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Abstract. We propose a model for describing the mean function as well as the spaijpmtal covari-
ance structure of 11 years of daily average temperature data from te®i0rss throughout Catalonia,
with daily data covering the period 1998-2008.
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1 Introduction

We propose a model for describing the mean function as well as the spatioital covariance structure
of 11 years of daily average temperature data from 190 stations throu@adalonia, with daily data
covering the period 1998-2008.

We include as explanatory variables of the mean function, a longterm @endal harmonics, lat-
itude, altitude and winds. We controlled temporal autocorrelation by meanRbfAAmodels. For the
spatial covariance structure we used the Matérn family of covarianatidns and a nugget term. For
final model estimation we used a 2-stage Bayesian approach. In the dieststassume the stations are
spatially independent. In the second-stage we model the spatio-tempeagiboce, using the interim
posterior from the residuals of the model in the first-stage as prior distritsutibreplications of a spa-
tial process. We allow spatial parameters to also vary with time, trying diffspace-time interactions.
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Using the estimates we interpolate the temperature to a grid that covers all thenGaitatory.

During the period, we estimated a slightly increase in the daily average tenmeei@tresponding
to a 15-years increase of 0.282 (95% credibility interval 0.046, 0.478). Spring months were those with
a maximum increase on temperature all over the period. There was arsmandhe spatial variability
of daily air temperature.

With the model we could not only estimate spatio-temporal variations of dail\agegemperature
but also other like the number of heatwaves and other periods of high tetupeand the early onset of
spring.

2 Methods

We specified the daily average temperature spatio-temporal proced®asfo

Yi = Xﬁ{ﬁit—i-g:ggﬁit (1)
cover,gf) = M([i—i'|,rfof,pt,vt) + (1—rf) ofl (i=1") (2)

whereY; denotes the average temperature ontd@yeasured from 1 January 1994 to 31 December
2008) at statiom; andX;; contains explanatory variables.

In particular, we include as explanatory variables of the mean functipa (@)g-term trendt(end=1,
...,5479 wherel corresponded to 1 January 1994 &#¥9to 31 December 2008), annual harmonics
cog2mtrend/365) andsin(2rmtrend/365), with n = 1,2,3,4,5,6, corresponding to periods 12, 6, 4,
3, 2.4 and 2 months, respectively; latitude and altitude of the station; and dalyuneenents of wind,
average wind speed and predominant direction, on each station.

All parameters associated with the explanatory varialfiesiere allowed to vary between stations
and some of them (those associated to the long-term trend, the annuahierenad the measurements
of wind) were also allowed to vary with year (this is the reason of the sulxésd@ the parameters in

(1))

Meteorological conditions that may persist from one day to another coflle:irce air temperature,
leading to temporal correlation. We controlled this autocorrelation by meaARNMA models. Note
that we allowed that the parameters of the ARMA models could vary betwetionstésee the second
summand in the right part of (1)).

For the spatial covariance structure we used the Matern family of coearfanctions and a nugget
term, for fixedt overi (see (2)).M was the Matern functiong?l denotes the sill (the total variance of
the innovation process) at tintgr?o? is the variance of the spatially correlation portion of the process;
(1— rtz) o?. corresponds to theugget(the variability unique to a given statior; is the range of the
process (the size of the region where the process is significantly dedglandv; is the smoothness of
the process (specifically, we will tnyyy = 1,2, 3).
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For final model estimation we used a 2-stage Bayesian approach. Indts¢afiie, we assume the
stations are spatially independent and we model the mean function of daiggaveemperature con-
trolling for possible temporal autocorrelation. In the second-stage we willeintie spatio-temporal
covariance, using the interim posterior from the residuals of the model firshestage as prior distribu-
tions of replications of a spatial process. We will allow spatial parameteldsdovary with time, trying
different space-time interactions. This procedure would allow borrosirength from other temporary
and spatially neighbour areas.

Using the estimates we will interpolate the temperature to a grid that covers alhthCterritory.

With the model we could estimate also the number of heatwaves and other perlidh temperature
and the early onset of spring.

3 Reaults

We could give here some preliminary results. The median number of stationsailigh{témperature)
data was 155 (minimum 4, maximum 166, first quartile 153, third quartile 159).

Daily average temperature (°C)

2 13 23 34 44 55 65 75 85 95 106 120 133 146 159 173

station

Figure 1: Daily average temperature in 190 stations all over Catalonia.

In the first part of the model, (1), all parameters were estimated statisticatificznt. We estimated

—: BR— R2
an ARMA(2,1), i.e. %, with parameters (on average) = 0.4932045@, = 0.1571704 and
6; = 0.4314618.

During the period, we estimated a slightly increase in the daily average tenmeefai®6% annu-
alized on average), corresponding to a 15-years increase of 02625% credibility interval 0.046,
0.478). There was a 15-year (estimated) increase only 48.65% of alinstg€8i0 of the 185 stations),
whereas in the rest of the stations the (estimated) decrease was not stgtsstjoiicant.
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Figure 2: Annual variation of daily average temperature, 1994-2008.

Daily average temperature (°C)
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Figure 3: Monthly variation of daily average temperature, 1994-2004.

With respect to the 1994, Spring months were those with a maximum increasepergure all
over the period (June 15-years increase of 0%@2April 0.030 oC and May 0.02T). December and
February (-0.466C) followed by January (-0.374C) and November (-0.368) were the months where
the decrease was the maximum.
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There was an increase in the spatial variability of daily air temperature (estistatedard deviation

equal to 5.733C in 1994 and 7.032C in 2008), denoting the existence of space-time interactions.
In fact, it could be observed a geographical pattern in the variationgibtf @verage temperature. It
seems that the variation of the temperature depended on the latitude, with a maixirtherlatitude
corresponding to Badalona (the town adjacent to Barcelona in the North).
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Figure 4: Estimated variation in daily average temperature and latitude of thenstatio
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