FIUIES <ottt et et e st et e e n et e et e R e et e et e ane e reeteaneenres Xiii
TADIES ..ttt XV
List of acronyms and abbreviations. ... Xviii
SUMMEBIY ..o nb e e XXii
RESUMIBN ...ttt bbb e nbe et e e bt e nn e e nneeennas XXIV
RESUIM L.ttt e b e e e st e e anb e e e ne e e anes XXVII
Chapter 1 INEFOAUCTION ...t 1
1.1, ECOSYSIEIM SEIVICES .....eiiveeiiiiieiieeiieetie st e et et ste e e e te e sae e sre e reeste e e nneenas 2
1.1.1. Concept and historical eVOIULION...........ccooiiiiiiiiiiieee e 2
1.1.2. Classification Of @COSYSIEM SEIVICES ........couerieriirieriirieiesiieieieie e 2
1.1.3. Ecosystem services provided by Mediterranean wetlands. .............cc.ccocvvvnene 7

1.2.  Motivation for the diSSErtation.............cceoeieieierininiseseee s 10

1.2.1.  Prioritization and economic valuation of ecosystem services and decision-
making 10

1.2.2.  Use of Multi-criteria Decision-Making (MDCM) methods to prioritize and

ValUE ECOSYSIEIM SEIVICES. .. .cuveivieiectieiteetecee e ste et e ste et et e reestaebe e sreeneenae e 12
1.3.  Objectives of the doctoral thesiS..........ccccoveviiiiiieii e 14
1.4. Methodology overview and structure of the research............ccccceveviiieieennns 14
1.5.  Publications included in the thesSiS...........ccovreiiieiiiii s 15
R (=] 1] 0TSSP 16
Chapter 2 Economic valuation of ecosystem services by using the Analytic
Hierarchy Process and the Analytic Network Process. Comparative analysis between
both methods in the Albufera Natural Park of Valéncia (Spain)..........ccccocevviencienennn. 27
HIGNIIGNES. ... 28
ADSTFACT ...ttt be e ereas 28
2.1, INTrOAUCTION ...t ae e sne e 29
2.2. Contextualization and methodology .........cccoeiiiiiciie i 29
2.2.1. The Albufera Natural Park ..........ccoccooiiiiieiiiie e 29
2.2.2. ECOSYStemM SEIVICES (ESS) ...eiviiiieiiiiiiiiieiieieie e 30
2.2.3. MEthOTOIOGY ....coeiieiiiiiiiieiee e 31
2.3. RESUILS N ISCUSSION .....eeuviivieieeieiiie et ee e ee e nna e 33




2.4, CONCIUSIONS. ...ttt e e e e e e e et e e e e e e e e e 35

ACKNOWIEAGMENLES ...t nneenas 36
RETEIENCES ...ttt bbb 36
Chapter 3 Comparative analysis between AHP and ANP in prioritization of
ecosystem services - A case study in a rice field area raised in the Guadalquivir marshes
(5] 02: UL ) SRS URTR ORI 39
HIGNIGNES. ... 40
N 0L = Uod USSR 40
K200 I 111 £ [1 o4 A o o PSSR 41
3.2, LITEIatUI TEVIBW ....ivieeieiieie ettt bbbttt bbbt 43
3.2.1. Multi-Criteria MEtNOGS. ........coeieiiiiieiisee e 43
3.2.2. Ecosystem services (ESs) and their valuation..............ccccccevvvveieeie e, 45
KRG I |V 1= 1 g oo (o] [T | SRR 46
3.4. Study area: The Guadalquivir Marshes in DOMaNa...........ccceeverereneneneseneneenn 52
35, RESUILS. ...ttt ettt ns 53
3.5.1. Mapping of the situation in the Guadalquivir marshes ...........c.c.cceeverrreenne. 53
3.5.2. Prioritization of the ESS and comparison of AHP and ANP ..............cc.e.e. 54
3.6, DISCUSSION ....iuviiiiieiietiesie ettt sttt ettt sttt bbb benne e 59
3.7, CONCIUSIONS... ettt ettt bbb benne e 60
ACKNOWIEAGEMENES........eiiviee et enas 61
RETEIBNCES ...ttt b e e nbe e 61
Chapter 4 How does the type of MCDM method affect the results of the
prioritization and assessment of ecosystem services? A case study in the Ebro River
DEITA (SPAIN). .ttt bbbttt ere s 69
HIGNIGNES. ... 70
N 0L - Uod SR 70
4.1 INEFOTUCTION ...ttt ettt sttt neene e 71
4.2. Material and MethodS..........ooviiiiiii e 74
4.2.1. Selection of criteria and deciSion-Makers ..........ccooeveeriiiniieie e 74
4.2.2. Analytic Hierarchy Process (AHP) ......coeiiiiiiiii e 76
4.2.3. Analytic Network Process (ANP) .......cociiriiiiiiiiiiseeee e 77
4.2.4. DANP (Kadoi¢ et al. (2019) proposal) ........ccceeerererinienieniienienesiesiesesieenens 79
4.2.5. Comparison of the results obtained by the three MCDM methods............... 80
4.2.6. Decision-makers’ feedback ..........cccovviiiiiiiiciiiiie e 82




4.3, RESUIS AN GISCUSSTON ... ettt ettt e e e et e e e e e e e e e e e e e e 82

4.4, CONCIUSIONS. ..ottt ettt bbb 89
ACKNOWIEAGEMENTS.......eeiiiieie et nns 90
RETEIENCES ...ttt bbb 90
Chapter 5 How geographical factors and decision-makers' perceptions influence
the prioritization of ecosystem services: Analysis in the Spanish rice field areas in
RAMSAR Mediterranean Wetlands. ..o 98
HIGNIGNES. ... 99
N 0L 1 = Uod USSP 99
5.1, INEFOTUCTION ...ttt bttt bbb 100
I (110 VA 11 OSSP 102
5.2.1. The Ebro RIVEr Delta .......ccooviiiiiiiiiiiiceee e 103
5.2.2. The Albufera Natural Park and the Guadalquivir Marshes......................... 103
5.3. Materials and MethodS ..........ccviieiieiiiieiiee e e 104
5.4. ReSUILS aNd JISCUSSION .....coviiriiiiieiiieie et ie sttt enee e 113
5.4.1. Prioritization of the ESs provided by the Ebro Delta...........cccccooeininenenn. 113
5.4.2. Similarities and differences among the rice fields located in the Spanish
Mediterranean Wetlands ...........ccooveiiieiieieee e 116
TS T O0] 0] [0 [ TSP 126
ACKNOWIEAGEMENES ...ttt re e 127
RETEIBNCES ...ttt bbbt 128
Chapter 6 Design of a new approach for the prioritization of ecosystem services
and analysis of its influence on their economic valuation: a case study in the Albufera
Natural Park (SPain). ......cooiiiiiiiieieiee e 138
G J0 I | 1 o T L1 T [ o OSSO 139
6.2. A case study in the Albufera Natural Park (Spain).........ccccceoeveniiencinnnnn. 139
B.2.1.  ODJECHIVES ... 139
6.2.2.  Materials and MethodsS..........cccooviiiiiiiiiiee e 140
6.2.3.  Results and diSCUSSION .........ccceeiiiieiieie e e 148
6.3. Influence on the economic valuation of ecosystem Services............ccc.ceeue.. 154
6.3.1.  The Analytic Multi-Criteria Valuation Method (AMUVAM) ............... 154
6.3.2.  Results and analysiS..........ccooueiiiiiiiiiiiic e 156
B.4.  CONCIUSIONS......vieiiiiieiiecie ettt te e este e e s neesraeneeenee e 159
R (=] 1] 00T PR 161




Chapter 7 OVerall diSCUSSION.........civeieiieieee e 165

7.1. Influence of the Multi-Criteria Decision-Making method applied.................... 166
7.2. Influence of sociocultural and geographical factors..........cccccceevvevviiiiverecnnenn, 168
Chapter 8 OVerall CONCIUSIONS..........ooiiiiiiieiee e 171
AANINEXES ..ottt s e bRt R e Rt R e e n e ne e r e e ane e 175
Annex A. Supplementary materials for Chapter IV.........c.cccovevveiiiieie e 176
A.1. Ecosystem services priorities obtained per method. ...........ccccccoovevviiieieennne 176
A.2. Statistical analysis of compatibility and correlation...............ccccccevviveieennnn 179
A.3. Statistical analysis of COrrelation.............cccoeveiiiiiiniiiiecee 181

A.4. Statistical analysis of compatibility using the Garuti G compatibility index 183

A.5. DANP matrices of INFIUBNCE .........cccveiiiiiiiieece e 184
Annex B. Supplementary materials for Chapter V ..........ccccooviiiiiiniicn e 191
B.1. Element’s relationship or Interfactorial dominance matrices...........cccueuveenne 191
B.2. Weighted matriceS (ANP) ......covv i 192
Annex C. Supplementary materials for Chapter VI.........c.cocoovevveieiiiiieicceceee 209
C.1. Ecosystem services priorities per method or variant............cccccoeeeveeieennenn 209
C.2. WeIghted MALITCES ....cueiveeeieieie ettt 213
Annex D. ANP and DANP Questionnaire templates .........c.ccoovvvrieieneiencnenenens 229
D.1. ANP template example (Albufera Natural Park) ..........cccccoooeiiiniiiinnnns 229
D.2. DANP template example (Albufera Natural Park)...........cccoceoeneniiiinnnnns 233

Xi




