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1 Introduction

1.1 Purpose of this document
ThisProduct User Guid€PUG) is meant as a practical guide for tatagproducts of the EUSTAQIBject
(see sectiorl.2) and to facilitate (potential) users their exploitation of the datasetdt contains

descriptions of the datasets

instructions on how to access and use the data

adviceon what can ad cannot (or should not) be done with the data,
exampleuse cases,

links to useful toolsetc

examples of how to visualize the data, and process or extract data

= =4 =4 4 -4 =4

For an overview ofhe methods used to produce the datasets, the imtgted uer is refered to the
scientific user guide (SUGnder development)

Thisdocument is structured in such a way thaiu can easily navigate throughto the parts that are of
interest foryour specific use case, without having to scroll through the lidmcument. For this purpose
in many placegou will findlinks to go directly to th¢able of contensor to related content in other parts
of the documenbr even to the sientific user guide (SUGThe links irthe table of contensare clickable
and bring you dectly to the chapter or section of interesit thebottom of each paggou carfind a link
to take you lack tothe Tale of conterts.

AQuick Start Guidesiprovidedm Chapter3 of this Product User Guide. This is intended to act as a quick
reference guide to where to find all the information required to get started with access and making use
of the data. Experienced users of climate datasets in NetCDF format may onhhizesad the specific
relevant product description irChapter4. However, we hope that this user guide alselgs less
experienced users and even those with no experience at all with the NdtEmE&t to profit from the
wealth ofinformation in the EUSTACE datasets. To this end we have added example u$€liases

5) and useful information on tools for extracting and visualising the dataéx 2 andthe Stepby-step

guide for Climate4impap:t
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https://www.eustaceproject.org/eustace/static/media/uploads/how_to_use_climate4impact.pdf
https://www.eustaceproject.org/eustace/static/media/uploads/how_to_use_climate4impact.pdf

1.2 The EUSTACE project

1.2.1 Aim

EUSTACE (EU Surface Temperature for All Corners ofdadinyedpublicly availablelaily estimate®of
surface air temperature since 1850 across the glafith consistent uncertainty estimatefer the first
time by combining surface and satellite data using novel statistical technitfuglso produced many
other useful products along the way towardsvetloping the global analysis and these are described here.

1.2.2 Why EUSTACE?
Dayto-day variations in surface air temperature affect society in many ways:

Health and wetbeing:they can cause cold stress or heat stress

Food securitythere is dink betweensurface air temperature and crop growth and animal health
Energy:they influence the demand for heating or coolingigh temperatures compromise the
efficiency of solar panels

Commercethey affect the sales of a large variety of products

Tourism:surfece air temperatureaffects the attractiveness of a regicmdthe risk of bushfires
Infrastructure: extremes affect the functioning of bridges, railways.

However, daily surface air temperature measurements are not available everywhere. Satellite mlata ca
be used to estimate temperatures at locations where no ground (or in situ) observations are available.
However, satdites measure surfacekintemperatures and not surfacair temperatures.Toestimate air
temperatures at locations where no air tempeuags are meaured we need an understanding of the
relationships between traditional (land and marine) surface air temperature measurements and satellite
measurements, i.e. land surface temperature, ice surface temperature, sea surface temperature and lake
surface water temperature. These relationships can be derived either empirically, or with the help of
physical understanding.
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Figurel-1: Different surface temperature measurements used in EUSTACE. Skin temperature measurements from satellite are:
land surface temperature (LST); sea surface temperature (SST); ice surface temperature (IST); and lake surface water
temperature (LSWT). Neasurface air tempeature measurements, measured in situ over land and ocean are: land surface air
temperature (LSAT) and marine air temperature (MAT). From Merchant et al.,, 2013 community paper and roadmap:
http://www.geosci -instrum-method-data-syst.net/2/305/2013/gi-2-305-2013.html

123

How does EUSTACE achieve this?

The EUSTACE projagsed new statistical techniques to provide information on higher spatial and
temporal scales thamave beenavailablebefore, making optimum use of the information in datiah
eras. The finalrad intermediate productérom EUSTAGkelowcould be used imany applicationgFigure

1-2):

1

Global land station daily air temperature measurements with pdimatic discontinuities
identified, for 18562015(section4.2)

European land station daily air temperature measuremehntsnogensed (section4.3)

Gridded Europeansurface air temperature based on homogenised land station records since
1950 dataset ofdailyair temperaturedrom 193 onwards(EOBS by interpolation Sectiord.4)
Global cleassky land, ice, and sea surface temperatures from satellites with estimates of
uncertainty componentgsection4.1)

Globally grided clearsky daily air temperature estimates from satellites with uncertainty
estimates for land, ocean and ice, 198616 (sectior.5)

Information on the relationship between skin and air temperatwaver different domains and
different seasongsee the Scientific User Guide)

Global daily aitemperaturecombining surface and satellite data, with uncertainty estimates, for
18502015 (Sectiord.6)
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9 Coincident daily air tempature estimates and reference measurements, for validation, 1850
2015 (Sectiord.7; Validation natchup databaske
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Figurel-2: Links between the different surface temperature measurements and EUSTACE products.
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The various stepis the EUSTACE processing chaindescribedriefly belowand shown irFigurel-2:

1.

Breakpoint detection: dailyseries ofmneasurements of air temperatui@gnadein situover landat
weather station$ have to be checked for discontinuities time due to changes ofnstruments,
re-locations of stations, etc. (neclimatic factors)ldentification ofthesediscontinuities or break
pointsis heeded to make spatially and temporally consistent estimates of air temperatures (see
section4.2). The data are also quality controlled andw information on the reliability of the
breakpoint detection is included.

HomogenisationWith the help of theknowledge obreak pointsthe air temperature time series

can be homogenized. This means that the original time series are adjusted in such a way that the
effect of the nonclimatic factors § removed This can result in an increase or decrease of
observed trends in temperature. This homogenization has been performed directly for the
Europeanstation air temperature time seriesseeSectior4.3), which is new in a paiuropean

data set For the rest of thglobethis is included in the creation of the global grids in step 6.
Create EOBS grig the homogenised station air temperature time series for Europe are
interpolated to create a griddd data set foEuropethe homogenised ©BS datasdgseeSection

4.4)

Estimate uncertaintiesf the satellite skin temperaturesatellite skin temperaturesee section
2.1.7) contain various types ofincertainties, whichneed to be propagated through the air
temperature estimation in step.®n this step the uncertainties are estimated for all surfaces in a
consistent way breaking down those uncertainties into components arising from errors with
different structures (seesection4.1). This consistency across surfaces is new.

Relationship buildingunctions are determined with which the air temperature can be estimated
from the satellite skin temperature over different $aces and during the various periods of the
year. This is doneith the help of a selection of the station air temperature data and the satellite
skin temperaturesSubsequently for all locations and days where satellite skin temperatures are
available theair temperatures are estimated (see sectiib)

Create globatlaily grids in this last step statistical methods are developed to fill in the gaps for
the days and locations where no satellite skimperatures nor direct air temperature
measurementswvere available fartly due to cloudsin the case of the satellite dateand to
estimate air temperaturesnore completelybefore the time period wheresatellite dataare
available(seesection4.6). This combination of satellite data and measurements miadsty, in

a daily analysis over such a long period is rfew.validation of this final dataset, an independent
match-up data base is usedde setion 4.7).

More information on EUSTACE products and methodologies can be found in this Product Usar guide
the indicated sectionand in the Scientific User guide
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2 Product Overview

In Section 1.2.3 list of EUSTAGEoductswas given. Irthis chater a shortoverviewis given othe daa

in theseEUSTACRroducts Section2.1 describes the types of temperatures that are provided in the
EUSTACE datasgindalsoincludes some definitiomofother variables some terms ae used in different
ways in different projects or tsiations and soto avoid confusion we explaimhich definitions we use
here(see alsdslossary of terms and acronyjnis Section2.2the datasets are described withferences

The methods used are described in the Scientific User GAidag with these dataset§USTACE also
produced othemon-data products such as the relationships between air and skin temperatures. These
aredescribed in &ction2.3.

2.1 Available temperature variables and related variables  in the EUSTACE datasets

2.1.1 Temperature variables

Satellites measurskin temperaturesThis is the temperature of the surface of the eanthich canbe
estimatedd 2 NJ & NBfidiNFeSratiBtiog given off by Earth andeen fromspace This can be the
temperature of thetop of the canopy of a forest or the soil surface in an area with bare soils. At
meteorological measuring stationgir temperatureat a height of about 2 meter@lso called surface air
temperature) is measuredy thermometers Theultimate aim of EUSTACE is to construct a global data
set of daily surface air temperature, using satellite skin temperatures and surface air tempsrature
measuring stations.

Skin temperature Air temperature
measured by satellites At 2 m height

¢

Figure2-1: Shematic presentation of the difference between air temperature and skin temperature.

In EUSTACE some dataseentioned below (underSatellite skin temperature retrievalstpntain
surfaceskin temperaturesAbbreviations used for skin temperatures dseeFigurel-1):
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LST=Land Surfae (skin) Temperature

IST= IceSurface (skin) Tempernae

LSVT = LakeSurface (skinjvater Temperature

SSkin andSSiepin = Sea Surfagekin)Temperaturé and Se&urface Temperate at a depth of
about 20 cm

= =4 =4 =4

Skin temperaturesalways represent amrea averagdo some extent and areot point dat, unlike
measurements mada situat weather stations or by ships

The otherdatasets mentionedh Sectior?.2 containdaily surfaceair temperatureinformation. These use
the following definitions
1 minimumdaily air temperature: lowst temperature measured during a day, often measured in
the early morning just before sunrise
1 maximumdaily air temperature: highest temperature measured during a day, often measured in
the early afternoon
1 meandaily air temperaturethis is defined inhis project as the average of the minimum and
maximum daily temperaturéover land)for the estimates in thdinal dataset based on satellite
and station dataln station data files often the average temperature based on hourly temioee
data is presentd. The average and mean temperatures may differ.
Minimum and maximum temperatures are only provided over land, and not for sea/ocean, large lakes
and ice.
Abbreviations used for air temperatures geeeFigurel-1Figurel-1):
1 LSAT = Land Sace Air Tenperature
1 MAT = MarinéAir Temperature
Airtemperaturesin EUSTACE producin be either point data (from weather stations)area average
data (estimated from satellite data or using statistical methodg)e spatial resolution of thiénal global
griddedair temperaturedatasetbased on satellite datand station datas 0.25degrees in latitude and
longitude.

2.1.2 Related variables

2.1.2.1 Uncertainty

¢KS GSNX¥a& WSNNEPND YR WYWdzy OSNIlIAyideQ FNB a@d Sy Oz2y
VIM, 2012) brings clarity to thinking about uncertainty information. Terms with precise definitions that

need careful usage appear in italic in the next paragraph.

LIn practice, here we use satellite sea surface temperature estimateddapth of 20cm below the surface, rather

than the skin temperature. We do this to provide consistency with the long record of sea surface temperatures made
in situ which we use to understand the relationship between surface temperature and air temperaver the
oceans.
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A measured valugesults frommeasurementbf a target quantity, called theneasurand It is only an
estimate of the measurand, because various effects introduce errors into the process of measurement.
These errors are unknown, although their distributional properties may be able to be characterized.
Uncertainty information characterizes th distribution of values it is reasonable to attribute to the
measurand, given the measured value and our characterization of effects causing error.

LY AK2NIX (GKS SNNRBN Aa (GKS WgNRy3aIySaaQ 2F GKS YSI
halS | 62dzi GKS YSIadaNI yRQa @I tdzSz IAGSYy GKS YSI adzN
errors.

Uncertainty arises from and propagates through every physical and data transformation involved in
creating a dataset.

For the purpose of estimatingpnsistent uncertainties in skin temperaturetrievals across all surfaces of
Earth in EUSTACE, uncertainty is modelled as three compénents

1 & NJ y R-2ndading errors that are both random and independent between all data
T af 201 f £ & ¢|éading &rerk that ddehighly correlated across short separations in time
YR RA&UGIYOST adrdAadAOAlrya Y& NBFSNI G2 GKAaA
1 awfBRNBESESE a@meaniBgrarrdrsiti@dE have a structure that is persistent in time and
space;thisinc dzZRS& o6dzi A& y2G fAYAGSR G2 daoAl aSaé
Thus, the components are distinguished by their error correlation length scales. In truth, the division
between locally systematic and systematic cases is somewhat artificial, and how best to decompose
effects with a ange of types of correlation into these components is a matter of judgeifseeMerchant
et al 2015for more detail) Information on the variousincettainty componentss provided,but also a
measure of totalincertainty.

These components of uncertainty are propagated separately through the gridding process and through
the process of estimating air temperature from satellg&in temperatureusing the elationships
understood to exisbetween skin and air temperature over the different surfacks.well as taking into
account uncertainties in the skin temperature used, this process propagates uncertainties in other
information such as fractional vegetati cover (over land) anthe maskused to exclude retrievals
affected by the presence of clou@sver ice).

The above uncertainty components are propagated, where possible, through the process of creating
global or Europeaffields which have been completaging statisticamethods ofinfilling. In this case,
uncertainty is communicated by provision of an ensemble of gridded fields for each day whial are
consistent withour understanding of uncertainties in the input data and the uncertainty in th#imgfi
process itself. In this way, the correlation structure of the uncertainties is encoded, where possible, in the
structure of the differences between the ensemble members and provides a convevagrfor users to

2 For some datasets the local systematic uncertainty is subdivided into two
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https://www.eustaceproject.eu/eustace/static/media/uploads/Deliverables/eustace_d1-2.pdf
https://www.eustaceproject.eu/eustace/static/media/uploads/Deliverables/eustace_d1-2.pdf

explore theimpactof the uncertainties an their application of the EUSTACE d&8esides the ensemble,
a bestestimate of the aily air temperatureand a measurefdhetotal uncertanty is alsoprovided.

2.1.2.2 Observation Influence

The observation influence is a dimensionless quantity in theg&indicating the extent to which the

daily temperatures in the analysis are influenced by observations. Where the value is close to O, there are
no nearby observations, or they are very uncertain, and the analysis is poorly constrained. The analysis
temperature will revert to be close to the climatological average. Where it is close to 1, the value is well
constrained by observations. The ensemble spread will be large when the observation influence is zero
and small where the observation influence isson

2.1.3 Local time or UTC?

A day can be defined in various ways, e.g. by local time/time zone, or-28:00 UTC. Countries regularly

use different definitions for their observations (Van den Besselaar et al., 2012). The most appropriate
definition may diffe per type of userln EUSTACE we uUeeal time since we assume this makes it easier

for certain groups opotentially newusers to use or data(basedon feedback fran users)Experienced

users generally will know how to transform the local timtithe Universal Time.

2.1.4 Daily time series and derived data

Some users, e.g. climate scientists, may want to use the data set with the daily data, but others may want
to use derived data/information, such as climatologies, trends, @ese derivedproducts can ke
calculated withthe help of the produceddaily time seriesAdditional to this ProductUser Guide some
examples are given on how to process the EUSTACE datasetierived data using the Climate4impact
portal. This includes processing intorde=d data, lt also e.g. selecting data for a certain region or period
(Stepby-step guide for Climate4impgct

2.2 Overview of datasets produced
Thetable below contains a summary of the final output products from the EUSTACE project which are
described in morsome maoe detail just below the table and in more detail in &}iter 4.

3¢ kS SEF YL S&a R2 y2i Ay Ot dzRS 9! { ¢! / 9 -depliybtépPuidewasa Ay OS
made.
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Table2-1: EUSTACE datasets with access links and details of any access constraints

Satellite* skin temperatures

Global EUSTACE/ http://catalogue.ceda.ac.uk/uuid/0f1a958a Open
satellite land  GlobTemperature: Global 130547febd40057f5ec1c837
surface clearsky land surface
temperature, temperature from MODIS
v2.1 Aqua on the satellite swath

with estimates of

uncertainty components,

v2.1, 20022016

EUSTACE / http://catalogue.ceda.ac.uk/uuid/655866af Open

GlobTemperature: Global 94cd4fa6af67809657b275c3

clearsky land suace

temperature from MODIS

Terraon the satellite swath

with estimates of

uncertainty components,

v2.1,20002016
Global EUSTACE / AASTI: Global https://catalogue.ceda.ac.uk/uuid/60b820f Open
satellite ice clearsky ice surface 10804fca9c3flddfabef42al
surface temperature from the
temperature, AVHRR series on the
vlil satellite swath with

estimates of uncertainty

components, vi., 2000

2009
Global EUSTACE / CCI: Global ele https://catalogue.ceda.acik/uuid/b828596 Open
satellite sea  sky sea surface temperatur 9426a4e00b74814342
surface from the (A)ATSR series at
temperature, 0.25 degrees with estimate:
vl12 of uncertainty components,

v1.2, 19912012

Surface air temperatures from stationsr in-situ data

European EUSTACECA&D European https://catalogue.ceda.ac.uk/uuid/81784eZ Non
station land station daily air 642bd465aa69c7fd40ffelblb commerc
measure temperature ial use
ments measurements, only

homogenised

Measure
ments

Global Station

EUSTACE: Global land http://catalogue.ceda.ac.uk/uuid/7925ded7 Non

station daily air 22d743fa8259a93acc7073f2 commerc
temperature measurements ial use
with non-climatic only

discontiruities identified,
for 18502015

4 Skin temperature estimates based on diffat satellites are available.
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Validation EUSTACE: coident daily In preparation Non

match up air temperature estimates commerc

database, and reference ial use

v1.0 measurements, for only
validation, 18562015

EOBS EUSTACE /@BS: Gridded https://catalogue.ceda.ac.uk/uuid/b2670fb Non
European surface air 9d6e14733b303865c85¢2065d commerc
temperature based on ial use
homogenised land station only

records since 1950
Surface air temperature estimates from statistical analysis

Air EUSTACE: Globally gridde« https://catalogue.ceda.ac.uk/uuid/f883e19 Open
temperature  clearsky daily air 594f4fhaaebedebafbh3fddb3
estimates temperature estimates from

from satellite  satellites with uncertainty
estimates for land, ocean
and ice, 19982016
Surface air temperature estimates from statistical analysis

Global air EUSTACE: Global daily air In preparation Open
temperature  temperature combining
estimates, surface and satellite data,
v1.0 with uncertaintyestimates,
for 18502015

Somefurther explanationof the above mentioned datasetsgiven in the following text

Satellite skin temperatures:

1 Satelliteskin temperaure retrievals contains the skin temperature®r all surfaces oEarthas
obtained in other project$ESA DUE GlobTemperature, ESA Climate Change Initiative SST and FP7
NACLIN but with new, consistenttotal uncertainty estimategand estimates of uncertainty
components split according to their correlation structuagyoss surfacef®er cloud free daysSkin
temperatures are obtained from differensatellites (sectior.1)

Surface air temperatures from stationsiorsitu data

9 European station measurementsThis dataset contains homogeed and publicly available
station data on air temperatures in Euroff@inimum, average and maximutemperature). This
is a dataset that imipdated regularly withnew and more recentmeasurements(Figure 2-4;
section4.3)

1 Globalstation measurements This dataset contains all publicly available station data on air
temperatures with inhomogeneitiegientified where possibldt gives anrdication in which year
there are breakandit providesa likelihoodmeasure othe identified breakgFigure2-2;Figure
2-3; Sectiord.2).
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1 Validation match up databasé surface air temperature match up data basevalidation of the
EUSTACE glolmaidded productgsection4.7).

1 EOBS An infilled analysis of European surface air temperature based on homogenised
meteorological station records since @3 he dataseinterpolatesthe station data, taking into
account diferences in altitudesThs dataset is produced as part of the European Climate
Assessment and Dataset project (ECA&D), and work undertaken during EUSTACE contributed to
updates to this datasetFrom version 20 on the ata set will contain the homogenized
temperature cita. The dataset also contains ansamble to describ¢he uncertainties (section
4.4).

Surface air temperature estimates

1 Air temperature estimates from satellit€&surface air temperature estimates (with estimates of
uncertainty) for all surfaces of Eh, derived from satellite surface skin temperature retrievals
(for days and periods where satellite skin temperatures are avajlableclear skylays section
4.5).

1 Globalair temperature stimates These contairdaily analyses of surface agmperature (with

estimates of uncertainty) since 1850, based on combined information from satellite and in situ
data sourcesThis datasealso contains air temperature estimates for days with clouals for
the period before stellite datawere avalable (section4.6).

30 o 50 0100 O150
Figure2-2: Overview of regional spread of availableattons in the EUSTACE global data set of surface air temperature

measurements from meteorological stations. The size of the circles indicates the length of data available in a particular
location. (Brugnara et. al, 2019)
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Figure 2-3: Example of breakpoint detection in the EUSTACE gladiation dataset for Copenhagen. A breakpoint is a
point/year where the temperature changes for nealimatic reasons. fiis can be due to e.g. a change in location, change in
instrument or a change in environment . (Brugnara et. al, 2019).

1
1
T
1

]
1
T
o

=2 =1
1
T
-2 -

-4 -3
- =i

© neg. diff. -
O pos. diff. - el
no diff F= P O
size prop. to diff - o;é__} " 32 % *:P\

Figure2-4: Change in trends imnnual mean values of minimum temperatures after homogenization. Red circles indicate an
increase in trend after homogenisation and blue circles indicate a decrease in trend after homogenisation. The size of the
circles indicates the relative sizes of tlehanges in trend (Squintu et al, 2018).
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Table2-2: Some characteristics of the datasets in the EUSTACE project

Short name Further detail Surface  Period Spatial Tempo  Variables
resol- ral reso
tion lution
Satellite® skin temperatures
Global satellite MODISAqua Land 20022016 on on Tskin
land surface satellite satellite
temperature, v2.1 swath swath
MODIS Terra Land 20002016 on on Tskin
satellite satellite
swath swath
Global satellite ice  AVHRR Ice 20002009 on on Tskin
surface satellite satellite
temperature, v11 swath swath
Global satellite sa ATSRseries Ocean 1991-2012 0.25 daily Tskin(epth)
surface
temperature, v1.2
Surface air temperatures from stations or4situ data
European station Homogenized land 18502019 stations Daily Tn, Tx, TY
measirements
Global Station With break land 18502015 stations daily Tmin, Tmax,
Measurements point locations Tmean
Gridded European Based on land 19502018 0.25& daily Tn, TXTd
station data homogenized 0.1
station data, degree
+100 member
ensemble
Validation match  Selection Land, 18502015 stations daily Tmin Tmax
up database, v1.0 stations for ocean
validation and ice
Surface air temperature estimates frorsatellites
Air temperature Land, 19952016 0.25 Daily Tmin, Tmax,
estimates fom ocean, ice Tmean
satellite, v1.0
Surface air temperature estimates from statistical analysis
Global air +10member Land, 18502015 0.25 daily Tmean,
temperature ensemble ocean,
estimates, v1.0 ice, lakes

5> Skin temperature estimates based on different satellites are available.

6Tn, Tx, Tg are used in these products for the daily minimum, daily maximum and daily averaged temperatures
respectively. The daily averaged temaierre may be based on the average of the minimum and maximum
temperature, but it can also be based on e.g, the average of the hourly temperatures. This has changed over time,
and differs between countries.
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