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Abstract: Changesexperiencd in temperature,precipitation, demographyand land
coverageare the main themesstudied in northwesternPatagonia Argenting which
includes part of Neuquén, Rd Negro and Chubut provinces. The precipitation shows
important interannualvariability and decreass during the warm semester.The mean
minimum temperaturan Januaryin Neuquén city increasedwith statisticalsignificance.
Forestsandsteppearethe moreimportantecosysters of the areaandthe native forestsof
Nothofagussp. are locatedmainly in protectedareaslike National or Provincial Parks
Twenty-eight percenf the Andead patagonic forestare in theRd Negro province
while Neuqué provincehas9% and Chubutprovincehas26%. The censugsof 1991and
2001 showedthat Los Lagos, Lacar, Pictn Leuft and Cushamenrare the countieswith
increasingpopulation.

Keywords: northwestern Patagonia; climate variability; land use population and
housingcensus



mailto:botana.mariaines@gmail.com
mailto:veropohls@yahoo.com.ar
mailto:yamilepuga33@hotmail.com
mailto:edgardosalaverry@hotmail.com
mailto:albertocapriolo@yahoo.com.ar
mailto:olgascarpati@yahoo.com.ar

Water2011, 3 577

1. Introduction

Argentine Patagoniaregionincludesthe provincesNeuquén, Rl Negro, Chubut, SantaCruz and
Tierra del Fuego. Water has been the greaest limiting factor for this area conditioning the
developmenbf the region. Thus the populationhassettlednearthe watercourseso fulfill the main
needsof potablewater.

Thetopographyof the studyareais complexwith a successionf valleysandmountainsin general
thealtitudeincreass towardsthe westbut nearsomeriversandlakes like Azul RiverandPueloLake,
the heightis low (200'300 m). Some important cities are situatedat 800 meters(San Carlos de
Bariloche,SanMartin de los Andes,Esque] etc) but they are locatedrery near tomountainssuchas
Tronador Lanin andFitz Roy which reach3,000metes.

Patagoniarawstouristsfor the quality andthe diversity of its naturalattractionsaswell asfor its
geographidocation, which makeit particularlyattractiveto foreigntourists.In fact, althoughthe main
marketof Patagonids still nationaltourism,the arrival of foreign touristshasincreasedconsiderably
in thelastdecade

The two main ecosystemsre the forest and the steppe The Patagoniarforest extendsalong the
Andesfrom Neuqué provinceto Tierradel Fuegoprovince,occupyinga total surfaceof 1.2 million
hectaresOnly 4% of this areais occupiedby afforestedforestprodudng in a few yearstimber with
the value of 2 million $US. This percentageof forestchange to afforested landh the according
provincesis 23% inNeuqué, 5% in Chubutand 4% in Rl Negro [1]. The native forest contains
mainly Nothofagussp. (lenga,cohiue,fire, etc) while the afforestedforest containsexotic species,
aboveall, the Pinussp characterizedby quicker growththanthe nativespecies.

In this paperthe studyareais northwesternPatagonig20 million hectareswhich contains part of
Neuqué, R Negroand Chubutprovinces This regionis very importantfor tourism,forestry, water
powergeneratiorandagriculture.The goal of this studyis to analyze the climatevariation,aswell as
thedemographyndthe mainland coverageof this subregion

Precipitationis scarce with the exceptionof areasn or nearthe AndesMountainChainwherethe
riverscrossingthe Patagoniamplateaustart.

Theregionhasscarcéy availablemeteorologicadatamainly becausehe NationalMeteorological
Service (NMS) has few stations.There is only one station belongingto the National Institute of
Agronomic Technology INTA (BarilocheINTA), which is locatedvery closeto the corresponding
onefrom NMS. National Water Resources$olds precipitationmeasurementbut the dataserieshave
seriaus problems:they arenot of the sameperiod,the locatiors of the pluviometes do not answerthe
specificationsof the MeteorologicalWorld Organization they are notcompleterecordsand so they
cannot be usedto studyclimatevariation

Barroset al.[2] usedall the availableinformationof Patagonid andmorestationslocatedin other
Argentinearea® to show that monthly precipitation has negativetrends over the northwesgrn of
Patagoniandthe simulationscarriedout usingclimatemodelssuggesthatthis variability is relatedto
the atmosphericirculationchangesn the SoutherrHemisphereandis linked with climate change In
fact, the Antarctic Oscillation (AAO) exers a significantinfluenceon the precipitationtrendsin the
region whenthe sea level pressuralecreaseat polar latitudesit increass at middle latitudesaltering
the precipitationregimesin the entireregion.
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At themid- andhigh latitudes the Arctic andAntarcticoscillation(AO andAAQ) arethedominant
modesof the interamual climate variability. The AAO, alsoreferredto as SouthernAnnular Mode
(SAM), is the dominantpatternof nonseasonalroposphericirculationvariationsbelow20 S, andit
is characterizedy positive pressureanomaliesover Antarctica and negativeanomaliesover an area
centerecht about40i 50 S , or vice versa Accordingto New et al.[3], the AO explains48% and35%
of the areaaveragedwinter precipitationvariability over land in the latitude bands60i 80 N and
40i 60 N, respectively Onthe contrary,in the areaincludedbetweer40 °S and60 & a markedand
univocal trend has not beenobserved the land precipitationwas inferior to the averageuntil 1930,
abovethe averagein the period from 1930to 1960 and again below averageuntil 2005 It should,
however,be notedthatthis domainis representednly by southernSouthAmericaandNew Zealand,
andthereforehasarelativelysmalllandarea

Recentstudiesrealizedby Kayanoand Andreoli [4] provideddiagnosticevidenceon modulations
of El Nifo i SouthernOscillation (ENSO) teleconnection®y lower frequencyclimate modes.One of
thesemodesis the well known Pacific (inter-)DecadalOscillation (PDO), which explainspart of the
decadalmultidecadalariability in the tropicalandmid latitudePacific.

All theseclimatevariationsinfluencethe ecosystemsf Patagoniandsothetreelines.

Accordingto Danielsand Veblen[5], despitethe broadscaleconstraintson treelinesimposedby
globatscalethermaltrends,factorsotherthantemperaturenfluencetreelineelevationandstructureat
fine spatialscales.Regional to localscalefactorsare particularly importantin mountainougerrain,
where topographiceffects modify coarsescale climate trends. They studiedone of the speciesof
Nothofagis (N. pumilio). The Nothofagussp. arevery importantin PatagoniaThe treeradial growth
and seedlingestablishmenof Nothofaguspumilio, at alpinetreelinenear40 °S latitudein Chile and
Argenting showed time- and site-dependentrelationshipsto interannualand decadaiscale climate
variation A shift in climate from cooliwet to warm dry conditions facilitated comparison of
climaté vegetationrelationshipsduring two distinct periods:1957 1976 and 1977 1996. Consistent
with the Pacifictrend, Argentine moistureindiceswere mostly positivefrom 1914to 1976,andwarm,
dry conditionshavedominatedsince1977.The 197G 1977 shift in Argentineclimate coincideswith
shiftsin ENSOandthe PDO, andsuggestdhiemispheriescaleclimatic controls.After 1976, therewas
anincreasen the relativeimportanceof El Nifio years(negativephas¢ comparedo La Nifia years
(positive phase)which is linked with markedchangesn regionalclimatesworldwide. Understanding
climatic influenceson Nothofagugpumilio growing at treelineat mid-latitudesin Argentinahasproven
complex. Temperatureand moisture availability do not have significant influenceson tree radial
growth and seedlingestablishmenat treeline,but the traditional temperaturgparadigmnor moistue
availability explainstreelinedynamicsadequatelyfor all sitesor during both warm-dry and coolwet
periods.Rather,temperatureand precipitationinteractand climate relationshipshave beenunstable
throughtime andamongstudyareas

2. Materials and Methods

Figure 1 showsthe study areawhich comprisessixteendepartmentgcounties)five in the province
of Neuquén (Colldh Curg Confluenda, Lacar, Los Lagosand Picun Leufu), six of the province of
Chubut(Cushamenk-utaleufg Gastre Languifeo, Paso de los Indios and Tehuelchesandfive in the
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provinceof Rb  Negro (25 de Mayo, San Carlosde Bariloche, El Cuy, Norquinco and Pilcaniyey).
This areawasselecteecauselataof climateandvegetatiorwereavailable

INDEC Argentina (acronym for National Institute of Statistic and Census)has provided the
PopulationCensusdata. The correspondingstatisticsreferring to the 1991 and 2001 censuss have
beenstudiedfor eachdepartmentof the study area,with the aim of carrying out a comparative
analysisof both censusesThe consideredindicators are total population, population growth and
populationdensityfor the period 1991 2001][6,7].

Figure 1. Locationof thedepartments the northwesterriPatagoniaegion adapted fronfil O].
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Daily precipitationdataandthe daily meanvaluesof maximumand meanminimum temperaturg
were provided by the National Meteorologich Service. Tables1 and 2 show the meteorological
stationsused their coordinatesand the period of availabledataand Figure 2 showsthe location of
thestations.

Accordingto the data, for all stations the warmest month is January (summer) and tbst i®ld
July (winter), consideringhe minimum and maximum temperatures.

The Mann Kendalhon parametric testpe of the most commonly used tools for detecting trends in
climatic and hydrologic time series has bespplied to meteorological data by takig null
hypothesighe assumptiothat the data are independent and randomly ordered. This method has the
advantage of being insensitive to the true (unknown) form of the distribution involved. Morasver,
indicated by Yueet al.[8] the power of the MarirKendall and Spearman's rho tests depend on the
pre-assigned significance level, magnitude of trend, sample size, and the amount of variation within a
time series after both tesiseanalyzed by Monte Carlo simulation


http://es.wikipedia.org/wiki/INDEC
http://es.wikipedia.org/wiki/Acr%C3%B3nimo

Water2011, 3

Table 1. Characteristicef the meeorologicalstationsusedfor thetemperaturanalysis.

Station Latitude Longitude | Height (m) Period

Bariloche 4206 Np 7110 NV 836 1980 2008
Esquel 4254 Np 7109 NV 785 1980 2008
Neuquen 3857 Np 6808 NV 271 1980 2008
Maquinchao 4115 Np 6844 NV 888 1980 2008

Table 2. Characteristicef the meteorologicabtationsusedfor the precipitationanalysis.

Station Latitude Longitude | Height (m) Period

Bariloche 4109 Np 7110 NV 840 1960 2008
El Bolsth 4158 Np 7130 NV 337 1978 2008
Maquinchao 4115 Np 6840 NV 888 1960 2008
Chapelco 4005 Np 7110 NV 779 1990 2008
Neuquén 3857 Np 6810 NV 271 1960 2008
Esqud 4256 Np 7110 NV 797 1960 2008
Pasode los Indios 4329 Np 6850 NV 460 1968 2008
Rd Colorado 3901 Np 6405 NV 79 1960 2008

Figure 2. Location of the meteorological stations used in this work. [Realized by
theauthor$.
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Theindicatorsof soil coverageusedareforestland type of forestland(only onepredominantspecie
or mixed fores), forestof native or exotic speciesdegradedorestsandshrubland. Otherforestland
arethosewith morethan20% of shrubin their compositionandthe heightsof the treesarelower than

7 meters All thesedatahavebeenobtainedrom the NationalEnvironmen{9].
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3. Results
3.1 PopulationData Analysis

The study areahasa total populationof 558,47 linhabitantsaccordingto the 2001 Censuswhich
correspondso the 1.54%of the total populationof Argentina[7]. The sumof the total populationof
Neuqué, Rd Negroand Chubutprovincesis 1,440,214inhabitants(3.97%of argentinepopulation)
Thusthe studyareacontainsthe 38.78%o0f inhabitantsf thethreeabovementionedprovinces.

As canbeseenin Figure3, the mostpopulouscountiesare:

- Confluenciajn Neuquén province with 314,793 nhabitants;

- SanCarlosdeBariloche,in Rd Negroprovince,with 109,826inhabitants;
- Futaleufg in Chubutprovince,with 37,540inhabitants.
Therearealsosomecountieswith lessthan5,000inhabitants:

- Pictn LeufuandColldh Curg in Neuquén province;
- El Cuy andNorquinco,in Ré Negroprovince;
- Pasadelos Indios Languifeo andGastrejn Chubutprovince

Figure 3. PopulationCensusn 1991and2001in the studiedregion Theriver networkis
superimposednthemap adapted fronp10Q].
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Figure 4 showsthat Los Lagos, Lacar, Pictn Leufu and Cushamerare countieswith increasing
population(+107.0%,+44.4%, +28.2% and +23.4% respectively) while Languifeo ( T 9 . Ga&4tje,
(T 20 .N6érgtinco( 7 1 1 ari@e)ldn Curda( 7 4 4 shbwa)decreas in their populationwhich
is mainly rural (Figure5).
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In general, population/counties are small, with low popamatdensity and prevalence of
working-age populatiofi7,10].
In the most populated counties (Confluencia and Bariloche, in which urban population is 96% and

93%, respectively), commerce, public administration, industry and services are the most important
activities.

Figure 4. PopulationvariationbetweenCensusl991andCensu2001, adapted fronj10Q].
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The level of coverageof basic sanitation servicescan be consdered acceptable particularly
concerningthe availability of potablefreshwater. the percentagef inhabitantsthat do not havethis
servicein their houseis 8.5% [10].

3.2 ClimateData Analysis

The MannKendall test has been applied to detect trends in the minimum and maximum
temperaturesecordedin the four stationsin Table 1. Neuqué is the only city in which the
Mann-Kendall testis significant Thus it is possibleto concludethatthe meanminimum temperature
in July recordedn this stationis increasing.

Figure 6 showsthe meanmaximumand meanminimum monthly July temperaturdor this station
for theperiod198Q 2008

Figure 6. July mean maximum (orange) and mean minimum (green) temperaturs,
togethemwith the correspondingineartrends(black), recordedat Neuqué.
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Table3 shows theresultsof the Mann-Kendalltestfor thetemperaturelata

Table 3. Resultsof Mann-Kendalltestfor assessingtrendin the July temperature

Mann-Kendall testfor the trend

. Confidence - _—
Station N cases Levelsp = 95% U Significance
Esquel 28 no
Bariloche 28 +0.257 10.257 10.032 no
Neuqué 28 +0.257 10.257 +0.310 yes
Maquinchao 28 +0.257 10.257 10.012 no

Theresultsof the applicationof the Mann-Kendalltesthaveled us totestthe correlationbetwesn
the meanminimum temperaturen July at Neuqué andthe AAO and PDO indices The low values
assumedy the correlationcoefficient (0.08 and 1 0.31, respectively),however,clearly indicate the
absenceof a relationshipbetweenthose parametersNeverthéess, all four meteorologicalstations
show a consistentinterannualvariability: for example the year 1988 (a La Nifa year) presentdow
valuesof meanminimumtemperature
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Annual cumulatedprecipitationvariesaccordingwith altitude andlongitude.lt increase with the
altitude and with the longitudefrom W to E accordingto Landsberg11], the Atlas Total [12] and
Barroset al.[13]. Thisis themainreasorfor the presencef thetwo differentecosystems Patagonia:
forestandsteppd12,14-16].

The annualprecipitationshowsa consistentinterdecadalariability. The study of the seriesof
monthly cumulatedprecipitationin northwesternPatagoniahas confirmed the presenceof negative
trendsin summey evenif the Mann-Kendall testdid not show any statisticalsignificance(Table 4).
According to Kayano and Andreoli [4] thesetrendscould be explainedusing the Pacific Decadal
Oscillation(PDO).

Table 4. Resultsof MannKendalltestassessing trendin the warmsemesteprecipitation

Mann-Kendall testfor the trend

. Confidence - —
Station N cases Levelsp = 95% U Significance
Bariloche 49 +0.193 10.193 +0.002 no
El Bolstn 49 +0.248 10.248 +0.140 no
Maguinchao 49 +0.193 170.193 +0.071 no
Esquel 49 +0.193 10.193 +0.003 no
Chapelco 19 +0.328 10.328 10.076 no
Neuqué 49 +0.193 10.193 10.024 no
Pasadelos Indios 41 +0.213 10.213 +0.122 no
Ry Colorado 49 +0.193 10.193 +0.129 no

The negativetrendsof precipitationduring the warm monthswill surelyinfluencethe soil water
budget,increasingthe soi waterdeficit. Therebyit will alsoinfluencethe possibility of fires in forest
ecosystemsFire generallyof humanorigin, underwarmerand drier conditionswould have greater
chancego startandto spread2,17-19]. The persistencef the precipitaton negativetrendswould also
favor the growth of the Patagoniamushesvertheforest[20].

3.3 VegetatiorData Analysis

The compositionof the Andeari Patagonicforestsdo not show a predominantspecie(with few
exceptions)andalmost50% of themarenativeforests Thetotal of public landsandprotectedareasn
all of Patagonias 4,119,145a([1,9].

Twenty-seven percendf the whole Andear® Patagonicforest is strictly proteced at National
Parks andarnother1,903,30thaareproteced asprovincial reservs, forestreserve or touristic places
naturalmonumentsand private lands The native forestsare locatedmainly in protectedareaslike
National or Provincial Parks this represent26% or 1,098,860ha [9]. The study areahasalmosta
million ha (998,400ha) locatedin National Parks and Neuqué provinceis the mostactive in this
context[9].

The main forestsof the native speciesarelistedin Table5 and Figure 7. The Nothofagussp are
locatedat different altitudes of the landscapd17,18 and are characterizedy slow growth, so they
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suffer the competitionof exotic speciegPinussp) with high yield in wood production.In the zones
coveredby a mixedforest,thetypical andprevailingspeciesaareNothofagusp.andAustrocedusp.

Table 5. List of the prevailingnativespeciesn Patagonia region

Scientific name Commonname
Nothofaguservosa Rauli
Nothofagusantarctica Nire
Nothofagusilombeyi Coihue
Nothofagugpumilio Lenga
Nothofagusoblicua Roblepelh
Nothofagusetuloides Guindo
Maytenusboaria Maitén
Guevinaavellana Avellano
Embothriumcoccineum Notro
Discaria serratifoliaandChacayatrinervis Chacay

Figure 7. Distributionof nativeforess [Realized by the authdrs

Table 6 showsthat Ri Negro province possesse28% of the Andeari Patagonicforests,while
Neuquén provincehas9% and Chubutprovincehas26%. In this tablethe distributionof the different
type of forestsby countiesis consideredFor example,Bariloche County possesse83.12%of the
forest and 84.22% of other forestlandsof Rd Negro province. This is the result of microclimates
createdby the presencef rivers,lakesandtopography{ 21].



