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Abstract

The global characteristic of today’s market raise concerns regarding the compatibility between
the different nodes within a supply chain. Political, economic, infrastructural, cultural and other risks
should be considered when operating globally. Tsunamis, strikes, hurricanes, bio-security threats and
wars and their impact on the logistical networks are all examples of major events that might happen in
a certain place and affect other supply chain members in other parts of the world. This type of events
and their disastrous consequences show the importance of being ready and having a contingency plan
for such events to minimize their effect on the companies’ supply chains

The objective of this research is to provide the building bricks of a tool that functions as a
decision support system to help practitioners in the log industry deciding their course of action
spontaneously in response to sudden major events that might disrupt their supply chains. The resulting
decision support system and recommendations of this research aim at improving the resilience of the
log supply chain in New Zealand and the logistical network in general. Hopefully, the resulting DSS
will be capable of producing recommendations that would increase the profitability of logs supply

chain and make it more reliable and resilient under multiple disruption scenarios.

The proposed decision-making approach and the suggested improvements in this research
provide an in-depth insight for policy makers and practitioners operating in the logistical network in
New Zealand. This research provides a solid analytical approach for decision makers to direct their
investments in the corresponding part of the supply chain that they are operating in to make the biggest
possible impact of their investment on the supply chain through put. The model can be employed to
generate improvement recommendations for different regions and decision makers can prioritize the

presented recommendations according to their strategic goals.



Acknowledgments

First of all Alhamdulillah for making my Journey easy during my whole life. | would like to
thank my supervisor Paul Childerhouse, who opened my eye to the importance of having a noble
objective as a part of my career objective and who has the best way to provide insightful feedback and
guidance to improve any document in the world. My co supervisor Carel Bezuidenhout whose selfless
time, optimism and appreciation of what | did gave me a lot of confidence in my abilities. Special
thanks for the Scion team and the VCO team in particular for helping in data collection and analysis.
I would like to particularly mention and thank Ginny Christians for the tremendous efforts, tme and
patience she put in helping me building the models. I want also to extend my thanks to my friend Aden
Farreh for the technical support he provided in building the linear program. | would also like to thank
Mr. Jeremy Christmas, Mr. James Drummond, and Mr. Steve Chapple from the C3 company for the
insights they have provided. | want also to extend my sincerest thanks to my mom Eman Albashiti,
dad Zuhair Alaggad, family and friends for their continuous support. | would also like to thank Mr.
Jamie Hooper, Mr. Dave Broderick , Mrs. Reilly Dianne and all the International student office team
at Massey University Palmerston north Campus for their continuous support and for making my stay
here enjoyable , I would like to thank Massey Muslim society for the great times we had and the sense
of home they provide. | would also like to thank Mrs. Sandy Shillington the registrar of Massey
University for her support in accommodating international students in general and Massey Muslim
Society in particular. Last but not least, | would like to thank the people of New Zealand represented
by the Ministry of Foreign affairs for the scholarship that supported me to be here and pursue my

degree.



Contents

Chapter One: INTrodUCTION .......oooiiiiiiee e 9
Chapter 2: LIterature REVIBW .......cooiiiiiiiiiii e 14
2.1- SUPPIY CRAIN RISKS ...ttt 15
2.2-SUPPIY CHaiN DISTUDPTIONS ......vvtttitieieieieeeeeieeeeeeese s nsnsnnnnes 18
2.3- Calculating Ports” CapacCitieS . ... uieuuuneererieieereriieeeeetieeeresteeeeet e eeeeran s eerestaeeeeran e aeeernaeerernnnns 19
2.4-Supply Chain RISK IMITIGAtION .......iie e e e e e e e e e e 21
2.5- DeCision SUPPOrt SYSIEMS (DSS) .....iiiiiieiiiiie i e e e 22
2.6- Theory OF CONSIIAINTS .....cciiieiiiii e e e e e e e e e e e e e e e e e e et e e e e e e e e e eaaaaaaaaaeeaees 25
2.7- DSS Moderating Effect on the Impact of Supply Chain RiSKS. ..........cuuvvviiiiiiiiiiiiiiiiiiiiiiiiiieveiieeee 27
R =T = Y Lot o T T o PP 28
2.9- Literature REVIEW SUMIMAIY ... .uuuu e et e e e e e e e e e e e et e e e e e e e e e e et e e e e e e e e eesabaa e aeeas 29
Chapter 3: Research Objective and Methodology ........oooeeiiiiiiiiiiiiii e 31
3.1- RESEAICH ODJECHIVE ...t e e e e e e e e e et e e e e e e e e e e et e e eaaas 33
3.2- Epistemological and Ontological StaNGiNg ..........ccovviiiiiiiiiiie e 36
3.2.1- ONTOIOGICAI POSITIONS ... ettt nenes 36
3.2.2- EPIStEMOIOQICAI POSITIONS. ... ettt ennnes 37
3.2.3- Researcher’s Ontological and Epistemological POSItIONS ............cuuvviiiiiiieiiiiiiiiiii e 38
3.3- Appraisal of Different Research MethOdoIOGIES. ..........uuuiriiiiiiiiiiiiiiiiiiiie e 39
3.4- Data COllECtioN @NT ANAIYSIS ......vurereiieriiiittieiiiieieiieeeeeeeb bbb eee e s e esesesseseesesneenene 41
KR I - U W o] | 1=Tod 1 T o PP 42
KR Y-V 4] o] 11T TSRS 43
KR Ry AN -1 Y] 1P 43
3.5- Validity and Relability...........uuuiiiiiiiiie e e 45
3.6~ ENICAI CONSIABIALION ...ttt 46
Chapter 4: Macro Analysis and RESUIS ...........ooiiiiiiiii e 48
4.1- New Zealand’s POTts” CapaCItiCS......cuurrruuuniieeeiiieerriiiiieaeeteeessrii s e e e e seeessnn s e e e e eeeesnnnn e e e eeeeeens 49
4.2- New Zealand’s FOrests DISTIIDULION ......u.iveuiiieitieiiiieiiieeei e eee e e e e e e e e e e e e e e e e e ean e eeanas 52
4.2.1- NOIH ISIANA FOTSES ...ttt e e e e e e ettt e e e e e e e e eeettn e e e eeaeeennees 55
4.2.2- SOUL ISIANA FOTESES ...ttt e ettt e e e e e e e e ettt e e e e e e e e e eaatnaeaeeeaeeennees 57
4.3 LINBAI PIOGIAIMI ... e e a4 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 e e e e e e e e e e e e e e e e e e e eeeas 58
4.4- Linear Program APPLICALION ........cciiiiiii e aaaaaaa 66
4.4- NOIth 1S1and MOGEI RESUILS ... 71
4.5- SOUth 1SIaNd MOTEI RESUILS ... 76
4.6- SENSITIVITY @NAIYSIS. ...ceiieieiiiie e e et e e et e e e e e e e e e e e e e e e e ee st e e e e eaeeeesttsaaaaeaaeeannees 79
4.6.1- LOQG PrICES. .. 79
O I 01 £ 80
4,7 FINAINGS. e eeeeeiitee ettt e e e et e e e e e e e e e et e e e e e e et e — e eaaeeear e aaaaanes 82
Chapter 5: Micro Analysis and RESUITS.........cooiiiiiiiii i e e e e e 85
5.1- Model Description and Region SEIECTION ........ciiiiiiiiiiiiie e e 87
5. L. L- HANVESTING ..o e ettt e e e e e e e e e e e e e et e e e e e e e e et e aeeaeeerrr e aaas 91
5.1.2- Primary TIaNSPOIT ... .cceiiiieiiit e e e e e e e ettt e e e e e ettt e e e e e e e e e et b e e e e e e e e eess b e e eeeeeesesabaaeaeeaes 92
5.1.3- RAI WY ...t 93
TN R Lo T Uo N T AT PP 94
ST Il o] 4 £ T PP PRSP 94
Tl (=S | 97
5.2.1- Wellington Port Closure Simulation (SCENArio ZEr0) ..........uuuuueeeeeeeeeeeeiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeees 97
5.2.2- Exploiting Constraint Number (1): New Plymouth Yard ............ccooooiiiiiiiiiiiiiiieceeeee, 101
5.2.3- Exploiting Constraint Number (2): Train Scaling /Unloading at Napier Port...............ccccvvvvvnnnn.. 104
5.2.4- Exploiting Constraint Number (3): Ship Arrival Rate at New Plymouth Port. ..............cccovvvennn. 108
TG T 11 1 0] =Y/ P 112
ChapLer 6: DISCUSSION ....evviiiii e e et e e e e et e e e e e e e e e e et e e e e e e e e e e sata e e s e eaeeeenrraan s 115
6.1 Conceptual IMPIICALIONS ........uuuririieiiiiiiiiiiee et snnnnnnne 116
6.2 Integrating ANalYtiCal TOOIS ........uuuiiiiiiiiiiiiie e 118



6.2.1 Macro Level ANalYEiCal tOOIS .........cooviiiiiiii e e 119

6.2.2 Micro Level Analytical tOOIS..........cooiiiiiiiii i 120
6.2.3 The Two-tiered MethOAOIOQY .........uuuuueeiiiiiiiiiiiiiiiiie e nnnnee 121
6.3 TheoretiCal IMPIICALIONS. .........uueeeiiiiiieeiieiee e snnnnnnee 122
6.3.1 Guidance on integrating AnalytiCal t0O0IS ...............uuuiiiiiiiiiiiiii 122
6.3.2 Hidden Factors affecting Supply Chain RODUSINESS ..........evvveiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeee 123
6.3.3 Resource Sharing and Theory of CONSIIAINTS.............uuuerrieiieieiiiiriiee e 124
LR o] [Ty VA 0] o] L o= U o] 0 PSSR 125
6.5 Managerial IMPIICALIONS. .........uuu i e e e e e e e e e e et e a e 126
6.6 Limitations and direction for future reSearCh............ooouuiiii i 127
Chapter 7: CONCIUSION .....ooieii e 129
8 N O Tod [N 5] o Sl (o] Y=o (< 1 T [ 130
7.2- Conclusions for Policy Makers and PraCtitiOners ...............eueeeevurerueueiiiiiiiiiiieeeieieeeeneseseneeeeennnnee 131
RETEIENCES TIST ...ttt e 133
YA o] 01T o [ ToT = PSPPSR 142
AN 0] 0 1= T 1 142
ApPPeNdiX A.L POrtS DESCIIPIION ... ..cciiiiiiiiie et e e e e e e e e e e e e e e et eaaeeeeeenes 142
NOIEh ISIANG POIS.....c e 142
LI 01 g0 T o o PSPPSR 142
WEIIINGEON POIT.... e 143
NAPIET PO .., 143
NeW PlymOUth POt ... 144
WNENGANE POIT ... 145
L 1 010 TN o 146
RS T 1011 T 1S = T PP 147
NEISON PO ... 147
(O 01151 o U {3 0 10 148
(@7 T [0 N = R 149
Y= Cor= Vo LI o] o PP USSPPPPPSTRN 150
I L0 LU = o o R 151
T3 1o 0 PR 152
Appendix A.2 Yield, Processing And Exporting Volumes By DiStrict............cccoooeeiiiiii 154
Appendix A.3 Model Districts With their Corresponding Exporting Volumes.............cccooeeeieiieen. 156
AN ] =T o = R 158
Appendix B.1 (Distances between districts and POItS) .......ovieeeereiiiiiii e e e 158
NOFEN ISIANG. ..., 158
RS Y0 TU L 3 = o o 1 159
Appendix B.2 (Distances between districts and train 10g Siding) .........coovvveeiiiiii 160
N0 1 T £ g o PR 160
RS T 1011 T 1S = T PP 160
Appendix B.3 (Rail distances between train sidings and ports) ..........ccccoeeeeeiriiiiiiiiiiee e 161
NOFEN ISIANG. ... 161
ST 011 T 1S = T PSP 161
ApPPENdiX C (AHOCATION MATIICES) . uuuu i iieeiiiieiiitie e e e e e e e e et e e e e e e e e e e e et e e e e e e eeeestbaa e aaeas 162
Appendix C.1 (Primary port AHOCATION) ........coiiiieieee e 162
N0 1 T £ g o SRR 162
RS0 1U L 3 = o T 163
Appendix C.2 (Secondary port AHIOCALION) ........cooiiieeiieeiee e 163
N0 1 T £ - T o PR 163
RS0 1W< = o T 164
Appendix C.3 (Train Sidings AHOCALION) .......ciieiiiiiiiiie e e e e e eeeees 165
NOIEN ISIANG. ... 165
Appendix D (Train and truCKIiNG FALES)........uuuuiiie i e e e e e e e e e e eees 166
WA o] 01T L0 [t = (@0 1) () PSSP 167



Port costs (Wharfage +Berthage +TUGS) ... coeeeiiiiiiiiii et e e e e e e e en s 167

DENSItY CONVEISION RALES. ... .uuui e eeieeeiitie e e e e e e et e e e e e e e et e e e e e e e e et e e e e e eeeeesssbaaeaaeaaaesnnnes 167
[N Lo] LT ES] = T 167
R0 1011 T 51 1 o 168
APPENAIX F (RESUITS) ..ttt 169
North Island Results (Forests Allocation with QUaNtities)...........cooeeiiiiiiiiii 169
 SOULN ISIAN RESUILS ....ceiiii e e e e e e et e e e e et e e e e ata e e e ett e e e entn e eeestnnaanenes 176
Appendix G Sensitivity Analysis (Forest Allocation ReSUILS)...........uuviiiiiieiiiiiiiiiii e 183
NN Lo T ) =T TR 183
0L 0 1Y A [T (=oYY< TP 183
P20 O Y A [ 10 (=T = 190
0 oY B 1<T o (=TT TP 196
0L oY LT (=T )P 203
Y010 T £ = o T 209
B0 O 1D = o = 1< 209
B0 O A [ [0 = < 216
A0 (10N B =To] (T < T 223
A0 o 10N 10 =T T 229



List of Figures

Figure 1 Risks spread across the supply chain (Mentzer, 2001) ........cccooerieirireneneneeee e 17
Figure 2 Risks overlap in the supply chain (SOUrCE:aULNON) .......cviivieeieieseceeec e e 18
Figure 3 General supply chain risk mitigation framework, adopted from Ho et al. (2015). ......ccecevevercnenens 22
Figure 4 DSS moderating effect on the impact of exogenous risks on transportation and capacity risks (source:
011 T ] ) TS 28
Figure 5 Logs exports per port in New Zealand, adopted from (NZFOA, 2014).......cccoevirveveieeieieseeeenns 34
Figure 6 World largest round wood trade channels in 2014 Adopted from Bezuidenhout., Pusztai,
Christians, & WIISON, (2016)......c.ecieieiirieeieiesteeteete ettt e steste et te et etestesseessessesseessesseessessesseessensesseessensassens 34
Figure 7 The Integration of Macro and Micro Level Analysis in The Proposed DSS.........cccccoeeveeevieiecreennene. 45
Figure 8 Total quarterly log volume exported from the port of Tauranga during the period from Jan 2010-Jun
2008, ..ottt h bt b a e h e eh e bt b et et a Rt bt b b e Ao Rt e n e e Rtk et et e st ehe bt b e nb et et et eaeeas 51
Figure 9 New Zealand ports with their corresponding estimated annual log export capacities. ............c.ccveuu... 52
Figure 10 contribution of different species to New Zealand’s forests, Adopted from (MPI (B), 2017) ........... 53
Figure 11 New forest planting (since 1988) and deforestation (since 2005), (Adopted from NZFOA, 2017) . 53
Figure 12 Forest age distribution as at April 2011, adopted from (MPI1, 2017 @) .......cccovevrievevreieciececieerenne 54
Figure 13 : Forest age distribution as at April 2015, adopted from (MP1, 2017 B) ....coovveeieieiiiicieeceeeee 54
Figure 14 North island’s regions and territorial districts. adopted from (MPI (B), 2017) ...cccevvrveiicneneeeenne. 56
Figure 15 South Island’s regions and territorial districts. adopted from (MPI (B), 2017) .ceecvevvererenieieennene 57
Figure 16 Costs INCluded in the IMOE .........c.eoiriiiiieiee e 61
Figure 17 Price Calculation DECISION TIEE.......cuiiiiriiieieieeie sttt ettt eiea 70
Figure 18 Waiting Vs Allocated Quantity During Each CloSUre SCENArio .........ccvecvevveeeeriirieieriecieeeecre e 74
Figure 19 Cost/ Profit During Each ClOSUIe SCENAIO ......c..cvrueriiririeieieieieseseeeee et 75
Figure 20 Waiting Vs Allocated Quantity During Each ClOSUre SCENANI0 .........cvevveereeeeriisiieierie e 77
Figure 21 Cost/ Profit During Each ClOSUIe SCENAIIO .........ccurueriiriirieieieiieieseseeee e 78
Figure 22 Logs SUPPIY Chain ACHIVITIES .......c.ceiiiriiriiieieieie ettt sttt neea 89
Figure 23 Forest Allocation Before and After Wellington Port ClOSUIe ........c.ccveeecierieeeeniisieeieie e 90
Figure 24 Train Sidings and Rail Line [0CALIONS. ........cc.coveiriririreicieen et 93
Figure 25 Simulation Results Report for The CUrrent State ........cccveeeeciiie i 98
Figure 26 Stock Level Charts FOr SCENAIIO ZEI0 .......ccuiieeieriieeeeeestesteeieste et ste e eae st sreeaesresreeaessesreeee e 100
Figure 27 Simulation Results Report After Exploiting Ship Loading Rate at New Plymouth ....................... 102
Figure 28 Stock Level Charts After Exploiting Ship Loading Rate..........ccecvviieeeriirieciereceeeee e 103
Figure 29 Simulation Result Report After Exploiting Train Scaling and Unloading Activity at Napier Port 106
Figure 30 Stock Level Charts After Exploiting Train Scaling and Unloading Activity at Napier Port .......... 107
Figure 31 Results report After Increasing Ship Arrival Rate at New Plymouth POrt...........cccocevevenieinennene. 110
Figure 32 Stock Level Charts After Increasing Ship Arrival Rate at New Plymouth Port ..........c.ccceveuennee. 111
Figure 33 Impact of Releasing Constraints on the Logistical Network Throughput............ccccecevevenieinennene. 113
Figure 34 Modified conceptual model of the moderating effect of the DSS..........cccoooveveviiieceiecee e 118



List of Tables

Table 1 Sources of SUPPIY ChAIN FISKS, ...c..ouiiiiriieieiee et 16
Table 2 Comparison between objectivism and Constructionism, adopted from Bryman and Bell (2011) ....... 37
Table 3 Comparison between positivism and interpertivisim, adopted from Bryman and Bell (2011) ............ 38
Table 4 Comparison between quantitative and qualitative methodologies, adopted from Bryman and Bell

(2011) aNd NEUMAN (2006) ......evuerueeneerieeeieiereeeetetesteeeeeeestesseetesseeeseesestesseensesseeseesesseensensesseensensesseensensesneensees 40
Table 5 Research design CONSIABIALION ..........cueviiiieieriereetere ettt ettt e s te e e e s be e e essesreessesesneeseeneas 41
Table 6 Research Concept OperationaliZation ............ccooeeriiiieieiereeee et 41
Table 7 Data COIECION PRESES......c.ccviieieieisieie ettt ettt sttt seesestesbeste e e e eneeseesees 43
Table 8 A Sample of North island’s yield, processing and exporting volumes by district (Scion, 2017)......... 56
Table 9 A Sample of South Island’s yield, processing and exporting volumes by district (Scion, 2017)......... 57
Table 10 Glorious Plumeria ship characteristics (SCION, 2017). ..ccvcvecieiirieieseeeete et 67
Table 11 CalCulated CaPACITIES. ....ccveevieeeieiieeeiereeierte ettt st te e s te e et e sbe et e tesseensesseeseessesseeseessesseensensas 71
Table 12 Allocated Quantities fOr EACh POIT. ...........oviiiiiieie e ettt 72
Table 13 FUture AdjUSted CapaCitieS.......ccuiiieierierieierieseeeesie st e e ete et eteste e sseeaestesseesaessesseessessessaessesseeseensas 72
Table 14 Port Utilization During Each ClOSUIe SCENANIO........cccveviiiuieieriiitieeecie ettt sre e 73
Table 15 Resilience Index DUring EACh SCENAIIO .........ecveiiiiieiciicie ettt e 75
Table 16 Calculated Ports Capacities Vs Allocated QUANTITIES.........ccevuerieierieriiieiese e e 76
Table 17 Port Utilization during EACh SCENAITO .......cc.ciueeuieiiciieieeiecieceet ettt 77
Table 18 Resilience Index DUring EaCh SCENAIIO .........cveiriiririiieieieeseseee e 78
Table 19 North Island Model Sensitivity Analysis fOr PriCe.........coicieviiiiiieiececeeececeeee e 80
Table 20 South Island Model Sensitivity Analysis fOr PriCe.........coivievviiiiieiececeeece e 80
Table 21 North Island Model Sensitivity Analysis fOr COSt........cceoeieiiinirineeiee e 82
Table 22 North Island Model Sensitivity ANalysis fOr PriCE........covvveviiiiiieececeeese e 82
Table 23 General Transport ACHIVITIES TIME ......c..ooviiiieieiree et 92
Table 24 Train SIdiNGS CaPACITIES. ...c..eveiririirtiteieii ettt sttt ettt sb e bt e e s s e 93
Table 25 Rail LiNg CAPACITIES ......cccveiiieiieeeiticteeterteitee ettt sttt a et e sbe e e e besteesaesesseessensesseessessesreeneas 94
Table 26 Ports Facilities and CAPACITIES.........ccererieieieiieeriereet et sttt 95
Table 27 Ships Loads DiStrIOULIONS.........cciiiiieiiiiciecie sttt ettt st e sb b e e e b e e neennas 95
Table 28 POrt ACHVITIES TIIMIES ......iiveieiieeieieriesieee ettt sttt ettt ettt b e st s b et et e e st ese b nee 96





