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Abstract

Development of a CrosBlatform Solution for Calculating Certified Emission Reduction
Creditsin Forestry Projects undeihe Kyoto Protocolbf the UNFCCC

Gregory Mcintyre

This thesigpresents a 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 examinethe relevant methodologies and tools to determirvehat is requiredto
create a software package that can support a wide variety of projects involving a large
variety of data andcomputations During the requirements gathering, it was
determined that the softvare package developed wouitked to support the ability to
enter and edit equations at runtime To create the software we ed Java for the
programming language, an H2 database to store our data, and an XML file to store our
configuration settings Through these choicesye can build a crosglatform software
solution for he purpose outlined above The end result is a versatile software tool
through whichusers can create and customize projects to meet their unique nasds
well as utilize the featires provided to streamline the managent of their CDM

projects.

Keywords: Java, XML, SQL, H2, Carbon Emissiobsiited Nations Framework
Convention on Climate Change/NFCCCClean Development Mechanism, Climate

Change, Afforestation, Reforestation.



Ackmowledgements

[ 2YLX SGAy3a Yeé YlIaliSNDna RS3INBS KFa oSS
expected Throughout this process, | have faced a myriad of challenges and it is thanks
to the support of those around me that | was able to rise and meet them each time.

First and foremost my supervisors R&dnceHernandezand RichardHurley,
their unwavering enthusiasm and support made this project possibéthout their
advice, experience, guidance, and patience | could never have come da fadition,
while hisconsultation was brief, Briaklircocka LINEAaSy OS |yR | ROAOS
addition to our project and helped us along the way.

Outside of school, | have been blessed with a supportive family who always
encouraged me and refused to let me quit on the pigjor myself My parents have
always encouraged my studies and have endeavored to provide a stable environment
for their completion a@ &AaGSNNa SELISNASYOS 4AGK KSNJI
both valuable insights and the ear of someone with a staxperience.

My friends have been a constant source of emotional support and
encouragement Whether keeping me compangnline while | worked late into the
night or meeting me in real life to help me take a muaeded breakl am grateful for
their preence Special thanks to the communities of Grey Guardian Games,
LoadingReadyRumWSTand Senscape for all ting/ears of support.

In addition to the financial support from Trent University, | have also been

employed at Staples Business Depot for émtirety of my degree Their willingness to

y



adapt to my school schedule and encouragement of a positive work atmosphere

provided me with the financial stability to be able to complete my studies.



Table of Contents

Abstract ii
Acknowledgements ii
Tableof Contents %
List of Figures viii
Listof Tables X
List of Equations Xi
List of Abbreviations and Symbols Xii
Glossary Xiii
1 Introduction 1
00 0T [ {1 o o 1
2 Background 6
P28 I 1 1 o T 3o 1o o PP 6
2.2 Afforestation/Reforestation Methodologies..............eeevviiiiiiiiiiiiiiiiiiieeeeeeeee 7
2.2.1Largescale Methodology for Nonwetlands.............cccovveieeiiieiiiiiiiiiiiee, 7
2.2.20ther MethodOIOGIES. ... ..cviiiieeiiiiiiieiee e 8

P2 B o o ST 01 0 0 = =S 9
2.3.1Baseline Scenario Selection TOOL..........oovviiiiiiiiiieeeeeeeeees 9

2.3.2Tool for Estimation of Changes in the UeseCarbon in Trees and Shrulisl

2.3.3Tool for the Estimation of Carbdhocks in Dead Wood and Litter........... 13
2.3.4Tool for Estimation of Soil Organic Carbon Stacks.............cccceeeeeveeennns 14
2.3.5Tool for the Estimation of GHG Emissions from Burning...................... 14
2.3.6Agricultural Displacement TQO.........cccooeiiiiiiiiiiieeeeee e, 15
2.3.7Demonstrating Appropriateness for Volume or AllomeEguations Toolsl6
2.4Project RequireMeNntS SUMMALY.......coiiiiiiieeiiiiieieeeeeeeeiiieeeeeeeseeaninneeeeeseeennnn 17
3 Project Methodology 19
G 00 I 1 11 0T (3 ox (o o 1R PP PSPPRRRTRRR 19
3.2Technology SelectiQn.........coooiii i 19
TN RN - - T TSP PP 19



3.2.3XML and Project Markup Language..............cccceeeeeeeeeiiiiiiiiieeeeeeeeeeeeee 21
G102 | [oF] =1 1 o] o = F P EPPUP PP 22
3.3.1Reordering EQUALIONS..........oiiiiiiiiieieec e eee e 22
3.3.2DAteCaAlCUIALIONS. .....eviiiieeeiiiiiiiiie e 25
3.3.3TeXt CalCUIALIONS.......uuiviiiiiiiiee e 26

4 SUMIMIAIY ettt e et e e e e e et e e et et e e e et e e e e e e st e e e e eb e e e e et e e e eennns 27
4 Software Design 30
740 I [ o oo [¥ o 1[0 o AU PSPPRR 30
4.2Projects and TEMPIALES........uuueiiiiieeiiiiieeee e 31
T B 1= o] [ OSSPSR 32
4.31Table BUIIAEL.....cciieeie e 33

ZA NG T4 D T = W =0 [ (o 34
4.3.21 Data Editor Error MESSAQES........uvviviieeiiiiiiiiiiiiieeeee e 36

AL AEQUALIONS ....eeeeeiieee e e ettt e e e e e e e ettt e e e e e e e e e e e e e e e e e e e e e e e e rrn s 36
4.4 1EQUALIONBUIIAET ... 37
4.4 . 2SUDEQUALIONS. .....euiiiiiiiee e ettt e e e e e e e e e e e e e e e 38
A.4.3IF STAEMENTS...ceuitiiie et e e e e et e e e e e eeeaaaaans 40
4.4 AEQUALION VEISIONS.....cciiiiiiiiiiiiiiiiiieeeeeeeeeeeesiinineeeeeeeee e e s snnnnnnneeeeeeee . A1
N AV 2 T o £ 42
A.5.1WiIzard BUIIEE........cceeieieeeeeeeeeeeee s e e e e e e e e e e e 43
A.5.2WiIZard EXECUHT ........ovvveeereeiiiieeiiniienninsss s s s s s s e e s e e e s s e e e e e aaeaaeeaaaaaaaaaeaeees 46
4.53 CoNItION EQILOF......ccciiiiiiiiiiiiiiiiiiie e 48

T G =T o L0 1 49
4.6 1 REPOM BUIIAEN........oiiieeeieeeeeeeee e e e e e e e e e 49
4.6.2REPOM VIBWEL.......coviiieeeeeeeeeeeeeeeteeiaaa et e e e e e e e e e e e e e aaaaaaaaas 51
4.7 Creating Templa&ts and Projects............ooooviiiiiiiiiiiieieeeeeeeeeeee 52
4.80verall System FIOWChAIL..............ooooiiiiiiiiie s 54
A, SUIMIMIAIY . ..ttt ettt e e e e e e e e e e e et e e e e et e e e eesa e e e e et e e e eesa e e e aeann e eeeesnnnns 58
5 Testing 60
0 I 11 0T [Fox (o] o 1R U UPUUPUPPPRPTTRRRR 60
5.2Tree Biomass Calculation TeSt........coooiiiiiiiiiieeeeeeeeeeeeeeeeeeeees 61
5.21INpuUtting EQUALIONS.......uviiie e e e 61
5.2.2Tree BIomMasS REPOIL.......cooeviiiiiii i 70
5.2.3Accuracy of Software TOOL..........couviiiiiiiiiii e 72
5.3Wizard DEemMONSIIALION. .......ceviiiiiiiiiiiiiiiiiiiiiiiiiiiii e e e e e e e as 15
5.41F StatemMENt TOSL. ...ttt e et e e e e e e e 82
5.5 TEStNG SUMMEAIY.....cuuuiiiiiiiiiiiiiiiini s e s e e e e e e e e e e e aaeaaaaaaaaaaaaaaaaaeaeeenees 86
6 Canclusions and Future Research 87
L O] oo 1] (0] o L PP PUPPPPP PP 87
6.1.1 Research BackgroUund..........cccoooeiiiiiiiiiiii e 87

Vi



6.1.2 Software DeVelOPMENL............cooiiiiiiieiie e 88

G0 I T 1= ] o SRR 89
6.2FUtUre RESEAICIL.......cieeeee e 90
6.2 PlatfOrmM ... 90
6.2.2User Access and CONLLOL..........uuuiiiiiiieiiiiiiiiiiiiee e 91
6.2.3AULOMALIC UPAAtING. .. .uuerrriiiiiiiiiicirr s e e e e e e e e e e ee e e e e e e aaeaaaeeaeas 93
6.2.4Interface IMProVEMENTS. ......uuueiiecr e e e e e e e e 93
I 5 I NN F= Y/ To = o] o PRSP 94

6.2.4.2 EXPOrtiNg DataL.......ccvviiieeiiiiiiiiiiiieeeee e 94

6.2.4.3 INPULtING DAta.........ccceeiiiiiiieeee e 95

(CIRC T  F= L 0] g Tod 1§ 1 [ o 96
Bibliography 97
Appendices 103
A Burning Tool Document 103
B Project Markup Language Summary 114
= 30 A 1Y 0T [ Tod 1 T o SRR 114
B.2 XML SHTUCTUIE. ... ettt e e e e e e aaaaans 114
B.3 Command Value PailS...........ooevviiiiiiiiiiiiiiiiiiiiiiiiiiess s e e 115
B.4 Table StrUCIUIe......cco oo 116
B.4.1 COIUMNS.. .o 116
B.4.2 EQUALIONS. ... ..ttt 117
B.4.2.1 IF StatemMEeNtS......couuuiiiii et 120
B.AWizard XML STTUCTUIE........uuuiiiiiieieeeeieiiiiiiieee e e e e e e a e e e e e e e snnnneneees 122
B.7 REPOIT XML STUCTUIE.....ccvuiiiiiiiie ettt e e e e ean e eees 125
C Equation Builder Controls 127
D Data EditorError Messages 130
E Tree Sample Data 132

vii



List of Figures

1.1 Variation of the Earth's surface tperature for the past 140 years...................... 1
2.1Flowchart of Basele Scenario Selection..............oooevvviiiiieiiiie e 10
3.1 Sample XML Table Code........cccooeiiiiiiie e 22
3.2 Component InteractioBiagram............cccooviiiiiiiiiiieiiieeeeeeeeeeeee s 28
4.1 Table BuildeBcreenshot Main SCIrEEM.......cccciiiiiiriiieie et aeaa e 33
4.2 TableBuilderScreenshot Individual Table...............uuvuiiiiiiiiiieeee e 34
4.3 Data Editor SCre€NSNOL.........uuuiiiiiiiiiiiiiiiii e 35
4.4 Equation Builder Screenshat...............oooooiiiiiiiie s 38
4.5 Equabn Builder Subequation Panel.............ccuvvvviiiiiiiie e 39
4.6 Equation Builder IFanel.............oeeiiiiiiiiii e 41
4.7 SampleWizard FIOWChArL ... A3
4.8 Wizard Builder SCreenshoL...........cccvviiiiiiiiiieiiiiiiiiiicecce e sssiiiiieeeneee e A4
4.9 Wizard Builder INPUL Tab..........uuueeeiiciciese e 45
4.10 Wizard Executor INitial SCreEN..........cuviiiii it 46
4.11 Wizard Executor SCreenshQL.............ueiiiiiiiieieiee e a7
4.12 Condition Editor SCreenSNQL...........uueeiiiiieicee e 49
4.13 Report Builder LIStQAIE. ..o 50
4.14 Report Builder REPOMOTE ............ceveviiiiiiiiiiiiiiie s e e e e e 51
4.15Template Creation PSeudoCQde...............oovvviiiieiiiiiiiiiiiiiiiiiierrieeeieeaaans 52
4.16 Empy Project Creation PSEUAOCOOE..........coooiiiiiiiiiiiiiiiieeee e 53
4.17 Project Craan from Template Pseudocode.............coevviiiiiiiiiiiiiiiiiiiiieeeeees 54
4.18 Overall System FIOWChALL...........coouviiiiiii i 55
4.19Project Cration and Loading SUDIOULINES.........uuuuruiiiiiiiiiieeee e 56
4.20Table ad Report Loadin@ubroutines...........cccoeveeviiiiiiiiiii e 57
5.1 Small Scale Test Table SrUCILIE...........oovvviiiiiiiiee s 61
5.2 Biomasg&quation in Equation BUIlAE............cccuviiiiiiiiiieiieeeee e 64
5.3 Tree Datadble with EqQuUation RESUIS...........uuuiiiiiiiiiiiiei e, 65
5.4Totd Biomass in Equation BUilder..............ooiiiiiiiiiiiiii e 66
5.5 Mean Biomasby Area in Equation BUilder.............cccooooiiiiiiiiiececeee e, 66
5.6 Strata LevéVlean Bomass Equation Builder..............ccccoo oo 67
5.7 Uncertainty Numeator in Equation BUIlder...............uuuviiiiiiiiiiiiiiiiiiieceeceeee e 69
5.8 Uncertainty Denominator in EquatidBuilder...............ooovvvvvviiiiieeeeieiiiiiiiiiiiiiinnns 69
5.9 Equabn Builder Duplicate FUNCHON..............uueuuiiiiiiiiee e 70



5.10 Report ROW CONAItION..........ooiiiiiieiiiieeeeeeeeeeeee e 71

5.11Tree REPOIt SEHNGS ....uuuuueiiiiieiieiise e ee et e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeees 71
5.12 Wizard Builder SampléeP ... 76
5.13 Add LinN€ DIalQg.....cceeeeeeeeeee oo 76
5.14 Wizard INPUL FOIML......ouiiiiiiiiiiiiiii s e s s e e e e e e e e e e e e e e e e aaaaaaaaaaeaeees 77
5.15Wizard Builder Table EXamMpPIe...........iiiiiiiiiiiieeee e 78
5.16 Wizard Builder Empty Branch..........cccooooiiiiiiie 78
5.17 Step 2 Codition Editor CriteriaL..........uuveeiiiieeeeiiiiiiiiiiiiiieeeeeeee e esiinreeeeeeeee el 9
5.18 BranchesTab Default Branch Selection...............eeviiiiiiiiiiiiiiiiiiieeeeee e 79
5.19 SampleNizard Trees Talle. ... 80
5.20Sanple Wizard Tree Species Table.......ccccciviiiiiiiiiiieei e, 81
5.21Sol Carbon Equation Else Branch..............oooovviiiiiiiiiiiiieid 83
5.22Soil Carbon Equation RIBranCh...........ccccooiiiiiiiiiiiiii e 84
5.23SoilCarbon Equation Second BranCh............ccc.eevvviiiiieiiiiiiiiiiiiieeeeeee e 84
6.1 Softwae Module Full ACCESS Diagraml..........cuvvviieiiiiiiiiiiiiiieiee e 91
6.2 Data Update ACCEEBVEL.......ccccoieeiiiiii e 92
B.1 Outer ProjeCKML COE.........coooiiiiiiieeeeeeeeeeeeeee s 115
B.2 Sample XML Table COQE............ooviiiiiiiiieeeeeeee s 116
B.3 Sample XML EqQUAD COUE...........uuuiiiiiiiiieiiiiiiiiiiiiee e 118
B.4 XML Structure of IF Stat€mMeNnL.............oovviiiiiiiiiiiiiiiei s 121
B.5 Wizard Uppetevel XML...........ooooiii e 122
B.6 Wizard Stefhevel XML ... 123
Y (=T o I o T 1 1 4 1Y/ | TSP 124
B.8 Wizard Input FOrm EXampPIe.........cooiiiiiiiiiiiiieieee e 124
B.9 Sample RePOIt XIML........uuuiiiiiiiiieiiiiiiiiiiie et 125



List of Tables

3.1 List of Operation Priorities for Equation Reordering............cccceeeeeevvieiiennnnnn. 25
5.1 Tree Species Sample Data.............ccooeeiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee s 62
5.2SHrata TADIE ...ceiiiiei e 63
RGN o (0] KSR = o = PP 63
Lo I T ST I o] (P 64
5.5Tree BiOMASS REPOIL........uuiiiiiiiiiiiee et e e 72
5.6 Tree Report ReSUEOM EXCEl.......uuuuuiiiiiiiiiiiiiie e 72
5.7Tree Report ACCUraCy RESUIS...........cvvviiiiiiiiiiiiiii e 73
5.8 Plot TabI@ Dat@.........uuiiiiiiiiieiieiiie e 73
5.9 Plot Table AcCUracCy RESUILS.........oooi i 74
5.10Strata Biomass Accuracy RESUILS...........cccuiiiiiiiiiiiiee e 74
5.11 Strata Biomass Uncertainty RESUIS.............uvvuiiiiiiiiiiiiiiiiiicie e 74
5.12 Soil Carbon Sample Data..............ccoooiiiiiiiiiiieeeeeeeeeeeeeeeeee 385
5.13 Sal Carbon Sample Data RESUILS..........ccccuumiiiiiiiiiiieeeeee e 86
B.1 COlUMNDALA TYPES....ceiiiiiiiitieeeie e e e e ettt e e e e e e e e e e e e e e e e e annenees 117
B.2 EQUAtIONCOMMANGS.....cciiiiieiiiiiiiiiiee ettt e e e e r e e e e e e e e 119
B.3 EQUALION PrefiXeS.......cooiiiiiiiiiieeeeeeeeeee e 119
B.4 Operation DefiNitiONS............ccviiiiiiiiiiiiiieeii e 120
C1lEquation Conbls in the Equation Builder.............ccooooeeeiiiii 127
C2Term Controls inbte Equation BUIlder.............ccooviiiiiiiiiiiiie i 127
C3Basic Taba@htrols for Equation BUilder.............c.uuveiiiiiiiiiiiiieeeeeeeee 128
C.4 CoBtantTab CONLIOIS........cooiiiiiiiiiiieeeeeieee s 128
C.5 Comparator Tab CONtrolS........coovveiiiiiii e 128
C.6 Date Tab CONLrQLS.........coooiiiiiiiiiieeeiieeeee s 129
C7 Advarced Tab CoNtrolS..........cooeeeieieeii et 129
C8 Trigonometric Tabddtrols for Equation Builder..............ccccviiiiiiiiiiiiiiiiee, 129
D.1 ComMmMON EFTOr MESSAQES ......uuuuiiiiiiiiiareea e e e e e e e e e e e ae e e e e e e e e e e e e eeeeeeeens 130
D.2UNCOMMON EITOr MESSAQES ... . iiiiiiiieiiiiii e ettt e ettt e e et e et e e e eaan e e eana s 131
D.3RAre ErrOr MESSAQES. .. cceeiieii e eeeit e e e e e e e e e e e e e e eeara e e e e e e 131
E1Tree Sample Data Full LiStg..........covvviiiiiiiiieeeiieeieeieeeeieevevvenenees 132



List of Equations

5.1 TrEE BIOMASS....ceiiiiiiiiiiiiiiiiiiiienii s s s s s s s s s s s e e e s e e e e e e e aaaaeaaaaaaaaaeaaaaaaaseeaeeeees) 62
5.2 BiOmMass SUMMEALION..........ccvviiiiiieieeeiieeerieeeeeeerereeiee e a e e e e e aaeaaeeas 62
5.3 Mean Tree BIomass DY ArQa...........ccooeiiiiiiiiiiiieeeeeeeeeeeeeee e 66
5.4 Strata Level Mean BIOMEaSS. ......uuuuuuuiiriiiiiiiaieaieee s ee e e e e e e e eeeeaaaeeeeaaaeasseeaaeeend 67
5.5 UNCEIAINTY ... e 68
5.6 Rate of Change for Soil CarbOmL..........oviiiiiiii e 82

Xi



List of Abbreviations and Symbols

AR -Afforestation Reforestation

CDM -Clean Development Mechanism
CER -Certified Emission Reduction credit
GHG -Greenhouse Gases

JRE -Java Runtime Environment

PEDMAS  -Parentheses, Exponents, Division, Multiplication, Addition, Subtraction
SQL -Structured Query Language

UNFCCC  -United Nations Framework Convention on Climate Change

WORA -Write Once Run Anywhere

XML -eXtensible Markup Language

Xii



Glossary
Additionality: Difference in reductionof greenhouse gase®etween the baseline

scenario and the actual project.
Afforestation: Planting a new forest on a site where there was none before.

Allometric Equation:Equationthat calculates tre@ Biomassbased on measurements

such as diameter or height.

Baseline Scenariddypothetical scenarioused to determine the net positive effect of an

A/R project.

Carbon PoolReservoir of carbon in an environment that can increase or decrease the

carbon present.
H2:Sngle file database system uséo store data in our software

Java Ratime Environment:Software packagehat translates Java Bytecode to machine

code for the computer.
Java:Web-based programming language able to run on a wide variety of platforms.

Methodology: Document instructing how to calculateertified emissionreduction

creditsfor applicable projects

Postfix Notation: Method of sorting equation terms that puts the operations after its

operators instead of between.

Reforestation:Repanting a forest on a site that previously had a forest.
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Root to Shoot RatioComparison of the length of the roots of a plant to the length of
the shoots on the branches, used to estimate biomass present beneath the soil in the

LI FyiQa NR2Gao®

Shunting Yard AlgorithmAlgorithm used to convert equations from standard notation

to posffix notation.
Tool: Document instructing how to calculatarbonvalues for aspecified carbon pool.

Volume Equation:Equation that uses tre@ @neasuremats to estimate their stem

volume
Wizard: Step by step form that displays tablesinput fieldsfor the user to enter data.

XML:A markup language for storing and organizing data for easy access.
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Chapter1

Introduction

1.1 Introduction

Climate changéas become one of the mognportant topicsof this century,as
our planet is undergoing serious changes due to ddeerseeffects hunans have had
on the environment The9 I NIi KQa | @S Nkharfetrénd oedthellasi NS
yearsshows this clearly ifrigurel.1 [UNF0$. When compared tdbaseline of 1961
1990 we see an increase of ovdr.5°Cin temperature, whichmay appear to be
insignificant but this increaséhas already seesignificanteffects such as increasing sea

levels andaltered weather patterns][UNF0$. Furthemore, the peria before 1961

1990shows that the baseline itself hascrease over what came beforé.

Departures in temperature in °C (from the 1961-1990 average)
0.8

0.4 !
]
1

Direct temperatures

0.8

1860

1880

1900

1920

1940

1960

1980

2000

Figurel.l: Variation of the Earth's surface temperaterfor the past 140 years.




Three main questionsunder considerationare: where this increasan global
temperaturesis coming fron?, and what can we do to combat?t The source is
relatively easy to pinpoint asars, industry and other sources ofpollution introduce
harmful gasesnto the atmospherethat have the effect of trapping heaesulting ina
slow increase inemperature[EPA18] ¢ KS Y2 aid | odzy Ryl 2F (G(KSas$s
(GHG is carbon dioxidasit accounts for81% ofGHGemissions in the United Stat@s
2016[EPA18Rlone Any attempt to fght climate changshouldtarget these emissions

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

emissions

The United Nationsfficially recognized climate change as a common concern of
mankind in 1983UNFO06Jand establishedhe United Nationgramework Convgion on
Climate Chang@UNFCCGp 1992 This created a common framework for countries to
work together to limitGHG4UNF18d] By 1997the Kyoto Protocol was negotiated and
developedinto an international treatyto strengthen the membaQ O2 YYA G YSy (i &

legally bind them to specific targets feeducingemissiors [UNF18e]

The Kyoto Protocol permit@ participating countrythat fails to meet its
obligations through national measuresto purchag excesscarbon reductions from
other couwntries or by funding projects througlan initiative such ashe ¢Clean
Development Mechanisin(CDM [UNF18e] The CDMallows for carbon reduction

projects in developingcountries that reduce carbon emission® receive Certified



Emission ReductiofCERcredits which can then be sold to developed counttizéelp

them meet their reduction target§UNF18b]

A CERproject can be anything that reduces or offsets emissiensh asleaner
power generation efficient technologyor planting forests Thereare currently over
7800 registered projectwo date thathawe collectedl.9 billion tons of creditfUNF18b]
For a project to qualify for the CDM and earn CEHR®ust do more than just reduce
emissions those responsible forthe project have to demorigate that the reduction
amount is above and beyond what the land would haehievedwithout the assistance
[UNF18c] To determinethe amount of the reduction attributed tohe project it is
compared to a hypothetical baseline scenario representiog the land would have
been used The difference in reduction from the baseline scenaoidhe actual project
is calledadditionality and is what determineshe number ofcredits the projectwould

receive[UNF18c]

Given the nature of the groups involveahd the scale of the projectvery
specific outlinesare provided onhow to calculate and measure additionalityro this
end, the UNFCCC has createdet ofstandard proceduregor project managers on how
to determinereductions and monitor the changewer time These procedureknown
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 higlevel irstructions for calculating the CERs

awarded for the entire project Lowerlevel calculations such as measuring individual



trees are detailed in other documents referred to @&sols These tools are also

available on the UNFCCC website.

For this thesiswe will specificallype focusing on theMlethodologies that relate
to afforestation and reforestatiofA/R) planting new forests and replanting old forests
respectivey. Currently theMethodologies are available for download from the CDM
website butonly asstaticdocumentsand with no automatedmechanisnfor organizing
the data or calculating the resultsThis implieghat thosein charge ofa projectare left
with creating their own software modulesto compute additionalityor they must find
third-party software This thesis examingke development and use @ set of software
modulesto implementthe Methodologies related to A/R projects and their monitoring
These softwareools are implementedisingJava(a programming language able to run
on a wick variety of platforms with minimal changes$i2 (a single file database systg¢m
and eXtensible Markup Langua@®ML) to create an interface, organize input data and

perform calculations

The remainder of this thesis is organized as follows Chapter2, we examine
the current A/R Methodologies their related reference documentsand outline which
componentspresent the greatest challenge adapting them tosoftware Chapter 3
describesthe chosentechnology and approachesused indeveloping thesoftware
modulesand how trey help meet the needsf the project The actual software will be
described in Chapter 4, whexge outline its varioudeaturesas well as a detailed look

at its interface Chapter 5 is wherghe research is all brought together lgntering



equations fromone of the Methodologies into thesoftware, discussing any changes or
adaptations that must be made Finally, Chapter 6 is where waliscusgs our
conclusions angbresent thefuture work for improvements and implementatioof the

software developed



Chapter2

Background

2.1 Introduction

The sftware modules we developedfor this researchimplementfour different
Methodologies forA/R projects which are differentiated byariationsin land type
(wetland or nonwetland), and projectsize (large or small sca)ldUNF18a] Wetlands
are defined adands that areregularly saturated throughout the yed€DM17] and a
project is classified adsrge scale ift exceeds 16000 tons of carbon remo¥wam the
atmosphereper year[CDM17] TheMethodologiesoutline which sections of the forest
to measure and how taalculat the CERs receivefibr each of their project types

[ARL13a]

As mentioned in Chaptet, the Methodologies make use dobol documents for
lower-level calculations The Forestry Project Methodologies are comprised okeveral
different Toolsto standardizethe procedures used irthe calculationsrequired by
projects For example to calculae the net removal of GHGsve have todeduct the
GHGsthat have been produced byires [ARL13a] We do this by following the
instructions provided in th@ool for calculating emissions from firsat have occurred
within the project aregARL13a] The details of this Tool anacluded inAppendixA for

reference The Methodologiesrefer to six ols [ARL13bjwhich in turn reference two



more Toolsbringing the total to eight distinctools[Est15b] The remainder of Chapter

2 willexamire the Methodologies andools in detail.

2.2 Afforestation/Reforestation Methodologies

2.2.1 Largescale Methodology folNonwetlands

TheMethodology thatis most computationally interge of the four isthat which
is used for largescale projecd taking place on nowwvetlands [ARL13a] This
Methodologytracks changes in carbonpoolswhile accounting foany GHGs¢hat result
from fires or from relocating agricultural activitfo make room for the prct
[ARL13a] Carbon poos can be seen a®servoirsthat absorband emit carbon [DHS16]
Thee are fivecarbon poolsmonitored in the A/RMethodologies trees, shrubs, dead

wood, litter, and soi[ARL13a]

Trees and shrubsnake upthe largestcarbon pool and so tracking these is
mandatory(the otherthree poolsare smallemwith respectto volume of carbon andhay
be excludedby the project proponentsfrom monitoring [ARL133g] Excluding the
smaller pools carlower coss by reducing theresourcesneeded to monitor and
measure the forest This however implies that the project nyareceive fewer CERsitif
does not demonstrate gowth in the soil, dead wood or littepools Each project
managerwill have to decide the best option for tiresituation with respect to which

carbon pools to includeOncethis isknown, a baseline scenarioan beselected



The baseline scenarig the hypothetical change in carbon levddased onthe
most likely use for the lanbdad the project not been implemented [Glo17Comparing
this baseline resultwith the actual measurementsf the forest after the project has
been implementedwill determine the additionality of the project This difference
affectsthe CERsventuallyawardedfor the project[ARL13a] The process foselecting
a baseline scenario is outlined 8ection2.3.10 where we also examine the relevant
Tool. With the basehe scenarioand carbon poolselected the step of stratification of
the project areacan commenc¢ARL13a] Stratification is the acdf dividing the project

landinto different areabased orcriteria such asegetationtype [ARL13a]

Once stratifiedthe geps of the Methodologiesare fairly straightforward Each
measurementn the change in carbon levels from the previous measurement for each
pool is totaled Deductons are made oany GHGs from fires or relocagiagricultural
activity [ARL13a] Thisvalue is therfurther reduced bythe estimated carbon from the
baseline scenarion the net impact of the A/R project for that time periodnder
considerationARL13a] The specific procedures for each of thestepsare given irthe
referenceToolswhich are discussedn Section . This net loss or gain is converted to

CERs that arthen awarded to or deducted from the projefARL13a]

2.2.2 Other Methodologies

The threeremaining Methodologies follow the samdasic procedure as the
large-scale Non-wetlands Methodology with some key variations The Wetland

Methodologesare simplified by excluding litter on the forest flopandthroughusing a



single equation for soil carbon irsid of referencing the related 06l document
[ARL13HARS13] Smallscale Methodologiessimply use the prgroject land use

rather than the selectiofool to determine the baseline scenafidBRS13][ARS15]

2.3 Tool Summaries

2.3.1 Baseline Scenario Selection Tool

The baseline scenario & hypotheticalalternate land-use forthe project area
and is important in determinng the net benefit of aproject To select the most
appropriate scenaripwe usea Tool provided by the UNFCCC for selecting baseline
scenarios This tool stands out from the otheasit does not haveany equationsandit
is only a decisioamaking flowchart, usedduringi KS LINR 2 SO G.ince khg A G A | §
scenario has beeseleced, the baseline scenarits used for theentire project lifespan
[ComO07] An overview of thebaselinescenarioselection processs presentedn Figure

2.1 [Com07]

The first step in thiprocess is to compile a list of all possible land use scenarios
for the project area thenand remove aty that are not practical due tdinancial,
practical orpolitical barriers[ComOQ7] Ideally, this would leave only one option which
would then be the baselineHowever, 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 viablaisuallyselected If the most likely scenario is an A/R project that does

not need assistance from the CDM, th#re project may notbe eligible toreceiveany
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support Otherwise the baseline scenarios chosen[Com07] The last step is to
examine anyexisting A/R projectin the same regiorand explain why those projects
may not require CDM suppoytwhile this projectwould merit support An example
reason might be thathere are different laws or financial concerns in that greathat

there areother barriers to implementatiofCom07]

STEP 1. Identification of aliernative land use scenarios to
the proposed A/R CDM project activity

v

STEP 2. Barrieranalysis |

v

List of land use scenarios that are not prevented by argy barrier |

v

Is forestation performed without being registered as the AR CDIM project activity araong the land
use scenarios that are included in the list of land use scenarios that are not prevented by any barrier?

e

Baseline is the Y Does the list Doesthelist (Y I Proposed &/R CDM =
= remaining land use (M= contain only one contain only - project activity ~ *
SCENario land use one land use ms 15 not additional
scenario? scenario? ' LLLLLLLL L L
Baseline is the * N N i | Baseline isthe
land use which : land use which
by allows for the Through e allows forthe [T
highest baseline - qualitative i s highest baseline
GHG rerovals by analysis, assess i 1| GHG removalsby
sinks s thg rerovals by # sinks
| sinks foreach Bt
SCENAYO
Baseline is the : Baseline is the
most economically | : i i1 | most econormically
b or financially : h 4 il orfinancially [
attractive | .| STEP3: STEP3: | : attractive
alternative land : | Investment Invesiment [ alternative land
USE SCENario : analysis analysis USe SCEnario
Baseline is the Baseline is the
|__| continuation of the | g.: .| continuationof the [_]
pre-praject land pre-project land
use use
STEP 4. Common
> practice analysis -
......................... . n - esasssssasssssssnsEnsanannny
Propesed AR CDM & i Ifnot the baseline, proposed
: pmjecf aCtMty -d, .......................... h AJ’R pmject aChVﬂy i’
is not additional . H additional

Figure2.1: Flowchart of Baseline Scenario Selection
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Once selected and approvethe data for the baseline scenariare obtained
from either astandardized baselinprovided bythe UNFCCQyr from data collected
from ground measurements following standard forestrymeasurenents procedure

that would beprovidedby those running the projediUNF18b]

2.3.2 Tool for Estimation ofChangsin the Level of Carboin Trees and

Shrubs

The monitoring of carbostocksin the plant lifein the forest is mandatory for all
four of the A/R project typesand iscomputedusingthe Tool for monitoring the changes
in trees and shrub$Est15b] ThisTool provides bothinstructions for measuringhe

trees and instructions for measuring the shrubs.

Thefirst step for determining the carbon levels in the trees isctdculae the
change in carborstocksbetween two points in timgEstl5b] If there has been an
eventthat would drastically alter thearbon levelof the forest suchas a firethenit is
recommended to usdwo measurements of the foreswith different sample plots
[Estl5b] Otherwise it is sufficient tojust remeasure our previous sample plots and
comparethis valueto the previousmeasuremenin order toestimate the overaltarbon
change of the foregiEst15b] If there has been very little tim@r growth) between the
two measurementsthen the projectmanagemay decide to save the cost of measuring
altogether and simply usea result of no changgEstl5b] In addition to these
calculations for change in carbon stocks between any two points in, timeee are also

calculations for the annual change in carbon stdélst15b]
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The firsttwo componens of the Trees and ShruléZarbon Leveldol are focused
on calculating the change over tima carbon stocksin the forest To be able to
calculate thisvalug we need to know the carbon level at a specific point in tinmgs is
the focus ofthe third step of the tool [Est15b] The most common approadhto select
sample plots2 ¥ f I YR Ay S| Gtfataif srderiKpBovidelBa@isfically Q &
representative sample of that stratum from whithe biomass of the entire forestan
be extrapolated[Est15b] Alternatively, if availabletree growth can be projectedsing
existingdataandforest growthmodelsfrom other researchjEst15b] Those runninghe
project mayalsouse their own methodor calculating the volume of the trees proed
they can demonstrate that theimpproachis accurate [Estl5b] The process of
demonstraing accuracyis outlined intwo other Tool documents that areliscussedn

Section2.37.

Once the treecarbon levekalculationshave been completedhe shrub carbon
level needs to be determinedThs calculationmirrors the tree approach by providing
instructions fordeterminingthe change in carbon levels in the shridween anytwo
points in time per year or just the current carbonlevel [Estl5b] The shrubs
computationis less effortas it requires no direct plant measurementsthe fidd but
instead creates an estimate based on tt@nopycover (the percentage of the forest
floor obscured by plants from the skpf the forestwhich can be determinedrom

existingair photographsor satellite images obtainediaan aerial survejEst15b]
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2.3.3 Tool for the Estimation of Carbon Stocks®ad Wood and Litter

In addition to living plantgt is also necessatyp measure the carbon content of
dead plantsand dead woodn the forest Toaccomplishthis, the Tool for measuring
dead wood and litteiis utilized[Est15a] The first step of this @ol isto measue dead
trees, stumps,and logswithin the sample plotan orderto estimate the overall carbon
for the project aregEstl5a] Deadtreesand stumpsare measuredn a similar fashion
to the living ones their volumeis estimatedwith adjustmentsfor their state of decay
andthe degree of their branch log&stl5a] While the dead trees and stumps can be
spread throughout the sanip plot, the logs are selected by laying out two intersecting
lines and measuringlllogsthat crossthose linegEst15a] The lengths of these lingas
well as the decay level of the lggse factored into the calculations to estimate the log
carbon évels for thesampling plot and fothe projectarea[Estl5a] It is possible to
skipthesemeasuements by using th@rees andShrubs dol to estimatethe dead wood
levels[Est15a] Litter isdeterminedby weighing gatheredsamplesand adjusing for the

moisture[Est15a]

Once the dead wood and littdrave been measurednd extrapolatedover the
whole project areawe cancomparethis to previous measurements tarrive atthe

change in carbon between two points in tirftest15a]
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2.3.4 Tool for Estimaton of Soil Organic CarboStocks

If the project area is not a wetland and the litter remains on the forféstr,
then the Tool for tracking canges in carbon levels in soil shouldusedto estimate the
stocks ofsoil organiccarbon[Tool11] It isassumed thabarring any major disturbances
to the soil the carbon levelwill remain constant[Tooll] Disturbances such as
ploughing, removing stumpsarvestingor plantingtrees canresult in a change to the
carbon levelssuch thatit will take at least 20 years with no further disturbances to
reach asteadystate again [Tooll]Forthose 20 yearswe calculate the rate of change
and current carbon levelsased on thanitial carbon levels, time since the disturbance
and estimated carbon loss frometdisturbancgTooll] Outside of that time periogit

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

2.3.5 Tool for the Estimation ofSHG Emissiorfsom Burning

If a fire occurs within the project boundaryf is necessaryo account fo the
GHGs released into the atmospherelhis can be accomplishedsing the Tool for
determining the GHG emissions that are created from burnifigis Tool provides
procedures for three types offire: natural forest fires, site preparation firesnd

postharvesffiresto clear landEst11]

Site preparation firesire manmade fires used at the start of the project to clear
the land for planting [Est11]These firecan bedisregardedf there has beena fire in

the tenyearperiod prior to the begiming of the projector if the baselinescenarioused
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slashand-burn practicesregularly[Est11] Otherwise the averag biomass of the trees

and shrubsn thearea is used to calculate the amount@HGs releasel@Est11]

Similar to site preparatiofiires, an area may be burned talear for replanting
after lumber is harvested If it is available the volume of the harvested wood can be
used to estimate the GHGs releasettherwise the emissions are estimated usitige

harvestedarea and default Maes[Est11]

GHGs released by natural fordsts are determined using thdree and dead
wood measurements from thenost recentverification for that area of the project
[Estl1l] Once all of thes&HG emissions have been calculated for all types o firen

they aresummedto arrive atthe total amount ofGHGgroduced from fires in that year

2.3.6 Agricultural Displacement ool

This Dol is utilized whenthe land selected for the project was home to
agricultural activitthus necessitatinghe need forrelocatingthe activity and hosting it
somewhere elseand displacing forest land useThe change incarbon stocks due to
displacementmust be accountedor prior to determining the CERs to the projectThe
Tool for computing his is smple with only three equationgequired to determinethe

change ircarbonfor the landwhere the agricultural activity is now locatfifst13]

The previous sixdbls are referenced by the methodologies directly and provide
the proceduresfor determining the CERs for a projeEbwever as mentioneckarlier,

there are two moreTools. Theseadditionaltools are referenced in th®ead Wood and
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Litter, and Trees andShrubs Tools, and are utilized when a project manager wishes to

use their ownvolumetable, volume equatiomr allometric equation

An allometric ussthe standardtree measurementsn forestry,such as diameter
of the treeat breast leight or the heightof the tree and their relation to the overaflize
of the treeto estimate tt§ (i NB S QEDM1X[ReNi11f Ehese allometric equations
are usually developed through destructive sampling and estimation of its paramisters
achievedvia a regression equation ffCDM17][Dem11] Volume equations or tables
use the same tree measurents but instead they estimate the stem volume of the

trees [Dem12]

The next setion outlines thetwo Tools that are used tovalidatethe equation

the project manager wishes to use

2.3.7 Demonstrating Appropriateness for Volume or Allomettitguatiors

Tools

While the process for validating an allometric equationdistinct from the
processof validating a volume table or equatipboth Tools follow the samerocedure

and criteriaand will be described together

A table or equation is assundeto be accurate if ihas been used in a national
survey of the hosting country, seen common use for at leastyearsor is based ofat
least 30 trees of the same specig3eml11][Dem12] Otherwiseat leastten sample

trees, representng avariety ofheights and diametegsvould need to becut down and
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measured either byvater displacementor by sectioning the tree and measuring it to
determine the volume and biomass with physical measuremelftthe measurements
match theresults provided by theroposedequation or tablewithin an acceptable

margin,then these areacceptable for use in the projeffbem11][Dem12]

2.4 Project Requiremerd Summary

Now that we haveintroduced the Tools and Mthodologiesfor A/R carbon
reduction projectsthe bastc requirements for the software can be determinedrhe
foremost requirement is the abilitpf the softwareto accommodate a wide variety of
equations(the Tool for the trees and shrubs has over 30 different equatjorfhere are
over 60 equationsin total among thefour Methodologes and eightTools. These
equations vary from simple operations to more complex om®Ivingsummation or
statistical analysis Furthermore,some equationsnay change based on available data
(such as with thesoil Carbon Tool) where the age of the data determinéss inclusion

[Est13]

Aside fromjust applyingthe equationsin the Tools the software should be
adaptive to allowa user to adchew equations Thisfeature changes the nature of the
software If the number and type ofequations werestatic, then software could be
designedto simply perform these However the software is not only required to be

able toallow a user to enter aew equation, but to applyit in the current context

With respect tothe data requirements, projects can havevade varietyof data

which will most likely be spread across a numbefr tables that willneed to be
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referencal. A relationaldatabaseis the logical solutiorio organize the data for the

project[Orac20]

Finally given thediverseinternational interest inthese projectsthe software
should be ableto run on a variety of different machines and operating systeass

computingresources may vanyidely betweenprojects.

With the Methodologies examined andur needs for the software outlinedve
cannow examinethe complete gproach to software developmentThat is,how the
software should be developednd how the Mthodologies should be implemented
Chapter 3takes a closer look at the software includirige programming languagéehe
database softwareised as well ahow equations are stored, interpreted araghpliedto

achievethe results.
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Chapter 3

Project Methodology

3.1 Introduction

In this chapterwe examine the technology and processes used to develop the
software andderivethe resultsfor A/R projects We beginby discussing the reasons for
choosing the specific programmitanguags as well as the features that make the
databaseareasonablechoice Following thiswe discuss how the equians are stored

and interpreted by the software to compute the results

3.2 Technology Selection

3.21 Java

The Java programming language was built on a philosopliywiite once run
anywhere€ 2 NJ [@yod8h). With Javait is not necessary teompile a different
version of a program for each operating systesthe sameversioncan berun in many
environments such a&/indows, Mac or Linux bas¢@lyso18b] This is accomplished by
the fact that Javaprograms arecompiled into an intermediary bytecode instead
object code that isspecific toan operating systemor architecture [Javal8] The
bytecode isthen interpreted by a Java Runtime Environment (JRi)a form thatthe

operating system caaxecute[Tyso18a]
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The JREs a software packagéhat gives theprogrammerthe environment
needed to executethe Jva bytecode basically,it acts as a translator between the
software and theoperating system{Tysol8a] Thisfeature in Javaallows the same
programsto execute ona variety of different platforms Thisdoes implyhowever,that
a JAva programrequires that the JRE is installed on tlizd Sdydkedn This is not a
concern as the JR&freely available online arfthsalreadybeeninstalledon billions of

deviceqOrac18]

The end resultis that we can create software that can run amost systens.
Furtherto this, the popularity of Java wilkave timeasit is possibleto exploit existing
code librarieswhich provide theadditional functions not in the base languagérhese

included libraries h@ito build interfaces or perform complexmathematical operations
3.22 H2

Java aloneis insufficient to create tre software modules required for this
research we also need to tere and organize the dataand for that a databases
required A reasonabledatabaseoption that is well-suited to our needsis H2 a free
Javabased SQL databaseH2 isa crossplatform system thatoperates on Apple
Windows orLinuxsystens[H218] EachH2databasesasmallfile that does notrequire
a server tomanage connectionsior require anythird-party software to be installed on
the host system [H218] These featuresmake H2a good choicefor our software

solution
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3.2.3 XML and Project Markupanguage

With Java selecteds the languagend H2chosento store and organize the
data, we still need to deermine how to handle the processes and calculations for an
A/R project From an &amination of the Mthodologies and their referenceodls, it
was determined that there wasa requirement thatthe userbe able todynamically
enter equations into the pnect. The processs not as simple as jukard-coding all the
equations into a software program, thenmust be a mechani® to store and read

equationsat runtime.

Gven the variety of procedures and equationghe structure of the database
could differ from project to project To handle thignstead of creating software that
simply computeshe results for the Mthodologes, our software solution permits the
creation of a variety of projects with differerdtructures and equations Thus,we
developeda simple instruction language thdirectsthe softwareas to whattables to

make, what equations to calculatand so on Theseinstructions arestored in XML

XML, which is short foreXtensible Markup Language a simpletext-based
language for storingnd sharingdata between system$wW3S18] XML at its core is just
plain text and does not need to be rewritten for different platforrmsplying there
shouldbe no compatibility issuesThe hierarchical nature of XML can be incorporated
into the structure of the language weave developedto descibe the projects for the

software An example ishown inFigure3.1
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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;SPRATA
<VERIFICATIONS_ID value="TYPE:FOREIGN;LINKTO:VERIFICATIONS;" />
<CC value="TYPE:DOUBLE;" />
<B value="TYPE:DOUBLE;" />
</COLUMNS>
</SHRUBS>
Figure3.1: Sample XML Table Code

In Figure3.1we have the instructions for the layout of a tableaiprojectthat is
incorporatingdata on measurementabout shrubs The structure for tables has the
parent element namedfter as the matchingable in the databasdwhich in this case is
SHRUBS Within the parent elements a child element name@€OLUMNSthis is a
OF 1S32NE KSIRAYy3I RSy2(GAy3 GKIGO GKS St SYSy
columns Each column element is named after the respective column in the table and
contains information onits data type and if necessargther details For a more

detailed examination of th&XMLcodeused for the projectsplease see Appendix B

3.3 Calculations

3.3.1 ReorderingEquations

As we havepreviously established the software may need to input new
equationsdynamically These new equations witle stored in XML Thisimpliesthat a
mechanismis requiredin the software to imput, interpret and ompute the results of all
the equations accurately An obstacle that has to be addressedtisat the new

equations will be entered by humans who do mpobcessequations in the same manner
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as computers While humanssee 3+2*5 and know that the 2*5 would lomne prior to
3+2 (if following PEDMAShe software will not, unless it isinstructed accordingly
Software typically reads input from left to right which could result inthe addition
operation being performedbefore the multiplication To overcome thisthe software
would need to ead the whole equation This could be cumbersome especially

consideringhe complexty of some of the equations

There needs tdbe a more suitable form for entering equations ghat the
software can interpret themproperly. Fortunately postfix notation is a more direct
mathematical notaibn that has no ambiguity with therder of calculations[Mcl19].
Instead of the operands being to the left and rightaobinaryoperator, they precedat.
For examplel+2 would be written 12+ and 1+2*3 as 123*+ Once ordered the
equationis read left to rightuntil an operator is reached At this point theoperator is
applied using the two precedingvalues with the result being placed back in the
equation The procedure begins agairForexample 123*+ becomes 16+ then 7 as the
final result Postfix notationprovidesa clear simple order of execution for software to

follow.

To reorder an equation into postfix notationour software uses a procedure
calledéshunting Yard Algorithme [Wol13]. The algorithm uses two stacks to manipelat
the order of theterms in theequation the Output Sack and theSorage Sack The
Output Sack will contain the final order oéquation terms while theSorage Sack

storesvariousoperators until needed Eachterm of the equation is readeft to right



24

with operands gmmgdirectly to the Qutput Stackwith operatorspotentially being placed

in the Storage tack

Each operator has a priority that determines whemsiapplied Higher priority
operators such as divide anultiply remain on the Stoage $ack until required, or
another operator with lower priority is read When read, alower priority operator
results inthe Sorage Sack beingemptied onto the @tput Sack only stopping if the
Storage Stack reaches an operator with the samwer priority. An goen parenthesis
iskept inthe Sorage Stack untilka close parenthesis i®und. When aclose parenthesis
is read it isdiscardedandthe Sorage Sack is emptieconto the Qutput Sackuntil the
next open parenthesiss found The open parenthesisis then discarded,and the

Software Stackcontinuestaking new terms from the equation.

The priorities assigned to operators itme software follow the standard
PEDMAS parenthesis exponents followed by multiplication and divisiam the order
they appear and finally additionand subtraction in the order they appearThis
effectively creates three levels of priorityHowever,due to the complexity of the
equations we are using, owoftware introduces several more priority level§able3.1
outlines the different priority levels that are used in reering and processing

equations in our software.
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Operation Type Example

Decision StatementsK IF Tree_Height>20

statemens)

Operations on a Range of Value; Sum, Mean, Count

MonadicFunctions Round Up, Round Down, Absolute
Value

Parenthesis and Exponents (2+3f*20

Multiplication and Division 4*5/35

Addition and Subtraction 2+45

Table3.1: List of Operation Priorities for Equation Reordering
The first two priorities, Decision Satements and Operations on a Range of
Values are performed before the equation is reorderedThe resultfrom these
operations ignsertedinto the equationreplacing the term, then the altered equation is

reordered using the Shunting Yard Algorithm

Given that DecisionSatements arenormallywritten in a methodsimilar to how
we write equationswe encounter thesame ambiguity issuevhen trying to have
software compute them Fortunately toaccommodate theéDecisionSatements we can
use theShunting ¥rd Algorithm to reorder Boolean operationsisinga similar process

asdescribedabove

3.3.2 Date Calculations

As we saw in Chapter, @me equationsn the Toolsnvolve timebased factos
that require our software tointeract with dates for example the date of a soaill
disturbance forcalculating soil carbon levelshi$ presens an interesting problem
Some operationsre obvious such as determining the highest or lowdate, but for

others, such as multiplication or divisipthere is not acleardefinition. For example if
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we were to perform the operatioW H a0&m @Q bpZ GKS p O02dz R NBTFS
evenyears On a tchnicallevel these operations are all possibbecausedatesin a
computer are storeds integers Thisimplies thattheoretically, dates can bemultiplied
or divided but since these results arenot necessary for our researchhese date

operationsare not part of the A/RMethodologies

While adition, multiplication and divisiorwith dates isnot required in the
Methodologies subtraction isnecessary Fortunately, sbtraction betweentwo datesis
a simple operation leadingn unambiguous result presented #s number of days
between the two dates The unit of éysis used because differences in months or years

could varydue tothe variation in the number of days in a month and as well, leap years.

3.3.3 Text Calculations

Textdata (or stringspresentsimilarissues aswas found withdates wheresome

are not suitable as input Given that we may need to makeecisions based on
information given as textlata Guch as land type or project scaleur software does

need to accommodatsome form oftext datain the calculations Justas we observed

with the date valuesthere are suitable andinsuitable operatios for text values in

equations. B NJ SEI YLIX ST AT 65 6SNB ¢z A INDKRZNN KEME
clear result that should be produced as neither word has a numerical value. However, if

S 6SNB (2 AyadaSlI R LISNF 2wMouid e&ivethadsebiilt 6fA 2 y W

WeNHzZSQ a ¢S OFy O2YLINB GKSY FfLKFEoSGAOL
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unsuitable calculations on text wileturn an error messagevhile suitable operations

will return the appropriateresults.

3.4 Summary

With our choices oflava, H2, and XMlve believe that these platforms will
provide the featuresneeded to develop an environment that isable to create a
independent andversatile software packag® implement the A/RMethodologiesfor
the UNFCCCThe Shuntingrard Algorithm provided a method to reordire equations
into a form that our softwarecan accurately evaluat® arrive at theproper results
How these components interact with each other is displayed in Figure 3.2 where we
follow the chain of eventshat 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 determingtich data is required, it
can then retrieve thatlata from the H2 database-rom 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 equatins 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 fnm the start to create an updated display for the user.
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In Chapter 4we will take a closer look aiur software anddiscuss hovits
featurescan assist in creating geneAdR projectsas well aperformingthe needed

calculations.
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Chapter 4

Software Design

4.1 Introduction

In this chapteywe examine thesoftwarewe developed anddiscusshow it can
be used to implement the A/R Bthodologies We willbeginwith a general overview of
the approachtaken to implement projects and templatesand then follow with an
examination of themplemenfation process fortables and equationsequiredto meet
the basic needs of the methodologiesWe will conclude with a discussion on the

reports andwizards. two featuresthat will improve the usability of the program.

However, efore we discusghe details and functions obur software, it is
necessary to mention what the software is not intended ta behe softwareis not a
direct implementationof any A/R Methodologes or their Tools, nor is ita database
editor or a calculatar Oursoftwareis best thought of asmengine similar to how game
developers use engissuch as UnityUnil9]or Unreal[Epil9]to creategamesso they
do not have tobegin from the start eacltiime. This software providesthe tools and
flexibility to generatea variety ofA/R projectswithout having todevelop new software

for each type of project
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4.2 Projects and Templates

The softwareoperates in two different modesProject and Template Project
Mode is intended for project managerss n this mode tables, equationsyizards and
reportscan be created as well @atacan beinput, andthe results of the equationsan
be seen As discussed in Chapter the data is stored in an H2 database and the
equations and instructions in XML 8le The softwareutilizes these to create an
interface from which the results of the project can be determine®dnce created
projects can be altered at any tinseich asadding new equations or tableswhile it is
certainlydesirableto allow userghe freedom tocorfigure or recorfiguretheir projects
there does need to b& mechanismto, at a minimum, provide a standardstarting

implementationfor all of the Methodologes This is wheréemplatescome into play.

A typicaluser of our softwarecan create a standarstartingimplementation of
any project type by using th@emplate Mvde in the software This will create a
template from which the user cacreate the tables, enter the equationand corigure
anywizards or reports as necessaryhe differencébetween a template and a project is
that in the former datais not entered so results are not computeth Template Mde,
the software does not irteract with the database nor does it perform any calculations
Instead the created structure is saved in Xtirmat from whichthe user can then later
upgrade toa project usinga pre-existing template After a template is used to create a

project, the usercan then usats tables and equation® enter any data that isequired.
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4.3 Tables

Any data entered by a useris stored in a H2 database table An in-depth
understanding of databases is not requireddomprehendthe softwarebut there are
important conceptghat shouldbe mentioned Tablesare straightforward,data entered
by the user is stored in rows and columri3ata incolumnswill be restricted to specific
data types such aswumeric, text dates,etc. Each table haa specialcolumn, referred to
as the primary keywhich must containunique valus for eachrecord The primary key
is a reference numberfor a rowand is how it is identified by the softwarelo avoid
errors, a value forthe primary keycolumn is automaticallygenerated for eacmew

record

Another type of special column ithe foreign key Foreign keys are used to
reference primary keyin other tables through which oursoftware canthen access
other data for that specificrecordin the secondtable. For example, there could be a
table of tree species outlining common properties ansecondtable of individual trees
Rather than having tenter the samespecificdata foreachtree of a given specigethe
foreign key can reference theecords of that specificspeciesin the second table

Foreign keys arsometimescalled links, athey link records from different tables.

Finally we introduced &lame attribute columnto our software tomake itmore
userfriendly (this is not a standard feature for databasedfach table has a Name
columnto permit each ecordto be displayed when selectirgy foreign key value For

example if the tree speas table entry 33 is oak treed h I Wyoéld be enteredn the
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name columm. Thus, when the foreign key entry in another tablis selected the user

woulddiSS d@ooY hl{1é¢ AyadSIR 2F 2dzad dooé

4.3.1 TableBuilder

The TableBuildermodule is where usersof the softwarecan edit, create and
delete tables When creating a templatéor a new projec), the Table Builders where
the usermuststart as without tablesthere cannot be any equationgjizards or reports
Figure4.1 showsthe interface forthe Table Buildemodule in our software Theleft-
hand side hasbuttons to Rename Delete, or Add Tables while the right-hand side
provides a summary dhe existingtables To edit a specific tabjehe user seled a

table from the liston theright-handsideand then click Edit Golumns

List of Tables
Main
| [ Table Builder | Data Editor | Equatipn Builder | Wizard Builder | Report Builder | wizards |
Pp— Table Name Columns Name Column Links
[ New Table DEADWOOD MEASUR... 10 NAME PLOTS ID, PLOT MEA...
DISPLACEMENTS 13 NAME VERIFICATIONS ID
| Rename Table PLOTS 4 NAME STRATA ID
— PLOT MEASUREMENTS 7 NAME PLOTS ID, STRATA M...
Table Controls ( Delete Table SOIL STRATA 9 NAME
—— STRATA 4 NAME
EditColumns | STRATA MEASUREME... 7 NAME STRATA ID, VERIFICA...
T TREE MEASUREMENTS 5 NAME PLOT MEASUREMENT...
TREE SPECIES 5 NAME
SaveChanges VERIFICATIONS 3 NAME
| Revertto Last Save
Message &
Save @ Changes Saved
Confirmation

Figure4.1: TableBuilder Screenshot Main Screen
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Figure4.2 displays the interfac¢hat is shownwhen viewing a single tahleThis

is whereuserscanedit the chosen tabléy adding removing renamingor changingthe

data types of columns Changingdata typesshould beperformed with caution as any

entries in that column will be erased~ortunately, while working in th&ableBuilder,

changes are not committed untbavehas been selected@s any changecan have a

significantimpact on the projectespecially if a error is madesuch asaccidentally

deletingatable.

Column Controls Table Columns
Main
Table Builder | Djta Editor | Equation Builder | Wizard Builder | Report Builder | wizaras||
I I Column Name Data Type Notes Links To [
\ New Column J DISPLACEMENTS ID __ INTEGER Primary Index
NAME STRING Name Column
| Delete Column | SOC REF DOUBLE
F LUP DOUBLE
| Add Link to Other Table | F MGP DOUBLE
F INP DOUBLE
| Rename Column ‘ F LUD DOUBLE
F MGD DOUBLE
| BacktoTableList | : '[:‘Igp ggg:tg
VERIFICATIONS 1D INTEGER Link Column VERIFICATIONS
B TREE DOUBLE
B SHRUB DOUBLE

Figure4.2: TableBuilder Screenshot Individual Table

4.3.2 Data Editor

The Data Editor module is only available irProject Mode and is where most

users spendheir time asthis is where the data ientered, and resultscomputed



35

Unlike the other moduleschanges are saved as they are entetegermit the results
of the equations to be updated in real time

Figure4.3displayshe interface provided byhe Data Editor. Tables are selected
on the left which can result in data being accessed and returndtbm the database
equationsinterpreted in an XML file andresults presented in a tablelf an equation
uses values fronanother table then the other table isalsoloaded as are ag other
tables refeenced until all the needed information is availableOnce everything is

calculated and gatheredhe resultingtable is displayed to the user

Table Columns and Rows

[
[ 7ables | Reports | || easic_io NAME A B MULTIPLY ADD
T ADVANGED Test Row 1 1 2

_ 2| Test Row 2 0.05 5(0.25 5.05

DATES 3| Test Row 3 -0.5 10| -5 9.5

-
-

IFTABLE
L1

L2

L3

TRIG

List of Tables

Add Row

Table Controls

Delete Row

Export Current Table

Export Controls

| Copy Table to Clipboard |

o Figure4.3: DataEditor Screenshot

In the controlsshown inthe left-hand sideof Figure4.3the first two buttonsare
to addandremowe rows from the table The next two areused toexportdata out of the
software Export Current Tableaves the contents of thecurrent tableinto a tab
separated text file which can then be opened by spreadsheet progssuch as

Microsoft Excel TheCopy Table to Clipboakaitton behavesn much the same manner
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except thatthe tab separated data istoredin the clipboard and can then be pasted

into a spreadsheet programf thedza SN & . OK22 a4 Ay 3
4.3.2.1Data Editor Error Messages

Due to thecomplexityof the Methodologies there will be timesvhenequations
are unable to produce a resuliThe most common cause of this will be empty cells that
have no data (but there will be other causes as well Instead ofleaving the output
blank the softwarewill display an error messageThere are both user created error
messages as well as system created emessages AppendixD contains a table of all

the error messages and the liketauses

4.4 Equations

Equations in our software are treated ascollection of operators, constantand
values that will be calculated at runtimé-oreach equationthe softwaregoes through
the tablgs) on which it is basedcalculating the results for each individual entry
Computing the results of thegeiationsfor an A/R Methodology and Toolis the main
goal of our researchand as described in Chapter, there are a wide variety of
operations to incorporate In Chapter 3we discussed how equations are translated into
a form that thesoftware can interpreti.e. postfix notation). In the previous sectiaorwe
discussedhe Data Editorwhere the results are displayedNow we will describe the

component of tle software whee equationscan beentereddirectly by the user.
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4.4.1 EquationBuilder

The Equation Buildermodule is understandably one of the more complex
componentsof our software as iallows usersto create, edit and delete equationssing

a Graphical Usenterface(GUI)

Figure4.4 shows theinterface of theEquation Buildewhile viewing agparticular
equation The panel across the top is tliEguation Paneand it displays theequation
itself. The terms of the equations are represented byttons for math symbols,
operations andtable values andtextboxesrepresened for text, dates and numbes.
The lower half of the interface is made of thrpanelseach with thei own controls
The leftmost panel is th€ontrol Panelwhich contains the features fananipulating
the equations. The middle panel is th®perations Paneiyhich houses the controls for
the various operations and math symbolBherightmost panel is th& able Valud’ane)
which displays the columnavailablefrom the base tableof the equation and anytable

to which it links Thedetails fordifferent featuresare described in ppendixC

In order to add a term to an equation the user can select the appropriate term
from the Table ValusPaneland 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 dgging already existing terms on screen. The screenshot
shown inFigure4.4 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



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

operations aradiscussed in the next section

Main

Equation Panel
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These

[ Tabte Builder | Data Editor [ Equation Builder | wizard Builder | Report Builder | wizards |

Equation Terms

Path: PROJECTS,DEMOS, TABLES,VERIFICATIONS,EQUATIONS,UNCERTAINTY Name: UNCERTAINTY

\_() \L | OP:COUNT1 | fmsafil OP:COUNT2 | L)J Lj w L(_‘ OP:SUM1 | L)J L)_‘ L.) B_TREE |

|

perations Panel _| |— Table Value Panel |

|—Control Panel —I ,— O

Term Controls d I Comparators ] Dates jvsmncxnous
Equation Controls || Basic | ¢ | g ic =
B_TREE
Change . 5
e \ {1 o s UNCERTAINTY |
\ Rename J
—Rmad | L | Lo || ren ) | BIOMASS_TREE
RO, Sos = P—
C_TREE
save x? v | X | 3y \ — i —
e DC_TREET
Delete Equation 11X 5y || Xy T —
i | s i | i = £
EXp Insert Number | ‘ soc L
—_— v

Figure4.4: Equation Builder Screenshot

4.4.2 Subequatiors

In Figure 4.4 the tersiOP:SUM]1 OP:COUNT1, and OP:COUIdienot just
values in a table,they represent the result of an operatioon 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 screenshotfor the sum
operation (OP:SUMlis shown Thereare three different rows in this panel cqrared
the single row ofFigure4.4. The bp row of Figure4.5 containsthe values tobe
summaed. This example sums the single value of V_TREE_J but the user could enter an
equation such as V_TREE_J * 2 if desir€perations 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 equaiiba.resultwill

then bereturned to main equatiorat the time of calculatior{much like a method call in

[ Table BuildarI Data Editor [ Equation Builder] Wizard Builder ] Report Builder I Wizards ]
Path: PROJECTS,FINAL, TABLES,PLOTS,EQUATIONS, TOTAL_BIOMASS,SUM1,0P:SUM1
Subequation Formula —Ev;me; BIOMASS |
Criteria for Inclusion @ Criteria: | TREE_SPECIES.DENSITY | | > | ||5
Grouping Value —Eroup values by: |PLOTS_ID ~
Selector
| Equation Controls ] f Tri i T Ad d T Comp. T Dates | TREES | PLOTS | TREE_SPECIES ]_
J Term Controls L _[ Basic ] Constants Ll
TREE_SPECIES.TREE_SPECIES_ID
Edit N / + e
| )| | |y TREE_SPECIES.NAME
Parent :
| Ln Log ) TREE_SPECIES.DENSITY
Delete ¢
— — 5 7 3 = TREE_SPECIES.BEF
Backspace | X J| X v
| TREE_SPECIES.ROOT_TO_SHOOT
Left 11X Y X v 10%
| I TREE_SPECIES.BIOMASS
Right |
| EXP Insert Number
Duplicate Term | > e RS o>

Figure4.5: Equation Builder Subequation Panel

The usemay not wish to include everecord from the data tablén the results
of subequation,soit 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 taslo
see which will be involved in the calculationThe third row determines how the
resulting \alues are groupedlf the tablesin the main equation and the subequation are
linked, then there is tle option to choose to include recordssing all the values or just
the matching values from the linkFor exampleif in a table of different strata we
wanted the total carbon biomass of each sample pllben we wouldgroupthe 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 cée further nested such tht they can
have their own subequationsThe degree ofnesting can be adeep asnecessary to
create complex equations with many layer§he downside is thagéach nested level

impliesadded complexity and more opportunitiés make an error

4.4.3 IFStatements

Most subequations like sum, mean, count, highest, and lowast a interface
similar tothat shown inFigure4.5 and behae in much the same way as described
There is however,one exceptionthat has asignificantlydifferent configuration There
may be situationswhere userswant equatiors to behave differenlty based on datan
the current ecord As mentioned forsubequations Boolean logiccan be usedo
determine whether to includeacords but it can also be usetb determineif to include
different equatiors entirely. By usinglF statemens, the software can selea different

subequation to apply othe current record

If Statements are comprised ahy number of possible clauses each comprised
of a Boolean decision and a resufievation. 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 thEhenfield is performedand the results of
which are returned to the maiequation. 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 screenshotin Figure4.6 shows theEquation Builder with an If Statement
loaded. In this configuration the Equation Panel has three components. Thdndwid
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-hayid sideis a
panel with two rows. The top row, labeldB, contains the Boolean decision statement

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

List of If Boolean Decision
Clauses Formula

Table Builder | Data Editor ] Equation Builder | Wizard Builder | Report Builder | Wizards
Move Up I IF: VERIFICATION_DATE... I

\ @ IF: VERIFICATION_DATE - START_DATE <= 365 && PERC
If Statement IF: VERIFICATION_DATE... - ) Sl 4
Move Down ELSE: 0
_— 2 U Then: | - SOC_INITIAL 2101
Controls j e |~ f}:soc) L L |
Add
Delete
Then Formula
<< 7
[ ion Controls l [ Tri i 1 Ad d I C ] Dates | ISOIL_PLOTS
J Term Controls L J Basic l Constants — 2
SOIL_PLOTS_ID N
Edit | . ’ B
J L NAME
Parent —
( Ln | Log ) | SOC_INITIAL
Delete - : > 5 .
SOC_REFERENCE
2 3 3 |
|  Backspace | | X V. | X v
—_— PERCENTAGE
| Left | 11X y X X
— PRl eacasfi avimjiled 0] START_DATE
Right
S —— EXP Insert Number | VERIFICATION_DATE -
| Duplicate Term | e’ ————— X

Figure4.6: Equation Builder IF Panel

4.4.4 Equation Versions

When editing equations imempate Modeusers may create multiple versions of
an equation. The different versions are all referred to by the same equation hame when
being referenced by other equations in the same Template. When a Project is created
using a Template a single versiar tach 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.

45 Wizarcs

When entering datathe software provideghe option of using theData Editor
for each table, but this may not be the best approachas it implies having exact
knowledge ofwhich tables to updatend, in some casesvhich order If a user has to
enter datafrom the same group of tables on a regular basien it may be beneficial to
use aWizard Wizards are stepby-step formsthat walk uses through updatingspecific
tables in a particular order. For example,if a user wanted to enter a sample plot
measurementthey coulduse a Wizardthat first displays thePots Table to which any
relevant datais added andhen the TreesTableto which new data is input A Wizard

ensureshat the necessary tableare updated anahot anyunnecessary tables

Wizards do not necessarily follow single sequentiglath but may load different
branching stepss users traverse the processeaftering data or answering questions
Figure4.7 depictsa flowchart of a sampl&Vizardwith branching paths To determine
which branch iexecuted the Wizard tracks different variablesthat are updated with
user input and tested with Boolearonditions Each branch can load a different table or
form based on the previous datal his is also wére the different equation versions can
be selected Forexamplewhen assigning a table to a brant¢he usercan select which

equationversion that branch will use when the project is created.
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Procequre Step 1

A2 v v

Table 1 Table 2 Table 1 Step 2
Equations A Equations A Equations B

v v

Table 2 Load Nothing but Step 3
Equations B
Input Question

update variables

Step 4

Table 3

Step 5

Table 4 Table 5

Finish

Figure 4.7: Sample Wizard Flowchart

4.5.1 WizardBuilder

The Wizard Builderis whereusers carcreate and editWizards to assist in the
updating of specific tables repeatedlyWizardsare broken up intoStepsthat are
executedin sequence when th&Vizardis executed. Figure 4.8 shows a screenshot of
the Wizard Builderditing Step 3 of a sample Wizardamed TREESThisStepcontains
two possibleBranches namedBRANCHANnd BRANCH2 Figure 4.8 is displaying the
settings forBRANCHL1 In the settings we can see that tisanchwill load the table

STRATAwhich contains two equations, should the selection condition be met.
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Tabs for Branches in Branch Selection
Current Step Condition
_[_Table Builder] Data Editor I Equation Builder [erd B Mor] Report Builder I Wizards ]
Wizard Current Wizard: TREES | BRANCH1 | BRANCH2 ‘l
. ] P
|nf0rmatl0n ICurrent Step:  Strata I TXT-TEXTA
Contro' —{ Wizardsr Steps | Values | Branches Edit
TabS | GoToStep | Step 1: Question
T step 2: Tree Species Table | Values and Resu|tsl
R Step'3; Suata Table: | STRATA v
Duplicate Step | Step 4: Plots
Step 5: Trees Equation Name Version
S tep __MoveUp | MEAN_BIOMASS Not Applicable
— UNCERTAINTY Not Applicabls
Controls L Move Down I ot Applicable
| Remove Step |
Rename Step |
Next Step
leiesxiouseiesil Equation \(ersmn
L Selection

Save Changes |

Figure4.8: WizardBuilder Screenshot

Using the controlsuserscreate Stepsone by oneby adding Brancheso each
step aghe Wizardis built For bothStepsand Branchesusershave the option tacreate
entirely newStepsand Brancher simplyduplicateexisting ones The Stepscan have
any number ofBrancheseach with their own condition for selectionThe current
condition is shown as plain text in the top panel on the highand sideand can be
edited using theCondition Editowhich will bediscussed in Section54. Beneath tle
current condition the usesees the options for configuring the interface generated in
that step of theWizard There isan option to display adble or an input form Figure
4.8 showsthe interface for selecting a tablend if inTemplate Modewhich equation

versions the project will use

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

to atable they can sect the Values and Resultab (shown inFigure4.9). The top
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panelis where we can outline amput Form with the option to show text, ask for text
input, or select from a list of opti@ The forms are made abwswith eachrow being
a controlgenerated bythe software based on the instructionghat were inputby the
user. If we want a paragraph of text giving the user instructions followed bglection,
then we create aow that is the text paragraph followed lyreatinga secondow that
is the list selection Once the user makes the selection in the, lise choice is stored in

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

Beneath thelnput Form Panel there isthe Value Results PanellThere maybe
situationswhere a userwants avariable to equal a certain value insteagputting the
value from the user. In th¥alue Results Panaluser can select viables and manually
assign them a resulting valubat will be saved should thiBranchbe exeated by the

Wizard

Table Builder I Data Editor l Equation Builder ] Wizard Builder 1 Report Builder ] Wizards |

ICurrent Wizard: TREES BRANCH1
e
Cment Step e Question Click Edit to add a condition
Wizards l Steps | Values | Branches Edit
{ )
| Go To Step Step 1: Question
; Step 2: Tree Species Table | Values and Resuits
& Step 3: Strata Input Form:
: Step 4: Plots =T
|_Duplicate Step Caption Default Value Input Type Store Result In Add Line
Step 5: Trees — - —_
M U Are you adding ... LIST Species
oVe.-up Are you adding ... LIST Strata Delete Line
Input Form
[MaveiDiowey Edit Settings — Li P Control
~ Ine controis
| Remove Step |nput Form L|nes Move Down
| Rename Step MoveUp |
| NextStep | Results: .
. Value Equals | Add Value
MEylousSiopN) Species TEXT:Yes V I R |t
Strata TEXT:No Remove Value __Vvalue resu
Edit Resuit ContrOIS

Value Results
Figure4.9: WizardBuilder Input Tab

| Save Changes
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OnceWizards are created and savedsersare able toapplythem to perform
tasks inaprojectin a more orderly fashiarThis shouldeduce the chance ogrrors

while entering data

4 5.2 WizardExecuer

Once createdWizards can be a great aid tosersworking on projects When
startinga new project from a templatall Wizards that are applicabldo that template
will be displayed in a ligtom whichthe user carchoose Tocontinuebuilding a project
the user must either selectWizard2 NJ dza S G KS § SY LJ. Befose®is RS T I d

selection is madghe rest of themodulesare hidden from view as shown kigure4.10.

Main

Wizards I
Available Wizards
DEMO
List of
Available —
Wizards
. ——
Wizard ( Load Wizard
Options | Use Default Settings |

Aoy RS Next -

Figure4.10 Wizard Executor Initial Screen



47

If one of the Wizards is selected,the software reads the XMlfile and loadsall

the forms and tablesnecessaryasshown inFigure4.11). The user progresses through

the Wizardstep-by-step, with their responsegletermining which branchisto be loaded

next. Oncethe Wizardhas completed the tables are created, the dataved and the

XML file for the projectis created At any poinf the user canselect Cancel which

deletes any entered datar Finishwhich creates the tables with defaults equations and

no data

Main

| wizaras |

Wizard Step | currentproject: emos
Information Current Table: VERIFICATIONS

Add Rows: 4
Row Controls — | Delete Row
Add Values |

VERIFICATIONS_ID

NAME DATE
Profect Start | Dec 11, 2008 |

E A

Update 1 Nov 25, 2011
Update 2
Project Compl... | Nov 23, 2018

heir values from other tables.

'The columns with dropdown lists pull
'To add to those tables click the button below|

ith the column selected.

Navigation |: : =
Controls Cancel J L Previous | L Next J | Finish J

I
Data Table

Figure4.11: WizardExecution Screenshot

In an existing project, usersn still create and rukVizards if there is a specific

set of datathey want to regularly update For example, &Vizardcreated to handlghe

input of measurementdor the heights of trees can present the user with the tables to



48

enter the data, but onlyncludethe tablesnecessary to complete the taskn this mode

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

Creating Wizarcs may be initially time consuming but will be worth the
investmentas they willsave time and can prevent missed entries in standard tasks in

the projects.

4.5.3 Condition Editor

TheGondition Editor (shown in Figure 4.)2s essentiallya stripped-down version
of the Equation Buildemodule While in the Condition Editgra usercan still add
calculations andBooleanconditions there are noadvanced operationsr IF statements
permitted. The Condition Editor is designed to create testquicklyto either selectthe
next branch in awWizard or make a filter forwhich recordsare to be displayedin a
report. When used with thewizardBuilder, the vaiables for thatWizard are used in
place of table values whereasthe Report Bilder, a userstill requiresthe values from
the tables In both caseswe want toinsertin a small equation that tests the values to
return either true or false If the result istrue, this is the branch that will bexecutedin
a Wizard or the record will be includedn aReport Any response other than true is

considered false
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Strata == | Yes
Equation Terms to Add Values from
Term Options to Equation Wizard or Report
Contols _[Basiem]/?[ Cons(ams] | Values |
Delete | Species | Strata
L Backspace | ! L & {
Left
D — ( Ln Log )
Right ) { G
Ok X2 v o | IR
L |
Cancel
[ & || Xv || 10
L L
EXP Insert Number

Figure4.12 Condition Editor Screenshot

4.6 Repors

In the Data HElitor we canexaminetables andor export thetables in text form,
for use in various documest This works well ifa user desireshe entire tablebut
frequently userswill want eitherto limit the results and/or combine results with other
tables Reportslet userscreate custom tables that can combine data from multiple
source tables into one output With the Repoits saved they can be viewed and
exported as needed for diffent project documents savinthe trouble of having to

compike the data needed from the table each time.

4.6.1 Report Builder

The Report Builder is the least complex moduleour software It follows a

similardesignto the Table Buildewith controls on the lefthand sideandthe details of
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the Reportson the righthand side Figure4.13displaysa list of existingReportswith

their name,basetable andnumber ofcolumns

List of Reports

Main

Table Euilder] Equation Builder [ Wizard Builder [ Report Builder]

| New Report LoadReport | | Report Name Base Table Number of Columns

Delete Report | Change Repor PLOT_SUMMARY | TABLE:PLOT_MEASUREMENTS 6

Tables

Disabled Controls in
Report Table Mode

Controls

Figure4.13 Report Builder List Mode

The base table determindgbte data the Report is able to displaya Report can
display columns from its base table as well as any tablehich it is linked directly or
indirectly. Thetop three buttonson the left-hand side allow usrs to create (New),

Delete or Loada Report.

When aReportis loaded the rest of the controls are@nabled and allow wegsto
manipulate the columns by adding, removing or moving ti{ghown inFigure4.14). In
this mode the righthandsideof the window has apanelshowing the column$or each
table in the report In the Table Builder and Data Editor modulesnamescan only be
entered in uppercaswith no special charactefaside from underscor@sind noblanks.

It is here that a usercan have theoption to enter aDisplayName. The Display Name
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can beanytext stringallowing ugrsto create an aesthetically pleasingeport without

having to retype the namesaghtime the data isexported.

Current Report Information Display Name

Main

Table Builder | Equation Builder | Wizard Builder | Report Builder |

New Report | Load Report Current Report: PLOT_SUMMARY
Current Table: PLOT_MEASUREMENTS
Delete Report J | Change Report | =
Report Contro[s Current Row Restriction: PLOTS.AREA/STRATA.AREA>0.05
Save Changes | | Rename Report | | cojumn Name Table Display Name
Edit Row Restrictions | | NAME PLOTS Plot Name
[y (& Tables AREA PLOTS Plot Size
» [ PLOT_MEASUREMENTS NAME STRATA Strata Name
> @ STRATA AREA STRATA Strata Size
" ‘. PLOTS DATE VERIFICATIONS Measurement Date
Tables and » (5 VERIFICATIONS
_ + @ STRATA_MEASUREMENTS B_TREE_PI PLOT_MEASUREMENTS Biomass

Columns

Add Column

Report Columns

Remove Colum
Column Controls — emove Column

Move Column Right

J
)
Move Column Left J
)

Figure4.14: Report Builder Report Mode

4.6.2 ReportViewer

To viewReports we return to the Data Editor. In Figure4.3, there is a tab
labeledReportswhich containsa list of all existing reportghat once clickegddisplays a
Report much in the same format athe data tables However unlike taldes Reports
cannot be edited The Add and Delete Rowbuttons are disabled,and information
cannot be entered into the cellsAny changes to theReport haveto be made either
through editing the settings in th&eportBuilder or by editing the data in the source
tables The buttons for exporting a file or copyiagable 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

Havingdiscussedhe componentsand tools for creatingemplates and projects
we will now examine thecomplete procedure formakingthese Figure4.15 presents
the pseudocode describing the processcodating aTemplate The process égirs with
creation of the tables and equationand continueswith addng Reportsand Wizardsto
complete theTemplate Oncea Templatehas beencompleted it can be used to create
many differentprojects.

Open the program and create a new template selecting a name.
Create thetemplate 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 ¢ 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 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
Figure4.15 Template CreatiorPseudocode
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When a user creates Broject they have the option of either starting a new
project of their own designor by using an already createemplateto simplify the
process Figure4.16outlinespseudocode for creatingn empty project where the user
must corfigureall the components themselvess well aentering the data We observe
that the steps for creating a newroject and a new émplate are in fact very similar
until it comes tathe point at which the useenters 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 vaables
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
Figure4.16: Empty Project Creation Pseudocode
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The pseudocode ifFigure 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 projectThis approacltanalso prevent configuration
errors by not having every user digureeach 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 Da 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
Figure4.17: Project Creation from Template Pseudocode

All three procedures outlined inFigures 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 ove time or may opt to forgautilizing Reportsor Wizards Each project will

be unique as will be the patheededto create it.

4.8 Overall System Flowchart

In the previous sectigrwe examined thesoftware fran the point of view of the

user by analyzing th interface and detailing the steps of projétgmplate creation
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Figure4.18 dispays a flowchart showing therocess from thepoint of view of the

softwareitself.

Read in Data from
Database and
Read XML from
File

User
Selects
Project

Yes
s This a Ne Using a Using a Execute
Project? Template? Wizard? Wizard
¥
_— Create Create
Laed Existing Creats Engy Project With Project With
Project Project No Data Data

User Edits
Project
Structure

€hange the
Project
tructure?

ange t
Project
tructure?

No

Load and s Load and
Display asenbdis Display
Tables Table:Data Reports

Figure4.18 Overall System Flowchart
The process begins with userselectingwhether to loadan existingproject or
creating a new one When anew projectis beguna user may decide to utilize a
Template and Wzard or simplycreate a blank project The fowcharts for loading and
creating projects argresentedin Figure4.19. Once the project is loaded or created
and we have used the software modules to customize the data and stryctigecan
then view the data tables and reports to export any data rembdor the project

documents The process for displaying the tables aegartsis shownin Figure4.20.
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Figure4.19:Project Creation and Loading Subroutines

Figure4.19displays thanodulesfor loading and creating projectshe leftmost
flowchart represents thebasic view of the software executingVdizard whichinvolves
displaying an input form for each stepeading the input loading the next step,
selecting the branch to displagnd then displaying the next input form

The middle flowchartrepresentsa userusing aTemplate to create a project
Here the tables, equations andther portions ofthe projectare createdfollowing the
instructions in the XML If a Wizard was used to collect data from the ustre data is
entered into the database

The ightmost flowchartshows how the software wouldoad a preexisting

project with already created tables and stored datdhis flowchart uses the same
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modules as latter half of the flowchartpresentedin Figure4.18 The modules for

loading and displayinBeports and tablesre displayed ifrigure4.20.
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. Y
Display Display
Tables with Report
Results
y A
End End

Figure4.20 Table and Report Loading Subroutines

Themodules showrrepresented inFigure4.20are the final stage of the entire

process This is wherea user will receive the results of the data and calculations to be
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exported and used in project dament On the lefthand side of Figure 4.28 the
flowchart for displaying the data tablesThe software reads in the raw data from the
database and the equations frothe XML For each equationthe software calculates
the result row by row and adddg to the table as another column If an equation
references another data table the softwarefirst must load and calculate the equations
of that table Onceall the required tables are completed and the results addedn
the newtable isdisplayed orscreen

Theright-handflowchartshownin Figure4.20displays the process for displaying
a Report. To compile &eport and display it on screethe software will read the list of
columns from the XML instructions and gather them from the data tablisthen
merges the columns into one table duplicating information if necessary for foreign keys
With the columns arrangedeach row is then tested to see if it fits the criteria for the
Report. With the unwanted rows filtered out and the columns nameplaged with the

desired display namethe report is then displayed and ready to be exported

4.9 Summary

The softwarewe createdprovides usersvith the tools needed to implement the
A/R projects and gather the needed resulfBhe Tableand EquationBuildersallow the
creation of tables and equations for the projecThese are thenutilized by theData
Editorwhere userscanenter data andobservethe results of the equations to get the
information necessaryor the project documents In addition there is aReport Builder

andViewerwhichallows forthe creation of tables that will match the needed format for
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insertion into documentghat need to besent to the UNFCCCFinally,we have the
Wizard Builderand Executorto streamline the data entry mrcess forthe creation or
updatingof projects

In Chapter 5 we will demonstrate the functioality of our software by
implementing a sample projecexamining the results of the calculatigresd outlining

possible report andavizardstructures that could be used
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Chapter 5

Testing

5.1 Introduction

In Chapter2 we examinedin detail the Methodologies andlools used in A/R
projectsin orderto determine the requirements obur software Chapter3is where we
discussed the programimg language and technology choices utilized to implenoamt
project andin Chapter 4 wedescribedhisimplementation In this chapterwe perform
a small scale teghat demonstrates the basic functiomlity of our softwareand howit
may be used foA/R projects

We begin witha test of the basic functionsvolving equations applied to data
for multiple tables Our approachis to use inputted data tareate a sample report
export the results to Microsoft Excelnd then compare the resultsto determine
accuracy In addition, to demonstratesome ofthe more advanced features of our

software, we will create a sampld/izard andReport.
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5.2 Tree Biomass Calculation Test

5.2.1 Inputting Equations

The sample datased inthis section comes from a 2019 survey performedaby
group fromChapingo Autonomous Universityhe data wasised astheir baseline fora
projecttaking place in the Baja Penins{ion19]

¢2 LINRPODGARS | adzFFAOASY (a daBpled 60Ardeso? dzNJ a 2 -
five diferent species have been selected aodjanized intosix hypothetical sample
plots (Appendix [E To demonstrate both basic and advanced mathematical operations
the examplegiven in this sectiowill test these five equatios:

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.

Figureb.1 outlines thetable structure used inthis test withvariousspecies data,

individual trees the sampleplots andthe projectstrata. There are four tables in total

involved
TREE_SPECIES TREES PLOTS S
PK | TREE_SPECIES ID \ PK | TREES ID / PK | PLOTS ID BE [Saran I
NAME NAME NAME /
NAME
DENSITY N |PLoTip pd STRATA_ID
BEF TREE_SPECIES_ID AREA
ROOT_TO_SHOOT VOLUME

Figure5.1: Small Scale Test Table Structure
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Equation5.1 (shown below usesthe Treestable from Figure5.1. It calculates
the total biomassfor the trees of eachspeciesin a sample plat The biomass is
OFf OdzAf F ISR o6& YdzZ GALX @Ay (KS @2ftdzyS 27
expansion factor (BEF) and retotshoot ratio (a comparison between the length of a
LX I ydQa NR2UGEEStI3PR AG& 0N yOKS&UL

B

TREE.j.p.it VIREE.j.p.i.r ¥ Dj % BEFJ./ ¥l Rj)

Equaton 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 charfgfeown in Figure 5)2will still produce the
same overall result since Equation 5.2 (shown below) surasntiividual 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.

BTREE.p.i.r = Z BTREE.j.p.i.r

J
Equation 5.2Biomass Summation

The values of densit{p), BEF, andoot-to-shoot ratiqR) are the same for each
tree of aspecificspecies, thereforeve can store thee values in a Tregé&cies table and
useaforeign key to link the tableshich eliminates redundant data Table5.1 presents
the valuesusedin the TreeSpecies table and are taken from a combination of the

sample datgPon19 and default values from the UNFC@icumentsEst15b]

Tree Species Density BEF Rootto-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

Table5.1: Tree Species Sample Data
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To begin creating the remainder of the tables we refer back to Figurevhdre
we see that theTreestable has a foreign keseferencingthe Plotstable, which in turn
hasreferencingto the Stratatable. Given thisit makes sense to creathe Stratatable
followed by thePlotstable so that we carnincludethe foreign keys as we create time
The Stratatable shown in Table 5.2 only contains the STRATA_ID and NAME columns
but in our softwarewhen viewed in théData Editorit will display the results of Equation

5.4 and Equation 5.5.

STRATA_ID NAME
1 Stratal

3 | Strata 2

4 | Strata 3

Table5.2: StrataTable

With the Strata table created we then create th@lotstable (Table 5.3)and

assign the plots to the appropriate strah.

PLOTS ID NAME STRATA ID AREA
1|Plotl 1: Strata 1 100
2 | Plot 2 1: Strata 1 100
3| Plot3 2. Strata 2 100
4 | Plot 4 2: Strata2 100
5| Plot5 3: Strata 3 100
6 | Plot 6 3: Strata 3 100

Table5.3: Plots Table

Finally then we can create thEreestable and input the sample data. Table 5.4
contains the first 10ecords of theTreesi 6t S KA OK RSFAYSa (GKS

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: Plot5 1: Encino 1.73919
10 5: Plot5 1: Encino 4.26035

Table5.4: TreesTable

Now that we have created the tables, we can enter Equation 5.1 into
Equation Bilder. To begin,we select theTreestable and create a new equatioby
adding the operators andpecifictable-column values as shown ifrigure5.2. The
Volumecolumn is locatedn the same tableon which Equation 5.1 is basedbut the
other values are taken from a differemble which is indicated by havinthe prefix
Tree_Speciem the builder The prefixes araisedto prevent confusion should two

tablesinvolved in an equatiomave columns with the same name.

BTREE.j.p.i.r = I"’TREE.j.p.i.r * Dj * BEFZ.] *(1+ Rj)

L e e,

| VOLUME TREE_SPECIES.DENSITY J‘;‘ | TREE_SPECIES.BEF || * || (| 1 | + || TREE_SPECIES.ROOT_TO_SHOOT || )

JLJL

Figure 5.2Biomass Equation in Equation Builder
With the equationentered, the software can determine the results andthen
displaythose in a tableformat. Figure5.3 displaysthe results fora portion of the
sample treedrom the Data Editor with the results of the Equation 5. highlighted in
grey, in the righimost column.To see the Biomass values for all 60 trees used with

sample data, please refer to Appendix E.

our

the
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[ Table Builder T Data Editor T Equation Builder T Wizard Builder T Report Builder I Wizards ]
Tables - TREES_ID NAME PLOTS_ID TREE_SPECIE... VOLUME BIOMASS
PLOTS 1 1: Plot 1 1: Encino 3.31996 4.71766 &
SOIL_PLOTS 2 1: Plot 1 1: Encino 0.0451 0.06409
STRATA 3 2: Plot 2 1: Encino 2.74483 3.9004
mees | . 2Ptz |1 Encino 01549 022011
TREE_SPECIES
5 3:Plot 3 1: Encino 11.1425 15.83349
6 3:Plot 3 1: Encino 10.63656 15.11455
7 4:Plot4 1: Encino 9.08345 12.90758
8 4: Plot 4 1: Encino 1.80933 2.57106
9 5: Plot 5 1: Encino 1.73919 2.47139
10 5: Plot 5 1: Encino 4.26035 6.05396
L Add Row 1" 1: Plot 1 2: Pinus Jeffreyi 0.87091 1.14917
| Add 5 Rows 12 1: Plot 1 2: Pinus Jeffreyi 0.30011 0.396
13 2: Plot 2 2: Pinus Jeffreyi 0.06911 0.09119
L Delete Row
14 2: Plot 2 2: Pinus Jeffreyi 0.23747 0.31334
| Copy Table to Clipboard 15 3: Plot 3 2: Pinus Jeffreyi 0.34098 0.44992
| Export Current Table 16 3: Plot 3 2: Pinus Jeffreyi 0.05315 0.07013
(] Highlight Equation Values 17 4: Plot 4 2: Pinus Jeffreyi 0.21515 0.28389
B 18 4: Plot 4 2: Pinus Jeffreyi 4.8978 6.46265
Decimal Places:
19 5: Plot 5 2: Pinus Jeffreyi 3.03255 4.00145 :
Figure5.3: Tree Data Table with Equation Results
With Equation 5.1 enteredve move on to thePlots table. Equation 5.2

calculates the sum othe biomass of the trees in aample plot [Estl5b] As we

previouslymodified Equation5.1 to simplify how it isentered it into our software, we

will be doing the samevith Equation 5.2 In its aiginalform this calculationwould take

the sumof the biomassfor eachtree species buhow we calculate thesum of the

biomass ofall the trees at once Again, thejustification for these modificationsis to

reduce the number o$teps while generating the same results

Figure5.4 shows how Equatio®.2 isapplied tothe Equation Builder First we

select theSumoperation and thenin the subequation panel that appeamse selet the

Biomasscolumn The final step ito then specify the data be grouped Blots ID using

the dropdown box in the third row SelectingPlots ID in this fashion will only use the

trees contained in the sample plot instead of summing@ltrees in he Plotstable.
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BTREE.p.i.r = ZBTREE.j.p.i.t

OP:SUM1
]
® Value: BIOMASS
( Criteria:

Group values by: |PLOTS_ID v

Figure5.4: Total Biomass in Equation Builder

Next weexamineEquation5.3, which determinesthe mean biomass per area

[Est15Db]

B

__ "“TREE.p.i,t
TREE.p.i.t ~ 4
“p.i

Equation5.3: Mean Tree Biomass by Area
Inputting Equation5.3 into the Equation Builder displayed inFigure 5.5, is
accomplished by dividing th&otal Biomass,the result of Equatiorb.2, by the Areaof

each sample plot.

. TOTAL_BIOMASS || / || AREA |

Figure5.5: Mean Biomass by Area in Equation Builder
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The fourth tablerequired by the examplés the Strata table This table isvhere
the biomass datdior the sixsample plots withEquation5.4 are consolidated Equation

5.4 calculates the mean biomass of the trees in thérenstratum[Est15b]

n;
Z bTREE.p.i.r
p=1

n.

1

b

TREE.it —

Equation5.4: Strata Level Mean Biomadsguation
The procedure for inputtingequation5.4 is similar to that for Equatiob.2 and is
shownin Figure5.6. We begin by selecting thean operation then selectingMean
BiomassPlot, the name we gave to the Equation 5ahd finally indicating that the
values are to be grouped by th&trata IDvalue (just as with the Plot IDvalue in

Equation 5.2)

) S - —

TREE.i.t

| OP:MEAN1 J

|

® Value: | MEAN_BIOMASS_PLOT |
() Criteria:
Group values by: | STRATA_ID v

Figure5.6: Strata Level Mean Biomass Equation Builder
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Equationss.1 through5.4 have beenelativelysimple equations tanter into the
project, either basic arithmetic or an operation on a segiolumn Equation5.5
however, is more complex and involvesiultiple stages Equation5.5 calculates the
uncertainty of the carbon result&?) [Est15b] The uncertainty is a measure dhe
accuray ofthe biomass results based on the size of the sample used in the prdfect
the sample is not sufficienthen there may be a reduction in the quantity of CERs

awarded to the project manager [Est15b].

-

n; n; =
* 2 -
n; ZbTREE.p.i.r ZbTREE.p.i.r
2 p=1 p=1

S =

1

n; *¥(n —1)

Equation5.5: Uncertainty

Figure 5.7 shows the breakdown of thenumerator of Equation 5.5 which
contains twosummationoperations and one count operationThe actualprocess of
entering the numeric component diquation 55 is not difficult as long aracketsare
usedto group appropriatevaluestogether. COUNT1 and SUM2 are entered much the
same as the operations in EquatioB® and5.4 with the single value and grouping
selected SUM1 requires the value be squared before it is added testiremation The
subequaton panels for operadns like 8m and Mean are permitted to include
equatiors with multiple values so it is a simple matterfoflowing the process outlined

in Figureb.7.
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-
n; n; i
* 2 =3
n; ZbTREE.p.I.I mefa.p.u
Pl -1

/ n,*(n, —1)

| ()| OP:cOUNT1 || * || OP:suM1 || - || (|| OP:sum2 || ) ||~ |2 i

|

Selected the table column to be counted: |PLOTS_ID -

Criteria:

Group values by: | STRATA_ID v

©vawe: | meavsomasspior [+ ][z |1

U Criteria:

Group values by: | STRATA_ID -

@® Value: MEAN_BIOMASS_PLOT

_ Criteria:
Group values by: | STRATA_ID -

Figure5.7: Uncertainty Numeratorin Equation Builder

The denominator of Equation5.5, (shown in Figure 5.8) consists ofsimple
subtraction and multiplication ofcount operations These count operations are
identical tothose usedn the numerator of Equation 5.5 so instead of adding@ OUNT2
and COUNT30 the equation weuse the9 |j dzI G A 2 y duplicktle ffuRCBANIDIG
duplicate a term we select the term in the Equation Panel and then select Duplicate in
the Control Panehs seea in Figure 5.9This will result in a duplicate of the selected term

being appended to the end of the current equation.

i

n; Z
S - s
n; ZbTREE.p.i,r (ZbTREE.p.iJ]
p=1

;% (n,—1)

LIJ[(JLOP:COUNﬂH"J[(JLOP:COUNT1J£-J’1 L)JL)J

Figure5.8: Uncertainty Denominator in Equation Builder




70

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.

Path: PROJECTS,FINAL, TABLES,STRATA ,EQUATIONS,UNCERTAINTY Name: UNCERTAINTY

( || OP:COUNT1 * | OP:SUM1 | - ( OP:SUM2 | ) ) /|| (| OP:COUNT1 | * ( OP:COUNT1

I
Duplicated

Duplicate Button Selected Term
Term
< g "
I Equation Controfs \J l Trig i [ Ad d ] Comp I Dates | _[m
Term Controls L _J Basic j Constants
Eant Y MEAN_BIOMASS
e f\ ! +
Parent UNCERTAINTY
Delete ( Ln Log | ) STRATA_ID
Backspace Xz v X3 3\,
Left
y X X
Right 1 X |
Duplicate Term ]— ] EXP Insert Number

Figure5.9: Equation BuildeDuplicate Function

5.2.2 Tree Biomass Report

With the data inputtedand the equations enteredve now demonstrate the
Report functionality by creating a report to display the resutism the Treegtable. The
report combines columns frorthe Treesand Tree Specietablesso all the relevant data
for each treeis displayed

To begin we create a newReportin the Report Buildebasing iton the Trees
table. When creating a report the list of available columns onlgfewill 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 arrangsd can then addlternate Display
Names for the column# the user wishes If the reportis saved and viewedt this
point, it will contain all ® trees in the project However we may wish to showenly a
section of the datasuch as only the trees for Plot To accomplish thigie narrow the
results by entering the equation shown kgure5.10 into the Condition Editoin the

Report Builder

| PLOTS.PLOTS ID || == | 1

Figure5.10: Report Row Condition
With the columns selected, arranged, possibdynamed andwith the condition

added the report shown irFigure5.11 will be displayed

v (& TREE_SPECIES
" TREE_SPECIES_ID
") NAME
" DENSITY
" BEF
" ROOT_TO_SHOOT
> [ PLOTS

L Add Column

New Report Current Report: TREE_REPORT
Current Table: TREES
L Delete Report I Change Report .
Current Row Restriction: PLOTS.PLOTS_ID==1
| Save Changes | | Rename Report Column Name Table Display Name
L Edit Row Restrictions TREES_ID TREES Tree ID
v (& Tables PLOTS_ID TREES Plot
> (i TREES NAME TREE_SPECIES Species
> (B STRATA DENSITY TREE_SPECIES Density

BEF

TREE_SPECIES

Biomass Expansion Factor

ROOT_TO_SHOOT

TREE_SPECIES

Root To Shoot Ratio

VOLUME

TREES

Volume

BIOMASS

TREES

Biomass

§ Remove Column

L Move Column Left

L Move Column Right

Figure5.11: Tree Report Settings

When viewed in théData Editor the user willsee the results of report as shown
in Table 55. Each tree in Plot Appearswith the corresponding data from the Tree

Species table and each columnviregthe Display Mme weprovided
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TreeID |Plot Species Density  Biomass Expansion Factor Root To Shoot Ratio 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 55: Tree Biomass Report

In the next sectionwe export the results of théReport, the Plots and the

Stratatables to Microsoft Excel tmvestigatethe accuracy obur software

5.2.3 Accuracy ofSoftware

In this sectionwe examine the results ajur software by usng Microsoft Excel
to compute the resultsbased on the same data and equations used in the ipresv
section We begin with theTree Biomass Report created irc8on 52.2. For the
comparisonusingall 60 sample treesplease see Append& The results inhis Report

are reproduced in Table&

Tree ID| Plot Species Density | BEF| Root To Shoot Volume Biomass
1 1 | Encino 07| 14 0.45 3.31996 4.71766
2 1| Encino 0.7] 14 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 Quadrifolig 0.7 1.3 0.45 0.86106 1.13617
22 1 | Pinus Quadrifolig 0.7] 1.3 0.45 0.10364 0.13675
31 1 | Quercus 07| 14 0.45 7.75328 11.01741
32 1 | Quercus 0.7] 14 0.45 0.65217 0.92673
41 1 | Pinus Ponderose 0.7 1.3 0.45 2.28526 3.0154
42 1 | Pinus Ponderosg 0.7 1.3 0.45 0.06304 0.08318

Table5.6: Tree Report Resultsrom Excel
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In Table5.7, we compare the results produced from our software to those

computedwith Excel The last column, Difference, demonstrates the accuracy of our

software.
Tree ID| Plot Species Volume Biomass Excel Biomasg 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

Table5.7: Tree Report Accuracy Results
Table 58 containsthe data from our Plots table showing the values Taotal
Biomassand Mean Biomass Mean Biomasss obtained by simply dividing Total

Biomasdy 100

Plot Name Area Stratum Total Biomass Mean Biomass
1| Plot1l 100 | 1: Stratm 1 22.64256 0.22643
2| Plot 2 100 1: Stratm 1 15.96326 0.15963
3| Plot3 100 | 2: Straum 2 39.28516 0.39285
4 | Plot 4 100 | 2: Straum 2 28.35439 0.28354
5| Plot5 100 | 3: Straum 3 24.81348 0.24813
6 | Plot 6 100 | 3: Stratum 3 76.91962 0.7692

Table5.8: Plot Table Data
As with Tables.7, Table5.9 containsa comparisonof the Excel omputations
with our software. From theDifferencecolumn, we can observe there is no significant

difference between what is computed by Excel and what is returned bgastware.
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Plot | Name | Area| Stratum Total Biomass Excel Total Biomasg Difference
1|Plotl1| 100| 1: Stratum 1 22.64256 22.64256 0
2| Plot2| 100| 1: Stratum 1 15.96326 15.96326 0
3| Plot3| 100]| 3: Stratum 2 39.28516 39.28516 0
4| Plot4| 100| 3: Stratum 2 28.35439 28.35439 0
5| Plot5| 100| 4: Stratum 3 24.81348 24.81348 0
6| Plot6| 100| 4: Stratum 3 76.91962 76.91962 0

Table5.9: Plot Table Accuracy Results
To further test the accuracy of owoftware, we examinetwo equationsfrom
the Stratatable beginning with theMean Biomaswalue (resultsshownin Table5.10).
This operation averages the values of flean Biomassf the plots within the stratum
producing an overalMean Biomasdor the entire stratum. Aswe observedbefore,

there isno significant difference in the resalachieved byur softwareand Excel.

Stratum Name Mean Biomass | Excel Mean Biomas 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

Table5.10: Strata Biomass Accuracy Results

Finally, @ble 5.11 contains theresults of theUncertaintyequation This is the
most complex equatiomsed inour tesing as it nvolved multiple count and summation
operations The results again demonstrate no significant difference between what was

obtainedby 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

Table5.11: Strata Biomass Uncertainty Results
Tablesb.5 through 5.11 present a very clear picture thabur software produces
accurate result®ver a variety of calculationsFor allthe casesexaminedthere wereno

significantdiscrepanciesindicating the accuracy of our Software T.ool
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Using Excel to validate the accub& 2 F 2dzNJ a2F 0ol NBQA NBac
Why not just use Excel implement the Methodologies? The answéw this question in
general terms is usability and customizability. Our software is designed to offer a simple
GUI for users to create and mage projects. Th&quation Buildefor 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 spreadstets. When adding more data in thBata Editor the
equations will automatically take the new data into account without having to update
cell ranges or write macros and features suchVégardsallow us to streamline the
updating of tables.

Further, in re@rds 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 Chapte6.

5.3 WizardDemonstration

While ourexampleproject consistedf only fourtables actual projects will most
likely bemuchlarger and thereforemore complexto navigate Tosimplifythe process
of updating tablesWizardscan be createdo guide users througkhe process Wizards
are stepby-step forms that update a list of tables in a spectdider. Wizards can be
created for any purpose bwtill most likely beusedto update tables related to events

that occur repeatedly such as fg®r new measurements.
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Figure5.12 displays a sample Wardfor our projectin the Wizard Builder This
Wizard consiss of five stepsthe last of which will display th&reestable which will
allow the user to enter any needed strata, plotstme species ahead of time ghose

values will be availabler the final step

current Guide: TREES _[ BRANGH1 |
Condition
Current Step: Question Click Edit to add a condition
{Wizards I Steps. T Values I Branches l | Edit |
step 2: Tree I i [ Table TVZ'UES and Results ]
beviStep J Step 3: Strata Input Form:
- Step 4: Plots
|_Duplicate Step | Step 5 Trees Caption Default Value Input Type Store Result In i Add Line |
e u P Are you adding ... LIST Species
| Movelp | Are you adding ... LIsT Strata Delete Line |
Moyl Bownim| Edit Settings |
BemaeEltie | Move Down |
Rename Step | Move Up |
NextStep | Results:
Value Equals
Previous Step | £l |_Addvaue |
Remove Value |
Edit Result |
) (. ) L3

Figure5.12: Wizard Builder Sample Step

Step 1 (shown iFigure5.12) contains an input form asking whether the user
wishes to update or skip the Strata, Plots, or Tree Spdeaikles Input forms are
created in theValues and Resultab by selectingAdd Line which opens théAdd Line

Dialog boxshown inFigure5.13.

Caption:

@ Text Input Default Value

(_) Display Paragraph

() Choose from List

Store Result In: Species v

| Ok | | Cancel

Figure5.13: Add Line Dialog
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Each line added with thadd Line Dialo@pox corresponds to a line in the input
form displayed by the Wizarduring executon. The two lines added in our sample
Wizard will create the form shown indgare 5.14 In the example shown in Figure 5.15
users can select options from a list of answbrg we can also add text inputs and

paragraphs of text to the forms.

Table Builder ] Data Editor ] Equation Euilder] Wizard Builder I Report Builder [wizardsl

Are you adding any new species of trees? | Yes ~

Are you adding any new plots or strata? | Yes ¥

Cancel Previous | | Next | Finish

Figure5.14: Wizard Input Form

Each of he next four stepsin the Wzard willload one of the tablegrom the
project To assign a table to a stewe simply need to go to th&bletab in the right
hand panel of thewizard Builderfor the step in question and select the desired table
(seeFigure5.15) If we were working infemplate Modethere would be the option to
select different versions of theameequation for the table busincewe are in a live

project theVersionO2 f dzYy A& YINJ SR & ab2d ! LILX AOFof
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J Table IVBIUES and Results ]

Table: | STRATA -

Equation Name Version
MEAN_BIOMASS Not Applicable
UNCERTAINTY Not Applicable

Figure5.15: Wizard Builder Table Example

ThisWizard is designed for the purpose of adding tree sample data tor'tees
table and tlus Step Five will always display thesults fromTrees table Steps 2 through
4 contain theTree Species, Plotand Strata, which the user may not need to update
when adding new tree measurements. Therefore, the user may wish to bgpass of
these stepsand may do so by selecting No tbe questions in Step.1Toskip a stepve
create a branch wherénhe table and input formare leftblank as Bown in Figure5.16.
When our software encounters an empty branch during Wizard execution it will then

move on to the next step

BRANCH1 | BRANCH2 ]

rCondition

Click Edit to add a condition

| Edit |

J Table I Values and Results ]

Table: | -

Equation Name Version

Figure5.16: Wizard Builder Empty Branch
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If a step has multiple branchgthe Wizard selects the appropriate branch by

testing the criteria of each branchrigure5.17 shows the selection condition for Step 2

being entered into theCondition Editar

L Species J| == Yes

Figure5.17: Step 2 Condition Editor Criteria

The condition instructs the Ward to load the appropriate branch if the user

Sy i SNBR a . .Sfdhé uséryiid foen&id | MStheh the default branch will be

loaded instead The default branch is selected undee Branches Tamm the lefthand

panel of theWizard Buildeas shown irFigure5.18

Wizards T Steps T Values T Branches L

Add Branch
Duplicate Branch
Delete Branch

Default Branch:

| BRANCH1

)

Figure5.18: Branches Tab Default Branch Selection

With the five steps @mpleted we can go to théwVizard Executoto do a test

run. Upon geningour sampleWizard the user will be presented with a scregke that

shown inFigure5.14 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 locatidn® ¢

questionswill be selected Y R G KSy .0Of A 0]

dAbSEGE

T2 NJ

From there the Trees tablevill be displayedshownin Figure5.19). Thisimplies

that our software correctly interpretedhe response thatwe did not wish to update the

Tree Species, Plats Stratatables leavingnly the Treestable to be updated Fromthe

0210
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backend the software would haveexecutedeach of the three steps, seleay the

desired branchs seenthey areempty, andthen moved on to the next step

Current Project: FINAL TREES_ID NAME PLOTS_ID TREE_SPECI
Current Table: TREES ] 1 Plot 1 1 Ends
Add Rows: | 1 B 2 1: Plot 1 1: Enc
Delete Row | 3 2: Plot 2 1: Enc
Add Values | 4 2: Plot 2 1: Enc
The columns with dropdown lists 5 3:Plot3 1: Eng
pull their values from other tables. [ 3: Plot 3 1: Enc
To add to those tables click the Add Values 7 4 Plot 4 1E
button with the column selected. il * ENg
8 4: Plot 4 1: Eng
9 5:Plot 5 1: Eng
10 5:Plot 5 1: Enc
1 1:Plot 1| 2: Pinus Jet
12 1:Plot 1| 2: Pinus Jet
13 2:Plot 2| 2: Pinus Jei
14 2:Plot 2| 2:Pinus Jef
Y
« J LIS

Cancel | | Previous | | Next | | Finish |

Figure5.19: Sample Wizard Trees Table
However if the user wagdo changetheir mind while using th&Vizard they can
32 o6FO01 G2 GKS FTANRG adSL | yRWihissewi a
selection the user is thempresented withthe Tree Specietable (Figure5.20) that can
be updated before continuirg on to theTreegable as before The software will still skip

7 A ¥ 4 A X

the PlotsandStratatables & ¢S aidAff KIFI@S aSt SOGSR a4bz2¢

w»
Q¥
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Current Project: FINAL TREE_SPECIE... | NAME DENSITY BEF
Current Table: TREE_SPECIES 1| Encine 07
———— 1 B 2| Pinus Jeffreyi 0.7
| Delete Row | 3| Pinus Quadrif... 0.7
| Add Values | 4| Quercus 0.7
The columns with dropdown lists 5| Pinus Ponder... 0.7
pull their values from other tables.
To add to those tables click the Add Values
button with the column selected.
-« (\ /’ 'P

Cancel | | Previous | | Next | | Finish |

Figure5.20 Sample Wizard Tree Species Table

This testwas intended to demonstratdhow the Wizard feature would allow

usersto createWizardsto more efficientlyupdate projects While a Wizard may not be

necessaryor a smallprojectwith only a fewtables it could bequite useful inrealworld

(large) projects such as entering data for many carbpools or for entering data on

forest fires or harvestsin alargeproject, there could beWizards for entering data for

each carbon poosuchasthe trees or bushes as well &gizards for entering data on

forest fires or harvestsEssentially any datangry taskthat would need to becompleted

more than onceacrosanultiple tablescould benefit from theauseof aWizard

With the successful test of th&Vizard feature we will nowexamineone final

component ofour software The next section will implement and test an equation that

canchange dynamically based tire result ofan IF statement
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5.4 |FStatement Test

In this sectionwe will testthe equation forthe il Carbon Tool that calculates
the rate of change icarba levelsin the soilafter a disturbancgTool1](Equation 5.6)
We have chosen this example as it will be applied differently depending on when the
disturbance occurredwhich makes it is a natural choice for demonstrating the

functionality of the IF statment.

dSOC,; =0 for t <tpaep;

i SOC, s
dSOC,, =———2250 for t = tprep;
year

_ SOCyyy, = (SOC -Soc

dsv()(-vllz - REF.i INITIAL.i LOSS.i

fOT tPREP‘z <t< tPRj—_‘P;f +20
20 years

Equation5.6: Rate of Change for Soil Carbon

Before we input the equation, we need to determine the source for the values of
SOGer SOGymar and SOss SOGTaLrepresents the amount of carbon in the soil at
the beginning of the projecand for this we will utilizehe data provided byChapingo
Autonomous UniversityPon19] SOGeris a reference value for levels of soil carbon
SELISOGSR Alghd typk &nd Eli@eing & provided in theil Carbon Tool
[Tooll] SOGCosgepresants the estimated carbon lost from in the disturbance aad
calculated using SQGaTooll] Ly OF aSa 6KSNBE Y2NB GKFIYy w7
was disturbedthen SOGsés 10% of SQriax Otherwise it is zero [Tooll].

The next step ido break down Equation 5.6 into its component parts This
equation is written withthe assumption thathe level of carbon will stay constant if

undisturbed by outside forcg§0011] Correspondingly, ithere is a change in the dpi

then it takes 20 years to tern to its natural carbon levelfTool1l] These assumptions
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create four time periodsfor the equation before the disturbance occurshe year in
which the disturbance occur@prep, Up to 20 years after it occurand greater than 20
years after the diturbance[Too11]

We begin with dividing thetime periods into different branchesof the IF
statement As the equation assumes that after 20 years the soil returns to its initial
carbon levels that means that the time periodsbeffore the disturbanceand more than
20 years after the disturbance have the same resaiiigd canbe combinedinto one
branch Furthemore, given that together they encompass any time not within 20 years

of a disturbancewe canusethis for the default(ELSH)ranch as shown iRigure5.21.

dSOC,; =0 for t < tpgep;

IF: VERIFICATION_DATE.=
) Else: 0

IF: VERIFICATION_DATE...

ELSE: 0

Figure5.21: Soil Carbon Equation Else Branch
The next branch tanput is the time period within one year of thdisturbance
To determineif this period applies we subtract thedisturbance date from the current
date. Then to accommodate the 10% threshold in both of the remaining branetes
will test if the disturbancenvolves morethan 10%of the soil.lf it does then SQGsds
10% ofSOGTiaL Otherwise SOCosds zero as specifidaly the Soil Carbon Tool [Toojl1
With the test condition entered, we thenan then input theequation portion.

Since he divsor of the equation for thidoranchis 1, we can excludat and given that
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SOCosds equal t010% of SQOfiTia, We cansimplyenter 0.1in the equationasshownin

Figure5.22 (whichshows both the condition and equation in tlsuation Buildgr

SOC;
dSOC, , =|- LOSS.i

fort= tprEP
1 year

IF: VERIFICATION_DATE... -
75 @ IF:

IF: VERIFICATION_DATE...
ELSE: 0

VERIFICATION_DATE | | - || START_DATE j S| 365 && PERCENTAGE | | >= | 0.1

_ Result {i=sf \_(J SOC_INITIAL LJ 0.1 \_)J

SOC, 5ss
~ LOSS.i &
dSOC, ; = ————— [for t = tprep,
1 year
IF: VERIFIGATION_DATE._ @ IF: VERIFICATION_DATE START_DATE || <= | 385 &8& | | PERCENTAGE || >= | 0.1
IF: VERIFICATION_DATE... s L = JL = o e QROSOVH| SIS ST AR SERR =S O
ELeE9 OResult: | - || (|| soc_NITAL || * | 0.1 1)

Figure5.22: Soil Carbon Equation First Branch
The final branch of the equatiooaptures the time periodbetween 1 and 20
years since the disturbancand is obtaned by simplysubtracing the dates Ths
calculationcan also besimplified because ifSOCossis 10% of SQra, and one is
subtracted from the otherthe resultwould be 90% of SQira. Figure5.23 shows

where SOfwimais now multiplied by 0.9

. SOCyzr; — (SOCyy, =80C, ;s
dS()(v” - REF.i ( INITIAL i LO.S.SJ) for topzps <t< torgpi +20
2 20 years

@IF: VERIFICATION_DATE - || START_DATE > | 365 &8 | VERIFICATION_DATE - START_DATE <= || (| 365 * |20 ) &8 PERCENTAGE >=

| 01

U Result:|| (| SOC_REFERENCE || - | (| SOCINITAL | * | 09 )1 ]] 20 I

Figure5.23: Soil Carbon Equation Second Branch
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With the equationentered we can nowinput and testour sample data The
resultsof thisare presentedin Table5.12. Our datacontainsfive different soil samples
from the ChapingcAutonomous Universitgatawith each sampldeingassignedhree
different verification datesn order totest the variouslF statementbranches To test

for the 10% theshold required by the equatigrwe have also added a Percentage

column.

ID Name | SOGuria. | SOQRererencd 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 5 194 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

Table5.12: Soil Carbon Sample Data
As with ourother tests in Chapter5, we have exported the datéo Excelto
manually compute the results Table 5.13contains a comparison of the resulter
Equation 5.6 from ouraftware and ttose achieved byExcel In each sample there is no
significant difference in results betweendbe from our software and thosecomputed
by Excel This demonstrates that not only did the software select the correct branches

olFlaSR 2y S OK NBO2NRQ& RFGI odzi If&az2 LISNF?2
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Name | Percentage| Start Date| Verification Date | dSOC| Excel Resul{ Difference
Sample 1 0.4 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 0.4 8/3/2019 9/3/2019 -1.67 -1.67 0
Sample 4 0.4 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 0.4 8/3/2019 5/9/2024 1.256% 1.2564 0
Sample 2 0 8/3/2019 9/30/2027 0 0 0
Sample 3 0.4 8/3/2019 3/8/2030 0.198% 0.1984 0
Sample 4 0.4 8/3/2019 12/27/2036 0.634 0.635 0
Sample 5 0 8/3/2019 6/30/2023 0 0 0
Sample 1 0.4 8/3/2019 4/5/2050 0 0 0
Sample 2 0 8/3/2019 7/9/2040 0 0 0
Sample 3 0.4 8/3/2019 6/3/2043 0 0 0
Sample 4 0.4 8/3/2019 5/9/2063 0 0 0
Sample 5 0 8/3/2019 2/8/2089 0 0 0

5.5 Testing Summary

Table5.13 Soil Carbon Sample Data Results

Overal] the testing pravided in this chapter showedromising results For all

the examples tests, the results produced by ounftware were statisticallyequivalent

to those computed in ExcelEvenwith complex calculationgnvolvingwith multiple

summation and count operationgve observed accurate salts This demonstratesur

software can interpret, break down and solve complex equations entered by the user

In addition when the IF statement capability the softwamas tested, it was

determined that our softwaravas able to select the correct bwah in all casesesulting

in the correctresults. In this chapterwe have also tested and demonstrated tReport

and Wizard features available for working with the projects
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Chaptere

Conclusionsand Future Research

6.1 Conclusions

6.1.1 Research B&ground

Each project performed under th€lean Development Mechanism (CDM)
intended to earn E€rtified Emission Reduction Credg (CER)by improving the
environment or reducing carbon emissiofisNF18e] The CERs can be sold @0 used
by, developed countries to meet their obligations to the Kyoto protofldNF18b]
While the UNFCCC does track and verifyrdsiltsgiven for the CDM projects, there is
no standard software tool available for project managButNF18b] The goal of this
researchis to create such a toab standardize and facilitate thealculation of CERs for
forestry projects

The procedures for measuring forestry projects defined the UNFCCC are
presented inseveralMethodologies andools[UNF18a] In Chapter2, we discussed the
requirements ofthese documents in detail to determinthe features oursoftware
would require. Through the examinatigrwe determinedthat our software needgo be
able to support a wide variety of calculations in both complexity eewiety. Finally,we
recognizedthat some of the Tools would benefit fromallowing project managers to

input their own equationsn adlition to those defined in thedols
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Throughour examingion of the Methodologies andools, it became cleait was
not possible tojust develop a simple procedural form where users entered their data
and receivedtheir results We had to go further and create a platform thpéermits
users to create custom projects to their specific needs &mdilso enter their own
equations Furthemore, as this software is intended to be usefttlely, we neededthe

software to beadaptablesothat it can run on many platforms

6.1.2 Software Development

Java was selected as our base programming langdagéo its abilityto run on
most platforms without the need to recompile[Tysol8b] H2 was selected as a
databaseenvironmentas it occupies very little space, does not require adgitional
software, and works onmost platforms [H218] To store the project instructions in an
easy to naigate structure we selectedXML, a text based markup languagieat can be
read and edited omostsystens [W3S18]

Once we hadcthosenthe technologystackto build our software we needed a
method to handle the calculations at runtim&he solution wa to store the equations
in standard notation and when neededonvert them to postfix notation Postfix
notation permits oursoftware to process the equatiasin a straightforward manner for
consistent result$Mcl19].

In Chapter 4 we discussed thanterface and explored many of the important
featuresof our software We demonstrated how it offers the ability to construttte

tables and equationsecessary tduild a usable A/R projectWe also described how
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the software providesWizards to streanihe the input process anfbrmat the Reports.
Further, we introduced the concept ofemplates, a custom designed structure that can
be used to creatgrojects with pregeneratedcomponents Templates providehe best
of both worlds aghey allowthe creation of a simple procedural input form where users

enter data andeceiveresults

6.1.3 Testing

The thesis nextitilized sample data to test thinctionality as well as verify its
accuracy Usinga sample o060 trees, we tested equations of varying complexigpread
acrossmultiple tables andhen exported the resultso an Excelspreadsheet We used
Excel to perform the same calculatioas are done in the software as a comparisom
found no significant differenceWenexti Sa 0 SR (1 KS & 2 FeatédyndBi a
equatiors, usingan IF statement Thisfeature was tested in an examplewith 5 soil
valuesusing an equation thatvaried based on the date the samplsas taken Once
again we computed theresultsin Excelusing the same datand comparecdagainst our
software. We found that the software was able to select the correct branch oflthe
statementand calculate the correct valuder every instance In addition to testing the
accuracy of the calculations our software, we also created a sample Report and
Wizard for our test projecto demonstrate their functionality

The analysis ofour ftware has lead us to conclude thatur tool has the

potential to become a UNFCCGtandard which can bevidely distributed to project
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managers to monitor projects and calculate CER&th this in mind we now move on

to discuss what aad be the next step$or our software.

6.2 Future Research

While our software is able to perform the necessarfunctions for the
Methodologiesand Tools provided by the UNFCQCis not a finished product. In
addition to more testing and basic interface adjustments, there are maossible
design and implementation decisionsat couldbe made by the UNFCCThe following
sectionsdiscusssome ofthese potential choiceghat the UNFCCe6hould makeif they

decide to go forward with ousoftware tool.

6.2.1 Platform

One of the primaryssues toconsider is whetheto implement the softwareon a
desktop application or conveit to a web application Both choices havadvantages
and disdvantagesand the UNFCCC will have to determine whichuld best suit their
needs.

The most likely approach forweb basedsolution woulduseweb portalwhere
projects can be uploaded to 0 KS ! b Gefveré OWth the data and projects
centralized onlinethe risk of data loss is greatly reduceth regularsystem backug
Updatescould be applied simultaneouslyfor all usersinstead of having to deal with
multiple versions If the web solutionis available through annternet browser only

minor changes would beequiredto be compatible withmobile systems like Android,
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iOS and Chrome O&inally, the UNFCCC would have easier access to the raw data and
could explore automatinghe reporting of déa for project monitoring

On the other hand,if the UNFCCC were to implement the software tool as a
desktop applicationthe main advantagevould be offline availability Being available
offline will allow the software tobe more easilytilized in remote areas Furthemore,
not having to maintain servers and website may make the desktop patimore

attractive to theUNFCCC

6.2.2 User Access and Control

Once the platfornfor distribution has beerchosen then otherdecisionscan be
explored such athe opemess ofthe software By defaulf the software grants access
to all of the modulegshown inFigure6.1) whichallows useis to customize theproject
settings While this can provide a great deal déxibility, this implies a higher risk

potential error.

Available
Modules

Table Builder Data Editor FlHadon Report Builder | | Wizard Builder iz
Builder Executor
Table Viewer Report Viewer Condition

Editor

Figure6.1: Software Module Full Access Diagram
Alternatively,different levelsof accessould be createdy encrypting the XML

instructions and limiting access to tleertain software modules For exampleaccess



92

could be createdourely for updatingdata which wouldrestrict accesgo the modules

shown inFigure6.2.

Data Update
Access
. ; ation g 2 S Wizard
Table>&uilder Data Editor ReporpBuilder WizargBuilder
il Executor
Table Viewer Report Viewer G (Ij 4

Figure6.2: Data Update Access Level

By only laving accesto the Data Editorand Wizard Executgra userwould be
able to add databut not alter the structure of the table®r equations Another option
would be tocreate aread-only access leveihere tables and reports can be viewed but
not altered. In a webbased solutionread-only access couléhcilitate the sharingof
data with third parties without compromising théntegrity of theproject Users in this
scenariocould 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 all the
modules andpermit them to create their own custom access levelsHowever,the
UNFCC@nay wish to limit accessn order to implement a process toautomatically

update the Methodologiesasdescribedn the next section
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6.2.3 Automatic Updating

With the currentversionof our software, any update texistingMethodologes
would have tobe performedmanuallyto any project thatuses said Methodologies
Changes could be as simpleadering a singleequation orchanging the structure od
table. In the hands of userghese updates couldesult inseriouserrors if not done
correctly. Ideally it would be best tocreate amechanismto automatically update
projects butthis couldalsobe problematicif the user has changedome component
that isbeing updated For example fithe user createda project from a templatehen
changedthe structure ofsometables, columns or equationg may not be possible to
propagate updates automaticallysat could result in loss of data.

A possible solutiormay beto implement access levels based mmplates used
to make the project Hypothetically if a project managefollows the Methodologies
and makes no changethey could createa projectfrom a template The project would
be then created and the project manag&rould havethe ability to change thestructure
but in doing sQwould disable automatic updating of that projecthe magnitude of the
concern for this issue will depend entirely on how frequentiethodologies are

updated

6.2.4 Interface Improvements

One are of future researchs theuserinterface The specific colgr fonts and
appearance choices for the finsbftware product canbe made by the UNFCCGince

these interface attributeswill not affect the functionaty of the software we do not
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need to examine those possibilities here However there are some interface

improvements thatouldaffect the user experiencgo these we wiltliscuss.

6.2.4.1 Navigation

Currently themovementbetween modules isccomplishd througha navigation
bar near the top of the screewith each module occupying a tablhe tabbeddesign
allows for convenientswitching between moduleand permits a simple method for
concealing unneeded modules by not loading those tab®wever,with the current
version of thesystem,each timethat we switch modulesthe software resets the state
of that module to ensure it reflects the current state of the project.

To improve navigationa targeted navigation systemould be introduced For
example if a user was usinthe Data Editorand wanted to update an equaticior the
current table, it would be nice to hawvbe ability to select theequation resultsand be
taken directlyto the Equation Buildeinstead of having to select the table and equoati
each time Simlar navigation options forenhancement ould be added to other

modules topermit useisto navigatemore quickly

6.2.4.2 Exporting Data

One of theend goas of our oftware is tobe able toexport the results for use in
project documents Whilethe current system doekave the ability to customize output
to a certain extentthere areonly two options forthe actualexportingof data: a table
or report. Thesecan bethen copiedto the clipboardand pasted into a spreadshegbr

saveddirectlyas a tab separated text fileVhichdoesmake the data accessihleut it is
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not necessarily convenient as it requiradditional work The reason for the limited
output optionsof our sofware was to avoid adding more libraries than necessary to the
project If it was deermined thatthe ability toadd output directly to a word processor
was desireda third-party library could beused(such aghose from Apache PQvhich
output directlyto Microsoft Excel, Word and PowerPoiAaHA2().

Alsq in addition to allowing more document formatfhe output optionscould
be expandedo permit the exporting of multiple tables or reporsmultaneousliyto the

same documento potentiallyallowfor faster document creation

6.2.4.3 Inputting Data

While some options for improving the software are cleanprovements fothe
inputting of data are not The airrent method employed by the softwarésto enter the
data cel-by-cell ino atable and while this will most likely be required at some poiht
would bebeneficialif the process can be streamlined.

One possible methot to introducepregenerated tables afeferencevalues As
was discussedn Chapter Swhile each tree had unique nasurementsthere was also
data commorfor trees of the same speciedf the values for commotree speciesvere
built in to the software then much of thedata entry could be eliminatedhichin turn
reduces the risk of error To avoid the table bebming too cumbersomeit may be
possible tolimit by region or combine trees with similgpropertiesinto a singleentry.
Reference tables could also be made for different soil types or shrub species to further

reduce data entry requirements.
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Anotherpossibleinput feature would be the ability toread data froman existing
file. If the pertinent data was already available anspreadsheet or text filat may be
possible to automatehe process ofi N} Yy AaFSNNAY I GKA A& RIGF Ayd?
However, this featurenay be difficult to implement ast requiresa prior knowledgeof
column layout in the source data and projecto help mitigate this issue it may be
possible to gather thisolumninformation througha dialoguewith the user The end

resultwould bemuch less effort thamntering all the data manually.

6.3 FinalConclusion

Aswas demonstrated irthis thesis there are many possible paths to take with
the software we developed It providesa solid foundationfor implementing the
Methodologies for the calculation of CERs for forestry projec@ven the flexible
nature of our software it should be possible toexpand beyond the initial four
forestation Methodologies examined in our researchand be able accommodate
Methodologies ér other project types as well Should the UNFCCC decidenove
forward with our software, for some or alMethodologiesit defines it will streamline
the process for manfuture CDM projects Hopefully this researchis able tobecomea

stepping stonehat furthers the fight against climate change and improves our future.
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A/R Methodological Tool

“Estimation of non-CO,; GHG emissions resulting from burning of biomass attributable to an
A/R CDM project activity”

(Version 04.0.0)

L. SCOPE, APPLICABILITY AND ASSUMPTIONS

Scope

L. This tool can be used for estimation of non-CQ, GHG emissions resulting from burning of
biomass and forest fires.

Applicability
2. The tool is applicable to all occurrence of fire within the project boundary.
3. Non-CO, GHG emissions resulting from any occurrence of fire within the project

boundary shall be accounted for each incidence of fire which affects an area greater than the
minimum threshold area reported by the host Party for the purpose of defining forest, provided that
the accumulated area affected by such fires in a given year is >5% of the project area.

Assumptions
4. This tool applies the following assumptions:
(a) Aboveground biomass of living trees shall be considered not to result in significant
non-CO, GHG emission in case of fire, when
(1) A forest fire burns through the understory but does not climb into the tree
canopy; or
(i1) A forest fire singes trees but does not cause mortality such that leaf

regeneration can be observed within six months (this may be demonstrated
in remote sensing imagery);

(b) 60% of the dead organic matter is entirely burnt in all fires.

Parameters
5. This tool provides steps to estimate the parameter(s) given in Table 1.
Table 1: Parameters determined by the tool
Parameter | Unit Description
GHGg, t COs-e Emission of non-CO, GHGs resulting from burning of biomass
and forest fires within the project boundary, in year ¢
II. ESTIMATION OF EMISSIONS OF GREENHOUSE GASES
6. Emission of non-CO, GHGs resulting from burning of biomass and forest fires within the

project boundary in year ¢ is estimated as follows:

104
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GH GE,; =GHGgy, + GHGy , + GH GFF.I 1
where:
GHG,, Emission of non-CO, GHGs resulting from burning of biomass and forest fires within

the project boundary in year 7; t CO»-¢

GHG,,,, Emission of non-CO, GHGs resulting from use of fire in site preparation in year #;
’ t COQ-C

GHG 0 Emission of non-CO, GHGs resulting from use of fire to clear the land of harvest
" residue prior to replanting of the land or other forest management, in year 7, t CO»-¢

GHG,,,

Emission of non-CO, GHGs resulting from fire in year ; t CO,-¢

t 1, 2, 3, ... years counted from the start of the A/R CDM project activity

Emission resulting from use of fire in site preparation

7 Emission of non-CO, GHGs resulting from use of fire in site preparation in year 7 is
estimated as follows:

(a) For all areas of land where: (i) Slash-and-burn is a common practice in the
baseline, and (ii) Fire has been used in the area at least once during the period of
ten years preceding the start of the A/R CDM project activity:

GHGgy, =0 0))

(b) For all areas of land where the condition (a) above is not satisfied:

M 4 4
GHG;\'I’I"J = 007 ¥ Z(ASI‘F.LI % E * (CFIRII' * bTREE.iJ + CF\‘HR["B * BDR\I * BI"()RI:'ST ¥ CCSHRIfB.i.I )]
3)

i=1

where:

GHGq,,, Emission of non-CO, GHGs resulting from use of fire in site
' preparation in year #; t CO,-¢

0.07 Ratio of non-CO, GHG emissions to CO, emission resulting from
burning of biomass; dimensionless

The value of this ratio has been adapted from Table 2.5 of the 2006
IPCC Guidelines for National GHG Inventories, taking into
account methane (CHy) and nitrous oxide (N,O) emissions only

Mean tree biomass per hectare within stratum 7 in the project

bTRFFi
o boundary at the start of the project; t d.m. ha”’

Estimated using the tool “Estimation of carbon stocks and change
in carbon stocks of trees and shrubs in A/R CDM project
activities”. Where pre-project living trees are not burned during site
preparation, brrez; shall be set equal to zero

Cluz Carbon fraction of biomass ; t C (t d.m)".
The IPCC default value of 0.50 is used
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CF Carbon fraction of shrub biomass; t C (t d.m.)”"
The IPCC default value of 0.50 is used

Area of land in which fire is used in site preparation in stratum 7 in

ASPF.I
year t; ha

BDR, Ratio of shrub biomass per unit area in land having a shrub crown
cover of 1.0 and the default above-ground biomass content in forest
in the region/country where the A/R CDM project is located;
dimensionless

A default value of 0.10 is used unless transparent and verifiable
information can be provided to justify a different value

Default above-ground biomass content in forest in the

BFOREST
region/country where the A/R CDM project is located; t d.m. ha™

The value of this parameter is selected according to the guidance
provided in the relevant entry in the tables at the end of this tool

CCqpupi, Crown cover of shrubs in area of land within the project boundary
" at the start of the project in which fire is used for site preparation in
stratum 7 in year ¢, dimensionless

t 1, 2, 3, ... years counted from the start of the A/R CDM project
activity

i Stratum within the baseline

Non-CO, emissions resulting from use of fire to clear the land of harvest residue prior to
replanting of the land

8. Emissions of non-CO, GHGs resulting from use of fire to clear the land of harvest residue

prior to replanting of the land is estimated on the basis of the ratio of the biomass left at site to the

biomass harvested. In the case of fuelwood harvest this ratio is likely to be smaller than in the case
of timber harvest. It is therefore conservative to apply the ratio in the case of timber harvest to the

case of fuelwood and other harvests.

When the data on biomass of the harvest removed are available

9. If the data on biomass of the harvest removed are available, the emission of non-CO,
GHGs resulting from use of fire to clear the land of harvest residue prior to replanting of the land
is estimated as follows:

44
GHGFMF,I = 007 * E * BHARVEST.I * fBL * CFTREE (4)

where:

GHG . Emission of non-CO, GHGs resulting from use of fire to clear the land of harvest
| residue prior to replanting of the land, in year #; t CO-e

Biomass harvested from area subjected to use of fire to clear the land of harvest

BHARVI:'ST.I . . . .
residue prior to replanting of the land in year 7, t d.m.
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S The fraction of aboveground tree biomass out of total harvest left on-site;

dimensionless

A value of 0.10 for temperate forest and 0.25 for tropical forest is used. These
values of the parameter have been conservatively adapted from Table 3A.1.11 of the

IPCC GPG LULUCF 2003
CFp Carbon fraction of biomass of trees harvested; t C (t d.m)".
IPCC default value of 0.50 t C (t d.m)™" is used
t 1, 2, 3, ... years counted from the start of the A/R CDM project activity

When the data on biomass of the harvest removed are not available

10. If the data on biomass of the harvest removed are not available, the biomass of harvest
removed is estimated as follows:

B

By irvesrs = —LOREST. FMF 1 ©)
BEF,
where:
B, rvists Biomass harvested from area subjected to use of fire to clear the land of harvest
S residue prior to replanting of the land in year 7; t d.m.
B, orisr Default above-ground biomass content in forest in the region/country where the
' A/R CDM project is located; t d.m. ha™
The value of this parameter is selected according to the guidance provided in the
relevant entry in the tables at the end of this tool
BEF, The biomass expansion factor for trees harvested; dimensionless
A value of 1.25 is used
Avir Area of land subjected to use of fire to clear the land of harvest residue prior to
o replanting of the land in year #; ha
T 1, 2, 3, ... years counted from the start of the A/R CDM project activity

Non-CQO; emissions resulting from forest fires

11.  Emission of GHGs resulting from the burning of aboveground project tree biomass in fire
that is not site preparation or burning of harvest residue (defined from this point forward as forest
fire) is calculated using the aboveground biomass in trees and dead wood of relevant strata in last
verification.

GH GFF,: =GH GFF  TREE.t +GH GFFiDOM,r (6)
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where:
GHGFF!r Emission of non-CO, GHGs resulting from forest fire, in year #, t CO;-e
(€] (Cmu— Emission of non-CO, GHGs resulting from the loss of aboveground biomass of

trees due to forest fire, in year 7, t CO,-e

GHG,, ,,, Emission of non-CO, GHGs resulting from the loss of dead organic matter due
- to forest fire, in year ; t CO:-¢

12. Emission of non-CO, GHGs resulting from the loss of aboveground tree biomass due fire
is calculated using the above ground biomass in trees of relevant strata in last verification and a
combustion factor. For the first verification, emission of non-CO, GHGs resulting from the loss of
trees due to natural or anthropogenic forest fire is assumed to be zero.

M
GHGFF_TREEJ = 0001 * Z AB{:’R;’\’.;‘..‘ * bTREE.{J, * COMF: * (EF'(‘IN.{ * GWffi‘Iﬁt + EF:’\Q().{ * GWR’\’ZO) (7)

i=l

where:
GHG,; sz,  Emission of non-CO, gases resulting from the loss of aboveground biomass of
- trees due to fire, in year #; t COs-e
p B— Area burnt in stratum / in year #; ha
[/ — Mean aboveground tree biomass per hectare in stratum i in year #; which is the
o year in which last verification was carried out before occurrence of the fire;

td.m. ha'
Where aboveground biomass of living trees is not burnt by fire, by, may be
set equal to zero

COMF, Combustion factor for stratum /; dimensionless

EF,,,. Emission factor for CHy in stratum i; g CH, (kg dry matter burnt)’

GWP.,,, Global warming potential for CH,,; dimensionless
Default value of 21 is used

EFyp, Emission factor for N,O in stratum 7; g N>O (kg dry matter burnt)”

GWP,,, Global warming potential for N,O; dimensionless

) Default value of 310 is used

1 1,2,3 ... Mstrata

T 1, 2, 3, ... years elapsed since the start of the project activity

13. Emission of non-CO, GHGs resulting from the loss of dead organic matter due to fire is

calculated using the dead organic matter stock at the last verification. Where PPs elected at
validation not to account for dead organic matter pool, the dead organic matter stock is considered
zero and non-CO, GHG emissions from fire are not accounted. Where dead organic matter is
accounted, for the first verification period emission of non-CO, GHGs resulting from the loss of
dead organic matter due to fire is assumed to be zero, and for subsequent verification periods
emission of non-CO, GHGs is estimated as follows:
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M
GHG _pomt = 0.07* z Apirnis (CDWJ.!L +Cy R ) (3)
i=1
where:
GHG .y pou. Emission of GHGs resulting from the loss of dead organic matter due to fire, in

year #; t CO-e

Agiriiis Area burnt in stratum / in year #; ha
o raponc Carbon stock in dead wood in stratum 7 in year #, which is the year in which last
o verification was carried out before occurrence of the fire, as estimated using the

“Tool for estimation of carbon stocks and change in carbon stocks in dead wood
and litter in A/R CDM project activities”; t CO»-e

Cinia Carbon stock in litter in stratum 7 in year 7, which is the year in which last

o verification was carried out before occurrence of the fire, as estimated using the

“Tool for estimation of carbon stocks and change in carbon stocks in dead wood
and litter in A/R CDM project activities”; t CO,-e

I 1,2,3 ... Mstrata

T 1,2, 3, ... years elapsed since the start of the project activity

III. DATA AND PARAMETERS USED IN THE TOOL

14. The following tables describe the data and parameters used in this tool. The guidelines
contained in these tables regarding selection of data sources, and procedures to be followed in
measurement, where applicable, should be treated as an integral part of this tool.

Data and parameters obtained from existing sources

Data / Parameter: BDR,

Data unit: Dimensionless
Used in equations: 3
Description Ratio of shrub biomass per unit area in land having a shrub crown cover of

1.0 and the default above-ground biomass content in forest in the
region/country where the A/R CDM project is located

Source of data: A default value of 0.10 should be used unless transparent and verifiable
information can be provided to justify a different value

Data / Parameter: B

FOREST
Data unit: td.m. ha’'
Used in equations: 3,5
Description: Default above-ground biomass content in forest in the region/country where

the A/R CDM project is located




110



