TH Koln University of Applied Science€ologne
ITT—Institute for Technology and Resources Management in the Tropics and Subtropics

Universidad Nacional de Cérdal(UNC)

Laboratorio de HidraulicaCentro de Estudios y Tecnologia del Agu$CETA)

¢1 9 wh[9 hCO978¢[[bB9fa L[E

ctw!'mG8C{ Lb [

Jasna Wiedemeier

September1 1™, 2018

t L/ ! {!

ITT

Institute for Technology and
Resources Managementin
the Tropics and Subtropics

Technology
Arts Sciences
TH Koln






Thesisto obtain the Degree of
MASTER OF SCIENCE
Natural Resources Management and Development

Degree awarded byH Koéln University of Applied Science€ologne

Presents: Jasna Wiedemeier
Supervisor of Thesis ITT: Dr. Udo Nehren

Supervisor of Thesis in UNC: Prbr. Andrés Rodriguez

Date of Submission
Septemberl1th, 2018

Jasna Wiedemeier
Student ID: 11120659

jasnawiedemeier@web.de



Content

ACKNOWIEAGEIMENL. ...t e s et e e e e s e e e e e e e nnrn e e e e e e e e annns 5
List of Figures, Photographs and TabIes..........ccoooiiiiiiiiiiee e e e e e e 6
LiSt Of ADDIEVIALIONS.......oiiiiiiii e 7
LiSt OF DEFINITIONS ....eeeeeiiiieie ettt e e e e e et e e e s s e e e e e e e e e e e e e e e s annnrnees 8
Y 013 1 = ToX AP PP PPPPPRRPPPPO 10
RESUMEIL..... e a e e e e et bbb e e 11
T p1 i 0T [0 ox 1 o] o DT P PP PP PUPRPPPPPRPRTPIN 12
2 Characteristics 0f the StUAY ALBaA........eeiiiiieiiieice e 15
P2 O 1 T (= PP P PP SRR 15
2.2 The PampPa ECOMBUION........iiiiiiiee ettt ettt e e e e e e e e s e s nrnn e e e e e e e aannes 16
2.3 Wetlands and Agricultural Land..............ooooiiiiiii oo rrer e e e e e e e 17
2.4 S0IlS Of the PamPai......covveiiiiiiiiiiee e 18
a8 ST oo 0T ] 1 )Y PSPPI 19
3 Problem Analysis and State Of thE.AIL........ooi i 20
3.1 LOSS Of BIOSPNEIE INTEOIILY. ....eeieiiiiiiiiii e et s e e e e e e 20
3.2 Loss ofWetlands and related Problems for Human \WsINg...............cccoccciiiiiviniiiiinnnnnee. 20
3.3 Specific Problems in La Picasa Basin............cccccoooooeei e 21
3.4 Ecosystem Services Trads of Wetlands in La Picasa BasBtate of the Art.................... 23
3.5 RESEAICN QUESHIONS. ... uuiiiiiiiiiiiiiiiti ittt e et e et e et e e e eaeeaeeeeeeeeeteessaaaasaaaannenneanaeenressnennneeees 28
@ o] (=T o 1)Y= PP PP PP PPPRPRPPPN 29
oY/ =11 a 0T [o] (o e | 2SR PRRRPRRP 31
5.1 Delimitation Of the STUAY ArGaL...........uuvuiiiiiiiiiiiiieiiee e 31
5.2 DAta COlBCTION. ...ttt e e e e e e e e e e e e e e annenes 33
5.2.1 PreINTEIVIEWS. ... ettt ettt e e e e et e e e e e e bbb e e e e e e e e nnnnnneeeeas 33
5.2.2 MAIRINTEIVIEWS. ...ttt e e et e e e et e e e s nr e e e e anbneeenn 33
5.3 DAtA ANAIYSIS... ..ottt 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 ————————————————————— 34
5.3.1 Analysis of the Historic Development of the Study Area...............coooeeieeiiiiiiiiiieees 35
5.3.2 Analysis of Stakeholder Dynamics in the Study.Area.........ccccccvvvviviiiiiniieeeeeeeeereen, 37
5.3.3 Analysis of more Sustainable Future basel and Management
Approaches iNthe STUAY AFBa..........ooe it e e e e e e eaaeens 39
B RESUILS. ...ttt ettt e e e e et e e e e e e e e e e e e 41
6.1 Historic Development of the Lande in the Pampas SES...........ccccccceevvivciiiieeee e 41
6.1.1 Preagricultural System before 1870.........ccuuiiiiiiiiiiiiiiee e 41
6.1.2 Agricultural Development from 18A@20..........ccccoiiiiiiiiieiiiieieeeeeee e 41
6.1.3 Overexploitation of Natural Resources from FR20..............cooeeiiiiiiiiiiiiiiiiiniiis 42

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 2
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



6.1.4 DustBowl Period between 1941 and 1960........ccccovriiiriiiiieeeeeeeeee e e e 42

6.1.5 Agricultural Expansion between 1961 and 1990............ccooiiiimiriieeiiiiiiiiiee e 42
6.1.6 Soybean Marcultures from 1991 until today..........ccceeviiiiiiiiiiiiiie e 43
6.1.7 Historical Development of Evapotranspiration in the Pampas..........ccccccovvveveeeen.l a4
6.1.8 Important Turning Pais in the Historic Development of the Pampas SES..............48
6.2 Distinct Equilibrium States of the SES............ccoooviiiiiiiieeee e A9
6.2.1 Relevant ESS and TRIMES. ...........coooiiiiiiiiiiieeee e 50
6.3 Stakeholder ANAIYSIS..........ooiii e 52
6.3.1 Identification of StaKENOIEIS.............coiiiiiiiii e 52
6.3.2 Categorization of Stakeholder.............ooo i 52
6.3.3 Stakeholder DYNAMICS. ........uuiiiiiiiiiiieiee e e e e e e e e e anes 56
6.4 Sustainable future Lafdse and Management APPra@ES.............ccvvveeeeerisiinnreeeeeessnnnenns 59
6.4.1 Identified Problems and related ESS............cccooiiiiiiii e 59
6.4.2 Feedback Loops between Identified Problems.........cccvvevveeviieiiiiiiiiii, 61
6.4.3 Feedback Loops between ESS and ToHSE................oooiiiii i, 65
6.5 ManNageMENT NEEAS. ........uiiiiiieieit e e e e e e e s s r e e e e e eeeeens 67
6.5.1 Identified Minagement Needs and potential Management Strategies to
inverse Tradeffs DEtWeen ESS..........ocuiiiiii e 67
6. 5.2 Applicabskedty b6I-Mmd&NadUrarcd urkybri d”
Solution Approaches in La Picasa basin..........ccccooccvviieiiiiiiiiiiiiieiiiieeeeeeessiiiieeeeeeend O
6. 5.3 Compar-basadbdf “ Nadwuead’t raircd u‘“rkey bri d”
SOIULION APPIOACINES. ... ... ee e e e e e e e e e e e e e e e e e e e e e s e e e s e e s s s e e s e aaaaaanns 72
7 DISCUSSION. ... teteee ettt e e ettt e et ettt e e o4 ettt e e oo e e bbb e et e e e e e ann e e et e e e e e e bbb e e et e e e e e nnnne e e e e e s 76
7.1 Discussing the Historic Development of La Picasa.basin.............occcvvevviiiiiiiiiiinns 76
7.1.1 Definition of TiME SEQUENCES.....uvveiiieiieeeieee e 76
7.1.2 Increase in the Monthly Anomaly of Precipitation Rates from-2@35........................76
7.1.3 Deelopment of Evapotranspiration Rates.........cccccccvvveiiieiii e, 77
7.1.4 The interplay of Langse, Evapotranspiration, Precipitation and
Channelizatiomf La PiCasa DaSIN............oeeiiiiiiiiieie e 78
7.1.5 Ecosystem Services TS .........coooiiiiiiiiiiee e e e 78
7.2 Discussing Stakeholder DYNAMUCS. .......oooiviiiiiiiiiiee e 78
7.3 Disussing Identified Problems and Feedback LOQPS..........ccccviiiiiiiiiiiiiiiciiee 80
7.4 Discussing future Management NEEAS..........ouii i 81
7.4.1 Finding an Optimum between Nagtlvased DDR Approaches and
=y gTo g T=T=T g=To BT o ] 1111 o] O PPPPPR 83
S ©7o] o Tod (117 o 4 H TP PPPP R OTPPPPI 85
9 Limitations and ReSEarch OULIOOK .........oiiuiiriiiii et 87
REIEIEINCES . ...ttt e e e e e e e e e e e r e e e e e a e 90

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 3
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



N ] (S0 S 102

ANNEX Lt et e oot eeeeeeErrerrnrrrnrrr e e e e e e et e e et e e e e aeaaeeeean 102
ANNEX 2.ttt e e e e et oo et oot e e n e n e e r e e e e et e et e e et e e e e aeaaaeeean 103
Y 0] 01 G T PP PO 104
ANNEX .o e e e 106
ANNEX 5. et a e e e e e e e e aeeas 107
ANNEX Bttt e oo e oot e e r e e e e e e e et e e et e e e e aeaaaeaean 127
Y 0TS G TP 131
ANNEX 8. e e 132
ANNEX ..t e e 133
Declaration in lieU OF O8LNL.........cooiiiii e 136

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 4
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



Acknowledgement

Acknowledgement

The completion of this dissertation would not halseen possible without the guidance, time and
support of a certain number of people | would like to thank.

First of all) want to express my gratitude my supervisor Dr. Udo Nehren for bimfessionakupport,

his reasonedguidance andfair motivatoni n t he devel opment prolcess o0
appreciate hizaluable inputs antlonest help, as well as hasility to motivate his students to critically

deal with complex subjects.

Another hugethank yougoesto my guest institution, the Univeidad Nacional de Cérdoba, and to

everyone, who supported me during my time in Argentilb. recognition to Dr. Andrés Rodriguez

and members of the partner institutiUWnnersidad Ar gen
Naci onal de Conedoha’ ofpporguwing to develop my m
of the current activities of the institute, providing me with the required work place, infrastructure and
information.

Moreover, thecompletionof this study would not have been possibihout the assistance of Juan

Carlos Bertoni, Secretary of Water Resources of Santa Fe, who provided endless help in contacting and
establishing interviews with local stakeholders and making the organization of the fielpospible

In this regard, @pecial recognition to Ing. Alfredo Rapamd all stakeholders who participated in the

research interviews and contributed their experiences, knowledge and perceptions to this work,

all owing me to gain a crucials insight into the t

In addition, | want to thaniNatalia Perez Harguindeguy and her research tdaiverSusas well as
Maria Poca and Esteban Jobbagy for their scientific perspectives and continuous information flow.

Conducting the preliminary research formya s t e sisinsArgéntinavould not have been possible
without the financial backup from the * P R O Ms€h8larship progranprovided by the Deutscher
Akademisher Austauschdienst (DAAD)

Finally, | want to express my gratitude to my family and friemd® have beeralways an immense
support without which | could ndtavereached this goal in my lifas well as tany research partner
Juan Sebagih Salvawho did not only complement my woyrkut also challenged itountless times
thereby encouraging me to changedar the better.

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 5
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



List of Figures, Photographs andles

List ofHgures PhotographandTables

Figure 1: Study Area La Picasa basin..........cccccccoiiiii e 12
Figure 2: Monthly Anomaly in Labdaye Station (198@015).........cccvvviiieeiiiiiiiieiee e 16
Figure 3 Accumulated monthly anomaly in Laboulaye station (2086)............c.cccccceevvvvieeneen..n. 16
Figure 4: Todays Land COWRLNE StUAY AFEa............uuuiiiiiiiiiiiiiiiieeiieee e ee e 18
Figure 5 Longitudinal sand dunes and accumulation of water in.dells..............cccoocvvieennnne. 19
Figure 6: Research on ESS traffein the Argentinean Pampas............ccccceeeeeiiiiee e, 24
Figure 7: Research foci in La Picasa DaSIN............ccoiiiiiiiiiiiiieee e 26
Figure 8: Delimitation of the study aredNaturaland governmental boundaries......................... 31
Figure 9: Three foci to delimitate the StUdy area.........ccccvvviiiiiiiiiiiiiiieeereer e, 31
Figure 10: Stakeholder levels in La Pidasang Social boundaries............cccooocivieviiiiniiiiiienneenn. 32
Figure 11: MethodologiCal SEPS........cccoe i e e e e e e e e e aaaaaaaeeas 35
Figure 12: Historical changes in rainfall and wind intensity.................ccoooeceeiieciiciiinvieneeeeee, 36
Figure 13: Cropland area dedicated to sunflower, soybean, maize and wheat

CroPS frAN LOBG20L6......cceeiiiiiiiiiei 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 37
Figure 14: RAINDOW QIAQIam..........ueiiiiiiee it e e e e e e e e 38
Figure 15: Stakeholder mappin@he poweintereSt MAatriX..........cccevrivririeeeerinriieee e 39
Figure 16: Diffenece between potential reference evapotranspiration and potential crop

L T To 1= 1] o] = (o] o IR TSRO P PP PPPPPPPPPPP 45
Figure 17: Timeline INfographicC (@)...........cooiiiiiiiii i e e e e e e e e aaa e 46
Figure 18: Timeline Infographic (D)...........oooo e 47
Figure 19: Major turning points of the historic development of the study.area....................... 48
Fgure 20: States of the SES in La Picasa basin and major feedback.logps........................... 49
Figure 21: Identified vital ESS and their traf8...............ccoooiiiiiiiin e 51
Figure 22: Simplification of general ESS traifie in La Picasa basin.............ccccceeviiiiiieeeennns 51
Figure 23: Stakeholder categorized according to the raintiiagram approach................c...e...... 53
Figure 24: Stakeholder mapping of stakeholders in La Picasa.basin.............c..cccccovvveennnnnen. 54
Figure 25: Stakeholder network of La Picasa basin...............cccccoiiiiiiiiiiiieiicceeeeeeeeee, 58
Figure 26: Systemic interactions and feedback loops between components of the SES........ 62
Figure 27: Feedback loops between ESS and-tffgle...............cccceoiiiiiiiiiiii 66
Figure 28: Potential management strategies to inverse taffiebetween ESS.........ovvvvveevennnnll 68
Figure 29: Accumulated monthly anomaly in Laboulaye station (208®) .................c.ccccvvveeeenn. 77
Figure 30: Accumulated monthly anomaly in Pergamino station (2038)..............ccccvveeeinnnne 77
Figure 31: Disparity between affecting anfeafed agricultural stakeholders............................ 79
Figure 32: Changes in benefit flows with ecosystem modification.............cccocuvviieeeeiiiiiinnnd 84
Figure 33: Methods for eluating the economic value of selected ESS.......ccccccvvvviil. 87
Figure 34: Vision of a sustainable development in La Picasa.basin..............ccoovvveiiiiiiiinnnd 89
Figure 35: Vien for sustainable management foci for a sustainable development in

e T ot L= T o = T PR 89
Photograph 1: Agricultural land affectég a flood in the study area...............ccooooeeeiiiiiiis 21
Photograph 2: Wetland fallen dry in La Picasa hasin...............oooooiiiiiiiiiiiciieee e 22
Photograph 3: Flooded railway in thamuipal lagoon La Picasa............cccvvveevieiiiiiiiiieeee e 22
Photograph 4: Water gauge downstream north pumping station La Picasa........................... 23
Photograph 5: Préntervien with Pablo BOlatti..............eevviiiiiiiiiiiiieee e 33
Photograph 6: Interview with a group of local stakeholders in San Gregorio, La Picasa. basi33
Photogiaph 7: Interview with Juan Carlos Bertoni irRQETA, COrdoba..........cccceeeeviiiiiieeeeeennnns 34
Photograph 8: Flooded private land and property in La Picasa lagoon..............ccccccovviivinenen. 61

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 6
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren


file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035345
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035348
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035351
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035352
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035353
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035354
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035355
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035356
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035357
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035357
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035358
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035359
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035361
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035362
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035363
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035364
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035365
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035366
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035368
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035369
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035370
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035371
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035372
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035373
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035374
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035375
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035376
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033822
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033823
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033824
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033825
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033826
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033827
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033828
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033829

List of Abbreviations

Photograph 9: Atrtificial drainage canal in La Picasa basin.........cccccccccvvviiii, 64
Photograph 10: Wetland with local flora and fauna in the study area...................cccoe oo 65
Table 1: Climate characteristics in selected towns of the La Picasa. Basin.................c........... 15
Table 2: Estimation of the number of vascular plants, birds and mampedes

inhabiting in the Pampas of ArgENTINAL. ... e 17
¢o6fS oY hoeSOlA@SA..2F. . 0.KS. . YLALSNRA.. . 0LKSARXA
Table 4: Ladruse for the periods 1960990 and 199HR0L8..........c.ccccvvviriiimiieriieeeerieeeeereeeeeeaeeaeeenns 37
Table 5: Water consumption of distinct agricultural management strategies and

resuUlting Water DAIANCES.........coo e e e e e nenneed 45
Table 6: Stakeholder groUPIMG ... ...ccccciuuriiiiiiiiiiiiieiieee e e e e e aaae e e e e e e e e e e s e e e s s e e s saaseesnnannnne 52
Table 7: Identified tradeffs between ESS in La Picasa basin............ccccvvvveviveiiv. 61
Table 8: Categorization of identified solution approaches into ndiased and
infrastructurebased apPPrOACNES...........coo i a e e e e e e e e e 71
Table 9: Water management benefits acmbenefits of wetland restoration/conservation.......... 72

Table 10: Comparison of different solution approaches to solve the problem of floods in

La Picasa basin consideringperformances with respect to ESS, DRR and effectiveness....... 73
Table 11: Comparison Of tIME SEQUENCES .........uuuiiiieiiiiiriieeee e et e e e e e s a e e e s anbrrreeeeeaaan 76
Table 12: Possible data rdagements for future ESS evaluation............ccccccvvvviviiiviieiieeeeeeeeeeeeen, 38

List ofAbbreviations

CARSFE Confederacién de Asociaciones Rurales de Santa Fe (Confederaioalof
Associations in Santa Fe)

DEAD Direcion de Estimaciones Agricolas y Delegacifiianagement of Agricultural
Estimations and Delegations)

DRR Disaster Risk Reduction

EcoDRR Ecosystenbased Disaster Risk Reduction

ESS Ecosystem Service(s)

ETo Evapotranspiration

FAO Food and Agriculture Organization of the United Nations

Gl Greenlnfrastructure

GIS Geographical Information System

INTA Instituto Nacional de Tecnologia Agropecuaria (National Institute for Agricultural
Technology)

INVEST Integrated Valuation of Ecosystem Services and Fodide

IPCC Intergovernmental Panel on Clate Change

ITT Institute for Technology and Resources Management in the Tropics and Subtropics

LCCS Land Cover Classification System

LHCETA Laboratorio de HidraulicaCentro de Estudios y Tecnologia del Agua

SES SocieEcological System(s)

SsRH Subecretaria de Recursos Hidricos de la NaglidinderSecretariat of Water
Resources of Argentina)

TESSA Toolkit for Ecosystem Service Sased Assessment

TH Technische Hochschul&dchnicalUniversity of Appéd Sciences)

TU Technische Universitat (Taabal Lhiversity)

UNC Universidad Nacional de Cordoba

UNISDR United Nations International Strategy for Disaster Reduction

USDA United States Department of Agriculture

WRB World Reference Base for Soil Resources

WWF World Wildlife Fund

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 7
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren


file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033830
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524033831
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035457
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035457
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035459
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035463
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035463
file:///C:/Users/Jasna/Dropbox/Uni%20Jasna/TH%20Köln%20Natural%20Resources%20Management%20and%20Development/Masterthesis/Jasna/MTP%20Jasna/Written%20Chapters%20MT/0%20MasterThesis_EcosystemServicesTrade-OffsLaPicasa_JasnaWiedemeier_20180814.docx%23_Toc524035464

List of Definitions

List of Defitions

Some of the relevant terms mentioned in this thesis, are used in different scientific contexts with
distinct characteristics and slightlghanging definitions. To avoid confusion and enhance the
accurateness of the thesis, the following list stattes definitions used in this study:

Methods or techniques found to be the most effective and practical mea
in achieving an objective (such as preventing or minimizing pollution) wt
making the optimum use of thiérm's resources.

(Web Finance Inc, 2018)

"‘Biological diversitymeans the variability among living organisms from a
sources including, inter alia, terrestrial, marine and other aquatic
ecosystems and the ecologicamplexes of which they are part; this
includes diversity within species, between species and of ecosystems.
(Haslett, 2003)

“A serious disruption of the functioning of a community or a societ
involving widespreattuman, material, economic or environmental
losses and ipacts, which exceeds the abiliby the affected
community or society to copesing itS own resources.

(UNISDR, 2009)

Di saster risk reduct i onsadteDrRI® througk
systematic efforts to analyze and manage the causal factors of disa
including through reduced exposure to hazards, lessened vulnerabili
people and property, wise management of land and the environment,
improved prepareda s s f or adverse events”
(UNISDR, 2009)

“An ecosystem is a dynamic complex of plant, animal, and microorganis
communitiesand the nonliving environment, interacting as a functional u
Humansare an integral part of ecosystems.

(Mooneyet al., 2005)

“Ecosystem services are the bene
include provisioning services such as food and water; regulating service
such as regulation of floods, droughts, land degradation, and diseases;
supporting services such asilformation and nutrient cycling; and cultural
services such as recreational, spiritual, religious, and other nonmaterial
benefits.”

(Mooneyet al., 2005)

The UK Gover nment 'EsviroDreeptand Runa Affairs f
(Defra, 2004) definegr oundwat er fl ooding i s
water levelsn the ground rise up above the natural surface, it will often
occur when accumulated rainfall over a long period of week®onths is
significantly above normal. Groundwater floodisgnost likely to occur in
low-lying areas underlainhyer meabl e strata.’
(Hughe<t al., 2011)
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List of Definitions

Socieecological “Systems where social, economic, ecological, cultural, political,

system technological, and other components are strongly linkedlarewn as
socioecological systems, emphasizing the integrated concept of the
‘“humamat ur e’ per s pe cdgysteme (SESS)are fruty e
interconnected and c@volving across spatial ameimporal scales, where
the ecological componergrovides essential services to society such as
supply of food, fiber, energy, and drinking water.

(Petrosillo, Aretano and Zurlini, 2015)

Stakeholders “Stakehol ders refer to persons,
way particular ecosystem service
(Grootet al., 2011).

Sustainability Sustai nabi | inestingithe resbade and sedes reads dof
current and future generations without compromising the

health of the ecosystems that provide theand more specifically, as a
condition of balance, resilience, and interconnectedness that allows hun
society tosatisfy its needs whelneither exceeding theapacity of its
supporting ecosystem®fcontinue to regenerate theervices necessary to
meet those needs nor by our actions diminishing biologioadrsity’.
(Morelli, 2011)

The wise use of “The wise use of wetlands involyv
wetlands of humankind in away compatibdlwith the maintenance of their ecologic
character within the context of sustainable development and achie
through the i mplementation of ec
(Mooneyet al.,2005)

Wetlands “Wet | ands, aRamdae Converdiah orbWetlagdireeareas of
marsh, fen, peatland or water, whether natural or artificial, permanent ol
temporary, with water that is static or flowing, fresh, brackish or salt,
including areas of marine water the depth of which at low tides does not
exceed s (Adiclerh.d of the Gohvention text).

(Ramsar Convention Secretariat, 1971)
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Abstract

Abstract

The southeast of Cérdoba province used todoigjinally covered by hundreds of wetlandbat got
heavily modified or drained in the last fedecades Since wdands provide various important
ecosystem services (ESS) for human-baitg, their degradation created several problems in La Picasa
basin, among which floods are the most obvious ofibe wise use of wetlands is increasingly
acknowledged to be part ofature-based solution approaches reducing disaster. fisbwever, in the
study area these approachesmain a relatively new concept tdecisionmakers and the lack of
knowledge on their effectiveness and implementation processes a serious barrier ttheir
adoption

To overcome this obstacle, this dissertat@ppliesan ESS perspective on the current problems of La
Picasa basin and sets it in a context of s@gological system (SES) theory. A comprehensive analysis
of (1) the role wetlandsaveplayedin the historic development of the SES, i(@portant stakeholder
dynamicsthat create opportunities or restrictions for the conservation of wetlaaas (3)possible
management approaches inverse negativ&SS tradeffs and feedback loopsvas perforned.

Results demonstrate that the current problems of floods have both natural and anthropogenic.causes
In this regardwetlands hold a vital role in the complex histairteractions between the social and
ecological drivers of changes in the water ba@mdthough a social network between stakeholders
exists, several conflicts prevent a proper functioning of a bagile integrated management concept
based on wetland restoratioature-basedsolution approaches, yiting wetlands in the center of
attention of future management strategiewere found to hold digh potentialto reducethe risk of
floods and, as a sideffect boost biodiversity and habitat quality in tieudy area

Key wordswetlands,ecosystem services tradeffs, socieecological syems, EcCeDRR stakeholders

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 10
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



Resumen

Resumen

Originalmente, ksuwdeste de la provincia de Cérdoba sda&arcubierto por cientos de humedales,

que fueron considerablemente modificados o drenalos en las Ultimas décadas Dado que los
humedales proporcionan vaicservicios ecosistémicos (ESS) importantes para el bienestar humano,
su degradacioma generado arios problemas en la cuenca ldelagund_a Picasa, entries cualedas
inundaciones sorok mes evidentes El uso adecuado de los humedales es reconocad@a vezmas
comoparte de enfoquesjue incluyen a la naturaleza paeducir el riesgo de desastres. Sin embargo,

en el area de estudio estos enfoques siguen siendo un concepto relativamente nuevo para los
tomadores de decisiones y la falta de conocimiesubre su efectividad y proceso de implementacion
plantea una barrera seria para su adopcion.

Para superar este obstaculesta tesis de maestriampleael enfoque basado eESS sobre los
problemas actuales de la cuenca ldelagunalLa Picas&n el marcode la Teoria delos Sstemas
Socioecologics (SES)A tal fin se realizo manalisis exhaustivo de (1) rel que los humedales han
desempefido en el desarrollo historico des sistemas socioecologicd®) dinAmicasle los actores
clave involucradogjue promueven o restringen las posibilidades denserva los humedales y (3)
posibles enfoques dmanejopararevertir las retroalimentacionesegativas ddosESS.

Los resultados demuestran que los problemas actuales de inundaciones tienen causas naturales y
antropogénicas En este sentidolos humedales tienen un papel vital ¢ compleja interaccion
histéricaentre las causascolégicay sociales de los cambios en el balance hidAgesar quesxiste

una red entredspartes interesadas, varios conflistampidenla aplicacion dein manejo integrado a

nivel de cuenchasado en la restauracion de los humedalexd@eluyeque los enfoquegue incluyen

a los humedalesomo puntos estratégicode las futuraspropuestasde manejotienen un alto
potencial paa reducirel riesgo de inundaciones gl mismo tiempo, promoveda biodiversidad y la
calidad dehabitat enel area de estudio

Palabras clavehumedales trade-offs de los servicios ecosistémicos, sistemas socioecologiEos,
DRRpartes interesadas
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1 Introduction

1 Introduction

Being one of the world's most important types of ecosystems, wetlands are also one of the most
threatened habitats on eartfHuet al,, 2017) It is widely recognized that they provide a broad variety

of ecosystem servicdESS)among which somef the most important ones are the supply of fish and
fresh water, climate regulation and the mitigation of rigk#kooneyet al., 2005) Although human well

being, especially of the population living close to wetlands, is acknowledged to be strongly related to
the ESSvetlands providgéMooneyet al, 2005) they got heavily degraded on a global scale within the
last decadeg¢Mooneyet al., 2005; Douglas, 2015; tetial, 2017)

From a biodiversity perspective, althgh only 1% of the earth's surface is covered by freshwater
wetlands, these wetlands provide a home t@8% of the world's species and are therefore of vital
importance to fight the loss of biodiversity on a global, regional and local @data, Wassmann and

Viek, 2003) Reversely, wetland’ s key functions 1|ike
flood abatement, and carbon sequestration are impaired whezytpet lost or degrade(Zedler and

Kercher, 2005)Depending on the regional setting, climatic regimes and population affected, the loss

of functioning wetlands accompanied by a loss of the reld&&$&hey offer, can have a tremendous

impact on human welbeing.

This phenomenon can be observed within theé u d y La &icasbasin, covering parts of southeast
as000 0000 7SO0 40000 505000 520000 565000 580000 Cérdoba, south Santa Fe and northwest

Yot LA S R Buenos Aires with a total area of380
km2 (compare Figure 1). Wetlands and
rolling hills are the predominant
landscape characterists and with its
brackish lagoonthe study area is part of
the Pampaecoregion(Benzaqueret al.,
2016)

Santa Fe

6180000
6180000

Over the last decades, an increase in
precipitation in combination with a
decrease in evapotranspiration rates due

: 3 <
0 5 10 20 30 40
] Kilometers

I La Picasa Lagoon

FS W La Picasa Basin
to landuse changes led the groundwater
Argentina . . .
Figurel: Study Area La Picabasin table in the Pampas ofrgentina to rise
(own elaboration based 08sRH2017)) (Aradas and Thorne, 2001; Kupgeetlal,

2015; Mbsetto et al,, 2015) Today, it reaches the surface level in the study area and, in its interplay
with surface water, has been identified as the main driver for groundwater floo@ngdas and
Thorne, 2001) During thelast yearsflooding due to rising groundwater levelsas recognized as one

of the major disasters in Argentina with flooded areas accounting,8273 78 hectares in the Pampa
ecoregion DEAD, 20l7Humanwell-being in La Picasa basin is highly affédig this disaster, defined

as “a serious disruption of the functioning of
material, economic or environmental losses and impacts which exceeds the ability of the affected
community or societytocopeusn g it s o WNISDR 2800 r ces”

Future prospects of an improvement of the situation are improbableergthe increase in
precipitation rates since 197@radas and Thorne, 2001; Viglizzo, Frank and Carrefio, 2006; Venencio
and Garcia, 2011; Brandolin, Avalos and De Angelo, 2012; Refraira2014)caused by a westward
displacement of isohyei®/iglizzcet al., 1995) This emphasizes the netxdeal withthe current trend

of continuous flooding eventkat will probably persist and continue creating complex sesgonomic
problems such as the loss of critical infrastructure, fertile agricultural lands and private properties
(Rosensteiret al., 2009)
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1 Introduction

To avoid that every flooding hazard turns into a disgsterestments hae been made focusing on

grey infrastructure. With the aim to reduce the disaster risk of the regibe,f i ned as “syst
efforts to analyze and manage the causal factors of disasters, including a reduced exposure to hazards,
lessened vulnebility of people and property, wise management of land and the environment, and

i mproved prepar ednUWNSSDR, 2009 gast nenbes @& dranage canas’have

been implemented and punipg stations are supposed to function as artificial water exits for the
naturally endorheic basirCARSFE, 2003

The intensive agriculture performed in the study area, highly impacted the native ecosystems in the
region from an environmental point of wie(Carrefio, Frank and Viglizzo, 2Q1Ay farmland in
Argentina expanded quickly this developnt came at the expense of natural land, and took place
without a consideration of the related ecological cogEsrreno, Frank and Viglizzo, 2Q1H3pecially
natural grasslands and wetlands were highly affedigdhis degradation of natural lan@ilenca and
Mifiarro, 2004a; Boomast al., 2012; Brandolin, flos and De Angelo, 2012; Modere¢lal, 2016;
Siceet al, 2016)

It is widely accepted that environmental degradatidike observed in the study area, accelerates
vulnerabilities and can in addition increase exposure to hazgirf3&t al., 2014; Renaud, Sudmeier
Rieux and Estrella, 2015; United Nations Office for Disaster Risk Reduction (UNIDSRtI201d0)

many factors influence disaster risks, degradation and destruction of ecosystems can severely limit
their ability to serve as protective barriers against the physical impacts of a disaster event, to provide
goods and services for basic needs ad aglivelihood opportunitie€SudmeiefRieux, Ash and Murti,
2013)

Ecosystems and disasters interact in multiple ways. Major disasters lead to severe environmental
consequences while wethanaged environments can hawebufferfunction against disasters and

reduce risks of impac{onty, Murti and Furuta, 20)6However, despite the fatthat environmental

management holds a high potential to reduce disaster risks, the ecosysised approach to disaster

risk reduction (EcWRR)def i ned as a “strategy for the integrt
livingr esour ces t hat promot es conservation and sus
underexplored among practitioners and policy mak@w#onty, Murti and Furuta, 2016and also

neglected in the study area so faiffizultiesinunder st andi ng t {eoelogkadlsysteyn ar e a’
(SES) and relevaBiSSas well as uncertainties among loc&keholders about the effectiveness and
implementationprocessof ECBDRR measureppse serious barriers to its adoption in La Picasa basin.

Although landuse management in the region has been identified as negatively affecting the systemic
functioning d the study aregViglizzoet al,, 2010; Carrefio, Frank and Viglizzo, 2011; Boostah,

2012; Nosetteet al,, 2015; Modernekt al., 2016) the current socieeconomic context favors shert

term profit from unsustainable production systerfSarrefio, Frank and Viglizzo, 2Qlighorng that

these profits can be significantly outweighed by ldagn costs to local communities and the
government when floods continue causing disas{@snty, Murti and Furuta, 2016)

Against this background, there is an urgeaedto break the negative feedback loop that is triggered
by harmful human impact. Best management practices with tbeeqtial to simultaneouslyighting
biodiversity loss and improving human wed#ingexist but are repeatedly neglected or not in place in
the study areaTo make their application reasonable it is important to understandSE&f the La
Picasa basin arfibw it reactsto natural and anthropogenic impacts.

Applying the wise use of wetlands cotiold a tremendous undiscovered potential for solving versatile
problems in the La Picasa basimichso far followsa purely engineered solution approach. Theref

this thesis aims at paving the ground and creating a useful basis for facing the current problem of floods
in the La Picasa basin with an integrative basin management appbaaeld on functioning wetlands
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1 Introduction

To make this multidisciplinary perspectivessible, existing scientif&tudiesfrom different research
fields wereanalyzedto understand the natural functioning of the system since colonization of the
Pampa, as well as where anthropogenic impacts cans@onmentalproblems.Analyzing theole of
wetlands innatural feedback loops is essentialunderstandwhich ESS play a significant role in the
attempt to find naturebased solutions for the current problero$§ La Picasa basin

In addition, this study identifies important stakeholder dynantfea play a vital role in future basin
management schemes. With the results of these two analyses, different management approaches are
developed, compared and evaluated according to their capability to provide sustainable basin
management schemes as a fistepping stone for future scientific investigations and management
decisions in La Picasa basin.
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2 Characteristics of the Study Are

2 Characteristicsf the Sudy Area

2.1 Climate

According to Koppen and Geiger’'s classification
tobe part of t he (Katekietral 2066) zdme TCfaassi fication “C”
average temperature of the coldest month is in a range between 18°GXdwhile the warmest

month shows an average tempédugae above 10°C. In addition, the La Picasa basin is further situated
inthesubd i vi sion “f”, indicat i ntbatthe intng-aansial pregipitdtiony per i
average of the months shows no significant variability and therefore, we findrgead rainfalls in

the study regior{compareTablel). In the temperate climate zones there is a third glitferentiation

according to threshold temperatures and the amount of time in a year theprasent (gmund and
Frankenberg 2018).a Picasdasinshows average temperatures of the warmest month above 22°C

and therefore belongs to the *"a” classification.

Based on the Thornthwaite classification, the climate of this ecoregion, the Argentinian Pampss, vari
from subhumid dry in the east to senmarid in the west and is characterized by a potential
evapotranspiration of 247mm while receiving a mean annual precipitation of 900if#adraza,
2000) An irregular variability between intemnual dry and wet periods, however, is a common
phenomenon in that regiofPaoliet al. 2005 as cited in Iriondo and Kréhling 2007)

Tablel: Climate characteristics in selected towns of the La Picasa Basin
(own elaborationbased on data fronhttps://en.climate-data.org/search/?}

Rufino MERAE0 Laboulaye |Villa Rossi |Villa SaboygAmenabar = :
Tuerto Gregorio
Cfa Cfa Cfa Cfa Cfa Cfa

Kdppen-Geiger climate classificatiof®:}

Average annual temperature 16.4°C 16.3°C 16.8°C 16.7 °C 16.2°C 16.3°C 16.1°C

Total annual precipitation 771 mm 845 mm 769 mm 733 mm 768 mm 799 mm 837 mm

March March March March March March March
Wettest month 105 mm 107 mm 120 mm 111 mm 104 mm 104 mm 107 mm

June June July August June June June
Driest month 21 mm 24 mm 15 mm 15 mm 22 mm 22 mm 27 mm

January  January January January January January  January
Warmest month 24.2°C 23.8°C 24.6 °C 24.6 °C 24.2°C 24.0°C 23.7°C

July July July July July July July
Coldest month 9.1°C 9.5°C 9.5°C 9.2°C 8.7°C 9.2°C 8.9°C

Between 1986 and 2015, mean monthly precipitation values have fluctuated following dry and wet
periods, which is represented in the accumulated monthly anomaly shiowiigure2 and Figure3.

The problem of groundwater flooding increased since 2PQB4 as the study area is facing a wet
period which is exacerbating this process.
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Figure2: Monthly Anomaly in Lahdaye Station (1982015)
(adapted from Giordano et a(2017)
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Figure3 Accumulated monthly anomaly in Laboulaye station (12865)
(adapted from Giordano et a(2017)

The climatic, topographic and geomorphological chanasties of tke region determine the processes

of the hydrological cycle. The water balance is predominantly defined by vertical components such as
rainfall, evapotranspiration and infiltratiofAradas and Thorne, 2008ccordingly, after precipitation
events, water infiltrates or evapotranspires faster in elevated areas and flows as interflow towards
dells occupied by shallow lakes following depressions in the landgtrdqedo & Drago 2004from

where it infiltrates orevaporategPedraza, 2000; Latrubesse and Brea, 2008)ing humid periods,

these shallow lakes are fed from the water table risingadtrio the terrain surfacéPedraza, 2000;
Tanco and Kruse, 2001; Latrubesse and Brea, 2009; Rosezistkjr2009; Bertram and Chiacchiera,
2013)

Characteristiof the study area are also drainage systemsat tiave been built to foster the movement
of excess water to lagoor{gradas and Thorne, 200Ievertheless, if the amount of water exceeds
the capacity of these lagoons, it overfloarsd createsun-off fluxes(Paoli, Dondeynaz and Casne-
Moreno, 2015)

Lotic and lentic water bodies can be found in the study area (Iriondo and Drago 2004). Typical examples
for l otic water bodies are transi entpernmaents hes,
wetlands that can be found in depressarkas of the landscape and which are regularly flooded due

to extreme precipitation events (Iriondo and Drago 2004). In contrast, lentic water bodies, most of
them endorheic lakes such as La Pigasando and Krohling, 2007are permanent water bodies that
fluctuate according to the intreor interannual variations in rainfall (Iriondo and Dra@i®)2).

2.2 The Pampadéregion

The Pampa Ecoregion comprises an extensive plain of 398rB6bcated in the eastern center of
Argentina in the five agricultural provinces: the southern half of Entre Rios, southeast of Cérdoba and
south of Santa Fe, nortlast of La Pampa, almost the entire province of Buenos Aires, except for the
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extreme southlMatteucci, 2012)Because of its extension, the Pampa Ecoregion constitutes the most
important prairie ecosystem in Argentirfilatteucci, 2012)

For decades already, there is a discussion going on whether the treetessspgmpa, which today is
predominantly used for agriculture, has always been a steppe landscape or lost its forest vegetation
through anthropogenic influencéSchultz 2000)While some argue that at least the northeastern
Pampa belongs climatically togthumid subtropics and probably only lost its forest cover through
anthropogenic impacts (Schultz 2000), others would explain the originaldssaess of the pampa by

a combination of phylogenetic constraints, biogeographical accidents, droughts,iiatst;logging,
wildfire, damage to woody plants by indigenous large herbivores and edaphic factors adverse to trees
(Tinley, 1982; O'Connor and Bredenkamp, 2004; Mucina and Rutherford, 2006; Wakeling012;

Mills et al., 2013 as cited in Milewski and Mills 2015)

Table2: Estimation of the number of vascular plants, bir The Pampa in Argentina has noticeable and
and mammalsspecies_ inhabiting in_Ehe Pampas of Argent unique biodiversity with thousands of species of
(based orBilenca and Mifiarro, 2003a vascular plants, including almost 400 different
grass species (compar€able 2) (Bilenca and
Mifiarro, 2004a) The particular climatic
conditions of the Pampas allow the unusual
coexistence of many species with, &d G

300-400 70 metabolismgBilenca and Mifiarro, 2004ajhd in

some subtropical grassland areas, the species
richness of grasses and legumes is as high as the vegetation of some tropical(fdabstgeret al.
2000 as cited in Bilenca and Mifarro 2Q04h) addition, there are about 36400 bird specieamong
which 60 are strict grassland dwellers. Moreover, 70 species of mammals, including the Pampas deer
(Ozotoceros bezoarticus), the most threatened mammal species of the region, can be found here.

Vascular plants  Birds Mammals
1600 (374
grass species

2.3 Wetlandsand Agricultural Land

The southeast of Coatha province, where La Picasa basin is situated, used to be covered by hundreds
of wetlands in a vast matrix of grasslands and savannas, but in the last few centuries this area has been
widely transformed into agricultural land thereby making wetlands khst refuge for remaining
wildlife (Brandolin, Avalos and De Angelo, 20Mhen after a gradual increase in precipitation the

area occupied by wetlands increased, vast flooded regions were altered by the construction of artificial
drainage channels, includimgucial spots for the conservation of biodiversiBrandolin, Avalos and

De Angelo, 2012Beveral wetlands in the direct surrounding of La Picasa basin, such as the Saladillo
wetlands,wer e recogni zed as biodiversity hotdspotesasdnd
2005 by Birdlife InternationgDi Giacomo, 2005)These wetlandthat originally involved a complex
network of interconnected ponds and shallemarshes, constitute the discharge area of all drainage
systems in southern Cdérdol{8larasinet al, 2005. However, this region also represents the most
productive area for agricultural production and cattle ranching in Argentina, two activities
acknowlelged as leading causes of soil degradation and the replacement of natural environments
(Bertonatti and Corcuera, 2000; Gab and Zak, 2010)Consequently, wetlands are not only
representing refuge for wildlife, but are also associated with the last remnants of natural grasslands
and savannas, which are among the most endangered ecoregions of ArgéBananatti and
Corcuera, 2000)

The study area is locateth the Rolling or InlandPampa and is a rural area. As one of the most
productive ecoregions in the world, it also represents the core of agricultural and farm production in
Argentina(Latrubesse and Brea, 200®)ccordingly, today most of the area is destined for agriculture,
especially annual crops such as wheat, soy, aaenn rotation with annual and perennial pastures
such as oat, ryealfalfa and grasses for livestocklk and meat productioifViglizzo and Frank, 2006)
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Especially during the last twewituries, the Pampa ecoregion has undergone a sequence of changes:
Once characterized by native grasslands, the region offered the perfect basis for a development in
livestock activitiegNosettoet al., 2012) Incorporating aklfa and grain crops into the livestock farming
systems was the start of a complete transformation of the landscape, during which, especially in the
last two decades, livestock systems were completely replaced by annual crops with very little or no
rotation throughout the production cycle (predominantly soybean, wheat, and mé\settoet al,,

2015) Only a minor proportion of land remains uncultivated, such as dense grasslands and herbaceous
p|ant5 in ﬂOOded area@om pare Finge 446000 464000 482000 500000 518000 536000 554000 572000 590000

|||||||||||||||||||||||||

4). X N h
Today, the basiné : A§
characterized by a higlpercentageof ] ’ 3 l‘f; ,? v Y ‘s
non-gramineae and gramineae §| v k
herbaceous crops, some spare areas | ) ¢ y I
dense natural grasslands, some areas § _u")"‘ §
dense herbaceous plants in tempoitg =1 4 e
flooded marshes, as well as somg] 05t 0 ® 4w  [g
stationary water bodies and urban area £ Land Cover =
(FAGLCCS, 200’733 ShOWﬂ |fF|nge 4 Dense Herbaceous Plants in FlogdedAreas(Marshes)

I Dense Natural Grasslands (gramineae)

Gramineae Herbaceous CrOpS

2.4 Soilsof the Pampa o Sioary Water S
Although fertile soils only make up 10¢ ™ urban Areas
of Latin Amer i(Jeffary s Figure4: Todays Land Cover in the Study Area
et al., 2010; Gardiet al, 2015) (own elaboration based on FAGECS (2007))
Argentina’s soil resources make wup the
larg e s t fertile area in the continent and have b

development(Moscatelli and Pazos, 2000hey enable long ldag periods of extensive harvests and

made the country t o b@®loskateli andPaaos, 200@choedinglyocorhntbon b ar n”
associations withArgentina used to be wide plains, everlasting dark and deep soils, meat of excellent
guality and high crop yield@Moscatelli and Pazos, 200 speciallyfor the humid Pampa these
connotations are relatively true, where plains have developed in loess, a mimratediment

deposited by wind, mixed with volcanic sedimef@ardiet al, 2015)and used to be originally covered

by natural grasslanddoscatelli and Pazos, 2000)hesoils of the Pampa are rich in wallimidified

organic matter and show an abundance of calcium carbonate as well as bases af@aalist al.,

2015) In most humid areas, likbe study area, clay transformation can also take place which is more
intense with the presence of sodiu(@®ardiet al., 2015)

The La Picasa basin is part of thecatled ‘Pampean Sand Sefiriondo and Kréhling, 2007)
Determined by a sequence of aeolian sedimentary procg§&tfi-Maire et al. 1999 as cited in Iriondo
and Krohling 2007}the landscape is a large flat area with slopes lower thé#b(Latrubesse and Brea,
2009) Characterized by loess sediments, longitudinal relic sand dune fields (in direehicansdSSSW
NNE) and dells that resulted from deflation processess thndscape is crisscrossed by numerous
wetlandsthat usually formed in the dells as shownFigure5 (Aradas and Thorne, 2001; Iriondo and
Krohling, 2007)

In the central zone of La Picasa basin, one of these dells is a longitudinal fignigstripe at the end
of which the‘La Picasdagoon is locatedPedraza, 2000)n the higher parts of the landscape, dells
are characterized by fine texture with limited drainage capacity while soils are deeglraigléd and
their texture varies between loamy foamy-sandy(Pedraza, 2000)
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Figure5 Longitudinal sand dunes and accumulation of water in dells
(Source: Latrubesse & Brea (2009)

The soil pattern in thdwumid Pampa is dominated by extensive orgaitb Phaeozems that have
developed on alluvial deposits and loess which can often be found on volcanic ash in in the Pampas in
Argentina and UruguafGardiet al., 2015) These soils are fertile, rich in humus and have developed
below extensive natural pasturé&ardiet al., 2015) They mark the transition from dry climates in the
south and west to more humid climates in the no(@®ardiet al., 2015)

According to the FAO WRB soil classification the most representative soils of the Pampa are
Kastanozems and Phaeozems, although Solonchaks and Vertisols can also b@Uu8@Vorking
Group WRB, 2014; Gamrtial.,, 2015) The USDA soil classification states Mollisolb@aptedominant

soil type in the Pampa ecoregi@dnited States Department of Agriculture, 1999pllisols commonly

are very dark colored, bags&h, mineral soils of the steppes. Nearly all of these soils have a mollic
epipedon, many have an argillic, natric or calcic, and few an htyizon(United States Deptment

of Agriculture, 1999)

2.5 Economy

TheArgentinean Pampas amne of the main cereal and oilsepdoducing areas in the worldhereby
makinga considerable contribution to the nutrition of humani¢Zaride, Pifieiro and Paruelo, 2012;
Garciaet al, 2017) Accordingly, the most important economic activity in this region is agricultural
production and the processing of related agricultural go@dternational Monetary Fund, 2016his
was made possible by several natural advantages, namely the high soil fertility, the high solar radiation
and the flat terrain, which favors larggeale machine usand thus largescale managemen(Caviglia,
Sadras and Andrade, 2010; Monzstnal., 2014) These advantageslso make grasslands one of the
most transformedbiomes worldwideg(Hannahet al. 1995; Hoekstrat al. 2005; Ellis and Ramankutty
2008 as cited in Carig®ifieiro, and Paruelo 201 Decause they often provide suitable circumstances
for economic activities such as agricultural production.

In the study area the most important market crops are annual crops such asaspwheat, sunflower

and maize(Baldi and Paruelo, 2008)he cultivation takes place by large enterprises on large scale
farms using higitechnology machinery which enables a capital intensive but work force extensive
management(Caviglia, Sadras and Andrade, 20M)jth this management approach of a highly
commercialized and mechanized larggale production, the cts of producing wheatnd soybean

have been reduced so far that the production of cereals became beneficial in comparison with the
former widespread cattle productiogolbrig and Viglizzo, 1996; Solbrig, 1997; Bernaetak 2001;

Grau and Aide, 2008)
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3 Problem Analysisnd State of the Art

This thesis works with pblems that, although identified on a local scale in the La Picasa basin, are
part of a global prevailing development, causing challenges similar to the one in the study area all over
the world. In the following, the specific problems in the La Picasa bakibe embedded into a more
general conceptual framework, thereby allowing decision makers to put concerns about the study area
into a broader contextin addition, the current state of the art related to ESS traffs of wetlands in

La Picasa basin Mbe described.

3.1 Loss oBiospherelntegrity

The Millennium Ecosystem Assessm@R05 stated that in the last 50 years ecosystems have been
degraded, destroyed or completely disappeared faster than ever before in the history of humankind
thereby ircreasing the risk of abrupt and irreversible damage to human-bvestig (Mooneyet al.,
2005) As a major driving force of this development the study identified anthropogenic impacts in its
various forms. Especiallye demand for water, food, and natural resources, easevere biodiversity

loss and leaslto changes iIrESYMooneyet al,, 2005) The Millennium Ecosystem Assessment also
relates functioning ecosyems and the goods and services they deliver with human-lvedtg
(Mooneyet al., 2005) Since thenESSecame the centre of attention on global policy agendas and
today are a major research objective of a vast number of scientific péipetschinYounget al,, 2016)

The current high rates of ecosystem damage and extinction make global, regional and local solution
approachedgor the problem of rapidly decreasing biodiversity worldwide of the most critical issues

of natural resources managemer{Butchat et al., 2010) It is widely believed that this negative
developmentcan be slowed down by efforts to protect the integrity of living systems (the biosphere),
enhancing habitat quality, and improving connectivity between ecosysi@essman, Panter and
Dolman, 2015; Gabeit al., 2016; Pietsch, 2016; Field and Parrott, 2017; La@0is7) At the same

time, it is also vital to maintain high agricultural productivibat is needed to feed a constantly
growing world populatior{Landis, 2017)Further research is underway to improve the availability of
reliable data as the 'control variables' foretiplanetaryboundaryof biodiversity loss

In La Picasa basigeep transformations caused by agriculturasidential, industrial and commercial
land-useshave caused a situation in white loss of biosphere integrity has passed sustainable limits
and wetlands often represent the only refuge for remaining wildiBaldi and Paruelo, 2008; Fagui

al., 2008; Brandolin, Avalos and De Angelo, 2012)

3.2 Loss o¥Vetlands and relate@®oblems forHumanWell-being

Being one of the world's most important types of ecosystems, wetlands are also one of the most
threatened habitats on eartiHu et al., 2017) From a biodiversity perspective, although only 1% of
the earth's surface is covered by freshwatetlands, these wetlands provide a home to >40% of the
world's species and are therefore of vital importance to fight the loss of biodiversity on a global,
regional and local scal®litra, Wassmann and Vlek, 2003)lthough human welbeing, especially of

the populations living close to wetlands, is acknowledged to be strongly related #&SBeetlands
provide (Mooneyet al, 2005) they got heavily degraded on a global scale within the last decades
(Mooneyet al., 2005; Douglas, 2015; Kt al, 2017) ESSict as a link between the social system and
the ecosysten(Bennettet al., 2005; Bennett, Peterson and Gordon, 200@reby creating SESThe

links between the natural ecosystem and the social system work in both directions in the w&sthat
provide the scial system with services for human weding and reversely the social system interacts
through ecological engineering, management and other anthropogenic img@Retsosillo, Aretano

and Zurlini, 2015)
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Wetl and s key functions | ike biodiversity suppor
carbon sequestration are impaired when they get lost or degrafiéedler and Kercher, 2005)

Depending on the regional setting, climatic regimes and populations affected, the loss of fingtion

wetlands accompanied by a loss of the relasi$hey offer, can have a tremendous impact on human
well-being.

In La Picasa basin, especially the loss of BE&Segulate the hydrological cycle has tremendous
consequences for humawell-beingon conplex socieeconomic levelg¢Scheijtman, 2006; Montico,
Bonel and Rosenstein, 2008; Rosensgtial., 2009)

3.3 Specifi®roblems in La Picasa Basin

In flat continental landscapes like the study area, fiogds a natural process and a key component of
the hydrological connectivity ensuring the wateediated transportation of matter, energy and living
organisms as well as ecological processes and feaftteiteret al., 1995; Pringle, 2001However,

due to the reasonthat they also affect infrastructure and agricultural systems, flood events are
commonly seeras hazard that has to be avoided because it potentially jeopardizes local economies,
transportation networks and human lif¢/idizzo, Frank and Carrefio, 2006)

In the La Picasa basin regular flooding
events represent a regional problem
for humanwell-being. Although natural
cycles of dry and wet periods have
always caused a variability in the water
levels of lagoons and the giodwater,
huge parts of the study area suffer from
the increasing size of omnipresent
lagoongRosensteiret al., 2009) In the
last 32 years the biggest lagoon in the
study area “La Picasa”
28-fold increase in its size from 1400 ha
to 40000 ha(Rosensteiret al., 2009)
= highlighting the significance and

Photographl: Agriultural land affected by flood in the study area  Urgency to find solution approaches.

(Wiedemeier, 2018) This development raised questions
about to which degree this increase in size of the lagoon is still a natural variability of the system and
which proportion is accelerated through human actions.

TheArgentineanPampa have been a global hotspot of agricultural land use change since the 2000s
(PiguerRodriguezt al.,, 2018) Between 2000 and 2010, driven by high prices of soybean, the soybean
area increased by 210% in Latin America, also replacing large parts of the cattle production, which used
to be the predominant land use form in the Pampa since thé& téntury(Modernelet al, 2016) The

use of transgenic seeds, filage techniques and agrochemicals became omnipresent in the La Picasa
basin and a rotation between crops, wheat and soy primarily, or soy monocultures have been replacing
the former rotation between crops and pastur@silloy and Bellocq, 2007 asetitin Barral and Oscar,
2011) This development came at the expense of a broad variety of problems on a social, economic,
environmental, and hydrological level.

The intensive agriculture performed in the study area, highly impacted the native ecosyisténes
region from an environmental point of vie{Carrefio, Frank and Viglizzo, 2Q1Ay farntand in
Argentina expanded quicklyhis development came at the expense of natural land and took place
without a consideration of the related ecological cogtarrefio, Frank and Viglizzo, 2Q1H3pecially
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natural grasslands and wetlands were highly affedilenca and Mifiarro, 2004a; Boomanhal.,,

2012; Bandolin, Avalos and De Angelo, 2012; Modemstedl, 2016; Sicat al., 2016) The agricultural
expansion came at the expensetafo million ha of native grassland, mostly in the Panidadernel
et al, 2016)which is significant forhe local biodiversity and functioning of the ecosystefhe

creation of @ricultural land was accompanied by a laggale channelization process, which had
effects on the water levels of shallow wetlands in the study area. In Cérdoba studies have been
conductedthat indicate a 14.7% reduction of the flooded area where only a small number of channels
was implemented, up to a greater reduction in the flooded area of 42.1% where most of the

channelization occurgBrandolin, Avalos and De Angelo, 201By drainingthe landscape for the

production of crops like sdean the total area of wetlands in La Picasa basin decreased extremely
thereby destroying the last remaining wildlife refuges in a landscape dominated by agriculture

(Brandolin, Avalos and De
Angelo, 2012) The increase in
agricultural  production also
resultedin major environmental
trade-offs (PiquerRodriguezet

al., 2018) that are not fully

understood yet. Once
functioning grasslands and
wetland ecosystems were able
to deliver a broad variety &SS

among which the service of
flood risk mitigation would be
significant  nowadays  but
declined with the intensification

Photograph2: Wetland fallen dryn La Picasa basin !
(Wiedemeier2018)

Over the last decades, an incesa in precipitation in combination with a decrease in

evapotranspiration rates due to these land use changes, led the groundwater table (Anaskas and

Thorne, 2001; Kuppet al,, 2015; Nosetteet al, 2015) From a hydrological perspective, the study

area is a very flat and poorly drained region that, while ntastscapes respond to extreme rainfalls

with increased water outflows, has little capacity to g0 (Kuppelet al,, 2015) Instead, the most

of the farming systems.

common responses included an increase in water storage leading to rising water tables and floods, an

increase in evaporative losses and, after reaching high levels of stdrageased liquid water

outflows (Kuppekt al,, 2015) Today, the groundwater level reaches the surface in La Picasa basin and,

in its interplay with surface water, has been identified Be main driver for groundwater flooding
(Aradas and Thorne, 2001). Because

these flat areas have different hydro

logical responses, evapotranspirativ

losses are strongly linked to floodel

conditions as a regulatory feedback

while liquid water outflows rmained
negligible(Kuppelet al, 2015) A broad
range of evidence showtkat the change
in the land use pattern of the Ladasa
basin has had an impact on th
hydrological balance of the study are:

Landuse plays a key role in the hydrolog

of the subhumid plains(Nosettoet al. Photograph3: Flooded railway in the principal lagoonRigasa
’ (Wiedemeier, 2018)
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2015) There is a linkage between the expansion of graiipetion systems in the Pampas and raising
groundwater level as well as flood frequency and sevéNysettoet al, 2015)

The consequences of the change in the productive system also cause social problems such as a
concentration of land ownership and the migration of small farmers into cfflesngn et al., 2005 as

cited in Barral and Oscar, 20X well as the increase in soil and water contamination risk (Viglizzo et
al., 2001). As agricultural areas are flooded, public infrastructure such as the national Route N°7 that
connects Buenos Aires thiMendoza and Chile or a railway are -ofit by water masses, and even
whole villages like the commune Aardn Castellanos are at risk to be erfkiretied (CARSFE, 2003;
CARSFE, 2009). Tlhole region faces social problems as cities along the Routeafg°8uffering
economic damage. Reversely, the cities along the alternative roads suffer from inadequate
infrastructure and congestions. Many political problems arose, when the three involved provinces
discussed solution approaches for how much water aaw fhto the principal lagoon and how much

can be discharged via a water exit. The major channelization occurred in the province of Cérdoba
(Brandolin, Avalos and De Angelo,
2012) while Santa Fe is suffering the
major consequences and Buenos Aires
refuses to t&e the water masses from
upstream. The conflict between the
three provinces finally resulted in
bringing the action to the Argentinean
Supreme Court of Justice(Corte
Suprema de Justicia de la Nacion, 2017)

The bizarre situation that nobody wants

the water, appears even stranger when

considering that worldwide most

Photographé: Water gauge downstreamorth pumping station La Pica  agricultural  regions —suffer water
(Wiedemeier, 2018) shortages.

Paraloxically, while the land cover change will most probably continue having impact on the
hydrologic regime of the region, lorigrm ecobased solutions are not prioritizé@ereiraet al., 2014)

so that most of the solution approaches today, focus on stemn constructionbased solutiondike

build drainage pipes or channels to pump the overrun in water gBsgndolin, Avalos and De Angelo,

2012) The three pillars on which the current solution approach builds up, are a water exit in the south

of the | agoon La Pi c aistanalccanstiuaiah wirkS onupunmpingAstatioasr n a t i
and channels, and another water &fitterinmti ve” n¢Ct
2003). The objective of this solutiontigat the lagoonis kept in a save range between 98.5 and 102.5

m, which would allow using the Route N°7, the railway andrgan additionalstoragecapacity for

periods with water excess¢€ARSFEE003). However, ecbased solutionshat build up on soundeSS
functioning, bare high potential to be effective in vargofields(Mooney et al, 2005) including

economic benefits as well as the apization of various ESS.

3.4Ecosystem Services TraO#s of Wetlands in La Picasa BaState of the Art

The loss of wetlands has been identified to be related to several problems in the study area of La Picasa
basin primarily the increased risk @bods (Bullock and Acreman, 2003; Rosenstetnal, 2009;
Brandolin, Avalos and De Angelo, 2012; Kusataal, 2017) Since wetlands have been the fastest
component of the system to react to anthropogenic maodifications and climatic variations in a
discernble way, they were also perceived as an obvious sti@s®r and comprehensively drained in

the belief that these measures would cure the revealed symptoms of an increasing disaster risk
(Boomanet al., 2012; Brandolin, Avalos and De Angelo, 2012; Gieh, 2016) Unfortunately, the
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current situation in La Picasa basin progiesly illustrateshat these anthropogenic impacts triggered

the major components

of

t h(Bullobkaasdi Anrénsan, 2083hezeby b al a n ¢

causing complex sociconomic and environmental pblems(Scheijtman, 2006; Montico, Bonel and
Rosenstein, 2008; Roseem et al., 2009; Corte Suprema de Justicia de la Nacion, 20he) total
magnitude of this development becomes obvious against the human impotence to cope with the
increasing disaster risk related to floods caused by the expanding size of La Pimasa lag

Since it is widely recognized that wetlands provide a broad variety of diff&®&Mitra, Wassmann
and Vlek, 2003; Moonest al., 2005; Brandolin, Avalos and De Angelo, 2012; Van-Steensma and
Vellinga, 2013; Chen and Wong, 2016; étual, 2017; Odgaarcet al., 2017)and preliminary
assessments indicatbat the value of thes€ES$o agriculture, the primary income source of La Picasa
basin, is enormous and often underapprecia(@dwer, 201Q)using wetlands, including the variety of
ESS they provide, for dister risk reduction and vulnerability mitigation suggests itdelimaret al,,

2017)

Several studies exiitat investigate within the frame of ESS tradffs between specific ESS categories
(compareFigure6). Inthe context of Latin Ameran countries, Argentina was one of the early pioneers

in ESS research, likely motivated by the extensive conversion of fertile, natural grasslands and forests
to agricultural land that occurred in the 1990s and the importance of this agricultural expadagiosn

national economyBalvaneraet al, 2012)

Laterra et al. 2016

Zilio et al. 2017
: Cultural ESS
Balvanera et al. 2012 - -
Mastrangelo et al. 2014 "“-m '
Nahuelhual et al. 2015 Regulating
Laterra et al. 2011 ESS

Viglizzo et al. 2003

Barral & Oscar 2012
Booman et al. 2012
Garcia et al. 2017
Jobbagy & Jackson 2004
Jobbagy et al. 2008
Jobbagy 2011
Laterra et al. 2012
Loarie et al. 2011
Mercau et al. 2015
Nosetto et al. 2015
Nosetto et al. 2012
Viglizzo et al. 2012
Viglizzo et al. 2016

Provisioning
ESS

Supporting
ESS

Bennet et al. 2015
Brandolin et al. 2012
Carrefio et al. 2011
Ferraro et al. 2017
Herrera et al. 2011
Mastrangelo et al. 2015
Modernel et al. 2016
Piquer-Rodriguez et al. 2018
Sica et al. 2016
Wevyland et al. 2017
Rositano et al. 2017

Accordingly, most researchon B&Seo f f s i s

Figure6: Research on ESS tradis in the Argentinean Pampas
(own elaboration)

rel ated

t o

t he

provisior

and how it increases or decreases in relation with other ESS. Numerous studies investigated the trade
offs between agricultural production and the effects it has on the regulating‘EBS dr ol ogi c a
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regul ation’ and ‘flood protection’. Most wor ks
bodies or the water consumption of vegetations and how changes in these factors are affecting the
water balance of the regiofobbagy and Jackson, 2004; Joblk&at., 2008; Barral and Oarg 2011;

Viglizzeet al, 2011; Loariet al,, 2011; Jobbagy, 2011; Boometral., 2012; Laterra, Orde and Booman,

2012; Nosettoet al,, 2012, 2015; Mercaat al,, 2015; Viglizzet al, 2016). In general, it was found

that increases in provisioning séces, especially agricultural production, decrease the supply of
regulating service@CarrefioFrank and Viglizzo, 201 Nevertheless, not one single study had a clear

focus on investigating the potential that ESS of wetlands hold towards reducing the frequency and
magnitude of floods.

Besides the tradeffs between agricultural intensificaticaind the preservation of regulating services,

its effects on biodiversity have also extensively been asse€Gedl and Aide2008) Most studies
focusing on this tradeff highlight the importance of biodiversity fouman wellbeingas a supporting

ESS that enables the overall functioning of ecosys{@uasefio, Frank and Viglizzo, 2011; Herrera and
Laterra, 2011; Brandolin, Avalos and De Angelo, 2012; Rositaa 2012; Bennetet al, 2015;
Mastrangeloet al., 2015;Modernelet al,, 2016; Sicat al, 2016; Weyland, Barral and Laterra, 2017;
Ferraro and Gagliostro, 2017; PigtRodriguezt al, 2018) Few studies set a research focus on the
potential of wetlands to provide diverse habitats as a support for an asingly biodiverse flora and
fauna in the Pampas, and none of the reviewed papers bridges the gap between functioning and
biodiverse wetlands and a reduced risk of floods.

Little scientific work has focused on the tradés related to cultural ESS. Mostsearch done in this
field is dealing with the cultural ESS -off our i sn
between a monotonous agricultural landscape resulting from intensified production and low

bi odiversity and aiddrecmratienal BSSdot its populatioh dr towy(St&yland p r o
and Laterra, 2014; Auer, Maceira and Nahuelhual, 2017; Auer, Nahuelhual aeit&12018)Only

one study emphasizes the additional role that water ecosystems could play in diminishing the risk of
local water challenges in the context of climate chafgiéioet al., 2017) Another study states that

policies based exclusively on ESS supply might not only fail at detecting priority conservation areas for
the wellbeing d human societies, but may also increase their vulnerability by neglecting areas of
currently I ow, but highly valued ESS supply and
can enhance or reduce ESS demand to make policies more eff@citeeraet al., 2016)

Besides the investigation about-tirectional tradeoffs between ESS, several studies also analyzed
how ESS in general can be mapf&dhuelhuakt al, 2015) evaluatedLaterra, Jobbagy and Paruelo,
2011) embedded in concepts andatihods for landscape multifunctionalifiMastrangéo et al., 2014)

and applied in environmental assessments for agricultural a(®&glizzoet al, 2003) Although
compensations for the protection of ESS (PES) in the form of subsidies was incorporated into federal
law on landuse planning in 2007 (Ley Nacional 26.331), Argentina is the only Latin American country,
with no formal PES programs implementé@alvaneraet al., 2012)

Scientific research investigating within the borders of La Picasa basin is either driven by technical
guestions aiming to provide a basis mgineered solutions, an ecological interest in the regions highly
biodiverse landscape and its potential for the protection of native specresocial questions related

to the perception of floods and how society deals with the increased disastdcoskpareFigure?).

Already in the year 2000, the OCREDBydrologic mathematical model was applied to the system of
La Picasa lagodPedraza, 2000)The continuous model was based on kinematic wave equstnd

was made to evaluate the risk of overflow of the principal lagoon La Picasa for water resources
management purpose@edraza, 2000 he study describes the general physical characteristics of the
system, the model applied ants implementation, calibration and operatiqfPedraza, 2000 Almost
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20 years ago, this study already fouttit periodically occurring floods cause severe damage to the
infrastructure and great losses to soegonomical activitiegPedraza, 2000)

Social studies

Technical ECOlOgical Bilenca & Minarro 2004a

Research Studies Bilenca & Minarro 2004b |
Booman et al. 2012
Pedraza 2000 Brandolin et al. 2012
Lupano et al. 2005 Mateucci 2012
Tobergte & Curtis 2013 Viglizzo et al. 2006

Figure7: Researclfioci in La Rasa basin
(own elaboration)

In projects distributed over a timespan of several years, the surface water resources of Santa Fe
province were mapped, using the Digital Surface Water Resources Atlas of Argentina;2566 Si@
sixteen Landsat’BV imagegLupancet al, 2005; Tobergte and Curtis, 2018y presenting analogical

and digital cartographies, providing information related to rivers, water bodies, watersheds
boundaries, main roads and urban settlements these studies also higthiglmdefinite amount of
drainage channels in the region of the La Picasa lagloopancet al., 2005)

A distinct and more ecological focwas set with the identification of valuable grassland areas, among
which the La Picasa basin was identified to represent an important area for the protection of
biodiversity and native grass species of the Argentinean P#Bilganca and Mifiarro, 2004bA relaed

study further investigated and described adequate conservation strategies for identified areas and
highlights that conservation actions should involve the recreational sector and strive to develop an
integrated concept for the close by ecological reseha Salada lagodmand the natural arealos
Médanos (Bilenca and Mifarro, 2004aprassland conservatipoonsequentlywas found togo hand

in hand with wetland conservation efforts.

La Picasa basin was also described within the frame of ecorei@lizzo, Frank and Carrefio, 2006;
Matteucci, 2012)nd identified as an endorheic basin with numerous temporal laggbfetteucci,
2012) Its environmental condition was analyzed in relation to the evolution of surface area dedicated
to annual crops in the distinct ecoregions of the Pampa highlighting the ecological costs of@aaticult
expansionViglizzo, Frank and Carrefio, 2Q06)

Another scientific research study was guided by the itied in La Picasbasin neither disasters nor

risks are conceived as socially constructed procegSelkeijtman, 2006)The study highlightthat

seeing disasters as isolated and fortuitous events and unmanageable products of a capricious and
arbitrary nature seriously limits the design of pibpolicies and prevents proper management
(Scheijtman, 2006)Similarly, the idea to treat the whole basin as a unit should be strengthened to
enabl e an integrated water resources management
above all, human and social enviraent (Scheijtman, 2006 Besidesthe study investigated about

the water management policy, the interdependence between the various jurisdictions involved, the
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obstacles between the different levels of government and the lack of coherence in public
management, related to theias in dealing with complex issug&cheijtman, 2006)

The effects of floods iba Picasa basin were evaluatedwo studiesbased on stakeholder perceptions

with a focus on communities and farmefglontico, Bonel and Rosenstein, 2008; Rosensgtial.,

2009) While the first study analyzed and interpreted the perceptiofeof’ironmental disastetsaand
necessary solutions to avaidem among all members of the affected communiti@osensteiret al.,

2009) the second study investigated how local farmierspecificconceived the entity of the threat

to their productive systems and which techniques they implemented as a resgghw#ico, Bonel

and Rosenstein, 2008 here is a general consensus on the definition of floods as a problem, expressed
through the priority actors give to the inundations and related complicat{®usensteiret al.,, 2009)

It was found thatlbods have hadand still havea strong impact on everyday life, even though not all
actors notice the same symptoms of the probléRosensteiret al, 2009) Especially the farmers in
the basin of La Picasa (Santa Fe) were found to be severelyedffacthe inundationgMontico, Bonel

and Rosenstein, 2008pince they do not implememtdequate prevention for the magnitude of the
threat, the actors were extremely vulnerabte the impacts of floods and therefore incapable to
manage successful protection strateg{®tontico, Bonel and Rosenstein, 200Bdth studies conclude
that the awareness of thask of floods has not yet attained enough importance as to lead to changes
in practicegMontico, Bonel and Rosenstein, 2008; Rosensead., 2009)

Despitethe fact that the participation of public stakeholders is becoming more and more important
for environmental decisioimaking processes, because managers need to understand who is affected
by their decisions and who bares the power to influence their outcorfiemed, et al., 2009)
stakeholders were found to be insufficiently involved in the definition of collective strategies
(Rosensteiret al., 2009) Farmers in Aardn Castellanos and Diego de Arsamhad to try and search
individualsoluions due to the lack of commitment shown by the commurRpsensteiret al., 2009)
Theydo rather trust in a greagnvironmental capacity for restoring the previous levels of productivity
than adapting their actions to the threat of floo@#ontico, Bonel and Rosenstein, 200&hile in
Rufino, the preeminence of the conflict has reinforced the lack of social organifRasensteiret

al., 2009)

Surprisingly, resealhcthat focusses on the rokhat wetlands could play in reducing the risk of floods

in the study area, the Pampas in general and whole Argentina barely exists. The only research related
to this field of investigations is either focusing on the loss of anets due to agricultural expansion

and the related loss of biodiversitBooman et al., 2012; Brandolin, Avalos and De Angelo, 2012; Sica

et al, 2016)or on exploring the ability of wetlands to provide E88llock and Acreman, 2003)
Nevertheless, in La Picasa basin, floods were fifieditas the major problentRosensteiret al,, 2009)

and several studies demand a higher consideration of social mechanisms to facilitate the inclusion of
relevant ESS management into policies to reduce the areas vulnerability to (Madtangelcet al,,

2015; Laterreet al., 2016)

In fact, the identified problems in La Picasa basin occur at the intesdmge the social part

encounters the environmental part of the system and vice versa. To grasp the functioning of this
interaction, it is helpful to embed ESS traokés into SESheory that works on the interface between

social dynamics and ecologicabpessegBousquetet al, 2015) Applying this theory and defining
systems as SES, hel ps emphasi ziangatheeil npegs e
(Zulini, Petrosillo and Cataldi, 2008nhd enables clearing interdependencies between the social and
ecological part of systems.
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In La Picasa basin and the Argentinean Pampas, only few research studies focus on embedding ESS
research in SES theory, eventigh the utilization of these two perspectives combined, was found to
enable ansuperiorunderstanding of the consequences of lamsk and lanecover changes to the
society(Mastrangelcet al,, 2015) While the agricultural expansion and intensification has stimulated

the utilization of ESS approaches, yet an increasing trend of environmental degradation and social
conflicts due to agricultural practices continues be unabated(Mastrangeloet al., 2015) The
application of SES frameworks could foster operationalizing the concept of ESS and using them as a
management tooin different situationgHallidayet al., 2011)

All'in all, it can be saithat usingwetlands in La Picasa basin for reducing the risk of floods, has not
been part of scientific projestso farand the role they could play is not satisfactory understood
Consequently, investigations focusing te role wetlands hold in the systemic furating of the
study area, th&aS$hey provideand related tradeoffs, could hold a tremendous potential to support
sustainable solution approachéBhe current absence of scientific reseaticat connectsthe concept

of ESSvith SES theorgind the lack ofnvolvingstakeholders opens a possibility to contribute a new
perspective to the omoing debate of floods in La Picasa basin

3.5ResearclQuestions

Against tle scientific researchbackgroundfound in the state of the artthe followingresearch
guestibnswere defined to filthe identified research gapy understanding the role of wetlands in ESS
trade-offs in La Picasa basin

1) Which role do wetlands play ithe socicecological system of the Pampas, and La Picasa
basin in specific?

a. Which role hae wetlandsplayedin the historic development of the SE@rting with
the colonization of the Pampa?

b. Whathave beerimportant historic turningpoints in the development of #n SES and
how havethey beeninfluenced by wetlands?

c. Whichrole have wetlandgerformedin maintaining the sociecological system in
an equilibriun?

d. Which ESS tradeffs are relevant for the study ar@a

a. Which stakeholders are involved in the seenlogical system?
b. How can gakeholders in the systere categorizedccording to their expediency to
be involved in solution approach®s
c. Whichrelationships between stakeholdepsovideopportunitiesor restrictions for
the conservation of wetlands and their ESS
3) How could a moresustainable management approacdhtegrating wetlandslook like?
Which specific problemis the study areare related to ESS traewsfs?
How do they affect each other through feedback loGps
Which functiondo wetlands have in thiprocess?
Which managemetrpractices could inverse the negative feedback loops identified?
Which advantages or disadvantages have nabhased management approachés
specific the restoration of wetlands) comparison to pure infrastructural or mixed
approaches?

® o oo

The outcome bthis study should serve as a basis for decision makers to find management solutions
for the urgent and extensive problems caused by the increasing wetland area and at the same time
fighting biodiversity loss and improving human wasing.
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4 Objectives

The general objecti ve o f-to-tlateiscentificansthodsrfronsthetfidideos i s i s
sustainable natural resources management to the specific case of the selected study region La Picasa
basin and investigate the role wetlangkayin ESS tradeffs. This thesis therefore generally aims at
generating interdisciplinary and multiscale knowledge, not only about possible solution approaches,

but also about | ocal stakehol der s, existitng exp
process itself and the existe&S%nd tradeoffs of the study area.

Table3: Objectives of thenl & (i s &
(own elaboration)

1) Understand the role that wetlands play in the SES of La Picasa basin

a) Understand the role of wetlands in the historic development of the socio
ecological system, starting with the coleation of the Pampa.
Identify important historic turningpoints in the development of the socio
ecological system and how wetlands influenced them.
Understand which role wetlands play in maintaining the setological syste
in an equilibrium and whick&SS tradeffs are relevant for the study area.

2) Analyze important stakeholder dynamics.

a) ldentify stakeholders involved in the so@oological system and understand
what they are responsible for.
Categorize stakeholders in the system according to their expediency to be
involved in solution appraches.
Analyze relationships between stakeholders to be aware of opportunities a
restrictions for the conservation of wetlands and their ESS

3) Assess more sustainable management approaches integrating wetlands.

Understand which specific problems are related to ESS toéfde how they affect
each other through feedbadkops and which function wetlands have in this proc
Derive management practices that could inverse negative feedback loops.
Assess which advantages or disadvantages ndiased management approaches
and in specific the restoration of wetlands, haveamparison to purby
infrastructural or mixed approaches.

In specific, this study aims to achieve three major objectfgempareTable3). The first objective has

a natural scientific focus and aims to (1) understdmelrole that wetlandshaveplayed in the SES of

La Picasa basand how it reacts to changing environmental and anthropogenic impacts. To achieve
this objective it is necessary to (a) understatite role of wetlands in the historic development of the
SESstarting with the colonization of the Pampad to (b) identifyimportant historic turningpoints in

the development of the&sE@ind how wetlands influenced time In addition, it is vital to (c) understand
which role wetlands play in maintaining t&$ an equilibrium and which ESS traofés are relevant

for the study areaThe time scale for the first objective stretches from the past, starting with the
colonization of the Pampas, to thmurrent statustoday.

The second objective has a strong managerial focus and aims to (2) analyze important stakeholder
dynamics that are a fundamental input for any future project that aims to strengthen the role of
wetlandsin the SES. To accomplish this objective, it is important to (a) idstaigholders involved

in the SE&nd understand what they are responsible;fto (b) categorizetakeholders in the system
according to theiexpediencyto be involved in solutiompproachesand to (c) analyzeelationships
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between stakeholders to be aware of opportunities and restrictiftunghe conservation of wetlands
and their ESS\s this objective has a strong foausinformation needed for ampplied management,

the time sale for this part is mainly determined for the present with small excursion to the past to
explain current relationships.

As athird objective,with an emphasis on bringing natural science and management approaches
together, this study aims to provide (33uggestions fomore sustainable management approaches
integrating wetlandso deliver a basis for the development of future solutions. To realize this objective,
it is beneficial tda) understandwhich specific problems are related to ESS traffe, hav they affect

each other through feedback loops and which function wetlands have in this(b) derive
management practices that could inverse negative feedback Ibepgeen ESS tradeffs and to (c)
assessvhich advantages or disadvantages natbssedmanagement approaches, and in specific the
restoration of wetlands, have in comparison to pure infrastructural or mixed approadias
objective focuseson a time scale from today, using the current situation as a pastsstretches out

to the future by developing potential solution approaches.
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5.1 Delimitation of the Studgrea

The study area chosen for this thesis corresponds to the hydrological basin La Picasa that covers
southeast Cordoba, south Santa Fe and northwest Buenos gioxinces (seFigure8). Accordingly,

it crosses political borders and its boundaries accentuate the fact that the basin is defined by natural
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Figure8: Delimitation of the study areq Natural and governmental boundaries
(Source: own elaboration based 8sRH2017))

factors instead of mamade limits. Nevertheless, the _ _
study area does not represeatpurely natural system, —
as itis also highly influenced by social systems throu o
diverse interaction mechanisms such as agricultur
production, politics, the drainage of wetlands, the ' Boundaries

. . . N (hydrol. Basin)
existence of urban environments and infrastructure.

Natural

To cope with theresulting complex socieecological
research requirements, the scope of this thesis w
slightly adapted to the methodological approache
chosen for each step in the analysis, taking int
account a holistic frame of the situation. In this regart
its different parts were adequately scoped accordin
to their research foci without losing the overall
objectiveto investigate the role wetlandglayfor ESS
trade-offsin La Picasa basifor instancethe natural,
social and governmental boundaries of the stuadga

were flexibly considered as shownRigure9. Delimitation of the Study Area

Figure9: Three fei to delimitate he study area
(own elaboration)

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 31
Jasna Wiedemeier (11120659) | Sddf?, 2018 | Supervisor: Dr. Udo Nehren



5 Methodology

In the analysis of the historic development of the study aré@e investigation process was oriented
towards describing the changes in time within the natural boundaries othgurological basin La
Picasa. Sincié is assumed to bea representative basin of this ecoregiand due to a lack of specific
data about its historic circumstances, the results were based on literature about the overall
development of the whole Pampas.

The second step in the analysis highlighted social dynamics and, besides the natural boundaries of the
basin, also emphasized five distinct social levels of stakeholder interaction, ranging from local to
international (compareFigure10). Although all stakeholders are related to La Picasa basin, their
spheres of control and impact often stretch out over its natural boundaries. In order to
representatively cover their different viewpoints, the interviews were conedavith local, regional,
provincial and national stakeholder groups. The international stakeholders were not consulted
because in this early stage of research, they are not strictly related to the current praeiilestion,

but they could represent impoant future project partners.

International sInternational and German Universities
s International Conventions (Ramsar
Stakeholder . (Ramsar)
s International Nature Conservation
Groups
National +Interjurisdictional Basin Committee

+National Secretariats and Ministries

Stakeholder +National Research Institutes
*National Universities
+ Administration of National Parks
Provincial .
*Provincial Governments
Stakeholder *Provincial Basin Committees

*Provincial Secretariats and Ministries

Regional

*Farmer Associations

Stakeholder OAgn—cuIturaI Companies
*Regional Governments

FigurelQ: Stakeholdetevels in La Picasa bagjisocial boundaries
(own elaboration)

The third step aimed at developing concrete management approaches for the hydrological basin La
Picasa because it resulted to be a key representative basin to find a solution for the region. It does not
only face typical proleims and ESS tradtgfs, but also experiences them in a superior dimension due

to its geographical characteristics. Every raindrop not evaporated or transpired ends up in wetlands
and in the longterm the La Picasa lagoon, which is the natural sink o&tii®rheic basin. Therefore,
anthropogenic modifications of the water balance become more visible through the increase in water
levels of this lagoon than in surrounding basins.

The apparent correlations between anthropogenic modifications of wetlands Ridasa basin and
diminishing benefits from their ESS make the study area interesting for the research scope of this
thesis. The current problems are revealing the dependency of humanbeiely on functioning
ecosystems and suggest closer examinations®% and their tradeffs. Therefore, results obtained
from scientific investigations in La Picasa basin could also be employed for similar cases in the
surrounding basins. The obvious problems occurring around La Picasa lagoon are an incentive for
projectsas well as unconventional solution approaches and lift La Picasa basin in a key role for future
investigations on more sustainable agricultural production methods in the Argentinean Pampas.
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5.2 Data Collection

To meet thedefinedobjectives, informatioraddressing the defined research questions was extracted
from an intensive literature review. The topics covered, main foci, and the structure of this literature
review are describeéh detailin Chapter 3 Problem Analysis and State of the &arch crieria for

the inclusion ofscientific papersverethat their contents are closelselated to the study area La Picasa
basinor the Pampa ecoregion in generiilat they either describe the naturéctors fordevelopment,

the anthropogenidactors or both sides in combination antthat theyhave a relation to ESS and their
trade-offs. All of the included studiesere peerreviewed.

5.2.1 Prelnterviews

This purely academic research approach was complemented withgamstured expert interviews

of important stakeholdes of the region. After arriving in the host institution in Cérdoba, Argentina, a
set of preinterviews(comparePhotographb) was conducted to achieve a first overview about the in
situ circumstances. i i\

These prenterviews helped understanding
current relevant topics;ollecting contact data
from involved stakeholders and enabled th®

design of a suitable question catalogue for tt
main-interviews. Furthermore, thedelivered
valuable information about owgoing pro-
cessesbefore travelling to the study area anc :
talking to directly involved stakeholders. ol [ R

In the pre-interviews a total number of 13
stakeholders was interviewed in amstruc
tured format. The Interviews wereonducted — _

either in individualinterviews betwea the Phomgrapﬁ Iilr.?:tiﬂr:gvsvm;ﬁ;ablo Bolatt
interviewer and interviewee only, or in grouj (Wiedemeier, 2018)

interviews with up tahree participants plus the interviewerTheir function and the location, date and
time of thepre-interviewsas well as aummary of their knowledge inpa&an be found irAnnex 1 ad
Annex 3.

» 3
6 s

5.2.2 Mairn+Interviews

Once arrived in the study are La Picasa basin, a
total number of 19nterviews was conducted, in
whichinterviewees wasinterviewed contributed
their knowledge, every day concerns, fears,
problems and perceptions to thistudy. The
interviews were semstructured, qualitative
interviews and followed a guiding question
catalogue which can be found Annex 4.

Photograph6: Interview with a group of local stakeholdéns
San Gregorio, La Picasa basin
(Wiedemeier, 2018)
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Like the pre-interviews, the main
interviewswere alsoconducted either
in individual interviews between the
interviewer and interviewee onlfcom
pare Photograph 7, or in group inter
views with up to eight participants plus
the interviewer (compare Photograph
6).

This format of interviews in addition
offered the possibility to discuss
answers among the participasmitand

resulted to have a strong woishop

Photograph?: Interview with Juan Carlos BertaniLHCETA, Coérdob: character A listindicates theconsulted
(Wiedemeier, 2018)

stakeholders, their function and the
location, date and time of thinterviewsand can be found id\nnex 2.The answers of all interview
participantscan be foundn Annex5.

5.3 Data Analysis
To investigate within the frame of the defined research questions, the methogalpglied in this
studyfollowed three major stepgcompareFigue 11).

The first step concentrated on the role wetlandsyplin the historic development of the SES in the
study area and aimed at creating a timeline indicating important turning points based on
interdependencies between climatic cycles and lasé schemes. Derived from that, distinct
equilibrium states of theystem were defined and related to ESS that affect those states through trade
offs.

The second step fmsed on analyzing important stakeholder dynamics in the study thegecreate
opportunities or restrictions for the conservation of wetlandsfollowed the objective to identify
stakeholders involved in the SES in La Picasa hadimo become aware of their responsibilities as
well as their expedience for future projects. In addition, helpful and challenging relationships within
the stakeholder netwdt were analyzed.

A clearunderstanding ofthe systemic behavior of the study area in conjunction wigttognized
stakeholder dynamics alled to identify more sustainable future lardse and management
approaches. Derived from the previous two steps, valg problems in the study area were defined
based on stakeholder perceptions and linked to ESS ‘nffideand feedback loops between them.

Finally, possible management approaches were discussed to inverse feedback loops with negative
effects for human wik-being in the study area, and the benefits and disadvantages of natsed,
infrastructurebased and hybrid management approaches were compared.
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Analysis of more

Analysis of the ;
3ot sustainable future
historic development P —

logical systerm management
. 4 approaches

Output: Timeline indicating the role of wetlands and distinct states of the system

a) Defined time periods according
characteristics of the SES

b) Interdependencies with a) Stakeholders involved in the Sl U RUEIEEIEEEE ST
precipitation cycles and landse and their responsibilities

management b) Stakeholder group's expedien a) Stakeholder per_ception of :L
c¢) Major historic turning points and, for future projects and solution relevant problems in the study are
effects on the SES approaches b) Related ESS traadfs and

d) Distinct equilibrium states of the ¢) Helpful and challenging feedback loops of the SES

system relationships in the existing ¢) Management approaches to

e) Related ESS and tradffs stakeholder network inverse negative feedback loops

d) Comparison of naturbased,
infrastructurebased and hybrid
management approaches

Information base: Information base:

literature review,

»

literature review,
qualitative interviews
with local experts

qualitative interviews
with local experts

Figue 11: Methodological Steps
(own elaboration)

5.3.1 Analysis of thelistoricDevelopment of theudy Area

In a first step, the historic development dhe SESn La Picasa basiwvas described to achieve an
understanding of theole wetlands play in the natural status, the changes and major turning points
the system faced as well asdarrent systemic characteristitisat determineit today. In additionthe
predominant ESSand related systemic feedback loops were analyzed iandstigatedhow they
changed over timeThis part of the thesiwasbased ordata collected through thextensive literature

review, which was additionally supported by informatigathered in the stakeholder interviews. The
main focus of this part was put on the historic
in history were described, both caused by natural cycles and anthropogenic impacts on the system like
how immigration, the agricultural revolution, and the construction of drainage channels affected the
SES since colonization of the area.

The design of the timeline, visualizing the historic development of the study area from the beginning
of significant agricultral production until today, aimed to explain the interrelations between changing
land-use systems, climatic cycles and water related problems the region faced fror20880

The timeline was created indicating a chronological sequence of time perioths umiform
circumstancesnd major turning pointshat led the SES of the study area to change. A specific focus
was put on the interrelations between lange, evapotranspiration rates, precipitation rates and how
their interplay shaped the production pgatns within the SES.
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With the help of information extracted from an extensive literature, time sequences of consistent
characteristic production schemes and related states of the SES were defined. The timeline was
subdivided intosix major periods: 1) Tén pre-agricultural system before 1870, 2) the agricultural
development from 18741920, 3) a period of overexploitation of natural resources from 18240, 4)

the dust-bowl period between 1941 and 1960, 5) the agricultural expansion between 1961 and 1990,
and finally 6) the predominant soybean monocultures from 1991 until today (2018).

A number of scientific papers investigated the predominant {asd schemes for the defined time
sequencegBernardo<t al,, 2001; Viglizzet al., 2001; Nosetto, Jobbagy and Paruelo, 2005; Baldi and
Paruelo, 2008; Bolatti, Andreucci and Escola, 2015; Ghida Daza, &l &)ere used to extract
information about the composition of the langse for the corregonding decadesLanduse was
expressed in terms of the relative area (%) of mog (composed of soybean, maize and wheat)
perennial pasturegcharacterized by alfalfadnd natural grasslandéative grasses of the Pampa
ecoregion)with respect to the ¢tal area devoted tdarming activities.

To be able to formulate

1600 - - - - i .
_ 5oy 1 assumptions about, if the
14001 ,}Bﬁ\ o7 interplay of landuse schemes,

<
N,
iy Y

£ 1200 %’gﬁ%oo"w . . . % corresponding  evapotranspi
g 100 PR Rl "5 £ ration rates, and rainfall events
£ 800 4% could have been a crucial factor
.3§_ 600 3 ;5 determining the waterelated
;_E 400 2 = problems in these sequences,
200 - 1 the defined time periods were
o 4 ‘ ‘ _ o coupled with further data sets.
1910 1930 1950 1970 1990 The first one is a table indicating
& Wind Speed W Precipitation the general evapotranspiration

(ETo) trend of landise schemes

in comparison to the natural
system which represents the
reference state bfore 1870. This trend is visualized in a qualitative way, due to a lack of
evapotranspiration data dating back to the 1870s. However, since several interview partners made the
assumption that evapotranspiration rates play a significant role in the systemétioning of the study
area(Interview 1, Villa Uria (2018); Interview-18, Jobbagy (2018); Interview 19, Bertoni (2018), see
Annex 9, the general trend of evapotranspiration was developed from literatoaised information
about the landuse situatbn of corresponding timgeriods, information on wind speed and
precipitation data from 1912001 ¢ompareFigurel2) generated with the EPIC mod&ernardost

al., 2001)and the knowledge input from various stakeholder interviews.

Figurel2: Historical changes in rainfall and wind intensity
(Source: Bernardos, 2001)

To be able to riate this to water excesses, a second data set was based on data from a ground station
in Pergamino, in a distance approximateR)km from the study arethat recorded precipitation data

of the study region from 1932015. After a preprocessing of the ata, the monthly precipitation and

the monthly average precipitation was calculafed each month back to July 1931. By comparing the
monthly precipitation with the monthly average precipitation, the monthly anomaly was computed
and accumulated. Finally, graph indicating the accumulated monthly anomaly in precipitation (in
mm) was created.

Using data from the same ground station, the potential evapotranspiration rates of the study area
from 19672015 were assessed. The resulting numbers were linkeitetature-based lanelse data
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for the time periods 1964990(Viglizzcet al.,, _

2001)and 199-2018 (Bernardoset al, 2001) Table4: Landusefo_r the periods 196@1990 and 199018
7 . . based on Viglizzo, 2001 and Bernardos, 2001

It distinguishes between native grasslands ... ( ’ )

the pampas ecoregion, pasturelands

dominated by alfalfa and cropland compose Agricultural Soybean
of the three major crops in the region Expansion Monocultures

. 1961-1990 1991-2018
soybean, maize and wheat (comparable4). S 23% ~g%
Evapotranspiration was calculated as wati  pasturelands 34% ~31%
evaporated from soils plus water transpired k, croplands — el
plants.

Dueto the factthat soybean and maize play a vital role in the composition of cropland since the late
1960s and because the production of these crops is limited to-ensinth period per year, it is
important to consider a time period of bare soils when chltng the potential crop
evapotranspiration. The consideration of areas with bare soils was based on the area dedicated to
soybean and maize crogBolatti, Andreucci and Escold, 2018hd treir proportion of the total
cropland(Ghida Daza, 2016} can be seeim Figue 13.

To finally calculate the potential
Cropland Area crop  evapotranspiration, the

100,0% R H H
. CaT% otential evapotranspiration was

oo potertial evapotransp
oo T B multiplied wi e mean crop
coefficients (Kc) of native
33,3% 49,3%

70,0%
60,0% | ~832% = Sunflower grassland¢Besteiro, 204), alfalfa

50,0% — Soybean  for pasturelandgMauricio, 2013)
40,0% " Maize and an average between the Kc of
30,0% = Wheat soybean, maize and wheat for

20,0%
10,0%
0,0%

croplands (Andriani, 2017) in
accordance to the area these
80-83 90-93 2000-03 2013-16 crops cover, considering bare soils
Figue 13: Cropland area dedicated taisflower, soybean, maize and whez with a Kc value of O’Q\Iosettoet
crops from19802016 al., 2015)

(Source: Ghida Daza, 2016)
All these illustrations together

allowed linking dominant patterns of the defined time sequences with occurring climatic cycles and
effects of fluctuating evapotranspiration from corresponding lasg schemes. Four important
turning points in the historic development of the SES were derived from this analysis and distinct
equilibrium states of the SES were described. All this information allowed drawing first conclusions on
the question, which ESS are vital to be included infdllewing analysis steps and which major trade

offs between them could play a role in the attempt to investigate measures to reduce floods in the
study area.

5.3.2 Analysis ctakeholderDynamics in th&udy Area

Steptwo focused onthe identification, categorization and analysis of important stakeholders, how
they interact inthe SESn La Picashasinand how theirdynamicscreate opportunities or restrictions

for the conservation of wetland&or the identification of stakeholders, the snowball samgplinethod

was used which allowed identifying important players of an already existing network by starting with
one member of the network only. Functioning as a door opener, this person recommended further
important players, who again recommend additionetias, until the point was reached, where further
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suggested stakeholders were already mentioned and registered before and the circle (Hased,
2002)

To relate stakeholder theory with ESS and their traffs, the stakeholder analysis in this thesis used

the following definittn t o def i ne relevant stakehol ders: “ St a
or groups with interest in the way part(@@Gwal ar ec
et al, 2011)

Once the stakeholder groups were identified, twothreds, were used to classify them into categories.

The first approach is amnalytical approach, the so callédinbowd i agr am’ , adigwean be
14, developed by Chevalier and Buckles in 2(R8ed, et al., 20099nd iscoming from a natural

resources management perspective classifies stakeholders in accordance to the degree they are

affected by or affect an issu8y allocating the identified stakeholders according to the degree they

affect, are affected by, or both simultaneously in tba&tegories 1 (least), 2 (moderate), and 3 (most)

an overview could be gained about the position of stakeholders within the rainbow diadraen.
assignment of stakeholders into the categories was done thigthelp of information gathered in the

gualitative stakeholder interviews.

Affecting and Affected

Affecting il Least B Affected
Prai 7 ~
-~ % \\ ;/ 2 B Y
/// % e = -y S
// /l\/\/ Moderately f;“ \\\ \\\
/ i N 7 ) N
/f/ y \\ PR / \\ N\
! o ! \
[, ,f; £ / (5} {\f} I}%i’?{ﬁ%?% i\é Z@%é%%{z%% %gg{;%? \\\ \\\
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! £ . i . ) A
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Figurel4: Rainbowdiagram

(based on Chevalier and Buckles (2008) as cited in Reed et al. 2009)
In complex systemsuch as theSESf La Picasa basitihe focusof stakeholder analyses, oftdies on
the ahility to influence stakeholders in accordance t@ithpower and interest in an issu€herefore,
another popular method for stakeholder analysisas applied, whiclusesthe power-interest grid of
Eden and Ackerman (1998) to analyze the relative position of the stakeholders on two dimefigions:
Thestakeéh o | dimetarest’in an issue or activity, an(@) the stakeholderspower to influence the
outcomes of the issue or activit$takeholders with both a high level of interest in an issue and high
power to influence its outcome areonsideredkey players tat managers have to face and satisfy in
order to be successfseeFigurelb).

Those stakeholders with both a low level of interest in an issue and low power to influence its outcome
conversely require only minimal attention. Atakeholders with either a high level of interest or power
should be kept informed or satisfied while stakeholders with both a low level of interest and power
only require minimal effor((Boddy, 2008)Slightly adapting thispproach to a natural resources

management contextstakeholders were classified infourc at egori es cal l ed “ Key
setters”, “Subjects”, and “Crowd?”. Stakehol der w
as “Key tpdlaglealsder s Swith a | ow | evel of i nterest
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Stakehol ders with a high | evel of power but a 1| o
and stakeholders with a low level of power but a high level of etert wer e c¢cl assi fi ed
(Reedgt al,, 2009)

Level of Interest

Low High
Minimal Effort Keep Informed
Low
Power
Keep Satisfied Key Players
High

Figurel5: Stakeholder mappingThe powetinterest matrix
(based orBoddy, 2008)

How the stakeholders intect and are connected, which relationship they have and how the dynamics
of their network function, was visualized and described based omjtiaditative interviews with local
expertsand observations obtained during the field trip to the study area.

5.3.3 Analysis of mor8ustainableFuture Land-use andVlanagemenipproaches in the

Sudy Area

In a third step, this study developed suggestions fimwre suitable laneise and management
approaches that consider the role wetlands could play in disaster risk redu€baachieve this, it was
first assessed whichpecific problems in the study area are related to ESS {oéfideand how they
affect eachother through feedback loopsThe specific problems the research area faces were
extracted from the interviews conducted with local stakeholders and can be reviewed in detail in
Annex 9Although, during the interviews, stakeholders were not directly aske&SS and their trade

offs, all interviewees directly or indirectly mentioned ESS taifie in relation with the problems they
identified in La Picasa basin.

Only those ESS tradadfs were consideredhat were perceived by the consulted interview paets.

The definition and typology of ESS in this thesis was based on the Millennium Ecosystem Assessment
(2005 and distinguishes between provisioning, regulating, cultural and supportingRe&get al,,

2005) ESS can agry positively or negativelGrootet al., 2011) Consequetty, trade-offs between

ESS can occur, when there is a decrease in the provision of one specific ESS as a consequence of an
increase in the provision of another E®®8drigueet al, 2006) According to these definitions and in

line with the results of previouanalysis steps, three major traadfs between ESS in the study area

were defined.

All interviewees mentionedhat there is a fundamental deficiency in understanding the systemic
functioning of the study area (compaAnnex 9)Therefore, the problems rated to the identified ESS
trade-offs that got extracted from the interviews, were further analyzed on how they are interrelated
and affect each othebased on information from the interviewees and scientific literature. Feedback
loops were associated withe three major ESS tradufs, to be able to derive information on the role

they perform in the systemic functioning of La Picasa basin. The term feedback loops in this thesis
refers to the idea that system component can itself be influenced indirebiythe changes it has
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induced(Sundkvist, Milestad and Jansson, 2008gative feedback loops can therefore act as control
devices, counterbalance change and have a stabilizing effect, while positive feedback loops reinforce
changeand amplify rather than reverse changallaby, 1994as cited inSundkvist, Milestad and
Jansson, 2005)

To assess whiclmanagement practices calllinverse the negative feedback loops identified
management strategies and policies were discussed were directly declared as needed for a
sustainable solution for problems in La Picasa basin in the stakeholder interviews (caknparse9).

To complenent this internal perspective with a more scientific one, the current state of the art of
several management approaches that were mentioned in the interviews was reviewed.

The identified solution approaches got further categorized into nahased andnfrastructurebased
solution approachesNaturebased solutions in this contexter e def i ned as “act.i
sustainably manage, and restore natural or modified ecosystirasaddress societal challenges

O |

effectively and adaptively, simultaneougtyoviding human welbbei ng and bi odi ver si

(Monty, Murti and Furuta, 2016)nfragructure-based solutions refer to the engineeradrastructure
developed to reducehe risk of floodingevents bythe construction of artificial drainage systems of
flooded areas Collins, 2005Maldonadoet al., 2005; Boomanet al., 2012; Brandoliret al., 2012;
Brandolin & Avalos, 2013lybrid approaches meanwhile are referred to as the fusion of both, nature
based and infrastructurbased approaches.

To describe howature-based solutions perform in comparison to infrastructinr@sed solutions and

if their coexistence provides synergies or creates probjéhesdistinct approaches got comparedth

respect to three comparison factors. The first factor is related to how the three solution approaches
improve or impair ESS for human wedling and dividednto provisioning, regulating and supporting

ESS. The second factor refers to the effect the three solution approaches cause with respect to disaster
ri sk reduction and is separated in the three
magni t‘uckegT,ee of expos uMenty, Muri dnd Fwuta| 201&)f thelSES td t vy "
floods. The third comparison factor refers to the effectiveness of the solution approaches in terms of

the time needed until the system responds to app
solution approaches (“ Co sesstul'impleraentationtobtive appeacies r a b | e

i s (" Me a she pegfdinnahce of yheéhree solution approaches was evaluated in a qualitative
way, using plusses (+) and minus@ddr indicating the degree of improvement or impairment of ESS
and DRR for haan weltbeing or zeros (0) for no changes in the shartedium and longterm.
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6 Results

The following sukthapters present the results obtained from the three analysis steps conducted.

6.1 Historidevelopment of thdand-use in the Pampas SES

The hisoric development of the SES in the study area was divided into six distinct time petd8d8 (
18701920, 19211940, 19411960,19611990, 19912018) according to representative significant
combinations of weather (rainfall and winds), lanse (land aticated to natural grassland,
pastureland and cropland) and anthropogenic impacts (such as agronomic practices, the introduction
of new technology or seeds and infrastructural modifications of the landscape). The time sequences
were analyzed with a focus dhe development of the hydrological regulation of the SES and how it
was impacted by anthropogenic operations and based on an extensive literature rénewerview

of the time sequences and interdependencies with laisg changes and evapotranspirati@tes can

be found inFigurel7 and Figurel8.

6.1.1Pre-agriculturalS/stem before 1870
The formation of SE$ the Argentinean Pamphat is of relevance for the current problem situation,
began withthe colonization of the area. For the first immigrarastiving inArgentinabefore 1870,

thecountyhad a | arge advantage over other ‘“underdev
did not start with populations pressing against limited resouragtsebland surplus (Melville Watkins,
1963 as cited in Solberg, 1982) . l ndeed, Argent

areas— the Pampas (Solberg, 198®)riginally covered by hundreds of wetlands in a vast matrix of
grasslands and sawaas(Brandolin, Avalos and De Angelo, 2Q1Be Pampas and their grasslands

provide feed for 42 million heads afattle and 14 million sheepoday (Modernelet al, 2016) In

addition, the biome provides habitat for 4000 native plant spec3®® species of birds, 29 species of
mammals, 49 species of reptiles and 35 species of amphifiidodernelet al., 2016)Moreover, the

soils of this region stock 5% of t lH{Modesneletdl, or gani
2016)

When first settlers started cultivating spots of the landscape, they created a patchwork of agricultural
crops and alfalfa within vast areas dominated by natural gragstsview 16-18, Joblagy (2018, see
Annex 5)Becausehe minor plots of agricultural area did not weigh enough to influence the overall
water balance, before 1870 th8ESvas mainlydetermined by ecosystemic mechanisnssich as
evapotranspiration ratethat kept the system in a hydrological baland¥etlandsplayed an important

role in the hydrological cyclébecause besides their provision of various @8&hdolin, Avalos and De
Angelo, 2012)they also provided the capacity to reduce floods and recharge groundyBitdiock

and Acreman, 2003)

6.1.2AgriculturalDevelopment from 18741920,

The firstsignificant agricultural developmeirt the Pampaslid not begin until the 1870snd while it
alreadyacceleratedn the 1890s it did not last longer than until th&920sthat Argentina had risen to

the rank of leading global agricultural exportgfolberg, 1982)SinceAr gentina’' s popul a
relatively small wit approximatelynine million inhabitants in 1921, agricultural products primarily

flew to the export markets and Argentina became
rangingbetweenposition twoandthree in wheat exportg¢Solberg, 1982)

This phenomenal growth was enabled through policies encouraging massive foreign investment and
immigration. The promotion of immigration to populate Argé i na’' s empty grassl and
labor force essential for the further agricultural developmergsulted in millions of immigrants

arriving to work the soils of theampas and to transform them into breadbaskets of the world between

1870 and 193@Solberg, 1982)The Argentinean government kept the doors wide open for any group
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of immigrants, especially Southern Europeans, precisely when SoutratnEastern European
migration reached its zenith shortly before World War I. Consequently, ambitious migrants peopled
the Pampas who were not accustomed to living standards as high as those common in Northern Europe
and who were willing to enter agriculte as sharecroppers or renters rather than landowr(&wslberg,

1982)

While the Volga Germans and Jews were exceptions in the general pattern ofvenassil
immigration and became landowners and formed communities, most Southern Europeans did not.
Therefore, the prevailing social and political system in the pampas did not fundamentally change with
immigration(Solberg, 1982)Although immigrants contributed greatly to agrarian protest movements,
the pressure groups of theampas failed in taking over the control of agrarian economic policy from
the dominant political groups. The Pampas farmers remained primarily tenants and peripheral groups
in the larger national frameworkSolberg, 1982)

6.1.3 Qrerexploitation oNaturalResources from 1921940

Between 1920 and 1950 anothagricultural expansiowave took place and camé the expense of
natural resources such as forests, wetlands and grass(aiglizzo and Frank, 2006anduse change,

and low forage grazing regimes were predominantly associated with negative effde&$wovision,
because they reduced the soil organic carbon stocks and species biodiversity while incsedsing
erosion(Modernelet al,, 2016) The loss of wetlands already had the first impachomanwell-being

in this period, because the disappearance of their highly diverse ecosystems caused the loss of
important goods and servicgSicaet al., 2016) too. Overgrazing, overcropping and nauitable

tillage technologiesriggeredthe SES to pass a critical ecological threskigiglizzo and Frank, 2006)

for its selfregulation.In combination wth dry and windy weather conditiof/iglizzo and Frank, 2006)
and an increasing evapotr an850si with the afalfa deperdang hi n g
product i dimerview $-18eJobbagy2018), seeAnnex 5)the SES faced a disequilibrium in

the hydrological balancerhichresultedin a dustbowl periodin the following yearg§Viglizzo and Frank,

2006)

6.1.4 DusBowlPeriod betweenl941and 1960

Long periods of droughts and strong win@ernardoset al, 2001)affected the fragile structure of
soils in the Pampzand made wineerosion a major concern in the 1940s &#b0s. The accumulative
effects of land misuse and neappropriae soil management in the previous decades resulted in a big
ecological collapseet he Pa mp ébanw(Cbvdsy $962; Covas and Glave, 1888ited in
Bernardoset al., 2001)

Between the 1940s and 960s, the region suffered the catastrophic consequences oéxdensive
erosion that degraded arable landsauseda rapid decay of soil productivity, successive crops failure,
and a massive death of livesto@ernardost al,, 2001; Viglizzo and Frank, 200@any farmers were
confronted withbankruptcy andvereleaving the Pampa®s migrate to the surrounding citiegViglizzo
and Frank2006) During the 1930s and 1940%he populationof the Pampasdiminished by bnost
50% due to such environmental perturbati¢@ovas, 1989 as cited in Bernarébsl., 2001)

6.1.5 AgriculturaExpanson between 1961 and 1990

Improved rainfall conditions enabled the conversion of abandoned lands into grazing plots and
cropland in the second half of the century, while simultaneously episodes of repeated flooding events
affected the area especially in éhhighly productive lowland$Viglizzo and Frank, 2006)Vater
removal was hindered because of the configurations to the slopes of naturally occurring duaels,

of infrastructure that faered its accumulation and high cultivation rates that dramatically increased
the severity of floods during such humid periofiglizzo and Frank, 2006Fonsequently, the
ecological catastighes that the region faced during the 2@entury were outcomes of a set of
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complex interactions between the geological configuration, climate variability and anthropogenic
impacts. Presumably, over croppingdhaurpassed critical ecological thresholdgain and after
triggering thedustbowl, it was also responsible for tH®woding eventsexperienced in this period
(Viglizzo and Frank, 2006)

Because an increase in precipitation since thid-t®70s enlarged the area occupied by wetlands,
artificial drainage channels were constructed in vast flooded regions, including critical areas for the
conservation of biodiversit{Brandolin, Avalos and De Angelo, 20 B¥sides the mitigation of floods,

the channelization in Cérdoba also favored further agricultural expansion at the expense of wetlands,
thereby destroying wildlife refugg@randolin, Avalos and De Angelo, 2012)

Soybeans were first introduced in Argentina at the beginnings of the 1970grendarily cultivated in
the Pampa ecoregion due to its suitability for large scale, capital intensive prod(Guierrez, 1997)

Its cultivation experienced an explosiggowth, because the summer crop fit perfectly into the
agroecological characteristics of the region and could be produced in rotation with winter crops like
wheat in the same yediGutierrez, 1997)Argentina became the fourth largest soybean producer in
the world, exporting the good almost entirely and therebydaaoybeans the main source of external
currency(Gutierrez, 1997)This soyboom resulted from an avid external market, the withdrawal of
cattle exports, and national policies fostering the incorporation of soybeans in théGRESrrez,
1997) Furthermore, he productivityof agricultue in the Pampawas boosted through the increasing
application of external inputs, modern technology and management pracfitigizzoet al, 2010)
The promotion of soybeans by transnational enterprises which offered the wholenaémdical
package led to a better rentability in comparison with any other agricultural ac{Bityierrez, 1997)

An important part of this modern technology paae was the introduction of ntillage machinery
and corresponding management practices. After the experiences witdukebow! period between
1950 and 1960, the newly introduced-tillage technologybesides other benefits, also followed the
objectiveto conserve humidityn the soils (HGCA, 2012Within only eighteen years, the overall area
devoted to soybeans in the Pampas developed from no cultivated soybeans in 1970 to falurost
million hectares total area in 1988, while the area undattle production continuously declined
(Gutierrez, 1997)

6.1.6 SoybeaMonocultures from 1991 until today

The dominance of soybeans in the study area since th@®d@9valid until today. Considering the
agricultural potential of the Pampgis is surprisinghat only few main crops, such as soybean, wheat,
maize, sorghum, and sunflowers account for most of the planted surface and prodyidtibet al.
1992 as cited in Solbrig 1997)

Although the strong influence of vegetation shaping the hydrological cycle saisiagly recognized,

the effects of lanelse changes in very flat areas, like the Pampas, are less unde(btosettoet al.,

2015) Landuse has a key role in the hydrology of the Pampas, supporting the linkage of groundwater
level raises as well as flood frequency and severity with the expansion of grain production systems
(Nosettoet al., 2015) Relating highewater-table levels and flooding risks to the lande change that
occurred in the Pampsalifts the importance of natural ecosystems to another level.

It is widely recognized that wetlands play a digaint part in the hydrological cyctnd thereforethey

have become important elements in water management poli(Bdlock and Acreman, 2003; Verma
and Negandhi, 2011Many examples show that wetlands have the capacity to reduce floods, recharge
groundwater, or augment low flowsyhen managed properlgBullock and Acrean, 2003; Kumagt

al.,, 2017) Most landscapes respond to extreme precipitation with increased surface water outflows,
but flat and poorly drained regions like the Pampas, have little capacity to (louppelet al,, 2015)
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Therefore they face an increased water storage resulting in rising water tables and flomagiew

8-9, Tricarico (2018), seknnex 5),an increased eporative water loss after this storage reached

elevated levels, and finally increased water outfldiappelet al., 2015) A distinction has to be made

bet ween ‘slow floods'™ | asting several years when
precipitation in groundwater connected systems
accumulation over weeks or morgh typical of poor surface groundwater connectivity or when
exceptionally strong rainfalls overwhelm infiltration capa¢Kyppelet al,, 2015) Evapotranspirative

lossesin the Pampas aretrongly linked to flooded conditions as a regulatory feedback, while liquid

water outflows remained negligiblguppelet al.,, 2015)

6.1.7 HistoricaDevelopment oEvapotranspiration in the Pampas

Regarding the water balance of the SES, 4asel schemes have an immense influence on the
hydrological cycl€Viglizzo and Fran 2006; Nosettaet al, 2009, 2012; Bollatti, 2014; Kuppel al,,
2015; Mercatet al,, 2015) With the beginning of anthropogenic impacts through larsg decisions
and soil management since the 1870s, evapotranspiration rates of the system got maslified
(Nosettoet al,, 2009; Kuppett al., 2015; Mercatet al,, 2015)

Because precipitation and evapotranspirati@mtords do not date back longer than to the years 1931
and 1967, a general trend in the evapotranspiration was developed basedawiddgeinput from

the interviews with local experts and supported by actual evapotranspirationafdtse time period

for which it was availablécompareFigure17). This trendline follows the logithat ignoring the
variability of rainfalls and wind intensity, the predominant langse patterns and related
evapotranspiration rates of the defined time sequences had a major impact on the water balance of
the SES.

The reference state was defined as the jagricultural state of theSES before 1870. It was
characterized by vast grasand wetlands and functioning ecosystemwith a diversity of species
adapted to the prevailing climatic conditions. ESS were able to keep the SES in a balanced state, with
various mechanisms mitigatingé interactions of precipitation and evapotranspiration rates through
natural vegetation. Almost 400 distinct grass species could be found in the PdBifEwxa and
Mifiarro, 2004apefore agricultural landise came at the expense of vast grassland areas.

When the land cover changed corresponding to the agricultural development beginning in the 1870s

and reaching its peak in the 1920st h e a ewamtradspiratipn diagram, ignoring the variability

of rainfalls, would show an increase in evapotranspiration untill®20s’ (Interview 6-18, Jobbagy

(2018, seeAnnex 5because more and more land got converted into pastures mainly composed of
alfalfa.Si nce “al falfa became about 19508, %t caused)mbigher of t
evapotranspiration (and) probably dried down the systefinterview 6-18, Jobbagy(2018), see

Annex 5)In connection with the extremely low accumulated monthlyomaly in precipitatiorthat

was obtained from the ground station in Pergamino, it is prob#idé the dominant landuse form of

the Pampas in that periqdriggereda feedback with negative effects forthe SESr esul t F ng i n
bowl " .

As a result ofhese dry conditions and the crop failures reported, the evapotranspiration rates started
falling in the 1940s. This trend got even accelerdted n 19808 &dl990s with the beginning of ro
tillage technologies and thantensive cultivation of crops(like soybean}hat have a lower water

C 0 n s u mfirterview B-18, Jobb4agy2018, seeAnnex 5).Shce the region simultaneously also
faced an increasing trend in precipitatiahe SES suffered fromepeated flooding events affeiciy
productive areasTaday, it is common practice in the study arbat soybean, wheat and maize get
combined in rotation cycles wittwo cultivation periods throughout a yedBollatti, 2014) Various
options exist for the combination of crops but, unfortunately, more than 80% ofathéuise account
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for a soil management with bare soils in winter and soybean or maize crops in sufBoiatti,
Andreucci and Escola, 201®8)onsequently, the summed up annual water consume astnotation
options is below the mean annual precipitatioh900mm(Pedraza, 2000)The consequence is water
excesses that accumulate over the years and lead to floagliegts (compardableb).

Table5: Water consumption ofistinct agricultural management strategies and resulting water balances
(Own elaboration based dBollatti, 2014)

Option 1 Option 2 Option 3 Option 4 Option 5
1° Soybear| Cover crop Wheat

Bare soils (in Bare soils | 1° Maize (wheat) 1° Soybean  Wheat 2° Soybear (in 2° Maize
Crops (in winter) | summer) | (in winter) | (in summer) (in winter) | (in summer)| (in summer) (in winter) | summer) | (in winter)
Annual
water

) 161 500 161 667 281 500 350 437 350 533
consumpti
on (mm)
Total 661 828 781 787 883
Option 1 Option 2 Option 3 Option 4 Option 5
1° Soybear Cover crop Wheat

Bare soils (in Bare soils | 1° Maize (wheat) 1° Soybean  Wheat 2° Soybear (in 2° Maize
Crops (in winter) | summer) | (in winter) | (in summer) (in winter) | (in summer)| (in summer) (in winter) | summer) | (in winter)
La Nifa
Year (750 89 -78 -31 -37 -133
mm)
Ordinary
year (900 239 72 119 113 17
mm)
El Nifio
vear (110 439 272 319 313 217
mm)

The described general trend of the behavior of evapotranspiratad@s can be supported by actual
data acquired from the ground station in Pergamino for the time period from 1967 to 2015. Within
this time, the general trendline assumes a decreasing tendency of evapotranspiration rates in
accordance to an increase in ardedicated to crops with a lower total annual evapotranspiration. The
actual calculation of this period shows a slight decrease in the poteafidenceevapotranspiration
(seeFigurel6). The potential crop evapotranspiratidhat takes into consideration the predominant
crops and their specific evapotranspiration rates, generally follows the behavior of the potential
referenceevapotranspiration but the difference between both lines increases with the years, as more
and more copland is dedicated to soybean and maize which are mainly produced withnéhs
periods of bare soils. The difference between potentéferenceevapotranspiration and potential
crop evapotranspiration, as can be seen in figlégincreased with the imoduction of soybean in the
early 1970s and thereby veers away steadily from the potential amount of water that could leave the
system through evapotranspiration.

Difference between Potential Reference Evapotranspiration and Potential Crop
290,00 Evapotranspiration

— Difference

~~~~~~~~~ Linear
(Difference)

I R S W S SRR 2%
) D DS S SO S S
N R R R RTT RDT RDT RDT RDT RDT ADT AT A

Time (years)

Figurel6: Difference betweepotential referenceevapotranspiraion and potential crop evapotranspiration
(own elaboration based on data from Pergamino ground station)
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Figurel7: Timeline
Infographic(a)

Timeline
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due to more and more land cwverted into pastures
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windy weather conditions, high cattle mortality, an
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surroundingcities, high evapotranspiration rates du
to the productive system in connection with lov
precipitation rates due to natural climatic cycles
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Rotation of three major annual cropsdybeans,
wheat, maize) massive drainagefdhe area to
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6 Results

6.1.8 ImportanfTurning Pointé the Historic Development of the Pampas SES

Four major turning points were derived from the analysis of the historic developofahe SE$at
were crucial to transform the functioning of the system from one state into another(oompare
Figurel19). The first turning pointhat caused a notable change of the system, is the beginafng
significant agdulturein the 1870s, whickransformedthes t u d y naduraksgstersof vaststeppes
with naturalgrass and wetlands into &ES, in which humans considerably shaped their environment

for agricultural purposes.

The second turning point results from tregricultural boom in the 1920that caused a massive
overexploitation of natural resources anda rapidly proceedinglanduse change with high
evapotranspiration rates. It also caused the loss of natural geass wetlands and their regulating
ESS. Consegntly, human impact on the SES passed critical ecological threshold and resultein a

bowl period.

When improved rainfall conditions caused a further expansion of agricultural th@dntroduction of
soybears in the 1970scausel a complete changef the conventionalproduction schemesand
therefore was identified as the third turning point. An augmented modification of evapotranspiration

rates that went down
drastically, caused the SE

to switch from extremely

dry conditions to wet
conditions that allowed

an intensive agricultural *

use again.

The 1990s represent the
start of significantly
higher rainfall ratesthat

made the SES chang
from beneficial conditions
for intensive agricultural
use towards extremely

humid conditions causing §

groundwater floaing of

highly productive areas §
and an increase in water &
levels of the principal *

lagoon la Picasa relatec
with a loss of infra
structure and threats for
the local communities.

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina

Turning Point 1:

The beginning of significant
agriculture transforms the natural
system of vast grass- and wetlands
into a socio-ecological system

Turning Point 2:
Overexploitation of natural
resources and land-use change

pass critical ecological threshold

and result in a Dust-Bowl period

Turning Point 3:

Within the development of agri-
cultural expansion, the introduction
of soybean causes a complete
change of production schemes

Turning Point 4:

An increase in precipitation rates
and inappropriate infrastructure
result in groundwater flooding and
increasing water levels of La Picasa

Figurel9: Major turning points of the historidevelopment of the studarea
(own elaboration)
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Figure20: States othe SES in La Picasa basin and major feedback

(own elaboration)

6 Results

6.2 Distinct Equilibrium States of the SES
Derived from t haanggiB’ s
climatic conditions and to changes in lanse
management schemes with corresponding
modifications in evapo(transpi)ration rates,
distinct systemic states of the study area could
be observed with differing characteristics,
feedback mechanisms dn waterrelated
problems such as floods and droughts.

Although further research is required to
quantify the degree of influence each
component has in determining the SES
behaviot the analysis of distinct equilibrium
states helps understanding the systric
functioning of the study area as a consequence
of changing variables.

Since he overall water balance in thstudy
areais dominated by the vertical components
precipitationand evapotranspiration, while the
lateral movement of water is very small or
negligible(Aradas and Thorne, 200these two
vertical components were taken as main
elements determining the state of the SES with
respect to the water balance. Precipitation and
evapo(transpi)ration rates vary accordirig
changing climatic conditions or lange
schemes and are influential factors that can
cause the system to switch from one state into
another.

The previous analysis of the historic deve
lopment of the SES in the study area allows the
compilation of thee distinct systemic states

(compareFigure20).

The first state is the reference state of the
system and refers to the natural situation
before anthropogenic impacts became the
determining factor which shaped the SES to
large pats. Although the system faced natural
variations in climatic conditiorteat varied with
the wet and dry periods caused byNifio- and
LaNifiaEvents, the system was able to balance
different water inputs through precipitation by
functioning ecesystemsand their services. A
vast matrix of wetlands, grasslands and steppes
with a variety of naturafactors could regulate
the water balance. While a countless number of

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 49
Jasna Wiedemeier (11120659) | Sddf?, 2018 | Supervisor: Dr. Udo Nehren

€ c
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small lagoons and wetlands stored water masses and enabled evaporation on their wateesurf
they also supplied a diverse habitat for natural grass species, which, adapted to distinct climatic
conditions, consumed and evapotransg@d water even under watelogged conditions. The systemic
feedback mechanisms were mainly driven by ESS gpiditke system in a balance thereby avoiding
water-related problems.

The second state of the system refers to the extremely dry period in the 1950s. Obviously the state of
the SES switched from a humid environment with good conditions for cattle produatidnthe
growing of pastures such as alfalfehichhas a high water consumption, into a completely different
state. Although landise changes in the study area already took place before the system experienced
this drastic change, natural feedback loops #iémgy precipitation and evapo(transpi)ration, were
capable to buffer the effects of lanagse changes away, until they fell together with a period of low
precipitation rates. When the lack of rainfall added up on the high water consume and
evapotranspiration rates of the predominant pastures of that time period, it finally resulted in an
extreme water shortage. Many farmers went bankrupt and crop failure resulted in lowering overall
evapotranspiration rates. Nevertheless, the system remained in this statg] increasing
precipitation rates terminated it a few years later.

The sufficient input of water into the SES was able to counteract the evapotranspiration rates, which
continued being high after enough rainfall allowed continuing business as usudephthe system

in a balance. It even allowed the further expansion of range lands and pasture lands. With the
introduction of soybeasand the landuse change towards annual crops as the-gominant land
cover, the evapotranspiration rates decreased di@ally. Together with an overall increase in
precipitation rateghat the study area faced since the 1990s, and the drainage of wetlands related to
the agricultural expansion, the system switched into an alierensionally humid state. Once effective
regulatory feedback mechanisms, like evaporation and evapotranspiration through functioning
ecosystems becameimpossible because most of the wetlandgre drained and most natural
grasslandsvere replaced by croplands. The study area consequently startéersf from floods and

until today never was able to reverse these negative feedback loops back into a more balanced state.

The process was even accelerated through the implementation of grey infrastrilbatrfails to solve

the problem of floods and eated unwanted feedback mechanisms that are not fully understood today
and cause the water levels of the principal lagoon La Picasa to stay high even in drier climatic
circumstancesginterview 1, Villa Uria (2018hterview 57, Milardovich (2018)nterview 89, Tricarico
(2018); Interview 145, Mas (2018)interview 19, Bertoni(2018), seeAnnex 5).

6.2.1 Relevant ESS afiddeoffs

The major feedback mechanisms that were identified in the SES are driven by the vertical components
precipitation and evpo(transpi)ration. ESS delivered by the natural part of the systeld the
capacity to mitigate and buffer extreme climatic conditions and over a long period of time were able
to keep the system in a balance. Crucial ESS for keeping this special laridscsiable state thereby
enabling human welbeing are the water regulation and flood protection functions of natural wetlands
involving diverse grasslands.

They heavily depend on a biodiverse mixture of species, which support these essential fuwitions
many smabscale feedback loops within the bigger and more obvious balancing of water masses. The
ESS delivered by natural aresisch as wetland$n the system stand in direct competition with
agricultural production that the fertile soils of La Pe&ssin make highly lucrative. Consequently, the
most important ESS tradeffs with respect to characteristics and current problems in the study area
but also with respect to past states of the SES occur between agricultural production (provisioning ESS)
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and hydrological regulation
(regulating ESS), supported k
habitat quality related to
biodiversity (supporting ESS
The major ESS traddfs

occurred between the

provisioning and regulating ES Provisioning Regulating Supporting
although the increase in ESS: ESS: ESS:
provisioning services alsc Agricultural Hydrological Habitat
impacted the supporting ESS Production Regulation Quality

(Biodiversity)

(compareFigure21).

When the development of the
ESS agricultural  production Primary Trade-Offs m
hydrological regulation and

habitat quality gets heavily Figure21: Identifiedvital ESS and theirdde-offs

simplified and broken down to a (own elaboration)

general trend(compareFigure22), it could be saidhat already before 1870 the first agricultural
production took place and since then steadily increased until today at the expense of a decreasing
hydrological regulation and the side effect of a decreasing habitat quaddyrelated biodiversity.

If the current problems in the
study area are directly related
to the decrease in the
hydrological regulation func
tion of ecosystems in the study
area, cannot be answered here

ESS tradeffs over the historic development of

La Picasa basin's SES
because it requires much more

_-i!lIIIIIIIIIIIIIII||||||||||hii'| information and resarch to be
IIidiIIIIIIIIIIIIII...IIIIIII-

‘ able to make a defendable
| [T ——
Q

statement, but the analysis of
the historic development of La
Picasa basin’s SES,
points and feedback loops,
suggests that a direct connec
tion between the loss of ESS
Figure22: Simplification of general ESSdeoﬁs in La Picasa basin and the current problems in
(own elaboration) the studyarea is possible and
worth to be consideredin
future solution approaches.
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6.3 Stakeholder Analysis
6.3.1ldentification of Stakeholders

As a result of the conductestmistructed and qualitativéinterviewswith local expertsa total number

6 Results

of 45 poternial stakeholders for a future project about La Picasa basin and the related problems were
identified. Among them are current stakeholders, composed of private persons but also companies

and institutions, as well as potential future stakeholders and ptojectners. A detailed list of all

stakeholder institutions, their area of profession, representatives and their contact data can be found

in Annex 6.

To obtain a manageable amounf involved partiesfor the following analysis, thédentified 45
stakehotlers got condensed ia sevenstakeholder groups and22sub-groups according to their

characteristics and area pfofession (sed able6).

Table6: Stakeholdegrouping

A: Basin Committees

B: Governmental Stakeholder

C: Research Institutes

D: Universities

G: Local Stakeholders

6.3.2Categorzation of Stakeholder

(own elaboration)

1 Interjurisdictional Basin Committee

2 Provincial Basin Committee

3 National Government

4 Provincial Governments

5 Regional Governments

6 Agricultural Research Institutes

7 Water Resources Research Institutes
8 Environmental Research Institutes

9 Directly Involved Universities

10 Potentially Involved Universities

11 International Nature Conservation Grou
12 National Nature Conservation Groups
13 Farmer Associations

14 Tenants

15 Landlords

16 Owners that farm

17 Agricultural Companies

18 Dairy farmers/Ranchers

19 Fishermen

20 Tourism Related Stakeholders

21 Service Providers

22 Urban Population

Ps

Once these stakeholder groups were identified, it was important to know which of them are affecting

the SES of the study area, which are affected, and which are both affecting and affé¢etéallowing
categorization of stakeholdensas done with the help of the conducted interviews amdletailed
justification of itcan be reviewed in detail ilnnex 7 The categorization of stakeholders applying the

rainbow diagram approach, showed the following results presentdeignre23. T h e

in this context refers to actionthat have a direcnegativeimpact on the water balance of the SES
r e f e r-sffsthaboccurtaga resultp er i e n

while the term
of disturbancesn the water balance.

From 22 stakeholder subgroupsine were categorized as only affecting the systesight as both
affecting the system and being affected from it & as only being affected from it. More than 70%

affected’
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of all stakeholdergrups were categorized as affecting and |
degree, whilssixst akehol der subgroups were put in the cat

Stakeholder groups were related to all combinations of classifications, however gigtitsubgroups
are purely affecting the system and do not directly perceive the consequences of their ficérage
affected by the consequences without having an impact.

While it seems logic@lhat research institutes, universities and nature conservation groupsqGZgeCs,

E11l and El1Zhat are not directly situated in the study area, are not directly affected by changes of
the system, it appears a bit odtat two agricultural playershat should suffer from ESS traadfs,

are categorized as not being affectedyile all other agricultural stakeholders are categorized as being
affected. This is due to the fathat large agricultural areas in La Picasa basin are rented and the
corresponding tenants (F14), usually wealthy, have stesrh contracts for large areas the study
region. This allows them to abandon the rented land as soon as they sufferdftsdend meanwhile

they exploit the land as much as possible to gain the highest economic return. This makes them a highly
influential group of players in the 9gen. The corresponding landlords (F15) of these lands usually live
far away in cities and only want to spend as little time and effort as possible while earning the lease.
So far, they are not considering the decreasing value of their land, when exposegltitative
agricultural management practices.

Affecting and Affected

Affecting {// @ S~ Affected
- / ~
- \ ~
- \ / ~
s / ~
e N T T T T~ — / ~
// \ P ~ - / \\
y il Sy N Stakeholder Categorie
y N @ S A Basin Committees
F /// \ @ ot AN N Governmental
// Y \\ e - // \\ @ \\ Stakeholder
y F @ /\<’ o~ A \  Research Institutes
/ / A ! S \ \  Universities
/ / s \ \ \ \
/ / \ /
/ N\ \ \
/ \ /

Il ! / \ @ / \ \ \
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o Tloa /e | |
| | f N/ ! | |
' I \Y | ' ' Local Stakeholders .

Low Moderate High Moderate Low

Figure23: Stakeholdecategorized according to the rainbesvagram approach
(own elaboration)

Thelandlordsrepresent the opposite to the remaining small dairy faronsanches (F18), whose land
management with perennial pastures is not negatively affecting the problematic situation in the study
area, but which are usually farming land stripes due to the conditions of soils close to the areas most
affected by floods. 8cause they are often small farms, they are also lacking the economic resources
to mitigate the effects of floods. All other agricultural stakeholders are usually affecting the system but
do also suffer the consequences of the impacts and are often awitgedfeedbacks their actions
cause but cannot escape the economic and political foticasdrive their management actions
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It is a bit surprisinghat the basin committees and governmental stakeholder groups are not all
categorized as highly affectingpe system. This is due to the fatiat the three provincial basin
committees (A2) as well as the interjurisdictional basin committee (Al3lHeeking adequate control
mechanisms to effectively implement strategies or measures and, in addition, stitier
disagreement and tensions between the provincial governments (B4). The national government (B3)
whereas has the power to pass laws, but so far shigtle interest in solving the problemis a top

down approach and rathetlevolves the power and respsibilities to the provincial governments,
which are not able to agree on a solution approach.

Most local stakeholderthat are not involved in the predominant agricultural sector (G19, G20, G21),
are notdirectly affecting thewater balancethrough theiractions, but to large extends suffer the
consequences of the floodBvery tradegood fromChile,Mendoza or San Luis th&o go throughthe
study aredao reach Buenos Airdsefore the Route N°7 was coff. Technicians, gas station owners or
any other sevice providers (G21) who offered their services to 38000 trucks each day, toady do
not see one single truck passing the village. Besides the loss of land and property, the population of
the small villages (G22) surrounding La Picasa are highly aftectbe floods because they changed
the economic conditions in the area extremely and caused complex-sooimomic problemsSome

of the villages are cudff from once neighboring towns, where mamhabitantshave friends and
relatives Seepy villagesi@ suddenly confronted with a vast number of traffiedchildren who visited

the school in the next villagare now in a position where thesannot visit the secondary school or
must live separated from their families.
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Figure24: Stakeholdemappingof stakeholders in La Picasa basin
(own elaboration)

Meanwhile, stakeholder groups, éKishermen (G19) or stakeholders working with the tourism sector
(G20) are barely benefitting from the changes of the systkat unintentionally created a wildlife
spot. Most of them are former farmers that lost their land and are trying to compensatseth

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 54
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



6 Results

economidosses Howeverdue to a lack of promotion for tourism in the biggdties where potential
target groups live, touristic activities in the region are negligible small and do not significantly affect
the systentoday.

Although affecting and@ffected stakeholder groups got identifigitl is alsoimportant to know which

involved parties have the ability to influence the curresticioecologicalsituation and this highly

depends on their interest in thsubjectand the power they holdHence another popular method for

stakeholder analyss was applied, which uses the powaterest grid of Eden and Ackerman (1998)

and slightly adapts it to the natural resources management confiéxt stakeholder sugroups got

classified intofour categories whch are call ed “Key players?”, “ C
“ Cr oasddn be seen iRigure24. A detailed justification of this categorization can be found in

Annex 8.

Stakeholdes with a high level of interest and poweremwr ¢ ¢l assi fied as “Key pl
actively groomedvhiletheonesvi t h a | ow | evel of interest and pc
representing little need to consider them in detail. Stakeholders with a high level of power but a low

leve of interest were classified as “Context sett

they can be significant risk or success fact®layerswith a low level of power but a high level of
interest were classif i edvefarsa prbj&ubhtjofeert lack the capadity c an |
for impact, when not forming influential alliances. They are often the marginal stakeholders that
development projects seek to empower.

Four key players could be allocated to tHédiiadrant of the poweiinterest matrix representing the
stakeholder groups with the highest power and interest in a future project about La Picasa basin. They
are the ones that are able to influence the future development of the study area and therefore have
to be actively groomedcarefully managed, and kept in mind when working on possible solution
approaches for floods in thetudy area

The four identified key players are the provincial governments (B4), farmer associations (F13), owners

that farm their land themselves (F16) aadg r i cul t ur al companies which
(F17). Due to the fa¢hat the preedominant economic activity in the study area is agriculture, it is not
surprisingthat three of the four key players (F13, F16 and F17) belong to thgsulm u p ulturalg r i ¢
stakehol der s”. As the current problems were id
agricultural landuse patterns, these three agricultural key players hold a high potential to change the

cause of the current problems. The provincial goveents (B4) are necessary to set the organizational

and legal frame for their future actions and to establish a stable cooperation between the three
provinces with agreements on crucial questions regarding the water balance.

In the 29 quadrant of the powr-interest matrix, anothefour stakeholder sulgroups were positioned

as context setters which have a high level of power but a low level of interest and therefore have to
be carefully observed and well manag&incetheir influence is highthey bare asignificant risk to

affect the development of a future project about La Picasa basin to a high degree as soon as their
interest increases. This also bares an opportunity when influential context setters can be convinced to
support a more sustainable dewgiment in the study area.

The four context setters identified are the national government (B3), directly involved universities (D9),
tenants (F14) and landlords (F15) that do not farm the land themselves but rent it. While the national
government could dectly shape the future of the La Picasa basin through laws or through legal
regulations, universities directly involved in a project could indirectly shape the future of La Picasa
basin through setting the main focus of their research and management tolgecon more
sustainable and holistic approaches. While some agricultural stakeholder groups like owners that farm
themselves (F16), farmer associations (F13) and agricultural companies (F17) have a high interest in
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avoiding ESS tradaffs because they ardirectly affected by them, tenants (F14) and landlords (F15)
are risk factors in this context as they have a low interest in sustainable management practices and do
not suffer the consequences.

A number ofeight stakeholder sulgroups were positionechithe 4" quadrant of the poweiinterest

matrix thereby representing the “subjects” who h
area and wish to be wel/l i nformed. Of ten “subj e
projects seek to empwer, and that are able to achieve some influence when building alliances. This

case is especially valid for two of the seven stakeholdemggsabps categorized in this quadrant which

are the dairy farmers or ranchers (F18) and the service providers (f1gre not directly working

with agriculture. Both are marginal grougisat hold the potential to shape a more sustainable future

of the study area but lack the power to have an impact today.

The urban population (G22) has a high interest in findinglaisn for the flooding problems as they

are directly threatened to lose property or suffer soeiconomic problems but so far, their voices
remain unheard or do not cause significant changes in the system. The interjurisdictional basin
committee (Al), te provincial basin committees (A2) and the regional governments are all highly
interested in finding solutions for the current problems but still lack the power to implement control
mechanisms and to take decisions autonomously. Agricultural and watain@soresearch institutes

(C6 and C7) are highly interested in the problem creating processes happening in the study area but
can only indirectly shape the future development of the region through investigations and scientific
approaches to handle the cunt problems.

The stakeholdesub-groups which are positioned in thé' juadrant of the poweiinterest matrix, are
called the “Crowd” as they have a ofsxwstakeholdet uence
groups could be categorized in this clab®y only require minimal effort as they are only marginally
interested in the development of the study area and do also influence the current situation to a
minimal degree. The stakeholder groups found in this category are almost all related to possible
alternative economic activities such as nature conservation for touristic uses including touristic
infrastructure, as well as recreational activities like fishing or enjoying wildlife for the local population.

While environmental research institutes (CB)ternational or national nature conservation groups

(E11 and E12) could be interested in the area due to its potential for wildlife observations and studies,

so far, they are not represented among the current active stakeholders.

Nevertheless, arousiighes e st akehol der group’s interest cou
create a demand for touristic infrastructure and create another economic sector in the area. Such a
development would also lift the low interest and power of fisherman (G19)ssakEholders working

with the tourism sector (G20). It could also create an interest for other universities (D10) that are not
involved in the solutiodinding process so far, to participate in a future project and support more
sustainable management appohes. Nevertheless, today these groups represent only marginal
stakeholders whose management requires only minimum effort.

6.3.3Stakeholder Dynamics

The identified involved parties are currently organized in an existing network which is highly
interconrected among the stakeholder groups as canskeen inFigure25, in whichorange lines
indicate nodes between stakeholdetsat are defined by personal recommendations of experts,
existing working contacts, or already implementedoperations. All stakeholder groups are
interconnected with each other and not one stands isolated from the others. Personal contacts
between representatives of the stakeholder institutions exist, which can represent a meaningful
resource and input for aufure project about La Picasa basin.
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It is also beneficidhat many governmental and scientific stakeholders are involved in the stakeholder
network, because they can be included in executing a future project work. Unfortunately, the three
provinces in barge are facing many conflicts due to fundamental disagreements about possible
solution approaches and a lack of ir@ovincial cooperation and support. This is also one of the
major reasons why the interjurisdictional basin committee fails in estahbljsh sustainable framework

for the use of water in the La Picasa basin. One representative from the hydrological secretary of Santa
Fe, Juan Carlos Bertoni, is standing out due to his high degree of interconnection within the existing
network of stakeholdrs. He can be a crucial partner for a future project about La Picasa basin and is
professionally able and personally very interested in starting a work on potential solution approaches.

The dominant stakeholder group in the region consisting of agriallactors, is well organized and
connected among themselves and has good relations with governmental institutions as the
Argentinean economy is depending on agricultural productiobut has a tremendous lack of
connections with other sectors. This creageanilateral perspective on the current problems due to a
limited consideration of solution approaches. Nevertheless, the agricultural stakeholders have an
organizational infrastructure and represent important stakeholders for a future project.

The urban ppulation in the affected villages of the study area is adversely affected by this imbalance
of representation of interests. Their concerns and experiences are not heard although, in comparison
to the agricultural sector, they are threatened to not onlgdoproductive land but all their property

and live subsistence. These local stakeholders must carry the biggest burden of consequences caused
by the floods. Because they are highly affected and suffer from the complexesmiomicecological
problem, they could also be the ones who are interested in forming alliances to be able to change
common management practices in the region. Nataomservation stakeholders are currently not
well-included in the discussion of alternatives for the problems in the ystacka. In fact, more
ecological future scenarios are often perceived as risky because they decrease the ability to control
flood events through infrastructural measureSinceno importance is given to the preservation of
natural habitatavhich also repreent recreational areas in many casemst stakeholders related to a
touristic use of the region are neglected as well.

It can be concluded that the only wedpresented interest group within the current process of
solutionfindings is the agriculturastakeholder group, because they are already wefjanized
internally and are represented by alliances, associations and committees, while, theeléack of an
existing network structure, all other affected stakeholders remammeard, are excluded frorthe
process or lack the power to stand in for their perspectives and make their positions clear.
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Figure25: Stakeholdenetwork of LaPicasa basin Ricardo
(own elaboration based on stakeholder interviews)
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6.4 Sustainable future Laitbe and Management Approaches

Throughout history, water and thepduction of food have been closely linked and water is recognized
as a key driver of several provisioning, regulating and supportin@&®Seaet al, 2017) However, in

the Pampas annual crops have displaces cultivated pastures and native graéglgliziso and Frank,
2006; Baldi and Paruelo, 2008)d the reciprocal iftuences of laneuse and related environmental
hazards such as floods, have hindered a harmonic combination between ecosystem conservation,
human wellbeing and efficient farming in this highly productive reg{blosettoet al, 2009, 2012,
Viglizzoet al,, 2009; Kuppett al, 2015) As the agricultural use of thesarable lands is expected t
further intensify in response to global food demand and tréideppelet al,, 2015) the understanding

of linkages betweeragroecosystems, water cycles and the production of food is important for the
health of the SES in La Picasa bésuppelet al,, 2015; Garciat al., 2017)

Sustainable future landse and basin management approaches should therefore be based on a sound
understanding of the systemic functimg of La Picasa basin. It is of major importance to understand
how the occurring problems in the study area are interrelated and how they affect, accelerate or
mitigate each otheto develop careful land management strategi&thout adequate knowledgand
understanding, undesirablérade-offs could occur,opportunities inoptimizing synergiescould be
missedand dramatic omunintended changes ithe provision of ES&uld beexperience (Bennett,
Peterson and Gordon, 20Q9)

Management and policy instruments applied in future projects should be addressed to specific
feedback loops of the system to be effective. Only when the systemic feedback loops of ESS and their
trade-offs aretaken into consideration in future management approaches, nahased solutions can

be a realistic alternative for pure infrastructural projects. The results from the following analysis reveal
valuable information on feedback loopgsSSnd the predominahfeedbacks that determine human
well-being in the study area.

6.4.1ldentifiedProblems and related ESS

The analysis of the historic development of the SES in La Picasa basin and the correlation between
extraordinary events, precipitation cycles and damse schemes already allowed drawing first
assumptions on the determining feedback loops between ESS-tffisi¢hat are responsible for
switching the equilibrium of the system from one into another stedemparechapter 6.2 Distinct
Equilibrium States fathe SES)The following results are the outcome of a moredepth analysis of
feedback loops between ESS and related traffs. With the help of knowledge input from local
stakeholders, the assumptions derived from the previous analysis of the hidew&gopment of the

SES in La Picasa basin could be further fortified.

The problems identified through stakeholder interviews are corresponding to the results of the study
conducted by Rosenstein et £009. Corresponding to their findings, a clear oréy of interviewees
mentioned floods as the fundamental problem of the recent years and rethem to exceptional
economic losses and an associated unprecedented social crisis because communities around La Picasa
lagoon highly depend on the income geat=d by the agricultural sector.

Also,in accordance with Rosenstein et 2009, the absence of a collective project and solution
approach is seen as reflecting a general disorganization among responsible stakeholders associated
with the inability of nstitutions and political organs at different levels (municipal, provincial and
national) to negotiate agreements. The lack of stakeholder participation in the soffitiding process

got linked to a common feeling of impotenegpressed through‘a Wh yrticipading if it is impossible

t o r each a-thinkihganddees)almdst’l0 years after the study of Rosenstein ¢2a09),

still withstand in an unrestricted way.
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The second priority theme is the agricultural production model which dependiewgultivation of
soybean and is not only related to monocultures and ungracious conditions for the local biodiversity,
but also to unemployment because the current model requires a low labor input. Despite these
strongly negative attributes, changing thgricultural model remains unabatesihce today as it was

in 2009, the communities of La Picasa basin live on(Bmgensteinet al, 2009) The lack of
industrializationthat is also related to the absence of a collective future development prégeche
region, is associated with the lack of commitment from stakeholder groups and their incapacity to
create better livingconditions.

The third priority issue identified in the study area is that of infrastructure, which was and still is highly
affected by the effects of floods. Most stakeholders perceive the loss of critical infrastrustutie as

the Route N°7 and the road and railway network in genersldisastrous. They cannot understand
that political decisiormakers seem to neglect and abandtwe problems in La Picasa basin, while the
cutting-off of major transportation roads such as Route N°7 have grave consequences for the now
isolated communities around the principal lagoon.

Problems mentioned by stakeholders are manifold and interwovea tomplex manner, but in
compliance with Rosenstein et 2009, the three major problems of the study area can still be
defined as 1) floods, 2) an inadequate production model, and 3) the loss of critical infrastructure.
Although most interviewees statelimatic causes as part of the fundamental problem of floods, a
general consensus in the belittiat the occurring disasters are not exclusively a result of nature but
rather are related to anthropogenic mismanagement and impaetss found(Interview 1, Mla Uria
(2018); Interview 2, Raparo (2018®)terview 3, Ramanzin (2018); Interview 4, Diez (2018); Interview
5-7, Milardovich & Castagnani (2018); Interview-1®, Duhalde Mas & Rey (2018)nterview 1618,
Poca& Jobbagy2018); Interview 19, Bertorf2018),seeAnnex 5).

By linking the set of problems which was identified by local stakeholfteansipare a detailed
justificationin Annex 9)with the concept of ESS, allows a closer evaluation of relevant ESSftfade

and feedback loops. The hydrolagiicegulation function of natural wetand diverse grasslands was
previously assumed to be a crucial ESS for keeping the SES of the study area in a stable state, thereby
enabling human welbeing. It was thought to be heavily dependent on a biodiverseurexdf species,

which support these essential functions with many sreallle feedback loops within the bigger and

more obvious balancing of water masses.

Linking the mentioned problems perceived by local stakeholders with ESS revealed three major ESS
trade-offs that are consistent with the previous assumptionade (seelTable7). The first tradeoff

occurs between two provisioning ESS and mainly refers to the historic replacement of cattle production
systemsalongwith vast pastue lands by the current monocultural production of agricultural crops.
Stakeholders are aware that this lande change had an impact on the hydrological cycle of the study
area and know about the advantages that a more diverse agricultural productioansysblds
(Interview 1, Villa Uria (2018); Interview 19, Bertoni (2018) As&@ex 5).

The second tradeff appears between provisioning ESS and regulating ES8uitdimgve production

of crops had had an immense impact on the water balance of the syatehthe local stakeholders
interviewed were aware of the reduced evapotranspiration capacity of the predominant crops and its
impact on the hydrological regulation and flood protection services that ecosystems provides
(Interview 1, Villa Uria (2018); Imtgéew 2, Raparo (2018); Interview/s Milardovich (2018); Interview
10-15,Furno, Mas & Rey (2018), s&anex 5)The thirdtrade-off was identified between provisioning

and supporting ESS and refers to the negative relation between the expansion oftagaidand at

the expense of habitat quality and biodiversity. Although the direct traffdbetween agricultural
production and the loss of habitats and biodiversity is not perceived as directly negatively affecting
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human welbeing people are awarghat intact habitats are the basis for a diverse composition of
specieghat are welladapted to a range of climatic conditions and even have the capability to continue
evapotranspiration in watetogged conditiongInterview 1, Villa Uria (2018); Intervie3y Ramanzin
(2018); Interview 4, Diez (2018); Interview-1®, Jobbagy (2018); Interview 19, Bertoni (2018) see
Annex 5.

Table7: Identified tradeoffs between ESS in La Picasa basin
(own elaboration)

TradeOffs Provsioning vs. Provisioning vs.
between ESS Provisioning ESS Regulating ESL
Increase of ESS Production of Production of

Provisioning vs.
Supporting ES
Production of

Agricultural Crops Agricultural Crops Agricultural Crops
causes VS. VS. VS.
Cattle Production Water regilation (Flood Habitat Quality
(Pasture Lands) Protection) (Biodiversity)

Decrease of ESS

Once the identified problems were related to B&fsle-offs, it became obvious that many problems

are indirectly or directly created, accelerated or mitigatddough others. In other words, feedback
loops between the identified problems and their contribution to the three above mentioned ESS trade
offs exist and require further examination. Therefore, the existing feedback loops were visualized as
can be seen ifFigure 26 consideringooth the mentioned problems and related ESS and traffie.

6.4.2 Feedbackoops betweendentified Problems

In the current situation in La Picasa basin, all feedback loops between identified probleme (in th
illustration represented through grey arrows) were detected to be positive feedback langs
therefore indicate that an intensification of one problem causes all other probteatsare related to

this specific problem, to perceive an augmentation, {ddlaby, 1994as cited inSundkvist, Milestad

and Jansson, 2005)he general logic behind the illustration works from bottom up and starts wéh th

two problemsthat were mentioned from many interviewees as being the major causes for the current
problem situation in La Picasa basin. The first one is the increase in annual average precipitation rates,
while the second one refers to the intensive agtiural production that leaves its characteristic mark
upon the region. Both are highly affected by uncontrollable external factors.

While the increase in annual averag-
precipitation ratessince 197@aused by
a westward displacement of isohyeits
widely recognizedViglizzoet al, 1995;
Aradas and Thorne, 2001; Viglizzo ai
Frank, 2006; &hencio and Garcia, 20115
Brandolin, Avalos and De Angelo, 201
Pereiraet al, 2014) it is only a general
assumption that this phenomenon i€
driven by the miscellaneous effects ¢¢&=——
global climate change. This assumptic: = =
is supported by the fact that obsved @&
trends in precipitation fields represengié
an important component of the globafis
circulation system which changed its
position in a statistically provable
mannerduring the last 35 yeardarros,
Castafieda and Doyle, 2000)

Photograph8: Flooded private land and property in La Picasa lagc
(Wiedemeier, 2018)
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Formore than a century, the study area got transformed from wide natural grasslands with little
human ntervention (Viglizzaet al., 2001)to livestock production systenthat were initiallybased on
natural grasslands andter on anincorporation of alfalfa pasturegNosettoet al,, 2015) The current
agricultural production system, which came wahwidespreadeplacement of livestock systems by
grain production system@Nosettoet al, 2015)at the same time camat the expense of natural
grassland¢Bernardoset al,, 2001; Viglizzet al, 2001; Baldi and Paruelo, 2008; Brandolin, Avalos and
De Angelo, 2012)

This change in the productive model was yghffected by external factorsuch asglobal market
prices and national policy, because it wastivated principally bythe existence of an avid external
market, the low profitability of the beef industry and a related retraction in cattle expan high
grain prices(Gutierrez, 1997; Viglizat al,, 2009) In addition, the promotional national policigshich
fostered the incoporation of soybean and the promotion of this crop by transnational enterprises
which offered the whole technological packageove the comparably higher rentability of crops to
any other agricultural activityGutierrez, 1997)Today, only few main crops, such as soybeans, wheat
and maize account for most of the planted surface and production in the study(&fa@het al. 1992

as cited in Soltig 1997)

This development was supported Imp-tillage technologiesoupled toan increa® in the use of
pesticide package@ernardoset al, 2001) With the change irillage technologies,the number of
tillage operations pefallow period decreased, and the amount @bp residue remaining on the soil
surfaceincreased(Bernardoset al., 2001) Furthermore, the ndillage technology is also able to
conserve humidityin the soils (HGCA, 2012)Notillage technologies were also related to the
development of platy structures on soilrfaces in the PampaSasalet al, 2016) These platy
structures alter drainage patterns, water infiltration into the soil and surfaceaffinates(Sasakt al,,
2016)

It is common practice in the study arteat soybean, wheat and maize get combined in rotation cycles
with two cultivation periods throughout a yedBollatti, 2014) These rotation practices are widely
accepted to have a crucial influence on the hydrological cycle of the,lmsiause the summed up
annual water consume and related evapotranspiration of most rotatioriomgt is below the mean
annual precipitatiorof 900mm(Pedraza, 2000; Bollatti, 2014h addition, pesticide packages cause
long periods of blank fields with no living vegetation coweat further diminishes the annual
evapotranspiration rates anth addition leads to an increase in pesticide contamination risk and loss
of species and habitat¥/iglizzcet al., 2010)

Several interview partners connected the absence of vegetation on blank fields with increasdt run
rates which, from their experience, result from the compaction of blank soils which creates an
impermeable layer andWers the infiltration of water into the sofinterviewl, Villa Uria 2018), see
Annex 5)This can be explained with the fact thaider the cover of vegetation, the accumulation of
organic matter and the moderation afsoil microclimatefavor microbié activity andthe creation of
water stable soil aggregatéki, Li and Lu, 2004)herefore, it can be saftat a vegetatbn cover favors
factors that improve infiltration rateg¢Li, Li and Lu, 20047\ number of studies demonstratetiat
especidly grasses can have a reducing effect on-atfnrand erosion and that perennial plants are
generally more effective than annual plarfBressland, 1982; Eldridge, 19€2dridge, 1993s cited in

Li, Li and Lu, 2004Blank soils consequently also foster higher-offirates,which again cause water
erosion of fertile soils. Due to the soil being exposed tmareased volatilization througime changed
surface environmentalso wind erosion of highly fertile soils takes plgg@wift, Izac and Van Noordwijk,
2004)
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Many studies relate groundwater dynamics of the Pampas with surface water bel{aAviatas and
Thorne, 2001; Nosettet al., 2009, 2015; Jobbagy, 2011; Kuppeal., 2015; Mercaiet al,, 2015) As
previously discussed, the current predominant larsk scheme of the region leads to higher water
contentsin soils and the water excess results in rising groundwater lgidgsetto et al, 2015
Interview 1015, Rey (2018kee Annex5) As soils are saturated with water, it is assuntbdt less
water infiltrates and surface runff rates increase. A number of interviewees mentiorikdt after
precipitation events, the water reaches the principal lagoon La Picasa significantly fasteefben b
and this can partly be explained by the connection between groundwater dynamics and surface water
dynamics(Interview 1015, Rey & Mas (2018), sdanex 5)Nevertheless, leading ecohydrological
experts in the region mentioned that little knowledggigts about the effects that determine reoff
rates in the study areéinterview 16-18, Jobbagy2018, seeAnnex 5).

Another major problem that the region

faces and that was identified in many
interviews, are artificial drainage canals
that were constucted in vast flooded

regions, including critical areas for the
conservation of biodiversity as a
response to rising groundwater levels,
when an increase in precipitation in the
mid-1970s enlarged the area occupied
by wetlands(Brandolin, Avalos and De
Angelo, P12) Besides the mitigation of

floods, the channelization in Coérdoba
also favored further agricultural

expansion at the expense of wetlands,
thereby destroying wildlife refuges and
Photograph: Artificial drainage canal in La Picasa basin biodiversity (Brandolin, Avalos and De

(Wiedemeier, 2018) Angelo, 2012)

The apid and widespreatbsses of freshwater marshes in teeudy area took place in a relatively

short period of time(Boomanet al., 2012; Brandolin, Avalos and De Angelo, 2012; Sieh, 2016)

and have direct effects on the water cycle of the La Picasa basin, because they caused a reduction in
the area of superficial water bodies. The surface bémalall lagoons of the basin together is ten times
bigger than the surface of the La Picasa lag@oterviewl, Villa Uria 2018, seeAnnex 5).Because

the water balance in thestudy areais dominated by the vertical componengsrecipitation,
evapotrangiration and evaporation(Aradas and Thorne, 200the motor which takes out the water

from the system is the suffhe bigger the water surface, the more water leaves the system. Having all
the water in one spot with lessurface results in less water leaving the systererview1, Villa Uria

(2018; Interview 19, Bertoni (201&eeAnnex 5).

The accumulation of water masses in the principal lagoon La Pieas&n accelerated by higher run

off rates because they dimish the time water needs to end up in the principal lagoon La Picasa after

a precipitation event and thereby algeducesthe evaporation of water while it transits the basin.

Higher runoff rates also causa reduced availability of watein soils that pants can usefor
transpiratonand t heref ore affect both the evaporation
water balance. The loss of wetlands addition had and still has an effect on important factdhst

are recognized to drive climaténange. One of these factors is the land surface albedo and the area
around La Picasa basin was identified to account for up to 16% of large albedo increases in South
America(Loarieet al, 2011) In comparison, the famous example of deforestation of the Amazon
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including northern forested regions of the Cerrado only account for 17% of large albedo increases
(Loarieet al, 2011) The pure loss of wetlands was responsible for 7% of albedo incréasmseet
al.,, 2011)

Another factor driving climate change is the emission of greenhouse gases (GHG). etdanidiely
known to store huge amounts of carbon dioxide §@though estimations show extreme variations
(Mitra, Wassmann and Vlek, 2003he drainage of wetlands tether with agricultural expansion in
the study area resulted in the emission of GN@lizzoet al., 2010)

e £ ABUHR RS 3

Photographl0: Wetland withlocal flora andfauna in the studwrea
(Wiedemeier, 2018)

In the interplay between the loss of grasslands due to agricultural expansion and the drainage of
wetlands, many habitats got degraded and species got(logtrview 4, Diez (2018), sé&nex 5).
Besides the facthat freshwater wetlands, provide a home to >40% of the world's species and are
therefore of vital importance to fight the loss of biodiversity on a global, regional and loca(lglitaée
Wassnann and Vlek, 2003}he loss of a biodiverse landscape also has direct effects on the water
balance of La Picasa basin. Natural grasslands are composehgtiifferent speciesand perfectly
adapted to the hydrological characteristics of the study akile agricultural crops stop consuming
water when they get flooded, natural grasslands hold the capacity to continue evapotranspiration in
water-logged conditionginterview 16-18, Jobbagy2018), seeAnnex 5).

In the end, all the described feedback chanismghat start with the intensification of the agricultural
production model, result in a loss of biodiversity and a massive anthropogenic modification of the
natural hydrological cycle. The floods occurring in La Picasa basin are a result of doesekdoops

and are driven bya reductionin the water regulation and flood protection ESS. These results are
important to consider, becausegulatingeES&re critical for coping withnd recovering from disasters
(Renaud, SudmeidRieux and Estrella, 201&)d supporting services cassisinthe recovery process
from a disaste(Monty, Murti and Furuta, 2016)

6.4.3 Feedbackoops between ESS amichde-offs

Management decisions can create ESS t@ffie which might change the type, magnitude and relative
mix of senices provided by ecosystenfRodriguezt al, 2006) Unfortunately, hesetrade-offs are
not always apparent, andecision makersnknowingly may make decisions that diminish taue of
some services while enhancing the value of ot{@essoget al., 2015) It is recognizethat trade-offs
among ecologicallunctions and services may leore common than expected, arttlat they may

di scour age “ eaudonappraacheyViglizzaet ah RPA1T) Neverthelessthe Ramsar
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Convention(1971) the Convention on Biological Diversify993)and the Paris Agreemel(016) as
well as global policy frameworks such as the Sendai Framework on Disaster RigloRé2t5)and
the Sustainable Development Goé2§15) clearly recognize that natuigased solutions for reducing
disaster risk are vital for a sustainable and secure wgildnaret al, 2017)

Since the provision of some services can be accompanied by the emergence of unesjssaedces,
effective management strategies to inverse traofés between ESS must analyze a myriad of potential
tradeoffs(Viglizzaet al,, 2011) Therefore, restoration practitioners should prioritize services based on
needs and opportunities given at local and

watershed context¢Jessoet al, 2015) Reduced water

regulation and flood

When the three major ESS and the protection

relations with each other get extracted fron
the overall feedback loops between
identified problems, the occurring trade
offs between ESS in the study are  _a Loss of biodiversity @%’
crystallize out of many interrelations 4
(compare Figure 27) and set a frame for
prioritizing  meaningful  managemen
strategies for La Picasadin.

" and habitat quality

The general logic behind those ESS trac
offs, starts with the anthropogenic
intensification of the provisioning ES Figure27: Feedback loops between E®8 &radeoffs

agricultural prodoac.. <. (own elaboration) - -y

described feedback loops between related problems |nd|cated that the increase in prawsiesis

l eads to a decrease i n t hhatissclogely celated to lgodiverSity * hab

Nevertheless, for the stakeholders of the region, the loss of biodiversity is not perceived as a perdition
that directly affects humaswell-being.

Although people are aware that a lack of green infrastructure, such as functioningmneegrasslands,
influences the ESS “hydrological regulation’,
of the study area, they perceive the loss ofdii@rsity as a egative but unavoidableside effect of
intensive agricultural production rather than a cause of the present floods. The reduced capacity to
provide the regulating ESS ‘water regul aeion
determining factor for the complex soeezonomic problem in the study region today.

Even though natural grassaand wetlands have highly been modified and affected by human
intervention in the study are@Brandolin, Avalos and De Angelo, 2012; 8., 2016) it is assumed

that their ecosystems can be restored to provide a full suite of ser{iessofet a., 2015)which are
recognized by a broad number of authors to increase the proper functioning of the crucial ESS
“hydr ol ogi dBullock arel gardman, 2003nSimonit, Cattaneo and Perrings, 2005; Zedler
and Kercher, 2005; Malekmohammadi and Jahanishakib, 2017; Odgaad 2017) Especially
wetlands provide manfzSSuch as water quality maienance, carbon storage, flood abatement, and
biodiversity suppor{Jessopet al., 2015)that could benefit the study area. They are also the reason
why the conservation and wise use of wetlands is increasingly acknowledged to be part of nature
based solution approaches reducing disaster (iSkmaret al, 2017) These EG®DRR approaches
involve the sustainable anagement, conservation and restoration of ecosystems to reduce disaster
risk, with the aim of achieving a sustainable development and resilient commn{uitgaret al., 2017)

Unfortunately, the lacking consideration ofanifold interrelations between all three ESS leads to a
poor andincomplete understanding of the systemic functioning in the study area @ntsequently
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current solution approaches are predominantly based on grey infrastructure like pumping stations,
canals and water exits. At the moment, the key aspects of this @gpra@re construction works
focusing on three major focal points: The South Alternative water exit, connecting La Picasa lagoon
through various pumping stations, canals and natural lagoons with the Salado river in Buenos Aires
province, the North Alternatey water exit following the same principle connecting the La Picasa lagoon
with the Salado river but within the provincial boarders of Santa Fe and internal construction works
focusing on the maintenance of pumping stations and canals and the finalizhtieseovoirs. Because
Buenos Aires is only allowing to discharge a limited amount of water via the Salado riveo &ho
agreement could be found to negotiate a higher allowed discharge amount, in a future project Santa
Fe province will work on anoéhn option that aims at pumping water with canals to the Parana river in
approximately 250 km distance and overcoming several height meters. Although from a technical point
of view this option is irrational and also costly from an economic point of viesvcemflict between

the three involved provinces makes this additional and more independent option necessary.

Against this background natutgased solution approaches seem to have a high potential to provide
an entirely distinct perspective on the topibgreby opening new possibilities of removing water from
the system.

6.5 Management Needs

6.5.1 IdentifiedManagemenfNeeds and potentidflanagemen@rategies to inversdrade-

offs between ESS

Al i ntervi ewees men thattheyeahsidr relavanatg fendreesolutionrioetieed s ’
problemsthat the study area faces@mpare a detailegustification for theidentification ofproblems,
ESSrade-offs andmanagemenneedsin Annex 9)The previously done analysis of ESS taifie and
existing feelback loops, offers an adequate starting point, to prioritize management strategies
according to the identified existing ESS traidfs. Consequently, after a first review, the management
needsthat stakeholders expressed, were coupled with the identilEsiS tradeffs as presented in in
Figure28.

It is an interesting resuthat even though infrastructurdased solutions are predominantly applied in
the study area, interviewed stakeholders expressed the need for a vast nunilbeatare-based
solution approaches. They linked them to see@mnomic and management requirements that must
be fulfilled to create an enabling frame for these E2RR approache¥/hen suggesting naturseased
solutions, stakeholders particularly refered e ESS tradeffs between an intensified agricultural
production and its direct effects on habitat quality and biodiversity, as well as its indirect effects on
hydrological regulation.

For tradeoffs between the provisioning and supporting ESS (com@&ep 1 inFigure27) local
stakeholders expressed the need for a more sustainable production model in the thgtancludes

a diversification of the current landse scheme, a strengthening of the dairy sector and a related
creation of a market for alfalfa pastures. They also mentioned that soil covers with living crops
throughout the year and an adaption of the rotation of crops to climatic conditions could help nature
to provide the necessary ERESould enable farmers torpvide areas for the creation of ESS without
facing a financial loss.

Athough these measures would indirectly foster an improvement in habitat quality and biodiversity of
the study area, it becomes clear agd#tiat the primary focus of stakeholders andesttific research
lies on the regulating ESS ‘flood protect-ion’
effect instead of a main objectivAccordinglymost management needs mentioned in relation to the
trade-off between provisioning andupporting ESSndirectly also aim at improving the regulating ESS.
For example, the strengthening of the dairy sector based on pastures like alfalfa, would benefit the
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habitat quality and biodiversity of the region, because the lasd becomes more divee, but
primarily, it is known to increase evapotranspiration rates and therefore affect the water balance of

La Picasa basin.

Hence, all mentioned nature
based management apprea
ches have the primary
objective to reduce the risk of
occurring floods andcan
therefore be categorized as
disaster risk reduction (DRR)
measuresManagement stra
tegies suggested for facing

Potential management
strategies to inverse trade-offs

between ESS

the tradeoff between sup * Diversification Y e Fostering * South- and
i i of the current L:n higher North
porting and regulatlng ESS land-use k= evapotranspi- Alternatives
. . scheme © ration rates S (water exit)
(Compare Steﬂ In Flgure_27) * Strengthening & *Introduction of :g * Parana option
were related to a higher of the dairy g deep rooting 3] (water exit)
. sector 2 plants (bio- S e More canals,
water consumption through  Creation of a S drainage) T umping
natural components of the 2  marketfor £ +Wetland oy stations,
tem Fosterin hiaher 'g alfalfa g restoration S internal
system. ostering ighe ‘G *Soil covers with 2 e Creation of q construction
evapotranspiration rates g livingcrops 7 waterstorages g0 IS
through the restoration of = *Adapted § U - [
g rotation of Gg.l groundwater o ° Technical
wetlands that create water crops o = aquifers = Sudiesand
. climatic O  eCreati f D
storages and the creation of conditions x e S research
nature protection areas and * Payments for & protection o *ESSvaluation
Ecosystem = areas and 2
buffer zones were men Services buffer zones lr_E

tioned, as well as bidrain-
age options related to the
introduction of deeprooting
plants that drain the water
levels in the soils down or
even are able to make use of
the groundwater aquifers.

e Awareness raising, education, and information campaigns
e Trust-building activities, participation of stakeholders in solution-finding
process, recognition of an interjurisdictional basin committee
e Formation and organization of local stakeholders
e Basin-wide strategic management scheme, centralized decision making
e Top-down organization, control mechanisms, operative organism
e Integrated water policies, insurances and support mechanisms
* Income diversification, strengthening of the industrial and tourism sector

Various scientific authors
have investigated in research
fields, overlapping with the
management strategies men
tioned by stakeholders. Many studies suggest crop rotation systems at farm and landscape scales to
increase the consumption of water in agricultural production systems, thereby increasing the ESS
“hydr ol ogi c(edviglia, Sadwad ant iAmdrade, 2010; Nosettoal, 2012) Especially
intercropping has been proposed on a farm scale, referring to the use of multgps tw extend the
evapotranspiration period and increase water consumpt{@aviglia, Sadras and Andrade, 2010;
Monzonet al, 2014) However, due to the ratted evapotranspiration in the transition between

summer and winter crops, cretation is considered to only have secondary effects on tatraual

water table fluctuations and therefore provides only limited possibilities for f@mg solutions

(Mercauet al, 2015) To control groundwater levels on a landscape scale, a bagite landuse

decision making has been recommendéuat would allow a heterogenous langse through
implementing a rotation system for the overall soybean l@oder comin ed wi t h “pastur e
(Garcieet al.,, 2017)

Socio-economic and management requirements

Figure28: Potential managment strategies toriverse tradeoffs between ESS
(own elaboration)
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Also the transformation of the current farming system to other economic activities that integrate an

ESS perspective to the production system have beejesubf various scientific investigations. As a

part of silvepastural systems combining forest species with cattle ranching, the coupling of the ESS
“hydrol ogi cal regul ation’” and ‘“agricultural ©proo
transit to local groundwater flowgAlconada Maglianet al., 2009) The use of perrennial crops for

pastures in dairy farming systems was recognized to be attafé measure to lower water table

levels, because the deep root system of these cropswvallto drain up water frongreater depths

(Nosettoet al.,, 2015)

Although wetlands and their ESS providing hydrological regulatiave received considerable

attention from the scientific communit{Bullock and Acremm 2003; Monty, Murti and Furuta, 2016;

Kumaret al,, 2017) still little evidence exists about the role of wetlands in flood control or groundwater
recharge reductior(Maltby and Acreman, 2011 Although wetlands in the Pampas ecoregion have

been recognized to be an important natural discharge system, functioning as a network of
interconnected shallow marshes, most literatu@s f ocussed on wetl ands’ i mp
g u a lrelategl to biodiversityr at her t han * hy dBrandolngndcAadlos, 204y ul at i
Brandolin, Avalos and De Angelo, 2012)

The use of native vegetatioqras nageldr andwatsr bt
a number of scientific works. Ecosystems csiitgj) of native vegetation can have a controlling effect

on the depth of water tables and related floods due to enhanced evapotranspiration in comparison to

annual cropgViglizzo, Frank and Carrefio, 2006; Alconada Magéaab, 2009; Viglizzet al., 2009).

Especially the definiton of different langse zonessuch as conservation zones for native grasslands
providing hydrological regulation to reduce groundwater flooding, ttigls been pointed out a lot in

this context(Barral and Oscar, 2011)

Many scientist reviewed the bidrainage capability of afforestations in flogdone areas (mainly with
Eucalyptus sp.) as a strategy to lower groundwater levels arfidcgurunoff (Engekt al., 2005; Farley,
Jobbagyand Jackson, 2005Especially the high evapotranspiration rates of ipdentations in
comparison with grasslands or craosettoet al., 2012)made this option #ractive. The mechanism

that leads to a reduction of groundwater levels is a hydraulic gradient between the groundwater, the
vadose zone moisture from surrounding grasslands or crop areas, and the area of tree plantations,
whi ch i s c¢r e aigherdcapaciyy totctnsume watremhen thé balance is becoming more
positive(Engekt al,, 2005; Nosetto, Jobbagy and Paruelo, 2005)

Due to its capability to remove water excess through an increased drainage, especially in lowlands,
afforestation wasidentified to be a suitable strategy for flood contr(idiaz and Querner, 2005)
Nevertheless, other cgentfic works have also revealed undesirable traffis of bicdrainage
approaches using afforestation. The increased drainage of water does not only alter the water balance,
but also affects soluble salt fluxes and can lead to a salinization procdss smrrounding of roct
systems, thereby excluding fresh groundwater sol|tesbagy and Jackson, 200Mpreover, in the
characteristic recurring cycles of droughts and floods, the limited water availability caused through
afforestation could be a major disadvantage intensifying water shortages in dry pgradey,
Jobbagy and Jackson, 2005; Alconada Maghaiad, 2009)

While local stakeholders seem to be aware of more natased alternatives, they do not see a future
basinwide management plan with a folcpoint on naturebased strategies as probal{laterview -

15, Duhalde 2018, seeAnnex5)The | ack of wunder s3E&nddrelevaptEIShe st u
creates uncertainties among local stakeholders about the effectiveness and implementationgoroces

of ECeDRR strategies and poses serious barriers to its adoption in La Picasa basin.
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Infrastructureb ased sol ution approaches are perceived as
immediate effect, once implemented, and can be entirely plannededose the needs of avoiding

future flooding eventqInterview 2, Raparo 2018); Interview 57, Castagnani & Milardovich (2018);

Interview 1615, Duhalde Furno, Maurizi & Rey (2018jterview 19,Bertoni (2018), seédnnex 5).

Therefore, most stakeholdemmentioned infrastructurébased management strategies to overcome

the trade-off between regulating and provisioning E88mpare Ste® in Figure27). Especially the

functioning of artificial water exits like the Soutind North Aternative or the Parané option were

repeatedly discussed as necessary and require more canals, pumping stations, internal construction
works and maintenance. Stakeholders expressed the tlegtthis infrastructure should be based on

technical and scierfic studies which should also consider the evaluation of ESS.

The scientific community agrees that the construction of a network of artificial drainage channels has
been prioritized and implemented in the Pampas with the aim to mitigate flood and to isertee

size of suitable areas for agricultufialdonado, Natenzon and Cdccaro, 2005; Boowtaal., 2012;
Brandolin and Avalos, 2012; Brandolin, Avalos and De Angelo, ITbi2}levelopment has been part

of a governmentaprograms to drain extensive areas in southeast Cérdoba proyBi@andolin and
Avalos 2012; Brandolin, Avalos and De Angelo, 2ah#)Buenos Aires provin¢Boomaret al., 2012)

This channelization process was also related to the construction of numerous illegal canals constructed
by private ownergMaldonado, Natenzon and Céccaro, 20@8@spite the shorterm effect of reduced
flooded area, scientists agree that, in the letlegm, a major drawback of the chanlimation process

has been the |l oss of the ESS ‘hydrological regi
drainage, which caused a decline in their abundance andBaemanet al, 2012; Brandolin, Avalos

and De Angelo, 2012)

Currently, the absence of a basiide management and control authoyj together with the conflicts
between the three involved provinces, sets a major limitation to any bagle management strategy,

but is especially required for all natulbmsed strategieghat have to come along with a strong
planification among the plyers(Interview 19,Bertoni (2018), seénnex 5).Consequently, most
stakeholders named a number of so@oonomic or managerial requirements that are necessary to
set a frame for a sustainable basiide management. They mentioned awareness, educatioth an
information campaigns, trust building activities and the participation of stakeholders in sclution
finding process. In addition, they commented on the necessity of a legal recognition of the
interjurisdictional basin committee, a tegpown organization ofhe solution approach and centralized
decision making, to enable a basin wide strategic management scheme.

Stakeholders also pointed otihat integrated water policies, effective control mechanisms and an
operative organism for La Picasa basin are neettedmplement changes. The formation and
organization of local stakeholderas well agrust-building activities with them, could increase the
support from the local population anesult inan income diversification including the strengthening
of the industrial and the tourism sectorin conjunctionwith insurances and financial support
mechanisms in the case of floodithese measures couldecrease the high dependency of the study
area on agricultural production.

cPp dH ! LILNatu@b b A Sliréskuctardo | éa S R 48 & NIBRién

Approaches in La Picasa basin

Although stakeholders are aware of natdvased solutions, the lack of knowledge on such
approaches, especially their effectiveness and implementation process, was also ideagibee of

the major barriers for their application in the study area La Picasa basin. Accordingly, among the needs
for future management solutions expressed by local stakeholders, several approaches can be
categorized as naturbased DRR solutions, whileat of the current measures actually implemented,
belong to engineered infrastructuseased solutions (comparEable8).
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Some of the naturdbased solution approachdbkat were mentioned but are not in place yet, can be
related tonatural ecosystems, while others would intervene in modified ecosystems. Although all of
these solution approaches are valid to affect the sensitive interactions and feedback loops of the study
area, those naturdased solution approaches related to a ra@ustainable agricultural production
require a largescale basin wide application to noticeably affect the water balance of La Picasa basin.
In addition, many of them depend on various external setionomic factorghat go beyond the
decisionmaking capcity of responsible parties in the basin. These dependencies could hold the risk
that their implementation could be volatile and unsteady with negative consequences for their
effectiveness.

Those naturéhased solution approaches Table8: Categorization bidentifiedsolution approaches into

related to natural ecosyems, meanwhile nature-based and infrastructurbased approaches
! (own elaboration)

represent an opportunity to create a

stable frame for EG®RR among the

responSible dECiSiGmaking parties of the South- and North Alternatives (water
basin. By declaring areas for nature Related to natural ecosystems exists)
protection and Wetland restoration, the ' wetland restoration PaArana option (wat'erexn)

L. . creation of protected natural areas and maintanance of engineered
pressures driving the loss and degradatic bufferzsiie ihfrastructiine
of wetlands could be eliminated anc introduction of deep-rooting plants for internal construction works
therefore a further loss of ecological an el R —
economic values in these zones could |  payments for Ecosystem services stations
avoided or at least controlled. Althougt inereasng hanurmbenakoangls

Related to modified ecosystems

numerous wetland®f the study area are

situated on private lands, payments fo it i
ESSould create aihancial incentive t0  rengthening of the dairy sector
create an enabling context for the  creation of a market foralfalfa

diversification of the current land-use

conservation of wetland ecosystems. SO SRt ng ETaps
adapted rotation of crops to climatic
The conservation or restoration o . o SOndMiERs
) . fostering higher evapotranspiration
wetlands can deliver considerable suppo rates
or even substitute conventional gre creating water storages

using the ground-water aquifer

infrastructure for water treatment, water
supply, drought mitigation and flood contrdBertuleet al,, 2014) Inmany case studies around the
world, water quality and quantity regulation services provided by wetlands proved to be cost
competitive and more sustainable to those provided by infrastructumsed solutions, while providing

a wide range of socieconomic o-benefits(Bertuleet al., 2014)

The natural ability of wetland® filter effluents and absorb pollutants, contributes to water quality,

while microorganisms in the sedimeydnd vegetation in the soil help to break down many types of

waste, eliminate pathogens and reduce the level of nutrients and pollution in therW@rootet al,,

2011) Wetlands also play a key role in the natural regulation of water quantity during periods of
droughts and floodginterview 89, Tricarico (2018), séennex 5as they hold the ability to store large

amounts of water, and relse it slowlySilvaet al, 2010) This all ows ftlhoeond twoat"“e
thereby minimizing the potentialof flood damags to grey infrastructure and human lives
downstream while at the same timéncreasing resilience to storniBertuleet al,, 2014)

In dry periods, contrariwise, they can function
through slow release ofhe stored water(Bertule et al, 2014) A restoration of the natwa
environmental flows through the conservation of wetlands can contribute to better biological control
(Forslundet al, 2009)while wetlands also reduce downstream transport of sediments by trapping
sediments(Russet al,, 2013)
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Table9: Water management benefits and-benefits of ~ Beyond the primary benefits related to water
wetland restoration/conservation quantity and quality rgulation that wetlands
(Adapted from Bertule et al. 2014) . .

provide, they also offer recreational value and
support livelihoods through fisheries and tourism

Water management Coobenefit (Bertule et al, 2014) Wetland restoration
rrmEE O-Denetts additionally enables the provision of habitats for
Water supply regulation (incl. |Biodiversity benefits (incl. a number of specieéx:ompareTabIe9), thereby
drought mitigation) pollination) delivering high biodiversity befies, and also
Flood mitigation Recreational, aesthetic value | . tant | . l t h
Water purification and Livelihood income plays a_n iImpor an 'ro € In climate change
biological control possibilities adaptatlon and mitigation through carbon storage
Water temperature control Climate change adaptation capacitiesnf Wetlands(Russ'et a|_’ 2013; Bertule

and mitigation_{carbon storage et aI., 2014)
and sequestration)

These benefits for water management in specific and brezale cebenefits are of significant
importance for a sustainable future development of La Picasa basin, as they would provide a
foundation not only for handling the problem of floods but also enable the integration of alternative
economic activities besides the omnipresent agricultural padidun. This would allow a diversification

of income generation as a first stepping stone for a more sustainable and resilient community in La
Picasa basin.

As already found out during the interviews, the wetland restoration in the study area, like in other
projects around the world, also involves tradffs, between providing improved state of water related
ESS and livelihood options for some, while potentially eliminating sources of income for(@éeue

et al, 2014) In addition, creating larger areas of standing water, can form habitats for the spread of
vector torne diseasegForslundet al, 2009) Yet, it was foundhat in the longterm, the majority of
stakeholer groups usually benefits from wetland restoration effqBertuke et al., 2014) Restoration
costs of wetlands vary depending on the location and level of degradation and can be high, requiring
physical restoration works, but also lotgym management ensuring the, often slow, process of
recovery(Russet al., 2013) Nevertheless, worldwide cases indictitat once restoration of wetlands

and associate@ESSucceeds, the economic and social benefits can be exceptionallyRigket al.,

2013)

c dp ®o / 2 YNdtued 1& 2 FIRr@sFuctlired | 4 S R 48 & NINRidn

Approaches

The previous analysis steps of this thesis clearly identified a need to relate DRR to E8&8stiautd
developed solution approaches that have a more nattlvased focus than the currently employed
strategy based on grey infrastructure. Especially wetland conservation and restoration efforts hold
numerous benefits (compartble 9) that were identified to be able to competwith conventional
infrastructurebased approaches. Nevertheless, natbesed solutions are often most effective when
they consist of a combination of ecosystem management approaches and engineered infrastructure,
as their fusion benefits from complemarities between green and grey infrastructure to ensure
effective risk reductior{Monty, Murti and Furuta, 2016)Consequently, it is important to know for
responsible decision makers, how nattyased solutions perform in comparison to infrastructure
based solutions and if their coexistence provides synergies or creates problems.

The following omparison refers to naturdased solution approaches as wetland restoration or
conservation strategies, to infrastructuiased solution approaches as strategies based on
engineered grey infrastructurand to hybrid solutions as strategies implementingombination of
wetland restoration and conservation with conventional infrastructbesed approachesThe
performance of these solution approaches got compared according to the degree they influence ESS,
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how they affect DRR and how effective they are i short, mediunt and longterm (compareTable
10).

To compare how the solution approaches influence ESS, they got evaluated according to the degree
they improve or impair the ipmdyvi gihenirreqgul &8 i ‘nagrl
regul ation’ and the supporting ESS ‘habitat qual
changes in the frequency and magnitude of floods, the degree of exposure to floods and the
vulnerability of the SES heeffectivenesof solution approaches was evaluated based on the time

needed until the system responds to the initiated changes by a reduced risk of floods, the cost levels

of related measures and how difficult it is to measure the results of indiat@anges to prove their
effectiveness.

Tablel0: Comparison of different solution approaches to solve the problem of floods in La Picasa basin considering its
performances with respect to ESS, DRR and effectiveness
(own elaboratia)

Nature-based Infrastructure-based Hybrid
soultion approaches solution approaches solution approaches

short- medium- long short- medium- long short- medium- long
term term term term term term term term term
Provisioning (Agricultural

Production) - + ++ +++ ++ + ++ ++ +++
ESS Regulating (hydrological
regulation) + ++ +++ - - - ++ ++ + 4+
Supporting (habitat quality) ++ +++ +++ - - - + ++ 4+ 4
Frequency and magnitude of
DRR floods + ++ FRNES 44 + 0 ++ ++ Tt
degree of exposure to floods + ++ +++ ++ + 0 ++ ++ + 4+
vulnerability of the SES + ++ + 4+ ++ + 0 ++ ++ + 4+
Effective. Response long-term shor‘F-‘rerm shor‘t-.term
o Costs low high medium
Measurability difficult easy medium
Legend - a slight impairment for human well-being
+ a slight improvement for human well-being -- a medium impairment for human well-being
++ a medium improvement for human well-being --- a strong impairment for human-wellbing
+ 4+ a strong improvement for human well-being o] neither improvement nor impairment for human well-
being

Performance of Naturbased Solutions

The implementation of protected areas for wetland restoration or conservation requires as a principal

input that parts of the area, now used for agricultural production purposes, are dedicated to this
objective. Athough the soil quality of most drained wetlands does not allow for the production of

crops, their dedication for wetland restoration efforts including buffer zones, would most probably

result in a decrease in the provisioning ESS agricultural producitiorthe shortterm. In
correspondence with the increasing functionalit
however,also agricultural production areas would benefit from the reduced risk of getting flooded in

the medium and longterm, as area currently lost for production purposes could be recovered.

Although, it will probably need some time until the hydrological regulation function of wetlands is fully

or to large parts recovered, already in the sht@tm, the restoration of currently draed wetlands

will have an effect on the total water surface of La Picasa basin and therefore affect the water balance
by increasing evaporation rates. The gempiiprorti ng
spots of natural areas formingillife refuge within a landscape highly affected by agriculturald4and

uses, and even more in the mediurand long term, when wetland ecosystems recovered their
complex and multlevel biological interactions between species.
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The performance of naturbaseal solutions in terms of DRR coincides with the functioning of the
hydrological regulation mechanisms of wetland ecosystems, because they have the ability to decrease
the frequency and magnitude of flooddleverthelessthe exposure tothem also relates tothe
implementation of buffer zones and protected areas that avoid agricultural lands as well as private
property to get flooded. As respective ESS increase over time, so does the overall risk of disaster and
the vulnerability of the SES decline, making ¢kistem increasingly resilient

Nature-based solution approaches in general require some time until they fully unfold their potential
and wetland restoration and conservation usually reach the provisioning maximum of benefits in the
long-term. Although thecosts for restoring or conserving wetlands can be high depending on their
degradation, in comparison to the costs of conventional infrastructure, theyusteally lower
especially, when additionally taking into account the avoided costs of damages dimoding.
However, the complexity of ecosystems and their functioning makes it difficult to measure the effects
of nature-based solutions to prove that implemented measures have been successful.

Performance of InfrastructuteasedSlutions

Infrastructure-based solution approaches currently represent the prevailing management strategy to
encounter the flooding events in La Picasa basin and as they were designed to drain agricultural land,
they allowed an increase in the provisioning ESS of agricultupaluption in the shorterm.
Unfortunately, the modifications of the system highly affecitsavater balance and led to major draw

backs as the regulating ESS ‘' hydrol ogandlang r egul
term, the benefits for agcultural production derived from the implemented infrastructdpased

solution decreased steadily and even turned into more flooded productive area when the principal
lagoon increased in its size manifold.

While having an immediate effect, once implentesh engineered infrastructure depreciates over
time, and needs high inputs of maintenance and construction works or even a renewal to function
properly. Due to the complex social and politifl@mework of La Picasa basin, this maintenance of
grey infrastucture has repeatedly failed and led to an increase of problems related to floods. However,
the loss of the functioning of artificial infrastructure triggered balancing ecosystem mechanisms and
allowed a slight recovery of wildlife in refuges arisingrieaa affected by floods in the mediurand
longterm, thereby positively affecting the regulating and supporting ESS.

Although the applied infrastructurbased measures had a positive effect on the frequency and
magnitude of groundwaterelated floods, theexposure of agricultural land to floods as well as the
overall vulnerability of the upper basin in the sheetm, they failed in addressing various disaster
simultaneously On a basirscale they even caused the principal lagoon La Picasa to genermiddl

in the lower basin in the lonterm.

The advantage of infrastructwtgased solutions in general, is their immediate and easily measurable
effectiveness in the shotterm. Nevertheless, the costs for infrastructdpased solutions are
comparably highwhen considering the necessary maintenance and renewal costs in theédong

Taking into account the special case of La Picasa basin, they have not provided an answer for water
related problems, but only transformed them and transferred them to else@h@/hen considering

that an improved planning could probably improve the effectiveness of infrastrudiased solutions

in La Picasa basin, the complexityoo€urringsocial and politicatonflictssets serious restrictions for
improvements and makes thnologically and economically illogical strategies, like the Parana option,
necessary.

Performance afybrid Solution Approaches

The idea of hybrid solution approaches is to make use of the advantages of both-basee and
infrastructurebased managemerapproachesthereby maximizing the benefits fbuman wellbeing

In the case of La Picasa, the highly modified system requires some conventional engineered
approaches to provide immediate protection against the threat of repeated flobidsvever due to
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the fact thatengineered approaches proved to be invalid in the past, nabaged approachesould
be applied to bring the system back to a m@&@weologicalstate, thereby restoring its natural water
cycle.

A combination of both approaches could provitidrastructurebased protection mechanisms for

agricultural |l ands thereby increasing the ESS '
implementation of areas for wetland restoration and conservation would simultaneously allow to

improvete ESS ‘hydrol ogi cal regul ation’ and the su
guality’. When t he ben elased solutidns decreasedn thie medmmmd nf r a st

longterm, they can be compensated by the increasing benefits dtireebased solutions that
maximize with ecosystems growing strongeertime.

A combination of both approaches would allow an effective skemn DRR that even increases in the
medium- and longterm and becomes more sustainable and cost effective bechegkthy ecosystems

hold the ability to replace grey infrastructure, and in contrary to them, do not need high maintenance
input as they are able to maintain their functions autonomously. A wise and-bédgeénmanagement

plan could allow to lower the freqncy and magnitude of floods by making use of ESS, while nature
protection areas and buffer zones could decrease the exposure to floods and lower the vulnerability
of the SES in general.

The hybrid solution approach would be effective in the sherin due to infrastructurebased
strategies, and at the same time benefit from the increasing effectiveness of Hbased strategies

in the longterm. Because both, investments for grey infrastructure and the restoration and
conservation of wetlands must be doiethe beginning, a hybrid approach would be costly in the
beginning but would request less maintenance in the tamg It could be challenging to distinguish
between the benefits that both approaches provide and measure how successful each of them
contributed to the DRR of floods in La Picasa.
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7 Discussion

7.1 Discussing thdistoricDevelopment of La Picasa basin

7.1.1Definition ofTime Sequences

The defined time sequences resulted from the input of an extensive literature review as well as data
from a ground station in Pergamino. They were used to distinguish between time periods of common
characteristics concerning lantse schemes, precipitation rates and prevailing problems related to
water resources. Because these time sequences were usedasiafor further analysis steps, it is
important that they coincide with time sequences defined in other scientific publications for similar
purposedo large parts.

Differences with other authors existdmpare Table 11) but phy a ninor role in the overall
development of the study area and probably arose either because of different foci set with respect to
the determining characteristics of the periods or because the research area is defined on a different
scale, referring tohe whole Pampas or a different part of the Pampas instead of La Picasa basin in
specific. Bernardost al.(2001), for example defined sequences with a very similar focus on significant
combinations ofweather (rainfall and winds), land use (land allocateccrops and pastures), and
technology (agronomic practices and farming inputs) conditfonéa Pampa province, while Viglizzo

et al. (200]) set a major emphasis on the development of larsg schemes in the total Argentinean
Pampas.

Tablell: Comparison dfime sequences
(own elaboration)

Wiedemeier

(2018) < 1870 1870-1920 1921-1940 1941-1960 1961-1990 1991-2018
Bernardos et al. 1921- 1949- | 1961- 1981- | 1991-
(2001) 1907-1920 1929 1930-1948 1960 1980 1990 2000
Viglizzo et al. 1881- 1989-
(2001) 1913 1914-1937 1938-1960 1960-1988 2001

Differences in the definition of time sequences exist, however, when comparing the results of this

thesis with defined time periods of the two other publications, it can generally belsaithey are to

large parts overlapping with the results of the other studies. The defined time sequences in this thesis
either coincide with the periods set by Bernardeisal. (2001) or, if this is not valid, they do coincide

with the time sequences of Vigtoet al. (2001). The results of this thesis can therefore be assumed

to deliver the necessary information on the development of the study area and consequently represent
a wellfounded basis for further analysis steps.

7.1.2 Increase in thiglonthly Anomaly ofPrecipitationRates from 19312015

Diagramsfound in current literature(Giordano, Bianchi and Calvi, 20l@jlicating the monthly
anomaly of precipitation in the study area of La Pidaasin (compard-igure 29), do not show the
increasing trend of monthly anomalies starting in the 199@¢ were detected in this thesis (compare
Figure30), but rather represent the cyclic variations diny and wet periods. These results are valid,
when considering the shorter time period under investigation, because the calculated values of the
“zero” line, refer only to values of the | ast
longer ime period, like in this case dating back to 1931, the monthly anomaly is based on data from
several decades and therefore indicates a clearly increasing trend.

Assumptions could be drawn, if this increasing trend is part of a natural climatic variabiligy area
or also driven by the effects of climate change. Although this thesis is not able to verify one or the
other assumption, this discrepancy witlurrently used climatic datapoints out that it could be
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important to consider the effects of globalimate change and further investigate its role in changes
of the system, when developing solution approaches for floods in La Picasa basin.
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Figure29: Accumulated monthly anomaly in Laboulaye station (12885)
(Source: adapted from Giordano et,017)

Accumulated Monthly Anomaly in Precipitation (1931-2015)
3000,00
2500,00
2000,00
1500,00
1000,00
500,00

0,00 wpthn l"'W\J"\A o, 5 ] " -
/ AVANVAY . B ? AWRLTAT AT,
-500,00
-1000,00
-1500,00

-2000,00
Jan 31 Jan 41 Jan 51 Jan 61 Jan 71 Jan 81 Jan 91 Jan 01 Jan 11

Time (in years) —Accumulated monthly anomaly (mm)  =Zero

Accumulated monthly Anomaly
in Precipitation (mm)

Figure30: Accumulated monthly anomaly irfgamino station (1932015)
(own elaboration)

7.1.3Developmenbdf EvapotranspiratiorRates

Changes in landse patterns over the defined time sequencesggestthat evapotranspiration rates
could have played majorrole in the development of the SES and problems related to water resources.
Unfortunately, the compilation of actual evapotranspiration détat considers the necessary range

of factors like vind speed, precipitation rates, solar radiation, air and soil moisture vegetation cover,
and temperatures among othe(€esanelli and Guarracino, 2011; Beguetr&l., 2014) is very dficult

to conduct for the last 150 years due to a lack of data. The general trendline was therefore developed
based on qualitative input from local expeftisterview 5-18, Jobbagy2018), seeAnnex 5)but is
apparently very limited in delivering conteeevidence based on actual evapotranspiration data.
Nevertheless, for the period from 19&015 with available evapotranspiration data, this general
trendline could be supported, since the trend in the calculated potential crop evapotranspiration
coincides with the qualitative description.

In general, it can also be sateht only considering the lanrdse schemes for the time sequences by
ignoring the climatic variability and other determining factors for evapotranspiration rates, does not
allow to take pecise statements about the amounts of water that got evapotrarspd over time,

but anyhow, it allows assumptions about a general trendline.
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7.1.4 Thdnterplay ofLand-use,EvapotranspirationPrecipitation andchannelization of La

Picasa basin

Sinceneither the sole consideration of converting lande forms, nor variations in climatic data
explain the extensive changes that occurred in the study area, it is necessary to set them into a context
that embraces the interplay between the social and théunal part of the system. By doing so, this
thesis was able to derive assumptions about the determining fadhaskeep the water balance of

the study area in an equilibrium state or cause the system to switch into another state. Those distinct
equilibrium statesthat can either be related to a negative water balance, triggering droughts like
experienced during the dudtowl period or to a positive water balance with water excesses, causing
floods as currently happening in the surrounding of La Picasatagvere found to be dependent on
major turning points in anthropogenic impacts and on the vertical components of the Wwatance
Crucial anthropogenic impacts for water related problems were found to be the change hudend

and the channelization ofvetlands and agricultural land while the important natural factors were
found to be evapotranspiration and precipitation rates.

Applying theSESheory helped combining both perspectives and connecting causes for the current
problem of floods with eachther. It can be stated at this poithat neither the social factors, nor the
natural factors do exist independently from each other, but are highly interwoven through complex
feedback mechanisms. The attempt of finding a solution for the perceived praglitebra Picasa basin
that results from these factors, therefore suggests a seelogical perspective as a highly relevant
approach to grasps this complex interplay.

7.1.5 EcosystergervicesTrade-offs

Derived from this complex interplay of several compnts, ESS were extracted which are highly

related to the causes of identified problems with water resources. The primary-oHdeetween the

ESS ‘“agricultural productioavi cdaendt '‘'thegdawdegi bal
primary ecmomic income source is the primary sector and floods are obviously a problem that
threatens this economic activity on a large scale. Meanwhile, the effects that this primarydfade

holds for the local biodiversity artd h e hBb&aSquality is from ax economic perspective not more

than a negative sideffect.

In contrary to this, the previous analysis steps identified the drainage of wetlands and the conversion

of natural grasslands into cropland as one of the variables that were playing a vital svigching

the SES from one equilibrium state to another. A closer examination and consideration of the role that
the ESS ‘habitat quality’ could play in future s
and holistic management approagts . By | ihbhbitat qualityt e oS S e'i reffects ol el y
to be a focal point of integrated water management plans, the current paradigm of perceiving disasters
would completely be shifted towar dsuatean. fhthiseener”
process, the present perception of disasters, as isolated and fortuitous events and unmanageable
products of a capricious and arbitrary natyi®cheijtman, 2006would no longer be justifiable, and

this rethinking could break the limits that currently prevembper management and design of public
policies(Scheijtman, 2006)

7.2 Discussing Stakeholder Dynamics

The identification and the categorization of stakeholder groups is always a complicated process, as it
highly relies on objective perceptions of the researcher conductingstalkeeholder analysis and the
stakeholders interviewed. To avoid personal prejudices as much as possible, the stakeholder analysis
applied in this thesis was based on a snowball sampling mettaddllowed to identify and interview
stakeholdergthat local experts perceive as affecting the system or being affected by the problems
occurring in La Picasa basin. Although this method is diminishing théhaskhe researcher is
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subjectively choosing” stakehol deiffenlyindudingt he s a
stakeholders in the analysibat are already known components of the system. This could cause a
stagnancy of stakeholder dynamics, because already known components are exclusively involved in

the process and cause the entire system td if@io a status of inertia. To avoid this, the conducted
pre-interviews with experts, not directly involved in the situation of La Picasa basin, were used to
develop a basic feeling for stakeholder groups important to be included in a stakeholder analysis.

Rosensteiret al. (2009 and Monticoet al.(2008) identified two major stakeholder groups in La Picasa
basin, which are the communities of Rufino, Diego de Alvear and Aarén Castellanos, because they are
the ones most affected by the floods of La Pidagaon, and the farmens the basin of La Picasdno

were severely affected by the inundations and are still attaskse more productive lan(Montico,

Bonel and Rosenstein, @8; Rosensteiet al., 2009) Although communities (local stakeholders) and
farmers (agricultural stakeholders) were also identified as important stakeholder groups in the process
of investigation, this study additionally included various other stakehaldeups, because it assumes

that the problensthe study area faceare characterized by a high degree of complexity that makes it
inaccurate toonly include the directly affected locaind regionalstakeholders. By consideriray
broader profile of involve stakeholder groupghis analysis aiedto bridge the current gap to a more
holistic and diverse context of La Picasa basin’

Within the group of agricultural stakeholders, a speci
dynamic created through an interesting dispadtyld be
observed.Although the problemsituation is affectingall
agricultural stakeholdershe least affectedy floodsare
those who affect thesystem themost. When listing the
large influential renters of soy fields on the top, th
private farmers émaize fields below, then cattle farmer:
with mixed systems underneath and in the end the da
farms one can assumthat the further down, the applied
agricultural systems consume more watgmterview 16-
18, Jobbagy2018), seeAnnex 5)At the same tne, those
farming systemssuffer more from the occurring floods
(seeFigure3l). This creates an interesting gap, and, ir
way, there is an implicit incentive of flooding the
landscape, because it means, openéngiche for tenats
even further by beating the renting prices down, when tt
floods recede. The lack of solidarity with neighborir o _
farmers is also a problem. There is no social concept ( F91re3% Disparity between affecting andtacted

agricultural stakeholders
fair use of the basin, neither do the economic market rul (own elaboration)
allow the farmers tgursue a fair useThis disparity holds
a high conflict potential and is of significant importance as it appears between stakehitldengere
identified as either “key players” or “context
management 6La Picasa basin.

Tenants of soy fields
(low water consumption)

Owners with maize
fields

(medium water consumption)

Cattle farmers with

mixed systems
(higher water consumption)

Dairy farmers
(highest water consumption)

It was observedhat especially farmers are predominantly involved in the basin committees, thereby
holding decisioamaking positions, while other stakeholder groups, such as nature conservation
groups, are not represented. While it castrbe deniedthat most farmers would prefer a sustainable
solution for the problems in La Picasa basin, their perspectives on possible solution approaches is
apparently highly affected by the need to produce and earn economic returns through agricultural
production. Without generalizing the inability of farmers to take integrated decisions, it is debatable if
one stakeholder group, with homogenous incentives, can consider and value the versatile interests of

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 79
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



7 Discussion

an interdisciplinary stakeholder audience. Withg pect t o ot her ESS such as
o rhabitat quality it appear sthautnhdee r\sd taindga bdfe f ar mers woul
producti oof fi si hislagvidgahe wolf the responsibility to care for thgcken”

(Interview 19, Bertoni (2018), séanex 5).

Although a social network between stakeholders exists, several conflicts prevent a proper functioning
of this system and a baswide integrated management concept based on wetland restoration
(Interview 1, Villa Uria (2018)nterview 57, Milardovich (2018)Interview 1015, Maurizi (2018);
Interview 19, Bertoni (2018%eeAnnex 5) The conflict between the three involved provinces, defined

as “key players”, came t montaftheArgedineanup@me Couwltiofc i a | p
Justiceand represents a major limitation for finding a holistic solution in conjundlioterview 1015,

Duhalde (2018); Interview 19, Bertoni (2018), ge®ex 5).The ability to negotiate a compromise
betweenall three provinces seems to be a distant prospect, as the battle lines are drawn. Nevertheless,
a quick solution is very much indispensable and could also hold an opportunity as new ways of thinking
and acting must be explored of necessity. Applying threcept of ESS tradeaffs within the frame of

SES theory could fall on fertile grounds in the current impasse and create a basis for a more sustainable
future basin management.

Stakeholders that would support a future project which is fostering wetlandgteidselfregulatory

ESS are currently very sparse among the involved degisaiimgpartiesand typical stakeholdetthat

could be in favor of making use of natdsased solutions, such as nature conservation groups or
touristic actors, are not weltonnected with key players in the study ar@aterview 1015, Furno
(2018), seAnnex 5)Consequently, it seems more suitable to convince leading stakeholder groups of
the benefits that wetlands could hold. Because the region is highly dominated by agetattors, a
change in landise management could be more viable when starting out of their inner midst rather
than being an artificial outer movement that f ol
situation that they do not supporOnce curent key players are intrinsically convinced of the potential
wetlands holdfor reducing flood risksthey would automatically look for help and guidance from
expert groups and an improved inclusion of further stakeholder grecop&gdbecome an autonomous
process.

7.3 Discussiniglentified Problems andeedbacKk.oops

The problems identified through stakeholder interviews are corresponding to the results of the study
conducted by Rosensteiet al. in 2009. Corresponding to their findings, problems mentiotgd
stakeholders were manifold and interwoven in a complex manner, but the three major problems of
the study area can still be defined as 1) floods, 2) an inadequate production model, and 3) the loss of
critical infrastructure. Although most intervieweesag climatic causes as part of the fundamental
problem of floods, a general consensus in the behaf the occurring disasters are not exclusively a
result of nature but rather are related to anthropogenic mismanagement and impacts, was found.

Going onestep further by linking the set of problems with the concept of ESS, a closer evaluation of
relevant ESS tradeffs and feedback loops was possible and the potentially important ESSdftsde
identified in the first analysis part of this thesis could It be underpinned by the input from
stakeholder interviews. Although several ESS traifle were detected as relevant for the study area,
due to a lack of data, the results of this thesis were very limited in delivering economically quantifying
values fortrade-offs between those ESS. Future research projects should further investigate the
economic values of ESS to be able to base decision about favoring one over the other inaiftrade
situation on concrete facts. Several methaldat could be used to gantify the economic performance

of ES®xist. Thewill be described in thehapter 9 Limitations and Research Outlook.
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Applying the concept dESS to the described problems allowed creating a general frame and structure
for analyzing important feedbackdps betweenthem and the capacity they hold to duplicate or
mitigate one another. By doing so, the ESS concept permitted to grasp the functiotimgsyistem

of La Picasa basin and proved capable to increase the visualization and resulting understanding
direct or indirect consequences that human actions provoke. The destruction or degradation of
functioning ecosystems, such as wetlands and grasslands, in this way could be associated with the
describedthreat for human welbeing. This new perspectiven problems in La Picasa basin could
provoke a change in the mimskt of stakeholders, because in this approach floods do not stand

i sol ated as an uncontroll able “natur al hazard”,
system and therefore becme “ manageabl e” . This concept provi
reasonable management interventions and thereby delivers possible paths to enable an integrated

water resources management . A consideratlbon of

human and social environment, as demanded in a study conducted by Sche{R6@6), becomes
possible with this analysis approach and, besides, it allows embedding concepts and methods for
landscape multifunctionality as stipulated by Mastrangei@l. (2014).

The examination of feedback loops between the problems mentioned by stakeholders, allowed
challenging the simplification of complex trad# interactionsthat are currently limited to a negative
correlation between the ability of ecosystems poovide agricultural production and hydrological
regulation at the same time. Considering the complex interplay of feedback loops interwoven on
multiple levels, clarifies that the conservation of biodiversity is not a contradiction to agricultural
production, but could play an integral role in strengthening the entire SES.

7.4 Discussing future Management Needs

Stakeholders made a clear distinction between already existing engineered infrastrbeised
solutions for the problem of floods and other natdpased approachethat they expressed to be
needed, but that are not applied yet. It seems to be clear to stakehottatshature-based solutions
could represent an opportunity to fully or partially substitute grey infrastructure and, besides, supply
various advantages.

Indeed, several scientific publications discussed the potential ature-based management
approaches to provide humerous beneféad their ability to reduce disaster risks. In general, it can
be assumedhat in the study area naturbasedsolutions intervening in natural ecosystems could be
internally controlled by a basin committee while nattlvased solutions focusing on agecosystems

are highly affected by external driving forces, which involves a higheofriglefficiency. Although
nature-based solution aiming at making the agricultural production model more sustainable should be
highly appreciated as supporting the reduction of environmental problems such as floods,-nature
based solutions related to an improvement of natural ecosyst, such as the restoration of wetlands,
should represent the focal point of future management strategies because related measures are
governablenternally.

When naturebased management measuresich as the restoration of wetlandse used to respond

to hazards that occur because of ESS tw@ifie like in the case of La Picasa, they are referred to as
EcoDRR whichare regarded as key management strategies for the protection of ecosystems and
associated services that contribute to prevent disasterd esduce risk§Monty, Murti and Furuta,
2016) In the context of an integrated water managent, naturebased solution approaches, like Eco

DRR are often also referred to as “gresaurai nfrast
systems that provide services for water resources management with equivalent or similar benefits to
convent i onal “grey” (Beruleet al,i2014) Tres't g ruecd ur esol ut i on a
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become increasingly recognized as an important opportunity for addressing complex challenges, such
as coping with flood&Bertuleet al,, 2014)

On a global scalet, he domi nant par adi gm ddr floodbptoiedtiahiisng har
increasingly being challenged by approaches thagirate ecosystem dynami¢dansserrt al., 2015)

Usually, those EEDRR or Gl approachenvolve a deliberate and conscious effort to utilize the
provision of ESS to supply core water management benefits, as well as-sawiiieg secondary eo
benefits(Bertuleet al., 2014) Applied to La Picasaatural wetlandareas, for example,ould reduce

the flood risk but simultaneously alsmwd improve water aality, have a balancing effect on
groundwater levels, support wildlife and fish, as well as recreational and touristic activities. Nature

based solution approachés the study area coultherefore be employed to support goals in multiple

policy areagBertuleet al., 2014)which could diversify the economic activitigsd provide a collective

future direction for a development project of La Picasa hasin

As functioning ecosystems providing ESS play a significant role in-baked DRR approaches, the
conservation of biodiversity is an inherent concern and vice v&vale the main objective of nature
based DR protect societies from disasters of highest importance in the study areanservation
aims atpresening biological entities such as species, ecosystems and commuaitéesould deliver
a range of secatary ecological benefits to La Picasa b&slonty, Murti and Furuta, 2016pespite
these dfferences,several commonalities in terms of implemented measuresld provide a strong
basis for synergies and integration between these two fieldd could create a situatiothat most
stakeholder groups could benefit froiMonty, Murti and Furuta, 2016)

The urgent need to reduce disaster risk of floods in La Picasa basidiherefore indrectlyact as an
incentive for nature conservation practices, such as the establishment of new management
approaches or protected natural areas, without using the conservation value of spestifimdswith

their species composition as the primary argumh@onty, Murti and Furuta, 2016Nevertheless, the
provision of keySSuch as risk mitagion can add significance to such conservation decisions and
provide normonetary incentives to manage and protegetlandsfor DRR benefitprimarily, which
ultimately cascade down to conservation of biodivergMonty, Murti and Furuta, 2016 Applying
EcoDRRmeasures in La Picasa basin corddresenta holistic solutions forthe complex soio-
environmental challengesf floods, asn option to serve various ecosystem management approaches
simultaneously, rather than a single conservation objeetitiented intervention(Monty, Murti and
Furuta, 2016)

Furthermore, the combination of E€®RR measures and conventional engineered infrastruciouéd

be vital for hazard management sitegiesin the study areabecause it enables to benefit from
complementarities between green and grey infrastructure amsuresan effective functioning of
disaster risk reduction(Monty, Murti and Furuta, 2016)While the value and functioning of
implementedgrey infrastructure can be expected to depreciate over time, nahasedmeasuresan

be assumed to grow stronger with the time as vegetation and species communities generate or
regenerate(Bertuleet al, 2014) Nevertheless, naturdased solution approachesmain a relatively

new concept to practitioners and policy makémnd.a Picasa basand the lack of knowledge on their
effectiveness and implemeation process poses a serious barriertiheir adoption and scaling up
(Monty, Murti and Furua, 2016)

It can besaidthat nature-based solution approaches can provide several benefits for \BifRR
properly applied within the local contexdf La Picasa basiput can also have disadvantages in
comparison to conventional infrastructural approachesd must be carefully chosen fitting to the
system’s f eedback Thewisupligatiom of leedasacks between domjoBests of the
problem in La Picasa basin, provides a useful basis, to define suitable -basgeé management
approaches anddentifies grassand wetlands as central hubs within teinterrelations. Putting
wetlands in the center of attention of future management strategies could therefore be an effective
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nature-based measure to counter the risk of floods and, as aseifiet could boost biodiversity and
habitat quality in the region. In addition, a focal point on wetlands does not exclude engineered
measures but rather offers an option to diminish their costs and at the same time increase their
functioning in conjunction witfbenefits derived from ESS.

Nature-based solutions should consist of a combination of ecosystem management approaches and
engineered infrastructure to ensure effective risk reductidgnfortunately, the current socio
economic framein La Picasa basia ckarly favoring infrastructural solutions and due to the high
rentability of soybean production, does not allow for more sustainable -lzsel scenariogPre
Interview 3, Bolatti (2018) and Interview I8, Jobbagy (2018), seé&nex 5).However, the high
potential of naturebased mechanisms, when appropriately adapted to the identified ESS-aftsle

and their feedback loops, cannot be negated and could take effect, once the-esmromic and
management parameters are favorable. Although nathesed solutios are not implemented yet,

they are already subject of discussion among local stakeholders and could play a leading role in regional
approaches to reduce disaster riskonsequently, its important for responsible decision makets,
consider nature-basal solutionsin the same way they considdnfrastructurebased solutions
Neverthelesstheir coexistencean onlyprovidebeneficialsynergiedor the region if applied in proper
proportions which leads to the question, which distribution of natdvasedand infrastructurebased
measures creates an optimum of synergies.

7.4.1Finding arOptimum betweernNature-based DDRpproaches an@ngineeredSolutions

When natural ecosystesget modified, as it happened in La Picasa basin with the channelization of
wetlands,s ome ESS or “natur al benefits’ get |l ost,
engineered modifications or management of the syst@nited Nations, 2018)However, there is a
“tipping point ficatiomof dcdsysterpsr whereebenefitsdrém ES8 ahd engineered
modifications together reach the maximum and further modifications will only decrease the total flow
of benefits(Acreman, 2001)

Modification activities in the study area passed this tipping point and the loss of benefits delivered by
the natural system resulted in complex negative consequences for both the social and the natural part
of the system. The aim of tiure management decisions should be to create a situation in which the
natural system is still able to provide benefits for human welhg and anthropogenic modifications

stay in a range where they add supplementary benefits instead of limiting the aladystem to
provide ESShis tipping point is difficult to identify because the optimum of modifications has to be
found that allows the ecosystem to continue provide a high amount of benefits, such as hydrological
regulation(Acreman, 2001)

Theories existhat deal with the tradeoffs managers must consider, when choosing between leaving

a system in its natural state or highly modify and manage it. Acrgi2@dil)developal a schematic
figure indicating that as natural systems are degraded and modified more and more, the overall
benefits obtained from the natural system decline and ESS, such as hydrological regulatiabitatd
quality, are lost (comparé&igure 32). At the same time, benefits from managed systems increase, as
other ESS such as agricultural production(@szeman, 2001)t is assumethat benefitsderived from

highly managed systems reach a maximum and do not further increase, while the benefits of natural
systems will decline to zero with ongoing degradatiéereman,2001) The total longerm benefits

result from adding the benefits of natural and managed systems and consequently reach a maximum
before decliningAcreman, 2001)The reslting peak represents the optimum situation which provides
the highest amount of benefits fdruman wellbeing The schematic visualization of benefit flows with
ecosystem modification could provide a useful and convincing tool to trigger and suppanhgecin
mind-sets of responsible decision makers in La Picasa basin.
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To achieve an equilibriunbetween A
modified and natural ecosystems an
their benefits it is important to
consider the value that society place Total
on goods and services because this w
shape the exact form of the curve:
(Acreman, 2001)Besides awareness
and education campaigns,t iis

therefore also essential to quantify
the economicvalue of ES8hich could

help justifying the allocation of
resources to maintain ecosystenas

described irchapter 9 Limitations and >
Research Outlook. Certainly, the Natural Highly managed

p_e]ifrcelved bene]ltshwllll vary betweer Figure 32: Changes in benefit flows with ecosystem modification
different . _Sta e 0 der groups, (Source: Acreman, 2001 as citedUimted Naions, 2018)
however,similar projects have showr,

thatin the longterm benefits are usually enjoyed by the majority of stakeholdBestuleet al., 2014)

Benefits from managed system

Long-term benefits

Benefits from natural system

Various naturebased solution approaches extbat could be helpful taeachthis optimum state of

an SE® La Picasa basihat rangefrom conceptual approaches and general guidelines to commonly
adopted practiceqUnited Nations, 2018)An example for a holistic framewodf nature-based
solutions is provided by the World Wi ldlife Fund
Based FIl ood Man ag efitnelhtd the speciccase ef the dRudyi acca because they

are based on the concept of integrated flood management and aim to beéeific, integrated and

balanced acrossllssectors concerne@United Nations, 2018)

The suggestedkey principlesmentioned to achieve a sustainable and holistic natbased flood
management ar¢World Wildlife Fund, 2016)

1 design flood mnagement methods to maximize the net benefits of floodwaters while
minimizing flood risk, since flooding can be a natural and beneficial process;

1 apply flood risk management with a watershed perspective to understand hpartcular
communi t yskrelates to the rdst af the watershed,;

9 consider nopstructural methods in flood management, and then if needed include structural,
natural, naturebased or hard engineering, as part of an integrated approach;

1 recognize the multiple social, economicyv@aonmental and political aspects affected by flood
management in a watershed;

9 integrate flood risk reduction and adaptation to a changing climate into flood recovery and
reconstruction, so that flood recovery improves community resilience to future mdre
events, avoids introduction of new social or environmental vulnerabilities, and enhances
community adaptation capacity to climate uncertainties;

9 support social equity and comply with local/national laws and institutions, including informal
social normsand customs during decisienaking processes; and

9 strengthen resilience processes and livelihoods and empower women and/or disadvantaged
social groups.
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The application of an ESS perspective on the current problems of La Picasa besdiraassetting it

into the context of SES theory, allowed obtaining an understanding of the role wetlands play in the
systemic functioning of La Picasa basin. By reviewing their influence on the historic development of
the region it was examined, which pavetlands hold in maintaining the SES in an equilibrium state
with respect to the water balance of the study area and which ESS-tféslare vital to consider when
designing solution approaches for the current problem of floods. Connecting historidstri
evapotranspiration with predominant climatic conditions, allowed defining time sequences within the
historic developmentthat represent homogenous characteristics in lamgk models and water
related problemsApplying theSE$heory helped conneatig causes for the current problem of floqds
with both natural and anthropogenic impacts aedabled an augmented comprehension of the vital
role wetlands hold inhe complexhistoricinterplay between them.

The examination of important stakeholder dynasicould be achieved through identifying and
categorizing important actors according to their expediency to be involved in future solution
approaches and permitted drawing conclusions about crucial relationships between stakehbédters
create opportunités or restrictions for the conservation of wetlands.

Although a social network between stakeholders exists, several conflicts prevent a proper functioning

of this social weband a basirwide integrated management concept based on wetland restoration.
Theconflict between the three involved provinces,
proceeding in front of thérgentirean Supreme Court ajusticeand represents a major limitation for

finding a holistic solution in conjunction. Nevertbgs, a quick solution is very much indispensable and

could also hold an opportunitas new ways of thinking and acting must be explored of necessity.

Applying the concept of ESS traolfs within the frame of SES theory could fall on fertile grounds in
the current impasse and create a basis for a more sustainable future basin managBeeauise the
region is highly dominated by agricultural actors, a change inlsednanagemenshould startout

of their inner midst rather than being an artificial ontmovement that they do not supporBased on
stakeholder interviews and expressed requirements for future management strategies, suggestions
could be formulated for solution approachélat integrate wetlands into the design of a more
sustainable regionalevelopment plan.

The analysis of present problems in La Picasa basin and how they interact through feedback loops,
allowed deriving management approaches that define the tratfe between ESS as starting points to
inverse negative circuits. Especiaibture-based solution approaches, and in specific the restoration

of wetlands, were identified to hold a large potential to serve the area with a broad range of benefits.

It was foundthat nature-based solution$iold the potential toperform best in La Pa&sa basin, when
combined withinfrastructurebased solutions anthat this coexistence providesanifold options to
createsynergies.

Applying the concept of ESS to the described problems, allowed creating a general frame and structure
for analyzing impodnt feedback loops betweeidentified problems and which capacity they hold to
duplicate or mitigate one another. By doing so, the ESS concept permitted to grasp the functioning of
La Picasa bassisystem and proved capable to increase the visualizatidir@sulting understanding

of direct or indirect consequences that human actions provoke. The examination of feedback loops
between the problems mentioned by stakeholders, allowed challenging the simplification of complex
trade-off interactionsthat are curently limited to a negative correlation between the ability of
ecosystems to provide agricultural production and hydrological regulatonicesat the same time.
Considering the complex interplay of feedback lgap®rwoven on multiple levels, clawfs that the
conservation of biodiversity is not a contradiction to agricultural production, but could play an integral
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role in strengthening the entire SEBhis new perspective on problems in La Picasa basin could
stimulate a change in the mindet of sakeholders, becausén this approachfloods do not stand

i sol ated as an uncontroll able “natur al hazard”,
system and therefore become “manageabl e”.

This thesis provides distinct starting points for r@aable nature-basedmanagement interventions

and thereby delivers possible paths to enable an integrated water resources management. A
consideration of t he basi n’ hsmamant socia ényironmeas sy st e m
demanded in a study cwlucted by Scheijtma(®006), becomes possible with thenalysisapproach

and, besides, it allows embedding concepts and methods for landscape multifunctionality as stipulated

by Mastrangelcet al. (2014). It can be concludethat wetlands and relatedhature-based solution
approaches can provide several benefits for DRR when properly applied within the local context of La
Picasa basirHowever, theyan also have disadvantages in comparison to conventional infrastructural
approaches and must be carefulyhosen fitting to the systdédm s fe
was found that a managerial focas wetlandsdoesnot exclude engineered measurdsut rather

offersan option to diminish their costs and at the same time increase #ffgdctivenessn conjunction

with benefits derived from ESSlevertheless, lie visualization of feedbacks in La Picasa basin
identified grass and wetlands as central hubs within the interrelatiamfdlood-causng problemsand

therefore suggests their extensive involvent in future plans Putting wetlands in the center of

attention of future management strategiesintherefore beconcluded to ben effective naturebased

measure toreducethe risk of floods and, as a sigéect boost biodiversity and habitat quality the

region.

The high potential naturdased solution approaches holdwhen appropriately adapted to the
identified ESS tradeffs and their feedback loops, cannot be negated and could take effext the
sociceconomic and management parameters asvdrablein La Picasa basinConsequently, it is
important for responsible decision makeis consider natureébased solutions in the same way they
currently consider infrastructurébased solutions. Although natuisased solutions are not
implemented yetthey are already subject of discussion among local stakeholders and could play a
leading role in regional approaches to reduce disaster Tigis thesis could provide useful information

for greening the solutions in La Picasa basin and thereby contsbat@ew perspective to the
development of more holistic and sustainable future management strategies.
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The major limitation this dissertation faced, was the lack of data to calculate exact economic values of
ESS that ere identified to be crucial for human wdiking in La Picasa basWorking qualitatively on

the ESS tradeffs proved capable to solve this problem in the frame of this thééévertheless, it

could be important to back up management actions with cetenumbers that could justify specific

foci and could also give guidance in trewfé decisions to find and choose the most ceffective
solution approach. When, for example, choosing the natwsieed solution approach of wetland
restoration rather thaninfrastructurebased canals and pumping stations, this decision should be
based upon an economic evaluation and comparison of related costs. Future studies should therefore
investigate the economic values of ESS in the study area that were identifigghdisant for human
well-being. Several methods exist to evaluate their contribution to cost balajcoaspareFigure33).

To measure the economic value of agricultural production, the masksed cost method could be
used, buthere are also several software tools, like INVES€drated Valuation of Ecosystem Services
and Tradeoffs) that work with quantitative data sets, or TESSAqg(kit for Ecosystem Servi&ite

Based Assessmeéntvhich mainly works with qualitative quésthnaires(Pehet al,, 2013; Sharpt al,

2016) For the ESS hydrological regulation the replacement cost method or avoided cost method could
both prove viable to calculate the value that ecosystems provide by stabilizing the water balance.
Although INVEST provides several tools to calcula¢eeiconomic value of wateelated ESS, they
mainly focus on coastal areas but lack a specific tool for inland wetlands. TESSA could provide a
gualitative alternative. By evaluating the economic performance of agricultural production in
comparison with hyblogical regulation the major ESS traolé that was defined for the scope of this
dissertation, could be further illuminated with concrete numbers. Data inputs required for INVEST
tools are pedominantlygeographical information systens(S dataandinformation tables

Agricultural Hydrological Habitat Quality* Tourism&

Production Regulation (Biodiversity) Recreation

Market Based Cost Replacement Cost TravelCostMethod

Method Method

TESSA Cult. Goods Avoided Cost
M2 Method

INVEST "Crop TESSA Water M3
Production"

*Incalculable
Intrinsic Value

Biodiversity
parameters

Human perception

Figure33: Methods for evaluatinghte economic value of selected ESS
(own elaboration)
Besides this major tradeff, future economic calculations of ESS, should also consider thethalue
nature conservationcould indirectly create through making the region attractive for touristic or
recreational purposes. Although the assumptitvat species can be ranked in their importance
thereby giving “life” itself an e cacowoectiessamal ue,
this study reversely takes up the positithrat biodiversity holds an intrinsic and therefore incalculable
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value, biodiversity parameters and how societies perceive the importandwlitat quality could
deliver soft |ldiet"a galbveennt ttohd t“vian La Picasa basin.
a useful approach to measure touristic ESS values and TESSA also provides a qualitative questionnaire
to assess the value of recreation. Future studies working on an economic éaaloBESS in La Picasa

basin, willaccordinglyrequire a tremendous data input (compafablel2).

Tablel2: Possible data requiremenfisr future ESS evaluation
(own elaboration)

1 Productive areas 1  Water storage 1 Habitat quality & 9 Tourists/ visitors
1 Landuse capaciy (batimetry, species composition  §  Economic benefits
f  Revenues/crop topography satellite 1 Endangered/ endemic 9 Infrastructure
f  Expected development images) species available
of crop prices i Costs for engineered  {  Academic 1 neighboring
1  Cattle prices solutions that provide research/data cities/villages
1 Sope equal service 1 Awareness/perception benefitting
1 il type 1 Qosts of flooded Importance 1 Purpose/ activities
M Distance to roads Agricultural/ urban biodiversity 1  Used travel medium
¢ Distance to markets areas 1  onservation actions and number of people
and access ' Rainfall distribution present sharing vehicles

1 Distance travellecand
costs of travelling

Another pointthat should be taken into consideration in a future project that aims at reducing the
flood disaster risk of La Picasa basin, is the potential that a more sustainable andbeacesolution
approach could hold for the entire future development of the region. Decisions taken in atsirt
to improve disaster risk reduction, could benefit other sectors in the medarmuong term by creating
new economic conditions for the study area. When sditgctone or another solution approach,
responsible stakeholders should keep these opportunities in mind.

Considering the current stakeholder network and power relations between stakeholders it is probable
that solution approaches for the rising groundwatables are primarily designgd serve the needs

of the dominant social group, agricultural producers, and to allow similar revdikegsroducedwith

the current intensified agricultural systemiheINTA(Instituto Nacional de Tecnologia Agropecuaria)
developed different scenarios that assess the water consumptiatisbihctive rotationcombinations

of annual and perennial cr@pto increase theevapotranspirationover the year to avoid an
accumulation ofwater excessesver the years.Covering the sociahnd economic aspect of a
sustainable future developmeini La Picasa Basin, this approachot taking the environmental pillar

into consideration. Nevertheless, the regions unique flora and fauna and corresponding ecosystems
are of high intrinsic valuand could support an alternative monetary income through natwwiated
tourism activities.

For an integrated and sustainable management in La Picasa basin the four s&l8&egyricultural
productiort, ‘hydrological regulation‘habitat quality(biodi v e r as well gsfourism and recreatioh
shouldbe taken into consideration/Vhen this is achieved, a future development for the study area
could appear promising to create multiscale benefits to most stakeholders. Although the vision of a
more sustinable management in La Picasa basin seems to lie ahead the current situation, an ESS
approach could transform a vicious cycle into an upward spiral. Nevertheless, it is idealistic to expect
this change to happen at a mlopmenhih LasPicasalasinom and
require time, as well as incremental and practicable changes. The folléwgnge34 and Figure35

indicate a positive vision of future management foci in La Picasa lthatnfavor a gradual
transformation of the study area that could boost the region to experience an overall increase in
prosperity by avoiding disasters and at the same time restraining the regions dependency on the
agricultural sector.
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Touristic usage of close to natural
areas for alternative income creatio

Agricultural basin management
approach with beneficial rotation
cycles of crops and channelization

to agricultural production

" Biodrainage and afforestation in
adequat areas, establishment of
protected natural areas

Preservation, restoration and
revivification of lagoons with an
integrated management approach

Figure34: Vision of a sustainable development in La Picasa basin
(own elaboration)

Sustainable agricultural development

More sustainable
rotation systems

Grey infrastructure and
channelization for DRR

Initialisation of green
infrastructure and
wetland management fo
EceDRR

Integrated wetland management

Preservation of existing
wetlands and natural
vegetation covers

Restoration of former
wetlands and natural
vegetation covers

Monitoring of a
wetland's status and ES
services leading to
protected areas

Protected natural areas

Establishing protected
natural areas of
grasslands, marshes &
wetlands

Using biodrainage and
afforestation for
multiscale benefits

scientific research and
certification

Touristic use of
(protected) natural areas
for various activities

Fishing, water sports,
guided tours, camping,

Biodiversity assessment] Pird watching, sun &

beach, etc.
Additional income

through souvenirs, shop!
visitor centers, parking,..

Figure35: Vision for sustainabl@management foci for a sustainable development in La Picasa basin
(own elaboration)
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Anrexes

Annexes
Annex 1
1 Andrés Director LHCETA,; Political and Cdrdoba 12:3013:30
Rodriguez organizational manager of 26.02.2018
hydrdogical working group "La
Picasa"
2 Juan Carlos  Secretary of water resources ir Cordoba 10:0010:30
Bertoni the province Santa Fe 28.02.2018
3 Pablo Bolatti ~ Agricultural Enginedior INTA  Marcos Juarez 11:0013:00
focusing on applied solutions 15.03.2018
for agricultural problems
related to groundwater table
rise, crop rotations and soail
classifications
4 Federico Agricultural Engineer and Justiniano 15:0016:15
Pagnan Farmerfor INTA Posse 15.03.2018
5 Esteban Fishermen/Tourism Guide in th Justiniano 11:0011:30
Milicich lagoon "La Viamonte"; Posse 16.03.2018
6 Elisabeth Jorra Responsible for tourism in the Melincué 13:0014:30
Municipality of Melincuéand 16.03.2018
the Ramsar Site Laguna
Melincué
7 Marcelo FHsherman and tourist in the Justiniano 09:3009:45
Ridolfi lagoon "La Viamonte" Posse 16.03.2018
8 Marcelo Diez  local farmer impacted by the  Buenos Aires 21:0022:30
increase of size in the lagoon 18.03.2018
"La Picasa"
9 Esteban Scientific researchemsith a Cérdoba 12:0013:30
Jobbagy focus on ecehydrological topics 21.03.2018
10 Maria Poca Scientific researcher with a Cérdoba 12:0013:30
focus on ESS and biologist 21.03.2018
11 Natalia Perez DiverSus working group, Cérdoba 14:0016:00
Harguindeguy scientific researchers with 27.03.2018
focus on sustainable
development and biological
research questions
12 Esteban DiverSus working group, Cérdoba 14:0016:00
Kowaljow scientific researcher with a 27.03.2a8
focus on wetland restoration
and carbon sequestration
13 Juan Ignacio  DiverSus working group, Cérdoba 14:0016:00
Whithworth scientific researcher with a 27.03.2018
Hulse focus on eceagriculture and

biologist
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Annexes

Annex 2
1 Gustavo Villa  Sub Secretary of water Aarén 18.04.2018
Uria resources in the province Sant Castellanos 15:0016:00
Fe
2 Alfredo Antonio local landowner and expert Aarén 18.04.2018
Raparo especially for hydrologic Castellanos 16:0018:00
engineering solutions
3 Walter president of the Comuna Aar6r Aaron 18.04.2018
Ramanzin Castellanos Castellanos 20:0021:30
4 Alberto Diez local producer with flooded Rufino 19.04.2018
farmland area 08:30:09:45
5 Diego Coordinator of Region 5 "Nodc Venado Tuerto 19.04.2018
Milardovich Venado Tuerto" in the 11:4513:00
Ministery "Gobierno y
Reforma” from the Province
Santa Fe
6 Carlos President oCARSFE Venado Tuerto 19.04.2018
Castagnani (Confederacion de Asociacione 11:4513:00
Rurales de Santa Fe)
7 Claudio local produce with flooded Venado Tuerto 19.04.2018
Berrueta farmland area 11:4513:00
8 Javier Tricarico Responsable for agriculture of Christophersen 19.04.2018
the company Adecoagro 14:1516:00
9 Alfredo Raparo local landowner and expert Christophersen 19.04.2018
especially for hydrologic 14:1516:00
engineeing solutions
10 Juan Carlos President of the San Gregorio  19.04.2018
Duhalde Interjurisdictional Committee of 16:30:18:00
the La Picasa basin
11 Omar Maurizi  local producer with flooded San Gregorio 19.04.2018
farmland area 16:3018:00
12 Federico Furno local producer with flooded San Gregorio  19.04.2018
farmland area 16:3018:00
13 Armando Rey  Presidentof the Asociacion San Gregorio 19.04.2018
Productores del Sur de Santa | 16:3018:00
14 Mirtha Mas local produer with flooded San Gregorio  19.04.2018
farmland area 16:30:18:00
15 Alfredo Raparo local landowner and expert San Gregorio 19.04.2018
especially for hydrologic 16:30:18:00
engineering solutions
16 Maria Poca Scientific researcher with a San Luis 23.04.2018
focus on ESS drbiologist 10:0012:30
17 Esteban Scientific researchers witha  San Luis 23.04.2018
Jobbagy focus on eceéhydrological topics 10:0012:30
18 Juan Ignacio DiverSus working group, San Luis 23.04.2018
Whithworth scientific researcher with a 10:0012:30
Hulse focus oneco-agriculture and
biologist
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19 Juan Carlos
Bertoni
Annex 3

Andrés Coérdoba

Rodriguez 26.02.2018

Juan Carlos Coérdoba

Bertoni 28.02.2018

Pablo Bolatti  Marcos
Juaez
15.03.2018

Federico Justiniano

Pagnan Posse
15.03.2018

Annexes

Secretary of water resources ir Cérdoba 27.04.2018
the province Santa Fe 17:30:18:00

The project in La Picasa Basin will mainly be a technical, hydrological study with the three provin
Cérdoba, Santa Fe and Buenos Aires involved. Until today the project didn't start and is still unde
formation. The analysis otesystem services is a popular methodology from Europe, but probably
not the solution for the present problems in La Picasa Basin. The project for La Picasa Basin will
structured in two equally valid parts. One focusing on the technological hydealogiodelling of the
basin, done by the team from EEETA and one focusing on the integrated ESS approach done by
Wiedemeier.

The potential for a future working group on La Picasa is high due to the importiaaeenole

thematic has for the three involved provinces. The region is one of the most productive areas in
Argentina. Even though it suffered from large scale flooding in the last years it achieved an incre:
agricultural production numbers, which undi@es the extent of intensification the agricultural sector
underwent. As the "La Picasa Basin" is divided into three Provinces, the region is not only of ecol
interest, but also of political, environmental, social and technological importance. AJthB&S and
their valuation were not in the focus of managers during the last decades, they become more anc
more important in front of this background and should be included in the mainly technical, analys
the region. Political and social conflicts amry present and make a close collaboration between
stakeholders from all three provinces favorable. This and the-termg scale of the project could be
challenging for involved managers. The composition of all ESS the region provides is important fq
human weltbeing but of outmost importance during the last years was the water storage capacity
(hydrological regulation) in wet periods as flood mitigation measures as well as in dry periods as
reservoirs for the agriculture.

There are discussions about, if the Pampas used to be covered by forests or not. In my opinion, 1
pampas steppe used to be a grassland and there were no forests. There is a study called the
“l'ighteni ng pr o jhathdrehavevieénaniany fires scauseid byahsinderstorms, whi
have not allowed the development of forests in this area. The Pampa is characterized by dry and
periods and the water table varies according to the precipitation events. The variation in the wate
table depth is mainly explained by vertical processes like precipitation, infiltration, and
evapotranspiration. When you check the changes in the sensitivity of the groundwater table in rel
to rainfall events, you will sethat they correlate. It is disessed if we face a climate variability or a
complete climate change in the Pampas steppe. When you check the data of the climate in a tim
series from 1948 to today, you will sé®at we are facing a slight increase in precipitation, but that
humid and dryperiods have always occurred in this area.

This is important, because the current agricultural system uses less water, than the precipitation
delivers. This is a problem, because the access water adds up on the groundwater level building
we face theproblem of water retention in the soils. In addition, there is a lot of-afhoccurring due

to the excess water which leads to a water erosion process of the soils. There are also some sec
with presence of salts, but the water does not have greatteieal conductivity (between 0.2 to 0.7
dS/m). The historical surface of natural wetlands in this area has only been around 2% of the lan
surface. Currently we face a situation, where approximately 25% of the land are flooded. This
phenomenon occurs du® anthropogenic impacts.

How to solve the problems of waterlogging? In a first step we need channels to drain these-hume
made wetlands, then in a second step, we must use ctiopshave the capacity to drain the soils up
to a certain depth to reach thgroundwater level. The management of water consumption is a
management issue, which requires a basin wide approach. This is important, because there is a
correlation between the water balance and the groundwater levels, which are, when too high,
affectingthe yields of agricultural production. Some possible solutions are related to land use
scenarios with changes in the rotation of crops. In the first scenario the rotation is characterized t
first production period of 33% of the surface area with soyimand 33% of the surface with maize,
while in the second production period 33% are made up of wheat and soybeans. In total this scer
would lead to a total water consumption of 850 mm of water / ha. Another scenario with a percen
of soil occupied ¥ perennial crops could achieve a total water consumption of more than 850 mm
ha. In none of all the simulated scenarios, the groundwater level does fall below 5 meters depth.
A suggested time horizon for the creation of scenarios is a time span @ir§, yie to the
unpredictability of future changes in Argentina. Some of the management problems this region fa
arethat most owners rent their land to tenants, technological advances and a change in the
productive system have caused a lack of labor eultlral changes. Wheat brings a return of 1.77 U¢
$/mm consumed water. Its gross value is approx. 800 US$/ha (with a consumption of 450 mm/ha
This explains, why there is no intention to have natural pastures, because 1 ha used for agricultu
producton bring an economic return of 480 € whi
Calculation:

Wheat: 1ha of wheat consumes 450mm of water per year and generates a value of 800 U8$/yea
800 US$/ha divided by 450 mm water consumed/ha makes rhmavater consumed for each US$
generated, or each mm of water generated wheat with the value of 0.56 US$.

Natural grasslands: 1ha of natural grassland consumes 800mm of water per year and generates
of 46 US$/yean 46 US$/ha divided by 800mm wateonsumed/ha makes 17.39 mm water consume
for each US$ generated or each mm of water generates a value of 0.06 US$.

The current problematic is the result of two factors summing up, the little consumption fattbe
agricultural production system and the increase in precipitation. If this increase is a normality or
abnormality of the climate, depends on the time scale under investigation. INTA works with data
the humid and dry cycles from before 1970eTéis a study of INTA Laboulaye about the precipitatit
of the region done by the famous researcher Estella Carballo, who is working for INTA Castellar
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especially interested in the humid and dry cycles of the system. She fouritadltefore the 1928
this region faced a dry cycle that transformed into a wet cycle after the 1970s. Geologists from IN
developed a study about the attributes of soil types working with cartography. The village Melinct
for example, would naturally be completely floodéthen the time intervals between very dry and
wet cycles are not considered when cities are planned, this is the result. An analysis of the last 3I
is not enough to know where it would be natural to have floods. In addition, the anthropic factor
modifies the hydrological cycle with extreme results. It is an agricultural disaster, when 20% of thi
surface (320,000 ha) are flooded.

Justiniano Posse has a precipitation recording system for the last 106 years already. It is difficult
make scenarios, beoae they depend heavily on incentive policies and change with market prices
taxes. Future changes in the land use composition are unlikely. Around 60% of the land is rented
usually contracts run over one year which results in a lack of planning.

The surface area covered with water bodies varies between 20% in humid periods and 2% in dry
periods.

According to the soil types that INTA developed, the soils of cateddrsire very good for agricultural
the soils of category IV are used for livesttk production and the soils of categoryWlI are suitable
for recreational purposes because they are often flooded areas with rocks. Livestock production i
usually done on soils unsuitable for agriculture.

There are no numbers or data available for the amount of visitors of lagoons and you won't find t
anywhere. Anyways, you could go and ask the farmers or private owners of lagoons for visitor
numbers and prices they charge. Laguna La Chanchera, Lagugaritéeand Laguna Viamonte are
part of the river system Rio Quinto. La Chanchera is completely dried out. La Viamonte is still avé
for fishing activities. In the different lagoons, prices for taking fisher boats or touristic boats to the
water varybetween 300 pesos in Villa Canias and 500 pesos in la Magarita. Additionally, in some
lagoons there are charges per person (ex. in Villa Cania 50 peros/person). Many lagoons like Lag
Saladillo dried out because of legal and illegal drainage systemseWleee once lagoons today you
only find agricultural areas. I't’s an ecol o
Ordoniez and Justiniano Posse. There are no governmental regulations for fishing activities in ple
fisherman in tlis region are aware of the importance of respecting the reproduction periods and
consequently do not fish between September and February. We are very aware that the conservi
of nature is very important for us and required for future fishing activitBecause we see the
importance of lagoons, we are collecting lists of signatures to make private landowners aware of
fact that lagoons have to be protected.

The lagoon Melincué is managed by the Municipality of Melé. Visitor numbers of the lagoon are
estimated with the help of visitor numbers of the Casino just next to it and range between 140.00
150.000 visits/year. In very dry periods an island in the middle of the lagoon becomes accessible
this special ocasion causes visitor numbers to rise from approx. 10.000 visitors/month up to 30.0(
visitors/month. The entrance to the lagoon is through the nearby camping club "Fabrica" and free
charge. For the right to fish visitors have to present a fishingsieefhe prices for fishing are
50$/person plus a fee according to the boat length (>5m = 50@&#n 3= 400$; <3m 200%). The
majority of visitors is externals. Locals do not value the lagoon from a touristic perspective, but th
government is working on sonm@hanges to foster the touristic use of the lagoon for externals as we
as for locals. The lagoon became an official RAMSAR site in 2008 because the local community :
necessity to protect the habitat for nesting sites of migrating flamingos. Coeseiguthis
conservatory management approach of the lagoon was started with a community internal proces:
which highlights the value the lagoon and related wildlife has for the community. It was declared i
RAMSAR site due to a study about the fauna ofaigedn done by Biasatti (Vice Minister for
Environmental Affairs) & Luppi (permanent monitoringand data assessment). There are various [
involved in studies related to fauna and flora as well as biodiversity. Claudia Rosental from the M
of Touism is responsible for the southern delegation. Eduardo Peralta and Marcelo Romaro from
Universidad Nacional de Rosario are in charge of biodiversity assessments.

In the three lagoons "Laguna La Chanchéliziguna Margarita" and "Laguna Viamonte" there is no
touristic infrastructure like offices, shops, bathrooms or other services. Apart from a few fire place
there is not even fresh water, energy or cooling possibility. Fishing activities is the onlyitauses
these private lagoons have and although fishing is so present there are no facilities or services tc
the basic processing of freshly caught fish. The only costs that have to be covered are the entran
fees that vary according to the boat sizedsthe lagoons.

As a local farmer the increase in size of the lagoon La Picasa caused the loss of all his land. It is
pity that so much land got lost because more water than usual is coming downstream froriwehne r
"Rio Quarto" Keeping the water on this land is not an option because it is flooded valuable land a
losing it means losing everything he owns. Natural ESS of wetlands therefore are not applicable i
case. Someone just has to stop the water frRin Quarto coming downstream or drain it from where
it floods the land he owns. The problem is complex and will be most probably not solved that eas
Due to government changes, corruption and a lack of awareness the complexity of this problem v
very hard to assess and solve.

Assessing the economic value of the ESS hydrological regulation in the La Picasa Basin is comp
because various systems are connected with each other through the flgroohdwater. An
approach could be to simplify the situation and focus mainly on the two predominant factors in th
water cycle- precipitation and evapotranspiration. As we do not have the possibility to modify
precipitation that easily, it is very interisg to create land use scenarios that modify the regions
water consumption (evapotranspiration + consume). The economic valuation could just be relates
the amount of water used. A mapping of most beneficial vegetation covers for different areas
accordng to topography, soil types and precipitation combined with some qualitative biodiversity
input could be a useful first stepping stone for a more sustainable future political decision making
main reason for floods in that area is the "slow matigart related to humid and dry climatic periods
and the accumulation of groundwater over the years. This process is additionally negatively impa
by the real time water consumption of plants which in this case are anthropogenically modified frc
natural grasslands with a high water consumption during the whole year to crops like soy beans,
and cornthat consume much less water and often are not planted to cover the whole cycle of a ye
To positively influence the problem of the rising groundevdable level it is important to consider
how deep the roots of plants go and which potential they bare to dry the water table down to dee|
depths than surface crops are able to. A qualitative list of options of various vegetation types witt
their realtime water consumption and their roots depths for loteym effects could be another usefu
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outcome of the study. Without the flood events in the past years, wildlife in the humid Pampa wot
not have had any chance to survive. It would be interestingualitatively assess which impact
flooding events have on the expansion of wildlife. Although floods are therefore a crucial factor fo
survival of wildlife in the Pampa, it could be interesting to assess where and with which distance 1
urban areas thse floods would be beneficial for wildlife and the least costly in terms of agricultura
and infrastructural loss. There is a similar discussion going on dealing with the peri urban use of
agrochemicals. Could that discussion be used for flood event8, Towns suffer the highest economi
costs in case of a flood, while dairy farms are already less impacted economically and the big soy
farmers are least impacted in economic terms. The next steps for the thesis could be to define in
variables for ach of the services under investigation to accumulate the necessary data for the dal
input for an alternative scenario modelling. Hydrological modelling is very often a purely quantitat
approach and lacks qualitative input such a biodiversity data.

Natalia Perez Cérdoba Clearly define the terms that should be investigated (biodiversity/ land use/ plant ecology/ fishes?

Sometimes the wording makes a difference. Instead oitafiural approach vs. green approach, the

Harguindeg uy, 27.03.2018 wording sustainable vs. unsustainable approach sounds better and keeps ears and doors open.

Esteban

management approach suggested in the thesis should be realistic enough to convince decision n
A possible solutin development could look like this: planting 20% of the basin with forest would sc

KowaleW and the problem of increasing water levels in the lagoon and increase XY biodiversity. Include livestor

dairy production in the agricultural ESS evaluation as weliags beyond the economic evaluation

Juan IgnaCIO such as benefits on biodiversity to include other stakeholders. There is another German universit

Whithworth
Hulse

Annex 4

Leuphana, working with very related topics and one of the researchers there already worked with
in the Argentinan Pampa (Berta Martihopez). The Leuphana University could be interested in
cooperating in a project about the La Picasa Basin. There is another Argentinian University, the (
Mar del Plata having a working group called GEAP that is working wittaiE&8on and this working
groups director (Pedro Laterra) could be interested in cooperating. There is another tool besides
INVEST called ECO.SER that can be found under wwseecom.ar. An interest on carbon
sequestration and in specific the differenbetween carbon sequestration in agricultural areas and
forests. Potential a wetland has in comparison to forests or agriculture. It is important to have hig
quality data about: economic values, productivity (livestock/agriculture), new wetlands/logamaxt,
land use history, soil types.

Question Catalogue

1) How did the Pampas ecosystem develop over time from a natural system to a socio
ecological system?

a.
b.
c.
d.

How did the Pampa look before the colonization began ahdtws different today?
What areimportant turning points for these changes?

What are the major problems this region faces today?

What causes these problems?

2) Which stakeholders are involved in the soegxological systenand how do they interac?

a.
b.
c.
d.
e.

Whichstakeholdersare key playerand whd are they responsible f&r
Whichstakeholderdave decision power?

Whichstakeholderdenefit and which loose from the current situation?
Whichstakeholdersare highly affectedby the socieecological systef
Whichstakehotlersare highly affecting theazio-ecological system?

3) Which future land use scenarios bare the potential for a more sustainable development of
the Pampas, and La Picasa basin in specific?

a.

®cooo

What are possible solution approaches for the major problems the region faces
today?

How willthe land usein the Pampas develop in the futucetil 20407

What would be assustainablenvorthwhile future development?

Is an ecologically worthwhile future development meaningful?

Which benefits, and which disadvantages would a more ecological land use
implicate?
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Interview 1: Gustavo Villa Uria, Engineer and Secretario de Planificacion de Asuntos Hidricos del Ministerio de Planificacion Federal,
Inversion Publica y Servicios de la Nacién, 1518000; 18.04.2018, Aaron Castellanos

1) The study area isuly part of the Humid Rolling Pampa, which has certain special characteristics: The region used to be an area for
cattle production with natural pastures and histori oomthby has bec¢
regionwere able to build huge palaces in Buenos Aires because the soils were that betieftdiady allowed creating an oligarchy
based on livestock farming. Many of the farmers were living in Buenos Aires while the animals were kept on the fieldsinaith na
lagoons as water source and natural pastures for feeding. Rufino used to be the national capital of cattle productioralishioleans
something in a livestock intensive country like Argentina. But, as you probably noticed, today we neither hawenimatsy in this
region left, nor lagoons with water. So you can see a drastic change in the land use model of thitheggiotually started taking
place in 1985 and the following years. It was caused by changes in thessociomic conditions and thglobal market for cereakhat
fostered the intensive production of crops like soy, maize and wheat with high rentability and consequently minimizgazhit&on
activities. This region is known to hold the most fertile and most productive soitgém#na. From 1850 to 1860 when the first colonial
settlements took place in this area, many of the landowners had family names which still can be found in the big pala@essof B
Aires. They are evidence of the prosperity this region created by mddingstock farming and the capacities this region still offers
today. The principal changes that came along with the transformation of the productive model from livestock farming to crop
production, were also deeply socially rooted. The cattle productmdel was work intensive and the employees had very specific
expertise in this field of agriculture. In the 1880890s, with the change in favor of the work extensive crop production model, many
of them lost their jobs and migrated to the suburbs of bigggies like Rosario and Buenos Aires. Some found jobs in the newly
appearing industries, but often these jobs were badly paid and whole neighborhoods stayed in poverty. This was thedimstemal
migration, or a migration caused by the change & iroductive system. These changes continued to take place until the 1980ss
1990s. Although this change seems logical, crops like the soybean, do not have a long tradition in Argentina, and sowitbgethe
maize are the primary croghat led this changeWith the use of glyphosate and other pesticides, the costs of production went down
drastically. The soils did not have to be opened repeatedly to guarantee that it is only théhatagrows on the chosen field. In
addition, these crops are geneticaltyepared to be resistant against fungi. All this talks about social changes and changes of the
productive system. Especially in the 1980s but also in the 1990s, these changes fell together with an exceptionally iodmichfudr
made infrastructural meases for canals necessary. The agricultural area suffered a hydrological surplus. Natural pastures used to have
a water consumption of approximately 11:0@00mm/year while the rainfall reached 8@@0mm/year and consequently maintained
themselves autonomasly. With the land use change and soy as the primary crop, with a smaller water consumption, the water was
rising. To avoid the water logging on their agricultural fields, most of the landowneenants constructed canals to drain the water
away. Neveheless, because the basin is an endorheic basin, all the water ends up in the mbshiplecation of the basin, which in
this case is the agricultural land of Alfredo Raparo. He is the one who receives all the water and there are no envirsanieesal
he just receives all the water, his agricultural land is flooded and cannot produce anything. His family building is lgoiopidéel.

The parties benefitting from this situation are the landowners in the upper and medium part of the basin, aimawgy all the water
and do not have to face any consequences for their actions. The ones losing in this scenario are the landowners inlfied@aer
of the basin, owning land close to the La Picasa lagoon and in its expansion zone.

Theregionof he La Picasa basin makes up for a | arge part of Argentin
sector for the processing of agricultural goods. Consequently, some of the problems, the region faces today, are rélated bt
the actual agricultural production system only employentparts of

towards industrialization because this would incentivize that the part of the population who is working in industriesbemhk és the
rural areas again. In addition, the industrialization of cereal goods could create an important economic benefit forotihe regi

And, above all, we need to create awareness and an understanding of the climatic variability and the changesiwerpa the last
decades. The farmers in Argentina are not used to understand weather statistics, prognostics or climate variabilitiesp&they h
every year it rains the same amount and with the same conditions. How do they calculate with thafdjere their crops to require
only the lowest rainfall quantities possittleat they calculated from the last year, and every year they produce this way. All the water
resourceghat the crops do not consume due to this calculation, is a hydrologicplus, which, in an endorheic basin like this, end up
in the lowest location-the La Picasa lagoon. And this problem of a missing use of water resources could be solved by a better land use
with for example a constant land cover and additional winter staphich would not only consume more water but also add up on the
economic output. But most important is understanding the climatic conditions, with rainfall patterns that are relativelyoniegv,
better prepared. If you ask which machinery a farmer owmrthis region, they will talk about tractors and seeding machines, but none
of them will talk about meteorological stations. And from my point of view this is a very important part of the equipmehedadk

of it partly creates our current problems.

The lack of solidarity with neighboring farmers is also a huge problem. There is no social concept of a fair use of TrreelEKinomic
market rules do not allow the farmers to pursue a fair use of the basin. There are thousands of lagoons in theubagien you
compare them to older satellite images, you can see that most of them are dried out. This means they do not provide esesyistesn
like water provision, environmental quality, or social services to the community.

Having water in thesefioons also has an effect for the production period, because the lagoons reduce the effects of frosts and there
are less losses. This zone held an infinite number of smaller lagoons of which most have disappeared. The water thz¢ st@édo

in theselagoons today can be found in the La Picasa lagoon. The surface of all small lagoons of the basin together is ten times bigge
than the surface of the La Picasa lagoon. The problem of these lagabas tiseir soils do not allow cultivation, therefore ¢ly stay
uncultivated but are dried out today. Most of the canals build to drain the area are illegal ancoootinated. But it is very difficult
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to get onto private land and check it. The motor which takes out the water from the system is the sungJéwethé water surface,
the more water leaves the system. Having all the water in one spot with less surface, less water is leaving the system.

A plan for the restauration of these lagoons exists, but this plan has to come along with awareness raipaigreafor the farmers,

because most of the lagoons are situated on private land. We have to convince the farmers that the lagoons have avaineTaet

|l agoons in the farmer’'s property shoul d Hsanroetodry oateampletdlynTol ev e |
mitigate the water levels, already existing canals could be used, but have to be adapted to another overflow water level.

Another solution approach is to take out water through the Seditternative, or if this is not pogse to take out water through the
North-Alternativethat we are already discussing for a long time. The topic has even been discussed in front of the National Supreme
Court of Justice. Both alternatives would take out water from the system via the PeafiBuienos Aires, because the water naturally
flows this way. There is no other possibility at the moment, but we are working on adamgalternative which could be to take out

water via the Parana river.

Which stakeholders are interested in the theticeof the La Picasa basin? There are some stakehdhgrare interested in it, but do

not know it, for example the Province Mendoza. Every trgded from Mendoza or San Luis has to go through this region to reach
Buenos Aires and the flooding of thewRe N°7 through the La Picasa lagoon enlarges the transportation way, which means longer
transportation times, longer transportation distances and higher transportation costs. Nevertheless, farmers in Mendotaasre

that the solving of our problemsould be beneficial for them, too.

The intersection of the railway is the same story. Many costs and a lot of time could be saved, but the responsiblagiatyase of
the factthat solving this problem would create actual money for them. In contt@she Province of Mendoza, the national Railway
company at least is directly affected.

In addition, we also have the directly affected stakeholders, which are the landowners with flooded fields close to La Picasa

Because there are so many illegalsaarbuild on private land, we are trying to find a control mechanism that is based on remote
control and satellite images to control, if former lagoons still exist or are being dried out. If lagoons are not presean, stert an
inspection to check itdisappearance. The benefits of having lagoons, for example through a higher evaporation and less severe frost
periods, are immense. But the problem of lacking awareness and understanding of the system creates soméhiaatnigve to be
overcome.

The famers of this region do not have a long history in doing their business, they are relatively new. They are often remtiagdhei

to somebody else, who is managing the land, without a big interest in what they are doing on their land as long as ttheyqudy
Even less they are interested in how to conserve their land, its soils and biodiversity. And the managing party is notttiod the

land, so they make the most profit out of the land and leave. And this is the basis of this problem. We Wavk & lot on the social
side of this problem. We have to create awareness on all levels of the society. For example, who is benefitting fronetihe curr
situation? | do not know if there are direct beneficiaries of this situation. Maybe when it comascto speculation or the higher
incomes of the transportation sector, but these are only marginal benefits.

The farmers who thought they would benefit from draining the small lagoons on their private land, in the end do not bemeffiti$
scenario, gher. And if they still think so they are fundamentally wrong, because, with their behavior, they are harming themselves.
Why? Because if we have another dry year, their land will lack the capacity to provide enough water. Due to the lackitgf theyid

can also get problems with losses of their soils caused by aeolic erosion.

You could think that the Province of Buenos Aires is benefitting from the situation, because they do not accept watenfaofe Sa
but in dry periods like we face now, this cquickly turn around and create a disadvantage, for the farmers with land close to the
boarder who are desperate for the water.

It is difficult to identify benefitting parties in this scenario. Yes, there are particular pethahbenefit from this situéion. Those
working with and living from conflicts like lawyers or judges, but in general they are neglectable regarding all thewgtrties
disadvantages.

Which parties are very affected by the situation? All the small villages around the ltigd@me now cutoff from one of the formerly
main transportation routes. From the local gas station owrieed before had a constant income, to the population of the villatied

are cut of from the once neighboring towns, where many have friends and relafieelnicians who offered their services to 3000
4000 trucks each day, toady do not see one single truck passing the village, while sleepy villages on the other siagoohtiaeel
suddenly confronted with a vast number of traffic. The whole situati@ats complex socieconomic problems. There are children
who visited the school in the next villaggat now cannot visit the secondary school or must live separated from their families. Many
farmers lost their land and had to migrate to another city. Thedsthat must be used now to avoid Route N°7, are not appropriate
for this amount of traffic. Consequently, the roads quickly deteriorate, maintenance costs for the Province of Santadte esgla
Route N°7 would be financed by the Nation, there amany accidents and many traffic jams. We face a very complex- socio
environmental problem, also because the basin is divided into the three Provinces of Cérdoba, Santa Fe and Buenos Aires.

Some of the farmers changed their profession into tourism guideisfrom my point of view this is not a sustainable adaptation but a
survival strategy. Some of these guides are even offering dug hunts to an lItalian target group. This is totally agaaistblesus
understanding and usage of the system of La Piddsa.is to survive. The city should have done something against it, but they let them
proceed. The only resourcéisat the farmers who lost their land have left, is their knowledge of the region and the La Picasa lagoon
with their flora and fauna. Consequtly, they are using it now, to compensate at least partly the losses they had to accept.
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Many stakeholders are affecting the unique system of the La Picasa basin. The lack of awareness that the basin isatieeusio sen
requires the establishmentfa consistent management throughout the whole basin, results in many stakeholders doing their own
business. We must organize this basin with all three provinces involved in the process to finally achieve a change.

This area is a beautiful place to livedato spend vacations in. It would serve perfectly for touristic activities. But this is not
communicated where the majority of the potential customers lives, which is Buenos Aires. That makes it impossible towistite t
infrastructure, like touristicoutes, guided tours, information centers and so on. Regional staff could use its knowledge about the
system, the flora and fauna, and the conditions but this development requires a better communication, distribution antsenhesrt

in Buenos Aires.

Within the next 10 years, possibly, the current productive system might collapse because the current productive systemois based
glyphosate, which is a herbicide that has adifen of less than 10 years. The laboratories are researching better optiomerimcome

this issue, yet they have not found any. Consequently, we must asthahia ten years, the yields will be smaller than the ones today.
Facing this situation, an industrial development of the primary sector in this region is unavoidable. Titlisneate an added value to

the products before they are travelling 3@@0 km to the next harbor to then be shipped 20.000km more to the final destination. This
added value to regional products also includes the possibility to diversify the economiceirafdims region and at the same time
diversify the agricultural production. It opens possibilities to not only rely on the rotation of three major crops (saey,andenaize)

that are diminishing the soil quality, but also add production cycles of Gemmior alfalfa, which open the soils and allow that the soil
filters. With the current agricultural practices, the soils get compacted and an impermeable crust minimizes the infiifraveter

into the soil. We consequently get more runtfat ends upin the La Picasa lagoon, and less evaporation which accelerates this process
even further.

A sustainable future development of the Pampa could be achieved with a rotation of crops, with an incorporation of a emsreent

milk production, which again nesdhe production of alfalféhat fosters the creation of a market for alfalfa that is able to compete

with goods like soy and maize. The region should head for a more balanced composition of the system, not that extretas likaeo

region could changfrom the current production of vegetarian proteins to animal proteins, which have a higher market value and can

be more easily transformed into an added value. Important is also the cooperation with universities, not only for thdicscienti
knowledge theygenerate but also because we are managers not educators. And a change in the awareness of people starts with
education and we must reach many people’s minds. Consequently,
their students.

How willthe land use change in the future? The land use has to be based on the rotation of various crops instead of the monoculture
of soybeans or soybeans and maize in rotation. The system should be more ecological, more environmental, with a vardetytef pr

and a variability based on the location and characteristics of the production side. We can not produce the same crogeinvaerar

it rains 1100mm/year or where it rains 700mm/yeathere should be differences. And here also the seeding companies plesl

role: The products and elements that they develop should be related to the climate they create them for. Today you canseeyl an

for any region with any characteristics and this should be changed.

The usage of pesticides should be a multidigtgpy task and not only an agricultural topic, because they also end up in the drainage
canals and finally in the small lagoons and La Picasa, where they could cause damage. Agricultural engineers, farnlers, contro
institutions and biologists should wotigether, so the usage of pesticides creates benefits to the system and not damages.

One of the most important natural resourctat this region holds, is the ground water reserve. Today, with the current agricultural
system, we are not tapping into thiaquifer and only use rainwater to produce crops. We must come back to a productive system,
where deep rooting plants tap this groundwater and every productive unit has at least some percentage with deep rootind piant
would allow to lower the groundater levelthat today are right below the soil surface. Consequently, we should generate an
interrelation in the hydrological cycle between the groundwater,-sulface water and surface water, the storage capacities and the
mechanism of evapotranspiratio We must come back to a more natural water cycle. | am not saying we must restore the environment.
| am saying that we must restore the hydrological cycle, so we do not have these flooding events anymore and the Lgd®icasa la
comes back to its origihaize. Once the water goes back, we could try to recover thetbailsised to be productive, and solve the
problems of these families that have their property flooded today. We are also talking about a huge econonticatdhese families

lost, a piee of family history and tradition. Nobody knows for sure, if these soils can totally be recovered, but from experietaces, we
hoping it is possible.

I think the benefits of a more ecological land use scenario include global benefits for every paltgdnbecause it restores the
hydrological cycle, reducing the problems and conflicts between the involved provinces. The families with flooded laretovetd
their land, the provinces could earn more taxes because these families are able to prgdircelze Route N°7 can come back to carry
its normal capacity, the traffic could flow freely again, the conditions in general could improve.

The disadvantages of a more ecological land use scenario are that it takes time until this state of the sydtertramsformed in a
future state. This transformation is dependent on technological changes, is dependent on international markets, and isrdepend
influences that are not always clear and visible.

A future sustainable development of the region slibhe more ecological and more diversified. The general concept should not be a
general maskhat is used for each and every year, location, situation and climatic condition. This is obviously not in the interest of big
seeding companies and would more ledihthe smaller seeding companiésat could also add to the regional economy. This has also

to be seen in the context of the new law about seeds which discusses, who owns the property of seeds. There are masyhadriable
one must have in mind, whenlidng about the future scenarios of this region. What is important to mentitimaiswe want to enlarge

the cake for everyone. We do not want to have part of the cake for us, or give it to someone else, we want it to be betteryfo

party involved. Cuiently we are working on this development.
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Interview 2:Alfredo Raparo, local landowner and expert especially for hydrologic engineering solutions, 16aI0; 18.04.2018, Aaron
Castellanos

1) One of the major problems the La Picasa basin faces todayasiydhe lack of communication between the provinces, but, in addition,
the very small amount of water that we can discharge via the SaAit#rnative. We obliged ourselves not to discharge more water.
Buenos Aires is the most powerful province here igefitina and the most incapable one, from my personal point of view. La Picasa
basin is an endorheic basin, which means, it is naturally closed. And the responsible party in Buenos Aires just décidednyvit
technical foundatiorthat only 5m? can leavéhe La Picasa lagoon via the province of Buenos Aires. They have a water exit of 135m3. In
this dry period that we face now, on satellite images one carttsgemany reservoirs in Buenos Aires show such low water |évals
the small amount of dischargdlowed today, has no logical or technical reason. The province of Buenos Aires could easily accept more
m3s without facing any negative consequences, but they insist to do so. Instead they accept a national road (Route Néogtrbe
that connects Banos Aires with Mendoza and Chile. | acabpt they do not accept more water, when they really cannot handle the
water, but in this situation they could. If they would let us discharge 20 m?3 nobody would have a problem with that, roftaC aat
Santa E, not Buenos Aires. This decision is pure capriciousness of Buenos Aires. The question is: Why is Buenos Aires ofly allowing
m3 of discharge? There has been an initial study and a master plan created by a consultancy company and they wantedeto contin
studying this area, but Buenos Aires did not want to pay their part of the costs for that work because they also worlesgwitdty
of Santa Fe. This shows the conflict potential that this basin faces because it embraces three provinces. | hanenthbatghe
water resources of the basin should be managed by the Nation and not by the Provinces to avoid exactly this kind ohdisthissio
is showing our inefficiency and the capricious behavior of Buenos Aires. In 2017 there was a meeting betvtleee secretaries of
water resources, Bertoni, Lopez and Bererciartadl of them educated persons with Eitles, in which they wanted to discuss the
situation, but they got exasperated.

This historic map of the La Picasa lagoon from 1900 stimwslthough the rainfall was very similar to today, the La Picasa lagoon was
comparably small. Some of the former landowners, held extremely large pieces of land. This village, for example, is@alled Aa
Castellanos after one of the first Spanish ocaters- Aarén Castellanos Velasco. His daughter Mercedes married one of the most
influential men of her time, Nicolas Hugo Anchorena Arana and became Mercedes Castellanos de Anchorena. They laterdconstructe
the San Martin Palace in Buenos Aires andhikay other landowners of this region, had extensive agricultural land. 1924 the La Picasa
lagoon faced a flooding event similar to the one we see today.

There is a flamingo species which is using the La Picasa lagoon for breeding periods. The cleatusishalof soil and place their
eggs in the middle of this mound. Together with a biologist, we counted 5000 flamingo breeding here. Their breeding greonad is
island with all the necessary conditions to prepare the mounds of soil and to secunéftheng from predators. Nowhat the water
level is so high they have problems to find these islands and so they do not come to breed here anymore. They havesalivess be
but the topic to declare the lagoon a nature reserve, has come up repeatadinever was successful.

My work here is focusing on the technical study of the system, the canal network, the pumping system and which consamections
needed to find a solution. We should propose better solutions and not only claim that a disastkings place. What | experienced
many times is that farmers believe in several mytia make the parts most effected and dependent on our work, acting and discussing
against us. We have a lack of awareness about the system. What we are asking b# &ltoved to discharge water via the South
Alternative, the internal construction works on reservoirs, pumps and canals, and the activation of theANertfative. These are the
three topics we are currently working on. Many farmers blaméhaswe areresponsible for their ruin. When we are working for the
farmers and our measures make them think we ruin them, there is clearly a lack of understanding of what we are doingtiere. An
myths, who is clearly wrong, is that the high water levels of théicasa lagoon have such a high presghes they cause the
groundwater levels to rise, too.

Many people here have a fundamentally wrong understandang of th
Pi casa” ando dsavater levels, éhis is wrong. Originally, this area has not been a lagoon. My land has been 11km away
from the lagoon. The increase of water levels was unpredictable and, in this form, unexpected because it took place de®rwlitica
repeated increasesf water levels, but because there were also small decreases in between, nobody took them as serious as they
resulted to be. The foundation of this misinterpretation is the lack of understanding of the system. And this confudiprefinéked

in mistales with grave consequences. If the persons in charge would takea measures in accordance to the development of the
system in time, like for example functioning pumping stations to be able to discharge water in situations when it is pecgsteard

would not be flooded today. Many farmers thithat soils affected by the flooding event will never have the same productive capacity
again. Even the agricultural engineers tell you this and evertaddhe soils will have problems with sattsat will stay in the ground

when the water leaves. They say, the soils are inept for at least the next 25 years, so | started researching on théxl saimec
reference points over a period of eleven years. In 2002 the reference field was flooded, until 2018t¢hdewels were decreasing

and already 7 years later you see pastures for cattle grazing. In 2013 the field was already back to its old capatigesradiiction

of sorghum. On my land the same process was observable.

2) Another topic is the particigai on of farmer’s in the solution finding process.
themselves some at least not alt but what happened in this period? Santa Fe shut down a pumping station, because it touched the
ground of the lagon and they did not fix the problem. What we did independently from Santa Fe, is the deepening of the pumping
station’s bowl so it worked. We di lkflooded, toebecauseswe wanted téd demoesttatea huge p
that we can dat better. This shows how complicated it is to negotiate everyday challenges in this context.

La Picasa is the topic which has most press in the country. It is a topic that became increasingly important over thepgeaity
with the cuttingoff of the Route N°7. Seeing the whole dimension of damages, the cutffmaf the road, is just a small part of the
story, but the media had found an interesting and representing topic.
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A number of factors is playing together to create this complex problenatWh are trying to do achievetisat every measure is well

founded on scientific or technical facts. We have to set priorities to achieve this objective and implement the right sieasufeh at ' s
why we are doing the batimethat’ s why we diffezentlaltermdtiviesragd try to convince people to support us. After our
negotiations with Buenos Aires, which resulted in a flop, we still have to find a solution and all three Provinces ha¥eoto tivis.

Especially the control of illegal canal®shl play a central role and requires close collaboration between the provinces. The wead

are always talking about it, because it visualizes so drastically the consequences of this prbblkeatctually the reparation of the

railway is much more costtensive than the road. In only one year the lagoon increased that dramatibatlgven many engineers

and experts thinkhat it is impossible to solve this issue. Finally, the social part of this systems plays another vital role. In 2012, the
farmers,have predictedhat all of these problems will occur soon, but their voices remained unheard. It is good have a participation of
local stakeholders, but if the decision makers do not listen, this participation is unprofitable.

Interview 3: Walter Ramazinpresident of the Comuna Aarén Castellanos, 202030; 18.04.2018, Aaron Castellanos

1

| am the fourth generation that was born in this region and | already have children andghéaietn, so my family is really connected

with this region. From what myrgndfather told me, the La Picasa lagoon used to be a normal lagoon, like all the surrounding lagoons
in the region. With 30@100 hectares in size, even in wet periods, it was situated 17 km away from Aaron Castellanos-eastorth
direction. Imagine, itvas a small lagootihat sometimes increased in size, but incomparable to its size today. Today, we have 35.000
hectares, ten times more.

The consequencebat we face today, are not natural. Although there are slightly changes in the climate, it coiddchbreer caused a

change in this dimension. The rainfall events are like the ones 100 years ago. We still face years impacteeNifiaheh&homenon,

which are drier, and the EHifia phenomenon, which are more humid. The climatic variability has albvegs there. In 1995

approximately, | was already member of the commission of this commune, there was a meeting in which we already informed and

warned the former Secretary of water resources about the possilbildythe lagoon could increase that muttat it could reach up

the Route N°33, whichistheroéldate nds i n Venado Tuert o, wiheastbbardersThead b Bigasatagoon ¢ o mmu n
at that time had a size of 20.000 hectares.

The first conflict appeared between the presidents of ttve communes Aarén Castellanos and Rufino in the year 1998, because the
Route N°33 did not have a drain pipe, so the water could not pass it on its way from Cérdoba to Santa Fe. In 1998, aihgfighe L
phenomenon caused a wet period, Rufino was threateriecause the road built an obstacle for the water and made it stay in Cordoba.
At the same time, the lagoon started increasing in size, although it was still in a 10 km distance from Aarén Castellaresidéht

of Rufino gave order to modify the ReuN°7 and equip it with the missing pipes. Breaking the water barrier, in one day, the inflow
area of the La Picasa lagoon, was multiplied by ten and from that day onwards, it steadily started increasing. A lolppaietaye
because suddenly we recetvevater from Cordobahat we have never received before. Already in the year 2000, we had a flooding
event very similar to the one we face today and our commune, Aarén Castellanos, started preparing the first protectionsmschan

From that moment onwat, the only possible exit for the additional water was clear. But as you heard before, because of the capricious
behavior of one single person, this exit is almost inutile. | am completely against the dettisiomy own government is taking. | am
aware of the factthat Buenos Aires could easily accept more water and that all the dry lagoons would increase the evaporation
manifold, so it would replace ten pumping stations more. We face these problems because of our own capriciousness. Ty, the
thing my commune can do, is condemn these decisions, but for the moment we cannot solve these problems. We aifigtkhew

next flooding event, will probably set our village under water. All the drainage canals in Cérdoba continue draining thend/ate
directing it towards us.

Itis an illusiorthat Buenos Aires will let us take out the water. They are discussing to higher the roads even further than the 1,5 m they
already lifted them and with the railway the same. They are not thinking about the cafisiee problem or a solution, they are only
treating the symptoms. Why not opening the exit (Seidternative) and the water flows its natural way? This is the biggest problem

of all. And all problems are produced by ourselves, me included.

The Humid Papa is one of the richest regions in Argentina, but the politicians have an interest in votes and in our village, we are only
600 votes, while just one single building in Buenos Aires already counts 1500 votes. We do not have the strength tdfteresea d

from that perspective. The water volume that we fabat an international road is cutff or that the railway is lost seems not to
interest any politician.

Using the NortkAlternative to discharge water, would lower the water levels of the La Rieg®on by 670 cm. That would spare us
another dike. And the necessary construction is not complex. The water would be discharged to the Salado river, but Bsesos Ai
blocking everything, so we must think about discharging water to the ParanaThisrsolution would meathat we have overcome

40 m of difference in altitude. Imagine the construction that is necessary to build a tunnel to overcome 40 m of diffefelecthey
could easily allow the water to follow its more natural way through Bisefires.

The region faces an economic problem today, which is directly related to the road beioff,doecause we do not have a direct
connection. In addition, we face too much traffic that causes many accidents in which people die. All the cedemiscin this region
are transported by trucks which must use the smaller inappropriate routes now. Today it is even safer to take the unsspraitéed
earth-roads, then using Route N°33. In addition, we have many fields under thatare lost for poduction.

The cause of these problems is the mismanagement of water resources. While the construction of more canals is stiligtieg on
La Picasa basin, at the same time, they do not allow us to discharge water. The harthpathis problemwould be so easy to solve.
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That is why | blame Buenos Aires for large parts of the problem. | do not know which reasons they have to decide thigheag, bu
must be a motivehat we do not understand so far. Unfortunately, there are always some pdlgicategygames going othat we
fail to fully understand.

As a farmer, | can say that the problems we face now, are the sum of numerous factors which also include the agricuéboékinied
region. Using soy as the number one aliment, brings tleblem of pesticides. You use this Roundup clean with glyphosate and even
after harvesting the crop, nothing grows on this piece of land, so consequently, we also do have zero evapotranspirdtiagaihic

is accelerating our problem. Therefore, we, thenfiars, are responsible for large parts of the problem. Also, the deforestation of spots
with trees is the result of the selyoom. We are all part of this ecosystehat we changed with the objective to benefit more from it.

We are all responsible for th@nsequences we face today. Together with all the construction works, an infinite number of canals, and
the increase in water led to the principal lagoon, we are responsible. The politicians and farmers of this region aréfespons

The three involved povinces are major stakeholders. The Nation, as well, should have an interest in this topic, because a national route
is cutoff. The Nation should have more decisive power in this problem, to solve the conflict between the three provinces. We do not
havethe time anymore, to wait for discussions between the three provinces to be solved. We weré¢hattye dry period came just

in time for our dikes not to break. Last year in March and April, we had 500 mm of rainfall, this year only 100 mm.|df fitaweu

rained the same amount, the whole vijleof Aarén Castellanos would have been flooded. Not human made structure saved us, but
nature. We were in such a critical momethtat with one rainfall event of 100 mm, we would have been flooded. We were lucky,
because many thunderstorms passed us withlmsingone single drop. We are trying to mitigate the consequences of our actions
while nature is way more powerful and, also changing. Now, nature pays us back, what we produced. Even the climate change is
human made. We are paying for the consequences already and we do not know how much longer it will take us to come back to a
stable state. | promote to respect nature, because sooner or later, it will defend itself. We are part of the big problem.

When thiee provinces cannot find a solution for a complex problem like this, the Nation should intervene. Unfortunately, the province
of Buenos Aires is the most powerful of the three involved and highly influences the Nation in political questions. JVethihkhe

Nation would intervene, it would decide in the interest of Buenos Aires. Buenos Aires does not even participate in thgsmabetir

La Picasa.

If Buenos Aires does not allow discharging water via the SAltthnative and we do not proceed in tiNorth-Alternative, | do not see
a change in the future. The damage this region will face, will be huge and once productive soils, will be lost becanseeasarin
salinity. At least we want to live, where we want to live. It is a right foundedricanstitution and we want to achieve at least this.

| think it makes sense to reforest the spots that are without trees today, to recover the fthestse had before. In addition, a rotation

of crops, like our grandparents used to have, should befed, not only soybeans, soybeans and soybeans. The soybean is the primary
reason for the problems we face today. If you do a rotation of crops during the whole year, we would also havecanaar
evapotranspiration. Wheat in winter, soy in summer ouymuld also do wheat in winter, soy in summer and another production
period of wheat in autumn. But because the rentability of wheat is not comparable with the one of soy, we only see sbegrields
Every year, there are 6 or 7 months, in which thessaile blank and there is no evapotranspiration. And in addition, we continue
contaminating our basin more and more with the pesticitlest cause these blank fields after the production period ended. The lack
of wet lagoons, in addition has the disadvargdbat in dry periods, as we face today, many farmers loose high percentages of their
crops because of a lack of water that before was stored in the lagoons. It is difficult to balance, because either yourhizalds/
flooded or completely dried out.r§entina has such an enormous size, with accordingly huge natural resthatéss not necessary

to take care of each and every single hectare. While in Germany, you would probably take care of this hectare, here sily can ea
compensate it. That is@roblem.

From my point of view, nature has an enormous capacity to regulate the hydrological cycle, like it did before humanshtanen

we must try to come back to a more ecological thinking. | think many people are aware of theafawture haghese abilities, but a

long history of political incentives, to produce soy, made it impossible to survive with an ecological approach. Eucaigptues
approximately 150 | water each day, which it pumps from the groundwater. Thousands of eucalygptulsidselp solving our problem.

But it is also difficult to replace a eucalypthst used to be more than 50 years old, pumping and consuming 150 I/day. If today | plant
a eucalyptus tree, | will not see it reach 50 years anymore, and it wont pump name2thl/day for a long time. What we already lost,
the regulation capacity of nature is immense. And we are aware now, but this awareness is very young. We already fotne ot o
To better include nature in the problessolving process, we need a segic management plan for the whole basin. | am not powerful

in this respect, not even the three provinces are powerful enough to make decisions.

We see an international road coff and hundreds of families threatened to lose their land and belongingiswB must continue
fighting, because if not, nobody cares about us. More ecological solution approaches, like planting eucalyptuses, truldralz@
autonomous approackhat decreases the dependence of my village to the disagreement of the threénpesy But still, even if we
organize ourselves, we are still dependent on the whole basin, because we receive water from the whole basin. Strengtiveaing n
is a very nice approach, really complex and difficult, but it is not impossible.

Interview 4: Alberto Diez, local producer with flooded farmland area, 08:30:00; 19.04.2018, Rufino

1

In 1963 when | arrived here, | was 15 years old, the lagoon only had a surface of 5000 hectares. Today it has moreQtneat B30

- it experienced an 1fold inaease in its size. What the story tells ushiat this is a lowying and closed water basin. Our problem is
that the whole basin is sending us water and we do not have a natural exit of the water. Consequently, we need a construoted solut
but the provinces involved, especially Santa Fe and Buenos Aires, are not negotiating successfully.
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This whole region used to be a cattle production area. 40 years ago, we still had cattle everywhere. My father had 400 wevisfa

them in the Pampa. They hadlerything they needed there, to grow and give milk. Today we only see crops. There has been a complete
change of the productive system 30 years ago. The major trigger for this change were political incentives for produd¢snigsteseh

of cattle. This Bw type of agriculture evapotranspirates less water than the cattle production system. We have a political problem
here. The three provinces implemented pumping stations to enable the water discharge via the&@ulithe NorthAlternative, but

from all these pumping stations only one is actually functioning.

The reunions of the committee of the basin, are taking place, but if you are there for 15 years, repeating the sameehizugd over

again and nothing changes, the people involved get tireds iEhivhat is happening. They do not find solutions, the next flooding events
already happened or are about to happen in the near future. The causes for the increasing size of the lagoon are gall ttengls
constructed in Cérdoba, without having inind that anthropogenic intervention in the system, changes the whole water balance. |
think there is more water coming from tgiream. We do not have an integrated management concept that guides through the system.
Whoever wants to start construction casals able to do so. We have a general problem. The actions are not based on scientific studies,
they are not existing here. If a farmer has 1500 hectares water logged and he thadasirainage system would allow him to produce

on these hectares, he Hds a canal. Every farmer is only thinking in his own benefits without mentioning the systemic consequences
of his actions.

Evapotranspiration and the climate is helping us a lot now. The water level of the lagoon is decreasing a lot with tlaievapar
because we had very few rainfall events in the last months. The amount of water that these small canals and the punging stati
discharge, is almost unnoticeable. The water level is sinking, but not due to the constructed infrastructure, but apotaten.

The landowner in the area are especially affected by the flooding of the La Picasa lagoon. | expect the responsibla perdbreei
provinces to find a solution, but they are not successful so far. This is affecting all of us heraoraRdfalso in Aarén Castellanos.
There are very little cases, in which former farmers transformed their profession successfully and even benefited fronk ithé
best possibilities to do so have the people in Aarén Castellanos because they ar tlusavater. They are most threatened, of
course, but they also have the possibility to use their land for other purposes than farming like for example for taupsses.

There are also some activities related to fishing, but the amount of fishebted is declining, so | guess we already broke the
sustainable amount of fish that can be harvested without causing damage to the ecosystem. But people will not stop evisloipecd
into a major activity in Aarén Castellanos. It is even meiebecame an economic and beneficial activity. Many fishermen stay
overnight, and huts were constructed in the village to provide the necessary infrastructure. These activities are nadngarzoup

or institution, neither are there entry fees to the lagio or for fishing. The fish harvested is sold in this region.

Many former farmers had to find an additional income source to survive. For years already, | run a small motorbike sfinp, in Ru
where | sell motorbikes and everything you need for your bk&ecure my income. My land is flooded, and these flooding events have
cycles, so | do not know, when my land will be free of water and if the soils will be productive again. | had no othehehdimding
another income source than agricultural praztion.

Many people also left this region and migrated to Buenos Aires or moved back to their hometowns. Many left their land ethandon
until they know what to do with it, if the water is sinking. There are single cases, where farmers committed sungigbor of mine

and Alfredo Raparo for example shot himself. It is very hard to looses everything. And especially when you are alreddhnriibre t
years old, you grew up on this land, your parents worked hard for this land and you do not see arpostilility. There are people
thatdo not find a solution for their situation and the tBtate
end, they never act accordingly.

Many people who rented the land have compantieat cometo work in the fields during the busiest time in the season. But this is
getting less and less because the farmers here lost a lot of land to work on. Many times, the farmers live in the atlagetheir
land, because the production becomes less ksd work intensive. Today we need much less people to work on the farms, than before.

We have the Route N°7 coff, which is a national road. People living in Mendoza or Buenos Aires do not pass through here anymore.
This implies huge economic loss@e are only 40@150 km from Buenos Aires, but people do not come to spend their vacations here.

| observed changes in the spectlat can be found here, today. The water brought spetieg we never ha before. | saw many
vipers, water hyacinths andver fish species, where nobody knows where they come from. Many spbaieslways used to be here
in return disappeared.

Key stakeholders are the landowners and the government of Santa Fe and Buenos Aires. | have been very involved in ithi$ themat
participated in the meetings of the basin committee, but whenever there was a difficult decision to take, the responsiinie pergd

not find an agreement and went to court. This takes so much tivaethe basin committee is inefficient. In additionpfn my point of

view, the provinces also have other priorities. The problem we face is a political one and we also must search forcothi®ies/el.

But the only stakeholders who are really interested in a solution and keep holding this committearalifarmers and not politicians.

We face an inertia and | believe the time will pass, another generation will be responsible for the farms, but still tlaé fasmeevior
will not change. People will continue focusing on their own benefits withoumkthg about the consequences for the entire system.
This is a very limited mindset, but | lost my believe in an improvement of the situation. The management approach ointlés bas
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completely disorganized. The people must trust in the management desjdiom to achieve a central management of the basin. This
is not that easily achievable, especially when it seems like the politicians follow a hidden agenda.

The land use change will not change significantly, if political incentives do not changeedytretiink to finally achieve a change, the
priorities of the responsible parts above must change. There must only be one influential politician, whose land is lajfebted
flooding of the La Picasa lagoon and the whole situation would change. Wenlaiekythat in our neighborhood, there is not one
single owner with a lot of power and influence, so we are forgotten and the last point on the priority list of politicians.

Walter Ramanzin built 6 vacation apartments in the backyard of his house, mthicates in which direction the situation is developing.
He is heavily affected by the increasing water level, the dikes almost broke during the last flood. Many people left #alan&sato
the surrounding villages. The village today has a populaif®340 persons and almost 100 persons migrated out of it.

| do not believe in a change because people are so inert. Maybe | am the wrong person to talk to you, because my lardggedate

and nothing changes for years. | have seen so many chaslatah charlatans- people with good intentions, but in the end, they do

not have the money or power to cause this change. | am frustrated with this situation. My land is flooded, my houseyiedidsiey

stole everything out of my housethe kitchene | ect r oni c s, my d a d-=1slo notlbalieve im aosplitioneVse,aree ver yt hi
already facing this situation for more than 15 years. For me the solutions must falotep organized. We landowners are in the lowest
decisionmaking level and therefe we cannot find a solution. We can try to create pressure, to make the ones above finally take

decisions, but nothing else and that is frustrating.

Maybe this situation is wanted, to prevent floods in other regions. It is obvfmatst is wantedthat everyone sends its water to this
lagoon and not somewhere else. The lagoon increased tremendously in such a short period of time. The negotiation is dnbalance

The shallow lagoons in this region have always been wet and evaporating a lot of waget.iirggortant to recover them, but | see it
very complicated because of all the illegal canals. In addition, most are on private land and not all farmers do nottBigpport
development. Although the lagoons are part of the regulation of the systemnk thiis possible to achieve this, but | know how
complicated it is to bring all the parts together. This has to be an approach in which the whole basin is cooperatidgubtigh&t

this will happen here, in the shetérm.

Interview 5-7: Diego Miladovich ©M), Coordinator of Region 5 "Nodo Venado Tuerto" in the Ministery "Gobierno y Reforma" from the
Province Santa Fe; Carlos Castagn&(,( President of CARSFE (Confederacién de Asociaciones Rurales de Santa Fe), Claudio Berrueta
(CB, local farme impacted by the increase of size in the lagoon La Picasa; 113180; 19.04.2018, Venado Tuerto

1) DM: For decades already, a project exists to find innovative solutions for the problem we face with the La Picasa basiblefihéspr
the execution of thiproject. The construction of canal was started with detonatitiveg was supposed to create the necessary water
exit towards Buenos Aires, but after this, nothing else was done. Then the two alternatives, thegbolitie NorthAlternative came
up, butwhat happened? At the same time, many canals were constructed in the upper part of the basin. Consequently, all the water
was sent towards the La Picasa lagoon before having defined an exit solution. This is a summary of the {i@ititemproject facs.
In few years one of many shallow lagoons of the regfi@nobody knew, transformed into a lagoon with thousand of hectares surface
area.

| think the trigger of this problem, is the mismanagement of this region. One basin should not be managé&ddiypdiwinces, like in
this case. Hydrological basins do not respect political boarders. The three provinces are not able to find a solutiondfondimage
the water resources of this basin. A basin should have an integrated management with onliremter daking decisions based on
scientific information.

CC What we are lacking today, is that we work together. Everyone works on their own and in their own interest, but unfdytunate
who must pay for the consequences of this inefficiency, is thrades of this region. This inefficiency caused huge social damage to the
population living here. Many families have flooded land, farms and homes. We need a change in mentality, so that weistpp play
political games with the people living here.

In my opnion, what changed is the climate, because today we have higher precipitation values (DM: 100 and a bit mm/year more), and
the technology. The seeding technology went through an impressive change in the last years:tillagenapproach of the direct
seeding technology makes it possible to have agriculture in areas that were not productive before. An additional advamdyghet
profitability of agriculture rather than livestock production.

DM: There is a rapid advance of the agricultural seciger traditional livestock production areas, mainly due to the direct seeding
technologies, the new herbicides, and progresses in genetically modified organisms (GMOs) like soybean. In areas whyoe before
could have four cows in one hectare, now farmare able to produce cereals more profitable. This area used to be dominated by
grasses, especially Gramineae with rhizomes. Only with the appearance of glyphosate a transformation of this landscapéidoalag
reasons was possible. Before, it wasyopbssible to do livestock farming because it was very expensive to control the grasses
mechanically. The soybean appeared in Argentina in the end of the 1970s, while the process of direct seeding appeasrd of the
1980s to the beginning of the 19908l of this is part of the green revolution. As we are contemporaries of this revolution, | think we
cannot picture the whole dimension of this change.

Another important phenomenon in this region is the displacement of the farmers. 75% of the totainlahd La Picasa basin, is
managed by tenants persons who are not the landowners. No law exthest protects the land from being unsustainably managed.
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Most contracts are contracts over a time period of one year, which results in-&rartthinking aml profit maximization instead of
protecting the soils and a sustainable rotation of crops. While the system of a soy monoculture makes absolutely sense from a
profitability perspective, it highly affects the hydrological cycle. Soy in a monoculture cossyap®ximately 40800 mm/year, while

this region has a medium precipitation value of D0 mm/year. In addition, the rainfalls are more intensive, meatiiag the

rainfall events, bring more rain in a short period of time. And we have the bladk-fitere is not one crop, no grass that would slow

down these water masses. The whole basin faces a fasteoffysrocess due to this monoculture. We work with a laiat 70% of

the precipitation infiltrates into the soil and 30% are the foffi With this situation, | thinkhat we face the opposite of this logic.

CB We realizethat in heavy rainfall events we have a lot of faff and in the softer rainghat we are more used to, a much bigger
percentage of the precipitation infiltrates into theis and we have much less Haff.

CC It always depends on the point of view, when discussing about what the major problems are: If you ask me, what is #he gener
problem in this region, | have to tell you, there are many topics. From my point of tieyarimary problem is a lack of infrastructure.

The second problem ihat the Nation is not directing the three provinces involved to find a solution. Instead, we are stuck in their
disagreement. The third problem is, the political incentives to predtereals instead of cattle, because they are more profitable.

DM: | am totally convincethat with the second water exit in the North, we would have solved the problem. | heard about the most
bizarre theories, like for example a navigable canalthink, who had this idea, is a case for psychological treatment. The two
alternatives together could solve our problem. We will always face humid periods. In the next humid period, the watef kxeelst
Picasa lagoon will most probably increase even frtBut with two alternatives we would not have a problem. Therefore, | agree with
Carlos: There is a lack of infrastructure, a lack of attention, a lack of management.

CB From my point of view, it is mainly the lack of management. The Salado rivenpéetely dry. The possibility exists to regulate the
water, so we do not face further floods. This is a negotiation point with Buenos-Aiveanust find an agreement with them, so that
the water levels will be regulated in the future.

DM: | want to addanother point to this discussion. | see there is a lack of a general understanding of the environment and water
resources in specific. | saw the same farmers who were asking for the drainage of the shallow lagoons on their landngnnounci
emergency casean dry periods, because they had a lack of water. There is a huge lack of awareness and understanding among farmers,
which role the water of the lagoons plays in the production cycle. There are areas in this region that are naturally nateafieq
agrialltural production. Especially in humid periods, it becomes obvibasthis natural order sometimes exceeds the human ability

to shape its environment. What we observe here, is a complete mismanagement of water resources. Many peopléhbebsyeod
management of water resources is to only find solutions for the discharge of water. In many cases this is true, butsie, duis ceot

—or it is even unnatural, because the basin naturally is an endorheic basin. Naturally, there exists an infinéeafishallow lagoons

in the basirthat appear in humid periods and disappear or shrink in dry periods. They used to be a natural regulator. That is the natural
situation of our regionr-it is not truethat we are only flooded, because we receive an addal amount of water, but up to a certain
amount, these floods are natural. The floods we face are groundwater flooding events. The problem we face is not the |IBgasa L

itself, but the rising level of groundwater caused by a mismanagement of westearces and the monocultural approach of this region.

From my point of view, a key stakeholder in this problem situation, which was absent for a long time, is the NationirTimgdheess

the three provinces of Cérdoba, Santa Fe and Buenos Airésh wih have a different legislation. Accordingly, they also have different
approaches to manage water resources and are still trying to find a consensus in this. They need a certain kind ofargemati
could be the role of the state. Then, of comrse need better cooperation between the three provinces.

Fundamental is also the role of the basin committee, but the committee that exists today, in which Santa Fe plays @, vitamol
incomplete basin committee. The only stakeholders it represargsfarmers, but in reality, the basin is much more divers.

CB The basin committees do also exist, because there was a deficiency of the Nation, to solve the issue. Framers shoid not be
charge of solving hydrological management questions, thisidN#itions tasks, but the state has other priorities.

DM: Anyways, it is necessattyat the farmers are also represented in the committee and are participating in the process of finding a
solution instead of just getting order from above what to do.

CB The most affected party of this problem situation are the inhabitants of this region.

DM: We have whole villages flooded, roads-ofitlike the national Route N°7, we face a terrible economic problem, because every
economic service that exists aroundffic routes, is unnecessary. Approximately more than 70% of the economic volume generated
in this region, moves around in the regional communities, and they all depend on the primary sector.

CC | have a vision. | do not think that anyone is benefitfiragn this situation, but | thinkhat fishing offers a lot of opportunities.

Usually, the ones working in this field have not been fishermen before but are the ones who have their land flooded@fiddra t

way to survive. | think, if all the sectas®uld cooperate, all would benefit from it. Here we are in sector Ni& have a total amount

of 19 sectors in this region. Just imagine, in every sector, 5 fishes are caught each day. This is almost 100 fishesdaughalb of

the sectors togethe which means 36.000 fishes per year. If you sell each of the fishes for 10.000$ (ARG), this is a huge economic
fortune.

CB The Nation’s and provinces’ failure to efficienthizedimanage
small groups to foster more political pressure and a change in this.
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DM: The farmers do not have a common view on the problem. In the south they blame the farmers in the north and in the north, they
do not care about the suffering of farmers in theugh. But the logic behind this problem is relatively easy: Either we solve the problem
of all, working together, or we will not solve the problem of any one. This is also a cultural question and requires afaméamdgets.

CBtlllegal canals in our ggon cause the area to dry out much faster after precipitation events than they usually would do.

CC:The presence of these illegal canals is due to an absent of control from the Nation or the provinces. | am not justifying the
construction, but the caals are a result of an absence of political regulation.

DM: From my point of view, these illegal canals are the result of two things: The lack of control and the impunity of pengle acti
against existing rules. If these two points would work out, treestvould not have such an amount of bureaucracy and could solve
these issues by activating control mechanisms. There are even cases, where people knowingly accepted the punishmaritegfor drai
the land, because they knew they would generate more mondly thie agricultural production enabled by the canal, than he would
lose by paying the punishment. He saw it as a cost in his balance sheet.

CB:We need an integrated management for this region, we need a committee that represents all stakeholders antir¢hbasin.
The current committee is partial because only Santa Fe acts as an agent for it.

CC:A change in the current land use patterns towards more diversity with grasses and cattle production in between, could be a
reasonable scenario.

DM: We needo establish clear rules for farmers, because currently they are only following the political incentives to produce as much
soybeans as possible. They do not have any other choice than producing soy, because they would not survive produckaghbvestoc
soon as the state promotes a diversification of the agricultural model in this region, giving more attention to the prahkems,
monoculture generates today, | think we would quickly see a diversity of products grown here. The state is a fundamehtddistak

and responsible for setting the frame for our acting.

CClH think a solution for this problem, will take a lot of time. Of course, we are responsible to foster this solution, atdepandent
on many exterior influences, political decisionsrket developments and the climate.

DM: From my point of view, ecological solution approaches are important, but it is difficult for us to protect lagoons, beezass4l
pressure is immense. We cannot justify keeping lagoons just for the protesftedug, when people feel threatened to get flooded.

CB:In addition, many of the lagoons do have ecological problems, too. We see a lot-oftiea species, the lagoons have a lack of
oxygen or dry out, so the fishes die. What went wrong, is thatthels are constructed in a way that they dry out the lagoons and do
not prevent them to flood their surroundings. But these shallow lagoons are an important part of the hydrological cyekpangible

for the regulation of it. They could buffer the eéft of rainfall events on the water levels of the La Picasa lagoon and also on the
groundwater level.

DM: The state and the farmers should intend to fulfill their roles in this system: The farmers have to know, which kindhefyiawirt

or manage, if teir land is prone to floods, they have to accept this. The state should assure that in the case of floods, farmers have an
alternative income, the access to their land is secured, and that they get compensated for what they lost. They shouiceintrod
insurances for the affected farmers. Insurances should be an integrated part in the sustainable management of water resources.

Interview 8-9: Javier TricaricoJT), Responsable agricultura por la empresa Adecoagro; Alfredo RapaRy, (ocal landowner and expe
especially for hydrologic engineering solutions, 14:15-15; 19.04.2018, Christophersen

1

JT:In this region lagoons are natural and since there are people in this region, also registers exists about these lagovas; They
naturally with climatic variaility of wet and dry periods and appear, disappear or connect with each other depending on the amount
of precipitation. The necessity to understand this natural system already exists till the first colonizers settled dasreigidhn. | am

an agricultwal engineer from Buenos Aires and live here for 12 years. | did not grow up here, so | cannot give you information about
how the system changed from my own experience, but | know, there were always fluctuations in the water level of the lagoons,
dependingon dry and wet periods.

When | arrived in this region, the green revolution already had changed the land use of this area from cattle productiaiunath
pastures or Gramineae towards soy monocultures. When the first colonization started the nesgeshtion, which was composed of
species that appear after flooding events, only allowed for livestock farming with cows or sheep. With the years, theeshjécti
agriculture changed and today soy, maize and wheat are the three most produced crojssrégtan.

AR:There are two perspectives on the change this region faced: From a hydrological point of view, we are talking aboutea land us
change. From an agronomic point of view, we are talking about a transformation from tillageitiage practces. For the hydrological

cycle, it is of tremendous importance, when fields stay without a vegetative cover for 6 months a year, because it has effeatas

on the evapotranspiration. From an economic perspective this makes absolutely sense, becatise ost coseffective form to
produce.

An intensive agriculture started in the 1970s with the use of machinery. Before, each farmer could seed not more thaar@8 hect
because the seeding demanded a lot of workforce. When the first tractors appéarthe 1960s, they were used by some farmers
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with traditional tillage practices, but they did not yet bring the big revolution. When théllage technology started, the agronomic
perspective considered it as a water and soil conservation techniqueatlhys, it is a problem that less water is lost from the soil. A
rotation with soybeans and wheat consumes 1100 mm/year which is similar to the amount of water consumed by natural pasture.

JT:What we are trying to do in this company is to use the maximamount of water available in the soil as part of our production
cycle. On average, water is a limiting factor for production in this area. In this context only two crops could be groyeaeache

in summer and one in winter. The rain water is nolignaot sufficient for this rotation cycle. Therefore, we are obliged to leave areas
of our farm without crops to be able to retain more water in the soils. Consequently, the common #efiagriculture is the main
responsible for floods in this regias not true. Sometimes the water use of crops is higher than the precipitation provides, and
sometimes it is less.

AR:The natillage technology allows to grow crops in years with less than 600 mm/year precipitation. But in years with 1300 mm/year
precigtation you could have floods. The objective oftiltage technologies is soil and water conservation.

JT:Nowadays, we take a step further in this dirseteding technology by using cover crops. They have a double function: They keep
the soil covered vth living crops for a longer period with the services of creating soil structure, providing organic matter and they
consume the wateexcess in humid years. It is not recommendable to use them every year, but in years withewagss they are

very senséul.

The main problem in the La Picasa bakat | see, is that the water inflow from the upper part of the basin outweighs the possibility
of water discharge in the lower part of the basin. The cause of this problem is the lack of infrastructura¢owater from the basin.
You have infrastructure to direct water in the basin, but no infrastructure to discharge it. What | see is that duringhftotiells
located upstream are dry while the fields located downstream are flooded. The canals doaisiderable amount of water, directing
the water to the lagoon and the lagoon was increasing in size. There is ten times less capacity to discharge waterlagbohttiean

to bring water into the lagoon. Like this it is impossible to maintain wistegls stable. Without this infrastructure part of the water
would have been retained in low lands in the upper basin.

AR:In one of the canals bringing water to the lagoon, 70 m3/s were registered where it should have been 12 m3¥/s if all tteeprovi
would have respected the agreements.

JT:Since this basin is an interjurisdictional basin, the three provinces should take prevention measures to avoid these.problems

The main decision makers are the provincial governments, since they define the amh@watér to be drained from the lagoon. Second
is the basin committee with the affected farmers, because they have a strong interest in this topic.

AR:For example, when in 2001 | presented an alternative of discharging water from the lagoon into lbed&rdledio river, which
is dividing Santa Fe and Buenos Aires, Buenos Aires blocked this project immediately.

JT:The most affected stakeholders of this region are the farmers. Adecoagro is also affected by the floods. The ones wiffoivenefit
this stuation are the farmers in the upper part of the basin.

Adecoagro in specific follows an approach to integrate livestock production into the agricultural practices. | think thidislthat
will rise in the future and it will be accompanied by & rig new tools for direeseeding practices.

AR:The shallow lagoons in the area, La Picasa excluded, usually do have a depth of arotinB0LfB0Evaporation values in this
region are 1500 mm/year while, in dry periods, precipitation is only&0®nm/year. Consequently, these shallow lagoons evaporate
completely and disappear. You cannot save the water in the lagoons for irrigation purposes. Groundwater storages dp @saerall
decrease in dry periods and are also dependent on economic situabecause it is costly to pump the water up. One equipment
costs 100.000 US$ on average. This is only an option for companies but not for private landowners.

JT:On the contrary, the lagoons do serve as water storages in humid periods, when wateraBlawaéxcess. The lagoons fill up and
store the water in these wet periods, but also disappear in humid periods. Consequently, in dry periods, when we wolld nwesert
storage capacity of the lagoons for irrigation, the lagoons do not serve, andtipesiods, when we have more than enough water
they are filled or even flood our land.

AR:Nevertheless, we should not drain all the lagoons, because they do have a function in the hydrological cycle. Many thrmers di
lower the water levels just to awbiany concern. | know there is the idea to restore some wetlands and foster their evaporation. But
this is playing a double game. The technical design of the drainage canals must be adapted to both humid and wet pgeziedmat t

time. If you design itdr wet periods, in dry periods it leads to completely dried out lagoons. If you design it for dry periods, in wet
periods the water is flowing above the drainage canals. Water always finds its way. It is very difficult to find anuequilitthiis
queston and, from my perspective, also more theoretical than practical. | égegeve should not drain lagoons just to drain them, if

they do not threaten anything, but | am not convinced of the storage capacity reasoning behind it. As soon as we havedwearam

there will not be any storage capacity left. This is what we see, when we compare the flooding events of 2001 and ndwthie 200
canals did not exist and still we had floods. Today, with the canals, the floods are only more visible, bheisiiae process as in 2001.

Yes, the canals do accelerate the velocity of the water flow, but they did not change the process itself.
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We face a similar challenge with the reservoirs designed to storage water after heavy rainfall events. Of cotrrsettibithe water
should not be discharged as fast as currently practiced, so the water can evaporate over some months within the regettveirs. A
same time, the reservoirs must be in an equilibrium, so they evaporate but could also store the n@itagiies. If we have two heavy
rainfall events in a brief period of time, the reservoirs are already flowing over. If this is not working, it makes ntosease
reservoirs. They are temporary storages only to win some time after precipitation evéintsl detention reservoirs.

JT:The myththat the land use has so much influence on the hydrological tiielet causes the current flooding of La Picasa cannot
be proofed with past flooding events. Anyways, it is the easiest way to find someorante ke guilt on.

Interview 10-15: Juan Carlos DuhalddCD, Presidente del Comite Interjurisdicional de la Cuenca La Picasa; Armand@\RyRresidente
de la Asociacién Productores del Sur de Santa Fe; Federico Hefydocal farmer impacted by ta increase of size in the lagoon La Picasa;
Omar Maurizi OM), local farmer impacted by the increase of size in the lagoon La Picasa; Mirtha Miél9,(local farmer impacted by the
increase of size in the lagoon La Picasa; Alfredo RapaR), (ocal landowrer and expert especially for hydrologic engineering solutions;
16:30:18:00; 19.04.2018, San Gregorio

1) JCDThis area originally has been a cattle production region for 100%. With the years, the agriculture developed and tadagrthis
is mainly producig cereals. If this question has the intention, to find out about if the changing water levels of the lagoon have a relation
to the land use change, in my opinierand | do not have hydrological expertise, if humans would not have intervened in the system
of the La Picasa basin, the lagoon would have never increased that much. Before the canals were constructed, it raimgldye Lab
and until the water reached the La Picasa lagoon, it neededbA@ays. Today it rains in Laboulaye and until the watevesrhere it
only takes 4 days. The rif process was accelerated by the canals and all the lagbahssed to store the water in the upper basin,
are now collected in the La Picasa lagoon.

FEF:In my childhood, the lagoon was increasing and decreds#tgeen 0 and 5000 hectares. | rememitieat in the year 1970 the
lagoon was very shallow, so my dad could even cross it on a horse. He had to wear sunglasses against the reflectitis off tthe sa
floor. That used to be normal in dry periods.

JCDThe canals that were constructed, appeared before we had any exit for these water masses.

OM: Besides, this basin is endorheic. If we did not create an artificial water exit, no water would have left this basithat &llhow
we end up with a surfacof 40.000 hectares surface of the La Picasa lagoon.

MM:Bef ore the canals were build, nobody ever talked about the *“
construction works finished, the basin of our lagoon increased inmsizediately and with it, the water levels of the lagoon.

ArR:In addition, another problem we face, is that the villages in the east of the lagoon, especially Diego de Alvear andoBan Greg
which are very close to the lagoon, are prone to floods whenhter levels of the lagoon continue rising. And they are not only prone
to floods caused by La Picasa, but also caused by groundwater. The groundwater level today is very high, but luckilg, dre face
period and therefore the process works in the ogfie direction. Now, both the water level of the lagoon and the groundwater level
are sinking, but we are aware of the threat of groundwater flooding.

MM: The ones who suffer most from this situation are the villages in the east of the lagoon.

ArR:In the 1970s the precipitation values were around 6D mm/year. Nowadays it is between 120800 mm/year. San Luis was

a desert and a new river appeared. Now, San Luis is one of the best places for agriculture the only problem is the ltaih Bame
obsened in the La Pampa province which used to be a desert and today is flooded. Nevertheless, the main cause of floodsain this ar
has an anthropogenic origin.

JCDEven with this increase in precipitation, it would be absolutely possible to maintain theragithin a stable water level, if both
water exits, the Souttand NorthAlternative would function. In 2007, the year with the highest precipitation measured in this area, 18
m3/s flew into the lagoon on average. If you add the two water exits with &8ehl m3/s and the evaporation, the lagoon should not
have increased in size. In fact, what happeneithas the past 5 years, nothing was done to test the functioning of these two water
exits and when the heavy precipitation occurred, they did not woeK.w

2) 1 do not know, if the other provinces have a committee, but we have created a basin committee here in thisarepresents the
farmers in Santa Fe and covers everything that is related to the La Picasa lagoon and th&ltSoritive water exias well as the
canalsthat are necessary for this exit. | think the other provinces do also have committees, Buenos Aires for example has something
like a basin committee. They have a basin committee for the Salado river which also covers parts d?itt@sa @roblematic. And
Cérdoba does not have a basin committee in this sense, but consortia for canals and roads. They function much fasteddhan we
because we always must ask for permission, while Cérdoba starts with the constructions right away.

OM: They even do TV propagandas, showing how fast they are in constructing canals, while, in fact, they are creating pi®aiges to
Fe. The problem ithat they did not plan from downstream to upstream, but the other way around. Cérdoba is just sob/imgrit
issues without considering the effects their acting implies for other provinces.

EF:1 agree, it would have been fundamental to propose a basin management plan the other way around: From downstream to
upstream.
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AR:The fact that the planning coulthve been done from downstream to upstream, does not guarantee that Buenos Aires would have
accepted the water from La Picasa.

FFE:Yesthat is right, but at least we would have the possibility for a higher evaporation in the basin before the wateriteave
AR:If Buenos Aires accepts a national road to beaffjtl do not count on their support.

JCDThe basin committee from Santa Fe is composed of the 11 digtiatshis region is made up from, belonging to the 11 villages

of this area. The faners of each of these districts choose four representatives, and each of the communes choose two public officers,
and two surrogates. In total, the committee is made up of 88 members, from which 4 persons are elected to be the executive
authorities. Thesel persons cannot be from the communes, because the internal rules of procedure empower the farmers of this

region. The Communes are integrated in this committee’s assembly, but not in the executive authorities, which are maisaging th
committee. In additin, we are obliged to have an engineer in the committee, which is designated from the province of Santa Fe, which
fulfills the role of the technical secretary. Wit hoaoeurtainlyt hi s

responsble for the administrative tasks. The one who decides with measures we finally should implement is this technical secretary.

MM: Apart from the commune and the farmers, also the hydrological sector is represented in this basin committee, whichlig basica
the technical secretary. But apart from that, no other stakeholders are represented in this committee.

JCDJust one week ago, we had a meeting with all the three provincial basin committees about La Picasa. The topic of thernew wate
law came up, ath one of the pointghat are included in this law is a reform of the functioning of the committee that also embraces,
which parts should additionally be included in the committee, like stakeholders of the industrial sector, responsibleoparts f
infrastrudural planning, which stakeholders are interested. Although we already work on these reforms, until today it is not existing.

FF:The touristic sector could also be an interested stakeholder, but until now, they are not involved in the committee, deitiey
show any interest to be included.

AR:To try this touristic development, there was a discussion about to pronounce the lagoon a Ramsar Site. But that wothdtmean
for years, we could not execute any construction works around the lagoon. éaophfraicthat we lose the option to intervene in
critical situations, if the lagoon La Picasa becomes a Ramsar Site. In Melincué they do not have the same problensatig witeri
levels as we have here, so it was relatively easy for them. Hieralinost impossible, although we have species like the flamihgbs
would allow this lagoon to become a Ramsar site technically speaking.

MM: For me it would be fine, if they announce this lagoon a Ramsar site as long as they regulate the wasyelsicihis lagoon, so
we can come back to the lives we had before the increase of the lagoon.

JCDWhat should also be considered in this respethé it is easy for the province, to plan a touristic area in this region, but we, the
farmers, are theowners of the landhat surrounds La Picasa. What today is part of the lagoon, used to be land when we bought the
land. We want to recover the land to produce there again. It has an economic value for us. We are not interested in deing tou
there. Mayte it could be interesting for other people, anyways.

MM: | do not thinkthat it is a viable option to combine agricultural production with tourism. It is either or and | would decide for
agriculture on my land. With tourism you do not have the samedigpas you have with agricultural production.

ArR:It also depends on the economic resources, if you can afford, to transform your land from agriculture into a touristioarea.
everyone here has this option.

I think the only beneficiary of this sittian is Buenos Aires, because it refuses to accept the water masses.

JCDI do not completely agree, because still Buenos Aires is receiving a lot of water from Cérdoba and Santa Fe. From migpwoint of
more benefitting, are the farmers in the uppean of the basin, who constructed the network of illegal canals.

If all three provinces would act accordingly to the rulest the interjurisdictional basin committee sets, and if all the work would be
done to support the necessary infrastructure, toasish a water exit, the problem we face at the moment would be solved.

MM: Juan Carlos Bertoni mentioneatat the infrastructural planning for this hydrological basin, with the change in climate and
technology, became inadequate to solve the problem aeef

AR:In my eyes, the biggest mistake of the current planning is, the lack of adequate watewkiké& more and more illegal canals
appear. Anyways, | think, the construction of it will be difficult because Buenos Aires is blocking it.

MM: There hasever been an agreemethat Buenos Aires would accept more than the 5 m3/s that it already receives via the-South
Alternative. The NorthAlternative was done anyways, and Buenos Aires is not accepting the additional water.

AR:We are lacking the alterni@es to find a solution. It was this water exit or nothing. And well, they created the Mdighnative in
2000.

MM: In 2000 we had a very similar situation like today. But all these illegal canals were not constructed yet, anyways, fleedaced
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JCDJust a few days ago the province of Santa Fe has passed the new wateatlgives us the capacity to control illegal canals when
receiving a complaint from one of the farmers. This process is quite fast ccaa@laintis done, but the farmers aneot very eager
to act against other farmers.

ArR:| think this is a process that will need a lot of time, but | think farmers will eventually start complaining, becauseethksp a
affected by the illegal canals.

EF:l think we face a diverse probte Lack of infrastructure, illegal canals, missing water exit, lack of control, called it however you
want. We need an improvement in all of it and, what | see necessary to achieve this, is a controlling instance. Thi<durhttin
fulfilled by the inerjurisdictional basin committee.

OM: For a long time already, they are sending us 70 m3/s while the reservoirs number 3, 4 and 5 were not finished. Now they are,
because the province of Santa Fe fixed them. That is the point. The prolfeattise infrastructure was not finished when the water
was already directed towards La Picasa.

JCDWhat is happening, is that the interjurisdictional committee is exclusively composed of technicians and the farmers de not ha
any power to take decisions. Maybeslis one of the reasons why the infrastructure was not implemented. When | participated in one
of the meetings, representing the Basin committee from Santa Fe, | did not understand what they were talking about, hegause t
discussed technical issues. Thga problem. | think it is importarthat interested parties can participate in the decisioraking
processes of the interjurisdictional basin committee, too.

ArR:With respect to a more ecological land use, where lagoons or vegetation have a regutégan the hydrological cycle, | have to
saythat | see this scenario very unprobeable. Pastures that consume 1200 mm/year do not exist anymore, we do not have the
infrastructure for livestock production anymore. Farmers are not farmers anymore, tedgmants.

FF:l also see a cattle production scenario very unprobeable, because the economy does not allow to work with cattle production.
Nowadays, all the cattle farms are shut down.

ArR:lt is difficult to establish ecological regulation measuresen the water from upstream continues flowing.

AR:What could be a possible approach to overcome this, is that the farmers receive payments for ecosystem services, & dieir lo
profit while fostering the functioning of ecosystems.

MM: Which farmemwould believe in this? Nobody would believe in this, because nobody would pay us for conserving ecosystems.

JCDWhen you talk about the impact of the lagoon, you must consider that in the area occupied by the lagoon, between 25.000 and
30.000 calves whe weaned. If you consider that we have this flooding problem for the last 15 years, at 20.000 calves a year, this is
300.000 calves in total. If one accounts 10.000 $ ARG for each of them, this is already a sum that equals the amounttioé money
government must pay for the water exit via the Parana river. And this is not an unrealistic number, here we are talking abousthe wor
fields in this region.

When you ask me if it is possible to have a greener scenario in the future, | have to thlhtatnen someone from Rufino come and
tells me | have to grow plants, | would kill this person. Farmers do not like it, when someone tells them what to do.

Integrated water management is part of an integrated water policy. In other countries farmers are drieatards what they should

do but they receive payments for ecosystem services, which is impossible here. Here we harvest, and the government.takes fees
could be a starting point for a consensus building and the economic view should be taken miata¥¢e knowthat with a better
management more water could evaporate.

OM: From my point of view this is the last option for a future scenario.

JCDEvery farmer has its own opinion, and everyone believes to know the truth. All farmers transformégidnddogical experts.

Interview 16-18: Esteban JobbagyE(), Scientific researchers with a focus on elbgdrological topics; Maria PocaMP), Scientific researcher
with a focus on ESS and biologist; Juan Ignacio Whithworth HB#&, Scientific reseafwer with a focus on eceagriculture and biologist;
10:0012:30; 23.04.2018, San Luis

EJ:Some groups of farmers are very aware of their responsibility for the changes in the hydrological cycle. Especially gieupREA
organized leading farmers in the&gion with influence on a national level, are conscious about their effects on the ESS of the hydrological
regulation. They often perceive ESS as important for a proper functioning of their agricultural production process. thatdgasmy
experienceMost private farmers, in contrary, are usually not aware about how much influence they have on the hydrological regulation.

Apart from this ESS many farmers are not aware of or have no interest for other ESS like habitat quality. | made theexpenEople
living in an urban environment close to agricultural land, value these other ESS higher than the farmers themselve et péicaving
the possibility for going fishing and having wildlife close, not having-eggmicals close to your hea, those values are usually brought by
the settlers in the small villages and towns. Many farmers, or people in charge of the decisions, they do not live omstheutsin Buenos
Aires. Anyways, this is another issue. Rufino is the town who losesdbefram the Route N°7 being coff. They became a dead end in
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the middle of nowhere, while before Rufino was a major economic point along the road with service stations, restauralstssatenir
shops, and so on.

MP: 1 think describing all of theggroblems is very interesting, because they are not written down so far. Everybody is talking about it, but
nobody has an overview.

EJEven if you cannot frame it in a very specific ESS, you can find words for that. Like this area has a rural anedit@tiisrand the only
possibility to live there is to have a minimum infrastructure. If they do not have it due to the flooding, they abandowillages. They are
abandoning it anyways, but this speeds up the process.

MP:And discussing about how tiei f f er ent sol utions, well “the canals” or something

| think that is really interesting. A short analysis about that has never been done.

EJThere is another thinthat is interesting with the \ater balance. If you put a list of players from the youngest to the older ones, in charge
of the land, you can put the larger influential one, the renters of soy fields on the top, the private farmers of maizbdield, then cattle
farmers with mixed gstems underneath and in the end the dairy farm, assume, the further down, the systems consume more water. But at
the same time, the farming systems suffer more with the floods. Consequently, there is an interesting gap. If you areettef eefield

with soy beans, you are the one who suffers the floods the least. In a way, there is an implicit incentive of floodingstte&rzkcause it
means, to open your niche as a renter more. You have it easier to beat the renting price down, when the #ales.r8o, this is an
interesting disparitythat nobody is discussing. Although this situation is affecting everybody, the least affected are those who affect the
most, creating an interesting feedback on the system.

Another big question is, when the flosdcedes, what happens with the soils? Actually, | think, this is perhaps the best opportunity to start
exploring new land uses. The renter will not appear in the beginning, he will wait until others try and see how prodadtivel ik. This is
a nichethat will come for alternative land uses.

The recovery of soils that used to be flooded, is also a positive feedback that you can break. If you do not do anytbaity, dhe
accumulating in the surface. If you have some cover, the salts go dowmn€hgho know a lot about that is Nico Berta who works with
Pablo Bolatti. He has a lot of field experience in this type of questions.

1) EJAbout 10.000 years ago, first humans appear, and that is a big change. Then, there were changes through s lndtfiee
extinction of a range of herbivores.
During the colonization, the first big change in this landscape was the introduction of cattle about 400 years ago. l2attié be
like a natural population, expanded all over the place and for a long timesystem was under a wildlife management of the
cows. Approximately 100 years ago, the first ranchers used the natural grasslands but also the beginning of the system of
cultivationthat was common in those days started in that period. The rancher renfedce of land to poor immigrants arriving
in that time, to do agriculture. The deal wtmsat the immigrants could use the land for three years and give it back with alfalfa.
That is the beginning of a system that became very strong in this region. 18ag® | would say, a lot of the landscape was
natural grasslands, and there were now hotspots, close to the small tohatswere the start of this system of rotational
agriculture. Wheat, maize, maybe some flowers for three or four years and thenriber gives the land back to the owner with
alfalfa. Now the owners realizetat with alfalfa they were getting a lot more productivity than with the natural grasslands. This
loop keeps going and by the 50s, this landscape developed into a patchworddfaf affd agriculture, rotating all the time. In the
80s and 90s the farmers started realizithgit they did not need alfalfa, they could do agriculture every year, the prices of
agriculture went up and the system transformed into a new system with contisagriculture. This change was triggered by the
no-tilt technologies. It first started with the idethat you can grow wheat and right after you finish it, you go on top the old crop
and plant soybeans, so you do two crops in a year. This system wasstgalessful. This region and mainly Marcos Juarez was
the seed of that development. By the year 2000, there is very little patches of alfalfa, or alfalfa is gone. Those desttireesi

| believethat this region always used to a grassland. You hawgo further west to find natural forests. | would say this was a
grassland. So, | agréeat using eucalyptus and other trees for loainage would not fit in the frame of coming back to a natural
state of the system. They would work, eucalyptus fornegke has a water consumption of approximately 1500 mm/year. The
other one who is workinghat nobody has to work with but that is happening by itself, is the invasion with Tamarix. We are just
seeing the beginning of that. The expansion of this invasieeiep is a very probable scenario on these salty areas. If Tamarix
reaches here, you cannot stop it.

Regarding the impact of land use changes, there is one gwnino one talks about: When | started studying agronomy in the
80s, we had the first clasalking about the decay of alfalfa plots. No one knew why alfalfa was yielding less and less in the 60s.
My feeling today ishat becausealfalfa became about 50% or more of the area around the B@sobably dried down the system.

The opposite happenedf what we see today. That is my feeling. So, we went from grasslands with some level of flooding, to a
higher evapotranspiration that came with the alfalfa, and now, all the way switching back, and even worse, to less water
consumption with crops like gpwheat and maize. It is not just about the annual evapotranspiration, it is also about how the
plants can evapotranspire while the system is flooded. Annual crops stop consuming water when they get water logged,
meanwhile the natural grasslands, as tteywe a lot of players, in the case of flooding some species always reratstill work

really well and transpiration keeps going on all the time.

MP:This is interesting to learn about, because if it worked back then, it may could work now, too.
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EJOn a timeline, | would say, the 20s were the boom of this rotation, a time of immigration. The immigrants arrived before that
time, but they become a strong factor in the system then. We see a patchwork of Agriculture, Alfalfa and a lot of natseal gra

at that time. In the 50s, the landscape is mainly composed of agriculture and alfalfa, which is still dominating the gystem. B
80s/90s already, the system is characterized by a pure agricultural system witlage technologies.

The according evapainspiration diagram, ignoring the variability of rainfalls, would show an increase in evapotranspiratlon

the 20s and reaching its peak in the 5@#h the alfalfa depending production system, and starting to fall in the 80s and 90s with
the beginnng of netillage technologies and the cultivation of crops that have a lower water consumption.

The land use change within the La Picasa basin, together with some other factors, has changed the hydrological batance. | thi
the effect on the water balanceas been important. There is very little information and it is very hard to construct the effects on
run-off. We are talking all the time about the water balance and we do this simple assurtipionhatever is not used, goes to

the drainage. There ardiglies abouthat when the soils are saturated, the rwff is increased because of the slope of the dunes,
which are characteristic in that area. But this only explains the fast response of La Picasa. Additionally, you havestposiesy

When it stogs raining, all the shallow lagoons start drying out and the La Picasa still keeps growing, with a strong delay. This is
related to the groundwater system. The effect of sslrface waters is huge. The easiest explanation that everybody brings, is
that the water comes from somewhere else. But it is not the case in the La Picasa basin.

MP:1 think it is not only about the land surface, but also about the lagoons and how they are connected. If one lagooresses, do
the next one rise, too? These questions arteresting to ask to find out where the water comes from.

EJ:AIl these canals what they do is accelerating the discharge. lllegal canals are everywhere in the region. There isélso a lot
agro-chemical evidencéhat the groundwater supply is very portant. The bottoms of these lagoons have a lot of gypsum. The
saltiness of them cannot be explained with pure surfloer. For many paths of evidence, | beliett&t he groundwater
contribution becomes very clear. And that is important for the analySisSS. The ESS of preventing deep drainage from the plots
in the water shed, is really significant. You can do the assumittadrall this water that is left out of the roezone and infiltrates

in the groundwater, has the potential to prevent floodingra or somewhere else. It has a value, a negative value, which is the
opposite to most ecosystem services that have a positive value. Here it is about having less. Every morning the wiordd is talk
about the global footprint of agricultural productsvater is always missing. Here we face the opposite. We do not want so much
water, but we want to come back to a system, where grasslands balanced the water cycle. Wetlands have the double functioning
of evaporating water and at the same time infiltrating sué water into the groundwater. But people are not aware of this
opportunity.

It would be interesting for a new batimetry study to check, whether the sedimentation process in the lagoon was impottant. Wi
the two batimetries you can compare and sedafer to the canals you are getting sediments or not. | would open the assumption
that groundwater can feed the lagoon La Picasa and can be substantial for the water supply.

Besides the farmers, which are the most obvious ones, all the people who &mwwiith the logistics of the grains, transporters,
stores, those are the first one to suffer excess water. More than the farmers. Than the population of the towns. Thegeet flo
and they suffer more than most farmers. People with the logistics fd¢ pndduction are also very affected of the flood. Another
stakeholder, which is not local but has a huge power of influence, without knowing it sometimes, is the national goverittment w
its policies for agricultural products. For example, you close tiponrex of meat or you change the market of wheat and you
immediately have an effect on evapotranspiration of the watershed. National governments are not direct stakeholders, but they
have a strong influence on the system as indirect stakeholders. Farnomiatimns, like CREA, are stakeholders that have often
have the necessary resources to be vielbrmed and technically welquipped. Very important are also the small farmers,
because they are some of the last people leaving their farm. In terms ofrdeethey are not important, but in terms of the
perception of environmental change, they are critical. Often these farmers are suffering that their children andligtdreh are
moving to the bigger cities.

If you are talking about the positive ecosst services of the water, | am sufat in Rufino people value fishing and recreation
close to the water. The water is very important to them. Especially in the context of this transition, where agriculture has
eliminated every piece of wild land. Sin¢et80s to 90s, this was agriculture from fence to fence. There was no piece of wildlife
left. And the water, in a way, is claiming it back.

| have the feelinghat there are these positive feedbacks. This type of vegetation, so artificial, so managednymt keep track

of decreasing the water store. In the past, with grasslands, if you only have 50% of the area with a water table of 3ecm, in
grasslands you have a lot of componetitat are very happy with that and evaporate a lot of watewith agriculture it stops.

The next stop of the water would be a lagoon, the direct incorporation to the lake.

MP: The question is, is there a turning back point?
EJ:Within the farming sight, the stakeholders, | would say, there is renters and ewhmagrdo not longer mange the farm but

play an important role. Those are together. Then there are the owners that farms which in most cases are very big farms,
companies like Adecoagro. Then there are the small farmers and finally, some phayeis ranchingand dairy farms. Mostly in
ranching some are specialized in calving.yli@se the calves and sell them to someone else. The reason they do that is that
they can use the worst grass for their business. They are usually located in the salty areas. Tieeyetgnmportant players,

going back to these areas that are being left by the water and very salty. This is also related to the soil types and quality
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When you think about, who is winning and who is losing in this scenario, you can do a symmetryicgniypav much farmers
enhance the flooding and how much they are affected. Usually they are negativediated. The renters just go for one year of
soy beans and they suffer the least but create the biggest water excess. On the other end you haey tfaerders.

People are usually not aware of that and it requires some workshops with exercises about the causes and effects of water
consumption and the networks of stakeholders, to make them realize the level of connection within the system. Id the en
are a connected world.

I think it is very interesting, when a watershed is shared by three provinces. You experience these political systeratednd rel
conflicts about who is in charge, who controls, who is responsible, and so on. You can cdregare/inces with each other, in
Cérdoba for example, there was an incentive of winter crops so in terms of evapotranspiration, they are doing better than San
Fe, where there was no incentive. This brings a possibility. | would say it is a problemdier iategrated management, but it is

an opportunity for some experimentation involving the locals. It can be an interesting situation.

I't is a typical scenario with floods: The€anakbkdherégresoneenci al
defined budgets for companies to do the analysis and that is it. Nobody else comes to the discussion. And we are rbiesolving
problem with that. We spend a lot of money, but we are not solving it.

For the scenarios, | think first of ale have to see the context changist happened all over the Pampa. | would put one first
there and it is large scale automatic agriculture. It is an unstoppable trend. So, whatever we think, needs to consitieattimat.
the natural trend of the systa. When you think about smaller organic farms, this will not happen soon.

Under this general trend, a possible scenario is a more flooded landscape which would favor a more volatile ways of doing
agriculture. Renting land when it is possible and leaitimipen it is not. That is a very likely scenario. Helped by this context issue.

Another scenario is more cattle production which can happen in many ways. The most likéhatireee, is confining fattening
fodder stables. Where what you are going to i@ sending forage to the animals that are confined. The question with confined
systems is: They can take two paths. You just feed the cows with grains, in that sense the system will stay the sarfeedor you
them with grain and grass that you cut. Thafrtainly may happen, playetsat get in on a very massive forage producing scale
that cut the forage and sell it.

Much less likely is a scenario with grazing. Grazing will only happen in these saftpqdestl areas but not as a main land use.
It isvery interesting and has a high potential in the context of water balance regulation, but the players who do that, aye usuall
small and poor farmers that do not have the capital and power to push it forward.

Even less likely than that is a scenario veheiildlife is valued. | hope it happens, but | think it will happen soon. At least the
valuing of the ecosystems in Argentinthe grasslands perhaps the most problematic ones, is still very little.

JIWHMaybe the milk market is increasing, and itlwicentivize a mix of alfalfa, grains and grasses.

EJYes, but that is the question, | do not know, if a higher price for milk, as a political incentive for cattle producticrfosiau
the production of alfalfa and grasses or if dairy cows wouldeoeby grains and lowguality grass that you get from the lew
quality soils, only. It depends on many very volatile context issues, like the price of wheat, the price of grains, tifenmite
things.

Another possibility ithat a milk powder plant wold be established here in this region. Dairy farms have a big incentive to increase
in this region. Usually those approaches start from incentives like that. Otherwise there is no business involved ierthéss sc

JIWH:INTA sees an agricultural sttun for the problem. They want to foster a higher water consumption through the rotation
of crops during the year.

Another scenario, which will be a more Soviet scenario, but | do not think this will happen, is having tree plantatiorisaviey

a verystrong policy of getting into intermediate soil quality areas and have some subsidies for planting trees, it can happen.
Subsidies in Uruguay changed the country. If you have 15% of the watershed planted with trees, particularlyhatgeasrate

a high inflow, then that will change the water balance.

MP:Then you will also have changing scenario for other ecosystem services because you are changing the type of land use.

EJ:So far, | do not see tourism stopping in this region. It may change, we tading a lot about this, while travelling in New
Zealand. There are a lot of small destinations all over the country with sights to visit everywhere. But here in thisveelgiok,
the infrastructure. Additionally, most tourist take a sleeping pilBuenos Aires and wake up in Mendoza. For them there is
nothing else to see just the Pampa.

MP:If you have a huge new wildlife created over there, you can make something like a lodge and create a tourist attraction over
there. | am sure it could wottkecause all the people, all the gringos {Al8ericans), they love the Pampa. They want to see cows
and they would love to see the landscape. | think this is an opportunity for international tourism, but | do not thinkditwaok

for national tourists.
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EJ:The birds you see here are amazing. You see flamingos, spoonbills, and a broad variety of other bird species. Probably these
last two examples, planting trees and fostering tourism, are examples for scetfstagquire a topdown approach. Tourism
does not need an approach from super top, but from the provinces or federal countries.

One more thinghat is important when taking about scenariostligt Argentina could perfectly send its grains to the ports by
water using meg&hannels. Consideringé hydrology of the plains, it makes perfect sense to move grain by water. It can have a
lot of negative sideeffects, if it is not done right, but | can see a scenario of a super soybean economy or other grains in which
someone builds a huge channel onetwork for transportation purposes. | would not take it out of the scenarios. It has been
discussed for some time.

MP: 1t could be an opportunity using that extra water for the channels.

EJit can be an opportunity, to integrate a navigable canal thvsystem, and use it as a mean to move the boat, or it can be a
problem, because the canal can speed up the transport of water from other places. But | would have this scenario irotind, a |
of people are discussing it and from a perspective of trartspanakes perfect sense. And even in the dry periods, with this land
use and the land use that will probably come now, it could be feasible. The factors | already mentioned, like the evéadimansp

of plants and their capacity to keep working whersiflooded, plus the capacity to dry the water tables below a certain depth,
are very important for the water balance of the region. Alfalfa can do it up to a very deep depth, while agriculture cmibnly

up to 2 m deep. Consequently, | would $hgt even in a very dry period, the water table would never go deeper than 3 m. and
for the canathat is totally fine. A problem would be if everybody puts alfalfa. Canals are a possibility for the future.

This is also important for E®8deoffs. Alfalfa ad wetlands for example, probably if we have a lot of alfalfa we are sacrifying the
wetlands.

MP: You can also put these scenarios in conditional terms. You probably do not have a lot of background information for really
determining the tradeoffs. But ya can describe different scenarios and say we need more information on this or this point and
that again can set, a scenario for a next study of which of those ‘#deyou have to compare. Putting a value, even if it is
qualitative like plusses or mines, to those tradeoffs is easier to say which you would rate over the other.

JIWH:Another thing you should keep in mind, is an agricultural scenario with the rotation of the main crops, soy, wheat and
maize. It probably is not the main solution buhiss an effect on the water balance.

EJit makes some difference in the water balance, but the rotation of land cover is only affecting one of the three partsigou co
use. It is only affecting the transpiration part, but you do not solve the feedbatktiaeé floodingthat you could solve when
instead of having a rotation of soybean and wheat, a rotation with periods of grasses or alfalfa.

MP: Something that might also be interesting to consider, is, how solving this problem with water is affectange&8. For
example, soil nutrients, nutrient cycling, soil salinftgt might change. How does the system look after the dry out? You should
mentionthat the solution for the flood problem, has a lot of collateral effects. It does not only effect jesE&S.

EJA huge topic, which is related to tlggeenhousegas balance and a huge mystery for me, is the methane. They are still not in
the discussions of governments.

MP: That is true, but maybe, this could change in relation with other things. Ifsyan talking about something like Climate
Change, it might be interesting for big international solutions and then you might change something local by doing something
that is interesting from a global perspective.

EJWhat is interesting for the farmerss that when there are big floods, there is a change in the frost regime. It is like having an
ocean in the inland. Few farmers know this, but some smart farmers redha¢gvhen there is a flood, the growing season is
longer.

Another thing to mentionis that to foster any kind of change towards one of the scenarios we mentioned, it is necessary, to find
big companieshat are interested in the topic or finding a solution and to cooperate with th€here is no other way.

Interview 19: Juan Carlos B#oni, Secretario de recursos hidricos de Santa Fe, 17280, 27.04.2018, Cérdoba

We have a saying that if you put a frog in a pot with boiling water, it jumps right out again. However, if you put a fpogwrith cold water

and heat it up slowly hte frog gets used to the changing temperature until it reaches 100 degree and the frog is dead. The La Picasa thematic
is the first case. The region faced several changes that were slowly taking place and the people got used to it arid gapertdine to

these changes. Now that it is too late, and many landowners lost land and whole cities are under the threat of beingflesgedhat we

have a complex problem.

1) The region faced a number of changes specifically in the agricultural system. Theegiah used to be a typical livestock
production region. Rufino used to be the national capital of cattle production. Today you must search with a magnifieato fin
cow. From 1990onwards, there was a big political change maximizing the benefits op goeoduction while creating
disadvantages for cattle production.
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2)

3)

Annexes

This change in the productive model of the region also had hydrological effects and impacts on the landscape. Roadayend railw
had to be reorganized. Fundamental changes came with thetemtion of the net of canals that dried out a large number of
lagoons. Historically, an infinity of lagoons existed in the La Picasa basin.

With these changes, they became connected and their water was led to the mebtit@nocation-the La Picsa lagoon. Before,
thousands of shallow lagoons were evaporating water. Noat all the water masses are united in one single location with a
higher depth and less surface, the evaporation is not the same. The agricultural model and the networksakepaesént two
substantial changes, but who is responsible for these changbs?network of canals was organized by the three involved
provinces, Cordoba, Santa Fe and Buenos Aires. They have implemented or have allowed implementing a set of cahals witho
mitigating their impact. Everybody was draining away their water without thinking about where it would end up. It is ¢bhatous

the farmers of the region are clearly affected by political decisions, technical decisions and from the agriculturatrsste
working with.

All of this becomes even more evident in extremely humid periods like in 2015/16 and 17. These humid periods are noynew, the
are occurring for decades already, but they clearly show, how problems are related when it rainsSa, lete have an
anthropogenic change of the system, but we also have a climatic change. If you check the precipitation data of the last humid
periods, you will find out that waeverfaced superior rainfalls. Nevertheless, from my point of view, the changrused by
anthropogenic impact are more important than the changes caused by natural phenomena. The design of thetoanklwas
incorrectly implemented. When designed, they were thought to be a network of canals and reservoirs for the regulatter of w
levels. The canals were implemented first and then some reservoirs, although it should have been done in the opposite order.
First, the reservoirs should have been completed and then the canals should have been promoted. So, they first builtsthe cana
and then they added smaller reservoirs than initially planned, including one reservoir in Cérdoba that is not even cdnstructe
causing the water to flow down to the La Picasa lagoon.

There is a lack of authority in the La Picasa basin. The state tibasa'the capacity to control the execution of illegal canals.
Today, in Santa Fe we are starting with the first activities in this direction. Nevertheless, there is a certain kindindtanga
because a basin committee exists, but this committee haays had the characteristibat is blamed all the responsibility to the
Nation- Responsible and guilty is the state of Argentina. In reality, the "guilt" is shared: There is a Nation that was absént when i
came to accept the particular problem underrmation in the La Picasa basin and that failed in controlling the execution of canals
or even promoted it. But the farmers, who are affected today, were part of this development as well and never complaired befo
the problem became uncontrollable. Whataild be done now, is finding a consensus in the management of the La Picasa lagoon,
when it will be pumped, how much will be pumped and at what water level. This is also what we are researching about now,
because we have a more advanced vision.

Nobody is benefitting from this situation, in the contrary, it is a pity. The basin committee is not functioning well. Adtislly, i
neither a committee, nor it is from the basin. To be a basin committee, it should represent all parts of the hydrologicahtas

the actual committee is failing in this. In addition, a basin committee should represent all involved stakeholders and this
committee is only composed of farmers. It is like giving the wolf the responsibility to care for the chicken. You putifatheers
position to manage water resources, while they are not always the best indicators for how to use the water.

The province of Santa Fe has issued a water law the first of March 2018. The three provincial committees appearedigert like
associatns" while only one basin committee will be integrated in this law. It is my personal challenge to be able to establish the
interjurisdictional basin committee with this vision in mind. In the basin committee that exists today there is no waykto wor
efficiently. | am a person that usually promotes cooperation, but Buenos Aires is blocking any consensus. For this reasian, the top
of La Picasa has even been discussed in front of the Supreme Court of Justice.

| have a positive vision for the La Picasa bddinow that Santa Fe is already putting a lot of effort to find a solution approach.
Between the three involved provinces, Santa Fe is the most affected, because 80% of the La Picasa basin are on itsdand. Cérd
is not that affected and therefore doe®t put that much effort in the topic. | am from Cérdoba, but sometimes it is difficult to
work on topics like this because of the different priorities. Between the canals, the construction works and all thesetegsproa
there is no good management in pad/NVe, from Santa Fe and Cérdoba, together, we should demonstrate how it should be done
right. | have a positive view on this because Santa Fe is dedicating major efforts in the solution of this topic. Qint fitlse si
solution that Santa Fe is workimg has something irrational and illogical. But when you find yourself blocked from éhaall
does not let you take away water on one side, you do not have any other option than thinking out of the box. The op#en to t
out water to the Parana riverrdm a technical point of view is totally irrational. But today, with the actual scenario in mind, | am
happy that Santa Fe is promoting the scientific studies for this alternative. Obviously, the dialogue with Cérdoba andiBesnos
should further be impoved, but until now, we are lacking concrete actions. If we do not find an alternative soon, this region will
suffer the consequences of unilateral decisitimst Buenos Aires is taking until today. | think this topic will be solved progressively
but thiswill take way more time than one or two months. It will take a lot of time.

The farmers of the region only see one solution: Canals! They only think in construction works although today's circumstances
show them that construction works cannot solve every problem. We need agreements how we want to manage the lagoons, and
all of thiswill take a long time.

There are scenarios with a focus on infrastructure that Santa Fe will implement if there is no way to negotiate a sdhution wi
Buenos Aires. But apart from this, there is another scenario without construction Wakseems mula more interesting to me.
The first stepthat has to be achieved, is that the interjurisdictional basin committee is recognized from the National Congress,
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which again needs a law that makes this committee legally valid. This process has already stdrtean gositive that in 2018
this law will be passed. Once a legal committee is created our proghagds also supported by Cérdoba, is to create an operative
organism. This organism should be composed out of two or three pethahsheck constantlyf what is done in the La Picasa
basin is happening according to the rutkat the committee sets.

A scenario without construction works and a more ecological focus is only possible if it comes along with a strongiptanificat
among the players. Wwould like to see it in place as soon as possible and if we achieve this objective fast enough, we would like
to see an ecological approach.

But reality shows that we will first need a scenario implementing new infrastructure and then aisosith an ecological focus.

The change of the agricultural system for example will take a lot of time. In the short run, the advantages of consthuibted so

are that, in contrast to ecological solutions, they create immediate effects. The ecolsgicabn approaches are of highest
importance and probably even more important than the infrastructure approach in the long run, but they take time and Santa Fe
cannot wait for 50 more years. Therefore, Santa Fe will first go for more canals.

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina 126
Jasna Wiedemeier (11120659) | Sdgdt", 2018 | Supervisor: Dr. Udo Nehren



Nr.

Annex6

Stakeholder Institution

Comité Interjurisdiccional
de Cuencade la Laguna L.
1 Picasa
Comité Provincial de
Coérdoba Cuenca de la
2 Laguna La Picasa
Comité Provincial de Sant:
Fe Cuencade la Laguna L
3 Picasa
Comité Provincial de
Buenos Aires Cuencade |
4 Laguna La Picasa

Annexes

Potential Project Stakeholders

Representative

Juan Carlos Duhalde

Horacio Herrero

Juan Carlos Duhalde

Edgar Castello

Contact Data

Basin Committees

Tel.: +549 346 215 578 501
E-Mail:
duhaldejc@hotmail.com
Tel.: +549 351 628 0417
E-Mail:
hsherrero@yahoo.com.ar
Tel.: +549 346 215 578 501
E-Mail:
duhaldejc@hotmail.com

Governmental Stakeholder

Description

Presidente/ Management plans of the basin, projects
programs, infrastructural costs, data of the whole bas
structural composition

Internal data, numbers and facts about La Picasa Bas
Cérdoba Province

Internal data, numbers and facts about La Picasa Bas
Santa Fe Province

Secretary/ Internal data, numbers and facts about La
Picasa Basin of Buenos Aires Province

Secretaria de Recursos
5 Hidricos de Cérdoba

Horacio Herrero

Tel.: +549 351 628 0417
E-Mail:
hsherrero@yahoo.com.ar

representante de la Secretaria de Recursos Hidricos,
Cérdoba/ Internal data, numbers and facts about La
Picasa Basin of Buenos Aires Province

Secretaria de Recursos
6 Hidricos de Santa Fe

Juan Carlos Bertoni

Gustavo Villa Uria

Tel.: +549 342 610 9325

Secretario de recursos hidricos/ Internal data, numbe
and facts about La Picasa Basin of Santa Fe Provinc
helpful contacts

Engineer, Secretario de Planificacion de Asuntos
Hidricos del Ministerio de Planificacién Federal,
Inversién Publica y Servicios de la Nacion

Subsecretaria de Recurso
Hidricos de la Nacion

Pablo Bereciartua

Alfredo Antonio Raparo

Tel. Offic.: +5411 4349 855
7400

E-Mail.:
aqua@mininterior.gob.ar

Tel.: +549 338 241 6917
E-Mail:

Alfredo.raparo@hotmail.cc
m

responsable for national political regulations related
the resource water, the National Water Plan, assess
national water resources, represent Argentina in
international environment; integrated data from whol
ARG

Consultant and local expert/ Local expertise about th
functioning and development of "La Picasa", previou
information material, hydrologic data, contacts

Ministerio de Gobiernoy
Reforma de Estado Santa

Diego Milardovich

Tel.: +549 3462 673 614
E-Mail:
milardovich@hotmail.com

Coordinador Regién 5 Nodo Venado Tuerto en el
Ministerio de Gobierno y Reforma de Estado Santa F

Ministerio de Ambiente y
Desarrollo Sustentable

Direccion: San Martin 451 -
Ciudad Auténoma de
Buenos Aires

Cédigo postal: C1004AAl
Teléfono: (54-11) 4348-82(

Potential institutional stakeholder for a
multidisciplinary "La Picasa" Basin Management
Committee; Sustainable regional management
approaches for scenario development

Ministerio de Medio

10 Ambiente Santa Fe

Santo Biasatti

Manuela Luppi

Vice Minister/ Responsible for studies done about fl¢
and fauna in Melincué leading to the RAMSAR titulat
in 2008

Researcher/ Responsible for long-term monitoring o
the biodiversity of the lagoon Melincué

Comuna Melincué

11
Guardafauna Laguna

Melincué

Elizabeth Jorro

Mario Sachetto

E-Mail:
jorroelizabeth@gmail.com

Responsible for tourism in the Municipality of Melinc
numbers about visitors/year, where they come from,
how much tourism benefits from the RAMSAR title
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Comuna Aarén CastellanodWalter Ramanzin
12

Secretario de Proteccion
13 Civil Santa Fe

Ministerio de Produccion d
14/Santa Fe

Ministerio de Turismo

(Delegacion Zona Sur) de |Claudia Rosenthal
15 Santa Fe

Alicia Ciciliani (Minister)

Administracion de
Infraestructuras Ferroviari¢ Luis Figliosi

16 Sociedad del Estado (ADIF

Instituto Nacional de
Técnologia Agropecuaria |Alejandro Saavedra
17/(INTA)
Pablo Bollati

Federico Pagnan
Juan Cruz Molina
Enrique J. Miles

Working group CREA
Instituto Nacional del Ague
18 (INA)

Centro Regional Litoral |Carlos Paoli
Ricardo Giacosa
Centro de Investigaciones
de la Region Semiarida
(CIRSA) Maria Inés Rodrigues

Ana Laura Ruibal

Centro Nacional Patagénic
19 del CONICET

Research Team GEA,
CONICET-UNSL Esteban Jobbagy

Instituto Multidisciplinario
de Biologia Vegetal Maria Poca

Universidad Nacional de
Litoral - Fa
Ingenieriay Ciencias
20 Hidricas (FICH) Raul Pedraza
Instituto Nacional de
21/ Limnologia CONICET-UNL
Universidad Tecnolégica
Naci onal - F
22 Regional Venado Tuerto |Jorge Fernando Amigo
Universidad Nacional de
23 Rosario Eduardo Peralta

Marcelo Romaro

Universidad Nacional de
Mar del Plata (Grupo de
Estudio de Agroecosistem
24y Paisajes Rurales (GEAP|Pedro Laterra

Universidad Nacional de
25 Buenos Aires

Annexes

Tel.: 549 3382 457 353
E-Mail:
w.s.ramanzin@hotmail.col

Presidente Comunal/ Local knowledge, information ¢
experience

Data about risk potential in La Picasa Basin,

Marcos Escajadillo (Director) Infrastructure endangered, costs of mitigation

measures, people at risk, etc.
data and information related to floods, la pampa regi¢
etc.

Tel.- +549 342 155997878 Data about tourlsm numbe.rs in "La Picasa", national
parcs, travel medium, motifs for travel, etc.

Data about infrastructure in the region "La Picasa" for
both tourism potential and critical infrastructure
endangered by floods

Research Institutes

data and information related to floods, la pampa regic

Tel.: +549 3537 68 2240
etc.

bolatti.pablo.@inta.gob.ar agricultural problems related to groundwater table ris
Tel.: +549 3537556172 Agricultural Engineer and Farmer/ cooperation with
pagnan.luis@inta.gob.ar |farmers: consultancy, evaluation of methods, etc

E-Mail: Ex-Secretario de agricultura, head of INTA Cérdoba,
jcmolina@crea.org.ar Member CREA

E-Mail:

emiles1969@gamil.com |Agricultural producer and CREA member
info@crea.org.ar productores agropecuarios que se retinen en grupos:

para compartir experiencias y conocimientos
Research Institute focussing on water resources in

Argentina
data and information related to floods, la pampa regic
etc.
Batimetry study
Tel.: +549 351 156 54 2009
E-Mail: Water quality, eutriphication, agriculture and water

minesrodrg@gmail.com |bodies, etc.
Tel.: +549 3543 517060
E-Mail: alrc71@gmail.com|chemical analysis, water quality

research data for wetlands in Patagonia, Argentina

Eco-hidrology expert in Argentina/ potential academ
Tel.: stakeholder for a multidisciplinary "La Picasa" Basin
E-Mail: jobbagy@gmail.co|Management Committee

Researcher and Biologist/ Expertise about ESS, La F
Tel.: +54 0351 5353800; int| Ess-Trade-Offs, ESS valuation and methodology,
30049 potential academic stakeholder for a multidisciplinary
Mail: pocamaria@gmail.co "La Picasa" Basin Management Committee

Universities

Researcher/ Previous hydrological studies (existing
hydrological model from 2000) on La Picasa Basin
Research Institute focussing on water resources
(especially lakes and lagoons)
Potential institutional stakeholder for a
multidisciplinary "La Picasa" Basin Management
Committee; specialised on GIS & Satellite Data
Researcher/ Responsible for biodiversity data in
Tel.: +549 0341 155149759|Melincué and Santa Fe
Responsible for biodiversity data in Melincué and Sa
Fe

pedro.laterra@conicet.gov

ar
pedrolaterra@fundacionbe previous working groups on related topics
iloche.org.ar (agroecosystems, rural development, etc.) in that are

Potential institutional stakeholder for a
multidisciplinary "La Picasa" Basin Management
Committee
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Universidad Nacional de
26/ Cérdoba (UNC)
Laboratorio de Hidraulica
Centro de Estudios y
Tecnologia del Agua (LH-

CETA) Andrés Rodriguez
Ricardo Ingaramo
Paolo Gyssels
Leticia Tarrab

DiverSus Working group

Natalia Perez

Esteban Kowaljow

Juan Ignacio Whitworth
Hulse

Leuphana University

27

Prof. Dr. Berta Mam’n-LépeE

Annexes

Potential institutional stakeholder for a
multidisciplinary "La Picasa" Basin Management
Committee

Civil engineer and Director LH-CETA/ Political and
Tel.: +549 11 5989 4114  |organizational management of hidrological working
androdminplan@gmail.cor group "La Picasa"
Ricardo.ingaramo@gmail.( Civil engineer/ Technical and academic coordinator ¢
m working group "La Picasa"
Civil engineer/ Knowledge about environmental
engineering (hydrological focus) for working group "L
Picasa"
Civil engineer/ Knowledge about civil engineering
(hydrological focus) for working group “La Picasa"
Potential institutional stakeholder for a
multidisciplinary "La Picasa" Basin Management
Committee; Sustainable regional management
approaches for scenario development

pgyssels@gmail.com
Tel.: +549 351 620 9889
Itarrab@gmail.com

Researcher and biologist/ Regional knowledge abou
wetlands and related soils of La Picasa (Trade-Offs?,
perez.h.natalia@gmail.coriFitogeografia, Ecologia funcional (ESS) y reciclado d
Researcher and biologist/ Restoration of wetlands,
dinamica de nutrientes en el suelo (N/C)
Tel.: 549 3572 401 155
E-Mail:
jiwhulse @gmail.com
Universitatsallee 1,
C11.210e 21335 Luneburg Researcher/ ESS Wetlands, Existing data and results
-Mail: berta.martin- previous studies of the region
lopez@leuphana.de

Researcher/ Ecohidrologia (balance hidrico a escala
parcelas - woodlands nativ/exotic)

Nature Conservancy Stakeholders

Ramsar Convention

(Program: “ WSecretaria de Estado de
Future”)~* Medio Ambiente y

28 Desarrollo Sustentable
IPBES ( Intergovernmenta
Science-Policy Platform ol IPBES Sekretariat
Biodiversity and Ecosyster UN-Campus Bonn

29 Services)

Fundacion
Humedales/Wetlands
International
30
Administracién de Parques
31 Nacionales

Maria Eugenia Stolk

Prof. Dr. Maria Elena
32 Network of bird watching |Zaccagnini

33 The Nature Conservancy Gustavo Iglesias

Consorcio de Conservacio
34 de Agua

CARSFE (Confederacion
Associaciones Rurales de Carlos Castagnani

35 Santa Fe)

Associacion Productores d

36 Sur de Santa Fe Armando Rey

The Role of Wetlads in ES$radeOffs in La Picasa Basin, Argentina

Information about close by Ramsar sites (Humedal
Laguna Melincué); Information about various ESS;
Potential Consultancy position; data about wetlands |
ESS; important contacts (+ evt. questionnaire for
tourists)

Email:
smades@santafe.gov.ar

intergovernmental body which assesses the state of
biodiversity and of the ecosystem services it provide
society, in response to requests from decision makel
work to preserve and restore wetlands, their resourcg
and biodiversity; Potential NGO stakeholder for a
multidisciplinary "La Picasa" Basin Management
Email: Committee; Sustainable regional management
maria.stolk@wetlands.org approaches for scenario development

Email:
secretariat@ipbes.net

knowledge & data about ESS "tourism and recreatior
Researcher/ Conservation and research related to bi
species; Estado de la Biodiversidad para la alimenta
y la agricultura, a solicitud del Ministerio de
Agrolndustria de Argentina

mission is to spread effective conservation at a scale
that matters, integrating the value of nature into
economic decision-making; working in la Pampa regi
Potential NGO stakeholder for a multidisciplinary "La
Picasa" Basin Management Committee; Sustainable
regional management approaches for scenario
development

consults the implementation of public or private actio
with a focus on soil conservation and the promotion ¢
the efficient use of irrigation water

E-Mail: giglesias@tnc.org

Agricultural Stakeholders

Tel.: +549 3462 509 241

E-Mail: Presidente de CARSFE (Confederacién de Asociacif
carlos.h.castagnani@gmai Rurales de Santa Fe)

om

Tel.: +549 3382 154 605 54

E-Mail:

establecimientolateresa@ Presidente de la Asociacion Productores del Sur de |
otmail.com Fe
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37 Adecoagro

Private Tour Guide for
Fishing Activities
38
39 Private Local Fisherman
Private Local Landowner
40 Cuenca La Picasa
Private Local Landowner
41 Cuenca La Picasa

Private Local Landowner

o Cuenca La Picasa

Private Local Landowner
43 Cuenca La Picasa

Private Local Landowner
44/ Cuenca La Picasa

Private Local Landowner
45 Cuenca La Picasa

Javier Tricarico

Esteban Milicich

Marcelo Ridolfi

Marcelo Diez

Alberto Diez

Claudio Berrueta

Federico Furno

Omar Maurizi

Mirtha Mas

Tel.: +549 3462 480 229
E-Mail:

Annexes

Agricultural engineer/ Responsable agricultura por lg

jtricarico@adecoagro.com | empresa Adecoagro

Local Stakeholders

Tel.: + 549 3537 443 899

Fishermen/Tourism Guide in the lagoons "La Viamor
knowledge & data about ESS "tourism and recreatior;
qualitative interview (+ evt. questionnaire for tourists

Fisherman and tourist in the lagoon "La Viamonte"

Tel.: +549 1154 150 185 local producer with flooded farmland area

Tel.: +549 3382413135  local producer with flooded farmland area

E-Mail:
claudioberrueta@gmail.co local producer with flooded farmland area
m

Tel.: +549 3382 1544 7289 |local producer with flooded farmland area
E-Mail: fgf.63@outlook.cor
Tel.: +549 3382 1567 2293
E-Mail:
maumag56@hotmail.com
Tel.: +549 3382 1557 8501
E-Mail:
mirthasmas@hotmail.com

local producer with flooded farmland area

local producer with flooded farmland area
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Annex 7

A: Basin
Committees

B: Governmental
Stakeholder

C: Research
Institutes

D: Universities

F: Agricultural
Stakeholders

G: Local
Stakeholders

1 Interjurisdictional
Basin Committee

2 Provincial Basin
Committee

3 National Government
4 Provincial
Governments

5 Regional Government
6 Agricultural Research

Institutes

7 Water Resources
Research Institutes

8 Environmental
Research Institutes

9 Directly Involved
Universities

10 Potentially Involved
Universities

11 International Nature
Conservation Groups
12 National Nature
Conservation Groups

13 Farmer Associations

14 Tenants

15 Landlords

16 Owners that farm

17 Agricultural
Companies

18 Dairy
farmers/Ranchers
19 Fishermen

20 Tourism Related
Stakeholders

21 Service Providers

22 Urban Population

Annexes

A 1:Plays a significant role in defining which measuri(
are taken in the La Picasa basin, most members are

farmers that are affected by the identified ESS trade-
A 2:Play arole in defining which measures are taken

the La Picasa basin but meet unfrequently and are
affected by the identified ESS trade-offs

B 3:Is indirectly affecting the situation through laws a
is indirectly affected through the cut-uff national Rout
N°7

B 4:Are affecting the situation through implementing
measures and negotiating among them as well as
affected by the identified ESS trade-offs
involvement and interest, are representing the regiot
population that is highly affected by the identified ES
trade-offs

C 6:Are affecting the situation in the study area throu
the results of research focusing on agriculture which
the major economic activity in the region

C T:Are affecting the situation in the study area throu
the results of research focusing on water ressources
research which is of highest importance in the region

C 8:Are affecting the situation in the study area throu
the results of research focusing on environmental
research which is of low importance in the region

D 9:Are affecting the situation in the study area throu
the results of scientific work related to the identified
ESS trade-offs

D 10:Are indirectly affecting the situation in the study),
area through the results of scientific work related to tl
identified ESS trade-offs

E 11:Are indirectly affecting the situation in the study
area through environmental commitment

E 12Are indirectly affecting the situation in the study
area through environmental commitment

F 13:Are affecting the situation through high
involvement and interest, are representing the regiol
farmers that are highly affected by the identified ESS
F 14:Are highly affecting the situation through their
agricultural management practices but are not affecte
by the consequences of the identified ESS trade-offs
because they leave as soon as they face some

F 15:Are indirectly affecting the situation through
renting their land but are not affected by the
consequences of the identified ESS trade-offs becat
they often live in far-away cities

F 16:Are highly affecting the situation through their
agricultural management practices and are highly
affected by the consequences of the identified ESS t
offs

F 17:Are highly affecting the situation through their
agricultural management practices and are highly
affected by the consequences of the identified ESS t
offs but are able to mitigate the effects better than

F 18:Are not affecting the current situation through
inappropriate management practices but suffer the
consequences of the identified ESS trade-offs the m
G 19:Are affected by the current situation because
shallow lagoons are dry and they have to drive far to
able to fish

G 20:Are slightly affected by the current situation
because shallow lagoons are dry and fishermen com
to the La Picasa lagoon and demand some services
G 21:Are highly affected by the situation because the
cut-off Route N° 7 causes all traffic to stop

G 22:Highly affected by the situation becaus is threat
their property and lives and causes complex socio-
economic problems
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Annex 8

A: Basin
Committees

B: Governmental
Stakeholder

C: Research
Institutes

D: Universities

F: Agricultural
Stakeholders

G: Local
Stakeholders

1 Interjurisdictional Basin
Committee

2 Provincial Basin Committee
3 National Government

4 Provincial Governments

5 Regional Governments

6 Agricultural Research Institute

7 Water Resources Research
Institutes

8 Environmental Research
Institutes
9 Directly Involved Universities

10 Potentially Involved
Universities

11 International Nature
Conservation Groups

12 National Nature Conservatiol
Groups

13 Farmer Associations

14 Tenants

15 Landlords

16 Owners that farm

17 Agricultural Companies

18 Dairy farmers/Ranchers

19 Fishermen

20 Tourism Related Stakeholde
21 Service Providers

22 Urban Population

low

low

high

high

low

low

low

low

low

low

low

low

high

high

high

high

high
low
low
low
low

low

high

high

low

high

high

high

high

low

high

low

low

low

high

low

low

high

high
high
low
low
high

high

Annexes

A 1:Low power because functioning control mechanisms are
lacking, high interest to find a solution

A 2:Low power because functioning control mechanisms are
lacking and because of conflicts between the three provinces,
interest to find a solution

B 3:High power to intervene through national legislation but lov
interest in the study area

B 4:High power to intervene through the implementation of
measures and high interest to find a solution

B 5:Low power to intervene in the situation because they are
dependent on provincial and national governments but high
interest to

C 6:.Low power to directly intervene in the situation because th¢
are dependent on provincial and national governments but hav,
high interest in the specific situation of the study area

C 7:Low power to directly intervene in the situation because th(
are dependent on provincial and national governments but hav,
high interest in the specific situation of the study area

C 8:Low power to intervene in the situation because they are
dependent on provincial and national governments and are nof
integrated into the situation so far

D 9:Low power to directly intervene in the situation because thi
are dependent on provincial and national governments but hav,
high interest in the specific situation of the study area

D 10:Low power to intervene in the situation because they are
dependent on provincial and national governments and are nof
integrated into the situation so far

E 11:.Low power the intervene in the situation because they are
dependent on provincial and national governments and are nof
interested in being integrated in projects in the study area so f¢
E 12:Low power the intervene in the situation because they are
dependent on provincial and national governments and are nof
interested in being integrated in projects in the study area so fg
F 13:Have a high power to influence the management practices
farmers in the region and have a high interest in finding a solut
for the situation

F 14:Have a high influence on the management practices of lar
agricultural areas in the region but have a low interest in findin(
solutio because they are not bound to the land.

F 15:Could have a high influence on the management practices
take place on their land, but often have a lack of interest

F 16:Have a high influence on agricultural management practic|
on their land and also have a high interest in finding a solution
the problems in the study area

F 17:Have a high influence on agricultural management practict
on their land and also have a high interest in finding a solution
the problems in the study area

F 18:Have little influence of the problem situation but have a hi
interest to find a solution for the problems in the region

G 19:Have little influence on the situation and are only slightly
interested in finding a solution for the problems the region face
G: 20Have little influence on the situation and are only slightly
interested in finding a solution for the problems the region face
G 21:Have no influence on the situation but are highly intrestec
finding a solution for the problems the region faces

G 22:Have no influence on the situation but are highly intrestec
finding a solution for the problems the region faces
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Annex9

Interview
Number &
Interviewees

Interview 1

Gustavo Villa
Uria

Interview 2

Alfredo Raparo

Interview 3

Walter
Ramanzin

Problem Identification

no industrial

sector for
drainage water processing of
ends up inthe agricultural
principal lagoon goods

hydrological
urban migration surplus
lack of
understanding lack of
climaticdata  meteorological
(farmers) stations
lack of

understanding
of the system  of tenants
surrounding
national road cu roads
off
compaction of
decreasing soil soil and higher
fertility run-off

lack of
communication

deteriorate fast jams

unemployment
because jobs lack of
only exist in the awareness and

agricultural lack of
sector alternatives
lack of social

concept for a fai illegal drainage
use of the basin canals

lagoons and
lagoons do not canals are on
provide ESS  private land
(dried out) (lack of control)
soil erosion and

high percentage threat of

droughts
accidents/traffic unsustainable
rotation of crops
less evaporationfloods

conflict

potential inefficiency of o

between the 3 capriciousness between the 3 basin
provinces of Buenos Aires provinces committees
small amount of

of water that car initial master

be discharged plan the Nation
(via South national road cu inadequately  should be in
alternative) off implemented charge
unlogical

amount of water lack of unfunctioning
discharge common believeawareness and pumping
allowed (5m?3/s) in untrue myths understanding stations

nobody is in voices of local

charge of stakeholder

maintaining gre) (farmers) remait provinces get
infrastructure  un-heard

natural water ~ evaporation

basin got from lagoons

modified that are dry

(broken barriers could replace
Route N°33) pumps

drainage canals next flood will
direct water set Aarén
towards La Castellanos
Picasa lagoons under water

biggest problemare politically
is that the Southunimportant
alternative is no because they ar because Route |habitat quality

lack of
responsibility
from the Nation working
Inappropriate
and unsafe
transportation of
goods and
persons

contamination threat of
with pesticides droughts
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productive area of water
is water-logged resources

agreements
between the 3 Buenos Aires
province blocks

ignored new alternatives

unsustainable
agricultural
model

use of pestizide
in soybean
production
causes blank
fields with los  nobody thinks
evapotranspirati about the cause
on of the problems

inner conflicts

the votes of the
local population
economic
problems

small in number N°7 is cut-off

mismanagemenwheat and soy
do not have the
same rentability,

lack of power of
communes and
the 3 provinces

Related ESS

Trade-Offs

agricultural
production vs
cattle
production

agricultural
production vs
hydrological
regulation
agricultural
production vs
habitat quality
(biodiversity)

economic losse’s

agricultural
production vs
hydrological
regulation

agricultural
production vs
habitat quality
(biodiversity)

agricultural
production vs
cattle
production

agricultural
production vs
hydrological
regulation

agricultural
production vs

(biodiversity)

Annexes

Identified Management Needs

wetland launch of Paraniregional income
restoration plan ESS valuation water exit diversification

implementation

implementation of control strengthening o

awareness of the South ancmechanisms  the dairy
raising North (remote production
campaigns alternative sensing) sector
creation of a introduction of make use of the
market for education deeprouting  groundwater
alfalfa campaigns plants aquifer
diversification o

the production

model

declare La Picas functioning basin internal
lagoon as nature grey pumping construction
protection area infrastructure  stations works

participation of
Activation of the farmers in the
South and North solution finding

technical studiesmore canals alternatives process
control

scientificand  mechanisms to

technical avoid illegal

research canals

implementation

of the South anc reforestation of

North launch of Paraniformer forest ~ adapted rotation
alternative water exit areas of crops
basin-wide formation and
strategic organization of
nature-based management local
solutions plan stakeholders
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Interview 4

Alberto Diez

Interview 5-7

Diego
Milardovich,
Carlos
Castagnani,
Claudio
Berrueta

Interview 8-9

. .. sucl
Javier Tricaricg

Alfredo Raparc

current

political agriculture has failing
the basin is incentives fr lower negotiations
naturally producing crops evapotranspirati between the 3
endorrheic like soybeans on provinces

lack of

lack of modification of integrative
functioning grey the hydrological management
infrastructure  illegal canals  cycle concept

lack of interest

lack of scientific and prority of

understanding migration out of loss of local the region in
of the system  the region species policy
agricultural

system has a loy

egoistic work intensity

behaviourof  and leads to introduction of farmers have a
farmers unemployment new species  lack of influence
transformation

of the

profession is
difficult (from  Route N°7 is cutinefficiency of

farmer to tourist off and causes the basin lagoons are on

guide) economic losse:committees private land
execution of
projects was ~ mismanagemen lack of grey

wrongly done  of the region  lack of planning infrastructure

farmers should

agricultural
production vs
cattle
production

agricultural
production vs
hydrological
regulation
agricultural
production vs
habitat quality
(biodiversity)

agricultural
production vs
cattle
production

agricultural
production vs
hydrological

agricultural
production vs
habitat quality
(biodiversity)

agricultural
production vs
cattle
production

lack of not be in charge wrong political
acceptance of of managing incentives (to
the Nation is notnatural limits  hydrological produce crops
involved (drainage) resources instead of cattle regulation
egoistic
behaviour of flooded flooded
farmers economic lossesproductive land property
higher high change in
precipitation ~ groundwater  dependency on technology (no-
values flooding 1° sector tillage)
rentability of introduction of
crops in glyphosate and lack of
comparison withrelated lack of attention cooperation
cattle much introduction of and between the 3
higher soybean management  provinces
lack of laws to  short-term
protect land contracts
displacement of from being (between land- lack of
farmers by unsustainably owners and understanding
tenants managed tenants) of the system
soybean
monocultures
affect the mismanagemen
lack of lack of control  hydrological of water
awareness mechanisms  cycle resources
teh only
stakeholders  profit blank fields
represented in maximization foster a faster
the basin more important run-off effect  incomplete
committee are than protection and low basin
farmers of soils infiltration committees
main problem is canals directing ten-times highe
lack of an the lack of water to La inflow capacity
interjurisdiction infrastructure to Picasa lagoon of canals than
al basin take water out butnowater  outflow
committee of the basin exit possibilities
itis a myth that limiting factor
land-use has  for production

h a big (of crops like
influence on the soybeans) is thelagoons are not
hydrological availability of  appropriate for
cycle (cannot be water (from water storage
proofed) precipitation)  (needed ESS)
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agricultural
production vs
hydrological
regulation

agricultural
production vs
habitat quality
(biodiversity)

Annexes

involvement of
more

constructed foster higher  stakeholders  trust building in
solutions are  evapotranspirati (not just management
necessary on rates farmers) approaches
requires a top-
down
basin-wide organization
organization anc (from the
management  Nation)
integrated basin
innovative management centralized
solutions projectworks  scheme decision making
political
solutions bease incentives for
Involvement of on scientific cattle grey
the Nation information production infrastructure
representation
of all

Nort and South Stakeholder
alternatives participation

diversification o
the production
model (with
cattle and
grasslands)

Creation of
alternative
income options

integrate

livestock

production into
soil covers with agricultural
living crops practices

stakeholders in change of
the basin current land use
committees pattern

insurances or
support
mechanisms for
affected farmers

create water
storages
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land-use and
other
anthropogenic

I RN 3 pacts have
caused a
modification of run-off is much
the hydrological faster than
cycle before

Juan Carlos
Duhalde,
Armando Rey,
Alfredo Raparc no stakeholders

Federico Furnc are represented natural pastures groundwater

Omar Maurizi, apart from do not exist
Mirtha Mas |farmers anymore

reaction to

floods are man- floods instead o sector is not

made prevention
lack of planning
from down-

Coérdoba stream to up-

province is fast stream

in constructing  (infrastructure
canals without was

being aware of implemented
possible the other way
consequences around)

lack of water
exit (South and
North
alternatives)
lack of
understanding
of technical date
and information

illegal canals

lack of

Interview 16182 2 oSS ON
how much land- farmers do not

use practices  value ESS
influence the  different from
hydrological agricultural
cycle production

Esteban
Jobbagy, Mari

Poca, Juan |no wildlife left lagoons caused

Ignacio  /inapurely by floods oten
Whithworth | agricultural only refuge for
Hulse landscape wildlife
discrepancy
between
farmers and
urban
populationin  off and causes

ESS perception economic losse:

low water

consumption

and little knowledge

evapotranspirati about run-of

on of crops effects
accelerated

conflicts discharge

between the 3 towards the

provinces principal lagoon

Interview 19 'modification of less evaporatior the change of

the hydrological caused by less
cycle lagoons

Juan Carlos |lack of

Bertoni mitigation of  climate change
negative and higher
anthropogenic precipitation
impacts values

committees
blame the

lack of capacity Nation and
to control illegal refuse taking
canals responsibility
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Route N°7 is cutgap between

canals were

constructed agricultural

before a water the basin is production vs

exitwas naturally cattle

implemented  endorrheic production

rising lagoon

levels and rising agricultural

production vs

levels cause  increase in hydrological

floods precipitation regulation
farmers are not |agricultural

the touristic farmers production vs
anymore - most|habitat quality

present are tenants (biodiversity)

low evaporation

because water

leavestothe  no infrastructure
principal lagoon left for cattle

so fast production

control of illegal

canals is limited

because farmer:unfunctioning
do no complain grey

about each othe infrastructure

crops do not
evapotranspire |agricultural
when flooded |production vs

negative effect
of land-use on

the water while natural | cattle

balance grasses do production
agricultural

lack of production vs

awareness and lack of a fair use hydrological

understanding of the basin regulation
lack of kowledgt
about the
system and agricultural

consequences ¢production vs

causing and the current habitat quality

suffering parties situation (biodiversity)

the connection

of surface

waters and the fast and slow

groundwater  response of the

system not system to

understod rainfall events

migration to

urban

environments

floods caused b agricultural
network of production vs

the agricultural canals (mainly |cattle

model illegal ones) | production

incorrect

implementation

of grey agricultural

infrastructure  lack of a production vs

(canals and powerful hydrological

reservoirs) authority regulation

committees are lack of agricultural

not representincintegrated and
all stakeholder basin-wide
groups management

production vs
habitat quality
(biodiversity)

make the South Stakeholder

Annexes

control

mechanisms to creation of
avoid illegal controlling
canals instance

payments for
ESS

integrated watel
policies

on while water- incentivizing

and North participation in

alternatives basin

work committees

involvement of

interested information

parties activities
exploit
grasslands
double function
to continue
evapotranspirati
logged and
increased

bio-drainage infiltration to

options groundwater

consideration touristic offers

dairy farmers or

ranchers on

recovered land involvement of
after floods stakeholders

foster the
industrial sector
(ex. With a milk cooperation

“"green" solution for international powder plantin between the 3

approaches birdwatchers
create a
generate committee that
capacity to is representing
control illegal  important
canals stakeholders
recognition of  create an
the operative
interjurisdiction organism in
al basin charge of
committee controlling
through the parctices in the
national basin (work
congress group)

the region) provinces

integrated

management
Launch of the  plan for the use
Paran& solution of lagoons
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