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Figure 10. The rated landslide susceptibility map for Aguas Calientes is shown first without visual change with respect to
topography (top) and then isdraped over the DEM (hottom).

Asameansofexploring these areasofnote, we mightimagine the following example. Two respondents

may have identified an area as carrying ahigh risk rating while 23 respondents did notacknowledge the
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areaas containing high risk ordid notacknowledge itatall. Thisisstillan importantaspectof the
results asitrevealsalack of understanding orknowledge as to the realities of the physical processes at
work in the given area, particularly if the modeled results identified the area as high risk. The lack of
identification of an area as containing high, medium or low risk signifies thatthatarea does not,in the
opinionof the respondent,carry any risk. Therefore, for two of the 25 respondents, an area carried high
risk and although 23 respondents did notagree, their lack of identification of risk is telling and bears

furtherstudy.

The results of performing querieson the interview data will vary. An exampleof a result of a simple
query aboutlocalperceptionsregarding building codes and constructionisprovided below (Figure 11).
In anothersample query of the 25 participants interviewed, 10 participantsidentified the Urubamba
Riverascarrying the mostrisk forhuaycos followed by the Alcamayu and, then, Aguas Calientes. Three
peopleidentified acombination of rivers, replying thatitwasnotpossible to identify one thatcarried
morerisk than the others. Those thatidentified the Alcamayu as carrying the mostrisk either lived or
worked withinwhatwould be considered the affected area should the riverreach bankfull and/ora
debris flow rip through the channelcausing damage such as the debris flows experienced in 2005. Since
the banks of the segmentofthe Aguas Calientes River thatrunsthrough the town are enforced with
concrete, itisnotsurprising thatthe fewestnumberof people cited thatriverasthe mostdangerousor

posing the mostrisk.
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Questions.Description +  QuestionID ~ | AnswerCode - AnswerLookup.Description
38 buildings with poor construction
21 will lead to problems in future

i What can you tell me about any rules that determine where and how to build new buildings?
2 What can you tell me about any rules that determine where and how to build new buildings?
Idings? 41 people make decision about where to build

42 insufficient or not many rules or regulations exist

41 people make decision about where to build

14 What can you tell me about any rules that determine where and how to build new by
18 What can you tell me about any rules that determine where and how to build new b
18 What can you tell me about any rules that determine where and how to build new buildings?

%@ ® e

Figure 11. The results of a spatial query of the interview data. Each participantisalso correlated with a GPS point.

Incorporating actualresponsesto questionscan also add a rich tapestry to the results of the spatial
queries. Forexample,in response to the question about where itissafe to build and whetherthere are
sufficientregulations, one of the participants, the female owner of ajuice barinthe local market,
provided the following com ment:

. “.todo loquiero construir™ (“.. all Twantto build”)

« “no hayrespetoporlaautoridad de Municipio..ellos estan preocupado con dinero” (“there is

no respectforthe authority of the Municipal government.. they are preoccupied withmoney”)

In response to the question about whetherthereisa difference between landslidesand rockfalls,the
same participantresponded with:

o “nohaydiferencias; sonigual; si,ocurrenaqui;si,empiezanen o mismo lugar” (“thereareno

differences; they are the same; yes, they occurhere;yes, they begin inthe same place”)
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Inaddition,a majority of the participants, regardlessofthe length of timespentinAquas Calientes, were
able to recall, with riveting detail, the degree of damage and short-term and long-term impactto the

town both structurally and economically resulting from the recentnatural disastersin 2007 and 2010,

[n summary,with the creation of the query-ready database and using the corresponding GPS points,itis
possible to identify whether any correlation exists between the selection of one riveroveranotheris
affected by theirproximity to thatriver. A full compilationof salientcommentsalong witha full
summary of the responseswill be provided in the finalreportto the Mayorof Aguas Calientesand the

Ministry of Culturein Cuzco and Aguas Calientes.
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Discussion

To addressthe central questionregarding the comparison between perceptionand modeled results,itis
necessary to alsocompare the modeled results with previous findings, particularly the areas of risk
identified by Bulmer & Farquhar (2010). In addition, a vital assertion of this study isthatthe evaluation
of the spatial distribution of risk perceptionsisimperativeto understanding the readinessand knowledge
base of a population living in a high risk zone fornatural disasterssuch as slides, flooding, debris flows,
and rockfalls. Therefore, acomparison of the resultsof the modeland the mapped perceptions provides

ausefulcomponenttothe analysis by identifying pointsof discrepancy and agreement,

Figure 12. Results of landslide susceptibility model and hazard zones identified by Bulmer and Farquhar (2010).

To beginthen, avisualcomparison between the results of the landslide modeland those published by
Bulmer & Farquhar (2010) are shown above (Figure 12). Inthe image to the right, Bulmer & Farquhar
(2010) identified areas prone to rockfalls, topplesand slides (shown with ared stipple pattern).Areasof

concern for floods and debris flows are shown with a red stripped pattern (Figure 12).

All ofthe areasdemarcated are contained within the highly susceptible regions (“7”-*9" susceptibility

rating). However, there are areasaround the perimeter of the town that, based on the results of the
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prototype landslide susceptibility model,stillcarry a moderate level of susceptibility thatare not
identified by Bulmer & Farquhar (2010). Itisinteresting tonotethe degree of overlap between the
results of the flow accumulation map and the some of the flow paths previously identified (See Figure
12;Bulmer & Farquhar2010), particularly inthe NW cornerof town where there may be a developing

areaof concern.

Figure 13. Photos taken from author’s hostel showing proximity of town to Urubamba River,

Furtherunderlying the complexities of the hazard situation in thisunique setting is the overall response
by participants in illustrating areas of high risk. The vast majority of the town is seento be atmoderate
to high risk for landslides alone. Only aselectfew areason the perimeterof the town are seen as

relatively low to no risk. Thisshould be an importantresultfor land use plannersand managers for the
region as thissuggeststhatthereis arelatively low awarenessof the impactofcontinued development

up the hillside with respectto landslide susceptibility.

In addition, participants viewed the hillside to the eastof the town bordering the eastbhank of the
Urubambaas moderately to highly susceptible to landslides (Figure 13). Given the relative stability of

this largely granite rock face, this,along with the relatively dispersed nature of responsessuggests that
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anopportunity existstoprovide clarification asto the processesinvolved in slidesand the associated
risk. Amajorfinding of thisstudy also includesthe discovery thatthe term “risk” carriesnot only
varying connotations from personto person based on priorpersonalexperience,butalso canvary from
culture to culture. Perspectivestend to be aligned more with the positioning of the individual within the
landscape relative to where they lived orwork ratherthan by gender orlength of time as a resident in
Aguas Calientes. However, those who had spent years,oron the rare occasion, their life,in Agquas
Calientes were able toprovide more detail with regard to pasteventsand seemed to have a deeper
understanding of the underlying causes of landslides, rockfallsand huaycosand the impactofpeople on

the environment.

Furthermore, thistype of analysis offered the opportunityto empoweran under-represented group
(indigenous Andean peoples)and improve collaboration between agencies (internationaland regional)
and the affectedcommunity (Vilimeketal 2010). For the firsttime, the perception of the people of
Aguas Calienteswas consideredin a spatialanalysisof landslide susceptibility.Asa result, the study
may provide usefuland previously unaddressed information for the developmentofurban growth
managementplans. In addition, the improved growth managementplans for Aguas Calientes offer the

potentialto enhance conservationand protectionof theworld-culturalvalue of Machu Picchu Sanctuary.

Areas for Further Research

Onepossible extension of the methods introduced in thisstudy isan exposure analysisusing avariable
with buffer. Such an analysisallows for identification of structures that lie within a bufferand carries
socio-economicweightorrepresentalossorconsequencetothe occurrence of a hazard in the area

defined by the susceptibility model. First,a bufferisestablished surrounding the road thatleadsoutof
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the town to Machu Picchu Sanctuary aswell as along therailroad thatenterstown. The purpose of
establishing this bufferisto highlightareasthatwould be affected should a slide occuralong this
transportation corridor. The projectarea sizeis 135 x 117 cells. Each cell size isapproxim ately 32.8ft.

Therefore, the bufferthatisup to sevencellsizesaway extendsa bufferoutto ~230ft.

Second, a variable width buffer up to 50m away or ~164ftisestablished along the Urubamba, Aguas
Calientes,and Alcamayu rivers. This isthe equivalentto setting the bufferup to five cellsaway. The
bufferenablesvisualinterpretation of the threatand resulting impactofa debris flow within that
proximity to the river. The results of these buffermapscan be displayed over satellite imagery inorder
to view affected areas. In particular, land use plannersand resource managerswill be able to identify and
assess the financial impactto builtfeaturessuch ashigh-end hotels, schools, medical facilities, the

police stations,restaurants,and housing.

A flow accumulation analysis could also provide land use planners with additionaldatato support
resource allocation and the findings of the landslide susceptibility modeling. Using the Drain tool in
MapCalc,amap isproduced thatsimply usesthe inputofan Elevation basemap toidentify pointsof
flow.The steepest paths and thus the pathsof greatest flow are illustrated in the resulting outputmap.
Thisprocesscan aid inthe verificationoflandslide susceptibilitymapsand help to highlightany
developing flow paths orweaknesses in the landscape previously notaccounted for inurban planning

and emergency preparednessand response plans,

Though itis presented in the contextof future developments of the methods presented in thispaper, the
resultsof the flow accumulationanalysisare presented here. The resultingmap illustratesboth expected

(theriverchannels) and previously identified areas at risk fora slide ordebris flows (Bulmer&
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Farquhar2010; Figure 14; Figure 12).
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Figure 14, Results of a flow accumulation analysis highlighting areas of highest flow within the project area

Areas of flow within the town correspond with areas of susceptibility for landslides, but also highlight
significant flow pathsthatcarry a low landslide susceptibility rating. Thismay be due to the fact that
land cover type reduces the susceptibility of a landslide, butnotoverland flooding. The area of extended
flow to the south of the flow path thatcorresponds with the Alcamayu River,could suggesta potential
hazard threat for structuresand people within thatdesignated path. In addition,a high and medium flow
path existat the northernend of town may signify adeveloping gulley orareaof unique susceptibility.
Areasofmoderate flow to the northwestof the flow path along the Aguas Calientes River correspond
with the central plaza, main food market,a school, and the municipal building. This area was perceived
to be associated with relatively low risk.Inaddition,itisdemarcated with signage asone of the safe
zones within the town. Thisanalysisthen can provide an interestingcomparisonto both landslide

susceptibilitymodelresultsand torisk perceptions.
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Thereisgreatpotential forapplication of a GIS analysisof the sedimentcontroland erosion issues
facing Cuzco Valley and the Urubamba Valley. Refinementof the modelisneeded and thiswillcome
with creation and inclusion of better and hetter data, really more data, and also with the results of
presentationsand discussions with the local municipality and M inistry of Culture. Several data
collectionchallengesmustbe overcome inorderto successfully apply the results of such an analysis.
These challengesare beyond the scope of thisproject.Forexample,itwas notpossible to conducta

thorough soil samplestudy or slope stability assessmentwithin time, financial, orresource constraints.

Oneof the limitationsof thisstudy also includes the accessibility and use of remote sensing data. Usable
image are difficultto obtain,inpartdue to the severity of the terrain along with the variability of the
weather/cloud cover.As GonzalesIncanotes, long-term monitoring of the key watershedsisnecessary
to obtain sufficient data foranalysis (2009). Currently, there is a shortage of reliable, long-term data
regarding the history of sedimenterosion and resulting events. Furthermore,applicationof GIS, whether
inmodelingecosystem servicesorassessing landslidevulnerability,willnecessarily entaileffortsto
communicate findingsand suggested plansof action to the non-expertcommunity,particularly with
respectto the prevention of hazardswhere loss of life and property isimminent. Thisisan identified
area of growth and of concernand within the scope of thisproject. The results of this study will be
compiled, translated and presented ina public forum tothe people of Aguas Calientesas wellas to the

M inistry of Culture in Cuzco and in Machu Picchu.

In future applications of the modeland the data derived from the interviews, | intend to adapt the model
to include debris flow modeling thatwould include ratherthan exclude the role the riversplayin

providing pathways. In addition, am in discussionsnow to bring this methodology to bearin other
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locationssuch as Cusco.

Nottobeoverlookedistheabilityof thisnovel methodto providea voicetoapeople who otherwise do
nothavean outletormeansto participate in creating sustainable managementplans.Itismyhope the
results of my analysiscan be used to enhance dialogue and the developmentof sustainable growth

managementand hazardsmanagementplans/



Page 42 of 55

Acknowledgements

My gratitude to the University of Denver, Department of Geography for funding supportprovided
through the Laurance C. Herold Memorial Fund. Iwould like to expressmy very greatappreciation to
Dr.Joseph K. Berry forhisvaluable and constructive suggestions during the planning and development
of the model. Hiswillingnessto give histime so generously has been verymuch appreciated. Iwould
also like to thank M r. Steven Hick for hisadvice and assistance in developing projectparametersand for
supportof the field datacollection process. A specialthanks toDr. Eric Boschman forhis assistance
obtaining IRB approval. I wish to especially thank Dr. M ario Escobar for facilitating interviewswith
localagenciesand individualsand to Mr.Carlos Gonzales Incaand Mr.Rene Pumayallifor the
provision of data. Special thanks should be givento the othermembersof my thesiscommittee, Dr. Kris
Kuzeraand Dr.J. Michael DanielsaswellastoDr Hillary Hamann fortheiradvice throughoutthe
research process. Inaddition, Iwould like to thank my fellow DU graduate students for their supportand
assistance,especially, Allison Wagner,Joseph Hoover, and Michael Briggs.And, finally, thank you to

my Peruvian family,especially the Escobar family,and all the residents of Aguas Calientes, Peru.



Page 43 of 55

References

Alcantara-Ayala, 1., 0. Esteban-Chavez, & J.F. Parrot. 2006. Landsliding related to land-coverchange: A
diachronic analysisof hillslope instability distribution in the Sierra Norte, Puebla, M exico.
Catena 65,152-165

Anderson, C.2008. The effects of tourism on the Cuzco region of Peru [Online]. UW-L Journalof
Undergraduate Research X1I. Available from: http://www.uwlax.edufurc/jur-
onling/PDF/2008/anderson.pdf[Accessed 22 May 2012].

Australian Geomechanics Society.2007. Guideline for landslide susceptibility, hazard and risk zoniing
forland use planning. Journal and News of the Australian Geomechanics Society 42(1).
Available from: http://australiangeomechanics.org/admin/wp-
content/uploads/2010/11/LRM 2007-a.pdf[Accessed 13 August 2013].

Ayalew, L., Yamagishi,H., & N.Ugawa. 2004. Landslide susceptibility mapping using GI1S-based
weighted linearcombination,the case in Tsugawa drea of Agano River, Niigata Prefecture,
Japan. Landslides 1, 73-81. Available from:
http://www.srnr.arizona.edu/rnr/rnrd19/publications/ayalewetal2004.pdf [Accessed 13 August
2013].

Ayuda Humanitariay Proteccion Civil & INDECI (InstitutoNacionalde Defensa Civil).2012. La
gestion delriesgo de desastres en el Peru [online]. Documento PaisPeru 2012, Plan de accion
DIPECHO 2011-2012. Available from:
http://www.indeci.gob.pe/sectores/reuniones/2012/19% 20jul/DIPECHO .pdf [Accessed 1
February 2013].

Barroca,B., Bernardara, P, Mouchel, J.M ., & G.Hubert. 2006. Indicatorsforidentificationofurban
flooding vulnerability.Natural Hazards and Earth System Science 6(4),533-561.

Bernhardt, V.J. n.d. Assessing perceptionsusing education for the future questionnaires[Online].
Education forthe Future. Chico, CA. http://eff.csuchico.edu/downloads/EFF_AssessQs.pdf
[Accessed 16 March 2012].

Bell,S. Exploring geographic knowledge through mapping.Prairie Perspectives,89-100. Available
from :http://pcag.uwinnipeg.calPrairie-Perspectives/PP-Vol06/Bell.pdf [Accessed 22 May 2012].

Berry,J.K.1993. Beyond mapping: Concepts,algorithms,and issuesin GIS [Online].
http:/lag.arizona.edu/~robmac/rnr27L/articles/logic/logic.htm [[Accessed 15 March 2012].

Berry,J.K.1995. Spatialreasoning for effective GIS.GIS World, Inc.: Ft. Collins, CO.

Berry,J.K.2007. Map analysis: Understanding spatial patternsand relationships.GeoTec M edia: San
Francisco.

Borga, M., G.Dalla Fontana,C. Gregoretti, & L. Marchi.2002. Assessmentofshallow landsliding by
using a physically based modelof hillslope stability.HydrologicalProcesses16,2833-2851.

Boschmann,E. & E.Cubbon. 2013 [Inprint]. Sketch mapsand qualitative GIS: Using cartographies of
individualspatialnarrativesin geographicresearch. ProfessionalGeographer,

Bulmer,M .H.and T.Farquhar.2010. Design and installation of a prototype geohazard monitoring
system near Machu Picchu, Peru [Online]. Natural Hazards Earth Systems 10,2031-2038.
Available from: http://www.nat-hazards-earth-syst-sci.net/10/2031/2010/nhess-10-2031-
2010.pdf [Accessed 15 March 2012].

Carlotto, V., J. Cardenas,and L. Fidel.2009. La geologiaevoluciongeomorfologicaygeodinamica
externade lacuidadinca de Machupicchu,Cuzco-Peru [Online].Revistade la Asociacion
Geolbgica Argentina 65(4),725-747. Available from:
http:/lwww.scielo.org.ar/pdfiraga/ve5nd/ve5ndald.pdf[Accessed 23 December2011].



Page 44 of 55

Carlotto, V., J. Cardenas,and L. Fidel.2008. The geology inthe conservation of Machupicchu World
Heritage: New results [Online]. 33rd International Geological CongressOSLO 2008, August6-
14, Available from: http://www.cprm.gov.br/331GC/1285187.htmI[Accessed 23 December
2011].

Carreno,R.and S. Kalafatovich.2006. The Alcamayo and Cedrobamba catastrophic debris flow
(January, March and April 2004)in Machupicchu area— Peru [Online].Landslides3, 79-83.
Available from: http://www.springerlink.com/content/Tm Ign341193203n3/fulltext.pdf[Accessed
on23 December2012].

Cooke,R.U.and J.C.Doornkamp.1974. Geomorphology inenvironmental management: An
introduction. Clarendon Press: Oxford.

Diop,S.2012. Anoverview of landslide occurrence, inventorization and susceptibility mapping in South
Africa.Proceedingsofthe 2012 UR Forum Mapping Global Risk. Available from:
hitp://www.understandrisk.org/sites/default/files/files/useruploads/ur2012 session_11 diop.pdf
[Accessed 13 August 2013].

Feizizadeh,B. & T.Blaschke.2012. Uncertainty analysisof GIS-based ordered weighted averaging
method for landslide susceptibility mapping in Urmia Lake Basin, Iran. Proceedings of the
Seventh International Conference on Geographic Information Science. Available from:
http:/lwww.giscience.org/proceedings/abstracts/giscience2012 paper_88.pdf[Accessed 13
August2013].

Glade,T.2003. Landslide occurrence asa response to land use change: A review of evidence from New
Zealand. Catena 51,297-314,

GonzalesInca, C.A. 2009. Assessing the land cover and land use change and its impacton watershed
services in a tropical Andean watershed of Peru [Online]. Thesis (M .S.). University of
Jyvaskyla, Faculty of Science Departmentof Biologicaland Environmental Science
Environmental Science and Technology with a Specializationin Developmentand International
Cooperation, 1-56. Available from:
https:/ljyx.jyu.fildspace/bitstream /handle/123456789/21792/URN _NBN _fi_jyu-
200909223930.pdf?sequence=1[Accessed 23 December2011].

Goodchild,M.1993. The state of GIS for environmentalproblem-solving (pgs 8-15).In Environmental
modeling with GIS. Eds. Michael F. Goodchild, Bradley O.Parks,Louis T.Steyaert. Oxford
University Press: New York.

GintherA, P.Reichenbach,J.P. Malet, M. Van Den Eeckhaut,J. Hervds, C. Dashwood, & F. Guzzetti.
(2013): Tier-based approaches forlandslide susceptibility assessmentinEurope. Landslides,
DOI:10.1007/s10346-012-0349-1.http:/leusoils.jrc.ec.europa.eu/library/themes/Landslides/
[Accessed 20 June 2013].

Haddow, G., & Bullock,J.2005. The future of emergency management. Paperpresented atthe annual
Emergency ManagementHigher Education conference, Emmitsburg, M D. Available from:
http://www.training.fema.gov/emiweb/edu/docs/emfuture/Future% 200f% 20 EM % 20-

% 20The% 20Future% 200f% 20EM % 20-% 20Haddow% 20and% 20 Bullock.doc [Accessed 13 July
2012].

Inside Peru.2013. Image file available from: http://www.inside-peru.com/image-
files/map_peru_geography regions.jpg [Accessed 13 August2013].

lverson,R.M., M .E.Reid, & R.G. LaHusen.1997. Debris-flow mobilizationfrom landslides.Annual
Review of Earth and Planetary Science 25, 85-138.

Jacobson,R.D.and R.M . Kitchin. 1995, Assessing the configurational know ledge of people with visual
impairmentsorblindness.Swansea Geographer 32, 14-24.



Page 45 of 55

Jordan, G.nd. A public participation GIS for community forestry user groupsin Nepal: Putting people
before the technology.Available from:
hitp:/lwww.iapad.org/publications/ppgis/ppgis_for_community_forestry_jordan.pdf [Accessed
04 August 2013].

Leiss W, 2004, Effectiverisk communicationpractice.Toxicology Letters149(1-3),399-404.

Laboy-Nieves,E.N., M .F.A. Goosen, & E.Emmanuel (Eds.).2010. Environmental and human health:
Risk managementindeveloping countries.M. M alavé-Llamas.and M.C. Cotto-M aldonado In
Chapter2: Communicatingenvironmentalrisksin developing countries,pgs.13-28. CRC Press.

McCall, M .K.2008. Participatory mapping and participatory GIS (PGIS) for DRR, community risk and
hazard assessment. Available from:
http://kc.monevacehnias.bappenas.go.id/dc/assessment/20080400 M apping GIS_PGIS DRR_C
ommunity _Risk_Hazard_Assessment.pdf[Accessed 04 August2013].

Municipalidad Distritalde M achupicchu.2011. Plan de desarollo concertado: Distritode M achupicchu
2011-2020.

ParksWatch.2004. Machupicchu historicsancturary.Availablefrom:
hitp:/lwww.parkswatch.org/parkprofile.php?l=eng& country=per& park=mphsé& page=hio
[Accessed 13 August2013].

Pradha, B.,S. Mansor, & S.Pirasteh.n.d. Landslide susceptibility mapping:An assessmentofthe use of
an advanced neuralnetwork model with five differenttraining strategies.
http:/lcdn.intechopen.com /pdfs/14916/InTech-

Landslide susceptibility_mapping_an_assessment of the use _of an_advanced neural network
_model_with_five_different_training _strategies.pdf[Accessed 20 June 2013].

PREDES, Soluciones Practicas, ECHO, OXFAM , Movimiento porlaPazyelDesarme,Deutsche
Welthungerhilfe (AgroAccion Alemana), Diakonie Katastrophenhilfe.2012.5 Herramientaspara
lagestion del riesgo de desastres. DIPECHO Plan de Accion 2011 -2012.2012. Fortaleciendo
capacidades de sistemassubnacionales de gestion delriesgoy desarrollando laresiliencia de
comunidadesvulnerablesa desastres. Available from:
http:/Iwww .cridlac.org/digitalizacion/pdf/spa/doc19197/docl19197-contenido.pdf [Accessed 1
February 2013].

Pumayalli,R.2008. Watershed modeling by remote sensing and AGWA--SWAT for western portion of
Cuzco watershed - Peru. Thesis (M .S.). The University of Arizona, United States--Arizona.
ISBN: 9780549687375,

Rambaldi, G., Kwaku Kyem,P., McCall,M., & D.Weiner.2006. Participatory spatial information
managementand communicationin developing countries.The Electronic Journalon Information
Systemsin Developing Countries (EJISDC) 25(1), 1-9.

Sassa, K., H.Fukuoka, H. Shuzui,and M. Hoshino.2003. Landslide risk evaluationinthe Machu
PicchuWorld Heritage, Cuzco, Peru. L.R.M.and Protectionof Culturaland Natural Heritage,
International Symposium.

Sassa, K., H.Fukuoka,and R. Carreno.2004. Landslide investigationsinMachu Picchu World
Heritage, Cuzco, Peru (C10L1-1). Working project, Internationale Programme on Landslides.

Sassa, K., H.Fukuoka, F.Wang, & G. Wang (Eds.).2005. Landslides: Risk analysisand sustainable
disastermanagement. Springer: Germany.

Sassa,K.2009.Reportofthe 2008 firstworld landslide forum on 18-21 November2008 at UNU,
Tokyo.Landslides6,167-179.

Selby, M .J. 1982 Hillslope materials & processes. Oxford University Press: Oxford.,

Slaymaker, 0. & T.Spencer.1998. Understanding globalenvironmentalchange: Physicalgeography and


http://cdn.intechopen.com/pdfs/14916/InTech-Landslide_susceptibility_mapping_an_assessment_of_the_use_of_an_advanced_neural_network_model_with_five_different_training_strategies.pdf
http://cdn.intechopen.com/pdfs/14916/InTech-Landslide_susceptibility_mapping_an_assessment_of_the_use_of_an_advanced_neural_network_model_with_five_different_training_strategies.pdf
http://cdn.intechopen.com/pdfs/14916/InTech-Landslide_susceptibility_mapping_an_assessment_of_the_use_of_an_advanced_neural_network_model_with_five_different_training_strategies.pdf

Page 46 of 55

globalenvironmentalchange. Pearson Education Limited: New York.

Swiss Agency forDevelopmentand Cooperation (COSUDE), Gobierno Regionalde Cuzco, PREDES.
2011. Guia Metodoldgica para Incorporarla Gestion del Riesgo de Desastresen la
Planificaciondel Desarrollo [Online].No.2011-12265. Available from:
http:/lwww .predes.org.pe/predes/images/guia% 20metodologica_grd pd.pdf[Accessed !
February 2013].

Smerecnik,C.M.R., I. Mesters,M.J.Candel, H.De Vries, & N.K.De Vries.2012. Risk perception and
informationprocessing: The developmentand validationof a questionnaire to assess self-
reported informationprocessing.Risk Analysis32: 54-66.

Staus,N.L. & E.F. Weast.2003. A survey of Peruvian TorrentDucks (M erganettaarmata Leucogenis)on
two riversinPeru. OrnitologiaNeotropical 14,269-273.

Thomas W hite Global Investing.2012. Peru: From pastrichesto the promise of the future [Online].
Available from: http://www.thom aswhite.com [explore-the-world/peru.aspx [Accessed 22 M ay

2012].

Thomas,D. & A. Goudie.2000. The dictionary of physical geography.BlackwellPublishing: M alden,
MA.

Thomas,C. & N. Sappington.2009. GIS for decision supportand publicpolicy making. ESRI Press:
Redlands,CA.

Toy, T., Foster,G., & K.G.Renard. Soilerosion: Processes, prediction, measurement, and control.John
Wiley & Sons,Inc.. New Yor.

UNESCO. 2002.Reporton the mission tothe historic sanctuary of Machu Picchu (Peru) (WHC-
02/CONF.202/INF.L10) [Online]. United Nations Educational, Scientific and Cultural
Organization. Convention Concerning the Protection of the World Culturaland Natural Heritage.
Twenty-sixth session. Budapest, Hungary, 24 - 29 June 2002. Available from:
http:/funesdoc.unesco.org/images/0012/001287/128734e.pdf[Accessed 6 March2012].

Vanacker, V., M. Vanderschaegh, G. Govers, E. Willems,J. Poesen, J. Deckers, & B. de Bievre.2003.
Linking hydrological,infinite slope stability and land-use change modelsthrough GIS for
assessing the impactof deforestationon slope stability in high Andean watersheds.
Geomorphology 52,299-315.

Varnes,D.J. (1958). Landslide typesand processes.Highway Research Board Special Report
(Washington D.C.) 29, 20-47.

Vilimek, V., J. Klime§,J. VIcko, and R. Carrefio. 2006. Catastrophic debris flowsnear Machu Picchu
village (Aguas Calientes), Peru [Online]. Environmental Geology 50(7), 1041-1052. Available
from: http://www.springerlink.com/content/9408757837272LpL/fulltext.pdf[Accessed 23
December2011].

Vilimek, V., J. Zvelebil, J. Kalvoda, and J.Sima. September 2010, Landslide field research and capacity
building through international collaboration.Landslides7(3),375-380,

Weiner,D. & T.Harris. 1999, Community-integrated GIS for land reform in South Africa. Research
Paper 9907.Paperpresented at GISOC "99:An International Conferenceon Geographic
Informationand Society, The University of Minnesota. Available from:
http://www.chss.iup.edu/rhoch/ClassPages/Thought%20and% 20Philosophy/Readings/Week9 Gl
S Society/Weiner Harris CIGIS_1999.pdf[Accessed 4 Augqust2013].

Wise,N.and J.H.Kon. 1990. Assessing geographic knowledge with sketch maps.Journalof Geography
89(3),123-129,

Zan,L.& M. Lusiani.20LL. M anaging change and masterplans: Machu Picchu between conservation
and exploitation.Archaeologies: Journalofthe World Archaeological Congress 7(2),329-371.



Page 47 of 55

APPENDIX A

Schedule for identifying participants.

WS 05T
| Opunpy |ap EjjIARIERNY
apemueg nyasdnyey

OUPLEL |

WIS 8907
OUENIUES [B Besauy
ojgand nysadnyaeyp

el

Lol LLE

[UGEENTIET

O2BNWIZL

TERER BT
TERIEy Spis APUEH 0L |
FGTEHIE - ES0H]

TEUGD) Dpealay L1
T [eueseiy opediep|ob |
T tesjog - eade B

TUUGS 10H] &

Se[ewla] soyeg| 8
i

| WL G- L
T UCHELS 330d)

R R T |
54 [0 [EUCIO8N ERIod| 3

T eRa| ¢

SO g ¥ ssengepuopesy| F |

— GONES el ¢ Sauai] op UpoERT| §
 mgooangsep ool ¢ | AUTGanGSey] eled S2pequs ¢
B AISHANIE ] 6P PEPIEaRIIngY] v

ugalg pue ApiL ajeg
nad jo Ao ung
umo] nysodnyoey

oidwn A opeuapug ounbag
niad [ep |05 PEPNID
ojgeng nyaoidnyzey

nyaardnyoep ap [easia pepiedidiungy

|
[
r TEHRD T

S ™
e i A e i i AT
il T

TRl K e T
JCA¥HITHuoL 3p
T HONIS ¥ Ty

.\\\l.l‘l..\..‘\:\\.\
.l-“w..ﬂdﬂ&d)»?a e ) _———
\ir-uu.-_...‘.l.. .

IV §

W -___,_
U

]

]

N




Page 51 of 55

APPENDIX D
IRB Statementto participants

INFORMED CONSENT FORM

University of Denver M aster's Research Project
Title of Research Project: Assessment of Perceptions of Landslides (in Aguas Calientes, Peru)

You are invited to participate in a research project that is analyzing the perceptions of the threatand impact of
landslides in Aguas Calientes, Peru. Thissurvey (consent, study, etc.) was approved by the University of Denver's
Institutional Review Board forthe Protection of Human Subjects in Research on ___
Participation in this survey should take about 20 minutes of your time. Participants will be asked 5-10 questions
about their know ledge of the history of the development of the town of Aguas Calientes and understanding about
how landslides affectthe region and the impact of possible future landslides. Participants will also be asked to
identify and rank areas of concern on a map of the town and the surrounding region.

Your responses will be anonymous. That means thatno one willbe able to connect your identity with the
information you give. Participation in this projectis strictly voluntary. The risks associated with this project are
minimal. If however, you experience discomfort you may discontinue the survey atany time. We respect your right
to choose nottoanswer any questions that may make you feel uncom fortable. Refusal to participate or withdraw al
from participation will involve no penalty or loss of benefits to which you are otherwise entitled.

[fyou have any concerns or complaints about how you were treated during the interview, please contact Paul O Ik,
Chair, Institutional Review Board for the Protection of Human Subjects, at 303-871-4531, or email du-irb@ du.edu,
orcall Office of Research and Sponsored Programs at 303-871-4050 or write to either at the University of Denver,
O ffice of Research and Sponsored Programs, 2199 S. University Blvd., Denver, CO 80208-4820. Sample:
http://www.du.eduforsp/forms.htm |

Signature of Principal Researcher:

(AliciaF. Green, M .A., Graduate Student, University of Denver, alicia.green@ du.edu)




