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Abstract. The CRUTEM4 (Climatic Research Unit Temperature, version 4) land-surface air temperature data
set is one of the most widely used records of the climate system. Here we provide an important additional
dissemination route for this data set: online access to monthly, seasonal and annual data values and time
series graphs via Google Earth. This is achieved via an interface written in Keyhole Markup Language (KML)
and also provides access to the underlying weather station data used to construct the CRUTEM4 data set. A
mathematical description of the construction of the CRUTEM4 data set (and its predecessor versions) is also
provided, together with an archive of some previous versions and a recommendation for identifying the: precise
version of the data set used in a particular study.

The CRUTEM4 data set used here is available fraini:10.5283EECBA94F-62F9-4B7C-88D%-
482F2C93C468

1 Introduction paid to the CRUTEM data set (e.g. House of Commons Sci-
ence and Technology Committee, 2010), it is valuable for the
The Climatic Research Unit (CRU) temperature data setnformation presented here to be in the public domain. Sec-
(CRUTEM) forms the land component of the global tem- ondly, we provide an archive of some previous versions of
perature data set developed jointly by the UK Mefic@  the CRUTEM data set so that the precise version used in a
Hadley Centre and CRU (HadCRUT). The scientific basisparticular study can be identified.
for the latest versions of these data sets was published in Finally, to facilitate direct access to visualisations and the
2012 (CRUTEM4: Jones et al., 2012; HadCRUT4: Morice underlying data values, the current version is made available
et al., 2012). These are (and remain) the primary referencewia an interface written in Google Earth’s Keyhole Markup
for these data sets. The purpose of the present paper is threeanguage (KML). This is a standard of the Open Geospatial
fold. Firstly, to provide a more complete technical descrip- Consortium [ittp//www.opengeospatial.ofstandard&ml)
tion of the construction of CRUTEM4 and comparison with and allows the data set to be rendered in Earth browsers
the construction of its predecessor versions. This informasuch as Google Eartthitp;//earth.google.cofi The KML
tion, provided qualitatively across various previous publica-interface overlays an online rendition of the data set — the
tions, is drawn together here and presented in mathematicaveather station locations and monthly average temperatures,
form. Reproducibility is a key determinant of confidence in the grid-box monthly temperature anomalies, and seasonal
scientific results, and because particular attention has beednd annual time series graphs of all these data onto the
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three-dimensional representation of the Earth provided bybouring series (note that in data-sparse regions, neighbours
the Google Earth software — enabling the data set to be exmight be separated by several hundred kilometres). This ap-
plored and accessed interactively and graphically. This sigproach was the basis for the extensive homogenisation ex-
nificantly enhances the accessibility of this key climate dataercise undertaken by CRU in the 1980s, documented in US
set, whether for exploring the data and extracting regional in-DoE TR022 (1985) and US DoE TR027 (1986). Electronic
formation for research and teaching or for identifying errors copies of these reports are available on the CRU website
and limitations, without the need to develop bespoke soft-(http;//www.cru.uea.ac.ykublicationgcrurp).
ware to analyse the data. Given that the Google Earth soft- Since the 1980s, CRU recommended that further homo-
ware is freely available and has been downloaded more thageneity é€forts should be instead undertaken by National Me-
one billion times [ttpy/googleblog.blogspot.co. Y0111/ teorological Services (e.g. Jones and Moberg, 2003), and
google-earth-downloaded-more-than-one.htrithis repre-  the results of such projects have been incorporated into the
sents an important additional dissemination route for theCRUTEM station temperature database (Jones et al., 2012).
CRUTEM4 data set. The only homogeneity adjustment made by CRU since those
made in the 1980s (recorded as explained above) is a recent
adjustment to the St. Helena station (ID 619010), which was
incorporated into CRUTEM.4.2.0.0 in May 2013 (see Sect. 3
for an explanation of version numbering). This was a stan-
dard lapse-rate adjustment for a known reduction in altitude
21 Introduction of 166 m that occurred when the station moved in Septem-
ber 1976 (D. Lister, personal communication, 23 November

A mathematical description of the stages in the construc012): all values prior to 1977 were increased by’C1
tion of CRUTEM gridded temperature anomalies from the

CRUTEM station temperature database is presented her%3 Some definitions

These steps have been identified from the published arti-"

cles describing the construction of the CRUTEM4 data setThe nomenclature used to identify the station data, gridded
(and its previous versions). The page numbers from whichdata, and the space and time dimensions are defined first. The
the information compiled here was taken are indicated fordefinitions are for a grid with spatial resolutionlatitude by
each of these articles, where CRUTEM1986NH is Joness® longitude, as used in CRUTEM1 (p. 1795), CRUTEM?2
et al. (1986a); CRUTEM1986SH is Jones et al. (1986b);(p. 213), CRUTEM3 (p. 2; but note that results could be cal-
CRUTEML1 is Jones (1994); CRUTEM2 is Jones and Mobergculated for other grid sizes), and CRUTEM4 (p. 6). In ear-
(2003); CRUTEMS is Brohan et al. (2006) and CRUTEM4 lier versions, a 5 latitude by 10 longitude grid was used

is Jones et al. (2012). The current article does outline (CRUTEM1986NH, p. 167; CRUTEM1986SH, p. 1216) and
how the station temperature database was assembled (i.the definitions provided here would need to be modified ap-
sources of data and what precedence is given when multipropriately.

ple sources are available), which is described elsewhere (US

DoE TRO17, 1985; Jones and Moberg, 2003; Jones et als 31 Dimensions

2012).

2 Construction of CRUTEM gridded, global and
hemispheric temperature anomalies from the
CRUTEM station temperature database

Yearindex ig =1...n;.

Month index ism=1...12 (1= January, 12 December).
Grid box index in longitude direction is=1...n; (for 5°
Changes in the location or local environment of a weathergrid, n; = 72).

station, in the way in which the thermometer is exposed, or inGrid box index in latitude direction ig= 1...n; (for 5° grid,
recording practices (such as time of observation or the way im; = 36).

which daily and monthly averages are calculated) can intro\Weather station index is=1...ns.

duce inhomogenetities into the station time series of monthly

temperatures. An estimated time series of temperatures that3 5 Time variables

might have been recorded in the absence of such changes

can be made by adjusting the mean values of the series prio¥ear value is yr(currently running from yy = 1850 to yk; =
to each change. For a change in station altitude, the adjus2013).

ment factor might be estimated using a lapse rate, but for

other cases itis estimated byffdrences from multiple neigh-

2.2 Homogeneity adjustments
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2.3.3 Gridded variables in yeart and monthm for stations, while §s;m =1 means

) . .. that there is an observational value and it is used.
Longitudé of centre of grid box is ¥ (X, = —177.5°, x =

-1725°, X3 =-1675°, etc., X, = 1775°). Note thatx; < 0
are west, and; > 0 are east, of the Greenwich meridian;
Ax =5° is the east—west size of all grid boxes; the longitude A “normal” is the name used in climatology for the mean
of the western edge of grid baxs x — Ax/2 and its eastern  value over a reference period (also known as the “base” pe-
edge isx + Ax/2. riod or the “normal” period). For each statiamnand each
Latitude of centre of grid box is y; (y1=-875°, y2=  month of the yeam, the number of values within the ref-

—-825°, y3=-775°, etc.,yn; = 87.5). Note thaty; < 0 are  erence period is determined:
south, andy; > O are north, of the Equatorsy = 5° is the

2.4 Calculation of “normals” and standard deviations

north—south size of all grid boxes; the latitude of the southernN 3 RER? 5 1
edge of grid box is y; — Ay/2 and its northern edge g + sm = Z stm @)
Ay/2. t=REF1

Grid-box temperature anomalyQ) for grid boxi, j in where REF1 and REF2 define the reference period (cur-
yeart and monttmis G| , .. rently we use Wger1 = 1961 and ygero = 1990; it was 1951

A “mask” to indicate which grid-box temperature anoma- 1970 for CRUTEM1986NH p. 167 and CRUTEM1986SH
lies are missing and which are availableAsj:m, where  p. 1217; 1961-1990 for CRUTEML1 p. 1795; 1961-1990 for
Aijtm = 0 means that there is no value in yéand monttrm ~ CRUTEM2 p. 212; 1961-1990 for CRUTEM3 p. 2; 1961~
for grid boxi, j while Aj j;m = 1 means that there is a value. 1990 for CRUTEM4 p. 6). If there are Sicient values to
obtain a reasonable estimate of the mean value (currently we
requireNsm > = 14, though we have previously usedfdient
criteria, including ones that require a minimum number of
Longitudé of weather statiosis lons. values during each decade of the reference periedl5 for
Latitude of weather statiosis lats. CRUTEM1986NH P. 167 and CRUTEM1986SH P. 1217;

“Raw” monthly-mean station temperature observation>=21 for CRUTEM1 p. 1795 =20 with >=4 in each
(°C) for stations in yeart and monthm is Ts;m. Note that ~ decade for CRUTEM2 p. 2135 =15 for CRUTEM3 p. 2;
“raw” means as received by CRU (after conversion of units or> = 14 for CRUTEM4 p. 6), then we estimate the mean value
application of homogeneity adjustments in some cases), anfY

2.3.4 Station data

previous processing (not least the calculation of the monthly REF2

means from the daily or sub-daily measurement values) will 2 Ostmlstm

have been done before we receive the data. Tom= ot )
A “mask” to indicate which station temperature observa- Nm

tions are missing (or are not to be used) and which are availnote that we take into_account the uncertainty (sampling
able (and should be used)dg;m. Some values are available error) associated withTs,, including the greater error
but are considered unreliable or fail the outlier check; for when Nsm < 30 (i.e. incomplete data), in the estimation of
these values, this “mask” is set to zero to prevent them beCRUTEM3 and CRUTEM4 uncertainty ranges (as described
ing usedds;m = 0 means that there is no observational valuejn Sect. 2.3.1.3 of Brohan et al., 2006).
i ons for the ordering of arid b ‘t X If we have instficient values to determine a normal (i.e.
€ conventions for the ordering of grid boxes (west to east, 14 or the diferent criteria noted above for the earlier
south to north) are consistent throughout this article, but the algo-versions then we follow one of four obtions:
rithms can be implemented using other conventions provided that ), p )
they remain consistent throughout. Indeed, some versions of the 1 |f the station has dficient data to estimate a normal
CRUTEM programs begin the grid at the North Pole rather than for the 1951-1970 period and the grid box from an
the South Pole, or begin the grid at the Greenwich Meridian rather earlier version of CRUTEM contains data across the

than at the International Dateline. A particular aspect to be aware | . .

. i . : onger 1951-1990 period, then we estimate the 1961—
of is that the longitudes of the weather stations stored in the sta- . L

N ngruces weamher statons stored In S 1990 normal for the station using its 1951-1970 normal

tion data files are recorded under the convention that positive values ) )
arewestof the Greenwich Meridian, not east (which are recorded adjusted by the dierence between the grid-box aver-

with negative values). The programs that implement the algorithms ~ @ges (in the earlier version) for 1961-1990 and 1951~
described here take this into account. 1970.

2The convention used within this article is that the longitudes of . . . .
the weather stations follow the same sign convention as the longi- 2. If a neighbouring station does havefiscient values to

tudes of the grid boxes, but note that the station data files currently ~ determine its normal, then we calculate the medie

follow the opposite sign convention and the programs that imple- ~ €nce between the temperatures recorded at this neigh-
ment the algorithms described here take this into account (see foot-  bouring station and the temperature recorded at the cur-
note?). rent station over a tlierent period when they both have
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data (e.g. 1951-1970), and assume that this mdterdi exceeding 5 standard deviations are removed (it wés
ence still holds during the reference period. The normalfor CRUTEM1 p. 17955 for CRUTEM2 p. 213;>5 for

for the current station is then calculated as the sum ofCRUTEM3 p. 2;>5 for CRUTEMA4 p. 6):

the normal for the neighbouring station plus the mean

difference between the two stations’ temperatures. ~ Where |Teum| > B50sm  Setdsim=0. ®)

3. If the World Meteorological Organisation (WMO) have In fact, this outlier check resulted in some cases where an ob-
published a 1961-1990 normal for the station and thevious error could be corrected (e.g. the measurement value
reference period (perhaps because the National Meteowas recorded or digitised as 10 or ZD too warm or cold,
rological Service had calculated it from additional data or the sign was incorrect); in these cases the station tempera-
not available to us), then we use that. We rely on ature files have been corrected. After removal or correction of
WMO normal for about 150~ 2.5 %) of the stations. outliers, the mean (i.e. normal) and standard deviation of the

4. Otherwise we omit all temperatures recorded at this Sta__monthly temperatures is recalculated and the outlier check

' tion for all months of the year and set all m = 0 is repeated (CRUTEML1 pp. 1795-1796; CRUTEM2 p. 213;
tm = CRUTEMA4 p. 6).

The options used, and their order of priority, have been as fol-

lows: (i) estimated from neighbours for CRUTEM1986NH 5, 7 Gridding of station anomalies

(p. 167) and CRUTEM1986SH (p. 1217); (ii) estimated from

gridded data or from neighbours for CRUTEM1 (p. 1795); This is done separately for each yeaand each montim,

(ii) WMO normals or estimated from gridded data or from and for each grid box, j. The grid box mean anomaly

neighbours for CRUTEM2 (p. 213); and (iv) WMO nor- is the arithmetic mean of all the available values (a dif-

mals or estimated from neighbours for CRUTEM3 (p. 2) and ferent method was used for CRUTEM1986NH p. 167 and

CRUTEMA. CRUTEM1986SH p. 1216; the method described here was
The calculation of the station standard deviations is quiteused for CRUTEM1 pp. 1795-1796; CRUTEM2 p. 213;

similar, though a longer reference period is used because ($RUTEM3 p. 2; CRUTEM4 p. 6), i.e. for alk where

the sampling error associated with standard deviations tend¥ —AX/2 <lons < X + Ax/2 andy; — Ay/2 <lats <y + Ay/2

to be relatively larger than that associated with means, and S SeinT!

thus a bigger sample is preferred; and (ii) we do not use other_, ~Ostm stm

sources (e.g. WMO) in cases where we havefiigant data. ijtm = Zé—m

For each statios and each month of the year, the temper- s

ature standard deviation is calculated as

and Ai,j,t,m =1 (6)

If no smatch the above criteria, thé ;i m = 0.

REF4 — 2
t:,-\,ZEFfS’t*m(TSt’m - Tam) @) 2.8 Calculation of hemisphere and global means
Osm= s
( RE:F“ Sst m) 1 The hemispheric means are averages of the grid boxes for
t=REF3 which temperature anomalies are available (this is, of course,

where'ITSm is the mean computed over the longer referencel e dependent), with weighting according to the area of

; _ _ . the grid boxes (proportional to the cosine of their central
period (currently we use yers= 1941 and yigers= 1990; - . . ]
it was 1941-1990 for CRUTEML p. 1795; 1921-1990 for IggtsieE)MggéeggHwerelgi\;?ncfg[J(T:Ea;EMig?c’\:lgupT' é&g
CRUTEM2 p. 213; 1941-1990 for CRUTEM4 p. 6). If the P- * p. 210,

station does not have at least 15 yr of data during this IongeP' 10; CRUTEM4 p. 8.
reference period, then a standard deviation was not estimated

nj ni
and that station was not used (CRUTEM4 p. 6). o2 2Cos)AjtmG] 1 m
NH. .~ — j=1+nj/2i=1 (7)
tm — . X
2.5 Conversion to anomalies (i.e. deviations from a _ g . % coSf/;)Aijtm
reference value) j=1+nj/2i=1
Given a “normal” for statiors and monthm, 'Fsm, all obser-
vations are converted to anomalies according to nis2 ni ,
_ J Z i;ICOS@J)ALJFLmGi, itm
where 6sgm=1 Tgm=Tstm—Tsm @) SHm= = an/Z - 8)

2. 2, COSE/j)Ai jtm
j=1i=1

2.6 Removal of outliers (quality control)

Given an estimate of the standard deviation of monthly tem-The global mean can be calculated in a similar way, or as the
peratures for statiors and monthm, osm, any anomalies simple arithmetic mean of the two hemisphere means, or as a
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weighted mean of the two hemisphere means. Global-mear *°F
land-surface air temperature time series were not presente@g o5
in CRUTEM1986NH, CRUTEM1986SH or CRUTEML1. For ¢ ,f
CRUTEM2 (p. 217) and CRUTEMS3 (p. 10), global-mean §
time series were calculated using the simple arithmetic meart f
of the two hemispheres. However, this can result in a bi- ™ 1900 1950 2000
ased estimate of the global land temperature because thi
land areas in each hemisphere are not the same, and so fcg “E o
CRUTEM4 (p. 8) the global series is computed by weighting
the two hemispheres approximately in proportion to the areas
of their landmasses:

0.0

from

Lovvelinin bl

05—

2NH w+ S 1.0
Global,m — t’m3 H’m . (9) 1850 1900 1950 2000

Temperature difference (°C)
°
S
R % T
IRREE FRENE < NREE FREE

Figure 1. Annual and global mean land air temperatures anomalies
When calculating annual-mean hemisphere-means, Ogalculated using three approaches: (1) form monthly hemispheric
annual-mean global-means, there are two options availablenheans, then annual means, then global means weighted by land area
average in time then space or average in space then timén each hemisphere (black); (2) form annual grid-box means, then
In other words, either (i) calculate annual-mean anomalieiemispheric means, then global means weighted by land area in
for each grid box first, and then calculate hemispheric oreach hemisphere (red); (3) form hemispheric means, then annual
global means of those; or (i) calculate the hemispheric ormeans, then global means of equ_ally-weighted hemispheres (blue).
global means of the monthly anomalies, and then calculate "€ three results are compared(&), and diferences [red= (1)-
the annual means of those monthly hemispheric or global?): Plue= (1)=(3)] are shown irf) with the same vertical scale as
means. The Met @ice Hadley Centre uses method (i), while n{a
CRU uses method (ii).

There are various advantages and disadvantages to the
choices in calculating global means and in calculating annual
and hemispherjglobal means, which we do not list here; we
just note that small dierences in the results can arise. These
differences are illustrated in Fig. 1, together with the sim-
ple arithmetic (i.e. unweighted) mean of the two hemispheres
used in previous versions.

time variations in the variance of the grid-box tempera-
ture anomalies;

3. combine the adjusted “high” frequency component with
the original “low” frequency component to obtain the
CRUTEM4v grid-box mean temperature anomaly time
series.

2.9 Adjusting the high frequency temporal variance Further details of this process are given in Jones et al. (2001)

We also create “variance adjusted” versions of CRUTEMnand Appendix A of Brohan et al. (2006).

(called CRUTEMnNv, e.g. CRUTEM3y, with equivalent land

and marine versions HadCRUTnv, e.g. HadCRUT3V) be-3 A archive of previous versions of the CRUTEM
cause the variance of the grid-box mean anomafgs, .,
varies according to how many stations match the Eq. (6)

criteria. This can cause artificial changes in the variance ofafter each major version of CRUTEM has been adopted as
G; jm between dierent grid boxes, and also between dif- {ne current operational version (e.g. CRUTEM3 was adopted
ferent time periods for the same grid box when the number, 2006), it is updated each month. Each update adds an ex-
of stations varies through time. These artificial changes inrg month's data to the end of the series, but also includes
the variance can prevent the use of CRUTEM for monitor- gy |ate reported station data for previous months and even
ing changes in variability and in the occurrence of extremeprevious years. Very occasionally, chang@eating earlier
values. The “variance adjusted” version, CRUTEMAy, is 0b-,gjyes have also been made to correct errors that have been
tained after the construction of CRUTEM4 is complete by igentified or to improve the homogeneity of the series. Each
subsequently following these steps: month, therefore, a new version of CRUTEM is generated

1. apply a filter to separate the grid box temperature(Usually 3to 4 weeks after the end of the month). -
anomaly time series into “low” and “high” frequency qu most purposes, it has beenfsuent to |dent|_fy the
components; version of the data set that has been used in a particular study

by the major version number (e.g. CRUTEM3) together with
2. scale the “high” frequency component with a time- the appropriate reference. In some cases, it might be valuable
varying scaling factor described in Osborn et al. (1997)to be able to identify a specific monthly update of the data set
and Jones et al. (2001) to remove the expected artificial- for instance, if it is necessary to identify the precise version

data set
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Figure 2. Image from Google Earth showing the grid boxes that Figure 3. Image from Google Earth showing a box that appears
contain some gridded temperature anomaly data in CRUTEM4 after clicking on one of the highlighted grid boxes. The box shows
highlighted by translucent green and red boxes. Land areas that aie annual-mean temperature anomaly time series as bars (blue for
not marked by a green or red box do not contain any gridded temvalues below the 1961-1990 reference period mean, red for values
perature anomaly data in the CRUTEM4 data set. above) with a black line for the 20 yr smoothed variations. The box
also shows the location of the centre of the grid box and provides
links to a larger image of the annual time series, to an image of
used so that a particular published analysis can be repeatafe seasonal-mean temperature anomaly time series, to a text file
exactly. containing the monthly, seasonal and annual temperature anomaly
Until now, individual monthly updates of CRUTEM have values for this grid box, and a link to load into Google Earth a KML
not been unique]y identified. Here we recommend that if af“e for the CRUTEM4 weather stations that lie within this gl’ld box.
precise monthly version needs to be identified then an iden-
tifier that combines the major “version” with the date corre-
sponding to the latest data contained in the data file can bé Disseminating the CRUTEM4 data set through
constructed. Hence, a file containing data that run through  Google Earth via a Keyhole Markup Language
to include values to the end of May 2011 would be labelled ~ interface
CRUTEM3-2011-05. Note that this is not the version that ) )
was created in May 2011 because that will likely have dataThe CRUTEMA4 land-surface air temperature gridded data set
that run through to only the end of April 2011 (and would iS available in text and netCDF formats from the CRU and
be identified as CRUTEM3-2011-04). Updated versions areVet Office Hadley Centre websites, and the weather station
usually created 3 to 4 weeks after the end of the month. wenonthly temperature data are available in text format at the
note that the Met @ice Hadley Centre have recently intro- Met Office Hadley Centre websiténttpy/www.cru.uea.ac.
duced a version numbering schenttigy/www.metdfice. ~ Uk/crydatdtemperature and httpy/www.metdfice.gov.uk
gov.ukhadobgcrutem4dataversion_numbering.htto as-  hadobg. We have now developed a KML interface that
sist in identifying those updates that are accompanied byenables both the gridded temperature anomalies and the
changes in the algorithm or changes in station data thayvga_ther station temperatures to be visualised and accessed
are more significant than the routine monthly updating. Within Google Earth or other Earth browsers. o
The year-month identifier recommended here can be com- The version of CRUTEM4 currently available via this
bined with the Met @ice Hadley Centre version numbering Google Earth KML interface is CRUTEM4-2013-03 (down-
scheme when both are needed. loaded from http;//www.metdfice.gov.ukhadobgrutem4
An archive of some past versions of CRUTEM has beendatddownload.html best estimate temperature anomalies
assembled and is available hefétpy/www.cru.uea.ac.yk  Version 4.2.0.9), though only complete years are in_cluded {0
cryprojectgacrigcrutenversion.htm These past versions the data end in December 2012. We plan to provide a new

have been identified using the identifiers recommended/€rsion as data for each calendar year become available.
above. The main KML file for CRUTEM4 can be down-

loaded from httpy/www.cru.uea.ac.ykrydatdcrutenige’.
Once opened within the Google Earth software, it renders
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Figure 5. Image from Google Earth showing the box that appears

after clicking on one of the weather station marker pins. The box
4 shows the annual-mean temperature time series as bars (blue for
values below a reference mean, red for values above; the reference
mean is from the 1961-1990 period if there are at least 18 annual

values within that period, otherwise it is the overall mean of the

Figure 4. Image from Google Earth showing the CRUTEM
weather station locations within a particular grid box (the yellow
marker pins). The CRUTEM4 identifier number (ID) and name of

each weather station is shown with white text next to each yellow . X L
marker pin. The ID is usually the WMO ID, made up of two or three data) with a black line for the 20 yr smoothed variations. The box

digits to represent the country and the remaining digits to represenf|§° shows the location qf the_\{veather station, its CRUT_EM4 !den-
the station (in this example, the stations beginning with 06 are intiier (usually the WMO identifier) and name, and provides links

the Netherlands, and with 10 are in Germany). If the station has nof® @ 1arger image of the annual time series, to an image of the

been allocated a WMO ID. or is from a source that has not usedseasonal-mean temperature time series, and to a text file contain-
the WMO ID system then,it usually begins with 99 (e.g. 999050 ing the monthly, seasonal and annual temperature values for this
Gutersloh in this example). weather station.

all the 5 latitude by 3 longitude grid boxes that contain lected grid box (Fig. 4). All stations within the selected grid
CRUTEM4 temperature anomaly values as a chequerboar0x are shown, even those whose data are not used in the con-
of green and red boxes (Fig. 2). Grid boxes that do not construction of the grid-box temperature anomaly data because
tain any temperature anomaly values are left unshaded. ~ there is no 1961-1990 normal for the station (see Sect. 2.4).
Clicking on one of the shaded grid boxes causes a “bal- Clicking on one of the station marker pins causes a new
loon” to appear that contains an image of the annua|-mea|»|pa”00n to appear, Containing some details about the station
temperature anomaly time series for the grid box (Fig. 3).and animage of the annual-mean temperature time series for
The images are all pre-created and the KML file simply con-the station (Fig. 5). Links are included to a larger image of the
tains the uniform resource locator (URL) where the requiredannual time series, an image of seasonal-mean temperature
image can be accessed on the CRU website, enabling the inilme series, and to a text file containing the monthly, seasonal
age to be downloaded and displayed. The balloon also inand annual temperature values for this station.
cludes links to a larger image of the annual time series, to The KML interface allows users to locate grid boxes of in-
an image of seasonal-mean temperature anomaly time serielgrest, obtain pre-created images of the data, but also obtain
and to a text file Containing the month]y, seasonal and annud]he data file for the chosen grld box. All weather stations that
temperature anoma|y values for this gnd box. Again, thesecontribute to that grld box can be located and their data val-
files are all pre-created and the KML file contains the URLs Ues Visualised or downloaded for further analysis. The grid-
where these resources can be found. box and station data files use a comma-separated format to
The final element of the balloon is the URL for a KML file allow easy import into a spreadsheet for further analysis. We
that contains details of the weather stations in the CRUTEM4Pelieve that this will significantly enhance the accessibility of
database that lie within the selectedl&titude by 3 longi- this key climate data set, so that users can explore and extract
tude grid box. Clicking the “stations” link causes this KML subsets of data without the need to develop bespoke software
file to be downloaded and opened in Google Earth, rendering® analyse the existing text or netCDF data files.
the location of these stations as a set of marker pins in the se-
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