within the project boundary, it is necessary to account for the 

GHGs released into the atmosphere.  This can be accomplished using the Tool for 

determining the GHG emissions that are created from burning.  This Tool provides 

procedures for three types of fire: natural forest fires, site preparation fires, and 

postharvest fires to clear land [Est11].   

Site preparation fires are manmade fires used at the start of the project to clear 

the land for planting [Est11].  These fires can be disregarded if there has been a fire in 

the ten-year period prior to the beginning of the project, or if the baseline scenario used 
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slash-and-burn practices regularly [Est11].  Otherwise, the average biomass of the trees 

and shrubs in the area is used to calculate the amount of GHGs released [Est11]. 

Similar to site preparation fires, an area may be burned to clear for replanting 

after lumber is harvested.  If it is available, the volume of the harvested wood can be 

used to estimate the GHGs released.  Otherwise, the emissions are estimated using the 

harvested area and default values [Est11]. 

GHGs released by natural forest fires are determined using the tree and dead 

wood measurements from the most recent verification for that area of the project 

[Est11].  Once all of these GHG emissions have been calculated for all types of fires then 

they are summed to arrive at the total amount of GHGs produced from fires in that year.   

2.3.6 Agricultural Displacement Tool 

This Tool is utilized when the land selected for the project was home to 

agricultural activity thus necessitating the need for relocating the activity and hosting it 

somewhere else and displacing forest land use.  The change in carbon stocks due to 

displacement must be accounted for prior to determining the CERs to the project.  The 

Tool for computing this is simple with only three equations required to determine the 

change in carbon for the land where the agricultural activity is now located [Est13].   

 The previous six Tools are referenced by the methodologies directly and provide 

the procedures for determining the CERs for a project. However as mentioned earlier, 

there are two more Tools.  These additional tools are referenced in the Dead Wood and 
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Litter, and Trees and Shrubs Tools, and are utilized when a project manager wishes to 

use their own volume table, volume equation or allometric equation. 

An allometric uses the standard tree measurements in forestry, such as diameter 

of the tree at breast height or the height of the tree, and their relation to the overall size 

of the tree to estimate thŜ ǘǊŜŜΩǎ ōƛƻƳŀǎǎ [CDM17][Dem11].  These allometric equations 

are usually developed through destructive sampling and estimation of its parameters is 

achieved via a regression equation fit [CDM17][Dem11].  Volume equations or tables 

use the same tree measurements, but instead, they estimate the stem volume of the 

trees [Dem12].   

The next section outlines the two Tools that are used to validate the equation 

the project manager wishes to use. 

2.3.7 Demonstrating Appropriateness for Volume or Allometric Equations 

Tools 

While the process for validating an allometric equation is distinct from the 

process of validating a volume table or equation, both Tools follow the same procedure 

and criteria and will be described together.   

A table or equation is assumed to be accurate if it has been used in a national 

survey of the hosting country, seen common use for at least ten years, or is based off at 

least 30 trees of the same species [Dem11][Dem12].  Otherwise at least ten sample 

trees, representing a variety of heights and diameters, would need to be cut down and 
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measured either by water displacement, or by sectioning the tree and measuring it to 

determine the volume and biomass with physical measurements.  If the measurements 

match the results provided by the proposed equation or table within an acceptable 

margin, then these are acceptable for use in the project [Dem11][Dem12].   

2.4 Project Requirements Summary 

Now that we have introduced the Tools and Methodologies for A/R carbon 

reduction projects, the basic requirements for the software can be determined.  The 

foremost requirement is the ability of the software to accommodate a wide variety of 

equations (the Tool for the trees and shrubs has over 30 different equations).  There are 

over 60 equations in total among the four Methodologies and eight Tools.  These 

equations vary from simple operations to more complex ones involving summation or 

statistical analysis.  Furthermore, some equations may change based on available data 

(such as with the Soil Carbon Tool) where the age of the data determines its inclusion 

[Est13].   

Aside from just applying the equations in the Tools, the software should be 

adaptive to allow a user to add new equations.  This feature changes the nature of the 

software.  If the number and type of equations were static, then software could be 

designed to simply perform these.  However, the software is not only required to be 

able to allow a user to enter a new equation, but to apply it in the current context.   

With respect to the data requirements, projects can have a wide variety of data 

which will most likely be spread across a number of tables that will need to be 
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referenced.  A relational database is the logical solution to organize the data for the 

project [Orac20].   

Finally, given the diverse international interest in these projects, the software 

should be able to run on a variety of different machines and operating systems as 

computing resources may vary widely between projects.   

With the Methodologies examined and our needs for the software outlined, we 

can now examine the complete approach to software development.  That is, how the 

software should be developed and how the Methodologies should be implemented.  

Chapter 3 takes a closer look at the software including the programming language, the 

database software used, as well as how equations are stored, interpreted and applied to 

achieve the results.  
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Chapter 3 

Project Methodology 

3.1 Introduction 

In this chapter, we examine the technology and processes used to develop the 

software and derive the results for A/R projects.  We begin by discussing the reasons for 

choosing the specific programming languages as well as the features that make the 

database a reasonable choice.  Following this, we discuss how the equations are stored 

and interpreted by the software to compute the results.   

3.2  Technology Selection 

3.2.1 Java 

The Java programming language was built on a philosophy of άwrite once run 

anywhereέ ƻǊ ²hw! [Tyso18a].  With Java, it is not necessary to compile a different 

version of a program for each operating system, as the same version can be run in many 

environments such as Windows, Mac or Linux based [Tyso18b].  This is accomplished by 

the fact that Java programs are compiled into an intermediary bytecode instead of 

object code that is specific to an operating system or architecture [Java18].  The 

bytecode is then interpreted by a Java Runtime Environment (JRE) into a form that the 

operating system can execute [Tyso18a].   
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The JRE is a software package that gives the programmer the environment 

needed to execute the Java bytecode: basically, it acts as a translator between the 

software and the operating system [Tyso18a].  This feature in Java allows the same 

programs to execute on a variety of different platforms.  This does imply however, that 

a Java program requires that the JRE is installed on the ǳǎŜǊΩǎ system.  This is not a 

concern as the JRE is freely available online and has already been installed on billions of 

devices [Orac18].   

The end result is that we can create software that can run on most systems.  

Further to this, the popularity of Java will save time as it is possible to exploit existing 

code libraries which provide the additional functions not in the base language.  These 

included libraries help to build interfaces or perform complex mathematical operations. 

3.2.2 H2 

Java alone is insufficient to create the software modules required for this 

research: we also need to store and organize the data, and for that a database is 

required.  A reasonable database option that is well-suited to our needs is H2: a free 

Java-based SQL database.  H2 is a cross-platform system that operates on Apple, 

Windows or Linux systems [H218].  Each H2 database is a small file that does not require 

a server to manage connections, nor require any third-party software to be installed on 

the host system [H218].  These features make H2 a good choice for our software 

solution.   
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3.2.3 XML and Project Markup Language 

With Java selected as the language and H2 chosen to store and organize the 

data, we still need to determine how to handle the processes and calculations for an 

A/R project.  From an examination of the Methodologies and their reference Tools, it 

was determined that there was a requirement that the user be able to dynamically 

enter equations into the project.  The process is not as simple as just hard-coding all the 

equations into a software program, there must be a mechanism to store and read 

equations at runtime.   

Given the variety of procedures and equations, the structure of the database 

could differ from project to project.  To handle this instead of creating software that 

simply computes the results for the Methodologies, our software solution permits the 

creation of a variety of projects with different structures and equations.  Thus, we 

developed a simple instruction language that directs the software as to what tables to 

make, what equations to calculate, and so on.  These instructions are stored in XML.   

XML, which is short for eXtensible Markup Language, is a simple text-based 

language for storing and sharing data between systems [W3S18].  XML at its core is just 

plain text and does not need to be rewritten for different platforms implying there 

should be no compatibility issues.  The hierarchical nature of XML can be incorporated 

into the structure of the language we have developed to describe the projects for the 

software.  An example is shown in Figure 3.1. 
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<SHRUBS value="PRIMARY:SHRUBS_ID;NAMECOLUMN:NAME"> 
<COLUMNS> 

   <SHRUBS_ID value="TYPE:PRIMARY;" /> 
   <NAME value="TYPE:NAMECOLUMN;" /> 
   <STRATA_ID value="TYPE:FOREIGN;LINKTO:STRATA;" /> 
   <VERIFICATIONS_ID value="TYPE:FOREIGN;LINKTO:VERIFICATIONS;" /> 
   <CC value="TYPE:DOUBLE;" /> 
   <B value="TYPE:DOUBLE;" /> 

</COLUMNS> 
</SHRUBS> 

Figure 3.1: Sample XML Table Code 

In Figure 3.1 we have the instructions for the layout of a table in a project that is 

incorporating data on measurements about shrubs.  The structure for tables has the 

parent element named after as the matching table in the database (which in this case is 

SHRUBS).  Within the parent element is a child element named COLUMNS: this is a 

ŎŀǘŜƎƻǊȅ ƘŜŀŘƛƴƎ ŘŜƴƻǘƛƴƎ ǘƘŀǘ ǘƘŜ ŜƭŜƳŜƴǘǎ ǿƛǘƘƛƴ ƛǘ ŀǊŜ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ǘŀōƭŜΩǎ 

columns.  Each column element is named after the respective column in the table and 

contains information on its data type and if necessary, other details.  For a more 

detailed examination of the XML code used for the projects, please see Appendix B. 

3.3 Calculations 

3.3.1 Reordering Equations 

As we have previously established, the software may need to input new 

equations dynamically.  These new equations will be stored in XML.  This implies that a 

mechanism is required in the software to input, interpret and compute the results of all 

the equations accurately.  An obstacle that has to be addressed is that the new 

equations will be entered by humans who do not process equations in the same manner 
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as computers.  While humans see 3+2*5 and know that the 2*5 would be done prior to 

3+2 (if following PEDMAS) the software will not, unless it is instructed accordingly.  

Software typically reads input from left to right which could result in the addition 

operation being performed before the multiplication.  To overcome this, the software 

would need to read the whole equation.  This could be cumbersome especially 

considering the complexity of some of the equations.   

There needs to be a more suitable form for entering equations so that the 

software can interpret them properly.  Fortunately, postfix notation is a more direct 

mathematical notation that has no ambiguity with the order of calculations [McI19].  

Instead of the operands being to the left and right of a binary operator, they precede it.  

For example 1+2 would be written 12+ and 1+2*3 as 123*+.  Once ordered, the 

equation is read left to right until an operator is reached.  At this point the operator is 

applied using the two preceding values, with the result being placed back in the 

equation.  The procedure begins again.  For example, 123*+ becomes 16+ then 7 as the 

final result.  Postfix notation provides a clear simple order of execution for software to 

follow.   

To reorder an equation into postfix notation, our software uses a procedure 

called άShunting Yard Algorithmέ [Wol13].  The algorithm uses two stacks to manipulate 

the order of the terms in the equation: the Output Stack and the Storage Stack.  The 

Output Stack will contain the final order of equation terms while the Storage Stack 

stores various operators until needed.  Each term of the equation is read left to right 
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with operands going directly to the Output Stack with operators potentially being placed 

in the Storage Stack.   

Each operator has a priority that determines when it is applied.  Higher priority 

operators such as divide or multiply remain on the Storage Stack until required, or 

another operator with lower priority is read.  When read, a lower priority operator 

results in the Storage Stack being emptied onto the Output Stack only stopping if the 

Storage Stack reaches an operator with the same or lower priority.  An open parenthesis 

is kept in the Storage Stack until a close parenthesis is found.  When a close parenthesis 

is read, it is discarded, and the Storage Stack is emptied onto the Output Stack until the 

next open parenthesis is found.  The open parenthesis is then discarded, and the 

Software Stack continues taking new terms from the equation. 

The priorities assigned to operators in the software follow the standard 

PEDMAS: parenthesis, exponents followed by multiplication and division in the order 

they appear, and finally addition and subtraction in the order they appear.  This 

effectively creates three levels of priority.  However, due to the complexity of the 

equations we are using, our software introduces several more priority levels.  Table 3.1 

outlines the different priority levels that are used in reordering and processing 

equations in our software. 
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Operation Type Example 

Decision Statements (IF 

statements) 

IF Tree_Height>20 

Operations on a Range of Values Sum, Mean, Count 

Monadic Functions Round Up, Round Down, Absolute 

Value 

Parenthesis and Exponents (2+3)2*20 

Multiplication and Division 4*5/35 

Addition and Subtraction 2+4-5 

Table 3.1: List of Operation Priorities for Equation Reordering 

The first two priorities, Decision Statements and Operations on a Range of 

Values, are performed before the equation is reordered.  The result from these 

operations is inserted into the equation replacing the term, then the altered equation is 

reordered using the Shunting Yard Algorithm.    

Given that Decision Statements are normally written in a method similar to how 

we write equations we encounter the same ambiguity issue when trying to have 

software compute them.  Fortunately to accommodate the Decision Statements we can 

use the Shunting Yard Algorithm to reorder Boolean operations using a similar process 

as described above.   

3.3.2 Date Calculations 

As we saw in Chapter 2, some equations in the Tools involve time-based factors 

that require our software to interact with dates: for example, the date of a soil 

disturbance for calculating soil carbon levels. This presents an interesting problem.  

Some operations are obvious such as determining the highest or lowest date, but for 

others, such as multiplication or division, there is not a clear definition.  For example, if 
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we were to perform the operation Ψнлмт-05-лфΩ ҌрΣ ǘƘŜ р ŎƻǳƭŘ ǊŜŦŜǊ ǘƻ ŘŀȅǎΣ ƳƻƴǘƘǎ ƻǊ 

even years.  On a technical level these operations are all possible because dates in a 

computer are stored as integers.  This implies that theoretically, dates can be multiplied 

or divided, but since these results are not necessary for our research, these date 

operations are not part of the A/R Methodologies.   

While addition, multiplication and division with dates is not required in the 

Methodologies, subtraction is necessary.  Fortunately, subtraction between two dates is 

a simple operation leading an unambiguous result presented as the number of days 

between the two dates.  The unit of days is used because differences in months or years 

could vary due to the variation in the number of days in a month and as well, leap years. 

3.3.3 Text Calculations 

Text data (or strings) present similar issues as was found with dates where some 

are not suitable as input.  Given that we may need to make decisions based on 

information given as text data (such as land type or project scale), our software does 

need to accommodate some form of text data in the calculations.  Just as we observed 

with the date values, there are suitable and unsuitable operations for text values in 

equations. FƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ǿŜ ǿŜǊŜ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ƻǇŜǊŀǘƛƻƴ Ψ9ƭƳΩ ς Ψ.ƛǊŎƘΩΣ ǘƘŜǊŜ ƛǎ ƴƻ 

clear result that should be produced as neither word has a numerical value. However, if 

ǿŜ ǿŜǊŜ ǘƻ ƛƴǎǘŜŀŘ ǇŜǊŦƻǊƳ ǘƘŜ ƻǇŜǊŀǘƛƻƴ Ψ9ƭƳΩ Ҕ Ψ.ƛǊŎƘΩΣ we would receive the result of 

Ψ¢ǊǳŜΩ ŀǎ ǿŜ Ŏŀƴ ŎƻƳǇŀǊŜ ǘƘŜƳ ŀƭǇƘŀōŜǘƛŎŀƭƭȅΦ   ¢ƻ ŀǾƻƛŘ ǘƘƛǎ ǇǊƻōƭŜƳ ǇŜǊŦƻǊƳƛƴƎ 
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unsuitable calculations on text will return an error message, while suitable operations 

will return the appropriate results. 

3.4 Summary 

With our choices of Java, H2, and XML, we believe that these platforms will 

provide the features needed to develop an environment that is able to create an 

independent and versatile software package to implement the A/R Methodologies for 

the UNFCCC.  The Shunting Yard Algorithm provided a method to reorder the equations 

into a form that our software can accurately evaluate to arrive at the proper results.   

How these components interact with each other is displayed in Figure 3.2 where we 

follow the chain of events that occurs when a user opens a Project and views a table.  

The Java software begins by retrieving the necessary instructions from the XML file and 

then interpreting them.  Once the software has determined which data is required, it 

can then retrieve that data from the H2 database.  From here the software will examine 

the equations and insert the data from the tables.  Shunting Yard Algorithm is then 

applied to the equations to convert them to postfix notation for evaluation.  The 

resulting postfix equations are then solved and the results displayed to the user.  At this 

point the user may update the project structure or data with the resulting changes being 

applied to the XML file or H2 database.  If such an update is made then the process 

begins again from the start to create an updated display for the user. 
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Figure 3.2 Component Interaction Diagram 
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In Chapter 4, we will take a closer look at our software and discuss how its 

features can assist in creating generic A/R projects as well as performing the needed 

calculations. 
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Chapter 4 

Software Design 

4.1 Introduction 

In this chapter, we examine the software we developed, and discuss how it can 

be used to implement the A/R Methodologies.  We will begin with a general overview of 

the approach taken to implement projects and templates, and then follow with an 

examination of the implementation process for tables and equations required to meet 

the basic needs of the methodologies.  We will conclude with a discussion on the 

reports and wizards: two features that will improve the usability of the program. 

However, before we discuss the details and functions of our software, it is 

necessary to mention what the software is not intended to be.  The software is not a 

direct implementation of any A/R Methodologies or their Tools, nor is it a database 

editor or a calculator.  Our software is best thought of as an engine: similar to how game 

developers use engines such as Unity [Uni19] or Unreal [Epi19] to create games so they 

do not have to begin from the start each time. This software provides the tools and 

flexibility to generate a variety of A/R projects without having to develop new software 

for each type of project. 



31 
 

 
 

4.2 Projects and Templates 

The software operates in two different modes: Project and Template.  Project 

Mode is intended for project managers as in this mode tables, equations, wizards and 

reports can be created as well as data can be input, and the results of the equations can 

be seen.  As discussed in Chapter 2, the data is stored in an H2 database and the 

equations and instructions in XML files.  The software utilizes these to create an 

interface from which the results of the project can be determined.  Once created, 

projects can be altered at any time such as adding new equations or tables.  While it is 

certainly desirable to allow users the freedom to configure or reconfigure their projects, 

there does need to be a mechanism to, at a minimum, provide a standard starting 

implementation for all of the Methodologies.  This is where templates come into play. 

A typical user of our software can create a standard starting implementation of 

any project type by using the Template Mode in the software.  This will create a 

template from which the user can create the tables, enter the equations, and configure 

any wizards or reports as necessary.  The difference between a template and a project is 

that in the former, data is not entered so results are not computed.  In Template Mode, 

the software does not interact with the database nor does it perform any calculations.  

Instead, the created structure is saved in XML format from which the user can then later 

upgrade to a project using a pre-existing template.  After a template is used to create a 

project, the user can then use its tables and equations to enter any data that is required. 
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4.3 Tables 

Any data entered by a user is stored in a H2 database table.  An in-depth 

understanding of databases is not required to comprehend the software but there are 

important concepts that should be mentioned.  Tables are straightforward, data entered 

by the user is stored in rows and columns.  Data in columns will be restricted to specific 

data types such as numeric, text, dates, etc.  Each table has a special column, referred to 

as the primary key, which must contain unique values for each record.  The primary key 

is a reference number for a row and is how it is identified by the software.  To avoid 

errors, a value for the primary key column is automatically generated for each new 

record. 

Another type of special column is the foreign key.  Foreign keys are used to 

reference primary keys in other tables through which our software can then access 

other data for that specific record in the second table.  For example, there could be a 

table of tree species outlining common properties and a second table of individual trees.  

Rather than having to enter the same specific data for each tree of a given species, the 

foreign key can reference the records of that specific species in the second table.     

Foreign keys are sometimes called links, as they link records from different tables. 

Finally we introduced a Name attribute column to our software to make it more 

user-friendly (this is not a standard feature for databases).  Each table has a Name 

column to permit each record to be displayed when selecting a foreign key value.  For 

example, if the tree species table entry 33 is oak trees, άhŀƪέ would be entered in the 
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name column.  Thus, when the foreign key entry in another table is selected the user 

would ǎŜŜ άооΥ hŀƪέ ƛƴǎǘŜŀŘ ƻŦ Ƨǳǎǘ άооέ. 

4.3.1 Table Builder 

The Table Builder module is where users of the software can edit, create, and 

delete tables.  When creating a template (or a new project), the Table Builder is where 

the user must start as without tables, there cannot be any equations, wizards or reports.  

Figure 4.1 shows the interface for the Table Builder module in our software.  The left-

hand side has buttons to Rename, Delete, or Add Tables while the right-hand side 

provides a summary of the existing tables.  To edit a specific table, the user selects a 

table from the list on the right-hand side and then clicks Edit Columns.   

 
Figure 4.1: Table Builder Screenshot Main Screen 
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Figure 4.2 displays the interface that is shown when viewing a single table.  This 

is where users can edit the chosen table by adding, removing, renaming or changing the 

data types of columns.  Changing data types should be performed with caution as any 

entries in that column will be erased.  Fortunately, while working in the Table Builder, 

changes are not committed until Save has been selected as any change can have a 

significant impact on the project, especially if an error is made such as accidentally 

deleting a table. 

 
Figure 4.2: Table Builder Screenshot Individual Table 

4.3.2 Data Editor 

The Data Editor module is only available in Project Mode and is where most 

users spend their time as this is where the data is entered, and results computed.  
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Unlike the other modules, changes are saved as they are entered to permit the results 

of the equations to be updated in real time.   

Figure 4.3 displays the interface provided by the Data Editor.  Tables are selected 

on the left which can result in data being accessed and returned from the database, 

equations interpreted in an XML file, and results presented in a table.  If an equation 

uses values from another table, then the other table is also loaded as are any other 

tables referenced until all the needed information is available.  Once everything is 

calculated and gathered, the resulting table is displayed to the user.   

 
Figure 4.3: Data Editor Screenshot 

In the controls shown in the left-hand side of Figure 4.3 the first two buttons are 

to add and remove rows from the table.  The next two are used to export data out of the 

software.  Export Current Table saves the contents of the current table into a tab 

separated text file which can then be opened by spreadsheet programs such as 

Microsoft Excel.  The Copy Table to Clipboard button behaves in much the same manner 
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except that the tab separated data is stored in the clipboard and can then be pasted 

into a spreadsheet program of the ǳǎŜǊΩǎ ŎƘƻƻǎƛƴƎ.   

4.3.2.1 Data Editor Error Messages 

Due to the complexity of the Methodologies, there will be times when equations 

are unable to produce a result.  The most common cause of this will be empty cells that 

have no data (but there will be other causes as well).  Instead of leaving the output 

blank, the software will display an error message.  There are both user created error 

messages as well as system created error messages.  Appendix D contains a table of all 

the error messages and the likely causes. 

4.4 Equations 

Equations in our software are treated as a collection of operators, constants, and 

values that will be calculated at runtime.  For each equation, the software goes through 

the table(s) on which it is based calculating the results for each individual entry.  

Computing the results of the equations for an A/R Methodology and Tool is the main 

goal of our research and as described in Chapter 2, there are a wide variety of 

operations to incorporate.  In Chapter 3, we discussed how equations are translated into 

a form that the software can interpret (i.e. postfix notation).  In the previous section, we 

discussed the Data Editor where the results are displayed.  Now we will describe the 

component of the software where equations can be entered directly by the user. 
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4.4.1 Equation Builder 

The Equation Builder module is understandably one of the more complex 

components of our software as it allows users to create, edit and delete equations using 

a Graphical User Interface (GUI).   

Figure 4.4 shows the interface of the Equation Builder while viewing a particular 

equation.  The panel across the top is the Equation Panel and it displays the equation 

itself.  The terms of the equations are represented by buttons for math symbols, 

operations and table values, and textboxes represented for text, dates and numbers.  

The lower half of the interface is made of three panels each with their own controls.  

The leftmost panel is the Control Panel, which contains the features for manipulating 

the equations.  The middle panel is the Operations Panel, which houses the controls for 

the various operations and math symbols.  The rightmost panel is the Table Value Panel, 

which displays the columns available from the base table of the equation and any table 

to which it links.  The details for different features are described in Appendix C. 

 In order to add a term to an equation the user can select the appropriate term 

from the Table Values Panel and the term will be added to the right end of the current 

equation or if the user wishes, the term can be dragged and inserted between two 

existing terms in the current equation.  Furthermore, the equation can be rearranged at 

any time by clicking and dragging already existing terms on screen.  The screenshot 

shown in Figure 4.4 is the top level of an equation and is the simplest configuration of 

the Equation Builder.  Some operations require more complex input and when added to 



38 
 

 
 

an equation, and take the user to a new and different panel configuration.  These 

operations are discussed in the next section.   

 
Figure 4.4: Equation Builder Screenshot 

4.4.2 Subequations 

In Figure 4.4 the terms OP:SUM1, OP:COUNT1, and OP:COUNT2 are not just 

values in a table, they represent the result of an operation on a group of values. 

OP:SUM1 computes the sum of a group of values while OP:COUNT1 and OP:COUNT2 

count the number of rows in a table.  In Figure 4.5, the screenshot for the sum 

operation (OP:SUM1) is shown.  There are three different rows in this panel compared 

the single row of Figure 4.4.  The top row of Figure 4.5 contains the values to be 

summed.  This example sums the single value of V_TREE_J but the user could enter an 

equation such as V_TREE_J * 2 if desired.  Operations like this are referred to as 

subequations because while they act like equations in their own right for adding terms 
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and calculating results they are a smaller part of the overall equation. The result will 

then be returned to main equation at the time of calculation (much like a method call in 

a program).   

 
Figure 4.5: Equation Builder Subequation Panel 

The user may not wish to include every record from the data table in the results 

of subequation, so it is possible to enter the criteria for inclusion in the second row of 

the subequation panel.  The criteria will be applied to the record in the data table(s) to 

see which will be involved in the calculation.  The third row determines how the 

resulting values are grouped.  If the tables in the main equation and the subequation are 

linked, then there is the option to choose to include records using all the values or just 

the matching values from the link.  For example, if in a table of different strata we 

wanted the total carbon biomass of each sample plot, then we would group the results 

by the linking stratum identification value rather than using the same overall total for 

each stratum.   
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It should be noted that subequations can be further nested such that they can 

have their own subequations.  The degree of nesting can be as deep as necessary to 

create complex equations with many layers.  The downside is that each nested level 

implies added complexity and more opportunities to make an error. 

4.4.3 IF Statements 

Most subequations like sum, mean, count, highest, and lowest have an interface 

similar to that shown in Figure 4.5 and behave in much the same way as described.  

There is, however, one exception that has a significantly different configuration.  There 

may be situations where users want equations to behave differently based on data in 

the current record.  As mentioned for subequations, Boolean logic can be used to 

determine whether to include records, but it can also be used to determine if to include 

different equations entirely.  By using IF statements, the software can select a different 

subequation to apply on the current record. 

If Statements are comprised of any number of possible clauses each comprised 

of a Boolean decision and a result operation. The software will examine the clauses in 

order and test the Boolean decisions until one of them proves to be true. When a clause 

is found to be true then the equation in the Then field is performed and the results of 

which are returned to the main equation. The last clause in the If Statement is the Else 

clause. The Else clause has no Boolean decision as it automatically selected when all 

other clauses are not true. 
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The screenshot in Figure 4.6 shows the Equation Builder with an If Statement 

loaded.  In this configuration the Equation Panel has three components. The left-hand 

side is comprised of several controls to manipulate the If Statement clauses and their 

order. The middle contains a list of the If Statement clauses. The right-hand side is a 

panel with two rows. The top row, labeled IF, contains the Boolean decision statement 

while the bottom row, labeled Then, contains the resulting operation.  

 
Figure 4.6: Equation Builder IF Panel 

4.4.4 Equation Versions 

When editing equations in Template Mode users may create multiple versions of 

an equation.  The different versions are all referred to by the same equation name when 

being referenced by other equations in the same Template.  When a Project is created 

using a Template a single version for each equation will be selected and used in the 

Project.  By using different versions of an equation users can support multiple methods 
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of calculating a single value without having to make entirely separate templates for 

minor differences. 

4.5 Wizards 

When entering data, the software provides the option of using the Data Editor 

for each table, but this may not be the best approach as it implies having exact 

knowledge of which tables to update and, in some cases, which order.  If a user has to 

enter data from the same group of tables on a regular basis, then it may be beneficial to 

use a Wizard.  Wizards are step-by-step forms that walk users through updating specific 

tables in a particular order.  For example, if a user wanted to enter a sample plot 

measurement, they could use a Wizard that first displays the Plots Table to which any 

relevant data is added and then the Trees Table to which new data is input.  A Wizard 

ensures that the necessary tables are updated and not any unnecessary tables.   

Wizards do not necessarily follow a single sequential path but may load different 

branching steps as users traverse the process of entering data or answering questions.  

Figure 4.7 depicts a flowchart of a sample Wizard with branching paths.  To determine 

which branch is executed, the Wizard tracks different variables that are updated with 

user input and tested with Boolean conditions.  Each branch can load a different table or 

form based on the previous data.  This is also where the different equation versions can 

be selected.  For example, when assigning a table to a branch, the user can select which 

equation version that branch will use when the project is created. 
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Figure 4.7: Sample Wizard Flowchart 

4.5.1 Wizard Builder 

The Wizard Builder is where users can create and edit Wizards to assist in the 

updating of specific tables repeatedly.  Wizards are broken up into Steps that are 

executed in sequence when the Wizard is executed.  Figure 4.8 shows a screenshot of 

the Wizard Builder editing Step 3 of a sample Wizard named TREES.  This Step contains 

two possible Branches, named BRANCH1 and BRANCH2.  Figure 4.8 is displaying the 

settings for BRANCH1.  In the settings we can see that this Branch will load the table 

STRATA, which contains two equations, should the selection condition be met.   
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Figure 4.8: Wizard Builder Screenshot 

Using the controls, users create Steps one by one by adding Branches to each 

step as the Wizard is built.  For both Steps and Branches, users have the option to create 

entirely new Steps and Branches or simply duplicate existing ones.  The Steps can have 

any number of Branches, each with their own condition for selection.  The current 

condition is shown as plain text in the top panel on the right-hand side and can be 

edited using the Condition Editor which will be discussed in Section 4.5.4.  Beneath the 

current condition the user sees the options for configuring the interface generated in 

that step of the Wizard.  There is an option to display a table or an input form.  Figure 

4.8 shows the interface for selecting a table and if in Template Mode which equation 

versions the project will use.  

If a user wishes to have the Wizard load an input form instead of or in addition 

to a table they can select the Values and Results tab (shown in Figure 4.9).  The top 
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panel is where we can outline an Input Form with the option to show text, ask for text 

input, or select from a list of options.  The forms are made of rows with each row being 

a control generated by the software based on the instructions that were input by the 

user.  If we want a paragraph of text giving the user instructions followed by a selection, 

then we create a row that is the text paragraph followed by creating a second row that 

is the list selection.  Once the user makes the selection in the list, the choice is stored in 

a variable and can then be tested later to determine which branch to execute. 

Beneath the Input Form Panel there is the Value Results Panel.  There may be 

situations where a user wants a variable to equal a certain value instead inputting the 

value from the user.  In the Value Results Panel a user can select variables and manually 

assign them a resulting value that will be saved should this Branch be executed by the 

Wizard.   

 
Figure 4.9: Wizard Builder Input Tab 
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Once Wizards are created and saved, users are able to apply them to perform 

tasks in a project in a more orderly fashion. This should reduce the chance of errors 

while entering data.   

4.5.2 Wizard Executer 

Once created Wizards can be a great aid to users working on projects.  When 

starting a new project from a template all Wizards that are applicable to that template 

will be displayed in a list from which the user can choose.  To continue building a project 

the user must either select a Wizard ƻǊ ǳǎŜ ǘƘŜ ǘŜƳǇƭŀǘŜΩǎ ŘŜŦŀǳƭǘ ǎŜǘǘƛƴƎǎ.  Before this 

selection is made, the rest of the modules are hidden from view as shown in Figure 4.10. 

 
Figure 4.10: Wizard Executor Initial Screen 
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If one of the Wizards is selected, the software reads the XML file and loads all 

the forms and tables necessary (as shown in Figure 4.11).  The user progresses through 

the Wizard step-by-step, with their responses determining which branch is to be loaded 

next.  Once the Wizard has completed, the tables are created, the data saved, and the 

XML file for the project is created.  At any point, the user can select Cancel which 

deletes any entered data, or Finish which creates the tables with defaults equations and 

no data. 

 
Figure 4.11: Wizard Execution Screenshot 

In an existing project, users can still create and run Wizards if there is a specific 

set of data they want to regularly update.  For example, a Wizard created to handle the 

input of measurements for the heights of trees can present the user with the tables to 
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enter the data, but only include the tables necessary to complete the task.  In this mode, 

no changes to the equations or table structure are made but new data is entered.   

Creating Wizards may be initially time consuming but will be worth the 

investment as they will save time, and can prevent missed entries in standard tasks in 

the projects. 

4.5.3 Condition Editor 

The Condition Editor (shown in Figure 4.12) is essentially a stripped-down version 

of the Equation Builder module.  While in the Condition Editor, a user can still add 

calculations and Boolean conditions, there are no advanced operations or IF statements 

permitted.  The Condition Editor is designed to create tests quickly to either select the 

next branch in a Wizard, or make a filter for which records are to be displayed in a 

report.  When used with the Wizard Builder, the variables for that Wizard are used in 

place of table values whereas in the Report Builder, a user still requires the values from 

the tables.  In both cases, we want to insert in a small equation that tests the values to 

return either true or false.  If the result is true, this is the branch that will be executed in 

a Wizard, or the record will be included in a Report.  Any response other than true is 

considered false.   
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Figure 4.12: Condition Editor Screenshot 

4.6 Reports 

In the Data Editor we can examine tables and/or export the tables in text form, 

for use in various documents.  This works well if a user desires the entire table but 

frequently users will want either to limit the results and/or combine results with other 

tables.  Reports let users create custom tables that can combine data from multiple 

source tables into one output.  With the Reports saved, they can be viewed and 

exported as needed for different project documents saving the trouble of having to 

compile the data needed from the table each time. 

4.6.1 Report Builder 

The Report Builder is the least complex module in our software.  It follows a 

similar design to the Table Builder with controls on the left-hand side and the details of 
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the Reports on the right-hand side.  Figure 4.13 displays a list of existing Reports with 

their name, base table and number of columns.   

 
Figure 4.13: Report Builder List Mode 

The base table determines the data the Report is able to display: a Report can 

display columns from its base table as well as any table to which it is linked directly or 

indirectly.  The top three buttons on the left-hand side allow users to create (New), 

Delete or Load a Report.   

When a Report is loaded, the rest of the controls are enabled and allow users to 

manipulate the columns by adding, removing or moving them (shown in Figure 4.14).  In 

this mode, the right-hand side of the window has a panel showing the columns for each 

table in the report.  In the Table Builder and Data Editor modules names can only be 

entered in uppercase with no special characters (aside from underscores) and no blanks. 

It is here that a user can have the option to enter a Display Name.  The Display Name 
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can be any text string allowing users to create an aesthetically pleasing Report without 

having to retype the names each time the data is exported. 

 
Figure 4.14: Report Builder Report Mode 

4.6.2 Report Viewer 

To view Reports, we return to the Data Editor.  In Figure 4.3, there is a tab 

labeled Reports which contains a list of all existing reports that once clicked, displays a 

Report much in the same format as the data tables.  However, unlike tables, Reports 

cannot be edited.  The Add and Delete Row buttons are disabled, and information 

cannot be entered into the cells.  Any changes to the Report have to be made either 

through editing the settings in the Report Builder or by editing the data in the source 

tables.  The buttons for exporting a file or copying a table still function allowing the user 

to export a custom report with custom columns names and relevant rows. 
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4.7 Creating Templates and Projects 

Having discussed the components and tools for creating templates and projects 

we will now examine the complete procedure for making these.  Figure 4.15 presents 

the pseudocode describing the process of creating a Template.  The process begins with 

creation of the tables and equations and continues with adding Reports and Wizards to 

complete the Template.  Once a Template has been completed, it can be used to create 

many different projects. 

Open the program and create a new template selecting a name. 
Create the template tables 

Create a new table selecting the name 
Add columns selecting their name and data type 
Repeat as needed for each table 
Add links between tables  

Create the Equations 
Select a table 
Name the equation 
Add the terms, values and operations 
Create additional versions of equation repeating step c each time 

Create the Reports 
Select a base table and name the report 
Add columns to the report 
Order and name the columns as desired 
Add a row filter using condition editor 

Create the Guides 
Create a guide selecting a name 
Create variables 
Create the steps 

   Create the branches 
    Select a table and equation versions 
    Create a form 
    Setup results 
    Create a selection condition 
Save changes and complete template 

Figure 4.15: Template Creation Pseudocode 
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When a user creates a Project they have the option of either starting a new 

project of their own design, or by using an already created Template to simplify the 

process.  Figure 4.16 outlines pseudocode for creating an empty project where the user 

must configure all the components themselves as well as entering the data.  We observe 

that the steps for creating a new Project and a new Template are in fact very similar 

until it comes to the point at which the user enters data. 

Open the program and create a new project selecting a name. 
Create the project tables 

Create a new table selecting the name 
Add columns selecting their name and data type 
Add links between tables  

Create the Equations 
Select a table 
Name the equation 
Add the terms, values and operations 

Create the Reports 
Select a base table and name the report 
Add columns to the report 
Order and name the columns as desired 
Add a row filter using condition editor 

Create the Guides 
Create a guide selecting a name 
Create variables 
Create the steps 

   Create the branches 
    Select a table and equation versions 
    Create a form 
    Setup results 
    Create a selection condition 
Enter the data in the Data Editor or Wizard Executor 

Select a table or advance to step 
Add rows 
Input the data 

Export Results 
Copy table or report to clipboard or TSV file 
Open spreadsheet program  
Open TSV file or paste data 

Figure 4.16: Empty Project Creation Pseudocode 
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 The pseudocode in Figure 4.17 displays a much shorter path for creating a 

project.  When utilizing a template, the user can bypass the majority of the work and 

focus on entering the data for the project.  This approach can also prevent configuration 

errors by not having every user configure each project themselves. 

Select a Template 
Create a new Project selecting the name 
Execute a Wizard from the list 

Create a new table selecting the name 
Add columns selecting their name and data type 
Add links between tables  

Enter the data in the Data Editor or Wizard Executor 
Select a table or advance to step 
Add rows 
Input the data 

Export Results 
Copy table or report to clipboard or TSV file 
Open spreadsheet program  
Open TSV file or paste data 

Figure 4.17: Project Creation from Template Pseudocode 

All three procedures outlined in Figures 4.15-4.17 are merely one possible 

scenario.  They assume that all components are used and that there is no need to revisit 

a component once used.  Users may update the configuration of their tables or 

equations over time or may opt to forgo utilizing Reports or Wizards.  Each project will 

be unique as will be the path needed to create it. 

4.8 Overall System Flowchart 

In the previous section, we examined the software from the point of view of the 

user by analyzing the interface and detailing the steps of project/ template creation.  
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Figure 4.18 displays a flowchart showing the process from the point of view of the 

software itself. 

 
Figure 4.18: Overall System Flowchart 

The process begins with a user selecting whether to load an existing project or 

creating a new one.  When a new project is begun a user may decide to utilize a 

Template and Wizard, or simply create a blank project.  The flowcharts for loading and 

creating projects are presented in Figure 4.19.  Once the project is loaded or created, 

and we have used the software modules to customize the data and structure, we can 

then view the data tables and reports to export any data needed for the project 

documents.  The process for displaying the tables and reports is shown in Figure 4.20.   
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Figure 4.19: Project Creation and Loading Subroutines 

 Figure 4.19 displays the modules for loading and creating projects.  The left-most 

flowchart represents the basic view of the software executing a Wizard which involves 

displaying an input form for each step, reading the input, loading the next step, 

selecting the branch to display, and then displaying the next input form.   

The middle flowchart represents a user using a Template to create a project.  

Here the tables, equations and other portions of the project are created following the 

instructions in the XML.  If a Wizard was used to collect data from the user, the data is 

entered into the database.   

The rightmost flowchart shows how the software would load a preexisting 

project with already created tables and stored data.  This flowchart uses the same 
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modules as latter half of the flowchart presented in Figure 4.18.  The modules for 

loading and displaying Reports and tables are displayed in Figure 4.20. 

 
Figure 4.20: Table and Report Loading Subroutines 

 The modules shown represented in Figure 4.20 are the final stage of the entire 

process.  This is where a user will receive the results of the data and calculations to be 
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exported and used in project document.  On the left-hand side of Figure 4.20 is the 

flowchart for displaying the data tables.  The software reads in the raw data from the 

database and the equations from the XML.  For each equation, the software calculates 

the result row by row and adds it to the table as another column.  If an equation 

references another data table, the software first must load and calculate the equations 

of that table.  Once all the required tables are completed and the results added, then 

the new table is displayed on screen. 

The right-hand flowchart shown in Figure 4.20 displays the process for displaying 

a Report.  To compile a Report and display it on screen, the software will read the list of 

columns from the XML instructions and gather them from the data tables.  It then 

merges the columns into one table duplicating information if necessary for foreign keys.  

With the columns arranged, each row is then tested to see if it fits the criteria for the 

Report.  With the unwanted rows filtered out and the columns names replaced with the 

desired display names, the report is then displayed and ready to be exported. 

4.9 Summary 

The software we created provides users with the tools needed to implement the 

A/R projects and gather the needed results.  The Table and Equation Builders allow the 

creation of tables and equations for the project.  These are then utilized by the Data 

Editor where users can enter data and observe the results of the equations to get the 

information necessary for the project documents.  In addition, there is a Report Builder 

and Viewer which allows for the creation of tables that will match the needed format for 
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insertion into documents that need to be sent to the UNFCCC.  Finally, we have the 

Wizard Builder and Executor to streamline the data entry process for the creation or 

updating of projects.   

In Chapter 5, we will demonstrate the functionality of our software by 

implementing a sample project, examining the results of the calculations, and outlining 

possible report and wizard structures that could be used.   
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Chapter 5 

Testing 

5.1 Introduction 

In Chapter 2 we examined in detail the Methodologies and Tools used in A/R 

projects in order to determine the requirements of our software.  Chapter 3 is where we 

discussed the programming language and technology choices utilized to implement our 

project and in Chapter 4, we described this implementation.  In this chapter, we perform 

a small scale test that demonstrates the basic functionality of our software and how it 

may be used for A/R projects.   

We begin with a test of the basic functions involving equations applied to data 

for multiple tables.  Our approach is to use inputted data to create a sample report, 

export the results to Microsoft Excel, and then compare the results to determine 

accuracy.  In addition, to demonstrate some of the more advanced features of our 

software, we will create a sample Wizard and Report. 
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5.2 Tree Biomass Calculation Test 

5.2.1 Inputting Equations 

The sample data used in this section comes from a 2019 survey performed by a 

group from Chapingo Autonomous University. The data was used as their baseline for a 

project taking place in the Baja Peninsula [Pon19].   

¢ƻ ǇǊƻǾƛŘŜ ŀ ǎǳŦŦƛŎƛŜƴǘ ǘŜǎǘ ƻŦ ƻǳǊ ǎƻŦǘǿŀǊŜΩǎ ŀŎŎǳǊŀŎȅ, a sample of 60 trees of 

five different species have been selected and organized into six hypothetical sample 

plots (Appendix E).  To demonstrate both basic and advanced mathematical operations, 

the example given in this section will test these five equations: 

5.1 Tree Biomass Equation; 

5.2 Biomass Summation; 

5.3 Mean Tree Biomass by Area; 

5.4 Strata Level Mean Biomass; and 

5.5 Uncertainty. 

Figure 5.1 outlines the table structure used in this test with various species data, 

individual trees, the sample plots and the project strata. There are four tables in total 

involved 

 
Figure 5.1: Small Scale Test Table Structure 
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Equation 5.1 (shown below) uses the Trees table from Figure 5.1. It calculates 

the total biomass for the trees of each species in a sample plot.  The biomass is 

ŎŀƭŎǳƭŀǘŜŘ ōȅ ƳǳƭǘƛǇƭȅƛƴƎ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ǘƘŜ ǘǊŜŜǎ ōȅ ǘƘŀǘ ǎǇŜŎƛŜǎΩ ŘŜƴǎƛǘȅΣ ōƛƻƳŀǎǎ 

expansion factor (BEF) and root-to-shoot ratio (a comparison between the length of a 

ǇƭŀƴǘΩǎ Ǌƻƻǘǎ ŀƴŘ ƛǘǎ ōǊŀƴŎƘŜǎύ [Est15b].   

 
Equation 5.1: Tree Biomass 

To better fit the table structure of our software we have altered Equation 5.1 to 

apply to individual trees instead.  This change (shown in Figure 5.2) will still produce the 

same overall result since Equation 5.2 (shown below) sums the individual tree values.  

This approach to computing the results simplifies the process as the original formula 

would have required an extra step to sum, multiply then sum again.   

 
Equation 5.2: Biomass Summation 

The values of density (Dj), BEF, and root-to-shoot ratio(Rj) are the same for each 

tree of a specific species, therefore we can store these values in a Tree Species table and 

use a foreign key to link the tables which eliminates redundant data.  Table 5.1 presents 

the values used in the Tree Species table and are taken from a combination of the 

sample data [Pon19] and default values from the UNFCCC documents [Est15b].   

Tree Species Density BEF Root-to-Shoot Ratio 

Encino 0.7 1.4 0.45 

Pinus Jeffreyi 0.7 1.3 0.45 

Pinus Quadrifolia 0.7 1.3 0.45 

Quercus 0.7 1.4 0.45 

Pinus Ponderosa 0.7 1.3 0.45 

Table 5.1: Tree Species Sample Data 
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To begin creating the remainder of the tables we refer back to Figure 5.1, where 

we see that the Trees table has a foreign key referencing the Plots table, which in turn 

has referencing to the Strata table. Given this, it makes sense to create the Strata table 

followed by the Plots table so that we can include the foreign keys as we create them. 

The Strata table shown in Table 5.2 only contains the STRATA_ID and NAME columns 

but in our software when viewed in the Data Editor it will display the results of Equation 

5.4 and Equation 5.5. 

STRATA_ID NAME 
1 Strata 1 
3 Strata 2 
4 Strata 3 

Table 5.2: Strata Table 

With the Strata table created we then create the Plots table (Table 5.3) and 

assign the plots to the appropriate stratum.  

PLOTS_ID NAME STRATA_ID AREA 

1 Plot 1 1: Strata 1 100 

2 Plot 2 1: Strata 1 100 

3 Plot 3 2: Strata 2 100 

4 Plot 4 2: Strata 2 100 

5 Plot 5 3: Strata 3 100 

6 Plot 6 3: Strata 3 100 
Table 5.3: Plots Table 

Finally then we can create the Trees table and input the sample data. Table 5.4 

contains the first 10 records of the Trees ǘŀōƭŜ ǿƘƛŎƘ ŘŜŦƛƴŜǎ ǘƘŜ ǘǊŜŜǎΩ ǎǇŜŎƛŜǎΣ ǇƭƻǘΣ ŀƴŘ 

volume, for a full listing of the trees used in our test please refer to Appendix E.  
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TREES_ID PLOTS_ID TREE_SPECIES_ID VOLUME 
1 1: Plot 1 1: Encino 3.31996 
2 1: Plot 1 1: Encino 0.0451 
3 2: Plot 2 1: Encino 2.74483 
4 2: Plot 2 1: Encino 0.1549 
5 3: Plot 3 1: Encino 11.1425 
6 3: Plot 3 1: Encino 10.63656 
7 4: Plot 4 1: Encino 9.08345 
8 4: Plot 4 1: Encino 1.80933 
9 5: Plot 5 1: Encino 1.73919 
10 5: Plot 5 1: Encino 4.26035 

Table 5.4: Trees Table 

Now that we have created the tables, we can enter Equation 5.1 into our 

Equation Builder.  To begin, we select the Trees table and create a new equation by 

adding the operators and specific table-column values as shown in Figure 5.2.  The 

Volume column is located in the same table on which Equation 5.1 is based but the 

other values are taken from a different table which is indicated by having the prefix 

Tree_Species in the builder.  The prefixes are used to prevent confusion should two 

tables involved in an equation have columns with the same name. 

Figure 5.2: Biomass Equation in Equation Builder 

With the equation entered, the software can determine the results and then 

display those in a table format.  Figure 5.3 displays the results for a portion of the 

sample trees from the Data Editor with the results of the Equation 5.1, highlighted in 

grey, in the rightmost column. To see the Biomass values for all 60 trees used with the 

sample data, please refer to Appendix E. 
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Figure 5.3: Tree Data Table with Equation Results 

With Equation 5.1 entered we move on to the Plots table.  Equation 5.2 

calculates the sum of the biomass of the trees in a sample plot [Est15b].  As we 

previously modified Equation 5.1 to simplify how it is entered it into our software, we 

will be doing the same with Equation 5.2.  In its original form this calculation would take 

the sum of the biomass for each tree species but now we calculate the sum of the 

biomass of all the trees at once.  Again, the justification for these modifications is to 

reduce the number of steps while generating the same results.   

Figure 5.4 shows how Equation 5.2 is applied to the Equation Builder.  First we 

select the Sum operation and then, in the subequation panel that appears, we select the 

Biomass column.  The final step is to then specify the data be grouped by Plots ID using 

the dropdown box in the third row.  Selecting Plots ID in this fashion will only use the 

trees contained in the sample plot instead of summing all 60 trees in the Plots table. 
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Figure 5.4: Total Biomass in Equation Builder 

 Next we examine Equation 5.3, which determines the mean biomass per area 

[Est15b]. 

 
Equation 5.3: Mean Tree Biomass by Area  

Inputting Equation 5.3 into the Equation Builder, displayed in Figure 5.5, is 

accomplished by dividing the Total Biomass, the result of Equation 5.2, by the Area of 

each sample plot. 

 
Figure 5.5: Mean Biomass by Area in Equation Builder 
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The fourth table required by the example is the Strata table.  This table is where 

the biomass data for the six sample plots with Equation 5.4 are consolidated.  Equation 

5.4 calculates the mean biomass of the trees in the entire stratum [Est15b]. 

 
Equation 5.4: Strata Level Mean Biomass Equation 

The procedure for inputting Equation 5.4 is similar to that for Equation 5.2 and is 

shown in Figure 5.6. We begin by selecting the Mean operation, then selecting Mean 

Biomass Plot, the name we gave to the Equation 5.3, and finally indicating that the 

values are to be grouped by the Strata ID value (just as with the Plot ID value in 

Equation 5.2).  

 
Figure 5.6: Strata Level Mean Biomass Equation Builder 
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Equations 5.1 through 5.4 have been relatively simple equations to inter into the 

project, either basic arithmetic or an operation on a single column.  Equation 5.5 

however, is more complex and involves multiple stages.  Equation 5.5 calculates the 

uncertainty of the carbon results (si
2) [Est15b].  The uncertainty is a measure of the 

accuracy of the biomass results based on the size of the sample used in the project.  If 

the sample is not sufficient, then there may be a reduction in the quantity of CERs 

awarded to the project manager [Est15b]. 

 
Equation 5.5: Uncertainty 

Figure 5.7 shows the breakdown of the numerator of Equation 5.5 which 

contains two summation operations and one count operation.  The actual process of 

entering the numeric component of Equation 5.5 is not difficult as long as brackets are 

used to group appropriate values together.  COUNT1 and SUM2 are entered much the 

same as the operations in Equations 5.2 and 5.4 with the single value and grouping 

selected.  SUM1 requires the value be squared before it is added to the summation.  The 

subequation panels for operations like Sum and Mean are permitted to include 

equations with multiple values so it is a simple matter of following the process outlined 

in Figure 5.7.   
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Figure 5.7: Uncertainty Numerator in Equation Builder 

 The denominator of Equation 5.5, (shown in Figure 5.8) consists of simple 

subtraction and multiplication of count operations.  These count operations are 

identical to those used in the numerator of Equation 5.5 so instead of adding COUNT2 

and COUNT3 to the equation we use the 9ǉǳŀǘƛƻƴ .ǳƛƭŘŜǊΩǎ duplicate function. To 

duplicate a term we select the term in the Equation Panel and then select Duplicate in 

the Control Panel as seen in Figure 5.9. This will result in a duplicate of the selected term 

being appended to the end of the current equation. 

 
Figure 5.8: Uncertainty Denominator in Equation Builder 
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By duplicating the existing operations instead of creating new ones, time is saved 

as well as ensuring consistency since the software will use the same settings for all 

operations with the same name.   

 

  
Figure 5.9: Equation Builder Duplicate Function 

5.2.2 Tree Biomass Report 

With the data inputted and the equations entered, we now demonstrate the 

Report functionality by creating a report to display the results from the Trees table.  The 

report combines columns from the Trees and Tree Species tables so all the relevant data 

for each tree is displayed.   

To begin, we create a new Report in the Report Builder basing it on the Trees 

table.  When creating a report the list of available columns on the left will populate with 

the columns from the base table and any tables connected to it directly or indirectly by 

a foreign key.  
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Once the columns are selected and arranged, we can then add alternate Display 

Names for the columns if the user wishes.  If the report is saved and viewed at this 

point, it will contain all 60 trees in the project.  However, we may wish to show only a 

section of the data, such as only the trees for Plot 1.  To accomplish this we narrow the 

results by entering the equation shown in Figure 5.10 into the Condition Editor in the 

Report Builder.   

 
Figure 5.10: Report Row Condition 

With the columns selected, arranged, possibly renamed and with the condition 

added, the report shown in Figure 5.11 will be displayed.   

 
Figure 5.11: Tree Report Settings 

When viewed in the Data Editor, the user will see the results of report as shown 

in Table 5.5.  Each tree in Plot 1 appears with the corresponding data from the Tree 

Species table and each column having the Display Name we provided.   
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Table 5.5: Tree Biomass Report 

  In the next section, we export the results of the Report, the Plots, and the 

Strata tables to Microsoft Excel to investigate the accuracy of our software. 

5.2.3 Accuracy of Software 

In this section, we examine the results of our software by using Microsoft Excel 

to compute the results based on the same data and equations used in the previous 

section.  We begin with the Tree Biomass Report created in Section 5.2.2.  For the 

comparison using all 60 sample trees, please see Appendix E.  The results in this Report 

are reproduced in Table 5.6.  

Tree ID Plot Species Density BEF Root To Shoot Volume Biomass 

1 1 Encino 0.7 1.4 0.45 3.31996 4.71766 

2 1 Encino 0.7 1.4 0.45 0.0451 0.06409 

11 1 Pinus Jeffreyi 0.7 1.3 0.45 0.87091 1.14917 

12 1 Pinus Jeffreyi 0.7 1.3 0.45 0.30011 0.396 

21 1 Pinus Quadrifolia  0.7 1.3 0.45 0.86106 1.13617 

22 1 Pinus Quadrifolia  0.7 1.3 0.45 0.10364 0.13675 

31 1 Quercus 0.7 1.4 0.45 7.75328 11.01741 

32 1 Quercus 0.7 1.4 0.45 0.65217 0.92673 

41 1 Pinus Ponderosa 0.7 1.3 0.45 2.28526 3.0154 

42 1 Pinus Ponderosa 0.7 1.3 0.45 0.06304 0.08318 

Table 5.6: Tree Report Results From Excel 
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 In Table 5.7, we compare the results produced from our software to those 

computed with Excel.  The last column, Difference, demonstrates the accuracy of our 

software.   

Tree ID Plot Species Volume Biomass Excel Biomass Difference 

1 1 Encino 3.31996 4.71766 4.71766 0 

2 1 Encino 0.0451 0.06409 0.06409 0 

11 1 Pinus Jeffreyi 0.87091 1.14917 1.14917 0 

12 1 Pinus Jeffreyi 0.30011 0.396 0.396 0 

21 1 Pinus Quadrifolia  0.86106 1.13617 1.13617 0 

22 1 Pinus Quadrifolia  0.10364 0.13675 0.13675 0 

31 1 Quercus 7.75328 11.01741 11.01741 0 

32 1 Quercus 0.65217 0.92673 0.92673 0 

41 1 Pinus Ponderosa 2.28526 3.0154 3.0154 0 

42 1 Pinus Ponderosa 0.06304 0.08318 0.08318 0 

Table 5.7: Tree Report Accuracy Results 

 Table 5.8 contains the data from our Plots table showing the values for Total 

Biomass and Mean Biomass.  Mean Biomass is obtained by simply dividing Total 

Biomass by 100. 

Plot Name Area Stratum Total Biomass Mean Biomass 

1 Plot 1 100 1: Stratum 1 22.64256 0.22643 

2 Plot 2 100 1: Stratum 1 15.96326 0.15963 

3 Plot 3 100 2: Stratum 2 39.28516 0.39285 

4 Plot 4 100 2: Stratum 2 28.35439 0.28354 

5 Plot 5 100 3: Stratum 3 24.81348 0.24813 

6 Plot 6 100 3: Stratum 3 76.91962 0.7692 

Table 5.8: Plot Table Data 

As with Table 5.7, Table 5.9 contains a comparison of the Excel computations 

with our software.  From the Difference column, we can observe there is no significant 

difference between what is computed by Excel and what is returned by our software.  
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Plot Name Area Stratum Total Biomass Excel Total Biomass Difference 

1 Plot 1 100 1: Stratum 1 22.64256 22.64256 0 

2 Plot 2 100 1: Stratum 1 15.96326 15.96326 0 

3 Plot 3 100 3: Stratum 2 39.28516 39.28516 0 

4 Plot 4 100 3: Stratum 2 28.35439 28.35439 0 

5 Plot 5 100 4: Stratum 3 24.81348 24.81348 0 

6 Plot 6 100 4: Stratum 3 76.91962 76.91962 0 

Table 5.9: Plot Table Accuracy Results 

To further test the accuracy of our software, we examine two equations from 

the Strata table beginning with the Mean Biomass value (results shown in Table 5.10).  

This operation averages the values of the Mean Biomass of the plots within the stratum 

producing an overall Mean Biomass for the entire stratum.  As we observed before, 

there is no significant difference in the results achieved by our software and Excel. 

Stratum Name Mean Biomass Excel Mean Biomass Difference 

1 Stratum 1 0.19303 0.19303 0 

2 Stratum 2 0.3382 0.3382 0 

3 Stratum 3 0.50867 0.50867 0 

Table 5.10: Strata Biomass Accuracy Results 

 Finally, Table 5.11 contains the results of the Uncertainty equation.  This is the 

most complex equation used in our testing as it involved multiple count and summation 

operations.  The results again demonstrate no significant difference between what was 

obtained by our software and what is computed in Excel.  

Stratum Name Uncertainty Excel Uncertainty Difference 

1 Stratum 1 0.00223 0.00223 0 

2 Stratum 2 0.00597 0.00597 0 

3 Stratum 3 0.13576 0.13576 0 

Table 5.11: Strata Biomass Uncertainty Results 

Tables 5.5 through 5.11 present a very clear picture that our software produces 

accurate results over a variety of calculations.  For all the cases examined there were no 

significant discrepancies, indicating the accuracy of our Software Tool.   
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Using Excel to validate the accurŀŎȅ ƻŦ ƻǳǊ ǎƻŦǘǿŀǊŜΩǎ ǊŜǎǳƭǘǎ ōŜƎǎ ǘƘŜ ǉǳŜǎǘƛƻƴΥ 

Why not just use Excel to implement the Methodologies? The answer to this question in 

general terms is usability and customizability. Our software is designed to offer a simple 

GUI for users to create and manage projects. The Equation Builder for instance, allows 

for a quick and easy experience to enter and edit equations with relevant values from 

the table automatically populating in a list for quick access instead of having to hunt 

through multiple spreadsheets. When adding more data in the Data Editor the 

equations will automatically take the new data into account without having to update 

cell ranges or write macros and features such as Wizards allow us to streamline the 

updating of tables.  

Further, in regards to customizability, given that this is a custom developed 

software package, we are able to add and remove features, customize the interface, and 

integrate it into other systems as we desire. Some options for this are discussed in more 

detail in Chapter 6. 

5.3 Wizard Demonstration 

While our example project consisted of only four tables, actual projects will most 

likely be much larger and therefore more complex to navigate.  To simplify the process 

of updating tables, Wizards can be created to guide users through the process.  Wizards 

are step-by-step forms that update a list of tables in a specific order.  Wizards can be 

created for any purpose but will most likely be used to update tables related to events 

that occur repeatedly such as fires or new measurements. 
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Figure 5.12 displays a sample Wizard for our project in the Wizard Builder.  This 

Wizard consists of five steps, the last of which will display the Trees table which will 

allow the user to enter any needed strata, plots or tree species ahead of time so those 

values will be available for the final step.   

 
Figure 5.12: Wizard Builder Sample Step 

Step 1 (shown in Figure 5.12) contains an input form asking whether the user 

wishes to update or skip the Strata, Plots, or Tree Species tables.  Input forms are 

created in the Values and Results tab by selecting Add Line, which opens the Add Line 

Dialog box shown in Figure 5.13.   

 
Figure 5.13: Add Line Dialog 
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Each line added with the Add Line Dialog box corresponds to a line in the input 

form displayed by the Wizard during execution.  The two lines added in our sample 

Wizard will create the form shown in Figure 5.14.  In the example shown in Figure 5.15 

users can select options from a list of answers but we can also add text inputs and 

paragraphs of text to the forms. 

 
Figure 5.14: Wizard Input Form 

Each of the next four steps in the Wizard will load one of the tables from the 

project.  To assign a table to a step, we simply need to go to the Table tab in the right-

hand panel of the Wizard Builder for the step in question and select the desired table 

(see Figure 5.15).  If we were working in Template Mode, there would be the option to 

select different versions of the same equation for the table but since we are in a live 

project, the Version ŎƻƭǳƳƴ ƛǎ ƳŀǊƪŜŘ ŀǎ άbƻǘ !ǇǇƭƛŎŀōƭŜέ.   
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Figure 5.15: Wizard Builder Table Example 

This Wizard is designed for the purpose of adding tree sample data to the Trees 

table and thus Step Five will always display the results from Trees table. Steps 2 through 

4 contain the Tree Species, Plots, and Strata, which the user may not need to update 

when adding new tree measurements.  Therefore, the user may wish to bypass some of 

these steps and may do so by selecting No for the questions in Step 1.  To skip a step we 

create a branch where the table and input form are left blank as shown in Figure 5.16.  

When our software encounters an empty branch during Wizard execution it will then 

move on to the next step.   

 
Figure 5.16: Wizard Builder Empty Branch 
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If a step has multiple branches, the Wizard selects the appropriate branch by 

testing the criteria of each branch.  Figure 5.17 shows the selection condition for Step 2 

being entered into the Condition Editor.   

 
Figure 5.17: Step 2 Condition Editor Criteria 

The condition instructs the Wizard to load the appropriate branch if the user 

ŜƴǘŜǊŜŘ ά¸Ŝǎέ ƛƴ {ǘŜǇ м.  If the user did not enter ά¸Ŝǎέ, then the default branch will be 

loaded instead.  The default branch is selected under the Branches Tab in the left-hand 

panel of the Wizard Builder as shown in Figure 5.18. 

 
Figure 5.18:  Branches Tab Default Branch Selection 

With the five steps completed, we can go to the Wizard Executor to do a test 

run.  Upon opening our sample Wizard, the user will be presented with a screen like that 

shown in Figure 5.14 which asks if they are adding any new species, plots or strata. 

Assuming we only wish to add new trees and not any species or locations, άbƻέ ŦƻǊ ōƻǘƘ 

questions will be selected ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ άbŜȄǘέ. 

From there, the Trees table will be displayed (shown in Figure 5.19).  This implies 

that our software correctly interpreted the response that we did not wish to update the 

Tree Species, Plots or Strata tables leaving only the Trees table to be updated.  From the 
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backend, the software would have executed each of the three steps, selecting the 

desired branches, seen they are empty, and then moved on to the next step.   

 
Figure 5.19: Sample Wizard Trees Table 

However, if the user was to change their mind while using the Wizard, they can 

Ǝƻ ōŀŎƪ ǘƻ ǘƘŜ ŦƛǊǎǘ ǎǘŜǇ ŀƴŘ ǎŜƭŜŎǘ ά¸Ŝǎέ ŦƻǊ ǘƘŜ ǊŜƭŜǾŀƴǘ ǉǳŜǎǘƛƻƴ.  With this new 

selection, the user is then presented with the Tree Species table (Figure 5.20) that can 

be updated before continuing on to the Trees table as before.  The software will still skip 

the Plots and Strata tables ŀǎ ǿŜ ǎǘƛƭƭ ƘŀǾŜ ǎŜƭŜŎǘŜŘ άbƻέ ƻƴ ǘƘŜ ǎŜŎƻƴŘ ǉǳŜǎǘƛƻƴ.   
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Figure 5.20: Sample Wizard Tree Species Table 

 This test was intended to demonstrate how the Wizard feature would allow 

users to create Wizards to more efficiently update projects.  While a Wizard may not be 

necessary for a small project with only a few tables, it could be quite useful in real-world 

(large) projects such as entering data for many carbon pools or for entering data on 

forest fires or harvests.  In a large project, there could be Wizards for entering data for 

each carbon pool such as the trees or bushes as well as Wizards for entering data on 

forest fires or harvests.  Essentially any data entry task that would need to be completed 

more than once across multiple tables could benefit from the use of a Wizard.   

 With the successful test of the Wizard feature, we will now examine one final 

component of our software.  The next section will implement and test an equation that 

can change dynamically based on the result of an IF statement.   
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5.4 IF Statement Test 

In this section, we will test the equation for the Soil Carbon Tool that calculates 

the rate of change in carbon levels in the soil after a disturbance [Too11] (Equation 5.6). 

We have chosen this example as it will be applied differently depending on when the 

disturbance occurred which makes it is a natural choice for demonstrating the 

functionality of the IF statement.  

 
Equation 5.6: Rate of Change for Soil Carbon 

Before we input the equation, we need to determine the source for the values of 

SOCREF, SOCINITIAL, and SOCLOSS.  SOCINITIAL represents the amount of carbon in the soil at 

the beginning of the project and for this we will utilize the data provided by Chapingo 

Autonomous University [Pon19].  SOCREF is a reference value for levels of soil carbon 

ŜȄǇŜŎǘŜŘ ƛƴ ǘƘŜ ŀǊŜŀΩǎ land type and climate and is provided in the Soil Carbon Tool 

[Too11].  SOCLOSS represents the estimated carbon lost from in the disturbance and is 

calculated using SOCINITIAL [Too11].  Lƴ ŎŀǎŜǎ ǿƘŜǊŜ ƳƻǊŜ ǘƘŀƴ мл҈ ƻŦ ŀ ǎǘǊŀǘǳƳΩǎ ǎƻƛƭ 

was disturbed, then SOCLOSS is 10% of SOCINITIAL, otherwise it is zero [Too11]. 

The next step is to break down Equation 5.6 into its component parts.  This 

equation is written with the assumption that the level of carbon will stay constant if 

undisturbed by outside forces [Too11].  Correspondingly, if there is a change in the soil, 

then it takes 20 years to return to its natural carbon levels [Too11].  These assumptions 



83 
 

 
 

create four time periods for the equation: before the disturbance occurs, the year in 

which the disturbance occurs (tPREP), up to 20 years after it occurs, and greater than 20 

years after the disturbance [Too11].   

We begin with dividing the time periods into different branches of the IF 

statement.  As the equation assumes that after 20 years the soil returns to its initial 

carbon levels that means that the time periods of before the disturbance and more than 

20 years after the disturbance have the same result, and can be combined into one 

branch.  Furthermore, given that together they encompass any time not within 20 years 

of a disturbance, we can use this for the default (ELSE) branch as shown in Figure 5.21. 

 
Figure 5.21: Soil Carbon Equation Else Branch 

The next branch to input is the time period within one year of the disturbance.  

To determine if this period applies, we subtract the disturbance date from the current 

date.  Then to accommodate the 10% threshold in both of the remaining branches, we 

will test if the disturbance involves more than 10% of the soil. If it does then SOCLOSS is 

10% of SOCINITIAL, otherwise SOCLOSS is zero as specified by the Soil Carbon Tool [Too11]. 

With the test condition entered, we then can then input the equation portion.  

Since the divisor of the equation for this branch is 1, we can exclude it and given that 
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SOCLOSS is equal to 10% of SOCINITIAL, we can simply enter 0.1 in the equation as shown in 

Figure 5.22 (which shows both the condition and equation in the Equation Builder). 

 
Figure 5.22: Soil Carbon Equation First Branch 

The final branch of the equation captures the time period between 1 and 20 

years since the disturbance and is obtained by simply subtracting the dates.  This 

calculation can also be simplified because if SOCLOSS is 10% of SOCINITIAL, and one is 

subtracted from the other, the result would be 90% of SOCINITIAL, Figure 5.23 shows 

where SOCINITIAL is now multiplied by 0.9.   

 
Figure 5.23: Soil Carbon Equation Second Branch  



85 
 

 
 

With the equation entered, we can now input and test our sample data.  The 

results of this are presented in Table 5.12.  Our data contains five different soil samples 

from the Chapingo Autonomous University data with each sample being assigned three 

different verification dates in order to test the various IF statement branches.  To test 

for the 10% threshold required by the equation, we have also added a Percentage 

column. 

ID Name SOCINITIAL SOCREFERENCE Percentage Start Date Verification Date 

1 Sample 1 14.3 38 0.1 8/3/2019 12/3/2019 

2 Sample 2 17.2 24 0 8/3/2019 5/4/2020 

3 Sample 3 16.7 19 0.1 8/3/2019 9/3/2019 

4 Sample 4 7 19 0.1 8/3/2019 10/12/2019 

5 Sample 5 19.4 24 0 8/3/2019 5/9/2020 

6 Sample 1 14.3 38 0.1 8/3/2019 5/9/2024 

7 Sample 2 17.2 24 0 8/3/2019 9/30/2027 

8 Sample 3 16.7 19 0.1 8/3/2019 3/8/2030 

9 Sample 4 7 19 0.1 8/3/2019 12/27/2036 

10 Sample 5 19.4 24 0 8/3/2019 6/30/2023 

11 Sample 1 14.3 38 0.1 8/3/2019 4/5/2050 

12 Sample 2 17.2 24 0 8/3/2019 7/9/2040 

13 Sample 3 16.7 19 0.1 8/3/2019 6/3/2043 

14 Sample 4 7 19 0.1 8/3/2019 5/9/2063 

15 Sample 5 19.4 24 0 8/3/2019 2/8/2089 

Table 5.12: Soil Carbon Sample Data 

As with our other tests in Chapter 5, we have exported the data to Excel to 

manually compute the results.  Table 5.13 contains a comparison of the results for 

Equation 5.6 from our software and those achieved by Excel.  In each sample there is no 

significant difference in results between those from our software and those computed 

by Excel.  This demonstrates that not only did the software select the correct branches 

ōŀǎŜŘ ƻƴ ŜŀŎƘ ǊŜŎƻǊŘΩǎ Řŀǘŀ ōǳǘ ŀƭǎƻ ǇŜǊŦƻǊƳŜŘ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀŎŎǳǊŀǘŜƭȅΦ 
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Name Percentage Start Date Verification Date dSOC Excel Result Difference 

Sample 1 0.1 8/3/2019 12/3/2019 -1.43 -1.43 0 

Sample 2 0 8/3/2019 5/4/2020 0 0 0 

Sample 3 0.1 8/3/2019 9/3/2019 -1.67 -1.67 0 

Sample 4 0.1 8/3/2019 10/12/2019 -0.7 -0.7 0 

Sample 5 0 8/3/2019 5/9/2020 0 0 0 

Sample 1 0.1 8/3/2019 5/9/2024 1.2565 1.2565 0 

Sample 2 0 8/3/2019 9/30/2027 0 0 0 

Sample 3 0.1 8/3/2019 3/8/2030 0.1985 0.1985 0 

Sample 4 0.1 8/3/2019 12/27/2036 0.635 0.635 0 

Sample 5 0 8/3/2019 6/30/2023 0 0 0 

Sample 1 0.1 8/3/2019 4/5/2050 0 0 0 

Sample 2 0 8/3/2019 7/9/2040 0 0 0 

Sample 3 0.1 8/3/2019 6/3/2043 0 0 0 

Sample 4 0.1 8/3/2019 5/9/2063 0 0 0 

Sample 5 0 8/3/2019 2/8/2089 0 0 0 

Table 5.13: Soil Carbon Sample Data Results 

5.5 Testing Summary 

Overall, the testing provided in this chapter showed promising results.  For all 

the examples tested, the results produced by our software were statistically equivalent 

to those computed in Excel.  Even with complex calculations involving with multiple 

summation and count operations, we observed accurate results.  This demonstrates our 

software can interpret, break down and solve complex equations entered by the user.  

In addition, when the IF statement capability the software was tested, it was 

determined that our software was able to select the correct branch in all cases resulting 

in the correct results.  In this chapter, we have also tested and demonstrated the Report 

and Wizard features available for working with the projects.   
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Chapter 6 

Conclusions and Future Research 

6.1 Conclusions 

6.1.1 Research Background 

Each project performed under the Clean Development Mechanism (CDM) is 

intended to earn Certified Emission Reduction Credits (CER) by improving the 

environment or reducing carbon emissions [UNF18e].  The CERs can be sold to, or used 

by, developed countries to meet their obligations to the Kyoto protocol [UNF18b].  

While the UNFCCC does track and verify the results given for the CDM projects, there is 

no standard software tool available for project managers [UNF18b].  The goal of this 

research is to create such a tool to standardize and facilitate the calculation of CERs for 

forestry projects.   

The procedures for measuring forestry projects defined by the UNFCCC are 

presented in several Methodologies and Tools [UNF18a].  In Chapter 2, we discussed the 

requirements of these documents in detail to determine the features our software 

would require.  Through the examination, we determined that our software needs to be 

able to support a wide variety of calculations in both complexity and variety.  Finally, we 

recognized that some of the Tools would benefit from allowing project managers to 

input their own equations in addition to those defined in the Tools.   
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Through our examination of the Methodologies and Tools, it became clear it was 

not possible to just develop a simple procedural form where users entered their data 

and received their results.  We had to go further and create a platform that permits 

users to create custom projects to their specific needs and to also enter their own 

equations.  Furthermore, as this software is intended to be used widely, we needed the 

software to be adaptable so that it can run on many platforms 

6.1.2 Software Development 

Java was selected as our base programming language due to its ability to run on 

most platforms without the need to recompile [Tyso18b].  H2 was selected as a 

database environment as it occupies very little space, does not require any additional 

software, and works on most platforms [H218].  To store the project instructions in an 

easy to navigate structure, we selected XML, a text based markup language that can be 

read and edited on most systems [W3S18].   

Once we had chosen the technology stack to build our software, we needed a 

method to handle the calculations at runtime.  The solution was to store the equations 

in standard notation and when needed, convert them to postfix notation.  Postfix 

notation permits our software to process the equations in a straightforward manner for 

consistent results [McI19]. 

In Chapter 4, we discussed the interface and explored many of the important 

features of our software.  We demonstrated how it offers the ability to construct the 

tables and equations necessary to build a usable A/R project.  We also described how 
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the software provides Wizards to streamline the input process and format the Reports.  

Further, we introduced the concept of Templates, a custom designed structure that can 

be used to create projects with pregenerated components.  Templates provide the best 

of both worlds as they allow the creation of a simple procedural input form where users 

enter data and receive results.   

6.1.3 Testing  

The thesis next utilized sample data to test the functionality as well as verify its 

accuracy.  Using a sample of 60 trees, we tested equations of varying complexity spread 

across multiple tables and then exported the results to an Excel spreadsheet.  We used 

Excel to perform the same calculations as are done in the software as a comparison and 

found no significant difference.  We next ǘŜǎǘŜŘ ǘƘŜ ǎƻŦǘǿŀǊŜΩǎ ŀōƛƭƛǘȅ ǘƻ create dynamic 

equations, using an IF statement.  This feature was tested in an example with 5 soil 

values using an equation that varied based on the date the sample was taken.  Once 

again, we computed the results in Excel using the same data and compared against our 

software.  We found that the software was able to select the correct branch of the IF 

statement and calculate the correct value for every instance.  In addition to testing the 

accuracy of the calculations in our software, we also created a sample Report and 

Wizard for our test project to demonstrate their functionality.   

The analysis of our software has lead us to conclude that our tool has the 

potential to become a UNFCCC standard which can be widely distributed to project 
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managers to monitor projects and calculate CERs.  With this in mind, we now move on 

to discuss what could be the next steps for our software. 

6.2 Future Research 

While our software is able to perform the necessary functions for the 

Methodologies and Tools provided by the UNFCCC, it is not a finished product.  In 

addition to more testing and basic interface adjustments, there are many possible 

design and implementation decisions that could be made by the UNFCCC.  The following 

sections discuss some of these potential choices that the UNFCCC should make if they 

decide to go forward with our software tool. 

6.2.1 Platform 

One of the primary issues to consider is whether to implement the software on a 

desktop application or convert it to a web application.  Both choices have advantages 

and disadvantages and the UNFCCC will have to determine which would best suit their 

needs. 

The most likely approach for a web based solution would use web portal where 

projects can be uploaded to ǘƘŜ ¦bC///Ωǎ servers.  With the data and projects 

centralized online, the risk of data loss is greatly reduced with regular system backups.  

Updates could be applied simultaneously for all users instead of having to deal with 

multiple versions.  If the web solution is available through an Internet browser, only 

minor changes would be required to be compatible with mobile systems like Android, 
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iOS and Chrome OS.  Finally, the UNFCCC would have easier access to the raw data and 

could explore automating the reporting of data for project monitoring. 

On the other hand, if the UNFCCC were to implement the software tool as a 

desktop application, the main advantage would be offline availability.  Being available 

offline will allow the software to be more easily utilized in remote areas.  Furthermore, 

not having to maintain servers and a website may make the desktop path more 

attractive to the UNFCCC.   

6.2.2 User Access and Control 

Once the platform for distribution has been chosen, then other decisions can be 

explored such as the openness of the software.  By default, the software grants access 

to all of the modules (shown in Figure 6.1) which allows users to customize the project 

settings.  While this can provide a great deal of flexibility, this implies a higher risk 

potential error.   

 
Figure 6.1: Software Module Full Access Diagram 

Alternatively, different levels of access could be created by encrypting the XML 

instructions and limiting access to the certain software modules.  For example, access 
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could be created purely for updating data which would restrict access to the modules 

shown in Figure 6.2. 

 
Figure 6.2: Data Update Access Level 

By only having access to the Data Editor and Wizard Executor, a user would be 

able to add data but not alter the structure of the tables or equations.  Another option 

would be to create a read-only access level where tables and reports can be viewed but 

not altered.  In a web-based solution, read-only access could facilitate the sharing of 

data with third parties without compromising the integrity of the project.  Users in this 

scenario could be provided with login information to view and copy data without the 

ability to alter it.   

Another possibility would be to allow project managers full access to all the 

modules and permit them to create their own custom access levels.  However, the 

UNFCCC may wish to limit access in order to implement a process to automatically 

update the Methodologies as described in the next section.   
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6.2.3 Automatic Updating 

With the current version of our software, any update to existing Methodologies 

would have to be performed manually to any project that uses said Methodologies.  

Changes could be as simple as altering a single equation or changing the structure of a 

table.  In the hands of users, these updates could result in serious errors if not done 

correctly.  Ideally it would be best to create a mechanism to automatically update 

projects but this could also be problematic if the user has changed some component 

that is being updated.  For example, if the user created a project from a template then 

changed the structure of some tables, columns or equations, it may not be possible to 

propagate updates automatically as it could result in loss of data.   

A possible solution may be to implement access levels based on templates used 

to make the project.  Hypothetically, if a project manager follows the Methodologies 

and makes no changes, they could create a project from a template.  The project would 

be then created and the project manager would have the ability to change the structure 

but in doing so, would disable automatic updating of that project.  The magnitude of the 

concern for this issue will depend entirely on how frequently Methodologies are 

updated. 

6.2.4 Interface Improvements 

One area of future research is the user interface.  The specific colors, fonts and 

appearance choices for the final software product can be made by the UNFCCC.  Since 

these interface attributes will not affect the functionality of the software, we do not 
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need to examine those possibilities here.  However, there are some interface 

improvements that could affect the user experience so these we will discuss. 

6.2.4.1 Navigation 

Currently the movement between modules is accomplished through a navigation 

bar near the top of the screen with each module occupying a tab.  The tabbed design 

allows for convenient switching between modules and permits a simple method for 

concealing unneeded modules by not loading those tabs.  However, with the current 

version of the system, each time that we switch modules, the software resets the state 

of that module to ensure it reflects the current state of the project. 

To improve navigation, a targeted navigation system could be introduced.  For 

example, if a user was using the Data Editor and wanted to update an equation for the 

current table, it would be nice to have the ability to select the equation results and be 

taken directly to the Equation Builder instead of having to select the table and equation 

each time.  Similar navigation options for enhancement could be added to other 

modules to permit users to navigate more quickly.   

6.2.4.2  Exporting Data 

One of the end goals of our software is to be able to export the results for use in 

project documents.  While the current system does have the ability to customize output 

to a certain extent, there are only two options for the actual exporting of data: a table 

or report.  These can be then copied to the clipboard and pasted into a spreadsheet, or 

saved directly as a tab separated text file.  Which does make the data accessible, but it is 
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not necessarily convenient as it requires additional work.  The reason for the limited 

output options of our software was to avoid adding more libraries than necessary to the 

project.  If it was determined that the ability to add output directly to a word processor 

was desired, a third-party library could be used (such as those from Apache POI which 

output directly to Microsoft Excel, Word and PowerPoint [APA20]).   

Also, in addition to allowing more document formats, the output options could 

be expanded to permit the exporting of multiple tables or reports simultaneously to the 

same document to potentially allow for faster document creation.   

6.2.4.3  Inputting Data 

While some options for improving the software are clear, improvements for the 

inputting of data are not.  The current method employed by the software is to enter the 

data cell-by-cell into a table and while this will most likely be required at some point, it 

would be beneficial if the process can be streamlined. 

One possible method is to introduce pregenerated tables of reference values.  As 

was discussed in Chapter 5, while each tree had unique measurements there was also 

data common for trees of the same species.  If the values for common tree species were 

built in to the software, then much of the data entry could be eliminated which in turn 

reduces the risk of error.  To avoid the table becoming too cumbersome, it may be 

possible to limit by region, or combine trees with similar properties into a single entry.  

Reference tables could also be made for different soil types or shrub species to further 

reduce data entry requirements. 
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Another possible input feature would be the ability to read data from an existing 

file.  If the pertinent data was already available in a spreadsheet or text file, it may be 

possible to automate the process of ǘǊŀƴǎŦŜǊǊƛƴƎ ǘƘƛǎ Řŀǘŀ ƛƴǘƻ ǘƘŜ ǎƻŦǘǿŀǊŜΩǎ ŘŀǘŀōŀǎŜ.  

However, this feature may be difficult to implement as it requires a prior knowledge of 

column layout in the source data and project.  To help mitigate this issue, it may be 

possible to gather this column information through a dialogue with the user.  The end 

result would be much less effort than entering all the data manually. 

6.3  Final Conclusion 

As was demonstrated in this thesis, there are many possible paths to take with 

the software we developed.  It provides a solid foundation for implementing the 

Methodologies for the calculation of CERs for forestry projects.  Given the flexible 

nature of our software, it should be possible to expand beyond the initial four 

forestation Methodologies examined in our research and be able accommodate 

Methodologies for other project types as well.  Should the UNFCCC decide to move 

forward with our software, for some or all Methodologies it defines, it will streamline 

the process for many future CDM projects.  Hopefully, this research is able to become a 

stepping stone that furthers the fight against climate change and improves our future. 
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Appendix A 

Burning Tool Document 

 ¢Ƙƛǎ ŀǇǇŜƴŘƛȄ Ŏƻƴǘŀƛƴǎ ǘƘŜ ¦bC/// ¢ƻƻƭ ŘƻŎǳƳŜƴǘ ǘƛǘƭŜŘ ά9ǎǘƛƳŀǘƛƻƴ ƻŦ ƴƻƴ-CO 

2 GHG emissions resulting from burning of biomass attributable to an A/R CDM project 

ŀŎǘƛǾƛǘȅέΦ 
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