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Abstract. The construction of a bias-adjusted dataset pfatk variables at the near surface using ERA-mt&eanalysis is
presented. A number of different bias-adjustmeptag@ches have been proposed. Here we modify tleengders of different
distributions (depending on the variable), adjgstimose calculated from ERA-Interim to those basedridded station or
direct station observations. The variables aréeanperature, dewpoint temperature, precipitati@iyanly), solar radiation,
15 wind speed and relative humidity, available atesitB or 6 h timescales over the period 1979-20his @ataset is available
to anyone through the Climate Data Store (CDShefGopernicus Climate Change Data Store (C3S)candbe accessed at
present fromfp://ecem.climate.copernicus.¢uThe benefit of performing bias-adjustment isndestrated by comparing

initial and bias-adjusted ERA-Interim data agaoistervations.

1 Introduction

20 Climate/weather information has been widely used mumber of climate-related impact sectors (eggcalture, water and
energy) for decades. Increasingly, users are mavaypnd the use of station observations to theofiggidded products,
especially meteorological reanalysis datasets. &laes reconstructions of past climates producesugir the blending of
observations with physical/numerical models whigveh been developed explicitly for climate monitgriand research
(Compo et al., 2011; Dee et al., 2011; Hersbaeh £015). Reanalyses have the specific advamtiyeing complete through

25 the process of physical/dynamic representatiomefctimate system which provides internally comsisfields across most
surface atmospheric variables as well as in th@sgpimeric column up to the stratosphere (Compo.e2@11). The present
paper deals with the use of Reanalysis for the ywtiah of datasets of climate variables relevargriergy. The work took
place within the European Climatic Energy Mixes B project in the framework of the Copernicus GilenChange Service
(C3S) Sectoral Information Service (SIS). This pobjis primarily focused on users in the energyossegho are interested in

30 sub-daily (e.g. 6 h) and daily variability for tf@lowing variables at the near surface: air terapae, dewpoint temperature,
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precipitation, solar radiation, wind speed andtreéahumidity. Despite this choice of variablesrzedf primary relevance to

the energy sector, it is likely that the resultf also be of use to other sectors (particularlyesa

Because reanalyses are computed on a model gridtahly there will be differences when comparedttdion observations.
5 Differences are not solely related to scales: Rgaea are dependent on the underlying climate maddlthe amount of
observational data entering the assimilation systeed to produce them. Many users of Reanalystugts attempt to adjust
them to observational distributions through a psscthat is referred to using different terminologias adjustment and

calibration being the most commonly used terms @Jaret al., 2010). Here, we use the term bias-adgrg.

10 The principal reason for performing a bias-adjustirie that reanalyses are potentially biased coetb&w direct station
observations (even when the station observationgr@aded to a comparable spatial resolution), nsoréor some variables
than others (e.g. precipitation compared to tenipegpand the bias may also vary in value and spaeethe bias may be
larger for more extreme values and it might bedafgr regions of sparse station coverage. The itapoe of the bias depends
to a large extent on how the data will be used.demne variables, the monthly average/totals wilirhportant, but many

15 other users require that extremes of the distwioutie well simulated. With time the complexity gipaoaches to bias
adjustment has developed from getting the montirages correct to the present attempts to adjastvhole distribution
and to even account for the multivariate relatigmstbetween some variables (see e.g. Vrac anddfiodd, 2015). These
advances reflect not only the greater expectatidtiseach generation of Reanalysis, but also teatgr number of users in
a greater number of sectors.

20
Bias adjustment in the WATCH project (Weedon et2011, 2014) was undertaken at the monthly avesagke, with no
multivariate dependence and for a number of hydjiod variables necessary to calculate evapotreatsmi, soil moisture
and runoff (so including air temperature, precipita, long-wave and short-wave/solar radiation, dvispeed, specific
humidity and surface pressure) and for the perioanalysis 1958-2001 (1979-2013) based on the ERAERA-Interim)

25 Reanalysis. The spatial coverage is all land anesth of latitude 6€5. ECEM is less spatially extensive than the WATCH
project. It covers the European Domain 48772°N, 22°W-45°E). The current period of study is 1979-2014 basedhe

ERA-Interim Reanalysis with sub-daily and daily ¢éiscales.

The aim of this paper is to present the constraoatiba bias-adjusted dataset of the climate vastbsted above, by using
30 ERA-Interim Reanalysis. This dataset is available twnyone through the CDS of C3S (currently

ftp://fecem.climate.copernicus.gu The benefit of performing bias-adjustmerdésnonstrated by comparing initial and bias-
adjusted data against station observations andegtidbservation products. The ERA-Interim Reanslgsd the gridded and
station observation-based datasets used for bjastasnt are described in Section 2. Section 3igesvmore information

on the motivations for bias adjustment, togethehwdme discussion on a number of proposed metisdse are proposing

2
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bias adjustment at the daily and sub-daily timess;alie will consider whether we need multivariateesnes (as bias adjusting
one variable may impact others), particularly wieetthis is essential in our Energy Sector cont®xi. selected techniques
are discussed in Section 4. In Section 5, we al&dlypdiscuss issues related to whether our bijssament is applicable to
other sectors, or whether there is any technigaiecibuld be applicable across all possible useosedifferent sectors have
5 different user demands relating to variables regljitimescales and the length of historical Reamlyata needed. Section 6

provides some conclusions.

2 Data

This section provides details of ERA-Interim, ahe various gridded and station observation dataset$to assess the quality
of this Reanalysis. With gridded datasets, theiapegsolutions may vary, so this section inclutiesv a dataset may be

10 regridded and also how a station dataset can bpiated to a grid, if necessary.

2.1 ERA-Interim

The development of ERA-Interim is described by Beal. (2011). Surface air temperature, precigitativind speed at 10 m,
surface solar irradiance and relative humidity wesgracted from ERA-Interim on the native grid (?0by 0.7
latitude/longitude grid). The period is 1979-201d the temporal resolution is either 3 h (forecas h (analysis), depending
15 on the variable (see Dee et al., 2011 for detailegse five are Essential Climate Variables (EC¥&f)ned by the Global
Climate Observing System (Bojinski et al., 2014fteAextraction, the variables have been spatialigrpolated to a more
user-friendly 0.5° by 0.5° grid for the ECEM domgalny regridding ERA-Interim using a bi-linear inpefation technique.
There are two principal reasons for this regriddingome of the observation datasets for the assessimERA-Interim are
available on this regular latitude/longitude griddai) potential users of the datasets developed hengeséed regular
20 latitude/longitude grids with cells size of 0.5% firactical reasons (in particular for aggregatmthe country scale). It is also
preferable to regrid a dataset without missing @slas opposed to an observation-based griddedgirasl these can contain

missing values when some station data were noltadlei

2.2 Gridded observation datasets

Among the available gridded products for air terapge and precipitation, we used:

25 * E-OBS for both variablesftp://www.ecad.eu/download/ensembles/ensemblestdydock et al., 2008
¢ CRU for both variables (CRU TS 3.2&fps://crudata.uea.ac.uk/cru/data/hkgyris et al., 2014) and
* GPCC (Global Precipitation Climatology Centre) foecipitation
(https://www.dwd.de/EN/ourservices/gpcc/gpcc.htBdcker et al., 2013).

E-OBS, CRU and GPCC data were downloaded for thENE@rid. All three datasets only cover land regioss any bias
30 adjustment using these data sets will not includeime areas. E-OBS covers the period from 1951-2@d5fully
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encompassing the 1979-2014 period of ERA-InteriRUCTS and GPCC cover the period from 1901 to tlesqmt, but are
both monthly averages/totals, so can only providassessment at this timescale. They are of paters# in regions of the
domain where daily timescale data are sparse aoétem missing in E-OBS (e.g. North Africa and t&ldle East). The
principal emphases of ECEM are the countries of tdfesEurope, so North Africa and parts of the Mid&ast are often

5 missing on some of the subsequent maps.

2.3 HadISD

No gridded observed product is available for wipdedd and dewpoint temperature. Dewpoint temperéurecessary as it
can be combined with air temperature to calculelive humidity, which is needed for energy catioins, such as demand.
Station data for wind speed at 10m height and dawp temperature were extracted from HadlSD
10 (http://www.metoffice.gov.uk/hadobs/hadisdbr approximately 1500 stations across Europati®t data were extracted
every 6 h at the SYNOP hours 00, 06, 12 and 18Herperiod 1979 to 2014. HadISD has been assessddniy-term

homogeneity by Dunn et al. (2014). Variations mtisih coverage within HadlSD are considerably gnetitan the coverage
achieved for air temperature from E-OBS and préatiipin from E-OBS and GPCC. This indicates thatduld be unwise to
attempt spatial interpolation to a 0.5° by 0.58ghhstead each station series will be compareld thit from the nearest ERA-

15 Interim grid box series.

2.4 Surface solar irradiance from the World Radiaton Data Center

National Meteorological Services (NMS) usually meassurface solar irradiance at a few sites. Datasant to the World
Radiation Data Center (WRDC), a laboratory of theeddov Main Geophysical Observatory in Saint-Pédterg, Russia,
under the control of the World Meteorological Orgation (WMO). There, the data are archived and liphed
20 (wrdc.mgo.rssi.ru). Most of the data are daily diedion; hourly irradiation is available at verywiesites. All data are
scrutinized at WRDC and quality-flagged before gntearchives. 57 stations with high-quality dailsadiation data were

kept, for which mean daily irradiance was computed.

2.5 HelioClim-3v5 (HC3v5)

Boilley and Wald (2015) have shown the need toemrERA-Interim estimates of solar irradiance. Afydew stations are
25 available for solar irradiance, it was decided xpleit satellite-derived datasets to correct ERfetim. HelioClim-3v5
(HC3v5) is such a dataset and results from the-gtagding effort by MINES ParisTech for providinccarate assessment of
surface solar irradiance (Blanc et al., 2011). HE8riginates from the daily processing of imagesguited by the series of
satellites Meteosat-MSG and as such does not theextreme northern part of the ECEM domain. Tits¢ éstimates began
on ¥ February 2004 and these have been compared stdiiifawith measurements taken at ground statigissa et al.,
30 2015; Thomas et al., 2016a, b). HC3v5 data werenttmwled from the SoDa Service web sitav{v.soda-pro.comfrom
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which one may select the timescale, here daily ne¢amadiancd. The HC3v5 product comprises the irradiance atapeof

atmospheré, from which one may compute the clearness iriiex
KT =1/E, (1)

KT is a good indicator of the optical state of the@dphere with a dependency on the position ofuhevauch less pronounced

5 thaninl. KT close to 0.7-0.8 signifies a clear sky, wikeclose to 0.2 signifies an overcast sky.

3. Bias-adjustment approaches
Bias adjustment and bias correction are widely-useus for the assessment of climate model oufpuin(both Global and
Regional Climate Models, GCMs and RCMs, see e.galtaet al., 2010 and Maraun, 2012) generally tfnocomparison
10 with station observational data. In this conteke biases are often much larger than differencéls rgicent Reanalysis
products. There are a number of studies where G&MsRCMs are bias adjusted against Reanalysekesgssumption is
made there that Reanalyses are correct. This happere in regions where observational datasetspaese and/or hard to
access. Bias adjustment of Reanalyses has beertaketefor a number of years, though. An extensiercise was carried
out by the WATCH project (http://www.eu-watch.orgée Weedon et al. 2011, 2014). These used theTHRiataset as the
15 basis for adjusting ERA-40 and ERA-Interim, and #ugustments are based on average monthly diffesetreating each
variable independently from each other.

Numerous and more complex (than Weedon et al.,)2@®thods for bias adjusting climate variables\datifrom climate
models have been proposed. A number of review pdpere been published (e.g. Maratial., 2010, Maruan, 2013 and

20 Vrac and Friedrichs, 2015). Among the various pobses are the cumulative distribution functi@DF) transform method
of Vrac et al. (2012), the distribution based sea(iDBS) method of Yang et al, 2010, empirical dilemapping (ThemeRl
et al., 2011, 2012; Wilcke et al., 2013) and udimg R package ‘gmap’ used by MetNorway (Gudmundstaal., 2012).
Unlike the bias adjustment within the WATCH projdtie latest examples from the literature attemtddress the issues of
spatial dependence of the bias (any bias in ERArimt for a variable is expected to be relativelyosth) and temporal

25 dependence (biases may be greater for certain tfpesather, which has led to the approaches impgothe fit between the
distributions). Also some of the latest technigagempt to adjust climate variables in a multiveriavay. An issue not often
addressed is whether the bias varies with timethmiguality of ERA-Interim and also our griddedsebrvational series are
both likely to slightly vary as well, so this isryedifficult to assess. If trends in biases aredewnt should adjustment only
occur where the difference trends are statisticafipificant?

30
Research in the literature has tended to emphgsepitation (where bias adjustment can also beseld as a form of
downscaling). In ECEM, precipitation is less impmt, with instead a greater emphasis on wind spaddolar irradiance as

well as temperature. Most recent work (e.g. Vraat Briedrichs, 2015) has also addressed multivaadjestment (changes

5
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in one variable will affect others), but most seglbnly address pairs of variables rather tharetbremore. Also the pair
usually considered is temperature and precipitatidrereas for other variables relevant to energgkvgostill at an embryonic
stage. As stated earlier, how good bias adjustimento be depends on how the adjusted data wilsed. Within ECEM, we
need the techniques to be fit for purpose andphgtose is the ECEM project. Within the project, wi# use up to five
5 variables, so is multivariate bias-adjustment &t $igale possible? Even though our users in thegigrigector are a diverse
group, they are mainly interested in only one oo tariables, and our initial determination of the@&eds indicated that

univariate bias adjustment will be sufficient.

4 Bias-adjustment and results

In the present work, we began by comparing ERArim@gainst the gridded observational producte@ntonthly timescale,
10 essentially the same approach as Weedon et a4)20he bias was computed as the mean of the diféers (model minus
observations). For both temperature and precipitgtiot shown), differences are generally gredtet yariable in sign) over
mountainous regions and some coastal areas (theveg@n coast for temperature and most west-facioasts for
precipitation). Energy sectors users are much rimdegested in the extremes of the distributionpso approach moved to
adjusting the whole ERA-Interim distribution, usiagdlifferent statistical distribution for each \asie. We begin with wind

15 speed, then move to air and dewpoint temperatuee, precipitation and finally a new approach ehtifer solar radiation.

4.1 Wind speed at 10 m

In this section results from our univariate biafiatinent are presented starting with wind spedd anh. For use in the energy
sector, wind speeds at hub heights (80-120 m) @engally more useful, but assessing ERA-Interimdixspeeds from these
heights is only possible at a limited number of tha&ssessment over the whole domain is only ptessiing surface station
20 measurements which measure wind speeds at 10 mtwihparameter Weibull distribution is the most-diggobability
distribution for representing wind speeds and istadng relevance in the energy sector. The Wedbsttibution, with scale

parameter>0and shape parame{@p0, has a cumulative distribution function for0 given by:
\B
Pr(X <x)=F(x;a,B)=1—exp [— (E) ] 2)

The scale parameterrelates to the mean wind speed @waharacterizes the skewness of the distributiquicf values of3
25 range between 1 (highly variable wind speed) afi@i8y constant wind speed). The 2-parameter Weitlistribution was
fitted to 6-h wind speed data from ERA-Interim omanthly basis, i.e. a separate fit was made foh @aonth, for each grid
box using all the 6-h data for 1981-2010, irresipecdf the wind direction. The same approach wamieg for the wind data
from 803 stations in the HadISD dataset that haveast 66.6% data completeness for this 30-yedogheThe shape and

scale parametersr( f) for the 803 stations were compared with the spatameters from the nearest ERA-Interim grid box.
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Figure 1 shows differences (ERA-Interim minus olsagons) between the scale and shape parameteiarfoary across the
European domain. The maps indicate generally ggogeanent for January, i.e. the values for the tarmmeters are within
+1 of each other. Exceptions may be found in soreeintainous regions and around west-facing coadtshisiis very
dependent on the month (larger differences when wjeeds are stronger). The similarity of the tistrithutions in terms of
5 their scale and shape parameters indicates thatadistment could be achieved by replacing the HERéim scale and

shape parameters with those inferred from the Hadt&tions.
Equation 3 of Tye et al. (2014) provides a meanadjast the original variabl¥ into a variablex* having scale and shape
parametersr* andf* by the following power-law transfer function:

x=a ()" ®

a

10 Where stations are availablet and* are those of the stations. The scale and shapenpsgrs computed at stations were
interpolated to each ERA-Interim grid box with thidinear INTERP function within the R Akima softwapackage. A bias-
adjusted dataset of wind speeds for ERA-Interiobisined by applying Eq 3. Figures 2 and 3 exhit@tWeibull distribution
fits of the HadlSD observations, original ERA-Interand bias-adjusted ERA-Interim for the twelveetalar months for the
stations Kirkwall, Scotland, and Maribor, Sloverildese two locations were chosen as one is mardimiethe other more

15 continental. The other 801 distributional fits af@wn on the website with the unadjusted and a&tjuERA-Interim grids
(ftp://fecem.climate.copernicus.eu). It is cleamfrthese two examples that the Weibull distributiditefor the stations has
moved the adjusted ERA-Interim data series towdrel®bservational distribution, more so for Kirkinahich shows a much
greater improvement than for Maribor, where theritiistion moves are a clear improvement in wintemths but less so for
spring and early summer months. Bias adjustmelgss successful than the examples shown for a tfatioss located in

20 coastal areas and a few sites in mountainous reg®eme observed distributions are a little errdtie to some years in the
observed data having wind speeds rounded to integees. Similarly to Figure 1, but for bias-adgtsERA-interim minus
observations, Figure 4 shows differences betweersthle and shape parameters for January. Mogtinstacross Europe
exhibit similar shape and scale parameters bettreestations and ERA-Interim. However, a few staim coastal areas and
at high elevation mountain locations still showfeli€énces in parameters. The fit is not perfectigiaéd as estimation of the

25 shape and scale parameters for the ERA-Interimikgmiees from HadISD is influenced by the stationrdistion. In addition,
the number of stations in some parts of Europesis tlense, so involving greater extrapolation fstations more distant from
the grid boxes.

4.2 Surface air temperature, dewpoint temperature ad relative humidity

Like wind speed, both surface air temperature awipoint temperature are produced from ERA-Interirarg 6 h. Unlike
30 10 m-wind, both these variables have a strong diurgcle, which is generally slightly stronger letsummer. A normal

distribution was fitted using daily averages of pemature, taking the average of the four 6-h dataéch day. E-OBS is the

7
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dataset on which ERA-Interim is to be adjusteddortemperature, while for dewpoint we use Hadl8isimilar way to
wind speeds. Means and standard deviations of de#yage of temperature are calculated for eachitmadrthe year for each
0.5° grid cell of ERA-Interim and for the nearesDIBS grid box, and for HadISD stations. The meamkstandard deviations

of HadISD stations are then interpolated as fordvéipeed. Data are then normalized as in Equatiamsl 5.

5 T'pps= TER:E;ZERA 4)
T = T’ERA Opps T Tobs (%)

whereT' is the normalised ERA-Interim temperature anondBlyis the bias-adjusted ERA-Interim temperatdteis the
mean temperature amdis the standard deviation. Bias adjustment woskgdnsforming the normalized ERA-Interim grid-
box time series back to air temperatures usingribans and standard deviations from E-OBS and iiipns from station
10 data in HadISD for dewpoints. Once daily averagesadjusted, the difference between the originaA ERily mean and the
adjusted daily mean is added to each of the fourt@&mperatures within each day. Therefore, noatltar is made to each
diurnal cycle of air or dewpoint temperature. Thislds the final set of bias-adjusted 6-h surfageaamd dewpoint
temperatures. It might seem more logical to usestime temporal resolution dataset for both temperst(e.g. by using air
temperatures from HadlSD), but this would invoha taking advantage of E-OBS, which uses far mopet station data
15 than HadISD.

Figure 5 shows the differences in the mean andiatdndeviation for air temperature for April ases@ample. There is good
agreement between estimates for ERA-Interim anskticalculated from E-OBS. As these are both grididgasets, the maps
shown are fully coloured for each 0.5° grid boxguUfes 6 and 7 exhibit the normal distribution &ifshe E-OBS, original
20 ERA-Interim and bias-adjusted ERA-Interim for tieetve calendar months for the nearest land gricebdRat approximate
the locations of Kirkwall and Maribor used for wisgeed. For Maribor this is the 0.5° grid box whire city is located.
Kirkwall is on the Orkney Islands, so the neare&l §ox within E-OBS is located further south inff@rn Scotland. The
distributional fits for the Maribor grid box weregd for ERA-Interim and bias adjustment brings mimoprovement. For
the Kirkwall grid box, the adjustments improve fiis in all months, but are less good for the dalitl of air temperature in
25 winter. The full set of results for the 4621 gridxtcomparisons can be viewed on the website. Siyia Figure 5, Figure 8

shows the differences between the means and sthddwiations, but this time after adjustment.

Figure 9 shows the differences in the mean andiatdrdeviation for dewpoint temperature for Jullgefile is good agreement

between estimates from ERA-Interim and those catedl from HadISD. This plot shows the station lmeet in a similar
30 fashion to that for wind in Figure 1. Figures 1@dri show the normal distribution fits of the Had|®riginal ERA-Interim

and bias-adjusted ERA-Interim for the twelve calmehonths for the locations of Kirkwall and Marib&@oth examples of
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distributional plots adjust ERA-Interim slightlyubthe original fits were quite good to start wilimilarly to Figure 9, Figure

12 shows the differences between the means andiasthdeviations but after adjustment.

With the adjustments for dewpoint temperatures & simple task to then calculate relative humifiil) using the adjusted
5 air temperature. A small percentage of values ($.d%hibits adjusted dewpoint temperature greaten tine adjusted air
temperature; in these cases, RH was set to 10@¥pémdently bias-adjusting dewpoint and air tentpegas the likely cause
of this issue, as this is not the case with thginai ERA-Interim data. The majority of the casdweve dewpoint exceeded air
temperature occur in northern Europe in winter msrand in mountainous regions. Any type of biasistdjent procedure
will additionally be influenced by the quality die station observations, and especially the tiniebservations as E-OBS
10 air temperatures are daily maximum and minimum enapres and HadISD are 6-h dewpoint temperataresalso by the
large differences in potential height between sobrgerving locations and the average height fietdiusy ERA-Interim.

4.3 Daily precipitation totals

The same process was then used for daily predgitadtals, but using a gamma distribution, whiels been found to perform

well in many studies (e.g. Wilks, 1995).

a-1 exp(—%)
BT (@)

15 Pr(X<x)=F(x;a,p) = (%)

(6)

Gamma distributions have two parameters, seglar{d shape), and were fit to the daily precipitation totats £ach month
for ERA-Interim and for E-OBS. In Equation B,is the gamma function. This approach to bias aufjest has been used by
Piani et al. (2010). We experimented with usinggmoring all precipitation values below a fixed lal&ily precipitation
20 threshold over the whole domain. Thresholds of 0.8, 0.8 and 1.0 mm were experimented with antfiiesvere achieved
with 1.0 mm. This implies that the gamma distribnél fits are based only on days with precipitatrafues greater than the
threshold, with a different fit for each month. $hireshold ignores small precipitation totals, enw for ERA-Interim than
for E-OBS, but as both datasets are in essenckameages, more than would be the case for @stadin gauge series. In
the adjusted ERA-Interim all precipitation amoubtdow the threshold are set to zero, further imprgp\the agreement
25 between E-OBS and ERA-Interim in the number ofdiys per month (i.e. days with rainfall less thHan1.0 mm threshold).
Adjustment is performed in a similar way to the pamatures, by back transforming the transformed HRérim precipitation

total with the scale and shape parameters frork08S dataset.

Figure 13 shows the differences in the scale aadesparameters of the gamma distribution for Octdiyeway of example.
30 There is good agreement between estimates for EfAiin and those calculated from E-OBS. As thesebath gridded
datasets, the maps shown are fully coloured foh €%° grid box. Of the 4520 possibilities, Figuesand 15 exhibit the
gamma distribution fits of the E-OBS, original ERdterim and bias-adjusted ERA-Interim for the twebkalendar months

9
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for the nearest land grid boxes that approximagddhations of Kirkwall and Maribor. The fits fdre northern Scotland grid
box are considerably better than for Maribor. Tl get of results for the 4520 grid-box comparisecan be viewed at the
website. Although the gamma distribution is wideed for rainfall data, it is not ideal in all cites and across all seasons
in Europe. Problems arise when there are too fevialhdays within dry seasons (the Southern Mediteean and the Middle
5 East during summer). Similarly to Figure 13, Figteshows the differences between the scale amkgharameters after

adjustment.

4.4 Surface solar irradiance

For the sake of simplicity, the adjustment was qrened on the daily mean of irradiance. Three methbave been
investigated: ratio, affine and quantile mappingeTnethod ‘ratio’ consists of computing the meahBlG3v5I;;3,5 and
10 ERA-InterimIgg, for the calibration period: 2005-2014, then conpgithe ratio of these meang .5 /Tzz4) and eventually
multiplying the ERA-Interim estimates by this rafar the entire period. The method ‘affine’ consist adjusting an affine
function between HC3v5 and ERA for the calibratmeriod and then applying this function to the ER®elim estimates.
The method ‘quantile mapping’ consists of adjustimgcumulative distribution function of ERA-Intarionto that of HC3v5
for the calibration period, thus yielding an abathat is used to convert the ERA-Interim estimatés adjusted irradiances.
15 Each method may be applied to the clearness indites well. The possible improvement in bias deliddrg each method
was assessed by comparing the original ERA-Intestimates and the bias-adjusted ERA-Interim witlasneements from
the 57 WRDC stations. The method ‘quantile mappagplied toKT was preferred (and is used here) as it usuallygbri

improvement with no degradation of the bias, witile other methods often degrade the bias in aeaitle way.

20 Figure 17 exhibits the bias for ERA-Interim vs gnduobservations of daily mean of solar irradianmethe 57 stations.
Downward triangles mean a negative bias of more t6aV n?, upward triangles mean a positive bias greater &/ m?
and circles mean an absolute value of the biasthess5 W it. The size of the triangles increases with increasibsolute
value of the bias. Bias is often positive: i.e.,A=Rterim tends to overestimate the surface satadiance. Only 12 stations
out of 57 exhibit an absolute bias of less than &V

25
HC3v5 does not cover latitudes north of 60°N. Twatisns: Lerwick (Scotland) and Borlange (Swedee)lacated along
this latitude (Fig. 17). No adjustment is performtedhe grid boxes which are outside the coverdd¢G8v5, except for the
grid cells along the border where the new irradéavelues are set to the mean of the original apdeadi irradiances to avoid
spatial discontinuities. Figure 18 exhibits the imment of bias after bias-adjustment for surtaglar irradiance for the 55

30 sites. Absolute values of the bias after adjustraeatcoded in three colours: green for absoluteeval 5 W n?, yellow for
5<value< 10 W i, red for value>10 W rh Change in bias is coded by symbols: circle fanges in absolute value less
than 5 W ?, downward triangle for improvement in bias, andugmward triangle for degradation. The size of tiengles

increases with increasing absolute values of the.litor example, a green downward triangle meaatglie bias has been
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decreased (downward triangle, i.e. improvement)thatiafter bias adjustment, the absolute valudehias is less than 5
W m2, One may see that there is an improvemerstatus quo for all stations, i.e. there is no upward triangialy circles
and downward triangles. 22 stations out of 57 eklilbias less than 5 W-frin their absolute values, which is a strong

improvement compared to the 12 for the original ER#rim data.

Once daily means are adjusted, the ratio betweepriinal ERA daily mean and the adjusted dailyamis applied to each
of the eight 3-h irradiances within each day. Tferes no alteration is made to the diurnal cycléafdiance. This yields the

final set of bias-adjusted 3-h surface solar imade.

5 Discussion

10 As stated earlier in the paper, the work reportexk lis specifically targeting energy sector apgilice; however the bias
adjustment carried out here could be applied tide vange of potential applications. ECEM and #ers plan to use both the
adjusted and unadjusted ERA-Interim gridded prasitttough ESClIs (Energy System Climate Impactdatdirs), which
will relate the climate variables to energy-releviudices. Whether the bias adjustments improveement between these
ESClIls and the direct measures of energy produ¢éan renewable energy from solar and wind farisig) simple way of

15 assessing their effectiveness.

The WATCH bias-adjusted datasets developed by Weetal. (2011, 2014) have been used extensivabedon citation
counts, but they cover a much larger region tharBomopean window. Our dataset applies adjustmerite distributions of
a similar set of variables, providing daily and @ity estimates. Outside the Energy sector, the-hijusted datasets could

20 be used for driving hydrological and land-surfacedels in a similar way to Orth and Seneviratne B0Dur bias
adjustments, therefore, could be assessed beyeririrgy sector. For Europe, they could be compaitdWFDEI data
(often referred to as forcing data in hydrologyoaposed to bias-adjusted Reanalyses) through atsopaof results from
hydrologic and/or crop climate models (e.g. usiiggliarge or yield data). Bias adjustment oughtet@iv improvement, in a
similar way to the assessments we will make witiCES

25
Is there a way of simultaneously bias adjustingzatiables, or at least in pairs to start with? Yéhs Weedon et al. (2014)
have not attempted multivariate adjustment, thiseisg tested in our project. However, as the nurnbeariables increases
this becomes more impractical. If a universal métbould be found, the usefulness of the approantbeaassessed through
ESClIls and dischargelyield data (i.e. using vaeslexternal to Reanalysis) which we would expetetdest simulated just

30 as if we had perfect observational data. Within ECEe have experimented with multivariate bias atifent (using wind
speed and temperature), but the results are dependethe availability of adequate station datafariables measured

together (Parie, Pers. Comm.). Access to datais@al aspect of all the datasets used in thidystERA-Interim would be
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improved with greater numbers of station input datawould E-OBS and the other data products cereidin this paper.

Improved access, however, is unlikely to reducented for bias adjustment.

6 The ECEM dataset: description and how to access i

5 All the ERA-Interim (original and bias-adjusted)eaavailable as netcdf files from the Climate Datar& (CDS) of the

Copernicus Climate Data Service. As this CDS isenity being developed, this ftp sitéép(//ecem.climate.copernicus)eu
can be currently used to access all files discussstis paper. This site currently has no passwutionce on the CDS, there
will likely be a registration procedure. Datasats named according to ECEM project. The origimalnadjusted filenames
have ‘noc’ in the file name. They are, for air teargture (T2M), dewpoint temperature (DP), solaadiance (SSR), wind
10 speed (WS) and precipitation (TP)
H_ERI_ECMW_T159 T2M_0002m_EUR1 22E27N_45W72N_058d TIM_19790101_20141231_06h_NA noc_org_N
A_NAA.nc
H_ERI_ECMW _T159 DP_ 0002m_EUR1_22E27N_45W72N_058dTIM_ 19790101 20141231 06h_NA noc_org_N
A_NAA.nc
15 H_ERI_ECMW_T159 SSR_0000m_EUR1_22E27N_45W72N_030dTIM_19790101_ 20141231 03h_NA noc_org_N
A_NAA.nc
H_ERI_ECMW_T159_WS__ 0010m_EUR1_22E27N_45W72N_058dTIM_19790101_20141231_06h_NA_noc_org_N
A_NAA.nc
H_ERI_ECMW_T159 TP_ 0000m_EUR1_22E27N_45W72N_0SQdTIM_19790101_20141231_01d_NA_noc_org_N
20 A _NAAnc
The adjusted files are labelled similarly, but u# the distribution and ‘bc’ instead of ‘noc’. 8o air temperature and
dewpoint they include ‘nbc’, for solar irradianaggbt’, for wind speed ‘wbc’ and precipitation ‘gb&.final file contains the
bias adjusted relative humidity file.
H_ERI_ECMW_T159 T2M_0002m_EUR1_22E27N_45W72N_058d TIM_19790101_20141231_06h_NA_nbc_org_N
25 A_NAA.nc
H_ERI_ECMW T159 DP_ 0002m_EUR1 22E27N_45W72N_0S8dTIM 19790101 20141231 06h_NA nbc_org N
A_NAA.nc
H_ERI_ECMW _T159 SSR_0000m_EUR1_22E27N_45W72N_0%0dTIM_19790101_ 20141231 03h_NA gbc_org N
A_NAA.nc
30 H_ERI_ECMW_T159 WS_ 0010m_EUR1_22E27N_45W72N_058dTIM_19790101_ 20141231 06h_NA wbc_org_
NA_NAA.nc
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H_ERI_ECMW_T159_TP__0000m_EUR1_22E27N_45W72N_038dTIM_19790101_20141231_01d_NA_gbc_org_N
A_NAA.nc

H_ERI_ECMW_T159 RH__0002m_EUR1_22E27N_45W72N_050) TIM_19790101_20141231_06h_NA_nbc_org_
NA_NAA.nc

Two example locations for each variable of theritistional comparisons are given in the paper (fég2, 3, 6, 7, 10, 11, 14
and 15). The ftp site also includes all the disttitmal comparisons as pdfs, with the stations obyetheir WMO number,
when comparing with HadISD, and by latitude themgitude when comparing with E-OBS. These files hirese name, for
air temperature (Tmean), dewpoint temperature, spekd (ws) and precipitation (dly_precip), respebt

10 adjERA_and_ERA_vs_EOBS_dly_Tmean_PDFs_1981-2010.pdf
adjERA_and_ERA_vs_HadISD_dly_dewpoint_PDFs_197%4230df
adjERA_and_ERA vs HadISD_ws_PDFs_1979-2014.pdf
ERA_and_adjERA_vs_EOBS_dly_precip_PDFs_1981-2010.pt

7 Sources of data used

15 ERA Interim data were downloaded from hehétd://apps.ecmwi.int/datasets/data/interim-fulipdéevtype=sfc) and our

regridded version at the 0.5° by 0.5° grid is aa# as the original dataset (see Section 6)

E-OBS for both daily air temperature and preciptagrids fttp://www.ecad.eu/download/ensembles/ensemblefs.php

CRU for both monthly air temperature and preciptagrids (CRU TS 3.23ttps://crudata.uea.ac.uk/cru/data/hrg/

GPCC for monthly precipitation gridatfps://www.dwd.de/EN/ourservices/gpcc/gpcc.html

20 HadISD for sub-daily station data for wind speedd dewpoint temperaturekt{p://www.metoffice.gov.uk/hadobs/hadixd/

For all the above datasets, the data are freeljahle for use, but this is qualified on some sissuse is for research and

educational purposes and it may be necessary igteetp gain access.

Station data for surface solar irradiance were doaded from the web sitevivw.wrdc.mgo.rssi.ry of the World Radiation

25 Data Center (WRDC) after registration. Data areilalke only for research and educational commusitié the countries
participating to WMO for non-commercial activities.
HelioClim-3v5 datasets were downloaded from the &&®rvice web sitervw.soda-pro.coinmanaged by the company
Transvalor. Data are available to anyone for fareybars 2004-2006 as a GEOSS Data-CORE (GEOSSaditction of
Open Resources for Everyone) and for-pay for thetmerent years with charge depending on requedtsegjuester.

30
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observations for wind speed at 10 m. Based on all®urly data for January for 1981-2010.
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Figure 2: Comparison of statistical distributions d wind speed at 10 m for Kirkwall, Scotland, for otservations (black), ERA-Interim

(orange) and bias-adjusted ERA-Interim (green), basgon all 6 hourly data for the 1981-2010 period.
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Figure 3: Comparison of statistical distributions d wind speed at 10 m for Maribor, Slovenia, for obervations (black), ERA-Interim

(orange) and bias-adjusted ERA-Interim (green), baston all 6 hourly data for the 1981-2010 period.
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Figure 4: Differences in scale and shape parameteos the Weibull distribution between bias-adjustedERA-Interim and HadIDS
station observations for wind speed at 10 m. Basenh all 6 hourly data for January for 1981-2010.
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Figure 5: Differences in means and standard deviaths (SD) between ERA-Interim and E-OBS for mean surfze air temperature

(Tmean). Based on daily data for April for 1981-20Q.
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Figure 6: Comparison of statistical distributions d surface air temperature for Northern Scotland (la&: 58.25°N, lon: 3.75°W), for
observations (black), ERA-Interim (orange) and biasadjusted ERA-Interim (green), based on daily data fothe 1981-2010 period.

21

suoIssnasiq



Earth Syst. Sci. Data Discuss., doi:10.5194/essd-2016-67, 2017
Manuscript under review for journal Earth Syst. Sci. Data
Published: 6 January 2017

(© Author(s) 2017. CC-BY 3.0 License.

Density

Density

Density

Density

000 002 004 006 008 0.10

0.04 0.08 0.12

0.00

0.04 0.08 0.12

0.00

000 002 004 006 008 0.10

ERA-interim daily 2m tmean (unadjusted and adjusted) vs E-OBS (46.25, 15.75) obs

Jan Feb Mar
i o | == ons (S [
ERA S ERA s ERA
o adjERA o adiERA — adiERA
3 8 8 |
o o
4 - 8
£ 2 z 8
S S
~ o 3 | o 3|
S =)
4 \ 8 8
=) o
2 )
= 8 8 1
T T T T o T T T T T T e N
-20 -10 0 10 -15 5 0 5 10 15 -15 -5 0 5 10 15 20
Deg C DegC DegC
Apr May Jun
| —obs | e=—obs Y | e obs
RA = ERA S ERA
_| == adgiera — adiERA o adiERA
b 3 ] 8 4
z ° z °
- 2 2 8
S B S
o o
b 3 3 4
=) =)
4 8 8 4
T T T T T T © T T T T T T © T T T T T
-5 0 5 10 15 20 25 0 5 10 15 20 25 5 10 15 20 25 30
DegC DegC DegC
Jul Aug Sep
| —obs —obs | —obs
ERA ERA —— ERA
_| == adiERA o adiERA N | e agERA
o
4 =l o
S
1 g g 8
o
5 &
- o & a -
8
~ ° 3
=)
4 8 4 8 4
T T T T T < T T T T T < T T T T T
10 15 20 25 30 10 15 20 25 30 5 10 15 20 25
DegC DegC DegC
Oct Nov & Dec
[— S u—— iy [——
= ERA o ERA ERA
= adERA o= adjERA | = adgiera
o
3
7 ° 8
o
i z 8 z
§ 5
o 3 | o
b =5 3
=)
o~
B S - i
c
4 8 | 8 |
T T T T T T T < T T T T < T T T T
-5 0 5 10 15 20 25 -10 0 10 20 -10 0 10 20
DegC DegC DegC

22

Open Access

Earth System
Science

Data

Figure 7: Comparison of statistical distributions d surface air temperature for Slovenia (lat: 46.25R lon: 15.75°E), for observations
(black), ERA-Interim (orange) and bias-adjusted ERA-hterim (green), based on daily data for the 1981-2@ period.
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Figure 8: Differences in means and standard deviains (SD) between bias-adjusted ERA-Interim and E-OB®r mean surface air
5 temperature (Tmean). Based on all data for April fo 1981-2010.
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10 Figure 9: Differences in means and standard deviaths (SD) between ERA-Interim and HadISD for dewpointemperature (°C).
Based on daily data for July for 1981-2010.
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Figure 10: Comparison of statistical distributionsof dewpoint temperature for Kirkwall, for HadISD ob servations (black), ERA-

Interim (orange) and bias-adjusted ERA-Interim (green), based on daily data for the 1981-2010 period.
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Figure 11: Comparison of statistical distributionsof dewpoint temperature for Maribor, for HadISD observations (black), ERA-

Interim (orange) and bias-adjusted ERA-Interim (green), based on daily data for the 1981-2010 period.
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Figure 12: Differences in means and standard devians (SD) between bias-adjusted ERA-Interim and Had8D for dewpoint
temperature (°C). Based on daily data for July for1981-2010.

Oct (ERA-Obs Precip Gamma scale param) Oct (ERA-Obs Precip Gamma shape param)

Figure 13: Differences in scale and shape parameteof the gamma distribution between ERA-Interim ande-OBS for precipitation
10 daily totals > 1 mm. Based on daily precipitationatals for October for 1981-2010.
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Figure 14: Comparison of statistical distributionsof precipitation daily totals for Northern Scotland (lat: 58.25°N, lon: -3.75°W), for

observations (black), ERA-Interim (orange) and biasadjusted ERA-Interim (green), based on the 1981-20feriod.
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Figure 15: Comparison of statistical distributions of precipitation daily totals for Slovenia (lat: 4625°N, lon: 15.75°E), for

observations (black), ERA-Interim (orange) and biasadjusted ERA-Interim (green), based on the 1981-20eriod.
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Figure 16: Differences in scale and shape parameteof the gamma distribution between bias-adjusted ER-Interim and E-OBS
5 for precipitation daily totals > 1 mm. Based on ddy precipitation totals for October for 1981-2010.
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Figure 17: Bias for ERA-Interim vs ground observatioms of daily mean of surface solar irradiance for 57tations. Triangles
downward mean a negative bias less than -5 W-tntriangles upward mean a positive bias greater tha5 W n12 and circles mean an
absolute value of the bias less than 5 W-nThe size of the triangles increases with increagjrabsolute value of the bias.
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Figure 18: Improvement of bias after bias-adjustmenfor daily mean of surface solar irradiance. Absalte values of the bias after

adjustment are coded in three colours: green for alute value < 5 W ¢, yellow for 5<value< 10 W %, red for value>10 W n12.

Change in bias is coded by symbols: circle for chges in absolute value less than 5 W-tntriangle downward for improvement in
5 bias, and triangle upward for degradation. The sizef the triangles increases with increasing absolutealue of the bias.
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