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Prologo

Una vez mas tengo el agrado de prologar este volumen, que ofrece a la comunidad
algunos de los trabajos presentados en el Encuentro internacional que afio a afio realiza
el ICES en Malargte.

El Sexto Encuentro (E-ICES 6), realizado entre los dias 4 y el 8 de octubre de 2010, fue
sumamente particular. En los primeros dias del mes de septiembre, el volcan Peteroa
comenzd a manifestar una creciente actividad eruptiva, que fue seguida por el Grupo de
Vigilancia del Volcan Peteroa creado por el ICES. Algunos de sus integrantes realizaron
varios vuelos sobre la zona con el fin de informar el estado del mismo. Anteriormente,
en el mes de marzo, el mencionado Grupo habia manifestado por medio de una nota
escrita, su preocupacion por las crecientes evidencias de una posible erupcion, la cual
finalmente se dio en septiembre. Por lo mencionado, era de espera en los trabajos pre-
sentados en este Encuentro un sesgo importante sobre el Peteroa.

Los Encuentros del ICES no pretenden ser meramente una reunion de Geologia, Antro-
pologia, Meteorologia u otras disciplinas, por el contrario,son reuniones de especialistas
en esas areas dispuestos a escuchar y a aportar desde su especialidad a una problemati-
ca concreta. En los primeros Encuentros del ICES me fue sugerido separar los temas de
las exposiciones por disciplinas, porque solamente les interesaba el tema de su especia-
lidad. Justamente aqui esta el esfuerzo y el desafio, “aportar desde lo suyo” con una mi-
rada interdisciplinaria; sabemos que lograr esto no es facil. Cada disciplina mencionada
anteriormente, ya tiene su Congreso o Encuentro donde se retinen exclusivamente los
pares, no es esa la intencion de los Encuentros del ICES.

En este Encuentro en particular, quiero dar el mas célido recibimiento a los colegas uru-
guayos que se adhirieron a este desafio, creando el ICES Nodo Uruguay. Ahora debemos
continuar trabajando por encontrar soluciones a los problemas comunes.

En esta ocasion, por primera vez, durante el E-ICES 6, se entregaron los premios a los
ganadoresde las “Primeras Olimpiadas Ambientales Rurales” organizadas por el ICES
en las escuelas secundarias rurales de Malarglie, con una masiva repercusion entre los
estudiantes.

También debo mencionar el Concurso de Jévenes Investigadores, que este afio tuvo
una participacion record de concursantes, con trabajos de excelente calidad y mejor
exposicion.

Por ultimo debo agradecer a: la Fundacion Williams; la Embajada de Italia en Argentina
en la persona de Gabriele Paparo; la empresa Vale; el ICES Nodo Italiano; a la Agen-
cia Nacional de Promocidn Cientifica y Tecnoldgica, ANPCyT, la Comisidn Nacional de
Energia Atomica y la Universidad Nacional de Cuyo. Sin el importante y desinteresado
apoyode todas ellas, no hubiera sido posible concretar este Encuentro.

José Ruzzante
Buenos Aires, junio del 2011.




La reestructuracion del Desarrollo
del Centro-Norte de la Provincia de
San Juany el Riesgo Sismico Local

RESUMEN

La “Politica Nacional de Desarrollo y Ordenamiento Territorial - Plan Estratégico Ar-
gentina 2016-", define cuatro pilares para equilibrar el desarrollo en la provincia de San
Juan. Ellos son:

a) El Corredor Bioceanico
b) La mineria

¢) La agroindustria

d) El turismo

Si bien estas propuestas de reestructuracion del desarrollo provincial se fundamentan
en antecedentes regionales, el eje gira alrededor del actual proceso de globalizacién,
por lo que implican cambios socio-territoriales sustanciales en las actividades, en el uso
del suelo y en los asentamientos humanos, especialmente en los departamentos del
centro y norte de la provincia.

Actualmente en la Facultad de Arquitectura, Urbanismo y Disefio de la Universidad
Nacional de San Juan, se desarrolla un proyecto de investigacion cuyo objetivo es: “Eva-
luar la sustentabilidad de los escenarios futuros construidos a partir de las actividades
humanas existentes en el centro-norte de la provincia de San Juan considerando el
riego sismico local”.

Desde lo tedrico, se conceptualiza al riesgo sismico como un componente de la relacién
desarrollo-ambiente-sociedad, afectando a todas las actividades humanas, la calidad de
vida de sus habitantes y la disponibilidad de recursos ambientales para su sobrevivencia.
Metodoldgicamente se trabaja con la historia sismica local y se construye un diagnos-
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tico orientado a la gestidn del riesgo sismico a nivel municipal-provincial adecuando la
informacion a visualizar situaciones de desastre. El diagndstico incluye la percepcién
ambiental y representacion social tanto del desarrollo como del riesgo de los habitantes
de los municipios seleccionados. En este trabajo se expone una sintesis de los escena-
rios actuales y futuros del Departamento de Jachal y Albardén.

INTRODUCCION

En ambientes donde la actividad sismica es muy importante, esta incide en la relacién
entre desarrollo, ambiente y sociedad y aunque generalmente se asocia a los niveles
de urbanizacidn, la prevencion y mitigacion no puede limitarse solo a las ciudades sino
extenderse también a todas las actividades humanas, a todo tipo de asentamiento ya
que condiciona tanto la calidad de vida como la disponibilidad de recursos ambientales.
Franco Lavell (1996) sostiene que “Los desastres son el producto de procesos de trans-
formacion y crecimiento de la sociedad, que no garantizan una adecuada relacién con
el ambiente natural y construido que le da sustento”, o en otras palabras como lo han
expresado Wijkman y Timberlake, (1984), problemas no resueltos del desarrollo, en
donde la vulnerabilidad existente es una manifestacion de déficit en el desarrollo.

En los terremotos, la pérdida de infraestructura, produccion y vidas humanas, estan re-
lacionados en general, con los niveles preexistentes de riesgo. Tanto Blakie como Hewit
(1996), sostienen que “El tipo, estructura y nivel de vulnerabilidad establecido, condi-
cionan el dafio que puede ser causado por un evento fisico particular”. En el caso de la
provincia de San Juan, el peligro afecta principalmente a los asentamientos humanos
localizados en los oasis — Unicos espacios habitables- que se unen entre si por medio de
la red vial.




Luego de cada evento sismico destructivo estos asentamientos, han sufrido empobre-
cimiento marginacion y desarraigo como lo atestigua la historia provincial luego de
los sismos de 1894, 1941, 1944, 1952 y 1977, confirmando las afirmaciones tedricas
precedentes.

El desarrollo humano y econémico de la provincia de San Juan, se apoya histéricamen-
te en la agroindustria y paralelamente la capacidad ambiental para esa actividad esta
acotada a menos del 2% del territorio fundamentalmente en el oasis de Tulum, Ullun,
Zonda y en segundo término el de Jachal, Huaco.

Este modelo econémico se desarrollo con grandes desequilibrios territoriales, concen-
trando la poblacidn, la produccién y toda la actividad econdmica, politica y administra-
tiva en la ciudad de San Juan y sus alrededores —oasis de Tulum- y por lo tanto con alta
exposicion y vulnerabilidad a la actividad sismica.

Las actuales administraciones nacional y provincial, buscan revertir esta situacién pro-
vincial —similar a otras en el dmbito nacional- a través de una politica de estado: la “Politica
Nacional de Desarrollo y Ordenamiento Territorial El “Plan Estratégico Argentina 2016.

La propuesta refuerza algunas lineas mas o menos consolidadas de la actividad econo-
mica provincial tal como la agroindustria y la actividad minera de escala nacional, y pro-
mueve la apertura hacia otras que fueron planteadas histéricamente como alternativas
del desarrollo provincial, ahora propuestas en el marco de la economia global vigente
tales como: El Corredor Biocednico Porto Alegre- Coquimbo, la mineria de gran escala,
el turismo tematico, nacional e internacional.

La Propuesta de Modelo Territorial de la Provincia de San Juan 2016 de la actual admi-
nistracion provincial (Figura 1), centra la transformacion econdmica en la diversificacion
de la produccion y perfora el territorio en su porcién norte abriendo canales de comuni-
cacién con otros territorios nacionales —el norte argentino- e internacionales — Brasil- y
por lo tanto con potenciales mercados consumidores de la produccion local.

1

Figura 1. Gobierno de San Juan, Ministerio de Infraestructura Propuesta de Modelo
Territorial San Juan 2016
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La orientacién pluri direccionalidad planteada a nivel general tiene un impacto impor-
tante en los Departamentos de Jachal y Albarddn, es por ello que en la Facultad de Ar-
quitectura, Urbanismo y Disefio se formuld y se desarrolla un proyecto de investigacion
-aprobado y financiado por la Universidad Nacional de San Juan- denominado “Susten-
tabilidad de las actividades humanas en el centro-norte de la provincia de San Juan”,
que se plantea: ;Cual serd la exposicion de esos escenarios futuros ante la peligrosidad
sismica local de Jachal y Albardén?

El trabajo parte de la hipotesis que “El riesgo sismico de los departamentos de Jachal y
Albardén condiciona la calidad ambiental de los oasis y la sustentabilidad de los territo-
rios departamentales considerados, condicionando la competitividad de los mismos al
exponer su infraestructura productiva y la supervivencia de sus recursos humanos por lo
cual se requiere su integracion a los planes de desarrollo local”

Se utiliza la metodologia de los escenarios buscando coherencia entre el Plan San Juan
2016y los resultados alcanzados para que sus resultados puedan contribuir a la Gestion
del Riesgo Sismico, tanto a las administraciones de los casos de estudio como a la ad-
ministracion provincial en general.

Esta metodologia es una de las herramientas mas utilizadas en Prospectiva. Los esce-
narios se construyen como un conjunto de circunstancias que surgiran a partir de un
suceso. Para el caso del Departamento Jachal, el sismo utilizado fue el del 27 de octubre
de 1894, unico evento conocido que tuvo epicentro en el norte sanjuanino. Este sismo
histdrico, anterior a la instalaciéon de la red sismoldgica nacional produjo importantes
dafios en la zona.

Asu vez, para el Departamento Albarddn, se revis la historia sismica reciente. Los terre-
motos de magnitud Richter mayor de 6 fueron los que provocaron dafios importantes
en el Departamento: 1894, 1941, 1944, 1952, 1977.

LOS CASOSDEESTUDIO

Los departamentos de Jachal y Albardon son las unidades politico-administrativas de la
porcidn centro-norte del territorio provincial ocupando Jachal la mayor parte del mis-
mo. Una primera aproximacion a las caracteristicas de estos municipios puede tenerse
de los cuadros 1y 2:
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Jachal - Cuadro 1

Recursos fisicos Recursos humanos

Superficie Dpto. 1474900 has Habitantes (Indec 2001) 20.018

Superficie productiva Capacidad laboral 16% desocupados

con agua 4600 has 49% inactivos

Porcentaje territorio dptal. 0.31% Nivel de educacién predominante  primaria
Albardén - Cuadro 2

Recursos fisicos Recursos humanos (Indec 2001)

Superficie Dpto. 91500 has Habitantes 20.413

Superficie productiva Capacidad laboral 13.60.% activos

con agua 3588 has (actividad principal: agro productiva )

Porcentaje T. dptal. Nivel de educacién predominante 12 completa y

3.91% 20

A continuacién se exponen las caracteristicas del ambiente natural asociados al peligro
sismico, el escenario seleccionada -considerando su relevancia tanto en el proceso de
transformacion como asi también agente de transformacién-, su vulnerabilidad y final-
mente un plan de accién inmediato para contribuir a su sustentabilidad frente al riesgo
sismico para cada caso analizado.

AMBIENTE NATURAL DEL DEPARTAMENTO JACHAL

El ambiente natural del Departamento Jachal, se define por dos cordones montafosos,
uno de orientacion norte-sur- el mas importante-, esta limitado al oeste por el valle
de Iglesia-Angualasto y al este por el valle formado por las nacientes de los rios Huaco
y Jachal. Su altura maxima se encuentra en el cerro Alumbre que alcanza la altura de
3460 mt.

El perfil de este corddn es irregular, mostrando en general un relieve muy accidentado,
con muchos valles longitudinales que delimitan a otros cordones de menor importancia.

El segundo cordon serrano, ubicado en la zona oriental de la zona estudiada, se levanta
desde Niquivil, con alturas de 1300 mt con direccion nor-este cambiando paulatina-
mente hacia el norte. Su altura méaxima es de 2351 mt correspondiente al cerro Potreri-
llo, teniendo un ancho méximo de 14 Km a la latitud del cerro Perico.



En general son cerros escabrosos que no permiten el paso de oeste a este debido a
sus empinadas laderas con pendientes de hasta 709, desarrollando numerosos valles
longitudinales que dividen al corddn oriental en varios cordones secundarios, siendo el
mas importante el determinado por el rio Pampita que separa la serrania de Perico de
la de La Ciénaga.

Los dos rios con caudal permanente que recorren la zona son el Jachal y el Huaco, siendo
el primero por su caudal y zona de influencia el mas importante.

DESCRIPCION DE LAS FORMACIONES GEOLOGICAS DEL CUATERNARIO

Las formaciones del cuaternario, Unicas formaciones de interés desde el punto de vista
de la sismoresistencia, cubren una parte importante de la zona en estudio, predomi-
nando esencialmente en el valle occidental de Iglesia, Rodeo-Angualasto. Estan cons-
tituido principalmente por depdsitos aluvionales del tipo de: conos aluviales, conos de
deyeccidn, terrazas aluviales, acarreos modernos..

NIVEL FREATICO

La profundidad de la capa fredtica de la zona se puede estimar a través de estudios del
agua subterranea efectuados por la Secretaria de Recursos Hidricos de la Provincia de
San Juan (SRH).

De acuerdo a estudios geofisicos realizados SRH, la cuenca sedimentaria puede tener
hasta un espesor de 600 mt, constituida principalmente por gravas, gravillas y arenas
depositadas exclusivamente por el rio Jachal. Espesor similar aunque con distribucion
mas reducida se ha comprobado para la cuenca de Niquivil.

La recarga se efectua principalmente por la infiltracion que se produce en los canales de
riego no revestido. A este tipo de recarga se le suma las ocasionales crecientes, lluvias y
aportes de los arroyos laterales al bolson de Jachal.

EL TERREMOTO CON EPICENTRO LOCAL: 27 DE OCTUBRE DE 1894

El terremoto del 27 de octubre de 1894 ocurrié a las cuatro y media de la tarde con
epicentro en el noroeste de la Provincia de San Juan, en el limite con La Rioja, con mag-
nitud estimada Mw 7.5. Ocasioné dafios de consideracion en casi todas las localidades
de la provincia de San Juan y La Rioja. Fue percibido en un drea de mas de tres millones

13

de km2 y se le considera el mas importante de todos los ocurridos en nuestro pais
desde la colonizacion espafiola por lo que recibi¢ el nombre de Terremoto Argentino.

En los estudios de un sismo histdrico —pre instrumental- como el caso de estudio, es
fundamental la obtencion de la mayor cantidad de documentos, preferentemente de
fuentes primarias para definir lo mas fielmente sus caracteristicas como los efectos y
permitir a la luz del conocimiento actual una mejor interpretacién historica y sismolo-
gica de los datos.

El proyecto dedicé un importante esfuerzo en estudiar la correlacion de las crénicas y
documentos técnicos existentes con lo cual pudo construirse el Mapa de la Figura 2 de
Isosistas, integrando informacion geoldgica, sismoldgica y crénicas historicas.

Figura 2: Mapa Geologico y de Isosistas del Terremoto de 1894 en Jachal

Informe de Vecinos:
Jacinto Diaz

Informe Catalogo de
Terremotos para América
Latina CERESIS



ESTIMACION CUALITATIVA DEL RIESGO SISMICO EN JACHAL

Las condiciones enunciadas y el antecedente sismico estudiado -1894-, hacen estimar
que es muy probable que ocurran grandes amplificaciones de los movimientos del te-
rreno producidos por terremotos en la zona en donde se encuentra construida la ciudad
de Jachal.

También se observa, debido a la constitucion del suelo y niveles fredticos, un alto po-
tencial de licuefaccion de suelo en zona noroeste (formacion Pachimoco), aunque po-
dria ocurrir también este fendmeno en otros lugares de la zona en estudio.

De los analisis comparativos, se puede deducir que los efectos de 1894 en Jachal son
aproximadamente similares a 1977 en Caucete teniendo en ambos casos una intensidad
de “IX." en la Escala de Mercalli Modificada.

ESCENARIO: NODO FUNCIONAL: CIUDAD DE SAN JOSE DE JACHAL
La ciudad se localiza en el cruce de la Ruta Nacional N¢ 40 y la Ruta Nacional N2 150
—porcion provincial del futuro Corredor Porto Alegre-Coquimbo.

La ciudad de San José de Jachal, tiene actualmente alrededor de 10299 habitantes, el
49% de la poblacion del departamento, el 51% restante es poblacion rural, ubicada en
pequenas localidades: Villa Mercedes, Huaco, Niquivil, Huerta de Huachi, la Ciénega,
Pampa Vieja, Gran China, Entre Rios, baricéntricas de San José.

Sobre la traza fundacional en damero alrededor de la plaza, se levantan edificios de
caracter institucional como el municipal, culturales como la Biblioteca Popular D. F.
Sarmiento, el Centro Cultural y religiosos como la antigua Iglesia de San José de Jachal.

El espacio construido del &rea central de la ciudad son principalmente casonas de ado-
be desarrolladas alrededor de un patio central y con huertas de frutales y parrales que

comparten la manzana con edificios institucionales, de servicios y comercio.

La infraestructura existente como su calidad se desarrollan en el Cuadro 3.
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Cuadro 3: Infraestructura de Servicios

Servicio Escala Usuarios Calidad Comentarios
B R M
Agua Potable Domiciliaria Osse- 80% Planta de distribucién Servicio Insuficiente
Red de Riego sactorial 30% Sectores antiguos cuentan con riego entre
parcelas en el centro de la manzana
Arbolado publico AliciEEErco B Escaso
plaza dptal
Desagiies Cloacales e 100% No hay red urbana. Abundan los pozos sépticos
colapsados
Desaglies Pluviales municipal Antiguos, sin mantenimiento, insuficientes
Servicio diario. Segun época del afio insuficiente.
Limpieza Urbana municipal Sin equipamiento para situaciones de
emergencia urbana
Energla. E.Iléc'fn:a s FEer el 70% Centra\faltn de la Loma (30km.)Caidas de
Domiciliaria Tensién. Cortes frecuentes en verano
e B departamental 90% Red antigua e incompleta

Alumbrado Publico

Gas particular 100% .

Telecomunicaciones

Alto costo

Radios locales. TV retransmisoras Conexiones a

Local-provincial an .
= servicios satelitales

Nacional 30% .

Nacional 50%

Teléfono Insuficiente- capacidad insuficiente

Alternativa al alcance de toda la poblacion

Telefonia Celular limitada por los alcances de cada empresa

Suficientes locales con conexién de acceso

Int: i gt
nieme publico

Global

VULNERABILIDAD SISMICA DEL ESPACIO PUBLICO

En los cuadros 4 y 5 se valora la vulnerabilidad del espacio publico y privado de la ciu-
dad de San José de Jachal. Estos son una sintesis de los aspectos analizados: tecnologia,
antigliedad y estado de mantenimiento. Cuando alguno de ellos es relevante y hace
particularmente vulnerable al sistema o elemento analizado se comenta en la matriz.

Cuadro 4: Vulnerabilidad del Espacio Publico

VA VM VB

Edificios Plblcos Institucionales-Escuelas-Salud

Red Vial - Urbana Sin jerarquia v escaso manbenimiento
Red agua potable - Antigua en el casco histénco y consolidado
Red Riego De tierra

Recomidos incompletos
Red Eléctrica Escaso mantenimiento y actualizacidn

Espacio Piblico Por la relacidn enfre alfura edificada y calzada
Retiros L'E

Mamnosteriade tierra



Cuadro 5: Vulnerabilidad del espacio privado

Dbgervasiones
") Prorpeci o ldurec

~ Paismonn
thsbenco Provncal
Aran Cont cudd

de San Jond ™

AMBIENTE NATURAL DEL DEPARTAMENTO ALBARDON

“El Departamento Albardén se emplaza en el oasis de Tulum, el que puede definirse
como una depresidn colmada por sedimentos y sedimentitas del Cuaternario y del Ter-
ciario que contiene una cuenca de agua subterranea de unos 3.700 Km2 de extension.
Su base impermeable esta integrada basicamente por rocas de edad terciaria que pre-
sentan una topografia ondulada vinculada a pliegues y fallas.

RECURSO HIDRICO SUBTERRANEO

Los sedimentos cuaternarios que rellenan la cuenca, fueron depositados principalmente
por el rio San Juan, curso que ha construido un amplio cono y una llanura aluvial. Estos
sedimentos constituyen el reservorio de agua subterranea de la cuenca del Valle de
Tulum y poseen espesores variables entre unas decenas hasta 600 a 700 m, albergando
acuiferos de tipo libre y confinados.
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Su principal fuente de recarga es el rio San Juan y tiene lugar aguas abajo del embalse
de Ullum en la zona apical y media del cono aluvial.

La zona de recarga de los acuiferos esta representada por las areas de freatica elevada
que se localizan en el sector distal del cono aluvial, de donde nacen dos cauces natu-
rales: los arroyos Los Tapones y Agua Negra. La profundidad del agua subterranea esta
comprendida entre escasos centimetros y 15 m.

ESTIMACION CUALITATIVA DEL RIESGO SISMICO EN ALBARDON

La actividad sismica del oasis de Tulum se ha expresado en los ultimos 100 afios con
los terremotos destructivos: 1941, 1944, 1952, 1977, con magnitud ML >6, como puede
apreciarse en el cuadro 6:

Cuadro 6 Terremotos destructivos mayor a Magnitud 6 (Richter) en la Provincia de San Juan

Distancia Falla

Sismo Magnitu  Latitud Longitud Hipocentral Activa Obs
d
1941 Ampacama- fdem
(3-07, M 6.3 -31.800 -67.800 20 km Niguizanga Epicentro
3.12hs) Sudeste 1977
Pie de Palo
1944
(15-01 M. 7.4 -31.500 -68.600 30 km Falla Tapia - La (2)
20 49' hs) Laja
1952 Falla
(11-junio M 7.0 -31.450 -68.300 30 km Rinconada
21.30 hs)
1977 Ampacama-
(23-nov M 6,6 -31.300 -67.700 17 Km. Niguizanga
6.23.23.4 hs) Nof-este de Pie
de Palo Evento

1977 Ampacama- miiltiple
23-nov M 7.4 -31.300 -67.700 25 Km. Niquizanga
20" seg. Sud-este de Pie
Después) de Palo

Observacion 2- El terremoto de San Juan del 15 de enero de 1944, es el que ocasio-
nd mayor cantidad de victimas, oscilando entre seis a diez mil el nimero de personas
muertas a consecuencia del mismo (aproximadamente el 10% de la poblacion)



La vulnerabilidad sismica en el Departamento Albardon estd asociada principalmente a
tres factores ambientales:

e Las fuentes sismicas provinciales
e Lossuelos de lallanura aluvial del Rio San Juan
e Sistema de Fallas La Laja

El oasis de Tulum se ubica al este de la linea de convergencia entre la Placa de Nazcay la
Placa Sudamericana -aproximadamente 350 km-. Mientras que la Placa de Nazca se mueve
hacia el este y subduce la Placa Sudamericana, que se mueve hacia el oeste. La velocidad de
movimiento relativo en la latitud de San Juan es de aproximadamente 11 cm. por afio.

Estas Placas se comportan como rigidas, por lo que al enfrentarse con movimientos
opuestos, generan y acumulan grandes tensiones, cuyo resultado es la actividad sismica
regional que da lugar a las fuentes

Esta actividad sismica se puede definir tanto por la profundidad, en dos zonas bien
diferenciadas: la de poca profundidad ( 5 a 50 km) y la de profundidad intermedia (80 a
120) en las prov de cuyo como por la distribucion de fuentes sismicas potenciales, con-
centrando en el Valle de Tulum la mayor actividad. Uno de los fenémeno manifestado
en Albardén como consecuencia de todos los terremotos locales es el de licuefaccién de
suelos ya que se cumplen los principales factores desencadenantes del fenémeno ante
un sismo de magnitud mayor de 6 (seis):

e Fdad de los materiales sedimentarios;

e Profundidad de la capa de agua subterranea (nivel freatico);
e  Granulometria del suelo;

e Densidad y cohesion de los sedimentos.

El Informe Idriss sobre el Valle de Tulum, valida la existencia de numerosos paleocanales
rellenados en la llanura aluvial del rio San Juan, emplazamiento de Albarddn. En particu-
lar, en La Laja, localidad ubicada en el piedemonte suroriental de la Sierra de Villicum al
norte del Departamento Albarddn se halla un sistema de fallas que afecta sedimentos
aluviales y travertinos de edad cuaternaria.. Bastias (1986) ubica la zona de fracturacion
dentro del sistema de Fallamiento Cuaternario Precordillera Oriental.
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Las fallas son inversas poseen rumbo N 402E en generan coincide con la estratificacion
de sedimentitas terciarias La longitud de las distintas secciones de falla varia entre 6
a 8 km. Se destacan cuatro fallas en el piedemonte oriental de la sierra de Villicum,
poseen alturas variables desde pocos centimetros hasta algunas decenas de metros. La
actividad sismica de este sistema quedo expresada en el terremoto del 15 de enero de
1944 (Ms 7.4)

EL TERREMOTO CON EPICENTRO LOCAL: 15 DE ENERO DE 1984

El popularmente conocido como Terremoto de San Juan ocurri6 a las 20.49 hs del 15
de enero de 1944. Se caracterizd por su corta duracion pero con enorme poder destruc-
tivo -la ciudad de San Juan quedo completamente en ruinas- y el numero de victimas
-aproximadamente el 10% de la poblacion-.

Su magnitud fue de 7,4 grado en la escala Richter y produjo desplazamientos vertica-
les de 0,40 cm a lo largo de 10 km. La evaluacién de dafios realizada por Castellanos
(1945) luego del terremoto de 1944 en Albarddn, informa el deceso de 555 muertos y
300 heridos. El colapso de mas del ochenta por ciento de las construcciones de adobe
y mamposteria de piedra y ladrillo.

La infraestructura vial quedo fuertemente dafiada. El Camino a La Laja, quedd interrum-
pidlo con un escalonamiento de aproximadamente 0.50 m

Se pudo comprobar licuefaccién de suelo en varias localidades de Albardén. Como
consecuencia de este fendmeno, el estribo norte del puente Albarddn-San Juan sufrio
agrietamiento y dislocacién en su unién este.

VULNERABILIDAD SISMICA DEL ESPACIO PUBLICO

DEL DEPARTAMENTO ALBARDON

El capital social expuesto en el departamento Albardén puede verse en el cuadro 7,
advirtiendo que la Red Vial, capital estratégico para la economia del departamento
muestra una importante vulnerabilidad ante el peligro sismico.



Cuadro 7 Vulnerabilidad sismica del Espacio Publico del Departamento Albardon
Referencias: VA: vulnerabilidad alta - VM: vulnerabilidad media - VB: vulnerabilidad baja

VA VM VB

Institucionales- Escuelas-Salud: construcciones SR en
diferentes estados de
mantenimiento
Tramos localizados
licuefaccién

R40 muy buen estado
RP53 buen estado, calzada estrecha en funcion de la
demanda

Predominan las vias pavimentadas. Huellas mineras

OSSE Agua potable en todo el drea habitada con diferentes
niveles de conexién

Canal Quiroga (del Norte), con presupuesto para financiar
obras de extensién de tendido y actualizacién tecnoldgica.
Estratégico para el Departamento y Vecinos

Energia San Juan: el consumo promedio es bajo, puede
indicar falta de actividad productiva. Diferentes estados de
antigliedad y mantenimiento

Los espacios mas dindmicos: calle La Laja y Villa San Martin.
Con actividad comercial y de servicios . Predominan las
construcciones mixtas.

Edificios Publicos

Red Vial sobre  terrenos con riesgo de

Agua Potable

Red de Riesgo

Red Eléctrica

Espacio Publico

ESCENARIO: RED VIAL

La Red Vial de Albardon es dominio del Gobierno Nacional y Provincial. No hay vias de
dominio municipal por lo cual el mantenimiento e intevencion no dependen directa-
mente de esa jurisdiccion. La Red Vial del Departamento Albardén queda descripta en
los Cuadros 8, 9, 10

Cuadro 8 - Rutas Nacionales en el Departamento Albardon

ruta Tramo Distancia entre Tipode calzada  observaciones
localidades
RN N2 40 Acceso Norte 34.41 Km. Carpeta asféltica Con arrastre de barro y
Matagusanos y tratamiento aguaen badenes
sobre
tratamiento
RNN2 40 Matagusanos 75.51 Tratamiento Desde km 222 a km 249
Tucunuco sobre calzada con baches, luego

tratamiento zona de badenes,
banquinas erosionadas
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La Red Primaria Provincial busca complementar la Red Troncal Nacional con el objeto
de vincular las principales localidades y cabeceras departamentales y estas con las pro-
vincias limitrofes.

Fueron concebidas para lograr la movilizacién de la produccion —principalmente vitivi-
nicola- hacia la ciudad de San Juan y los centros de industrializacion de escala nacional.
La Red estd orientada en sentido N-Sy E-O, y en Albarddn se organiza como se describe
en el Cuadro 9y 10.

Cuadro 9 Cuadro 10
Ruta Numero i i i ji Tierra Ruta Nimero d tierra
Orientacién E-O tramo km km km Orientacién N-S tramo
79 RP 54 14.260 86 RP79 RN 40 1.730
Av. sarmiento RN40 Rawson
102 RP 79 Bafios 11.750 16.950 RN 40 RP 67 1.216
La Laja RP 67 RP 86 4.714
67 Calle Francini 5.100 94 Rio San Juan 0.550
Nacional RP 102 Tucuman RP 83
Rp 102 0.325 RP83 RP 67 1.750 3.700
S RP 67 RP 86
RP 112 1.500 112 RP67 Prog 8,05 7.800
RP 126 Lozano
83 RP 79 4.800
Italia RP 126

También existe un recorrido de huellas mineras:

Canteras La Laja: desde bafios de La Laja por camino asentado; Canteras Villicum:Desde
Ruta Nacional N2 40 por huella minera; Minas de Villicum_ desde Ruta Nacional. N2 40
por huella minera sin mantencion.

CONCLUSIONES

Para la reestructuracion del desarrollo en el territorio de la provincia de San Juan, se
pueden identificar dos escenarios estratégicos en el centro-oeste provincial: la ciudad
de San José de Jachal y la red vial del Departamento Albarddn.

El diagnostico cualitativo realizado sobre estos elementos los muestra vulnerables al
peligro sismico -en particular la ciudad de San José de Jachal- y con gobiernos munici-
pales con estructuras técnicas, econdmicas y administrativas insuficientes para resolver
a esa escala las necesarias transformaciones espaciales .
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Comparison of Classification Methods
on Geomorphometric Data of Peteroa
Volcano Area

ABSTRACT

Four different geomorphometric classifications of local topographic gradients for the
Peteroa Volcano area are introduced and compared. The compared methods are Iso-
data, Tandem Analysis on correlation and covariance matrices, and the segmentation
following a Hierarchical Factorial Classification of gradients. Input data are obtained
by processing a raster Digital Elevation Model extracted from ASTER stereo-pairs. The
resulting maps show the spatial distribution of homogeneous landform units, highlight-
ing the impact of erosional and tectonic processes on the whole relief. Moreover, each
class is being described by either mean gradient values or mean topographic attributes
such as elevation, slope and aspect. Next, these data are interpreted in terms of mor-
phological setting.

INTRODUCTION

In [1] Poscolieri proposed the idea of multidimensional geomorphometric classification,
by using the ISODATA clustering method [2] to classify the pixels of by-products of a
raster Digital Elevation Model (DEM) resulting from different case-studies. The usual
approaches, aiming at defining borders of homogeneous terrain units [3], are based
on landforms attributes, that include slope, aspect, and elevation among many others.
Conversely, Poscolieri [1] proposes to take advantage of the local topographic gradients
only, as identified by comparing each pixel elevation with that of its 8 nearest neigh-
bours.

In this work, still in progress, the aforementioned approach is applied to model the mor-
phological setting of the Peteroa volcano area. The aim is at comparing the ISODATA
results with those of two other clustering procedures: Tandem Analysis and Optimized
Factorial Clustering.
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The visual impact of the relief in the resulting maps is an important issue for the evalu-
ation of the consequent classification. At the moment, no methods seem available for
such evaluation, unless to characterize the obtained classes through the statistics of
both the gradients used as input and the landforms parameters. For this task, we shall
use slope, aspect, and elevation.

Figure 1 - Aerial view of the Azufre-Planchon-Peteroa volcanic complex summit from
NW during its activity in Fall 2010.




THE SITEAND THE DATA

The Peteroa Volcano (Figure 1) is located 110 km West of Malargiie town, in the Ar-
gentinian province of Mendoza, and belongs to the Azufre-Planchon-Peteroa volcanic
field. This large, basaltic to dacitic, volcanic complex is located in the Andes, on the
Chile-Argentina border, at 35°15'S latitude and 70°35'W longitude. It covers an area of
78.5 sq.km. and reaches at its summit 4,107 m a.s.l., with several overlapping calderas.

Figure 2 - Geological sketch map of the volcanic complex of Azufre-Planchon-Peteroa.

1 S |

Volcan Peteroa [7]
Pumice

Volcan Planchon Il
Voican Planchon [33
Volcan Azufre [7]
Pluton

Older Volcanics [1]
Limestone ]
Moraine (5

The structure of the edifice is complicated by at least 2 syn-volcanic glaciations and a
large debris avalanche (the Teno Lahar) that removed a sector of Planchdn. The vol-
canic activity began in the Pleistocene with the emerging of Volcano Azufre, followed
by the formation of Planchon (now 3977 m), 6 km North. About 11,500 years ago,
much of Azufre and part of Planchén collapsed, forming the massive Rio Teno debris
avalanche, which reached Chile’s Central Valley. Subsequently, Volcano Planchon Il was
formed. The youngest Volcano Peteroa, consisting of scattered vents between Azufre
and Planchon, has been active into historical time and contains a small steaming crater
lake (Tormey et al,, 1989). In Figure 2 the geological sketch map of the volcano complex
is shown [4].
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Figure 3 — ASTER GDEM tile containing the volcanic complex of Azufre-Planchon-Pete-
roa. In the red frame the study area.

a N

During a large part of its history this eruptive centre exhibited an effusive style: a mo-
notonous pile of lava flows with interbedded pyroclastic breccias. In the early Holocene
a catastrophic episode caused the collapse of the western part of Planchén. As a con-
sequence, a debris flow generated, which travelled 75 km down the Teno river carrying
9 km3 of material. A Plinian type eruption, presumably related to the avalanche, car-
ried out abundant tephra to the Argentinian side. The pumice that mantles the upper
Valenzuela river, turning those lands into an extreme arid environment, represents the
most explosive and hazardous event in the early Peteroa’s history. The later activity is
essentially phreato-magmatic, with some explosion pits and old fumarolic fields in the
summit. Eruptions occurred in 1762 and 1889-1894. Historical eruptions were domi-
nantly explosive, although lava flows were erupted in 1837 and 1937. Historic activity
has occurred in a 500 m diameter crater between the cones of Planchon (3977 m) and
Peteroa (4101 m). The most recent lava flow was erupted in Feb. 1937. Explosive activity
occurred during 1959, 1960 and 1967. In February 1991 the second-last eruption took
place confirming the high eruptive frequency of the Peteroa.



The hydromagmatic episode raised a 500 m column and produced a plume which
reached Malargiie town. Although in that occasion the economic damages were re-
duced (for example, interruption of the regular flights), the risk of lahar generation and
ash falls of variable magnitude is always present [6]. Strong fumarolic activity and small
phreatic eruptions produced minor ashfall in November 1998. Increased fumarolic ac-
tivity occurred in early 2001. In Fall 2010 the volcano was changing again to moderately
explosive eruptive activity, with a phreatic-vulcanian component (solid material) in the
acid lakes of the crater zone and formation of eruption column of pyroclasts and gases
affecting by ashfall an area of 120 sq.km around the volcano.

In order to obtain a DEM file of the volcano complex, we used the ASTER data. ASTER
(Advanced Spaceborne Thermal Emission and Reflection radiometer) Global Digital El-
evation Model (GDEM) is the result of a joint-venture of Japan's Ministry of Economy,
Trade and Industry and NASA (ASTER-GDF web site, http://www.gds.aster.ersdac.or.jp/
gds_www2002/index_e.html). It is a database which is acquired by a satellite-borne
sensor ASTER to cover all the land on Earth. The GDEM was created by stereo-correlat-
ing the 1.3 million scenes in the database, produced with 30 meter postings, and for-
matted in  degree tiles as GeoTIFF files (http://www.gisdevelopment.net/technology/
ip/mi03117pf.ntm). The CDEM data are free available for download from the site http://
www.ersdac.or.jp/GDEM/E/index.htm.

Figure 4 — Zenithal (left) and 3D (right) shaded relief views of the volcanic complex of
Azufre-Planchon-Peteroa. The 3D view is oriented as the picture in Figure 1.
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To build the DEM file, we selected within an ASTER tile a rectangular subset km large,
centred on the volcanic complex of our interest, represented by a raster scene com-
posed by pixels. In Figure 3, the original tile is shown, the grey level corresponding to
the elevation of each pixel. The red square entails the selected Peteroa area. Through
a simulation of a given lighting geometry, based on the position of the illumination
source (in our case, the sun at 1.30 pm) we obtained a shaded relief of the area: this is
reported in Figure 4 as both zenithal view (left) and 3D one (4b), the latter oriented as
the picture in Figure 1.

We then processed the DEM file taking into account the elevation value at a given pixel
and those at the eight closest neighbours. This way, 8 elevation gradients were calcu-
lated for each pixel. In Remote Sensing, this corresponds to an 8-layer data set that may
be analysed with classification methods as a multi-band imagery [1]. As well, the same
data set may be seen as a data table of 517684 units with 8 characters and submitted
to multidimensional analyses.

THE CLASSIFICATION METHODS

The identification of the intrinsic classification of the units of a sample through multi-
dimensional clustering methods, based on a classical data table, is a task very difficult
to achieve. Indeed, given a pattern of points in a multi-dimensional space, its shape
and density may be so various that no method known so far can a priori ensure to
provide a suitable partition of the sample. For this reason, the use of several different
techniques is advisable and their comparison is of relevance to better understand the
data structure: it is well known that each clustering method tends to perform better on
some specific pattern than on others. In the quest for a good clustering method, that
could be used in a routine activity on DEM data, we thought useful to start with the
comparison of some exploratory methods, in order to evaluate their ability in providing
suitable classifications, albeit not optimal, and to understand some of the problems
that the classification of this kind of data may pose. In our case, we did not know a priori
the pattern of units (that depends upon the specific area at hand) and we had an extra
problem of computational kind, due to the very high number of units (pixels) to classify.



Thus, we adopted four different strategies:

e The Tandem Analysis, that is a Principal Component Analysis followed by a Hier-
archical Classification on the units represented in a reduced-dimensional principal
space. We did it using both covariance and correlation matrices.

o ISODATA: an agglomerative clustering method, similar to K-means, but more flex-
ible, since it needs an interval, in which the number of classes should fall, and not
a precise number of classes.

e The Segmentation following the Hierarchical Factor Classification, a new optimized
technique, that merges the two steps of Tandem Analysis through a special hier-
archical clustering of the variables that gives at the same time, for each node, a
plane of representation. A segmentation of the units is thus possible, based on their
representation on the different factor planes.

TANDEM ANALYSIS

With this term (first used by [7]) we refer to the sequence of an exploratory factor analy-
sis followed by a hierarchical classification of units based on the distance among them
on a selected principal space. The method belongs to the so-called exploratory data
analysis techniques [8] as a cognitive model able to suggest a possible structure of the
data, based on the search of ordination gradients as factors that influence the variation
of the data and classifications that allow the partition of the units according to possible
sub-populations in respect to the chosen factors. The method was introduced in the
70's [9,10] and as such implemented in several packages, including SPAD [11], but has
been severely criticized by [7] among others, since, if the units of a data table are set ac-
cording to a given classification, such a procedure may not detect the true classes of this
“natural” partition, as a Discriminant Analysis could do. Nevertheless, Tandem Analysis
revealed useful to search for possible partitions of the sample at hand compatible with
the selected factors. Such partitions, albeit not necessarily natural, may contribute to
identify homogeneous classes of units in respect to the factors, this way synthesizing
the data structure [12]. Indeed, despite the criticism, the Tandem Analysis is still broadly
used in exploratory context.

Given the quantitative nature of our data, we applied first Principal Component Analysis
(PCA, [12]) based both on the covariance and the correlation matrices, and then a Hier-
archical Ascendant Classification (HAC, [12,13]) based on the Euclidean distance on the
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selected factor space and on the [14] criterion to aggregate the classes.

As the variance of the units’ coordinates on the factors equal the corresponding ei-
genvalue, it must be remarked that classes tend to be separated according to the first
factors, where distances among units are larger, than according to the others, where
distances are smaller.

In the use of such a procedure, two choices are left to the user: the number of factors
to take into account for the classification and the level at which to cut the hierarchy to
obtain a partition. It is interesting to observe that both choices may be done after the
analysis, thus based on the examination of the obtained results. In our case, the PCA re-
sults were so clear, that no specific method was needed. To cut the hierarchy, we chose
a level followed by an important raise in the within groups inertia.

Indeed, the very large number of units in our case prevented the use of a HAC since the
beginning, so that we applied first a K-means algorithm, to get 500 classes, then on
these classes a HAC was performed. Eventually, once decided the suitable number of
classes, another K-means was run, in order to get the classes more compact. This way,
the obtained partition may result better than applying only a K-means algorithm, that
would depend too heavily upon the starting random configuration.

It is noteworthy that we applied as well Tandem Analysis in order to compare the four
partitions issued by the considered methods. This time, it was run based on Multiple
Correspondence Analysis [12] an exploratory factor analysis technique specifically de-
veloped when data are qualitative. Indeed, for the comparison we built a data set con-
taining, for all the image's pixels, the classes of belonging in each classification. This way
we could build a dendrogram that showed us the structure of association among the
groups of the four classifications.

HIERARCHICAL FACTOR CLASSIFICATION

The Hierarchical Factorial Classification of variables (in the following HFC) was first
proposed by [23], see also [24], and further optimized [25]. Once all original variables are
standardized, each of them is considered both a singleton group and the representative
variable of this group. Then, the iterated procedure for the construction of the hierarchy
is the following:



1. aPCAis performed on all pairs of representative variables, considering their covariance;
the pair is chosen, whose PCA results with the least second eigenvalue;

3. the two groups represented by the chosen pair are merged into a new group, that
is a node of the hierarchy;

4. the first principal component of the PCA of the chosen group is taken as represent-
ative variable of the new group, since it represents what the two merged groups
have in common;

5. the second principal component is taken as node variable, showing the internal
differences within the node;
the second eigenvalue is taken as the node’s hierarchy index, say for the k-th node;

7. aprincipal plane is associated to the node, on which both the representative vari-
ables of the joining groups and all the variables belonging to the node may be rep-
resented; as well, all the units may be represented there, as they are seen by only
the variables belonging to the node.

8. The steps 1) to 7) are iterated until convergence.

Given this hierarchy, a partition may be built by cutting it at any level and the part of
the hierarchy upper the cutting shows the relations among the nodes that compose
the partition as classes. Indeed, as all classifications resulting from the cut of a hierar-
chy, this one would be far from optimal and in this case not only the classes but also
their representative variables would be concerned, so that, an optimization process is
required. In this case, the original hierarchy is optimized via a K-means-like procedure,
in which each variable is reassigned not only to a terminal class but also to all nodes
in the upper hierarchy that contain the class. The optimization criterion applied to this
reallocation is then

0= $v(k)3 varly

that is a weighed maximization of the variances of the representative variables y° of
each class of all nested partitions. Here, the indexes of the original hierarchy are chosen
as weights, so that the upper levels' representative variables have a higher weight in the
optimization process. As for K-means, it may be proved [25] that this optimization is
convergent.
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Once an optimal hierarchy is obtained, it is important that a partition obtained by cut-
ting the hierarchy satisfies some criterion. Here it is important that the classes/nodes
satisfy a homogeneity criterion, according to the correlation between the variables rep-
resentative of the classes. More precisely a node ¢=alUb is considered homogene-
ous if the representative variables y and y* of the two subclasses a and b are signifi-
cantly correlated, according to a simple correlation test. In this case, the node is not split
and defines a cluster of the searched partition.

Thus, we may cut the dendrogram in order to keep only significant nodes: starting from
the top of the hierarchy, each node ¢=alUb merging two classes a and b is iteratively
examined. Then, a partition is chosen as soon as the following node merges two classes
whose representative variables »* and " are significantly correlated.

With the chosen partition, say in h classes, an upper hierarchy of h-1 nodes results.
Thus, h-1 principal planes are available, on which the representative variables of the
merging classes and the variables that belong to the node are all represented. All units
too are represented on these planes, as seen only by these variables.

This suggests to use the upper hierarchy as decision tree for the classification of units.
More precisely, starting again from the top, hence from the first representative variable,
the set of units is first separated in two clusters, according to the sign of their coordi-
nates on the first principal component of the node, then optimizing the classes through
a k-means procedure, and applying a test to check the significance of the difference
between the means of the classes. These two clusters are kept only if the mean test
detects a significant difference. On the contrary, the whole set of all the units is kept. As
at each step each class is tentatively split into two, unless the splitting is not significant,
the segmentation process produces a partition of units that depends upon the number
of groups of the partition of the variables.

The complete process composed of the variables clustering and the resulted units clas-
sification is conditioned by the thresholds of the two tests: the correlation tests used to
prune the variables hierarchy and the mean tests applied along the units segmentation.



ISODATA

ISODATA [2] stands for Iterative Self-Organizing Data Analysis Technigue where the
self-organizing refers to the way in which it locates the clusters that are inherent in
the data. It is an iterative reallocation clustering method, analogous to K-means [15]
commonly used for both satellite image [16,17]. and land units classification [18,19,20].
Both methods start by either fixing centroids or assigning units to classes at random,
then iteratively reallocate the units to the class to which centroid are closest, this way
minimizing the within class inertia. Unlike K-means, whose number of classes must be
a priori fixed, ISODATA can both merge and split classes, within a pre-fixed interval, ac-
cording to whether either two classes are closer to each other or a class inertia is higher
than a pre-fixed threshold.

The algorithm performs as follows [21]:

1. some classes centroids are randomly chosen

2. theunits are assigned to the class to which centroid are closer

3. the classes with too few units are deleted and the corresponding units are assigned
to other centroids

4. all centroids are recalculated, together with both within class inertia and distances
among centroids

5. if some classes have too large class inertia, they are split
if some classes are too close to each other, they are merged

7. the steps 2) to 6) are iterated until convergence.

Figure 5 - The eight morphological gradients on the first principal plane of (a) PCA on
correlation; (b) PCA on covariance; and (c) HFC with the variables representative of the
largest two groups (*13* and *14%).
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As ISODATA depends upon an important number of parameters, as the tentative num-
ber of classes, the thresholds for the number of units in a class, the interclass distance,
or the within class variance, its use is not most easy for a non-experienced user. We
used ISODATA as implemented in the ENVI [22] package, using parameters chosen ac-
cording to previous applications [1].

COMPARISON OF THE RESULTS

As our aim is to build thematic maps to be compared, we had to associate the classes
of the four partitions, in order to use the same colour for the classes of the different
partitions with analogous structure. For this task, we referred to the dendrogram is-
sued by Tandem Analysis applied to the classification data, in which the classification
was run considering the gradients’ coordinates along the complete set of factors. Then,
we based on the RGB colours attributed automatically by ENVI program to the classes
of the partition issued from the tandem analysis on correlation. As we referred to this
partition, the same colour of a class of this one was attributed to all classes belonging
to the same branch of the dendrogram. A proportional variation of RGB values was
adopted to distinguish among two or more classes of a partition, should they corre-
spond to the same class of the reference one.

RESULTS

The data table shows a very different pattern of mean and variance of the eight gradi-
ents, with high agreement among each pair of opposite directions. Indeed, apart from
N and S, whose mean gradients are -.11 and .11 respectively, those along the other
directions are higher, ranging from 1.01 and 1.22, with the plus sign from SW to NW
and the minus opposite to it. The variances are lower for N-S and E-W (9.92 and 8.16
respectively) and higher for NW-SE and NE-SW (13.56 and 12.03): thus along these
directions a larger variance of the gradients results, in agreement with the orientation
of the volcanic complex. As well, the correlation within the four pair of opposite direc-
tions is quite high (-.98 through -.96), meaning a very low quantity of summits, pits,
and saddle points.

We decided a priori an interval in which the suitable number of classes should fall.
Considering that we had 8 main local gradient directions, we thought necessary enough
classes to fit at least two possible relief settings along each direction, with some more
for some directions with larger variance of the gradients. Indeed, as it will be shown in



the following, a larger variation will be found along two main orthogonal directions:
NW-SE and NE-SW. As a result, we considered suitable partitions ranging 18-24 classes.
Within this interval, for each method the chosen partition was selected either auto-
matically by the method itself or based on the variation of the within inertia.

TANDEM ANALYSIS ON CORRELATION

Thanks to its rationale, the Tandem analysis provides us information about the data
structure. Indeed, from PCA it is evident the two-dimensional structure of the data,
as the first two principal components summarize 98.50% of total inertia (54.97 and
43.53% respectively). The circle of correlation (Figure 5a) shows that the first axis is
situated in direction NNW-SSE and the second in direction ENE-WSW. Thus, for the
hierarchical classification, only two principal components will be taken into account,
resulting in a suitable partition in 20 classes.

TANDEM ANALYSIS ON COVARIANCE

The PCA run on the covariance matrix gives results much alike the previous, only with a
different partitioning of explained inertia (98.38), this time 60.39 vs. 37.99% between
the first two principal components. As the variances of the gradients are not equal, in
the representation of the gradients on the first factor plane (Figure 5b) they show a very
different length, but keep an orientation very similar to the one of the previous analysis.
This time the suitable partition results in 22 classes.

HIERARCHICAL FACTOR CLASSIFICATION

As said, this classification is based on a series of two-variables PCAs, so that it was
expected to find a two-dimensional solution, with 4 classes of units as associated seg-
mentation. In Figure 5c the factor plane associated to the last node is shown, in which
the gradients are represented, in two different colours according to which group they
belong of the two merging at the last node. Together with them, the representative
variables of the two merging groups are represented.

Based on this 2-dimensional representation, only four classes of pixels would result.
Thus, to get a number of classes comparable with that of the other methods, we had to
force the method to take into account other three more directions. For this reason, the
resulting 22 classes partition is not the most optimized one according to the method'’s
parameters.
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ISODATA
The application of ISODATA, performed between 16 and 24 classes, 25 iterations, and
2% as percentage of change threshold, resulted in a partition in 20 classes.

COMPARISON OF THE CLASSIFICATIONS

The Tandem Analysis of the four partitions provided us with a dendrogram in which the
classes of the Tandem analysis on correlation were well separated, so that we decided
to take this one as a reference for comparing the other method's partitions. Thus, we
adopted the colours automatically given by the ENVI program to the reference parti-
tion and we coloured alike the classes of the other partitions that belonged to the same
dendrogram’s branch. Should two or three classes of the same partition belong to the
same cluster, in order to distinguish among them, they were coloured with a slight pro-
portional variation of the same colours.

DISCUSSION

The partition built by Tandem analysis on the correlation matrix has a class structure
reported in Table 1. Here, in the first column is reported the sequential number of the
class, the percentage of pixels that belong to the class, the surface covered by the class
in sq.km, and the colour given in the map. In the second column, a morphological in-
terpretation of the class is given; in the third column, the average elevation, slope and
aspect are reported in stack. It must be observed that in four classes, the 1, 2,18, and 19,
the standard deviation of the aspect was particularly large: for this reason it is reported,
in red, in the table. In the fourth column the average of the eight gradients is reported
with respect to the central pixel, in blue the positive gradients (indicating a descent
in that direction) and in red the negative ones (indicating an ascent). The arrow in the
centre of the gradients points to the largest descending slope.

The first two classes contain the areas quite flat, although with opposite slope orienta-
tion (SW vs. NE): all together they represent almost one fourth of the entire data set.
On the opposite, classes 6 and 9, even though little represented (less than 4% togeth-
er), correspond to the steepest areas (mean slope angle of 51° and 48°) with orientation
respectively toward SE-S and S-SW. Classes 3 and 4 area are similarly oriented toward
E-SE with slight differences in slope angles. Classes 5 and 7 exhibit a morphological set-
ting similar to the much steeper class 6, oriented to SE-S. As well, class 10 mimics the
steeper class 9 with orientation to SW. Classes 11, 16 and 17 show a relief setting quite



different from other classes and respective orientation toward S-SW, NE and N-NE.
Classes 12, 14 and 15 have quite similar morphology (northwest oriented) even though
with different slope angle. Classes 18 and 20 reflect quite similar steep sloping areas
with orientation to North. Peculiar appear classes 8, 13 and 19 that exhibit very alike
gradient values along opposite sides of the kernel, defining respectively orientations
toward S, W and N.

The four maps issued by the four partitions and the consequent colouring are represent-
ed in Figures 6 and 7. They are easily comparable, since the colours were given coher-
ently according to the association among classes given by the comparison dendrogram.
We do not report here the class structures of the other three partitions, but we may
say that some significant differences resulted by the different methods, in respect to
the reference partition. We may say in particular that the method HFC separated more
than the reference one classes with very low slopes, whereas ISODATA separated more
classes with high slopes. We could interpret this behaviour.

The aim of Tandem analysis is to partition the data according to uncorrelated factors,
so that the resulting distances are not affected by the correlation structure among the
original variables. Actually, the package that we used, SPAD, provides coordinates whose
inertia along the principal axes equals the eigenvalue, so that the distances on each axis
weight according to it. This is not really important in our case, since in Tandem analysis
on correlation the two first eigenvalues do not differ very much, so that the classes
are sufficiently balanced. This is not exactly the case for the partition on covariance, in
which the mayor gradients weight less than the intermediate, but it is very different for
the other two methods.

Table 1. Classes obtained by processing the topographic gradients of the volcanic com-
plex of Azufre-Planchon-Peteroa on the basis of Tandem Analysis on correlation matrix.
Each class, of which the covered surface is pointed out, is provided with a morphologic
interpretation and the mean values of both main landform attributes and topographic
gradients with respect to the central pixel of a 3x3 kernel (shown as Red for negatives
and as Blue for positives). For classes 1, 2, 18, and 19 close to the aspect mean value its
standard deviation is reported as particularly high.

MEAN

GEOMORPHOMETRIC RELIEF ELEVATION/ TOPOGRAPHIC
CLASSES INTERPRETATION | ("Ur A cn | GRADIENTS (m)

1 (13.77%->55.5 Km?) Quite flat areas 25'249.1 m +(:;: 162 ?3‘1]

slightly facing SW 209.39/57.2 4279 +1.55  +0.26

e P v B o

areas facing NE 88.5°/99.8 413205 0.01

3 (7.64%->30.8 Km?) Gently sloplng 281861'201“ ::T »\212‘ :2.2';

areas facing SE-E 114.2° 400 +2.46  +8.88

4(257%>104Km) | geoep doping areas 273353_‘201“ ::3.: 191 :: _5’:

facing E 97.7° 153 4219 +19.6

S(44%>17.9K) | Seep sloping arens 263545.:0111 f(z) ; 114 ;1:.:';

facing SE 142.0° +0.72 m 4220

6 (1.34%->5.4 Km?) Very steep sloping 2553]‘" ':o"' :349'2 L“'SI ;‘1‘:)';

areas facing SE-S 161.2° +15.0 248 +345

7 (634%->25.6 Km?) Gently sloping 272515.;1:- :?.:: 820 +ﬁ]};‘;

. areas facing § 173.0° +6.96 +§7 +9.36

8 (3.58%->14.4 Km?) Averagely sloping 25712 m -16.3  -16.5 -16.6

. arcas 38.4° +0.16 -0.11

facing S 180.5° +16.4  +16.2  +16.2

9 (2.07%->8.3 Km?) Very steep sloping 2345: ':om ;1932: _23'0, :; 102

- areas facing SW-§ 198.5° 319 o +1aa

areas facing SW 214.6° 148 1823 4170

11(2.28%-> 9.2 Km?) Steep sloping areas 25;)81 .sﬁom :365; 1:/3/ :?:;

facing SW-W 234.3° 1259 +995 6.1

12 (9.14% ->36.9 Kn') | Averagely sloping 251s 779 ';om I:Zg ﬂ :2;:

areas facing NW 314.5° +0.70 455 981

13 (7.07%->28.57 Km?) Gen;lrye:lsopmg 2624]1.;?- *2-;*13 +0.15 :g:f;g

facing W 270.0° +9.55  -0.11 _ -9.84

14 (2.57->10.4 Km?) Steep sloping areas 26;72.;3011- ﬁ:i :fi :::_3

facing W-NW 285.6° 41 421 225

15 (3.74%- >15.1 Km?) Steep sloping areas 2539:.5901“ :?;; ;11\5 i::;

facing NW 316.7° 4145 114 242

16 @75%219.1 Kn') | 4 veragely sloping 27;; .29°m :ﬁ: j; ::1;312

areas facing NE 51.4° 3.6 545 +2.72

L P e L e

facing NE-N 2570 262 166 -6.18

facing N 242.69/161.3 208 232 253

=R ——

areas facing N 173.99/171.0 108 104 -9.98

20 (4.12%>16.6 Km?) Steep sloping areas 25;62'.:01:1 té,l-}z T14.6 fzf

facing NW-N

339.1°

-7.81 -14.6 -21.2

26



Figure 6 - Classification map of the volcanic complex of Azufre-Planchon-Peteroa area,  Figure 7 - Classification map of the volcanic complex of Azufre-Planchon-Peteroa area,

issued from PCA on correlation matrix (above) and on covariance matrix (below). issued from HFA (above) and ISODATA (below).




The HFC procedure works with standardized data, so that all gradients are at the begin-
ning equally weighed and the results should be similar to those of the reference method.
Instead, the fact that we ought to force the method to take into account other dimen-
sions introduced coordinates corresponding to factors with very little inertia, say those
that distinguished very low slopes, thus giving more classes corresponding to only one
or two of low slopes of the reference partition. On the opposite, the ISODATA method
takes into account the original gradients as they are, so that the high slopes result more
important in respect to the low ones, as they weigh more on more dimensions, that are
equally weighed by the method. For this reason, ISODATA distinguishes more among
classes with high slopes than the reference.

CONCLUSION

Digital terrain analysis (or geomorphometry) for building thematic maps describing
morphological setting relies usually on neighbourhood operations which calculate
morphometric variables such as slope, aspect, local relief or surface roughness (among
many others) at different scales. Conversely, the approach reported in [1] and in this
paper takes into account the topographic gradients, always calculated by working on
moving-windows, that provide a simple and, in the meanwhile, exhaustive depiction
of local relief. This allows to apply more confidently classification methods such as the
ones applied in this paper to issue digital maps of uniform terrain units distribution.
The comparison of the four clustering procedures on the Peteroa volcano complex gave
nice representations of the area, in which no very high differences resulted, unless a
more equilibrate behaviour of the Tandem analysis (in particular based on correlation)
than the others and its ability to give an interesting reduction of dimensions, together
with the interpretability of the factor planes.

We do not consider the study achieved, since other clustering methods may be tested
as well as their concurrent use. As well, we think that the choice of the colours in this
case deserves a specific investigation. It is evident that a better appropriate choice of
the colours could lead to a much better comprehension in the identification of the
landforms on the maps.

Thus, these will be the further steps of our investigation.
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Evolutionary analysis applied
to tree-ring series

ABSTRACT

We explore the behaviour of synchronous tree-ring time-series by the simultaneous
use of Principal Component Analysis (PCA), Hierarchical Factor Classification and Evo-
lutionary PCA performed on a mobile window. Results are discussed in terms of the
temporal evolution of the correlation structure of the time-series and the recognition
of intervals with particular homogeneity between series.

INTRODUCTION

In a previous paper [1], exploratory analysis methods were applied to a dataset of tree-
ring width synchronous series to ascertain to what extent the methods could enlighten
on the structure of the data, in view to recognize how similar are the tree-ring growth
series. In particular, the Evolutionary Principal Component Analysis (EPCA) was pro-
posed as a useful method to describe the variation of the correlation structure of the
series through time.

In this paper, an analogous methodology is proposed to study a dataset composed of
tree-rings synchronous chronologies of Araucaria araucana on the Argentinian Andes
([2]; Hadad, unpublished). We aim at recognizing the existence of important variations
in the correlation structure of the chronologies.

Here, we use both Principal Component Analysis (PCA) and Hierarchical Factor Classifi-
cation (HFC) to give an overall overview of the data structure, and we applied a EPCA
methodology to identify the pattern of the correlation structure through time. This
allows the identification of both the time-intervals in which the structure keeps more
homogeneous and those periods where mayor changes in the correlation structure be-
tween series occurs.
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THE DATA

We used a dataset composed by nine tree-rings chronologies of Araucaria araucana
growing on the oriental slopes of the Andes cordillera in the Neuquén province and
originally published by [2]. We considered a common period of 492 years, between
1483 and 1974.

METHODS

Exploratory data analysis

As quoted in [1], we set as an exploratory framework [3,4], a quantitative study
[5,6] based on cognitive analytical methods. This approach helps in the formula-
tion of hypotheses of data structure that could be validated through confirmatory
methods, based on statistical models. As no care is required in the sampling, their
results, albeit valid for the considered sample, cannot be inferred to any population
of reference, but can be taken into account when implementing the following inves-
tigations. We start the analysis with a classical exploratory procedure, the Tandem
Analysis [7,8], implemented in SPAD package [9]. The method has been criticized
by Arabie and Hubert [10] among others, since such a procedure may not detect
the true classes of a “naturally” existing partition in the first principal components,
but it is broadly used in exploratory context, where partitions based on a selected
number of factors help to identify classes of units homogeneous in respect with the
factors, thus synthesizing the data structure [11]. In particular, we used a Tandem
Analysis based on Principal Component Analysis (PCA, [11]), a technique tradition-
ally used in tree-ring analysis [12], and Hierarchical Ascendant Classification (HAC,
[11,13]). PCA was applied to the data set with the years by row and the series by
column, as suggested by [14], so that the classification concerning the units gave us
groups of years, characterized by a specific homogeneous tree-growth.




As the orthogonal factors resulting from PCA, are linear combinations of the original
series, they may be adopted as representative series, that is, artificial series that can
represent what the series have in common. For this reason, the first principal compo-
nent may be considered the series containing the larger common variability of the used
dataset.

The Hierarchical Factor Classification (HFC, [15,16]) is a classification method specifical-
ly designed for a hierarchical classification of variables. The hierarchical process is based
on a series of PCAs that associate at every node of the hierarchy two principal compo-
nents, so that each node is provided with a principal plane of representation where the
first principal component represents what the group of variables that form the node
have in common and the second what distinguish them. As this technique is close to
PCA, its results may be seen also on PCA's principal planes, giving information on the
relations between principal components of PCA and representative variables of HFC.

To achieve the exploratory procedure, we ran an Evolutionary PCA (EPCA, [1]), consist-
ing in a time-series of PCAs run on a mobile window along the set of the time-series.
The graphical representation of the eigenvalue pattern and the correlations between
the main principal components and the original chronologies allows us to identify the
change in the correlation structure of the chronologies through time.

Principal Component Analysis

PCA[17,11,18,19] is a broadly known method of data analysis: it aims at finding orthogo-
nal directions where most of the data scattering occurs. Once they are sorted according
to the amount of inertia that is summarized on each one, the first few principal compo-
nents may be a good synthesis of the total information of the original data table.

Hierarchical Ascendent Classification

Unlike the clustering techniques based on reallocation of units in a given number of
classes, HAC [17,11,13,19] provides a dendrogram that represents the similarity between
objects in a graph structure. This way, even if it may not be optimal, the partitioning is
obtained by choosing a posteriori cut-points of the hierarchy, according to its structure,
so that the number of classes of the partitions depends upon this structure and not on
a free choice of the user.
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The many HAC methods differ according to the way the similarity is computed, how the
similarity among built groups is iteratively re-computed, and on the way the partitioning
is performed. For our work, we computed the similarity between years through Eucli-
dean distances on the selected PCA principal space. We chose to aggregate the classes
according to the Ward's [20] criterion, that at each step merges the pair of groups that
minimize the inevitable raise of the pooled within-groups inertia: as this is a measure of
homogeneity, the used criterion ensures to build highly compact classes. We obtained
a partition by cutting the hierarchy where a larger interval among subsequent levels
occurred. Eventually, we characterized the classes according to the comparison of the
classes mean values of the chronologies with the pooled ones: if for a chronology a class
mean resulted statistically different at 5% level, according to a Student’s t statistics,
then the difference was considered characteristic of the class.

Hierarchical Factor Classification
The Hierarchical Factorial Classification of variables (in the following HFC) was first
proposed by Denimal ([15], see also [16]) for continuous variables. The method defines
a hierarchy on the set of variables and provides a factor plane associated to each hi-
erarchy node, in which the first principal component acts as representative variable of
all variables that belong to the node, thus as a synthesis of them. The procedure starts
with the standardized original characters, that form each one a singleton group, so that
the variable may be considered representative of this same group. Then, the iterated
procedure for the construction of the hierarchy is the following:
1. aPCAis performed on all pairs of representative variables, considering their covariance.
2. the pair whose second eigenvalue of PCA is lowest is selected.
3. the two groups represented by the chosen pair are merged into a new group, that
is a node of the hierarchy.
4. the first principal component of the PCA is taken as representative variable of the
new group, since it represents what the two merged groups have in common.
5. the second principal component is taken as node variable, showing the internal
differences within the node.
the second eigenvalue is taken as the node's hierarchy index.
7. The steps 1) to 6) are repeated until only one group results.

The method gives, at each step, a principal plane on which the variables gathered in
the group may be represented: in fact, unlike in PCA, each principal plane results by the



analysis of the representative variables of the groups gathering at the node, thus only
the variables that compose these variables may be represented. For the same reason,
the units are represented on the same planes, but their representation depends only
upon these variables, so that the pattern of units in each node is based only on these
same variables.

In HFC the hierarchy's cutting rule may be based on the dimensionality of each class, a
fact that is strictly related to the correlation between the aggregating variables. In order
to avoid the aggregation of uncorrelated variables in a node, the representative varia-
bles of the merging classes might be sufficiently correlated among each other. This may
be inspected by checking the second eigenvalue of the corresponding PCA, that repre-
sents the variance of the second principal component. If it is larger than 1, this means
that the differences among merging variables are larger than an original standardized
variable, thus that the class is at least bi-dimensional. On this basis, a thumbnail rule
may be to avoid nodes on which the second eigenvalue is larger than 1 but we preferred
to cut below 0.7, in agreement with the suggestion of Jolliffe [18] for PCA.

Evolutive PCA

The method consists in defining a window composed of a limited number of years in
respect to the whole table and moving it along the table itself. By moving the windows,
we run a set of PCAs limited to the years included in the window. This allows us to build
a time-series of PCAs, where each one is obtained from the previous by dropping the
first year row and adding the row corresponding to the next year. As two contiguous
tables differ by one row only, that is one year, the window dimension identifies the
distance between the replaced years and the sensitivity of the method: indeed, in an n-
year window, each row contributes in average to PCA as 1/n-th of the total. In this sense,
the largest the windows, the least sensitive is the method, but it must be pointed out
that an analysis with large windows describes the variation among events (years) very
far from each other, thus maybe very different.

It is evident that the examination of a very large amount of PCAs output may be diffi-
cult to carry out. For this reason we arranged the main results in time-series to examine
them graphically. So, we got the series of the first, second, etc. eigenvalues, the series of
the correlations between the first eigenvectors and the original series, etc. The inspec-
tion of the graphics put in evidence the variations in the eigenstructure.
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RESULTS

Principal Component Analysis

The examination of the eigenvalues pattern of PCA of the 9 tree-ring chronologies
along the 492-year common period (Table 1) shows a main first axis, whose eigenvalue
(worth 3.98) summarizes 44.24% of total inertia. The following three (ranging 1.02
through 0.85) raise the total inertia to 75.06%. Indeed, the correlations of the chronol-
ogies among themselves are all significant at 0.1% level with values between 0.61 and
0.15 (Table 1). The correlations of the chronologies with the first axis range from 0.65 to
0.79. Only two chronologies show lower values ranging between 0.50 to 0.45 (Table 2).
On the second axis, two groups of chronologies appear to be opposed, with medium-
low correlations with this axis (Figure 1 Left). On the plane spanned by axes three and
four (Figure 1 Right), the individual variations of Pino Hachado and Lonco Luan is put in
evidence, as well as those of the others.

Figure 1. The nine chronologies on the correlation circle of Principal Component Analy-
sis: Left = projection on the principal plane spanned by the axes 1-2. Right = projection
on the plane spanned by the axes 3-4.
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Table 1. Correlation matrix of the chronologies. Eigenvalues of the static PCA of the  Table 2. Contributions to factors, coordinates (correlations), and cumulate quality of

chronologies matrix with percentage and cumulate percentage of explained inertia. All  representation of the chronologies on the first four axes of PCA.

correlations are significant at 0.1% level.

+ + + + + +
+ + + | chronology | Axis | Axis | Axis | Axis
| correlation matrix | Chpe Cavi LoLu PaTr PAch PPin Rahu RiAg Ruca | | | cont Coor Qual | Cont Coor Qual | Cont Coor Qual | Cont Coor Qual
+ + + + + + + +
| Chenque Pehuen | 1.00 | |Chen - Chenque Pehuen | 0.39 0.79 0.79 | -0.09 -0.10 0.80 | -0.06 -0.06 0.80 | -0.17 -0.15 0.81
| Lago caviahue | 0.52 1.00 | |Lcav - Lago Caviahue | 0.33 0.67 0.67 | -0.43 -0.43 0.80 | 0.02 0.02 0.80 | -0.39 -0.36 0.87
| Lonco Luan | 0.33 0.22 1.00 | |Lonc - Lonco Luhan | 0.25 0.50 0.50 | 0.58 0.58 0.77 | -0.42 -0.40 0.86 | -0.42 -0.39 0.95
| Paso Tromen | 0.37 0.36 0.15 1.00 | |PTro - Paso Tromen | 0.33 0.65 0.65 | -0.10 -0.10 0.66 | 0.30 0.29 0.72 | 0.29 0.26 0.76
| Pino Hachado | 0.30 0.22 0.15 0.28 1.00 | |Pino - Pino Hachado | 0.22 0.45 0.45 | 0.30 0.30 0.54 | 0.80 0.76 0.93 | -0.12 -0.11 0.94
| Primeros Pinos | 0.49 0.32 0.22 0.38 0.15 1.00 | |PPin - Primeros Pinos | 0.35 0.70 0.70 | -0.12 -0.12 0.71 | -0.27 -0.26 0.76 | 0.50 0.46 0.89
| Paso Rahue | 0.51 0.47 0.29 0.43 0.26 0.61 1.00 | |PRah - Paso Rahue | 0.38 0.76 0.76 | -0.06 -0.06 0.76 | -0.12 -0.11 0.77 | 0.35 0.33 0.84
| Rio Agrio | 0.55 0.54 0.29 0.43 0.22 0.41 0.37 1.00 | |RAgr - Rio Agrio | 0.35 0.70 0.70 | -0.32 -0.32 0.77 | -0.03 -0.03 0.77 | -0.38 -0.35 0.85
| Rucachoroi | 0.48 0.24 0.48 0.45 0.34 0.43 0.47 0.31 1.00 | |Ruca - Rucachoroi | 0.35 0.70 0.70 | 0.51 0.51 0.87 | -0.01 -0.01 0.87 | 0.17 0.15 0.88
+ + + + +. +. +. +.
| ChPe Cavi LoLu PaTr PAch PPin Rahu RiAg Ruca |
Figure 2. The distribution of years on the first PCA plane of chronologies, coloured ac-
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Classification of the years

The classification of years is interesting since, unlike the simple distinction between small-
est and largest rings, some distinction among the chronologies behavior may result. This
classification was performed according to the partition in four classes resulted by cutting
the hierarchy built by the HAC. The pattern is shown in Figure 2 on the plane spanned
by the first two principal axes of PCA. The groups 4 and 1 distinguish years for which all
chronologies have respectively either smaller or larger values than the mean, whereas the
other groups show differences in behavior of the series, albeit limited. The groups 3 and 4
show the same pattern, but limited to only five tree-ring series, corresponding to the sites
Pino Hachado, Paso Rahue, Paso Tromen, Lonco Luhan, and Rucachoroi, while the others
remain around the pooled average. Primeros Pinos results also characteristic for group 2,
since there its mean is significantly higher than the pooled one.

The fact that the said 5 series are characteristic of these two groups indicates a larger
significant variation of them than the others and it must be pointed out that these two
groups of years are twice larger than the other two. A clear interpretation of this pat-
tern is not really easy, since at a first glance no specific periods belongs completely to
any group. Nevertheless, we may detect a slight trend: the XVI century values tend to
avoid group 3, the values during the XVII century keep rather homogeneous, the XVIII
century values are more concentrated in the central groups (2 and 3), the XIX is more
present in groups 2 and, mainly, 4, whereas the XX is present mainly in group 1.

Hierarchical Factorial Classification

The construction of the hierarchy on the chronologies is described in Table 4: according
to the chosen criterion, to avoid poorly or uncorrelated series in the same group, we
cut the dendrogram in 4 classes, keeping three upper nodes, whose second eigenvalues
worth .81 and more. The two eigenvalues of the upper node are worth 3.95 and .97
respectively, thus approaching 3.98 and 1.02, that is the first two eigenvalues of PCA:
this indicates an agreement between PCA and HAC.

Table 4. The results of formation of the HFC with the four different sets of chronologies.
In the columns: number of the node, number of groups, name of joining groups, number
of variables in group, second eigenvalue (hierarchy index, corresponding percentage and
cumulate percentage of inertia, first eigenvalue, share of partial inertia along the node’s
first and second eigenvectors
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Node Ngroup N1 N2 Nunit  index $inertia cumulate% I eigenvalue part.in.% res.par.%

10 8 6 7 2 0.393439323025 4.371548 4.371548 1.606560676975 80.328034 19.671966
11 7 1 8 2 0.454720265067 5.052447 9.423995 1.545279734933 77.263987 22.736013
12 6 11 2 3 0.475172152429 5.279691 14.703686 2.070107582504 69.003586 30.996414
13 5 3 9 2 0.516692924564 5.741032 20.444719 1.483307075436 74.165354 25.834646
14 4 4 10 3 0.654777300280 7.275303 27.720022 1.951783376695 65.059446 34.940554
15 3 12 14 6 0.763925592966 8.488062 36.208084 3.257965366233 54.299423 45.700577
16 2 13 5 3 0.816196243667 9.068847 45.276931 1.667110831768 55.570361 44.429639
17 1 15 16 9 0.974301779068 10.825575 56.102506 3.950774418933 43.897494 56.102506

Total representative variable 3.950774418933 4

w

.897494 100.000000

Evolutionary PCA

The evolutionary PCA was run considering two windows of 25 and 50 years, respec-
tively. This way, the expected average weight of each change, while shifting from a table
to the following one, is 4 and 2% respectively. The time series corresponding to the first
four eigenvalues are represented in Figure 3. It is evident that the pattern of variation
considering the 50-year window (Figure 3 below) is much smoother than the pattern re-
sulted from the 25-year one (Figure 3 above): in particular, the local minima that occur
at the years 1530-50, 1612, and 1850 are stronger using the 25-year than the 50-year
window. On the opposite, a general trend is more evident in the time-series generated
by the 50-year window.

Observing the 50-year window results, three periods are evident: a relatively stable one
from 1483 until 1640; then, a positive trend of the first eigenvalue until around 1725,
and a third period, in which the trend is lower than before. For the second and third
eigenvalues, the pattern is specular relative to that found for the first one. This may
correspond to a raise of homogeneity among series along time, as the first eigenvalues
fluctuate around 3.5 in the first period and around 5-5.5 in the last one.

Running a Fisher's clustering [21] based on the first eigenvalue, we found three cut-
points giving four intervals of highest homogeneity, that is minimum inertia: 1615,
1686, and 1875.



Figure 3. The time series of the first four eigenvalues of the evolutionary PCAs according
to a 25-year mobile window (above) and a 50-year one (below).
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Figure 4 is useful to understand the reason of these variations: here we see the pattern
of the correlations of the chronologies with the first principal components correspond-
ing to the 25-year (Figure 4 above) and of the 50-year (Figure 4 below) window EPCA,
respectively. Indeed, during the period 1530-1550 the correlation structure seems ir-
regular, even in comparison with the contiguous periods where some series show nega-
tive correlation with the first principal component.

Negative correlations occur only for the chronologies Pino Hachado, Lago Caviahue,
and Rio Agrio until the year 1650. The subsequent period shows a higher coherence
between series, undetected by the eigenvalue pattern, that is not influenced by the
correlation sign. This behavior may be explained by differences in the internal quality
(replication) of the chronologies.
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Four periods PCA

According to the four periods found through the examination of the evolutionary PCA,
we ran independent PCAs for the periods 1483-1615 (133 years), 1616-1686 (79 years),
1687-1874 (188 years), and 1875-1974 (100 years). The first two eigenvalues vary, sum-
marizing an increasing total inertia as follows: 1 period) 2.55, 1.49, 45%; 2) 3.64, 1.36,
56%; 3) 4.75, 0.91, 63%; 4) 5.84, 0.89, 75%. A dramatic increase is experienced in both
the first eigenvalue and the total explained inertia, while a relative down trend is expe-
rienced by the second eigenvalue, particularly during the last two periods. This means
that the nine tree-ring chronologies separate at least in two groups at the first two
periods, but converge toward a unidimensional structure during the last two.

Figure 4. The time series of correlations of the original chronologies with the first eigen-
values of the evolutionary PCAs according to a 25-years mobile window (above) and a
50-years one (below).
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In Figure 5 are represented the nine chronologies on the circle of correlation on the
plane spanned by the first two principal components of the PCAs for the four consid-
ered periods. It is most evident that in the first two periods, represented in the upper
side of the gigure, the chronologies are scattered along the second axis, while during the
two following periods, a higher agreement among the series appears, suggesting higher
homogeneity between the tree-ring chronologies variability.

CONCLUSION

The simultaneous use of Tandem Analysis (in particular of PCA) and HFC facilitates
the interpretation of the overall structure of synchronous time-series. In the par-
ticular case of tree-ring data, this may suggest to consider, beside of a common
source of variation represented by the first principal component of PCA, also the
partial chronologies represented by the representative variables of each group of chro-
nologies proposed by HFC.

The EPCA analysis revealed to be useful to study the variation of the correlation
structure along time. This approach allows to analyze in more detail the existence
of time intervals where relations among time-series might be enough different to
suggest the occurrence of particular growth histories at each analyzed site. In our
case, it is clear that after a first period of larger instability, the structure during
the last periods appears to be much more homogeneous. These differences among
periods are not so clearly identifiable, unless considering some internal variation
barely detectable by the specific PCAs.

An interpretation of these results, based on dendrochronological, ecological, and climatic
considerations is currently in progress and far from the scopes of this paper. The link of these
results to local-to-regional environmental information may help to explain the present results.
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Figure 6. Representation of the circle of correlation of the PCAs run on the four selected periods.
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Exploratory Analysis of Pacific Data
to Study “El Nifio”

ABSTRACT

In order to study the “EL Nifio” phenomenon on the basis of the available data, we start-
ed an exploratory analysis of the set of surface temperature time-series produced from
the USA's National Oceanic and Atmospheric Administration (NOAA). Some results of
Principal Component Analysis and Hierarchical Factor Classification applied on the data
set relative to the period 1991-2008 are reported. Together with the regular seasonal
fluctuation and the subdivision in 14 classes of the time-series, all spatially connected,
the occurrence of EL Nifio in 2007 results from the data as a very strong perturbation of
an otherwise very regular pattern.

INTRODUCTION

“EL Nifio” and “La Nifa" are part of the climate cycle referred to as the El Nifio South-
ern Oscillation (ENSO). During EL Nifio, warmer than average sea surface temperatures
occur in the Equatorial central and eastern Pacific while during La Nifia, cooler than
average sea surface temperatures predominate. The Southern Oscillation (SO) in ENSO
represents the atmospheric component of the cycle in which lower (higher) than nor-
mal sea-level pressure occurs near Tahiti and (higher) lower sea-level pressure occurs in
Australia during El Nifio (La Nifa) conditions. ENSO is an important component of the
climate system since the El Nifio/La Nifia phases impact the weather on a global scale.
The impact of ENSO sea surface temperatures (SSTs) on the atmosphere is through
the tropical response of rain-producing convection and cloud formation, the principal
agents for exchanging heat from Earth's surface. Normally, the SST is very warm in an
area that covers the Equatorial Indian and West Pacific Ocean regions.

During El Nifio, among its consequences are the increased rainfall across most of the
Americas’ Western belt, ranging from South USA through North of Chile, which has
caused destructive flooding, and drought in the West Pacific, sometimes associated
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with devastating brush fires in Australia. Observations of conditions in the Tropical Pa-
cific are considered essential for the prediction of short term (a few months to 1 year)
climate variations. The opposite occurs during La Nifia, with rainfall deficits in the East-
ern Equatorial Pacific and the wet conditions confined to the Western Equatorial Pacific.

Figure 1 - The geographical position of the TAO/TRITON array of buoys implemented
by the NOAA.
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Our interest is the analysis of the impact of El Nifio in Peru and for this task we started
collecting the necessary data and analysing them through exploratory data analysis
techniques. In this paper we introduce the data, the exploratory methods used so far,
and the first results that we obtained from the first analyses performed.




THE DATA

The first data base that we found through Internet of some interest for our purpose is
the one provided by the United States' National Oceanic and Atmospheric Administra-
tion (NOAA). NOAA operates an array of 88 buoys almost regularly placed on a regular
grid of 8 x 11 nodes in the Equator belt of Pacific Ocean. The buoys measure tempera-
ture, currents and winds in the equatorial band and transmit daily the data which are
collected, checked for quality, adjusted when necessary, and made available to research-
ers and forecasters around the world. The distribution of buoys is shown in Figure 1.

For our work, we limited our attention to the Ocean’s surface temperature that we
downloaded from NOAA's web site (www.pmel.noaa.gov/tao). They were 88 time se-
ries of daily surface temperature taken from March 1st, 1980 through December 31st,
2008. Of these, 20 series were empty and we withdrew them. The other 68 time-series
are all nearly continuous since 1991, whereas only 27 had data in the previous period.
Thus, we decided, as a preliminary task, to limit the study on the 68 time-series and
on the period 1991-2008, for a total of 6575 daily observations. To this data base we
added, as nominal characters to use as supplemental elements, the year and the month
of sampling, together with a combination of year and season, to follow in a medium
detail the overall evolution of the temperatures.

THEMETHODOLOGY

We submitted the surface temperature data table to exploratory multidimensional data
analysis techniques, the first of a three steps methodology that aims at modelling phe-
nomena under study. It is customary, nowadays, to finalize a scientific investigation in
which experimental data are involved, on a model, either theoretical or mathematical,
that sufficiently describes the main features of the phenomenon under study, to show
how some collected data fit the model, and to simulate its behaviour in order to derive
further considerations on the subject. In [1,2] the modelling is considered the third of a
methodology in three steps, preceded by an exploratory and a confirmatory steps. In
this way, the model structure flows from the information extracted from the data and
may lead to a better understanding of the data variation.

A study path in three steps
Data collection is the first step in any scientific investigation that may formulate and
validate well-grounded hypotheses. Once the information contained in the data is syn-
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thesized, validated, and understood, it may be transformed into a model. The more a
mathematical model of a phenomenon is developed in line with collected data sets,
the better it may fit the phenomenon and be truly adequate for any further use. For
this reason it is wise to proceed very carefully when building a model, in order to avoid
some a priori assumptions that may further be revealed as false. In particular, Benzécri
[3] and the French school of analyse des données (data analysis), consider it danger-
ous to attribute pre-defined statistical distributions to the data, to be used to validate
the obtained statistics through statistical techniques. Indeed, the statistical methods
necessary to estimate parameters, test hypotheses, and take decisions, need some in-
formation on the data distribution that is not always known a priori. So, before applying
statistical methods, one ought to ascertain the true distributions. In addition, in the
building of a model, the knowledge concerning the existence of factors underlying the
distribution, the existence of sub-populations, and some cause-effect relations, may be
relevant.

Indeed, within the same investigation, different phases occur to form the knowledge.
Different aims correspond to each phase and, as a consequence, a different approach
is necessary, therefore different methods and tools are supposed to be used. So, we
consider it wise, in any study that deals with the analysis of some data, to follow a
pathway that may be described through three steps that correspond to three different
methodological phases: exploratory, confirmatory, and modelling phase. In this paper
we limit our attention to the first one, that will be described in the following, whereas
the others may be found in [1,2].

The exploratory phase

In this first phase there is usually very little knowledge of the relations among the ob-
served characters and the structure of the population from which the data were taken.
Moreover, there is no certainty that the phenomenon is completely described by the
data or that all the collected data are truly necessary for its description. So, at this stage
it is not reasonable to go any further in search of the concluding answers, but limit
the study to the structure of the sample and the relations that may be identified. This
is the task that may be performed by the exploratory data analysis: this is «detective
work» [4] aimed at revealing the structures and relations that may be found in the data.
The methods developed in this framework aim at grasping the most of information in
a highly synthetic and easily understandable way, and at helping to formulate some



hypotheses concerning relations among characters, existence of classes of objects with
specific features, identification of latent factors, etc..

In our work, we will join an ordination with a classification [5] techniques, namely Princi-
pal Components Analysis (PCA, [6,7]) and Hierarchical Factor Classification (HFC, [8]) of
variables. Indeed, the quest for optimal orderings may lead to the identification of some
factors that can explain the objects diversity, whereas the classification of variables
may provide better insights in the relations that tie the variables themselves. Indeed,
HFC aims at replacing the the so-called Tandem Analysis [9], composed by a PCA fol-
lowed by a classification of the units, by the identification of factors associated to the
classification of the variables and the segmentation of the units based on these factors.
Both methods are exploratory and may not be used beyond their actual allowances.
In particular, no statistical inference of the exploratory analysis results may be done to
the reference population. This is the reason why the hypotheses, formulated during this
step, must be validated before being accepted as knowledge. This may be done through
further investigations in the framework of the further step where specific techniques
are used.

Principal Component Analysis

Principal Component Analysis (PCA, [3,6,7]) is a classical exploratory analysis tool, that
aims at synthesizing a quantitative (ratio-scale) data table by searching a reduced di-
mensional representation that summarizes most of the data variation, in the sense of
the points inertia around the centroid-origin. In this way, both continuous characters
and units may be represented on graphics in which their position reflects respectively
the factors’ values for the units and the correlation with the factors for the characters.
Through PCA the factors, that are linear combinations of the original characters, may
be interpreted on the basis of the characters whose coefficients are higher and of those
most correlated with them. As for the units, their position in the factor space reflects
their score in the ordination given by each factor, a kind of compromise between the
scoring of the characters that contribute or are correlated with them.

The PCA's rationale is based on the Singular Value Decomposition (SVD, [10]) of the
data table and its strict relation with the eigendecomposition of the correlation matrix
between the data table columns. We start with an ¥* g data matrix X, whose n
X0

rows l.....m represent the values taken by all characters in each of the units
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and whose p columns A", 7= L.....; represent the values taken by each of the
characters on all units. The matrix is first transformed by standardizing the columns,
that is by centering them to the respective mean and dividing them by their respective

standard deviation, in symbols

ki _=_|_ X il

T

so that each column’s mean and variance become 0 and 1 respectively. Then, through
SVD the so built matrix Z is decomposed as & E:}I'"? ', where U and V are the
symmetric orthogonal matrices of the eigenvectors of Z'Z and ZZ' respectively, with
UL™=I_ and FF'=I, and . the diagonal matrix of the corresponding eigen-
values of both, all non-negative, sorted in decreasing order.

Thanks to the decomposition, the units’ coordinates on each factor result as the col-
umns of 74", whose variance equals the corresponding eigenvalue and the coordi-
nates of the characters as the columns of V. As they are orthogonal, the coordinates of
the units on the factors are uncorrelated among them, and it results that the amount
of inertia along each factor equals the corresponding eigenvalue. Thus, its importance
may be measured by its share to the total table inertia, given by the ratio of the eigen-
value to fruce Aw=3. The Eckart and Young [11] theorem ensures that the best
reduced rank reconstruction of the data matrix, in the least-squares sense, is obtained
if it is limited to the first larger eigenelements. It must be reminded that, in decreasing
order, the coordinates of the units along each factor are the best approximation of the
values of the original characters and that the cosines of the angles among the charac-
ters are the best approximation of their correlation in the reduced dimensional spaces.
For the interpretation of the PCA results, the contribution given by each character
to the linear combination that defines each eigenvector and the correlation between
characters and factors are the most important issues. Then, the eigenvalues and their
percentage of explained inertia are useful to identify the amount of total information
interpreted. This information is currently taken into account to decide the most suitable
reduced dimension for the interpretation. Indeed, this is still an issue debated in litera-
ture [12,13] and we did not take a decision in this sense: in this paper we shall evoke the
first four dimensions, interpreting only the first two, just as a provisional examination,
with no claim to be exhaustive.



On PCA factor spaces other characters, both continuous and nominal, and other units
may be projected as supplemental elements, based on their behaviour in respect to
the active elements: the continuous characters are projected on the circle of correla-
tions according to their correlation with the axes; each level of the nominal ones is
represented at the centroid of the units that take that level as observed value. As the
supplemental characters do not participate to the eigenvectors construction, they are
useful as external references in the factors interpretation. We shall take advantage of
this feature to include in the graphical representation both the time nominal characters
and the HFC representative variables of the classes, in order to synthesize the results
and ease its interpretation. We shall see that this will reveal more useful than classifying
the units, a task that usually follows PCA in Tandem Analysis.

Hierarchical Factor Classification

Hierarchical Factor Classification of continuous characters (HFC), first proposed by [14],
see also [15], and further optimized [8], is a new method that aims at combining the
classification of characters, a task neither very developed nor very used in literature,
with the factorial methods in the same exploratory spirit of PCA; it is easy to use, and
its results are immediately understandable by a non-particularly specialized user.

HFC combines classification and ordination in a single procedure, so that it outputs at
the same time a hierarchy and a set of principal planes associated to the hierarchy’s
nodes. The association among characters is based on their reciprocal covariance and,
for each node, the method provides a principal plane where both characters and units
can be represented. This is certainly an advantage for the user accustomed to PCA and
subsequent hierarchical clustering, in that the interpretation of the groups of characters
and of the principal components becomes easy, and the units can as well be classified at
each step according to the found differences among the characters. Since the method
is based on the same geometric space as PCA, the resulting principal components can
be represented as supplemental elements in the PCA principal planes. This allows an
interoperability between the two methods. The idea underlying the method is that the
representative variable of a group of variables plays the role of central tendency of the
whole set, similar to the first principal component in a PCA and the centroid of a group
of units. Thus, by choosing as representative variables the first principal component of a
non-standardized PCA, the weight of the groups is in some way given to its representa-
tive variable.
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This is like attributing to the centroid the weight of each group of units in the Ward’s
[16] clustering method.

Once all original variables are standardized, thus constituting the set Z, each of them is
considered both a singleton group and the representative variable of this group. Then,
the iterated procedure for the construction of the hierarchy is the following:

1. all pairs of existing groups are compared, through their representative variable:
each pair of representative variables is submitted to a non-normalized PCA, i.e.
the PCA of their 2x2 covariance matrix. It must be pointed out that in the case of
standardized characters this equals the correlation matrix. As a consequence, if
the comparison is done between two original characters an ordinary PCA results,
whereas for all other comparisons the results will be different: in particular, the
trace of the matrix will be larger than 2;

2. the pairis chosen, whose PCA results with the least second eigenvalue: due to the
unpredictable value of the trace of the covariance matrix this is not the same as
searching for the highest value of the first one;

3. the two groups represented by the chosen pair are merged into a new group, that
is a node of the hierarchy;

4. the first principal component of the PCA of the chosen group is taken as represent-
ative variable of the new group, since it represents what the two merged groups
have in common;

5. the second principal component is taken as node variable, showing the internal
differences within the node;
the second eigenvalue is taken as the node’s hierarchy index, say for the k-th node;

7. aprincipal plane is associated to the node, on which both the representative vari-
ables of the joining groups and all the variables belonging to the node may be rep-
resented; as well, all the units may be represented there, as they are seen by only
the variables belonging to the node.

8. The steps 1) to 7) are iterated until convergence.

Given this hierarchy, a partition may be built by cutting it at any level and the part of
the hierarchy upper the cutting shows the relations among the nodes that compose
the partition as classes. Indeed, as all classifications resulting from the cut of a hierar-
chy, this one would be far from optimal and in this case not only the classes but also



their representative variables would be concerned, so that, an optimization process is
required. In this case, the original hierarchy is optimized via a K-means-like procedure
[17], in which each variable is reassigned not only to a terminal class but also to all nodes
in the upper hierarchy that contain the class. The optimization criterion applied to this
reallocation is then

= |
-
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oz F

that is a weighed maximization of the variances of the representative variables of each
class of all nested partitions. Here, the indexes of the original hierarchy are chosen as
weights, so that the upper levels’ representative variables have a higher weight in the
optimization process. As for K-means, it may be proved [8] that this optimization is
convergent.

Once an optimal hierarchy is obtained, it is important that a partition obtained by cut-
ting the hierarchy satisfies some criterion. Here it is important that the classes/nodes
satisfy a homogeneity criterion, according to the correlation between the variables rep-
resentative of the classes. More precisely a node =l & is considered homogeneous
if the representative variables v* and v® of the two subclasses a and b are significantly
correlated, according to a simple correlation test. In this case, the node is not split and
defines a cluster of the searched partition.

Thus, we may cut the dendrogram in order to keep only significant nodes: starting from
the top of the hierarchy, each node c=all fi merging two classes a and b is iteratively
examined. Then, a partition is chosen as soon as the following node merges two classes
whose representative variables v¢ and v are significantly correlated.

With the chosen partition, say in h classes, an upper hierarchy of h-1 nodes results.
Thus, h-1 principal planes are available, on which the representative variables of the
merging classes and the variables that belong to the node are all represented. All units
too are represented on these planes, as seen only by these variables. In a scatter dia-
gram of the two representative variables, whose groups joined in a given node, the
interpretation of both factors at each step is straightforward: the position of the first
factor is within the smallest angle between the two straight lines spanned by the repre-
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sentative variables, since the highest scalar product corresponds to the smallest angle.
That is, the first factor summarizes what the representative variables have in common
and therefore what have in common also all characters gathered in the node. Instead,
the second factor represents what the characters do not have in common, which is
minimized at each step. It is then natural to consider the first factor as the variable rep-
resentative of the new node. Since the PCA is not standardized, the first eigenvalue is
the difference between the sum of the two variances of the two representative variables
minus the second eigenvalue, so that it can take any positive value.

[t may be shown that all representative variables are linear combinations of the original
ones. This allows the projection of the representative variables on the principal spaces
of an ordinary PCA.

All representative variables are linear combinations of the original ones (with zero coef-
ficients of the characters not belonging to the represented group), so that they lay in
the same vector space. Thus, it may be proved (Denimal, 2007) that the total inertia of
the data table is decomposed according to the sequence of fusion levels plus the first
eigenvalue of the last PCA. This property would not hold if at each step the representa-
tive variables were standardized.

The method has been recently improved, in order to fit an optimization criterion. In-
deed, Denimal [8] proposed to decompose the hierarchical factorial analysis in two
main stages: the first one aims at building an initial hierarchical clustering of variables
which is, in a second step, improved through an optimization process. The latter can be
interpreted as a K-means [17] type procedure defining a convergent series of hierarchies
and aims at improving the quality of both clusters and their representative variables.
In this optimization process, the level of the node defining each cluster is also taken
into account by allocating increasing weights to the nodes of the hierarchy according
to their levels. From this point of view, the optimization process aims at defining a new
hierarchy whose significant splitting appear as clearly as possible and are concentrated
in a number of upper nodes as small as possible. As a consequence, the two subclusters
defined by each of these upper nodes of the optimized hierarchy are as separated as
possible and the elements of each of them built up as closely as possible. As a result
of this process, the found partition is optimized, together with the upper part of the
hierarchy.



Figure 2 - PCA - Representation of the timeseries of daily temperatures on the plane
spanned by the first two components (left).

Figure 3 - PCA - Representation of the daily observations on the plane spanned by the
first two components. (right)
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Principal Component Analysis

The data table of 68 buoys 6575 daily measures of surface temperature was submitted
first to PCA adding the months, the years, and the combination of season and years as
supplemental 12-, 18-, and 72-nominal level characters respectively. In this way a better
understanding of the pattern of the data could be obtained, as it will be shown later.
The examination of the sequence of the first ten eigenvalues of PCA shows that after
the first two of high relevance, two minor follow and then other five all worth around
one, whose value suggests that some attention might be deserved to their correspond-
ing eigenvectors. For the moment, we concentrate on the first two, that summarize
nearly 54% of the total inertia, but later the following two might be taken into account,

as they may to be tied to some groups or months or of sites. In this case, the explained
inertia would raise to 68%.

Indeed, looking at Figure 2, in which the sites time-series are set according to their
correlation with the first two factors of PCA, it may be seen that most sites series are
rather well represented, with a continuous pattern, that indicates a chain of correla-
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tions among them, but an independence between the series close to the first factor
and those close to the second. Some series, situated close to the negative side of the
first factor are poorly represented on the plane: a sign that the following axes might be
examined. The interpretation is straightforward, since the arrows point in direction of
the warmer days, so that the fourth quadrant represents the warmer periods and the
second the cooler ones. Apart from that first remark, the reading of the figure is neither
easy nor interpretable, but in the following we shall take advantage of the classification

of characters to reduce the amount of displayed items and attempt an interpretation
concerning the sites.

Figure 4 - PCA — Pattern of the months on the plane spanned by the first two com-
ponents. (left)

Figure 5 - PCA — Pattern of the months on the plane spanned by the first two com-
ponents. (right)
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On Figure 3 the pattern of daily measures may be observed. It is evident that nothing
can be said easily concerning the daily variation, due to the too large number of units
involved. To understand this pattern, we shall use the projection on the plane of the
months, the years, and the combination season-year, that will allow us to draw the
trajectories corresponding to the time sequence of these items. In Figure 4 the pattern
of the months is represented. Looking at it the meaning of the factor plane becomes
evident, since the yearly seasonal variation is regularly represented. Indeed, a regular



circular pattern of the month results, with the year’s first season period roughly cor-
responding to the second quadrant and partially to the first, the second season to the
first and partially the second quadrant, with the other two seasons concentrated in the
fourth. This circularity suggests to understand the position of the individual series in
the sense that the sites should reach their maxima of temperature in the years’ period
whose position is in agreement with their direction and the minima in the opposite
one. Despite the array is situated regularly around the Equator belt, no true opposition
appears among the buoys situated in the opposite hemisphere. The closeness of the
months from September to December may be compared to the said series poorly rep-
resented on this plane: maybe the position of both months and series on the following
axes would show some specific behaviour.

Figure 6 - PCA: The seasons pattern from 1991 to 2008 on the plane spanned by the
principal axes 1and 2 of the PCA of the time series.

e B In Figure 5 the trajectory of the
years is reported on the same
) : plane. In this case, a rather limited
fluctuation is visible in the years
4" 1991-1994, that are concentrated
“‘ in the fourth quadrant. Then in
‘ 1995-1996 an evident displace-
/ ment in direction of the second
.- quadrant is followed by a dramat-
ic shift along the first axis, so that
1997 (when the last registered El
Nifio event occurred) is set in a
position corresponding to maxi-

Axis 1 -

mum heath. Then, the following
two years result progressively more cold, to return two years later to the previous aver-
age situation, so that the years 2002-2006 are again in the fourth quadrant. Indeed,
the last two years show a pattern reversed in respect to the El Nifio previous one, with
a shift towards the maximum cold.
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In Figure 6 the time pattern is given more complex by combining the year and the
season. Thus is may be seen that the El Nifio maximum that occurs in winter 1997 is
preceded by a change in the circular fluctuation that may be noticed in winter 1996,
in which the tendency is inverted towards colder temperatures than usual, so that the
increase until winter 1997 is horizontal along the first axis. After winter 1997 the regular
pattern is re-established, but at colder levels, until winter 2000, after which a stability
period reappears with the same temperature levels as before 1996, until a new pattern
change, this time in direction of the cold, reappears starting in autumn 2007.

On this basis, we are now able to understand the meaning of the “finger” that appears
on the representation of the daily measures: it should be the period of maximum effects
of EL Nifio.

Hierarchical Factor Classification
In order to run the HFC we had to withdraw other two buoys, whose missing values
were too many to allow a correct analysis.

The inspection of the hierarchy structure obtained after optimization gives fourteen
groups as the partition of higher interest. The upper part of the dendrogram is shown
on Figure 7: here, it may be seen that the fourteen groups gather to form two classes
classes, one of which further splits into four smaller.

In Figure 8 the time-series are represented in form of points on the plane spanned
by the principal components of the upper hierarchy node (the 93). As expected, the
position of the series on this plane is very close to the one resulting from PCA, so that
the interpretation is the same. Here the series of each class are contoured by an el-
lipsis and coloured accordingly for an easy identification. In Figure 9 all classes’ rep-
resentative variables are shown on the same plane, in form of vectors. This allows an
easier interpretation of the classes features, as their orientation in respect to the origin
may be compared to that of the months, that is it reflects the warmest month for the
class. Thus, the classes 67, 68, 73, and 75 should correspond to the buoys with maxi-
mum temperatures in March, April, and May, the 76, and 78 should reach their maxima
around June, the 77 and 79 during July, 80 and 72 between August and November and
69, 70, and 71 during December and January.



It is interesting to observe an apparent anomaly of the dendrogram, that gathers the
class 80 with the 67 and 68, opposed to it: this is due to the fact that, in principle, each
node of the hierarchy is composed by correlated groups, regardless of the correlation
sign, thus in form of dipole. In this study, the other dipole occurs in node 92, with the
same kind of opposition. In both cases the same interpretation may be done: the (nega-
tive) correlations of class 80 with node 81, gathering 67 and 68, and of the node 90
with node 91 is higher than that (positive) with classes and nodes apparently close to them
on the figure: this is evident, considering the different hottest months for these series.

Figure 7 - Upper hierarchy of the 66 time-series of temperatures, with the 13 nodes
dominating the partition in 14 classes.
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The partition is represented in Figure 10, in which the time-series are represented in
a schematic way according to their geographical position. Here the different colours
represent the different groups, as identified in the bottom row by the number of the
corresponding node of the hierarchy. On each series the mean temperature of the class
along the whole period is reported. It is interesting to observe that, apart from class 77,
all others result spatially connected, an important sign of continuity, that may concern
the 77 too, considering that it is situated by the border of the array, so that even this one
may be somehow connected in the reality.

Looking at the table, one may notice that in the Eastern site of the Pacific a larger
homogeneity results, as it may be reflected by the size of the classes in that area, that
results the coldest site of the Equator Pacific belt. The Centre and Western classes are
much smaller and those situated North and North-East of Indonesia are the warmest.
Their behaviour seems alternative to the others, so that the big class they form is actu-
ally tied to the previous one mainly in the dipole sense, that is based on their negative
correlation, as represented on the principal planes. The other classes are situated in the
Central Pacific in an intermediate position, with temperatures in-between the others,
thus reflecting an independence from them. This could explain the fact that they gather
with the other dipole at the very last level. On the opposite, it is not easy to understand
the differences among the series in the Central and in the Western Pacific, since this
may depend on variations that may not be so easily visible.

FINAL REMARKS

At a very first sight, the El Nifio fluctuation results very well depicted by the first few
graphics that we showed here and it appears as a very important variation in the oth-
erwise stable fluctuation of the temperature’s regime in Pacific Ocean’s Equatorial belt.
From the graphics it results that the corresponding raise in temperature is preceded,
around a year earlier, by a decrease. This appears in the only complete El Nifio fluctua-
tion that was registered by the collected data, namely the 1996-2000 one, but maybe
a new El Nifio cycle started in autumn 2007, this time apparently with an important
lowering until end 2008, the end of the downloaded data.

The first results of HFC gave us interesting information concerning the relative homo-
geneity of the classes and the relative difference among them. Indeed, the higher frag-
mentation of the Central and Western Pacific, in respect to the Eastern side, may be be



interpreted either on a morphological basis, such as the larger presence of islands, or on
the presence of different streams. From the analyses other interesting results derive, in
particular the different behaviour detected in the different groups of buoys along time,
that results from their different position on the first factor plane, as well as the special
situation of two groups of buoys, whose main variations are along the third and fourth
factors respectively.

Figure 9 - HFC: Representation of the representative variables of the 14 classes of the
time-series on the plane spanned by the principal components of the upper hierarchy
node. The numbers correspond to the classes.

67
68

71 73
oo — /

70 Axis 1

72

76

7
78

9

Indeed, a deeper comprehension of the Pacific Ocean temperature pattern could derive
by studying the correlation among series at some time-interval lag. Maybe this could
explain the difference among the small classes obtained.

It must be observed the contrast between the regular pattern of the seasonal variation
during the normal years and the important deviation due to El Nifio effects in the stud-
ied period: with more historical data one may evaluate the different deviation during
the various manifestation of the fluctuation and try to derive any systematic pattern.
This could be the subject of a further investigation.
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Figure 10 - HFC: The composition of the classes on a schematic reproduction of the
buoys geographical position. The number of classes is given in the coloured explanation
below, in which each row corresponds to a class in the 4-classes partition of the dendro-
gram. In each cell, the average temperature of the corresponding time-series is reported.
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Multidimensional Analysis of Images
of Ajax Myth in the Italic Production

ABSTRACT

A data set was studied containing qualitative data relative to finds within VIII and IlI
century b.C. on which images taken from the myth of Ajax Telamonius are represented.
Multiple Correspondence Analysis showed a bidimensional structure on which the dat-
ing is highly correlated with the other characters taken into account. Problems in Quali-
tative Discriminant Analysis suggested the use of Greenacre’s Joint Corresp-ondence
Analysis. The theoretical problem is discussed and some provisional results are shown
in comparison with those issued by MCA.

INTRODUCTION

In [1] a set of finds of various kind in which the image of the Greek hero Ajax Telamonius
is represented were studied. The main aim of the study focussed on the possible rela-
tion between the different images found engraved on the finds (the Iconography) and
the outer information related to them, as Support, Production, Technique, Site of find-
ing, Period, and Dating. From the first exploratory analyses a relation appeared evident
between Iconography and the other characters and of the Dating, when available, with
them. For this reason, an attempt was made to apply Qualitative Discriminant Analysis
(QDA, [2]) on the subset of the finds with known Dating to estimate it on the basis of
the other characters and apply it to the finds whose dating was unknown. DQA is based
on Multiple Correspondence Analysis (MCA, [3,4]), the well known exploratory factor
technique able to produce coordinates of levels of qualitative characters. Indeed, QDA
uses these coordinates to perform a classical Discriminant Analysis (DA, [5,6]) based
on these coordinates and then translates the results in terms of each character’s level.
The results were fairy good, once that all factors issued from MCA (25) were taken into
account, whereas they resulted much worst, when a reduced number of factors was
used. This appeared in contradiction with the fact that only two factors resulted of high
importance (in exploratory terms) and that no other factor resulted different from zero,
according to the Ben Ammou and Saporta test [7].
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Figure T—Images of the myth of Ajax Telamonius on lItalic finds. From top to bottom,

left to right: a) Dice play, b) Fighting with Hector, ¢) Suicide, d) Achilles transport, €)
Suicide, f) Fighting.

It is evident that this depended upon the reconstruction of the original data table given
by MCA spectral decomposition once it was limited to a reduced number of factors.
The problem was already investigated on another dataset by Camiz and Gomes [8] who
found that the partial reconstruction of MCA is not as effective as it should be. Indeed,
MCA is based on Correspondence Analysis of the Burt's table B, a super-contingency
table that crosses all characters involved in the analysis. Unlike the single tables, in B
diagonal subtables result, where each character crosses itself: it is evident that these
subtables are those with the maximum deviation from expectation.




Thus, MCA rebuilds first these tables, whereas the off-diagonal tables, that deserve
the true interest, are highly biased and are correctly reconstructed only taking into ac-
count all the factors. In practice, Camiz and Gomes [8] showed that the residuals of the
off-diagonal tables reconstruction, until the very last dimensions, are worst than the
deviations from the independence itself. As an alternative, they found that Joint Cor-
respondence Analysis (JCA, [9]) that aims at reproducing at the best the off-diagonal
tables, worked much better, even limited to the number of factors whose singular values
in MCA are larger than the mean.

Our current aim would be to solve the contradiction found by [1], that is to find a re-
duced set of quantitative characters, meaningful in terms of data interpretation and
reconstruction as a factor analysis might be, that may be used successfully in a qualita-
tive discriminant analysis. Should this reduced dimensional reconstruction be good, a
limited number of coordinates might be used in DA to estimate the discrimination func-
tions with results comparable to those issued by total MCA, but better interpretable.

In this paper we investigate the problem, by applying to the Ajax data both MCA and
JCA. Thus, we report, together with the main MCA results already published, the first
results of the work currently in progress: the application of JCA to the same data and the
results of partial reconstructions obtained through MCA, a kind of re-evaluated MCA
[10, 1], and JCA.

THE DATA

The reference corpus is composed by 194 images of Ajax Telamonius observed on 189
finds chosen among Greece and Pre-Roman ltalic productions. We refer to [1] for the
construction of this corpus, based on literature. Then, each find was described according to:
A) Support: 1-painting, 2-sculpture, 3-bronze, 4-glyptics, 5-big pots, 6-cups, 7-pots for
ointments, and 8-other.

B) Production: 1-Greek, 2-Italic, 3-Corynthian, 4-Attic, 5-Etruscan.

C) Painting Technique: 1-black figures, 2-red figures, 3-no Attic ceramics.

D) Site of finding: 1-Magna Grecia, 2-Greece, 3-Sicily, 4-Etruria Tirrenica, 5-Etruria
Padana, 6-Inner Etruria, 7-Other, 8-Unknown.

E) Iconography: 1-Dice play, 2-Ajax duelling, 3-Ajax among Achaios, 4-Embassy to
Achilles, 5-Trojans’ sacrifice, 6-Transport of Achilles, 7-Arms dispute, 8-Ajax suicide,
9-Ajax in the hereafter, 10-Ajax with extraneous.
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F) Period: 1-Geometrical, 2-Oriental, 3-Arcaic, 4-Classical, 5-Ellenistic.

G) Dating: eleven 50-years periods, starting from 1-VIII-2 (second half of VIII century
b.C.) through 10-11I-1 (first half of Il century b.C.), and 11-unknown.

In the graphics, the levels will be referred by the character’s letter and the level's num-
ber reported in the list.

DATA ANALYSIS METHODS
The data table was submitted to both MCA [3,4], re-evaluated MCA [10,11], and JCA [9].

MCA

The aim of MCA is to reveal graphically the most important part of information con-
tained in the so-called Burt's table B, that is the super-contingency table in which all
characters are crossed two-by-two. To B correspondence analysis is applied, that may
be formulated as the generalized singular value decomposition (GSVD, [4]) of B's de-
viation from expectation, that is = prr-"t D' FaF
units, r the row profile of B, = gfieer ¥, A a diagonal matrix of the eigenvalues of
B=
with F'DF=I. This leads to the reconstruction formula for the table's entries

H.= HFF, |:1"' EF-"-C.'F:M.FIHI 1
with ge, = /4,
ters' levels, the sum is extended to all eigenvectors, say | - Q. It is proved that the partial
reconstruction limited to the largest = J = {J} g 5 is the best reconstruction of B
in generalized least squares sense.

with n the number of

sorted in descending order and F the corresponding matrix of eigenvectors,

. If Q is the number of characters and ] the pooled number of charac-

The re-evaluation of the inertia and their examination give us a better insight of the
Burt's table structure, but we would like also a method to establish how many factors
are actually significant in an analysis, something that would indicate that the non-ran-
dom deviation from the independence is represented by the first p main factors and not
necessarily by the others. For this task, we could take advantage from the confidence
interval for the mean eigenvalue proposed by Ben Ammou and Saporta [7]. If the char-
acters are independent, then the sum of B's singular values is worth Z = I—EJQ and
the sum of the eigenvalues is worth 5 2= 5 .} —)1 Zi with = o} -; -, -1) -



Thus & " @j J= .F_-,L-IJI?J= |:!J - IH;’I_ - 1}_ so that the expected variance of the ei-

genvalues under independence is

1 L1 1
o = E[s?] mz[!.—l_.f,—]:l

Roughly, one may assume that the interval l;.’ 2n should contain about 95% of the ei-
genvalues. Indeed, since the kurtosis of the set of eigenvalues is lower than for a normal
distribution [7], the actual proportion is larger than 95%.

Re-evaluated MCA

This formula is derived from the one of correspondence analysis of a contingency data
table. Indeed, B is a Burt's table, thus symmetrical and with the diagonal equalling the
crossing of each character with itself. Thus the deviation from independence, and the
inertia as computed on this basis, are highly biased by the diagonal subtables. To make
up for this bias, Benzécri [10] argues that only the eigenvalues larger than their mean
value deserve being taken into account, so that the true total inertia is no longer
J =0 but the sum of these eigenvalues. As a consequence, each eigen-

setiar W
nertin i¥) ¢ value must be re-evaluated according to

)= [ (o -V, >~
plu, ) (ﬁ) ITRET) TR 0

e )
and the percentage of explained inertia must be computed as "’ im..J. Greenacre [11]

considers the same re-evaluated eigenvalues, but he compares them to the inertia
given by 0ff - diagonal Inertia %(lnmiaw}_# , that is the off-diagonal inertia of the
Burt's matrix, that he considers' more realistic. Whereas in [10] the re-evaluation for-
mula seems only a way to estimate the share of information that may be attributed to
the main factors, [11] suggests to adopt it in the reconstruction formula of the original

data table.

JCA

The aim of JCA (Greenacre, [9]) is to optimize the reconstruction of B off-diagonal
tables, regardless the reconstruction of the diagonal tables. In this sense, Greenacre
claims that it is a better generalization of correspondence analysis to the case of several
characters. Indeed, Camiz and Gomes [8] proved it more effective than MCA, thus rec-
ommended its adoption.
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JCA fits only the off-diagonal contingency tables, in a way analogous to factor anal-
ysis, where values on the diagonal of the covariance or correlation matrix are of no
direct interest. Indeed, the proposed redefinition of the total variation, by removing
the diagonal block-matrices, would fix an important bias due to the application to the
Burt's table of the chi-square metrics. With this metrics, the diagonal structure of the
diagonal block-matrices represents a very high deviation from the expected values,
that MCA analyses first as if it were a true deviation. Considering B as the gathering of
% {3 tables WV, , JCA is a weighed least-squares approximation aiming at mini-
mizing JJ"EE-'-"...—H..|;‘,' instead of 'S 3, -#.[" as in MCA, where H, = nre, arethe
independence subtables and | |' is the chi-square norm of the sub-table. We drop here
the rationale of the method, that may be found in detail in [9]: suffice here to say that
in the special case Q = 2, where the problem reduces to fitting the single off-diagonal
submatrix V'3 , the initial solution described above is optimal and provides the sim-
ple correspondence analysis of exactly.

The algorithm proposed by Greenacre may be performed iteratively by alternating be-

tween the estimation of the diagonal subtables and the coordinates and inertias as

follows:

1. Fix the dimension K of the solution.

2. Initialise the algorithm with an MCA of the full Burt's matrix B, that is
B = nrr' = nDXD, X" D,

3. Limiting attention to the first K columns of A x{;y....,x g the formula above
becomes & - rirr'= zn,{f‘ D, "0, so that, if all quantities except the
#(k=1,..K] are taken as fixed, the problem reduces to a simple weighted least-
squares regression.

4. KeepingXand I, fixed, set €= N, —nrr'-nDX,D,X "D, {i=1,..0)

5. Keeping C fixed, minimize with respect to X and [, : this is achieved by perform-
ing a correspondence analysis on the table §= § -, that is the Burt's matrix
with modified submatrices on its diagonal, setting X equal to the first K vectors of
optimal row or column parameters and the diagonal of i, equal to the square
roots of the first K principal inertias respectively.

6. Iterate the last two steps until convergence.



The methodology

In our study, we proceeded as follows:

1. Werun MCA of the data table, and identified the singular values, all inertias recon-
structions according to [10,17], and estimated the confidence interval of the mean one.

2. We performed the partial reconstructions of MCA, according to both the original
inertias, say the eigenvalues, and the re-evaluated ones, the latter limited to only
the eigenvectors whose eigenvalues were larger than the mean.

3. We performed JCA searching for increasing-dimensional solutions, until consider-
ing all the factors corresponding to the eigenvalues larger than the mean.

4. We performed the partial reconstructions of JCA solutions.

All computations were done with ca package [12] in the R [13] environment.

RESULTS

In Table 1 are reported all results concerning the inertia of the analyses. As we get 7
characters summing up to 50 levels, we got a total inertia of 6.14286 distributed along
43 non-zero singular values. Thus, the mean eigenvalue is 0.14286, and the off-diagonal
inertia is worth 1.63605, much smaller than the total one. Only 16 dimensions may be
taken into account, according to [10,11], that correspond to the dimensions larger than
the mean. This corresponds to 70% of total Burt’s table inertia for MCA and to 84.35%
of the off-diagonal inertia for re-evaluated MCA. As JCA solutions are not encapsulated,
they do not add-up from one dimension to the further, so that in the table, for every di-
mension, the cumulate inertia of the solution is given, together with the corresponding
percentage of off-diagonal inertia. The comparison between re-evaluated MCA and JCA
shows that the inertia of the solutions of the latter is systematically lower than those of
the former, for 16 dimensions summarizing nearly 70% of the off-diagonal inertia much
lower than the 84.35% obtained by re-evaluated MCA.

As the upper limit of the mean confidence interval is worth 0.2294924, only two signifi-
cant singular values result from Ben Ammou and Saporta [7] test. Thus, we shall limit
our study on Ajax myth images to the first two dimensions issued from both MCA and JCA.

In Figure 1 the pattern of the distribution of the seven characters levels is reported on
the plane spanned by MCA first two factors, separated to ease readability.
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Table 1 - Singular values, eigenvalues, inertias, percentages and cumulate percentages
issued by both MCA and JCA of the Ajax myth data.
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Figure 2 - The pattern of characters on the plane spanned by the factors 1and 2 of MCA.

Character’s levels labels are given according to the text.
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It is very interesting to observe the large agreement that results at least among five
characters: period, dating, production, site of finding, and support. Actually the pattern
shows a clear distinction on the first factor between Attic ceramics (distinguished in
red and black figures) on the positive site and the other levels on the negative site. On
this side an important distinction results between Etruscan production on the positive
side of the second factor and other productions (Corinthian, Italic, and Greek) on the
negative one.
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Figure 3 - The pattern of characters on the plane corresponding to the 2-dimensional
solution of JCA. Character’s levels labels according to the text.
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Indeed, the distribution follows an arch pattern, in agreement with the dating: in the
third quadrant the geometric period, the oldest, is found, corresponding to Greek, ltalic,
and Corinthian production, then in the fourth and first ones the Attic production (in
intermediate periods) is found, and eventually the more recent in the second quadrant,
corresponding to the Etruscan production.

Unlike the very clear distinctions Etruscan/Attic vs. other productions and Attic ceram-
ics vs. other, the position of the other characters' levels represents rather a tendency, as
the levels are not exclusive of a specific period of production. Thus, painting, sculpture,
bronze, and glyptic are specific of the Etruscan production, whereas big pots, cups, and
pots for ointments are typical of the Attic one.



Table 3 — Sum of absolute residuals of the three analyses, MCA, Re-evaluated MCA,
and JCA according to the solutions’ dimensions. For each analysis both Total and Off-
diagonal residuals are reported.

MCA Re-evalwated MCA JCA
Dimean. Total Qiff-diaganal Tota! Off-diagonal Talal Oiff-diagomal
[i] Faki] 2630 TiT0 2630 7170 2630
1 4455 1462 46T 1487 4413 1461
z 3ado 1237 3845 1218 3766 1184
3 3598 1158 3554 1106 3501 1085
4 3224 1033 3213 Erg 3008 £93
5 2900 8925 2854 a40 2600 742
[ 2650 842 2638 751 2455 &1
7 2458 791 2487 =253t 2186 LE0

On this data pattern the Ajax myth iconography is represented. As it is composed by many
elements in sequence, it is interesting to investigate if there is any trend tied with either the
factors or the other characters, or both. Indeed, both the Suicide of Ajax and the Transport
of Achilles appear in all productions and in all periods, even during the oldest, albeit the
second is found with largest frequency within the second half of the VI century and the first
half of the V one. Then, Ajax duelling and Dice play appear in the second half of VI century
and in the first of the V respectively, keeping present for no more than two centuries par-
ticularly in both Attic and Etruscan productions. Both Embassy to Achilles and Arms dispute
are present during a century, within VI and V, only in Etruscan and Attic productions. Along
time follow Ajax in the hereafter and Ajax with extraneous during V and IV centuries, again
in Attic and Etruscan finds, and eventually Ajax among Achaios and Trojans' sacrifice, that
appear during the last 150 years and only in the Etruscan production.

DISCUSSION
In Figure 3 all character’s levels are represented on the plane corresponding to the two-
dimensional solution of JCA. It is evident the little difference between the two analyses’
results, as their correlations are larger than .99. Thus, no true difference results in their
interpretation.

On the opposite, a different interest may derive from the reconstruction results. In Ta-
ble 3, the residuals of the various dimensional analyses are reported, computed as the
absolute differences between each Burt's table cell’s original and reconstructed values.
For each method, MCA, re-evaluated MCA, and JCA, the residuals are computed for the
total Burt's table and for the off-diagonal subtables only.

53

It is very interesting to observe that, unlike in [8], the off-diagonal reconstruction re-
siduals of MCA are monotonously decreasing. We do not have an explanation for this,
unless considering that in this table the relations between the levels of different charac-
ters are much stronger, and the table is filled with many more zeros. Thus, we may hy-
pothesize that the first factors provide explanation for the off-diagonal deviations from
expectation too. Indeed, the off-diagonal reconstruction obtained by the re-evaluated
MCA is not so better as the previous, a contradiction with [11] suggestion. The off-
diagonal re-evaluated MCA residuals decrease a little faster than those of MCA, but not
as fast as in the case of JCA: for the 16-dimensional solution they are worth 536, 507,
and 172, respectively. Indeed, the JCA solution is really better than the others because
its improving keeps regular along the dimensions, whereas both others improvement is
progressively slowing.

CONCLUSION

The application of MCA to Ajax myth's data has been proved effective by [1] already,
with good results of the following QDA, once all factors had been taken into account.
No true difference appears relevant between the 2-dimensional solutions of MCA and
JCA, the only that deserve being examined according to Ben Ammou and Saporta test.
In this case, the amount of JCA residuals is certainly better but not so much. On the
opposite, JCA off-diagonal reconstruction is much more effective than the other meth-
ods, when we take into account all the possible dimensions. JCA 16-dimensional solu-
tion reports a residual of only 172, a value that may be obtained with MCA by using
32 dimensions, whereas the 16-dimensional solution of the re-evaluated MCA reports
a residual of 506 similar to the one of 18 dimensions of MCA. Indeed, an important
reduction of dimensions to be used for discriminant analysis purposes seems of high
interest. Unfortunately, the JCA implementation in R we used does not provide so far
units’ coordinates to be used in QDA. A method for providing them is the future step
of our investigation.
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Estructura espacial de la formacion de
bancos intermareales de la Ostra Invasora
Crassostrea Cigas en la costa norte de la
Patagonia y su relacion con un indice de
exposicion relativa a la energia de las olas

RESUMEN

La ostra del Pacifico Crassostrea gigas, un ingeniero ecosistémico capaz de modificar
la geomorfologia costera marina, fue introducida para su cultivo en la costa Norte de
Patagonia en 1982, expandiendo su distribucion geografica a mas de 100 km de costa
actualmente. Si bien el rango potencial de distribucion de la especie, predicho para la
costa atlantica de Sudamérica sobre la base de variables térmicas, se extiende aproxi-
madamente entre 282 y 489S, es posible que la distribucion de bancos intermareales
revele discontinuidades debidas a factores tales como el tipo de sustrato predominante
disponible para su asentamiento, el grado de exposicion a la accion de las olas y la sa-
linidad del agua.

En este estudio se relaciona el estado de formacién de bancos intermareales con un in-
dice relativo de exposicion de la costa a la energia de las olas, dentro su rango actual de
distribucién geografica en el Norte de Patagonia. Para ello se estim¢ el indice Relativo
de Exposicion (IRE) en puntos equidistantes 10 km entre si, desde la desembocadura del
rio Colorado hasta el extremo norte del golfo San Matias, empleando la rutina REI del
programa WEMo v 4 (Wave Exposure Modelling / NOAA). Por otro lado, se clasifico el
estado de formacion de los bancos intermareales de la ostra ubicados dentro del rango
local de distribucion geografica de acuerdo a una escala “ad hoc” basada la proporcion
de ejemplares vivos de tallas > 30mm de longitud respecto de la totalidad de ejempla-
res y el patron de agregacion de las mismas en las categorias: 1) formado, 2) en proceso
de formacidn, 3) sin formacion. Los resultados indican un predominio de bancos inter-
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mareales formados en sitios con bajos IRE y la presencia de bancos sin formacion en
sitios con IRE medios y altos. A partir del uso de esta herramienta se espera predecir la
extension de tramos de la linea costera con mayores probabilidades de formacion de
bancos intermareales de C. gigas a largo plazo.

INTRODUCCION

Las ventajas y desventajas de la introduccion de especies no nativas en ambientes con
caracteristicas favorables para su desarrollo con fines comerciales tales como la acuicul-
tura son un tema de debate (http://www.ices.dk/reports/general/2004/ICESCOP2004.
pdf, http://www.anstaskforce.gov/Documents/OTA_Report_1993.pdf). La discusion esta
generalmente enfocada sobre los problemas que pueden causar los organismos intro-
ducidos a otras especies nativas, sin prestar atencion a los efectos que los mismos pue-
den ocasionar sobre el sustrato que los alberga (Wallentinus & Nyberg, 2007)[1]. En este
sentido, el concepto de “ingeniero ecosistémico” es relativamente nuevo (Jones et al,,
1994) [2]. Por tal se entiende a organismos que modifican fisicamente el medio abidtico
directa o indirectamente, ya sea alterando su arquitectura o hasta incluso cambiando
la composicién del mismo (Jones et al,, 1994) [2]. Los ejemplos sobre la accion y los
efectos de los ingenieros ecosistémicos sobre sustratos intermareales son abundantes y
variados. La meiofauna y macrofauna enterrada en fondos marinos provoca biodeposi-
cion, bioturbacion y redistribucion de los sedimentos, provocando cambios fisicos y qui-
micos (Reichelt, 1991[3]; Meadows & Meadows, 1991[4]). Algunas especies de cangrejos




intermareales cavan refugios en el sedimento, provocando un incremento en la tasa
de drenaje, el potencial redox y la composicion de los sedimentos (Bertness, 1985)[5].
Caracoles del género Littorina son conocidos por su capacidad de remover sedimentos
acumulados sobre sustratos duros, disminuyendo las tasas de sedimentacion sobre los
mismos (Bertness, 1984[6]). Algunas algas marinas del genero Corallina son capaces de
cementar detritos, formando una costra externa que protege de la erosién provocada
por el oleaje al sustrato duro que la soporta (Anderson, 1992[7]). El poliqueto serpuli-
do Ficopomatus enigmaticus es un formador de arrecifes calcareos, capaz de provocar
cambios estructurales profundos en la dindmica sedimentaria de estuarios (Iribarne &
Schwindt, 1998]8]; Orensanz et al., 2002[9)).

Figura 1. Distribucion geografica de Crassostrea gigas. Areas en verde: rango nativo;
areas rojas: rango de introduccion

- Rango Nativo

-Inuodum

La ostra del Pacifico Crassostrea gigas es un ingeniero ecosistémico de tipo autogéni-
co (sus propios tejidos o secreciones son los que modifican fisicamente el ambiente)
nativo del Pacifico Noroeste que ha sido introducido en los litorales marinos de de
varias regiones del mundo, incluyendo los de Europa (Portugal hasta Noruega), Africa,
Pacifico-Australasia, América del Norte y América del Sur (Dinamani, 1971[10]; Sum-
mer, 1972[11]; Bourne, 1979[12]; Carlton, 1979[13]; Walne & Mann, 1979[14]; Sotomayor
& Tapia, 1990[15]; Grizel & Heral, 1991[16]; Arizpe, 1996[17]; Shatkin et al., 1997[18];
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Cohen et al,, 2000[19]; CIESM, 2000]20]; Griffiths & Robinson, 2003[21]; Diederich et
al, 2005[22]; Robinson et al., 2005[23]; Nehring, 2006[24]) (Figura 1).

La especie fue introducida intencionalmente para su cultivo en el norte de Patagonia
en 1982 en la zona de balneario Los Pocitos, Provincia de Buenos Aires (Orensanz et
al, 2002[9]; http://www.uns.edu.ar/inbiar/ver_especie.asp?especie_id=145). Entre 1987
y 1994 se detectaron los primeros bancos naturales formados por la especie en el litoral
de Bahia Anegada (Orensanz et al., 2002[9]; Dos Santos & Borges, 2006[25]). Desde en-
tonces esta especie ha sido explotada comercialmente por los pobladores de la locali-
dad, removiendo en su extraccién considerables volumenes de sustrato (pertenecientes
a la plataforma de abrasion de olas donde se encuentran adheridas), con la consecuente
modificacién del mismo. La distribucion de la especie se ha expandido a toda la bahia
Anegada. Segln informacion reportada por Orensanz et al. (2002) [9] en 1995 se ob-
servd una colonizacion incipiente de terrazas sedimentarias de origen terciario en la
localidad de Los Pocitos, con densidades promedio de 2 individuos m-2, incrementan-
dose a 3 individuos m-2 hacia 1996. Hacia 1998-2000, el reclutamiento de juveniles se
incrementd marcadamente, reflejandose en densidades de mas de 120 individuos m-2
(Orensanz et al., 2002) [9]. Observaciones preliminares reportadas por los mismos au-
tores indican que la ostra coloniza la zona intermareal media y baja, ocupando sustratos
sedimentarios compactados del terciario, pero los juveniles logran fijarse sobre rodados,
valvas vacias, la porcién basal de plantas halofitas del género Spartina y a valvas del
mejillin Brachidontes rodriguezii. Observaciones preliminares muestran que la especie
ha colonizando la costa Norte de la Provincia de Rio Negro, alcanzando el golfo San Ma-
tias. El riesgo de expansion de la distribucion de la especie en el litoral marino argentino
puede haberse incrementado debido a que a fines de la década de 1990 se efectuaron
translocaciones experimentales de ostras a las localidades de Las Toninas (Provincia de
Buenos Aires), Rio Gallegos, la bahia de Puerto San Julian y Caleta Olivia (Provincia de
Santa Cruz) (Orensanz et al., 2002) [9].

La bahia Anegada presenta una gran variedad de geoformas reconocidas en este tra-
mo costero conforman un ambiente con una dindmica Unica en la costa argentina y
particularmente en la Patagonia. Los rasgos morfoldgicos costeros que caracterizan
este ambiente permiten identificar en cuatro sectores dinamicos diferenciados (Weiler,
2001) [26]. El sector Norte esta conformado por costas de baja energia, caracterizadas
por extensas islas de barrera con rumbo norte-sur.



Las mismas protegen el tramo de costa ubicado entre ellas y el continente del embate de
las olas de mar abierto, formando asi un ambiente de albufera. Ello favorece el desarrollo de
amplias planicies de mareas constituidas por sedimentos finos (arena fina, limos y arcillas),
conectadas con el mar abierto por los estrechos de marea ubicados entre las islas. Por lo
tanto este sector costero estd dominado por la dindmica mareal, tiene baja energfa y el
transporte de sedimentos se realiza por medio de los canales de marea. En el sector central
sur la energia aumenta y en la zona de loma de Los Tres Bonetes, Balneario de los Pocitos,
Loma La Pirdmide y hasta Punta Ramirez aparecen acantilados y plataformas de erosion de
olas labrados sedimentitas terciarias de la Formacion Rio Negro (Andreis, 1966) [27]. Los
acantilados pierden altura hacia el sur desde 18 m en la Loma de Los de los Tres Bonetes y
6 m en Punta Ramirez. La playas se caracterizan, por ser mas angostas que en el tramo
norte y estar compuestas por arenas medianas a gruesas (Monti y Bayarsky, 1996) [28]. En
el sector norte de la isla del Jabali, no hay plataformas de abrasién de olas y las playas son
angostas, empinadas y estan compuestas por rodados. Hacia el sur de la Isla del Jabali, mas
precisamente desde baliza La Ballena hacia la desembocadura del arroyo del Guanaco, se
desarrolla una amplia playa de unos 10 km de largo y Tkm de ancho, de baja pendiente y
compuesta por arena y grava fina. A partir del Arroyo del Guanaco la zona de playa se an-
gosta, aparece una zona acantilada de baja altura labrada en parte en sedimentitas terciarias
y en sedimentos litorales cuaternarios altamente compactados. Hacia el mar, de esa zona
acantilada se desarrollan plataformas de abrasion de olas.

Tomando en cuenta que no existen estudios exhaustivos sobre el crecimiento de los
bancos de la ostra japonesa en la costa Norpatagonica (Orensanz et al,, 2002) [9], y que
la especie podria modificar una gran variedad de geoformas de Bahia Anegada, costas
aledafias y el litoral marino argentino, resulta de relevancia plantear cuales son los limi-
tes geograficos potenciales de distribucion de la especie a largo plazo, y dentro de éstos,
cudles son los tramos costeros con mayor probabilidad de formacién de bancos. Para
esto es necesario evaluar las caracteristicas ambientales que regulan el asentamiento
de la especie en una localidad en particular.

El modelado de nicho ecoldgico es una técnica utilizada para determinar qué combina-
ciones de variables ambientales predicen la presencia ¢ ausencia de poblaciones esta-
bles de diferentes especies dentro de un rango geografico (MacArthur, 1972) [29]. Por
ende, luego de determinar los rangos de las variables ambientales en los que la especie
mantiene poblaciones estables, es posible predecir los sitios en los que la especie puede

57

establecerse en otras regiones. Los limites del rango geografico que C. gigas podria ocu-
par a lo largo del litoral marino de Argentina han sido evaluados recientemente con esta
técnica tomando en cuenta la temperatura superficial del agua de mary la temperatura
atmosférica como Unicas variables predictoras (Carrasco y Baron, 2010) [30]. Aun asi,
otras variables ambientales tales como el tipo de sustrato disponible para el asenta-
miento larvario y sustento durante el crecimiento, el grado de exposicién al oleaje y
el régimen salino predominante podrian imponer limites de menor escala espacial a la
formacion de bancos intermareales.

En estudios previos, se ha reportado que el grado de exposicion de la costa a la energia
que disipan las olas no sélo es capaz de generar erosion y movimiento de sedimen-
tos (Ekebon et al, 2002) [31] que dan sustento a los bancos de ostras, sino que puede
provocar una disminucién tanto en el tamafio de los individuos como en su tasa de
reclutamiento (Ruesink, 2007) [32]. Por ello, el objetivo del presente trabajo es evaluar
la relacion existente entre el estado de formacion de bancos intermareales y el grado
de exposicion de la costa a la energia de las olas dentro su rango actual de distribucion
geografica en el Norte de Patagonia.

MATERIALES Y METODOS

El presente estudio se llevo a cabo sobre la costa Norte de Patagonia, entre el norte de
la Bahia Anegada (39,5°S) y el norte del Golfo San Matias (41,2°S) (Figura 4).

Entre 2008 y 2010 se relevaron 12 sitios con presencia de C. gigas en el intermareal.
Los mismos se clasificaron de acuerdo a una escala “ad hoc” basada la proporcién de
ejemplares vivos de tallas > 30mm de longitud respecto de la totalidad de ejemplares
y el patrén de agregacion de los mismos, en las categorias: 1) formado, 2) en proceso de
formacion, 3) sin formacion (Tabla 1) (Figura 2).

Para cada banco intermareal se calculé el indice de Exposicion Relativa (IRE) segun la ruti-
na REI del programa WEMo v4 (Wave Exposure Modelling, Malhotra y Fonseca 2007) [33].
Una vez obtenidos los IRE se los dividio en tres categorias de igual extension (alto, medio
y bajo) y se evaluaron las diferencias entre pares de categorias de bancos intermareales en
base a su grado de exposicion mediante el test no paramétrico de U de Mann &Whithney.
Posteriormente se estim¢ el IRE en puntos equidistantes 10 km entre si, desde la desem-
bo