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Abstract The climate in Finland is changing temperature and precipitation :
increafng, resulting in varyingunoff patterns. These hydmimatic trends have be¢
well studied previously, but the changes in variability are less known, despit
importance for understanding climate change. This research aims to assedsisyatial
changes in variability afemperature, precipitation and runoff for the years 12&P4 al
subbasin scale in Finland. Temporal changes in variability were analyzed by const
moving window median absolute deviation (MAD) time series at both annual and s¢
scales. Areawvith similar patterns of variability were then identified using princ
component analysis (PCA) and agglomerative hierarchical clustering. Directic
statistical significance of changes in MAD were studied using a test for a monotoni
in variarces. Distinct areas with similar patterns of statistically significant chan
variability were found. With regard to temperature, this study found decreases in
and winter variability in most parts of Finland, as well as summer variability iheroi
Finland. In terms of precipitation, decreases were identified for annual variability
south of Finlangfor spring variability in the central part of the study aaed for autumi
variability in southeastern Finlands well as increases for aotn variability in northeri
Finland. For runoff, vaability increased in winter imostparts of the study aresnd in
summer in the centragdart of the study areas well asdecreased in spring in southe
Finland. Comparison with previous studies illustrates how trends in mean climate
variability do not necessarily match; both aspects need investigation. Findings of th
provide new information on hydidimatic variability in Finland and improve tt
possibility to adapt and predict the changes in hgliroatic conditions, includin
intensity and frequency of weathextremes.

Keywords Finland, climate change, climate variability, hyalonate, temperature,
precipitation, runoff
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Tiivistelma Suomen ilmasto muuttull lampdtila ja sadanta kasvavat, ja valunnan-
rassa sekajoituksessa tapahtuu muutoksia. lImaston ja hydrologisen kierron kesl|
raisten olosuhteiden muutoksia on tutkittu laajasti aikaisemmin, mutta vahemmal
miolle ovat jaéneet lyhyen aikavalin muutokset, kuten vuosien ja vuodenaikojen \
vaihteluseka naiden muutokset. Lyhyen aikavalin vaihtelun tutkiminen on tarke&
mastonmuutoksen ymmartamista ja siihen sopeutumista. Taméan tutkimuksen tark
maaéarittad lampaotilan, sadannan seké valunnan vuosien ja vuodenaikojen valisen v
muubksia Suomessa osavalu@aetasolla vuosina 1962014. Vaihtelun muutoks
ajan suhteen analysoitiin muodostamalla hajaitasarjoja kayttaen liukuvia MAana
lyysi-ikkunoita (median absolute deviation). Alueet, joiden sisélla vaihtelun muut
ollut samankaltaista, tunnistettiin hajorgikkasarjoista padkomponenia klusterianalyy
sien avulla, minka jalkeen muutosten suuntaa ja tilastollista merkittavyytta arvioiti
tilla, joka tunnistaa monotonisia trendeja variansseissa. Tutkimuksessastiggita alu
eita, joilla vaihtelun muutos on ollut samankaltaista ja tilastollisesti merkittavaa. L.
tilan vaihtelu vuosien seka talvien valilla on vahentynyt lahes koko Suomen alue
kesien valilla PohjoisSuomessa. Sadannan vaihtelun vahergimiuosien valilla havai
tiin EtelaSuomessakevéiden valilla tutkimusalueen keskiosisga syksyjen valill¢
KaakkoisSuomessa Vaihtelu kasvoi sykyjen valilla PohjoisSuomessa. Valunt:
tarkasteltaessaihtelun kasvudnavaittiin lahes koko tutkimusueellatalvien valillaseka
tutkimusaluen keskiosissa kesienvalilla. Etel&Suomessa havaittiin  vaihtelun
vahentymista kevden valilla. Tulosten vertaaminen aikaisempiin tutkimuksiin os
ettd muutokset ilmasn ja hydrologisen kierron keskimagidsa olosuhteissa eiv
valttamatta tarkoita samamuntaisia muutoksia lyhyen aikavélin vaihteluissalemma
tekijat vaativat tutknusta. Taman tutkimuksen tulokset antavat uutta tietoa Su
ilmaston ja hydrologisen kierron vaihtelusta sek& pakaitmahdollisuutta ennustaa ¢
muutoksia ja sopeutua muun muassa &aarisdailmididen voimakkuude
esiintymistiheyden muuttumiseen

Avainsanat Suomi, ilmastonmuutos, ilmaston vaihtelwdrdogia, lampdétila, sadanta,
valunta
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1 Il ntroduction

Climate change and global warming are unequivocal. According to the Intergovernmental
Panel on Climate Change (IPCC), global average temperature has increased 0.85 (0.65 to
1.06) °C during the period 1880 to 20(IRPCC, 2015)and during the second half of the
period, temperature have increased even more rapidly. Warming is greater at higher northern
latitudes, where the study area of this paper is located. Global warming is highly linked to
components of the hydrological cycle, e.g. precipitation patterns (apfoeepency and
intensity). Warming temperatures as well as changing precipitation causes shifts in runoff
regime, and changes in hydtbmate have been projected to continue in futfiRCC,

2015)

Climate change usually refers to changes in climate over timosed by natural fluctuations

or anthropogenitorces, i.e. human activitig$?CC, 2015) In other words, climate change

is a significant change in the average weather conditions for a region over a longer period of
time. Measures such as mean state, nauawahbility and extreme events can be included
when climate is studied. The focus of the present study is on clinthteed changes in
hydro-climatic variability, rather than trends in hydcbmatic mean conditions. Climate
variability refers to variatins around the mean state of the climate or other climate statistics,
i.e. standard deviations or the occurrence of extremes, on diffen@poral and spatial
scaleqIPCC, 2015)Variability in hydraeclimate can be caused by natural internal processes
of the dimate system (internal variability) or from variations in natural or anthropogenic
external forces (external variability).

The understanding of hydi@imatic variability is important, including for Finland, specific
area of interest in this study. Chasgin hydreclimatic variability have impacts on the
intensity and frequency of extreme events, for which society and nature can be particularly
vulnerable(Thorntonet al, 2014) For example, an increase in hyaiomatic variability
implies an increase in extremes relative to mean hglilmtate. Different sectors of society

and nature are affected differently by possible changes in {tjidnatic variability, both
positively and negatively. Some examples of these affected sectors are agriculture and
livestock, and consequently also economy and food production; forestry, which is
economically important for Finland; natural ecosystems can experience changes; as well as
tourism industry and water sector e.g. water availability, water supply and hydropower
(Maracchiet al, 2005; Marttileet al, 2005; Saarinen and Tervo, 2006; Lehtonen and Kujala,
2007; Kellomakiet al, 2008; Tervo, 2008; Peltone&ainioet al, 2009)

Some previous studies at regional and global scale focus on climate variability and related
aspects, with relevance to Finland. Fischer & Sq2809) projects weak changes in
variability of summer temperature in nceth Europe and several stud{&iisanen, 2002;
Giorgi et al, 2004a, 2004b; Schat al, 2004; Giorgi and Bi, 2009roject dianging trends

in winter and summer variability of temperature as well as precipitation in global and
continental scale in Europe. There are also several studies focusing on aspects related to
climate variability, for example temperature and/or preafjpih extremes in global scale
(Tebaldiet al, 2006) in Nordic countriegTuomenvirtaet al, 1998, 2000and in Europe
(Freiet al, 2006) droughts and floods in Nordic catnies(Hisdalet al, 2006; Veijalainen

et al, 2010; Wilsonet al, 2010) role of teleconnections, for exahe North Atlantic
Oscillation (Marshall et al, 2001; Wanneet al, 2001; Hurrellet al, 2003; Uvo, 2003;
Grossmann rad Klotzbach, 2009; Hurrell and Deser, 20183 well as millenniagcale



climate change and variationfNorthern Hemisphere and Euraf@gowley, 2000; Delworth
and Mann, 2000; Luterbachet al, 2004; Moberget al,, 2005)

In this study, the study area includes the whole of Finland, and transboundary watersheds in
Norway, Sweden and Russia. Finland is located tigatlatitudes in Northern Europe, on

the edge of the Eurasian continent. Geographical position is the main factor influencing
climate within Finland. Latitudinal gradient (5® °N), the Atlantic Ocean, the combined
continental landmass of Eurasia, theafdinavian Mountain range and the Baltic Sea, all
have their ownmpacts on climate in Finlan(Kayhkod, 2004) The climate in Finland is
described to be intermediate with characteristics of a maritime (Atlantic Ocean) and a
continental (Eurasia) climate.

There are notable differences in hydionatic conditions between the seasons. For
example, during the winter, the temperature is considerably lower than during the summer,
and precipitation falls in form of snow stored in the snowpack, while during the summer,
precipitation falls in liquid form with a higher evaporation rate. Snow actatrono and
melting are important parts of hydatimate in Finland and at high latitudes in Northern
HemisphergKuusisto, 1984; Irannezhaat al, 2015, 2016)Amount, timing and duration

of snowpack have a significant role in storing water during winter and melting at spring,
causing peak river discharge. Furthermore, snow conditions lanBirand higHatitudes

are projecteda change due to climate chan@@arnettet al, 2005; Adamet al, 2009)
Warming temperature causes less precipitation falling as snow during winter as well as snow
melt occurring earlier in spring.

Recent studies show statistically sigraiit increasing trends for cauy scale averaged
temperaturélrannezhacet al, 2014a; Mikkoneret al, 2015)and precipitatiorflrannezhad

et al, 2014b)in Finland. Mean annual temperature in Finland has increased by 0.4 £ 0.2 °C
per decde during the period 1962011 (Irannezhackt al, 2014a) Other studies also show
increasing trends in annual mean temperature: Wlder decde during the period 1847
2013(Mikkonenet al, 2015)and 0.7 °C durig 19022000(Jylh&et al, 2004) The warming

trend after the 1960s has become steeperdeet 0.2 and 0.4 °C per decdttannezhadet

al., 2014a; Mikkoneret al, 2015) At a seasonal scale, statistically significant increasing
trends in mean temperature for spring have been found, 0.2 % per decade in 1961
2011 (Irannezhackt al, 2014a)and 1.4°C per 100 years in 19€A000(Jylhaet al,, 2004)
Furthemore, both Irannezhaet al. (2014a)and Jylha et al(2004) found a statistically
significant increasing trend in mean temperature for summer (0.3 + 0.2 °C per decade and
0.7 °C per 100 years).

In terms of precipitation, a studyydrannezhadet al. (2014b)shows that annual mean
precipitation in Finland has increased significantly by 0.92 + 0.50 mm per year during the
period 19112011. Moreover, significant increases in mean precipitation were found for
winter (0.46 + 0.19 mm per year) and summer (0.329 thm per yar). In contrast, Jylha

et al.(2004)did not found any statistidglsignificant trends in precipitation, over the period
19012000, and néhner did Tuomenvirta & Heinl996) over the period 1910995.

Trends in runoff are less studied in Finland, but changes in discharge have been studied to
some extent and these tend to be quite similar. Previous dhadie$ound increasing trends

in annual discharge for most of the area ofdfid. A study by Hyvéarine(2003) presents

an average increase of 0.5 mm per yaat,ia southwestern parts up to 1 mm per year during



the 20th century. A study about the Nordmuntries by Wilson et a(2010) has found
increasing trends in western parts of Finland during the periods of2lElLand 1961
2000. Clear increasing trends havsoabeen found for water discharge in many regions
(Hyvarinen, 2003; Korhonen, 2007; Korhonen and Kuusisto, 2010; Walsaly 2010)

Given that trends in hydrdimatic conditions in Finland are well studied, this study fesus

on the past changes in hydatimatic variability. Only a few fadings in larger scale studies
(Raisanen, 2002; Giorgi and Bi, 200%ve been identified that are relevéor Finland.

Giorgi & Bi (2005) projects winter variability of temperature as well as precipitation in
northern Europe to decrease, and summer variability to increase on average across an
ensemble of general circulation models during the 21st century. Change of standard
deviation for wnter temperature is projected to {88 °C per decade, and for summer,
+1.79 °C per decade. In case of precipitation, change in coefficient of variation for winter is
-0.08 % per decade, and for summer, +3.00 % per decade. These projected trends in
variability are, however, uncertain, with notable differences between circulation models.
Inter-model standard deviation of temperature variability for winter is 3.29 °C per decade
and for summer 3.74 °C per decade. For precipitation variability,-mmbelel sandard
deviation for winter is 2.75 % per decade and for summer 4.35 % per decade. These results
are in linewith findings of Raisanef2002) Both studies were carried out at continental
scale (lower resolution) and with future projections. Taking into account that there are
notable differences in regional climate conditions, and that these studies poovide
adequateobservational evidence of changes, there is a need for a consistent, higher
resolution historical analysis of these trends in lmalimatic variability within Finland,
amongst other regions.

The aim of this study is to assess the paatial and temporal changes in insemual hydre
climatic variability in Finland, in terms of both annual average and seasonal patterns. Spatial
and temporal changes in variability of temperature, precipitation and runoff were analyzed
using a sudbasin sale dataset over the years of 1261 4. Runoff was selected rather than
discharge as it focusses on local-salbchment processes, excluding inflows, and therefore
emphasizes local spatial variation rather than spatial correlations. Theselyaitoc time

series were studied using statistical analyses, moving window median absolute deviation to
quantifying hydreclimatic variability; principal component analysis and agglomerative
hierarchical clustering to discover areas with Emihydroclimatic varability (Mimmack

et al, 2001) as well as a test for monotonic trends in variarfiseguchi and Gel, 201Qp

identify the directions of changes and whether changes in {tjidnatic variability are
statistically significant.



2 Data and met hodol ogy

Analyses in the present studped annual and monthly sbhsin scale data of mean
temperature, precipitation sum and runoff sum for the period of2062, provided by the
Finnish Environmental Institute (SYKE). The areal temperature, precipitation and runoff
data were calculated asomulated by Watershed simulation and forecasting system (WSFS)
of SYKE based on observed daily temperatures and precipitations.

To begin with, time series for the whole study area were analyzed, namely averaged annual
and seasonal mean temperatprecipitation sum and runoff sum. MaKmendall trend test

was used to detect climate change trends. This was carried out to understand and show the
context of changes in hydimatic variability with climate change in Finland.

Temporal changes in hydimatic variability were then studied by constructing moving
window median absolute deviation (MAD) time series of mean temperature, precipitation
sum and runoff sum. These were calculated both for the whole study area and for each sub
basin separately.fatial patterns in changing hydetimatic variability were studied using
principal component analysis and agglomerative hierarchical clustering of tHeasinb

MAD time series. By doing so, areas with similar changes in temporal Hclidratic
variability were identified and grouped together. Finally, areas with statistically significant
changes in variability and direction of trend were determined using the test for a monotonic
trend variances. More detailed description on the data and each analgsis fodlow.

2.1 Data

The source data used in the present study consisted of annual and monthly values of mean
temperature precipitation sum and runoff sum for 6172badins in Finland including
transboundary watersh&din Norway, Sweden and RussfaFi nl and s Envi
Administration, 2015)The data covered the time period from JanuaB21® December

2014. The sulbasinscale areal temperature and precipitation data were calculated using
temperature and precipitation observations from Finnish Meteorological Institute from
respectively approximately 190 and 250 observation stations 0, 20dugh the number
varied in time(Veijalainen, 2012) In addition to that, observations for transboundary
watersheds from 11 temperature and 16 precipitation observation stations were provided by
Norwegian Meteorological Institute, Swedish Meteorological & Hydrological Institute and
Hydrometeorologial Center of Russia.

To obtain a stable precipitation observation network during the whole time period, missing
observation values were calculated from the three closest observation stations, taking into
account elevatin and aerodynamic correctioif¥askinen and Soderholm, 2016)he
method was not used for the temperature data because the tempdrsg¢uvatmn network

was considered to be dense enough to cover the spatial vafaittbe whole time period.

The subbasin scale areal meteorological values were then calculated from three closest
observation stations by inverse distance weightingp¢gikito account elevation differences.

The subbasin scale temperature and precipitation data were then used as an input in the
HBV-type conceptual hydrological model WSRS calculate the runoff da{&ehvilainen

et al, 2005; Veijalainen, 2012; Olssat al, 2015) The study area size is 390,000 km2 in
total and the sizes of sdiasins varied mostly between 1 to 6197 km2, with a median of 42



km2. The WSFS has been calibrated with observations of discharges, water levels and snow
water equivalents over the period1®81-2013. For more detailed description of the source
dat, see Vehvilainen et §R005)and Veijalainen{(2012)

Seasonal values were calculated from this source data. Seasons were formedngritiree
periods: winter (December, January and February); spring (March, April and May); summer
(June, July and August) and autuiieptember, October and November). The data used in
present study thus contained time series of annual and seasofssulscale mean
temperature, precipitation sum and runoff sum for the time period from January 1962 to
December 2014.

2.2 Detecting hydro -climatic trends

The MannKendall rend tesfMann, 1945; Kendall, 197%as used to detect possible trends

at study area scale for annual and seasonal mean temperature, precipitation sum and runoff
sum time series. MarKendall trend test is a nonparametric test, which has been aagnmo

used to detect monotonic trends in climate and hydrological datasets. The test detects if a
trend exists in the time series, whether the trend is positive or negative and whether this trend
Is statistically gynificant. A bootstrap versiofbantander Meteorology Group, 204i2)he
MannKendall trend test was used to take into account the possible autocorrelation of the
data. A 95% significance level was used foredénhg trends.

2.3 Quantifying hydro -climatic variability

MAD was used to examine the variability of hydramatic variables, i.e. how hydrdimate

deviates from the median. Moving window MAD time series were used to discover temporal
changes in variabilityn hydro-climatic variables. Data is not symmetric but skewed, so
instead of the mean, the median was used to measure central tendency of the data. The
median is less sensitive to individual extreme values or outliers. MAD was calculated as the
median ofthe absolute déations from the data's medigheys et al, 2013) Standard
deviation (SD) was also tested and itswiaund that SD was sensitive to extremes and
outliers in data drawn from a narormal distribution, giving too much weight tadimidual
extremely high values.

Moving window MAD time series involved calculating MAD on smaller data subsets (series

of datawith a chosen width of a window). The window was moved forward one step at a
time from the first year till the last year of the time period. Each step had a length of 1 year
and after each step, the MAD for particular window was calculated. The widti wfridow

had to be long enough to reduce noise from the data so that the constructed moving window
MAD time series were readable, and at the same time short enough to catemrotair
hydro-climate variability without the decadal variability. Multipleidths of the window

were tested, and widths of 11 and 21 years were chosen to be used for the analysis. These
two widths of the window were selected, because they capture different kinds of variability
in data. A wider window captures longer term varidpiand by increasing the averaging
period (the width of the window) from 11 to 21 years, change in vlityalsas considerably
reduced.

The moving window MAD time series were standardized by dividing each MAD value by

the mean of the constructed movinghdow MAD time series. This standardizing method
was used instead of the usual method of subtracting the mean and dividing by the standard

10



deviation, because that method can b@pnapriate for zerdoound datgMimmacket al,

2001) such as precipitation. Standardized time series capture relative rather than absolute
changes in variability. Standardization was performed so that variables measured at different
scales contribute equally to the subsequent analystsr@ therefore comparable. Each
variable for each time series has an equal mean value of 1. The reported coefficient of MAD
therefore measures variability in relative terms, defined as the ratio of each MAD value to
the mean of the MAD time series. It & dimensionless measurement, similar to the
coefficient of variation, so variability of the source data with different units is comparable.

2.4 Identifying areas with similar hydro  -climatic variability

Principal componet analysis (PCA)(Jolliffe, 2002) and agglomerative hierarclaic
clustering (Gong and Richman, 199%)ere used to identify spatial patterns in changing
variability of hydraclimatic variables in annual and seasonal scales, i.e. to discover areas
where temporal hydrolimate variability changes similarly. The analysis follows the
method of Mimmack et a{2001)

PCA was used to reduce dimensionality and amount of the data, while still retaining most of
the variability of the source data. PCA for standardized moving window MAD time series
of each sukbasin were carried out in-mode (Richman, 1986y using singular value
decomposition of the data matrix. Iariode, the data matrix is formed so that idl hiane

as columns and stliasins as rows. This simplifies the time series and identifies spatial
patterns, rather than simplifying spatial variation and identifying temporal patterns,-as in S
mode. The number of retained principal components was deterosiragithe criterion of
cumulative percentage of total variation. The cutoff level was chosen such that the retained
principal components account for 90% of total variation, which was deemed to be sufficient
for the purpose of identifying clusters of siariMAD time series.

In agglomerative hierarchical clustering, each data point was initially treated as an individual
cluster. Then at each step of clustering, the two most similar clusters were combined as a
new cluster, until finally there was only a gla cluster including all data points. Clustering
was carried o uthimbravarente noetha@Veedy1668)svhicimiminimizes

the total withincluster variance. At each step, merged pair of clusters leads to minimum
increase in variance of combinedisterMurtagh and Legendre, 2014)

The optimal number of clusters was determined using several different methods together:
the R package called NbClugEharradet al, 2014, 2015)cluster dendrogramsréelike
hierarchical diagrams{Krumbein and Graybill, 1965and time series for each cluster.
NbClust provides 30 indices, which uses different methods to determine the optimal number
of clusters in the data. The package has been developed to compare these indices and to
swggest the best clustering scheme. In cluster dendrograms, distance between clusters
(dissimilarity) was presented on vertical axis and different data pointsbésibs) were

listed on horizontal axisClusters were chosen such that the (visual) distaeteeen
clusters was maximized and the distance within clusters was minirimzedst of the cases
results from NbClust and dendrograms were similar and the optimal number of clusters was
chosen based on those. As a last step in choosing the numbetakchime series for that
certain number of clusters were produced and examined to make sure chosen clustering
scheme describes as clear as possible the characteristics of changing variability in those
areas. Selecting too few clusters proofed to ovelgymghenomena by grouping areas that

11



were still substantially different, and choosing too many clusters made it difficult to draw
any insight from the cluster maps as well as see differences in time series.

2.5 Detecting d irection and statistical significance of changes in
hydro -climatic variability

The direction and statistical significance of changes in hgtineatic variability for each
subbasin was studied using the test #domonotonic trend in varianc@doguchi and Gel,

2010; Gastwirttet al, 2015) which is based on the finiatersection approach, the Brown
Forsythe transfor mat iicem. Tk findteinkersacttba appréash T a u
(Mudholkaret al, 1993, 1995)ombines pvalues of the component test statistics which
correspond to a finite number of nested hypotheses. rFigh&alup combinaon method
(Fisher, 1934)s used in this study. The idea of nested hypotheses, breaking down the
original hypothesis into a number of momanageable components, swariginally
suggested by Hogd 961) In this case, the test of each hysiis involves determining the
statistical significance of the difference between variability in nested subgroups. The
subgroups are defined by splitting the data into subsets of equal length, corresponding to a
chosen window width. The first subgroup isyquared to the second subgroup, then these
subgroups are combined and compared to the next subgroup, until finally all except the last
subgroup is compared to the final one. Brewn-Forsythe transformatio(Brown and
Forsythe,1974) whi ch is a robust modification of
study, meaning that variability is effectively measured using MAD rather than standard
deviation. Roughly speaking, the presence and significance afchisrgiven by correlation
between the absolute deviations of the nested groups. If the correlation is positive, the MAD
increases between the groups. The nonparametric, distrifutioe e Kendal |l 6
coefficient(Kendall, 1975)was used to allow identification of possible Horear trends.
Because of the small number of data points, thetsb@p version of test is useds a
recommended by Lim & Lof1996)

Two widths of the analysis window were used to study the statistical significance of changes
in variability. Windows of 11 and 21 years weised so that they match with windewdths

used in construction of moving window MAD time series, however, in this case, the
windows are notoverlapping. Tests were performed using a 95% significance level and
onesided tests, determined by the directidbthe trend indicated by the Kendall correlation
across all sulgroups, consistent with the approach used by the trend test itself.

Different nonoverlapping windows can be defined within the overall 53 year time period,
and the choice of window affectse result. How the time series is split into groups affects
the variance of each group, and therefore the evaluation of homogeneity. To overcome this
issue, repeated tests were used, with theavenlapping windows starting in different years.

The test wa repeated until the ending point of the last window is set to the last year of the
study period. With the t§ear window, 10 repeated tests were done to cover the whole time
period and 12 repeated tests in the case of theeddwindow.

In addition tothe direction of the trend, the results report both areas where all tests show
statistical significance, and areas where at least one of the tests shows statistical significance.
The former indicates that the assessment of statistical significance id. robaslatter
indicates that a statistically significant change in variance may exist, but that further
investigation is needed regarding how the time series is divided.
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3 Resul t s

This section shows the results of the analysis and some interpretatioim Sestion3.1,
trends in hydreclimate at study area scale are presented as a background foclirydtic
variability, which is the focus of present study. Bextion3.2 shows temporal changes in
hydro-climatic variability for the study area as a whole. A more detailed view of changing
variability is given in SectioB.3, where spatial patterns in changing variability are shown.

3.1 Hydro -climatic trends in study area scale

Time series of annual and seasonal mean temperature, precipitation sumahsum are
shown inFigurel. In the case of temperature, statistically significanttp@strends were
found using the Man#endall test both at annual and seasonal scale for all seasons.
Statistically significant positive trends were also found for annual, winter and summer
precipitation, as well as winter runoff.
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Figure 1 Annual and seasonal mean temperatures, precipitation sums and runoff sums in the study area over
period of 19622014. The black solid line represents the mean value of spatially averageechyatoc

variables and colored arasound it represents the range in which values for individuabasins vary. In the

case of seasonal precipitation and runoff, range is presented from minimum to 95th percentile, omitting outliers
with extremely high values. Asterisks on right upper eoof the time series indicates that trend is statistically
significant according to the Maritendall test.
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3.2 Temporal changes in hydro -climatic variability in study area
scale

Study area scale averaged moving window MAD time series show the tercipanges in
variability of temperature, prggtation and runoffigure?2).

a) Temperature variability, b) Precipitation variability, ¢) Runoff variability,
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Figure 2 Coefficient of median absolute deviation (MAD) fonrmial and seasonal mean temperature,
precipitation sum and runoff sum in the study area over period of2@62. Figure presents how variability
of hydro-climatic variables have changed during the study period. Graphs a) and d) are for meaatteenper
with different window widtl, b) and e) for precipitation sums, d) and f) for runoff sums. Taes<shows
start and end years of analysis windows. T{axig shows relative MAD values (coefficient of MAD).

The moving window MAD time series of meagntpeature Figure 2a; Figure 2d) show
decrease in annual andnter variability with both widtk of window. In both cases, some
analysis windows identify the trend as statistically significant. In the case of spring and
summer, there is neither clear increase nor decrease in changing variability. For autumn
variability, an increase is identified with a-2&ar window, but a decreagath the shorter
1l-year window. These changes are not statistically significaiven thatthe longer
window reacts more slowly to changes in hydlionate than the shorter window, a possible
interpretation is that the trend in autumn variability is changing direction, from the longer
term increase indicated by the-géar window, to the emerny decrease, indicated by the

11 year window.
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In terms of precipitation sums-(gure2b; Figure2e), both window width show an increase

in variability of annual precipitation sunbut changes are not statistically significant
Variability in winter and spring precipitation is decreasing and in case of spring most of the
analysis windows show statistically significant trend. In summer, variability is increasing
but trend is not statistically significgnand in autumn, there are no clear increases or
decreases in precipitation surariability at study area scale.

Moving MAD time seies of runoff sumsKigure 2c; Figure2f) show an increase in winter
and summer variabilitput the changes are not statistically signific&dr annual, spring
and autumn, no lonterm changes were found regarding variabilityusfoff sums at study
area scale.

3.3 Spatial patterns in changing variability and statistical
significance of changes

Principal component analysis and agglomerative hierarchical clustering revealed spatial
patterns in changing variability. Results are presgm@ts maps showing areas (clusters of
subbasins) where variability of each hydebmatic variable is changing similarly.
Furthermore, moving window MAD time series of these areas with similar changes are
presented to describe characteristics of the hglinwatic variability. These maps and time
series for mean temperatufgqure3), precipitation sumKigure4) and runoff sumKigure

5) are presented in this section. Moreover, the test for a monotonic trend in variances
identified statistical significance of changes in hydlimate variability. Areas with
statistically sigificant changes are presentedrigure6, Figure7 andFigure8.

These results suggest a decreasing trend in variability for the whole study area for annual
and wnter mean temperaturé&i@ure 3a-d). These changes in variability aratsstically
significant in mostparts of the stdy area Eigure 6a-b; Figure 6f-g). For summer mean
temperature variability, a statistically significant decrease wasdfan northern Finland
(Figure3g-h; Figure6d; Figure6i).

With regards to annual precipitation variability, statistically significant decreases were found
in southern parts of Finlan@igureda-b; Figure 7a; Figure 7f) even though at study area
scale, variabilitywas found to increaserigure 2b; Figure 2e). Statistically significant
decreases were also found in spring préafjan variability in the centrglart of the study

area Figurede-f; Figure7c; Figure7h). In the case of aubon precipitation variability, a
stdistically significantincrease in northern Finlarahd a decrease southeasterfinland

was found Figuredi-j; Figure7e; Figure7j).

For runoff variabilityin most parts of the study aremstatistically significant increase was
found inwinter runoff Figure 5¢-d; Figure 8b; Figure 8g) and astatistically significant
decrease in sprin runoff (Figure 5e-f; Figure 8c; Figure 8h). Moreover, in summer
variability, statistically significant increases were foumdhe middle part of the study area
(Figure5g-h; Figure8d; Figure8i).
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a) Annual, 11-year window b) Annual, 21-year window
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Figure 3 Changes in variability of annual and seasonal mean temperature in the study area over peried of 1962
2014. Maps and time series a) and b) are showing annual variability with window widths of 11 and 21 years,
¢) and d) winter variability, e€) and f) springnability, g) and h) summer variability, i) and j) autumn
variability. Maps show areas with similarly changing variability using different colors. Accompanying time
series show the time series of variability for the corresponding areas. In time serieaxith shows the start

and end years of analysis windows, and taxig shows relative median absolute deviation (MAD) values.
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a) Annual, 11-year window b) Annual, 21-year window
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Figure 4 Changes in variability of annual and seasonal precipitation sums Biutig area oveperiod of
19622014. Maps and time series a) and b) are showing annual variability with window widths of 11 and 21
years, c) and d) winter variability, €) and f) spring variability, g) and h) summer variability, i) and j) autumn
variability. Maps show araawith similarly changing variability using different colors. Accompanying time
series show the time series of variability for the corresponding area. In time serieaxtheskvows start and

end years of analysis windows, and thexys shows relative etlian absolute deviation (MAD) values.
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a) Annual, 11-year window b) Annual, 21-year window
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Figure 5 Changes in variability of annual and seasonal runoff sums in the study area over period2if162
Maps and time series a) and b) are showing annual variability with windowsaditL1 and 21 years, c) and

d) winter variability, €) and f) spring variability, g) and h) summer variability, i) and j) autumn variability.
Maps show areas with similarly changing variability using different colors. Accompanying time series show
the time series of variability for the corresponding area. In time series;dlés shows start and end years of
analysis windows, and theaxis shows relative median absolute deviation (MAD) values.
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Figure 6 Areas where changes wariability of annual and seasonal mean temperature are statistically
significant (p<0.05) over period of 19&D14. Maps &) e) show results from 10 repeated tests with different

start years for a monotonic trend in variances with 11 years widtovestapping window and maps ) j)

resuts from 12 repeated teststh 21 years width window. Red and blue colors indicate areas where trend is
statistically significantly increasing or decreasing. Orange and purple colors indicates areas where at least one
of repeated tests shows statistically significant increasing or decreasing trend in variability.
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Figure 7 Areas where changes in variability of annual and seasonal precipitation sums are statistically
significant (p<0.05) over period of 1962014. Maps &) e) show results from 10 repeated tests with different

start years for a monotonic trend in variances with 11 years widtoventapping window and maps if)j)

results from 12 repeated tests with 21 years widtideiv. Red and blue colors indicate areas where trend is
statistically significantly increasing or decreasing. Orange and purple colors indicates areas where at least one
of repeated tests shows statistically significant increasing or decreasing trendhilitya
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Figure 8 Areas where changes in variability of annual and seasonal runoff sums are statistically significant
(p<0.05) over period of 1962014. Maps a) e) show results from 10 repeated tests with different wéas

for a monotonic trend in variances with 11 years width-aeerlapping window and mapsif)j) results from

12 repeated tests with 21 years width window. Red and blue colors indicate areas where trend is statistically
significantly increasing or deeasing. Orange and purple colors indicates areas where at least one of repeated
tests shows statistically significant increasing or decreasing trend in variability.
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