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Abstract: Globaltemperatures increasing andthis is affectingthe vegetationphenology
in many partsof the world. In Fennoscandijaaswell asNorthernEurope,the advance®f

phenologicaleventsin spring have beenrecordedin recentdecadeslin this study, we

analyzedthe start of the growing seasonwithin five different vegetationregionsin

Fennoscandiausing the 30-year Global Inventory Modeling and Mappintudies
(GIMMS) NDVI3g datasetWe applieda previouslydevelopedixel-specificNormalized
Difference Vegetation Index (NDVihresholdmethod,adjustedt to the NDVI3g dataand
analyzedrendswithin the differentregions Resultsshowa warmingtrendwith an earlier
startof the growingseasorof 118 + 2.0days(p < 0.01)for thewholearea.However there
are large regional differences and the warming/trendtowards an earlier start of the
growing seasons mostsignificantin the southerrregions(19.3+ 4.7 days p < 0.01in the
southernoceanicregior), while the startwasstableor modestearlier(two to four days not
significant) in the northernregions.To look for temporalvariationsin the trends,we
divided the 30-year period into three separatedecadaltime periods. Results show
significantly more change/trendowardsan earlier start of the growing seasonn the first

periodcomparedo thetwo last.In the secondandthird period thetrendtowardsanearlier
startof the growing seasorsloweddown, andin two of the regions,the trend towardsan
earlierstartof the growing seasorwasevenreversedluringthelastdecade.
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1. Introduction

Globaltemperatures increasinggspeciallyin the polarandborealzones dueto positivefeedbacks
(e.g, albedetemperaturdeedback)of increasedyreennessnd shrubification[1]. Fennoscandigs a
geographicand geologicalterm for the region made up by the ScandinavianPeninsula,Finland,
Karelia and the Kola Peninsula.Fennosandiastretchesmore than 1,800 km from southto north.
Hence,it encompasseseveralvegetationzoneswith different climate conditionsfrom the nemoral
zone to the arctic and alpine tundra[2]. In Mayi June,the nemoral broadleafforestsin southern
Fennoscandianay standlush andgreen,whilst the alpineandarctictundraexperienceshe last stages
of snowmelt [3,4]. Fennoscandi#s one of the regionsof the world wherethe distancebetweenthe
arctic andthe nemoralzonesis shortesf2], andthis gives a uniqueopportunityto both observeand
assesglimatic changeln Fennoscandisaswell as NorthernEurope,advancementsf phenological
eventsin springand to alesserdegreein autumnhavebeenrecordedn recentdecadege.qg, [5i 9)]).
Karlsenetal. [10], Xu et al. [1] andBi et al. [11] havealso observedhe samepatternin Northern
Europeas elsewheran the northernlands (>50N ), but found a lessr increaseof the length of the
growing seasor{photosyntheti@activeperiod)in the northernpartsof Fennoscandiaomparedvith the
southernparts of the samearea. It is well known [9,12i 17] that the spring temperatureis the
dominatingfactor for explainingthe onsetof the growing seasorin FennoscandiaXu et al. [1] also
showedthat the onsetof the growing seasorwassignificanty correlatedwith the springtemperatures
in the circumpolarandcircumboreakreas Sofar, therearethreetypesof approachefor detectingthe
startof the growing seasoror vegetation18]: (a) the conventionaphenologyapproachobservingthe
phenologyof individual plantsor treestand412,1317,19]; (b) the land surfacephenologyapproach
using satellitederived growing seasormetricsretrievedfrom variousvegetationindex data,suchas
the Normalized Difference Vegetation Index (NDVI) data from, e.g, the Advanced Very High
Resolution Radiometer (AVHRR) and Moderate Resolution Imaging Spectroradiometer
(MODIS) [9,20i 22]; (c) temperaturesolarradiationand water availability areassumedo be the key
factors that control plant phenology.Statistical, mechanisticand theoreticalapproachesave often
beenusedfor the parameterizatiorof plant phenologymodelsdescribingthe responsedo thesekey
factors[18]. Thephenologicakpatialmodelingapproachn northernregionsis oftenbasedon growing
degreedays.

Experiencedrom, e.g, Karlsenetal. [9] andLuo etal. [23] showedhatthelandsurfacephenology
approachusing satellitederived growing seasonmetrics is a promising and reliable measure.In
Karlsenetal. [9], the standarddeviationbetweersurfacephenologydataandNDVI-baseddatafor the
startof the growing seasorwasshownto be 8.2 days.Karlsenet al. [10], analyzingthe sameareaas
we doin this paper showedthatthe onsetof the growing seasorwaswell mappedoy satellitederived
phenologicalmetricsusingthe AVHRR Global Inventory Modeling and Mapping Studies(GIMMS)
NDVIg dataset Most sitesof a total of 28 phenologcal observationsitesin Fennoscandigahoweda
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moderatelystrong positive correlation betweenin situ phenologicalobservationand NDVI data.
However,mappingof the endof the growing seasorshowedesscorrelationwith field phenologydata
and presentedsome uncertainty.On average,for 1982 2006 there was a linear trend for all of
Fennoscandiaf a 0.27 days/yr earlier onset of the growing seasod.3& days/yr later end of the
growing season and a 0.64 days/yr longer growing sda€bnWithin Fennoscandia, the trends
showed similarities with vegetation zones and sestwhich reflectthe climatic gradientdrom north

to southandfrom westto eastin the studyarea.The southernand oceanicregionsshoweda trend of
abouta one day/yr longer growing seasonin contrastto the alpine and northerncontinentalregions
which showedeitherno trendor a slightly shortergrowing season.

The objectivesof the presentstudy wereto apply the AVHRR GIMMS NDVI3g datasetfor the
1982 2011 periodin orderto maptrendsin the onsetof the growingseasoncorrelatethesetrendswith
temperature@lataand finally, analyzethe spatialpatternof thesetrendsaccordingio vegetatiorregions
within Fennoscandia

2. Data and Methods
2.1.GIMMSNDVI3gData

The NDVI is a radiometricmeasureof the amountof photosyntheticallyactive radiation(~400to
700 nm) absorbedby chlorophyll in the greenleavesof vegetationand has provento be a good
surrogateof vegetationphotosyntheti@ctivity during the growing seasori21,24]. It is definedasthe
ratio of the differenceof the nearinfrared (NIR) andredreflectanceg}) values,(} nr T } red), divided
by thesumof theredandNIR reflectancevalues(} nir + } red)-

Two NDVI datasetggeneratedrom the AVHRR sensorby the GIMMS group [25] were usedin
this study. The first is the GIMMS NDVIg dataet covering the time period from July 1981 to
December2006 with the spatialresolutionof 8 km x 8 km and a temporalinterval of 15 days.The
maximumNDVI value over a 15-day periodis usedto represenieachl15-day interval to minimize
corruptionof the vegetationsignal from atmosphericeffects,scanangleeffects,cloud contamination
andeffectsof varying solarzenithangleat thetime of measuremer{26]. This datesetis awidely used
datasourcefor monitoring global vegetationdynamicsduring the pasttwo decadege.g, [9,21,27]).
The latestversion(third generationGIMMS NDVI3g datasetis generatedrom AVHRR datafrom
July 1981to December2011andis the main datasetpplied in this study. This datasetwasproduced
with the goal of improving dataquality in the northernpartsof the world, wherethe growing seasons
areshort,usingimprovedcalibrationproceduresunlike its previouscounterpartNDVIg [28,29]. For
instance the NDVI3g datawere calibratedusing Seaviewing Wide Fieldof-view Sensor(SeaViFS)
datafrom Mayi Septembelin comparisonwith NDVIg, which were calibratedusing Satellite Pour
| 6 Obser vat iVegetatdbrdSPOTAegataion daafrom the wholeyear[29]. The NDVI3g
datasetis producedn a geographicalatitude/longitude projectionwith a spatialresolutionof 1/12 of
a degreeper pixel. The NDVI3g datarecord from Januaryl1982 to December2011, was usedin
this study.
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2.2 E-OBSTemperaturdata

It is well known [9,12i17] that spring temperatureis the dominating factor for explaining
the onset of the growing seasonin FennoscandiaHowever, very few high resolution gridded
temperaturedatasetscovering the whole areaexist and the meteorologicalstationsare relatively
sparseand unevenly distributed within Fennoscandialn this study, we use the ENSEMBLES
Observations griddedatase (E-OBS) datase{30,31] for comparingthe onsetof the growing season
variability with springtemperaturevariability within eachvegetatiorregion

The E-OBS datasets a Europeariand-only daily high-resolutiongriddeddatasetfor precipitation,
minimum, maximumandmeansurfacetemperaturdor the period195Q0 2012.The datasets produced
by a threestep processof interpolation, by first interpolatingthe monthly precipitationtotals and
monthly meantemperatureusing threedimensionalthin-plate splines, then interpolating the daily
anomalieausingindicatoranduniversalkriging for precipitationandkriging with anexternaldrift for
temperaturethencombiningthe monthly anddaily estimates[30].

The datafiles containgriddeddatafor the five elementgdaily meantemperaturedaily minimum
temperature,daily maximum temperature,daily precipitation sum and daily averagedsea level
pressure).The datasetcoversthe area 25°Ni 75°N, 40°Wi 75°E. The datasetis deliveredin four
versionswith two differentmapprojectionsandtwo spatialresolutionsDataappliedin this studyhas
0.25degreespatialresolutionon a regularlatitude longitudegrid. In orderto fit the daily E-OBS data
to the GIMMS NDVI3g temporalresolution,we computedaveragegemperature$or eachbi-monthly
15-day period from January1982 to December2011 and resampledthe E-OBS datato GIMMS
spatialresolution

2.3. VegetatiorRegions

Theregionalvariationin vegetationandrelatedclimatein Fennoscandiaanbe expressedn terms
of vegetationzonesand sections[2]. Vegetationzonesare consideredto mostly reflect summer
temperatureswhereasvegetation sections indicate oceanic gradients.In this study, fivegetation
region® are defined as the combination of overlapping vegetationzones and sections.The six
vegetationzonesand five vegetationsectionsin the study areaspresentedoy Moen [2] creates30
vegetationregions. Due to the spatial resolution of the GIMMS NDVI3g dataset,many of these
regionshavetoo few pixelsto beanalyzedTo simplify it, we combinel the six zonesinto two zones:a
northernzone (which constitute the arcticalpine andthe northernborealzones)and a southernzone
(which constitutes the middle boreal,the southernboreal,the boreonemorabnd the nemoralzones).
The five vegetationsectionswere combinedinto threesections an oceanicsection(which constitute
the highly oceanic markedlyoceanicandthe slightly oceanicsections)while theintermediatesection
andtheslightly continentalsectioncoverslargeareasandwerekeptastheyare.Then,thesetwo zones
and three sectionswhere combinedto five vegetationregionsand in this study, named a northern
oceanic,a northernintermediateand a northerncontinentalregion, a southernoceanicand a southern
intermediataegion(Figurel), whereeachvegetatiorregionhas similaritiesin climateandvegetation.
As we areinterestedn naturalvegetationphenologyonly, agriculturalareas(pixels with more than
20%farmland)arekeptout of theanalysis.
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Figure 1. Vegetation regions in the study area. The five regions are reclassdiadined,
simplified and redrawnfrom the Vegetation Hne Map and VegetatiorSection Map
consisting of30 regiongublishedoy Moen [3.
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24. SatelliteData Processing

For Fennoscandidt is necessaryo apply a pixel-specific methodfor determiningthe startof the
growing seasonas the vegetationis very heterogeneouand sparsefor large parts of the area.To
estimatethe onsetof the growing seasonwe applieda pixel-specific thresholdmethodfirst usedby
Hayda et al. [32], later described and discussedby Karlsen et al. [3,14] and applied in
Karlsenetal. [4,10]. With this method for eachpixel, a 30-yearmeanNDVI valuefor the periodfrom
15 Juneto 1 Septembewascomputed.The startof the growing seasorwasdefinedasthetime period
eachyearwhen0.70 of thismeanNDVI valuewassurpassed-or removingoutliersin the NDVI time
seriesamedianfilter of alengthof threewasalsoappliedat eachpixel.

This methodwas developedcomparingthe onsetof spring as obtainedfrom the NDVI threshold
with date for budburstof birch (Betula pubescensmeasuredat sites around Fennoscandialt has
provento be a robustmethodwith the previousversionsof the GIMMS datasetandto investigateif
the methodalsocanbe appliedto the GIMMS NDVI3g datg we computeda meanspringdatefor the
period1982 2006andcomparedt with theresultsin Karlsenetal. [10]. To obtainthe bestpossiblefit
betweerthe NDVIg startof the growing seasor{previouslycalibratedto in situ data)andthe NDVI13g
startof the growing seasonthe pixel-basedhresholdvasadjustedrom 0.70to0 0.72.

Theresultis illustratedin Figure 2, andthe map hereshowsthe day numberfor the onsetof the
growingseasorbasedon NDVI3g comparedo the NDVIg versionpresentedn Karlsenetal. [10]. As
we canobserve mostof the areahasa very similar startof the growing seasorcomputedrom thetwo
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datasetsandthe differenceswe observearelocatedin the northern/southeronceanicandthe southern
intermediateegions wherethe averageonsetis morethanfive daysearlierwith the NDVI3g thanthe
NDVIg. The areaswith a later onsetof the growing seasorbasedon NDVI3g are locatedin narrow
coastalareage.g, Lofoten)andmountainousreasdominatedoy rocksandbarrensThesedifferences
might be partly due to improved georeferencingof the NDVI3g datasetcomparedto the NDVIg
datasetaswell asthe new proceduresf calibration[29] of NDVI3g that makethe newestversion
moresensitivein the detectionof the startof the growing seasorthanthe previousversion[23].

Figure 2. Comparingmeanonsetof the growingseasorior the 198 2006periodbasedn
the NDVI3g and the NDVIg shownin Karlsenet al. [10]. Map showsthe day number
basedon NDVI3g minusthe day numberbasedon NDVIg. Yellow areasare agricultural
land while lakesare presentedn blue. Black line, nationalborders grey line, vegetation
regionborderg(seeFigurel).
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For all of the areathe averageday numberfor the startof the growing seasorbasedon NDVI13gis
140.2 andthe averageday numberbasedon the NDVIg is 141.5,showingan overall earlieronsetof
1.3 daysin the period 1982 2006 with the NDVI3g. In Karlsenet al. [10], the overall deviation
betweenfield observationsand onset data basedon NDVIg was +4.5 days (later), while using
NDVI3g, we now observeabout+3.3 days(later) comparedo the NDVIg datasetThis indicatesthat
the differencesare very small betweenthe NDVIg and NDVI3g applying the pixel-basedthreshold
method andwe can concludethat the in situ phenologystationassessmer(28 locations)previously
publishedn Karlsenetal. [10] fit well with this datasetlso.
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For computingtrendsin the startof the growing seasorwithin eachof the five vegetationregions
andthewhole studyareafor eachpixel, the startof the growing seasortime seieswasfirst smoothed
with a three elementcentral moving averagefilter, and then an average30-year time serieswas
computedor theregion.Next, alinearmodel,y = aX + B, wasfitted for the regionby minimizing the
chi-squareerror statisticfor the computedtime series.This was donefor three periods(1982 1991,
1997 2001, 2001 2011)andthe whole 1982 2011timespanin orderto avoidtime gaps,the two last
periodsarestartedon thelastyearof the previousperiodandspansl1years.

3. Results
3.1.Trendsin Startof the Growing Season

Trendsfor the onsetof the growing seasorfor the period 1982 2011 basedon NDVI3g dataand
expresseasthe numberof daysearlierin 2011comparedo 1982arepresentedn Figure3.

Figure 3. Numberof daysof the earlierstartof growing seasorin Fennoscandian 2011
comparedto 1982 assuminga linear trend. Black line, national borders grey line,
vegetatiorregionbordersg(seeFigurel).



