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ABSTRACT

KEYWORDS: Agri-food Supply Chain; Sustainability; Risk Drivers and Factors; Risk

Assessment; Decision Support System; India.

A nation's economic prosperity is determined by its capacity to provide sufficient quantities of
wholesome, high-quality food to its population. Despite the vibrancy of the food industry, all
nations, whether established or developing, confront a variety of obstacles that threaten the
security, safety, and sustainability of the agri-food supply chain system and operations.
Increasing globalisation and complexity of the agri-food supply chain result in the
unavailability and inaccessibility of food, making it increasingly challenging to meet the
requirements of a rising population. To maintain the security and safety of food, it is vital to
evaluate the inefficiencies and variables impacting the agri-food supply chain system. This

research study examines the Indian agri-food supply chain system.

The Agri-food supply chain is characterised by long lead times for agricultural product
production, seasonality in food production and consumption, variation in product quality and
yield, and special handling requirements for food products such as cold storage and perishable
nature of food products, all of which make agri-food supply chain system complex and
difficult. The existence of segregated and autonomous activities along the agri-food supply
chain thwarts joint efforts, resulting in economic inefficiencies and environmental deterioration
and having a negative social impact. Risk at all phases of the agri-food supply chain — from
harvesting through processing, packing, handling, storage, distribution, and consumption —
exacerbates the problem and impacts the system sustainability. The Food and Agriculture
Organization estimates that one-third of worldwide food production is wasted or lost each year.
These difficulties, taken together, need study in this field to find efficient solutions for
managing agri-food supply chain activities to fulfil the rising demand for food and achieve

sustainable operation by mitigating the risk impact.

Furthermore, in today's business world, globalisation-induced competition, increased food
miles as a result of globalisation and trade, heightened consumer awareness of high-quality
products and operational transparency, rising population and food demand, and strict
government regulations place greater strains on the limited resources required to produce goods
and services. A confluence of such forces has resulted in sustainable behaviours being a must

rather than a choice. Furthermore, rising demand for food goods to feed a growing population
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puts strain on natural resources, necessitating a sustainable approach to natural resource
production and consumption, and eliminating agri-food loss at all levels of the agri-food supply
chain to achieve system sustainability. As a result, there is a need for a research study that finds
potential for enhancing the agri-food supply chain system sustainability, which also helps to

achieve the desired sustainable development goals.

This study identified and addressed various research gaps based on the review of the extant
literature. In order to comprehend existing risks in the agri-food supply chain (AFSC), this
study first built a conceptual framework employing "Soft System Methodology (SSM)" to
investigate risk drivers, variables, and potential solutions. The results of SSM usher the scope
and direction of future research. Initially, various risk drivers and their associated factors are
identified. A conceptual framework validation is then performed to see the impact of the
integration of the risk management process and critical success factors on achieving the agri-
food supply chain system sustainability, using partial least square- structural equation
modelling (PLS-SEM). The result of this analysis, together with the solution output from SSM,
stimulated the authors to conduct the study on identifying the critical success factors for agri-
food supply chain system sustainability to tackle different risk issues. Therefore, the next
section of the research deals with identifying critical success factors (CSFs) of agri-food supply
chain system sustainability. Three important theories, “stakeholder theory”, “system
sustainability” and “theory of critical success factor”, have been referred for this work. Post-
identification, these CSFs were subjected to statistical reliability analysis using Cronbach’s
coefficient, followed by the analysis of their inter-relationships using total interpretive

structural modelling (TISM).

Further, an attempt is made to analyse the identified risk drivers and factors through risk
assessment using a fuzzy analytical process and fuzzy Vlekriterijumsko KOmpromisno
Rangiranje (VIKOR) by collecting the response from various stakeholders. This risk
assessment provides the rank of various risk factors impacting the system sustainability of
AFSC. The research study analysis shows that production risk is the major risk driver that
impacted the agri-food supply chain system sustainability and impacted all the three
dimensions of sustainability. This prompted the authors to carry out a case study on the
production risk in terms of post-harvest loss and evaluate and quantify the various factors
causing the losses. The case study was performed in the Narmadapuram district of Madhya

Pradesh State. The extent of post-harvest losses was evaluated by multiple linear regression



analysis and problem faced index (PFI). Based on review of the literature, discussions with the
subject experts and through risk analysis results; a decision support system framework using

the DIKW hierarchy was proposed for risk mitigation.

This research work contributes to the existing literature on the sustainable AFSC, and gives
management implications to practitioners and policy suggestions to the government and
policymakers, and captures advances in the field. The thesis serves as a road map for
practitioners working with agri-food supply chain system challenges, allowing decision-
makers to assure the security of safe and nutritious agri-food to all at an affordable price and
in a sustainable manner. The research study's shortcomings are discussed and potential future

research paths.
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BIIS: Hiv-amE YT YT, TeAAdT; SEH aTelb 3R BReb; ATEH Hbe; [
T YuTTelt; YRA|

fopit Tz T 31Tl T 39k ATTRE B TATd | H JRferd, 3o T[uradT aral WIS 3uaed
P DI emdT F FHUiRd erdl &1 WTe 38T B Siidddr & draele, IHT I8, 9Te wA1fUd & ar
famraelta, fafi=T geR &7 ITemsil &7 ATHAT &R & ST PY-WTe AT YA FoTar 3R
AT T R, TR 3R RRIRAT 1 TR # STl 8| PIU-@Ter 3TYfd YT P gad JdTBIoT
TARBATAT DT G AT doil A YAIAIYOT BT AT § | WIST T FR&M 3R JR&M Pl g7 I8 &b
foTg, piv-Ter 3MYfd ST FOTCT BT I Bt aTett 3rarmarat 3iR TRY &1 Jeaid wT
HEAYUT &1 TE MY 31T HRATT BIY-TTe ATYfd YTAT YUTT bl ST BT &

FY-TTe MY YEAT B 3T 3T b g e T dp, WTeT 3T 3R Tud H Hid,
3T T T 3R 3usT § Ti=TdT, 3R &g 3cTel & foefq faoly Bsfeim saeaesdrsii S ®ies
WRST 3R @Ter 3l $F SR e aret Tefd, T B AT 1 3T I piu-wme smyfd
AT YUTTelt Bl S 3R BfST TAd &1 PIY-WTe 3MYfd ST & T G2AF 3R [
fafafedt @1 s Sgar Tl B fathe ad 2, S| TRy 31fefd stemarg 3k
TITRUM fiRTae 3R TBRIEE AHISEG THIG UedT &1 Hi-@mer 3mgfd S & I+t avon
T NG - Bers T TGERoT, Yfdb, Esfam, HeRor, fadaor 31k Wud & ey I - JHRT B
JeraT & 3R f¥ed fEBRar &1 yMIfad T 81 | 3R B H1eT &1 37gHH § 6 & A1
g R H U fders T 3cTe gaie 8l STidT € AT T 81 i1l 81 7 BoA1sal Pl Y el
oI, WIS T gl AT Bl IR B3 7R SEH THIT Bl BH Db LATIT HelTed UTed B b
fore PfS-wmer smyfd sfwe nfafaferal & yadum & fav Fere e @er & oy s a9 §

3T BT I HRAT B
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P AT, ST Bl FRERT gAAT W, dediaor-aRa ufawmf, dJediamur ik =R &
TROUTTHERY WTel Hid W gfg, 3o UradT aTel 3cdTal 3R IReETed IRaEfRar & aR W 981 g8
37feieh <dTd STefd 81 a¥g3fl 3R a1l &b IcTed & oIy e FHTEHT BT SATagedesdT il 8|
9 RE P! dThdl &b HTH &b IRUTHRGHY SBT3 AdeR b fddbed & goir SRedl 8l T =
STeTdl 8, UTgpfde HHTHA 3cTed 3R WUd P feiq Uep Tt GfehIuT bl 3TTaedehdT il &, 3R
e fRERaT U B & foig Fiv-\mer 3myfe S & Tt TRl R FiY-@re g1 B e
BT &1 AdToTd, Tab 2T 3T BT ITALTBAT & ST PIu-WTel MY HAT YoTert f&Rar
P TT T &HAT UTdT B, ST Iifod Jdd fdbr ded) BT Ut B B Ml Heg oidT &

S 31T A GAHE Hfe Pl THIAT P 3R W A= 2 3/avTel HY gga &l 3R 3%
Saiferd febar| piv-mer sryfd s (Tubgest) # Aisgar sifem! & FHeM & foy, Jed
U, 59 AT H "Hive GEH AYSIdlsll (THUHGH)" BT 3UANT Hd §Y, SIITEH TTelehl,
BRI 3R T FHTUTY BT YdT AT &b fAQ Y d=1es e faefad foar mar &1 gagweH
BT 33CYC 3T &b A B P el Torrger 3R e wed &idr &1 URM #, fafi=T siifaw
TTcAep] IR 3T T BRebI bl TgaT Pl STl &1 T1RIch FATH aTi-TReTcHeD FHIBIOT HISIeiT
(PLS-SEM) &7 3931 $Xh PHIT-TTeT 3TYfc ST FOTTe! FEERAT UTed & TR SIS Yae
TfosaT & ThI0T 3R AEaqul THetdl BREBT & THTT Bl <@ & iy e darie wavar
FATIA a1 ST &1 THVHTH H FHTUM 313¢Ye &b A1 g faeesur & gRomm 7 gd fahi=r
ShifEd aret gal | fAded & fav Pv-ame smyfd e goret RRaT & fiv Aeaqol Fwad
R bl TET B b eI Teb 3T oA b il UIcHTlRd fBaT| AT, STTHUT BT 37TeT
T PY-@Ter Y Gl TUTTeR FERRAT 3 HeequT GoheTdl PR (FTHTH) BT Tga B
I Hdfod g1 39 32T & oy i "eayef fagial, "fedurs fAgia”, "iwen fErar ik
"TE YUl AUcTdT BReb & Rgid" BT 3N 5T TaT €| UeerH & 914, 37 ATHTH B hidd
& TUTIH BT IUANT BXh FfGbR [deau-iadm faeeisor & 31T b T, 39 91’

viii



ARATHPB IIAATHP HIS(oiT (S TSTHAYH) BT IUANT FXh 3 -t Bl faeeiyuT fasar

T

P 3YATAT, BY-WTe 3MYfd et & fafi=T fequre & ufdfhar teEa o T ol
faeetsoTeres Ufehar 31k woit IgATs FAST ISP (fAPR) BT 3TaNT P SNfEH geich
% HIEFH § UgIM 7Y SITEH TTeiebl 3R PBRebi bl fdeiNuT B I Y™ fobar 7T &1 Ig
SIS Yedied YT Bl RARAT Bl Y9Tfad B3 aret fafi= Sife BRep! BT JoTt Jar avar

H



TABLE OF CONTENTS

Page
CERTIFICATE ...cciviiiiiiiiiiiiiiiiettissssssccsccccccssssssssssssssssssssnnes i
ACKNOWLEDGEMENTS . iiiiiiiiiiiitinnnnnescssesssssssscscccccssanss ii
ABSTRACT .oiiiiiiiiiiiiiiiiiiiiieteeeeetsessssssssssssssssssssssssssssssssssnss iv
TABLE OF CONTENTS .ciitiiiiiiiiiiiiiiitteteeceeccessssssssssssssssssses X
LIST OF FIGURES ..cuiiiiiiiiiiiiiiiieeieteessssssssssssssssssssssssssssssns xvii
LIST OF TABLES ...cuiiiiiiiiiiiiiiiiiitietessssssssssssssssscsssssssssssnns Xix
LIST OF ABBREVIATIONS ...iiiiiiiiiitenniessssssssssscccccccsanns Xxi
CHAPTER 1: INTRODUCTION ..iciiiiiiiiiereeeeacessscccccscsssssssnnns 1
1.1. Supply Chain Management .............oueeeiinieniiiiieeitaieaeeieneeeanann, 1
1.2. Agri-food Supply Chain System ............cooiiiiiiiiiiiiiiiiiiiieeeeens, 2
1.3. Risk Management for Agri-food Supply Chain System ........................... 3
1.4. Agri-food Supply Chain System Sustainability ................cooeeiiiiiiinin.. 4
1.5. Indian Agriculture SCeNArio ...........ooevuiiriintiiie it eeeaeans 5
1.6. Major Agriculture Policies in India ... 7
1.6.1. Paramparagat Krishi Vikas Yojana ...........ccoooooiiiiiiiiiiiiiiiiiin 7
1.6.2. Pradhan Mantri Krishi Sinchayee Yojana ...................oooiiiiiini 8
1.6.3. Pradhan Mantri Fasal Bima Yojana (PMFBY) ............ccoooiiiiiiini. 8
1.6.4. National Mission on Micro-Irrigation (NMMI) ...............c.oeeeennn. 8
1.6.5. Soil Health Card Scheme (SHCS) ... 8
1.6.6. National Mission on Sustainable Agriculture (NMSA) ..................... 9
1.7. Motivation forthe Research .........ooooiiiiiiii i, 9
1.8. Scope of the Study ..ot 10
1.9. Research Questions and Research Objectives ...........ccoovviiiiiiiiiiiiiniinn.n. 11



1.9.1. Research QUESHIONS ........oiuiiiiiiiit it e e e,
1.9.2. Research ObJeCtiVes ........iiuiiniiiii e
1.10. Outline of the Study and Methodological Overview ........................
1.11. Organization of the Thesis ...........oooviiiiiiiiiiiiii e,
1.12. Chapter SUMMAry .........cooiiiiiiiii e
CHAPTER 2: LITERATURE REVIEW ...ccciiiiiiiiiiiiiiiinnnnnnncnceees
2.1 Risk Management for Agri-Food Supply Chain ................coooiiiinn..
2.2 Agri-food Supply Chain System Sustainability ................ooooiiiiia
2.3 Critical Success Factors for Agri-food Supply Chain System Sustainability ....

2.4 Review of Methodologies Adopted in the Research Study/ Underlying Theoretical

CHAPTER 3: IDENTIFICATION AND MAPPING OF RISK
DRIVERS FOR AGRI-FOOD SUPPLY CHAIN USING SOFT
SYSTEM METHODOLOGY AND GREY RELATIONAL

ANALYSIS ciiiiiiiiiiiiiiiiiiiiiiiinnsettttttiesssssssssssssssssescsssssssssssnes
3.1 INtrOdUCHION ..ne e
3.2. Identification and Mapping AFSC Risk Drivers and Risk Factors ...............
3.3. Soft System Methodology (SSM) ......oiiiiiiii e

3.3.2. Risk Drivers at Different Nodes of the Supply Chain .....................
3.3.2.1.  Agriculture Input Risk (AR) .......cocoiiiiiiiii
3.3.2.2. Production Risk (PR) ...
3.3.2.3. Logistics Risk (LR) ....oonviiiii e
3.3.2.4. Storage and Processing Risk (SPR) ...,
3.3.2.5. Market Risk (MR) ..o,
3.3.2.6. Government Regulations and Policies Risk (GR) ................
3.3.2.7. Food Quality Risk (FQR) .......cooiiiiiiiiie,
3.3.2.8. ICT Infrastructure Risk (IR) ...,

30
35
36

Xi



3.4.2. Application of SSM ...
3.4.2.1. Developing Symptoms Map .........ccoovviiiiiiiniiiiiniinniannnn..
3.4.2.2. Developing Rich Picture .............c.cooiiiiiiiiiiiiii,
3.4.2.3. Developing Root Definition ..............ccooeviiiiiiiiiiiiiiniinn.n.
3.42.4. CATWOE Formulation .............coiiiiiiiiiiiiiiiien,
3.4.2.5. Development of Conceptual Model ...................oooiiiiini
3.4.2.6. Development of Final Implementation Model .......................

3.4. Grey Relational Analysis Application .............cccoiiiiiiiiiiiiiiiiiiieeenn,
3.5. Grey Relational Analysis of AFSC Risk Drivers .............cccooviiiiiiiiann...
3.6. Discussion and Managerial Implications ...............c.cooiiiiiiiiiiiiinan...
3.7. Chapter SUMMATY .......oiuiiiiit it ee e
CHAPTER 4: DEVELOPMENT OF CONCEPTUAL
FRAMEWORK MODEL FOR AGRI-FOOD SUPPLY CHAIN
SYSTEM SUSTAINABILITY AND VALIDATION USING PLS-
SEM MODELLING ...cuuuiiiiiiiiiiiiiiiietiiisiensttcsssenssscssssssscosnnes

O O 6315 (0 76 117075 0 ) s

4.2. Conceptual Framework Model for Agri-food Supply Chain System

Sustainability- Theoretical Foundation ..................cooiiiiiiiiiiiiiiiin,
4.3. Hypothesis Development for Conceptual Model ................c.oooiiiiiiiiini.
4.4. Data ColleCtion .........cuuiniiniit i
4.5. Partial-Least Square -Structural Equation Modeling (PLS-SEM) — Data
Analysis TEChNIQUE ......ouiniiii e
4.5.1. Validity and Reliability Test — Measurement Model Assessment .........
4.5.2. Structural Model ASSeSSMent ............ouevuiiiiiiiiiiiiiiiiinean
4.6. Model Analysis Result ...........oooiiiiiiii e
4.6.1. Measurement Model — Convergent and Discriminant Validity ...........
4.6.2. Structural Model ..ot
B B 1111 1] 103 s P
4.8. Chapter SUMMATY .......oiuiiiiitt it e

65
65

66
68
73

75
76
76
76

79
81
82

Xii



CHAPTER S5: MODELING OF THE HIERARCHICAL
RELATIONSHIP BETWEEN THE IDENTIFIED CRITICAL
SUCCESS FACTORS FOR AFSC SYSTEM SUSTAINABILITY ..... 83

5.1 INOAUCTION ..ttt e e 83
5.2. Underlying Theory Concept used in Study ...........covviiiiiiiiiiiiiniann... 85
5.2.2. Stakeholder Theory ........oouiieiiiiiiiii i 85
5.2.3. System Sustainability Theory .............coooiiiiiiiiiiiiii 85
5.2.4. Critical Success Factors Theory ............coooiiiiiiiiiiiiiiiiiiiin, 86
5.3. Critical Success Factors for Sustainable AFSC ..., 86
5.3.2. Integration of National Agriculture Market .......................ooeit. 86
5.3.3. Coordination and Collaboration in AFSC .........coiiiiiiiiiiiiiiii... 86
5.3.4. Risk Management ..........c.oiuiiuiiiiniiiiiiii e 87
5.3.5. Trustamong Partners ...........ccooeviiiiiiiiiiiiiii e, 87
5.3.6. Storage and Processing Facilities ...............cooiiiiiiiiiiiiiiiiiiiinn.. 87
5.3.7. Logistics Network and Capabilities ................cooeviiiiiiiiiiiiiiinnnn. 87
5.3.8. Government Regulations and Policies .................ccooiiiiiiiiiin.nn. 88
5.3.9. ICT INFrastruCture .......oovviiniiiiit i 88
5.3.10. FOod QUAlity ....vuiniti i 88
5.3.11. Visibility and Traceability .............cccooiiiiiiiiiiiiii e, 89
5.3.12. Customer Awareness and Satisfaction ............cceiiiiiiiiiiiiiiiiinnnn.. 89
5.4, Method USed ..o e e 89
5.4.2. Reliability test using Cronbach’s coefficient and Pearson’s correlation
test USING SPSS ... 89
5.4.3. TISM Methodology .....couviniiieiiiii e 90
5.4.4. The MICMAC PrinCiple ......ccoovviiiiiiiiiiiiii e 92
5.5, Result ANalySis ...ouuineiiiii e 92
5.5.2. Interpreting TISM Digraph ..........cooiiiiiiiiiiiiiiee e 93
5.5.3. Interpretation of MICMAC Analysis .........ccovviiiiiiiniiiiiiiiiniiannnnn. 95
5.5.4. Stakeholder Influence on System Sustainability ............................. 96



5.5.5. Managerial Implication .............ccoiiiiiiiiiiiii e 96

5.6. Contribution, limitation and Future SCope ............ooviiiiiiiiiiiiiiiiiiiiann. 97
5.7, CONCIUSION ..ttt ettt e e 97
5.8. Chapter SUMMATY .......oouiiiiii e e 08
CHAPTER 6: RISK EVALUATION FOR AGRI-FOOD SUPPLY CHAIN
SYSTEM USING FUZZY AHP AND FUZZY VIKOR ......cceceevuernueennneennnes 29
6.1, INtrOAUCTION ...utitiit ittt e 99
6.2. Risk Drivers and Factors consider for the Study ... 101
6.2.1. Pre-harvest RiSK ..o, 101
6.2.2. Post-harvest RISK ...ooooiiiiii 102
6.2.3. Political Policy Risk ...........coooiiiii 103
6.2.4. Logistics and Technology Risk ..............ccooiiiiiiiiiiiiiiin, 104
6.2.5. Market RISK ...ooviiiiii 104
6.2.6. Social and Economic RiSK .......ccovviiiiiiiiii e, 105
6.2.7. Hybrid Risk ..o 105
6.3. Material and Method Used ..........c.oiiiiii e 106
6.3.1. Data CollECtION ....vvviiettt it 106
6.3.2. Evaluation Methods .........cooviiiiiiiiiiiiiiii e 108
6.3.2.1. Fuzzy AHP- Calculating Risk Drivers and Factors Weight
L0 1< 4 P 108
6.3.2.2.  The Calculation for Degree of Possibility ........................... 110
6.3.2.3.  Risk Factors Evaluation using FVIKOR ............................. 113
Y T D T 1Yo D T3 (o) s B 116
6.5. Sensitivity ANALYSIS ...uiuiintit i 120
6.6. Contribution, Limitation and Scope of Future Work .......................... 121
6.7. Chapter SUMMATY ......oouiiiit e e e 122

CHAPTER 7: AGRI-FOOD SUPPLY CHAIN PRODUCTION
RISKS AND MITIGATIONS: A CASE STUDY OF WHEAT AND
SOYABEAN IN MADHYA PRADESH ...cccccviiiiiiiiiiiiiinennnne. 123

Xiv



T 1 INEEOAUCTION .. v vve ettt e e e e 123

7.1.1. Production Risk due to Postharvest losses in AFSC ...................... 124
7.1.2. The Objective of the Case Study ..........ccoeiiiiiiiiiiiiiiiiiiins 125
7.1.3. Agriculture Scenario in Madhya Pradesh State: An Overview ........... 126
7.1.4. Factor Affecting the Postharvest Production Losses....................... 128
7.1.5. Proposed Research Framework ...................oii, 128
7.2. Material and Methods .......oooiiiiiiiiiii 128
7.2.1. Problem Face Index (PFI) of Farmers of Narbadapuram District ......... 130
7.2.2. Multiple Linear Regression analysis Factors Affecting Post-harvest
Losses at Farm Level: Analytical Technique ..................oooiiiinin.. 131
7.3. Result and DISCUSSION ... uuueeeetee e 132
7.3.1. Socio-Economic Characteristics of Farmers ............cooovviiiiiinnnn... 132
7.3.2. Extent and Quantification of Crop Production Losses ..................... 134
7.3.3. Interpretation of Multiple Linear Regression Analysis .................... 135
7.3.4. Determinants of Postharvest Losses for Soybean Production ............ 136
7.3.5. Determinants of Postharvest Losses for Wheat Production ............... 137
7.3.6. Problem faced Index (PFI) by Narbadapuram Farmers .................. 139
7.4. Decision Support System for Risk Mitigation ACtivity ............c.ceoeviinennne. 140
7.5. Risk Mitigation and Sustainable Solution to Reduces Postharvest Losses along
Ehe AFSC ...ttt 141
A T O} 4 61 11 13 (o ) s B 143
7.7. Chapter SUMMATY .......oouiitiitit it 143
CHAPTER 8: SYNTHESIS AND CONCLUSIONS. ..cccitiinnnrnriiecnes 145
8.1, INtroOdUCLION ..ottt 145
8.2. Significant Research Findings and Contributions .................cooooviiiinnn. 149
8.2.1. Theoretical ContribULIONS .........oviinriiiitt i, 150
8.2.2. Practical ContriDULIONS ......ovititiitiitttt e, 151
8.3. Limitation Of RESEArcCh ........ouui e, 151
8.4. Scope for Future Work ..........ooiiiiiii 152

XV



8.5. Chapter SUMMATY .......ouiiiiii e e 153

REFERENCES ...ciitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieietiiitetetetetetesecssecacssssacssnne 154
DN i 0l ) . 177
Appendix A. Cover letter to Participants about the Research Study ........................ 177
Appendix B. Experts Profile and GRA analysis ............c.cooeviiiiiiiiiiiiiiiinii. 178
Appendix C. Descriptive statistics of the respondent ... 179
Appendix D. Questionnaire Base Survey ..o 181
Appendix E. Respondent Profile and FAHP and FVIKOR analysis ...................... 184
Appendix F. Case study survey, Wheat, and Soybean Data .....cccevvveiieieieininnnnn 185

XVi



LIST OF FIGURES

Figure Title Page
Figure 1.1 Chapter Structure .........ooeviiiiii e, 1
Figure 1.2 Agri-food Supply Chain ... 2
Figure 1.3 Impact of Risk on AFSC Sustainability ...................coooin 10
Figure 1.4 Framework of Research Flow ... 14
Figure 2.1 Chapter Structure .........ooiiiiiiiii e, 16
Figure 2.2 Literature Review Major Topic and Flow ... 17
Figure 2.3 Main Research Gaps of the Study ... 35
Figure 3.1 Chapter Structure .......c.ovviiiiii e 38
Figure 3.2 Major Risk DIIVeTs ......oviiiiiiii e, 43
Figure 3.3 Symptoms Map .....oiiiiiii 48
Figure 3.4 Rich Picture ... 49
Figure 3.5 Formulation of Alternative Root Definition ............................ 53
Figure 3.6 Conceptual Model .........coiiiiiiii 54
Figure 3.7 Final Implementable Model .................ccooiiiiiiiiiiii 55
Figure 3.8 Risk Driver Mapping ..............cooooiii, 62
Figure 4.1 Chapter Structure .......c.ovuiiiiiiii e 66

Figure 4.2 A Conceptual Framework for Agri-food Supply Chain
Sustainability .......c.ooieiiii e 68
Figure 4.3 The Hypothesis Related to the Conceptual Framework Model ...... 72

Figure 4.4 Conceptual Framework Path Model in PLS-SEM ..................... 81
Figure 5.1 Chapter Structure .........ovviiiiii e 84
Figure 5.2 TISM based system model for critical success factors of

Sustainable AFSC ... 94
Figure 5.3 MICMAC Analysis ...........coooiiiiiii 95
Figure 6.1 Chapter Structure .........ovviiiiiiii e 100

Figure 6.2 Proposed Research Flow Diagram for Risk Evolution using
Hybrid FAHP and FVIKOR Methods .................oooiiiiain. 107

XVii



Figure 6.3
Figure 7.1
Figure 7.2
Figure 7.3

Figure 7.4

Sensitivity Analysis of Risk Factors ..................oooiiiiinnn. 121
Chapter Structure .........ooiiiiiiiii e, 124
Proposed Research Framework ..., 129

Area of Study for Postharvest Losses (Madhya Pradesh State and
Narbadapuram District) .........ooviiiiiiiiiiiiiiiie e 130
DIKW Hierarchy Framework for Risk Mitigation Activity .......... 142

XViii



Table
Table 1.1
Table 2.1

Table 2.2
Table 2.3

Table 3.1
Table 3.2

Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8

Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6

Table 5.8
Table 5.9

LIST OF TABLES

Title Page
Major Crops Area, Production and Yield ..............c..ooooeiniie. 5
Research Related to Risk Management for Agri-food Supply
Chain ..o 21
Research Related to Agri-food Supply Chain Sustainability ...... 25
Research related to CSFs for Agri-food Supply Chain System
Sustainability ........ccoiniiiii e 29
The Root Cause of Risk Issue for Sustainable AFSC ............... 50
CATWOE Analysis for Risk Management for Sustainable
AR SC 52
Scale on the basis of the expert's judgement.......................... 58
Decision Matrix for Risk Drivers ............cccoooviiiiiiiiiiiinn 58
Normalisation Decision Matrix for Risk Drivers ..................... 59
Reference Sequence Matrix for Risk Drivers ........................ 59
Difference Matrix for Risk Drivers ..........c..coooiiiiiiiininn. 60
Grey Relational Coefficient and Grey Relational Grade and Rank
Of RiSK DIIVETS ...t 61
Dimension of Sustainability Effected by Risk Factors .............. 69
Latent Variable and Construct .............ccoeoeviiiiiiiiiiininn. 73
Construct Reliability and Validity ...............ooooiiiiiinn. 77
Fornell-Larcker Criterion Test ............cooeviiiiiiiiiiiiiiinnn 77
Cross-Loading ........c.ovuiiiiiiii i 78
Model Value for R? and Adjusted R? ................ooooiiiiinnn., 79
Path Coefficient and t-statistics Values ................c.ooovenen. 80
Correlation Coefficient of CSFs ........c.ccooiiiiiiiiiiiiiin., 90
Initial Reachability MatrixX ...........ooooeiiiiiiiiiiiiie, 91
Final Reachability Matrix ..........c.ccoiiiiiiiiiiiiiiiiiinene 91
Iterations for Level Partitioning ................ccooiiiiiiiininn... 92

Driving Power and Dependence using Final Reachability

1 2 4 P 92
MICMAC Analysis CIUSter ...........cooeviuiiiiiiiiiiiiiiiieeenen, 93
MICMAC Ranking of CSFs .......ooiiiiiiiiiiiiiiiee, 95

XiX



Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 6.8
Table 6.9
Table 6.10
Table 6.11
Table 6.12
Table 6.13
Table 6.14
Table 6.15
Table 6.16
Table 6.17
Table 7.1

Table 7.2
Table 7.3
Table 7.4
Table 7.5
Table 7.6
Table 7.7

Table 8.1

Pre-harvest Risk Factors ..............coooiiiiiiiiii, 102
Post-harvest Risk Factors .............cooooiiiiiiiiiiiiiiiii 103
Political Policy Risk Factors .............cooooiiiiiiiiiiiiiini. 103
Logistics and Technology Risk Factors .................cooeviiint. 104
Market Risk Factors ...........ccooiiiiiiiiiiiiiii, 105
Social and Economic Risk Factors ..............c.oooiiiiiinn. 105
Hybrid Risk Factors ..........ccooiiiiiiiii e, 106
Triangle fuzzy Scale for FAHP Pairwise Comparison .............. 109
Extent Analysis Value for Each Risk Drivers ........................ 109
Fuzzy Synthetic Extent Value (Si) ........coooviiiiiiiiiiin. 109
Degree of Possibility ........c.oviiiiiiiiiii 110
Defuzzified MatriX ........ovviiiniiiiiiiiiie e, 111
Consistency Index, R.I. of Random Matrices ........................ 111
Risk Drivers Weight Criteria and according to Rank ............... 112
Risk Factors Weight Criteria .............coiviiiiiiiiiiiiiiiiniannns 112
Crip Value, Fuzzy Best Value and Fuzzy Worst Value ............ 114
Value of S, R and Q for Risk Factors and Rank ..................... 115
Madhya Pradesh Crop Production Share in Indian Union

200810 e 127
Socio-Economic Characteristics of Respondent Farmers ........... 132
Share of Soybean and Wheat in Cultivated Area .................... 133
Losses in Crop Production in MP 2018-19 ................coiinin. 134
Factors Influencing Postharvest Losses in Soybean ................. 137
Factors Influencing Postharvest Losses in Wheat ................... 138

The Rank order of problems faced by Narbadaprum farmers
using PFL ... 140
Research Objectives and Methodology Adopted ..................... 146

XX



LIST OF ABBREVIATION

AFSC Agri-food Supply Chain

AFSC-RM Agri-food Supply Chain Risk Management
AFSCSS Agri-food Supply Chain System Sustainability
ANP Analytical Network Process

CSFs Critical Success Factors

DEA Data Envelopment Analysis

DIKW Data, Information, Knowledge, and Wisdom
DM Decision Making

FAHP Fuzzy Analytical Hierarchy Process

FAO Food and Agriculture Organisation

FST Fuzzy Set Theory

FVIKOR Vlekriterijumsko KOmpromisno Rangiranje or Multi-criteria Optimization and

Compromise Solution

GHGs Greenhouse Gases

GRA Grey Relational Analysis

ICAR The Indian Council of Agricultural Research

ICRIER Indian Council for Research on International Economic Relations
ICT Information, communication, and technology

IFAD International Fund for Agricultural Development

MADM Multiple Attribute decision making

MCDM Multi-criteria Decision Making

MICMAC Matrice d'impacts croisés multiplication appliquée 4 un classment
MLRA Multiple Linear Regression Analysis

MP Madhya Pradesh

NITI National Institution for Transforming India

OECD Organisation for Economic Co-operation and Development

PFI Problem Faced Index

PHLs Postharvest losses

PLS-SEM Partial Least Square- Structural Equation modelling

PPP Public Private Partnership
R&D Research and Development
RA Risk Analysis

XXi



RDs
RFID
RFs
RI
RM
RMP
SCM
SCs
SDGs
SSM
TFNs
TISM
TOPSIS
WEFP

Risk Drivers

Radio Frequency Identification

Risk Factors

Risk Identification

Risk Management

Risk Management Process

Supply Chain Management

Supply Chains

Sustainable Development Goals

Soft System Methodology

Triangular Fuzzy Numbers

Total Interpretive Structural Modelling
Technique for Order Preference by Similarity to Ideal Solution

World Food Programme

XXii



