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AESISACT

A cmpilatioa of 2666 atatiou records of noutbly aurfgce air teopeaature

hae beeu aoe€ob1ed for the Nortbera Eeoiaphere. In order to use theee data

to fora a griddcd dsta eet for tbe Xortbera Ecoiapbere se heve aeeeeaed,

uherc porrible, tbe horcgcacity of ercb of tbeee recorda. tte regults of

tbis strc.3ucgt 8te prelcuGcd 8Bd rtstioBs rre clataed ae incdiately ueeble'

corrected or.uacorrectable. Ful1 dctaila of bos tbig has bccu acbieved for

cech rtetion crc prelentcd iu tebular foru.

Of tbc 2566 rtatiou rccorda, 1584 scrc urcd to produce the gridded

tcgpesatu3c dris tet. fcoperature esmalic! ucte calculated vith relPcct to

thc eppropriate Eonthly ucan for tbe refereuce period 1951-70 ueiug tbe

hmogcuizcd deta. Anmelier at eacb poiut of a 50 latitude by l0o lougitude

grid vcre iuterpolated frm the atatioa data for each Douth for the period

lE51  to  1984 .
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Stat iou t€nperature di f ference t ime eeries: Gordou
Gast le  (57 .5oN,  3 . lo l t )  n iuue Aberdeen (57 .2ox ,  L lh ) ,
190l-1974. The analysie ident i f iee Aberdeeu ae tbe
erraut stat iou as e siui lar junp 8t 1948 aleo occurs
shen the stat ion ie coopared-vi lb Glaegov (55.9ox,
4Jow) and Edioburgh (55Jou, 3.4ow). lbe Btat iou
hiatory iufornat ion reveals tbat the ei te sae uoved to
Dyce airport is 1948. lbe straight liuee are the meau
stat ion di f ferencee for the tso periods, 1901-1947'
1948-1974. Correct iou detai le are given iu Appendir  A.

Stat ion tenperature di f ference t ine eeriee:
V iahakhapetuau (17 .7oN,  83JoE)  n iuue Beganpet  (17 .5oN,
78.508) ,  l90 l -1980.  I te  ana lys is  ident i f ies  Begaopet
ag the er laBt etat iou ae a aimi lar junp at l95l  aleo
occurs shen the stat iou ie cmpared vi th Akola (20.7ou,
77.OoE) and Jagdalpur (19.1ox, 82.008).  lbe stat ion
hietory inforuat ion reveals tbet the etat ion ua8 moved
to tbe airport iu 1951. Ite straigbt liuee are the
Deaa t tat ion di f ferences for the tvo periods, 1901-
1950,  195 l -1980.  Cor rec t iou  de ta i le  a re  g iven in
Appendix A.

Statiou teoperature difference tine series: Nenuro
( 4 4 . 3 o x ,  l 4 5 . 6 o E )  m i n u e  s a p p o r o  ( 4 3 . I o x ,  1 4 1 . 4 o 8 ) ,
190f-f980. The aualyeig ideut i f iee Sapporo es the
errant 8tat iou aa a ei .Di lar juup during 1939 aleo
occurs shea the stetiou ia coopared vith Abaahiri
( 4 4 . 0 o N ,  l 4 4 . 3 o B )  a n d  A k i r a  ( 3 b . 7 o N ,  t 4 0 . l o E ) .  t b e
sBation bietory iuforoat ion reveals thet tbe stat iou
sas moved to a Beu aite approximately 2*n goutheset of
i te earl ier poeit ion The etraight l inee are the ueen
stat ion di f ferencee for the tso perioda, l90l-1938,
1940-1980. Correctiou detaile are given in Appendi: A.

Statiou teoDerature difference tiue eeriee: Roue
( 4 l . 7 o N  r  z . 3 o r )  u i u u e  N a p l e e  ( 4 0 . 9 o N ,  l 4 J o E ) ,  t 8 7 l -
1980. he tso perts of Naplee record l87l- I925 aud
1961-f980 rere recorde frm di f ferent ai tes. lbe
8t!8ight l iuee are the Bean stat ion di f fereuces for the
two per iods ,  l90 l -1925,  196 l - I980.  Cor rec t ion  de ta i le
are giveu in Appendir  A.

Locat, ioue of the 1584 atat ione used iu the gr iddiug
technique. l 4

F ig .  5 :
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If,N,OU'CTION

!lo8t studies of ttglobaltt or rh.-iepherictr teoperatuae fluctustions have

relied on tbe cmpilatioae of statior data iu llorld Weatber Becorde (IllIR),

publ iabed by tbe Ssithaouiaa last i tut iou Q927, 1934, f947) aud rhe Uuired

Statea lleather Bureau (1959-8D. ltese date bave forued the baeis of nauy

rttcopts to grid curface air tcopcralure onto a regular !p8ti81 Detrrork

eud/or. to forn large srea ayerage aurface air t€aperatuae leries.

Coprebenaive revievs of theee atudiee, f rou tbe early aualyeee of l { i l Iet t

( f950) end Dti tchel l  (1951, 1963) to the receut work of Joues et al .  (1982),

e re  g iveu by  Chea ( f982)  aud E l leeereer  e t .a1 . . . ( f985) .

Brrdley et 81. (f985) have added couaiderably to tbe IfIfR data usiug

Ester ial  avai lable iu publ iebed and -auuecript  for:n in ueteorological

archivee, part icular ly tboee of the U& l{eteorological  Off ice. lbe

additione -.de to the air tcnperature data base for the Northeru Eeniapbere

prior to 1900 al Iov uuch more representative valuee of hemiapberic mesn air

t€nperature to be calculated back, to 1851. Ful1 detai le of theee

inprovcoentg in station coverage are givea in Bradley et al. (1985). Ite

Eost iEPortaut inproveoeute ia coverage occu! over parta of the Soviet Uuion

strd sortheru Europe, part icular ly before 1881. The lack of readi ly avai lable

data for tbe Soviet Uuiou hae cosstraiued all previoug atudiee of heniapheric

Deau teoPelaturet to ttart about 1880 or later. Furtber iuproveoenta in

coverage have aleo beeu tade for the tnentietb ceutury, particularly over

sorthcrn Africa before 1940 aad over the Peoplee Bepublic of Cbiua (plC). Iu

the lat ter region, roe 30 l tat iotr  recorde bave beeu ssa€ob1ed with data baclc

to the 1920s vith asother 20 statiou records coveriag uorthern aad weetern

Chiua for l95l-84. No otber souace of data for tbe 195l-60 dec,ade is kuosn

outgide the PRC.

Iu thie cecbnical Dote, ve docuueut the uae of thie erteuded data bauk

to consttuct a rel iable gr idded aurface air  tenperature data ret for tbe

Nortbera Eeoiephere for tbe yeare l85l-1984. Iu order to achieve thia, it

hae beeu uecessar7 to e:aine each individual station teoperature eeries for

poesible iohmogeneit iee (errors of nou-cl inat ic or igin).  The ful I  reeults

of this e:oiaation are deecribed here and the derivetiotr of the gridded data

aet is preeeoted. Detai lg of eac,b of the 2666 stat ions in the data bank are

docuoeuted in Appendiees usiug the foroats descr ibed in Goodeea e! al .  (1985)
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and Bradley et el .  (1985).
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STATION HOI,IOGETEITT ASSESSUENT

Reaeona for Stat ioa Iuhotroceueit iee

Tbe four maia factore affect iug atat ion bonogeneity are ( l t i tchel l ,  1953;

ree also the srrnary by Bradley end Jones, l9E5):

(i) changea iu inatruueutatioo, erporure gDd meaeurcoeat techuiquee;

( i i )  chaugee ia etat ion locat ion (al t i tude or poeit iou);

( i i i )  chaagea in obaervat ioo t ince aud the Detbodr uaed to ealculate

DonthlY Eeaas; aad

(iv) cbauges in the enviro-"eut arouad the etation, paaticularly with

respect Eo urban grouth.

fre effects of these four najor factora have been diacusred at length iu

Brad ley  e t  a I .  (1985) ,  Brad ley  aud Jones  ( f985)  gnd Jonee e t  a l .  ( f985) .

Effecta of Stat ion Inhonoqeneit ies

Cbauge iu station locatiou could be aa irnportaut fsctor in deterainiug

station bonogeueity. Ae rill be ehwn latcr in thig rcport, at lea8t 801 of

el I ishonogeueitiea in atatiou records cau be traced back in the etatiou

bietory infornatiou to cheugee iu staBion locstion Eorcver, ncrely

aearchiug througb the statiou hiatorieg for iudicatioue of eite cbaugea, of

vhich tbere nay be a nunber, givea a peeainiatic viery of the potential

bmogeueity of a particular station'g daca. Cmparieoae sith ueighbouriug

statious ahor that, iu tbe najority of calea, docuqeuted site chaugee have au

inaignificant effect on tbe hmogeaeity of tbe d8t&

fre statioa biatory iuforraatiou giveu by Bradley et al. (f985) ehovs

that there bave also been changca ia obeervstion tinea esd/or the vay Eothly

BeeBs are calculated at aluoet every stat iou. Correct ioa of al l  observat ioue

to a c@ou etandard is,  bovever,  ertreoely di f f icul t ,  Eost ly becauee

suff ic ieat bourly data are aot avai lable for tbe calculagiou of correct iou

factor8. Nevertheleas, in naay publicatioos (iacluding ttltR) botb docrneuted

and undoc"-euted correct ioug have been appl ied to adjuat values !o a' t rue'

ot 24 hour ueaa. Sucb procedureg vere videly uaed up until the 1940e. Ttey

are diecussed in more detail sith refereoce to tbe Uuited Statee data in lftlR

b y  B r a d l e y  e t  a I .  ( 1 9 8 5 ) .

Changee iu tbe euviroment arouud the etatiou, eepecially tbe groytb of

citiea, baa often bees eougidered to have an important effect ou etatiou
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hmogeneity (ui tchel l ,  rg53; Drouia, rg67; cayau aud Douglae, lgg4; Kukla er
41., 1985). llaay uore references are cited by Laodaberg 1lggl). FrqB tbe
uage of l i terature on tbe eubject i t  would sppeer that the effect ie
wideapread' Eovever,  al thougb effecte have been derlou8trated iu both er lal l
aod large citiee in Europe and North Anerica in particular, relatiouehipe
betueeD city aize aud tbe magnitude of the urbanizatiou effect are DoE
atraightfonard, beiug bigbly dependeut ou local clisate aod tbe av8ct
locatiou of tbe station iu the city. Relatiouobipe found ia North Anerica
ca'' 'ot be ertrapolated to other parts 0f tbe Northero Eeoispbere,
p8rticul8rly to citiee ou the Aeiau and Africaa coatine'ts.

Agaeseneut of Bopogeueitv

Tbere are 2665 statioBs iu the tenpeaature etation data 8et for tbe
Northern Esn"iaPhere- To check al l  tbeae stat ions for hooogeueity represeBts
aD auea@e tagk- frere aae tro pooaible approachea to thig problen: al l
recorda could be erhauetively cbecl,ed uring the available rtatiou hietory
isforuatioD aa a guide to poteuticl errorr; or, iucouaietenciea betreen
neighbouriug statioua can be ueed ae a guide to the uajor iahoogeneities in
tbe data set For the vhole data aet, the foruer approacb could ouly be
uBdertakeu by an organizaBiou eueh aa tbe ttorld lleteorological organizatiou
through corlesPoDdeuce vith all tbe ucober cormtriee of IIl l0, eiuply becauee
8tstioD hirtory iuforoacion ie eeld@ publiehed. ge have choeeu to use the
latter method' Ile are ouly cooceraed ritb errors that are large enougb to
affect studiee of rarge ecale clinatic chauge. For euch a purpose, the
detailed checkiug of iadividual recorda ig trot cousidered ueceEEarr.

ro teet honogeueity, ee have cmpared records fr6 ueighbouring
statious' aearchiug for diacoatinuities aud trendg in atation differe'ces.
Ite method aesu'ea that, sithin guarl areas (tbe aize depende on data
svai labi l i ty and lat i tude aad variee frm 103 to ro5 u2),  the effecte of
chaogee ia clinate vil1 be ginilar. Records fron four to five neighbouriug
eites uere c@Pared ou clinatological tine scalea of the order of 20 years
uaing the fol loviug procedure:

( l )  For each etat ion, tbe eut ire record vas l ieted ag auoaal ies fron the
appropriate uouthly mean baged oD the eutire etatiou record 1eugttu
out l iera sere detected by iuapect iou aad ei tber ver i f ied, corrected, or

A-l  l
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repleced rith I niaaiag obaervatiou code. Tbe use of autmatic

stst ist ical  teegg to ideat i fy out l iera ie aot alvaya effect ive 8s, in

dats reto of lese thau 30 year8, the out l iers cao eaei ly diatort

estinates of the Eoutbly eteadard deviatiou. Outliers ideutified were

cooonly the regult of the uee of the vroug uoita, punchiug errors of

erectly lOoC, or by tbe misgion of a uiuue aiga (thiE occurred iu tbe

Jcnne (f975) vergion of lltlB at a1rcet evety atation iu Greenland duriog

tbc tovcoberg of the yeara 195l-60). Outlier inepectioae uere carried

out for cvcry statiou' iucludiug tboae vbich vete geographically

itolsted ead could Dot subsegueutly be coopared with ueighbouring

Itat iour.

(D For all groupe of ueighbouring stations, the record of -ry,!.

tcopca8tuae auonal iea, af ter renoval of  out l ie!s,  sas coupared vi th al l

othrr recorda in the gtoup by plottiug the differences betueen tbe

ronual valuer as a tiDc ccriea, a nethod propoeed by Conrad end Pollak

(196D. If no iahouogeneity eriate, the aeries of differeaceo sbould be

8 .tatioarry tiue rcricr. Abrupt cbaugea iu theee differeoce tine

tcrier poiot to gn iahouogencity iu oue of the aeriee. By corpariag all

poarible statio! paira, the erroueous statioue geuerally becme

rpparcut. Ia ame iuatancee, it raa DeceaaatJ to coopare statious with

sdditiousl atatioos that rere uo! iuitially eelected iu the cmParisos

group. For etatious sitb loag recorda, data vere cmpared vith data

frou the ueerest station ritb an appropriately long record- lfhen

iahouogeucitiee yere identified, coufiruetiou wae eougbt iu the station

hietorT infonatioa. For etatioue sitb recorda etartiug iu tbe

sioeteeoth ceuturT, the ststioa hietory iufornatioo giveo iu Bradley et

el .  (1985) raa used. For other stat ioBs, ve ueed the cmpi lat ion giveu

iu Appendir A.

(3) lfhea a partieular record ehowed e suddeo jrnp or diecoutinuity,

correctioas yeae derived oD a Eoalbly baaia aDd tbe erraut data nere

adjuated. Station recorda wbicb iudicated Dunerous (geseral ly nore tban

tro) digcoutinuities eere Bot corrected, but vere flagged ae

uacoatectsble aad uausable iu eubeequent analy8e8.

A-12
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(4) Ite tine series of station differeucee ofteu shosed treude or gradual
cbaugee. It vas ofteu poeaible to ideotify aueh varaing or cooliug
trenda rith a particular etation, but it vas not poaaible to adeqrrately
colrect gucb records. Theee yere, tberefore, aleo f lagged ae
uacoraectable and unuaeble. Statious rith iuhonogeueous raning treuds
uhieb vere likely to be caueed by urbauization sere craaeed ia a
lGparrte neffected by urbauizatioar category.

Smc eraoplec of the approech are aboys iu Figureg I to 4. Each ie
dircuared iu the appropriate figure captio'. lte e:aoplee are:

Figure l, Gordon castle (ruo No. 030680) miuue Aberdeen (030910) (uuitea

Kingdm)

Figure

Figure

Figure

2,

3 ,

4 ,

YirhaLhapsrn'm (431280) niuue Begauper (431290) (luaia)

Neouro (474n0) uinue Sapporo (474L2C) (.lapau)

Bme (162420) ninuo Naptea (f 62g90) (ttaly).

Further eroplea are giveu iu Jonea et el .  (19g5).

For eech of the 2566 rtationa, a fer (gcuerally tuo) of tbe ueighbouriug
rBstions urcd ia the booogeueity conpariaons are listed iu Appeudir A
together vith tbe years over vhich coupariaous rere uEde. ru geuerar, more
iutcrconparieona vere orde thau are ligted. 0uly the relevant statioae which
rupplied the neceeaarT evideace of houogeneity or iuhmogeaeity have been
iacluded.

Ilhen au abrupt chaage ia a station'g record raa ideatified end
euff ic ient overlap r i th neighbouriug correct etat ione avai lable, correct iou
factorg rere celculated oE a DoBthly baeie to produce a houogeaeous aeries
for tbat gi te.  ra tbe above eraplee, the recorda for Aberdeeu, Begopet,
Sapporo aad Nap1e8 uere adjuated or 'hmogenized".  Correct ion facrorg were
obtaiaed by differeuciug the meau teoperature before aad after the
digcoutiuuity and coupariug tbia sith a einilar differeuce at coraecr
ueighbouring atatioa(e). Corrections rere alvaye uade to adjuat an earlier
part of tbe erraut atatiou record to the Eost recent period. Correctiou
factors rere derived ou a noatbly uasiJ deapite the erraut statioua baving

A-13
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t
1.0

t

1900 '7920  
1940 1  860  I  980

Fig. l :  Stat ion teuperature di f feresce t iue eeries: Gordon Cast le (57.5oN,
3. loH) uinue Aberdeeu (57.2o1t,  LloW), lgol-1974. I te analyaie
identifies Aberdeen ae the ertart station ag a eimilar jrnp at 1948
aleo occurs shen tbe atat ion ia cmpared r i th Glasgow (55.9oN,
4Jh) and Ediuburgh (55JoN, 3.4T): Ibe srariou Liacory
iaforuation revcals thet the eite var noved to Dyce airport in
194& the gtraigbt liucr aae tbc aeaa statiou differeuces for the
tvo perioda, l90l-L947, f948-1974 Correct, ioa detai le are given ia
Appcudir A.

I
1 .O

I

1 900 1  920 1  940  1  900  1  980

Fig. 2z Stat_ioa teoperature difference tiDe serieg: Viahakbapatuau (17.7ox,
83308) niaue Begoper (17.5oN, 78.508), lg0l-1980. ihe analyeie
ideatifiee Begaopet as the errart 8tatiou as a einilar juup at fgSt
alro occure sbeu the atatio_n ie coopared sith Akofa (20.Zolt,
77.eF') aad Jagdalpur (lg.loN, SZOo-E). &e etariou bistory
iufonatiou reveals that the atatioo uaa noved to the airport in
1951. lte gtraight liuee are the Dean statios differences for the
tuo perioda, l90l-1950' t95l-19E0. Correctioa detai le are giveu iu
Appcudir A.
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t
1.0

t

1 900  I  920  1  940  1  960  I  980

'Fig. 3: Station teoperature differeoce tine eeriea: Ncnuro (4/doN,
l45.6oD_ uinus sapporo (43.1oN, t4l.4oE), 190l-1980. Ibe analyaie
identifiee Sapporo ae tbe errant stetion as a giuilar junp auring
1939 aleo occurr rbeu the atatioa ia conpared vith l,Uaitriii
(440on, l443oE) and Akira (39.7oN, l40lor). rt" atation hietory
infomatiou reveala that the atatioB ya8 oovcd to a ner site
rpproriuately Zrn goutheaet of itr earlier porition Tbe atraight
liucr ere tbe nean station differeuce8 for tbe tuo periode, l90l-
1938, 1940-1980. correcrioa detaile are givcu in Alpeudir A.

t
1.O
t

I  900  I  920  1  940  1  900  1  080

Fig. 4: Station t€aperature difference tine aeries: Rme (41.7ott l2.5oE)
uioua Nggl-es (/o.gon, l4JoE), lSzl-1980. rbe ruo parrs of Naplea
record 1871-1925 aud 195l-1980 vere recordg frm differear ei iee.
lbe gtraigbt lioea are tbe aean 8tation differences for the tvo
periode, 1901-f925' 196l-1980. Correction detai ls are given iu
Appeodir A.
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beea ideutified oo aD annual baais. The correctioa factor iu a particular

EoBth ia givea by

( l )

vhere aubacriptg 0 sad I refer to the tine periods before and after the

diecontinuity, X ia the Eouthly EeaB teoperature at the erlant site aad Y1 ie

tbe aoutbly neaa tcnperature at the ith (of N) ueigbbouring sites witb a

bmogeneoug record.

Iu tbe Sapporo e:aruple in Figure 3, N-3r 0-1900-1938, l -1940-1970. l te

DoBtbly correct iou factors for Sapporo (aud al l  other eorrected etat iona) are

given in Appendir A. Tte correctioDs rere applied to all ooaths prior to

July 1939 as it sas knorD tbat tbe statioa ooved to a nee site at tbe

begiuniug of July f939. If the e:act oouth of the station Bove vere knora,

it ras uaed. Thig detail vas geoerally ouly Luosa for the Usited Statee,

Canada aod Japan Iu oCher c88cE, rucb ag the other three eraplee

illustrated above, the corrections rere applied through to Decenber of tbe

year in rhich the discontiuuity uae identified.

Detaile for each corrected station are giveu iu Appendir A iu the

relevaut statiou hietory iufonatiou. For each statioD rhere corrections

sere -ede, the tselve DouthIy correct iou fsctore are l iated, together vi th

the hornogeueoua or palt-honogeneoug gtations used iu tbeir derivatiou and the

periode over rhich they sere calculated aod appl ied.

Reeulte of the Stat ioa Eopseueitv Asgeegueut

Ful1 detai ls of  the hmogeaizat ioa aoalyaee are l isted in Appendir  A-

Frm the Eany-station intercompariaoue undertaken, each station bae been

aesigned a qual i ty conlrol  code. Detai ls of  the code gre given at the

beginning of Appeodi: A. For eaeb statiou, the statione ueed to define thie

code aad tbe atatioue ueed !o correct erra[t statious are listed in Appendir

A. Approxiuately 247 of the 2666 atat ione could not be tested for

hmogeneity. S@e statiou records rere too abort for couparison rith

aeighbouriug atat ioaa, wbi lst  other stat ious uere located ia regione or

operated in tine periode for shich ueighbouriag etatiou data uere uo!

avai lable. l te lack of avai labi l i ty of  cooparieou data ie evideot at EaBy

ielaod atat ioue, psrt icular ly in the Pacif ic" Sucb stat iong were, however,

c-xo-xt- i  rr- l  
( tro-y*)
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checlced carcfully for ertreoe outliers.

ru order to 8rrffii 'rise the iafornation contained iu Appendir A, tbe
uunbera of etatious iu each bmogeaization category bave been totsr red for
8even regioue of the Nortberu Ee" ' iephere. The regions sere selected on tbe
baeis of their  l for ld l leteorological  orgauizat iou atat iou uuobere, aud
tberefore coaresPoDd to large geograpbical are88. Ihe etation couuts are
l ieted in rable I .  65.52 of al l  the stat ioBs iu the data get yere craeaed in
either the correct or corrected category. 0n1y 10.52 of etatioue yere
claeeed a8 u'coarectable and, of tbeee, l"ee than 23 sere fouod to be
affected by urbau reruiug.

ttc corl I uuaber of etatione identified ae affected by urbanization nay
be duc in put to the Eetbod of aualyaie. r t  io poaeible that tbe
urbauizet iou effect uight be seaeoual ly specif ic end aot eagi ly ident i f ied by
aa analyoig of aunual data. If ao, then errorg could occur in our uonthly
data; but any errors in the annual data nuet, of couree, be miniuar.
Urbauizat iou effects could algo egcape detect iou by our nethods i f  al l  the
sBations io a largQ arca vere affected. Iu sucb c8te8, se would onry fail to
ideut i fy aa urbeuizat ion effect i f  a l l  stet ions yere affected aluoat equarry.
Tbis eeeoe unlikely. Ifcvcrthcleaa, ame of tbe data vhicb ue have judged to
be corrcct !8y stil l havc epurioue trends due to urbaaizatiou, aud uore
detailed anrlyeee are certaiuly warranted iu regione lil,e easter1 USA and
YesterE Burope, eapecial ly i f  regiouel studies of the heniapberic data eet
are cout€nPlated.

Furtber digcureioa of the regults of tbe houogeueity asaesrnegt can be
f o u u d  i u  J o n e a  e t  a l .  ( 1 9  8 5 ) .
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statious in eacb hooogenizatioa category
the Northeru EeFi gpbere.

for differeut

E

Europe
(erc l .  USSR)

ussR

Aeia
(erc l .  PRC)

PRC

Afr ica
(x  or  2 .5os)

Anericas
(n  o t  2 .5os)

Iadoneeia,
Phi l ippiuee,
Pac i f i c  Is .

A11 7 regione

I of 2666

290

588 160

t2 170

0

9 l

70

LIA

136

16

13 l

l 0

188

149

160

l0

239

9

34

645

24

2t8

9 .5

3 l

n7

L22

359

1016

L22

Stat ione correct af ter a epecif ied year.  ( I te specif ied year ie not
alraye the f i ret  year of record; iu such ceseE, the earl ier rmtested
parta of the record uere Dot uacd iu auy aubaegueut analyees. lbe
leagtb of the digcarded sectioa of records can be found by cmparing
the f i rst  year of record si th tbe f i ret  rel iable year of record, both
of which are l isted in Appendir L)

Stat ions hmogeuized.

Stationa not e:aoiued (record too ebort or Do adjaeeut statious for
cornparisoa).

Statioug incorrect (e.g. Brnerous jurpe aod/or treuds includiog non-
cl inat ic cool ing tresda).

Statioae with uon-li-uatic varning trends.

Sta t ion  to ta ls .

78

149 5

56

0

38

1.5

A :

B:

C :

D :

E :

F :
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GBIDDING EE SIATION SUNFACE AIA TEUPEBAI]I'BS DATA

Eaviug aaeeaaed, where pocaible, the hoogeneity of eacb stst iog record
ia our NortberuEeoisphere data baal, ,  ve have over 2000 pote1t ial ly ueable
atat ions. Ibe atat ioEE are i rregular ly diatr ibuted over tbe laad maeaee of
the Nortberu Eenisphere rith the najority of etation8 located in Europe aud
over the Uuited Statee. Stat ion deuaity ia congiderably less in the less
deuaely populated steasr particularly over Saharan Africa and partg of Aeia.
In order to reduce the effects of thie irregular digtribution, it ie
Decessary to interpolate the data oBto a regular grid.

Becauae of di f fer iag etat ion al t i tudee, di f fer ing Eetbods of calculat ing
EoDthly Eeaut aud di f fer ing obaervat ioB t inea, i t  ig Bot sppropriate to
intcrpolate rav stat ion data. Aloogt al l  previoua aualyres oyercone this
probreu by uaiag anmaliee frm a gerected reference period. (ot  courae,
reference period Beans aud enooaliee uuat be calculated using the honogenized
date.) A decieioa uuat be nade couceraing bor nlny years of data are
aeceslatY to 'calculate a guiteble refereuce period De8B. For erauple,
Yaoaooto (f98f) selected a uear-bundrcd year refereuce period but, becauee so
fc stat ioua bave auch loog recorda, he uae forced to mit  n 'ny stat ione.
lbe beat Eethod is to calculate aumalicg frm a period of good daca
coverage; for exauple, Joaee et al .  ( f98D ueed the period 1946-GO.

the period of best data coverage in tbe data eet deecribed here is l95l-
70. For atat ions to be used in tbe gr idding analysie ve require at le8sr 15
years of the data betveen l95l-70. Even uaiag thia reference period omite
uany valuable long records that ceased recording in 1950 or 1960. Ia order
to uge aoDe of theee data, refereuce period Ee8!8 uere eetie.ated uaiug data
frm neerby etatioue. the accuracy of tbese reference period meane ie
probably betrer than 3p.2oC.

Inevitably, sooe statiou data cannot be ueed because reference period
Dean8 canaot be calculated. l t ig reduces the uumber of ueable stat ions to
1584. Tteae stations are licted in Appendir B aud their locatioos are ehor,!
ia Figure 5. Stat ion coupta for the seveu regiona (used in Table l )  are
l i s ted  iu  Tab le  2 .

l loat of  the previoua metbode of data interpolat ioo have beeu diecusaed
iu Jonee et al .  (1982, f985).  Furtber iuforost ioD Eay also be fouad in
E l laaeeeer  e t  a l .  ( f985)  and l l ig ley  e t  a l .  (1985) .  Prev ioue aua lyses  can be
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IABLE 2. Statioae rith sufficient data iu the refereuce period mean, 1951-70.

DA

Europe
(e:cl. USSR)

ussB

2n

r34

Aa ia  l l 8
(ercl. PRC)

PBC 42

Africa l4l
(u .  o t  2 .5os)

Anericae 534
(n ot  2 .5os)

Indoaesia,
Phil ippineo, 78
Pac i f i c  I e .

A11 7 regioue Ln4

L2

?5

44

l9

28

L42

163

42

r86

690

78  1584

4 .9

37

149

0

82

78

Zo f  1584  80 .4  L4 .7

A: Stat ions correct af ter a epecif ied year.

B: Stat ious bmogenized.

C: Stat ione uot checked.

D :  T o t a l g .
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c laesed in to  tso  main  ca tegor ies ,  sub jec t ive  or  ob jec t ive  tecbn iques .

Sub jec t ive  techn iquee have been uaed a lmost  en t i re ly  by  Sov ie t  workers ,

in part ieular by Borzeukova et al .  ( f976) and Viunikov et al .  (1980).  In

tbeae s tud iee ,  s ta t ion  tenpera ture  da ta  were  hand p lo t ted  ou to  ben ispher ic

charts for each Eonth over the period of aualyees, in thie case 189l-1978.

The napa were coutoured subject ively and gr id point values extracted onto e

50 Iat i tude by l0o longitude gr id.  Recent workers have essenl ial ly bui l t  ou

ear l ie r  ana lya ie  o f  a  char t  eer iee  ave i lab le  in  the  Sov ie t  Un ion l  eee,  fo r

erample, Sberov ( f960{7),  Budyko (f969) aud Viusikov (1977).  Furrher

deta i l s  o f  the  tecbu iques  are  g iven by  V inn ikov  (1977) ,  Jonee e t  a1 .  ( f982)

end Robock  (1982) .

Object ive metbods have eoployed ounerical  technigue6 to extrapolate or

interpolate gr id point tenperature from the irregular distr ibut ion of stat ion

data. Eramples are the workg of Yamaoto aud co-rorkers (e.g. Yamaoto and

Boeh ia i ,  1980;  Yamamoto  198 l ) ,  Baueen e t  a l .  ( f98 f ) ,  aud Jones  e t  a l .  ( f982) .

A11 of tbe publ ished nethods (both subject ive aud object ive) have

def ic ieneieg. fre uethod of Vinuikov et al .  (1980),  involviug nearly 1200

Eap8, is both t ine-consuuing and aubject ive. f re reeurts courd not

Pract ical ly be repeated even i f  tbe preciae data sourceg yere known.

Ygoooto's (1981) reault8 are oot str ict ly conparable to the other analyeee
diocusaed here becauae 8 zero anonaly value sa8 eBsuDed for al I  gr id points

vhere iuterpolat ion could uot be made. fr ie aeeumptiou reduces the var iaace
of tbeir  Northeru Eenisphere average series by about one balf  cmpared to the
other  ana lyeea (xe t logg and Bo jkov ,  f982) .  Eanaen e t  a l ' s  ( f98 f )  uerhod is
di f f icul t  to 486e88 88 !o cmplete deecript ion of the uetbod has been
publ iahed.

Tte method of Jones et 41. ( f982) is degcribed in detai l ,  but tbere are
also problene r i th their  uethod. They used the six stat ious nearesE r,o a
grid poiut iu order to caleulate the gr id poiut value. Eovever,  because the
stat iou deneity increaaee through t ioe, tbe sir  stst ioue nearegt to a gr id
poiat chauge. fte etatioua used during the period of beat data coverage in
the 1950s were, on average, Bearer the gr id poiat than at otber t , !mes. rn
ame regiooe, part icular ly Arct ic regions, stat ions vere ueed to interpolate
grid point values at Eore than one gr id point.  Thie could raiae the degree
of apat ial  autocorrelat ion above lhe real value. In dala-den6e areas,

Psrt icular ly over the United State's aud central  Europe, much of the stat ion
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da ta  rae  no t  used a t  a l l .

Iu order to eliniuete soae of theee probleoe, a Des Betbod of griddiug
hae been eoployed. rte grid epaciug used in the preeeut analyeig is 50
lat i tude by l0o lougitude involviug 649 gr id poinrs over the Nortbern
Eeoiephere. At eacb gr id poiut,  anmaly valuea for al l  etet ioue tbat heve
this ag their nearest grid poiut are averaged uaiug inverae distaBce
reight ing:

D n
t t  ' " i rc  rT"  /  

" i ro  "
(2 )

vhere T, ia tbe ioterporated gr id poiat. teDpersture an@ary
T, (e-Ira) ia the stat ion teoperature anmaly

a" (e' l ru) ig the iuverse of the great circ le dietence betseen
the etat ion and gr id point.  (qa sas congtrained to r /  a e < 0.02
naut ical  ui lea, eince 8<tr le stat ioue are located very cloae to gr id
pointe. )

This uethod hae tvo advaatates: data for a particular rtation are uged
for interpolat ion at oaly one gr id point;  and al l  the avai lable etat iou deta
are used' For sme gr id poiote, vheu ouly one ctat ion record ia avai lable,
the ststiou aoomaly value becmes the grid point v81ue. Iu data denge areat
of North Anerica aad Europe, uP to 40 stations Eay be averaged to calculete a
single gr id point value. The nethod haa a el igbt dieadvautage iu tbat T,
varuea beeed on large N tay have lover inter-ansual variauce c@pared sitb
those baeed on enal ler N- Eoveyer,  spst ial  correlat iou effecta aud the
ioverae distance veight iug factorg teud to nininiae thie probren
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BESIILTS

lbe Gridded Data Set

the new gr iddiug uethod has beeu uaed to iuterpolate frstr  stat ion
asonal iear vi th resPect to the 195f-70 refereuce period, to the regular gr id,

for each DoDth from January lE5l to Ilecenber 1984. Grid poiat aumaliee have
bees calculated to aD accuaacy of 0.0loG such au accuracy, hmever, does
Dot Deceseari ly ref lect tbe accuracy of the or igiual  deta aud bae ouly been
ueed for conPuter stotage purposes. Iudividual nouthly grid poiut ancnaliee
are probably accurate to g0.2oC.

the uuqber of statioue (a) available at eacb grid poiut varieg through

tioe and fro grid point to grid poiut. rn eone casea, n ie one, and the
tt8t iou auonaly value ie uaed es the gr id poiut value. Iu order to assesg
the rel iabi l i ty of  the interpolated gr id poiut teoperature aumaly, teo
quantitiee other than the teuperatnre aumaly itaelf bave been stored is our
gridded dsta file. Ibeae tuo quaatitiea are tbe u'-ber of atationa ueed (n)

aud the quautity g' l/n f" . for evctT gridpoint for each uouth for each
year. I ie a Eeaaure of uiJrcrlee the statio!8 are ro the relevaal grid
point; l/ B beiug a aean distsgce iu uaurical uiles.

Tte data set is available oE a coaputer Dag'etic tape.

F,- Z.L+
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col|qlusroNs

Tbe Eenispberic Averace Seriea

tte method of celculatiou of the area average surface sir teoperature

rcr iee ie relat ively atraight forard; each gr id poiat ia averaged after

beiug veighted by the srea of tbe bcoigphere it repreeesta. ltcigbtiag ie

echieved ueiug the cosine of the latitude of the grid poiut.

l'l l{
xEr - 

gir 
Tg coa( or) ' 

i., 
coe ( or) (3 )

vhere U is the uuuber of grid poiata-ritb tcapetatuse saoEalies (Tr) in a

particulsr Eonth and 0, ia the latitude of tbe grid poiat.

lbe nuuber of grid poiuca for vhich a value can be calculated iucreaeee

betucen l85l and 1950. Ite estinrtea of beoirpberic nean teoperature are,

therefore'  Bote rel iable in receut decadee (erpecial ly eince 1930) than

during tbe uiueteeutb ceutury. lte apatial repreeeutativenese of the geriea

over tbe l85l  to 1930 period hea bceo aaaeeeed by Joneg et al .  ( f985).  lbe

hcniepheric tenperature eerics appcars to be reliable oD a.ycar to year baeis

efter about 1875 deapite the narled chrages in apatial coverage. Prior to

1875r yearly tcoPerature eet inates aae lesa rel iable. Al though the general

tresda of tenperature over the 185l-1874 period are coueidcred reliable by

Jooes et 41. (1985), differeucee betveeu laud aud neriue data erist shich

8t i1 require erplauat ion

Ihe aiueteentb-century data aboss a elight cooling betyeen tbe 1870e and

the late 1880e. The uean tcnperature prevailing between 1851 and tbe late

1870o sas einilar to that of tbe 1900s aad l9l0e. Arouud 1920, a rapid

ra:ming took place aad the period l92f-1984 rae ebout 0.4oC uatuer tban the

earlier period 185l-1920. Moet of tbe sarming betreeu l92l and 1984 took

place over tbe perioda 1921 to l9r l0 aud 1965 to f984, A cool ing of abour

O.28oC is evidest betreen l9/O and 1965. 1te uagnitude of thia cooliag iu

tbe preaent aualyaie is considerably aoal ler tbau iu tbe earl ier aualyeee of

Yianikov et al .  (19E0), Eaaeeu et al .  (r98r) aud Jooee er al .  (1982),

anount iag to about 0.38oC io thoae studies.

there is no doubt tbat further errors could be eliniuated frm tbe data

setr but aot witbout cousiderable effort .  For studies of heoiepheric-ecale

tcaperature variatioua the coueisteocy between varioue iudependeut data sets

(upper air data, uariue data and eurfece station deta) atte8ts to the
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re l iab i l i ty  o f  the data set  produced here (eee wigrey er  ar . ,  19g5) .
Fur ther  d iscuss ion of  the data Eet  is  g iven iu  Jones et  a l .  ( r9g5) .
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APPENDIX A

Station Eiatory Inforuatiou and Eomoceueitv Aseeaeueut Detai ls

Colur"n EeadinCs

L iue  l :
lll{O Nrsber (geaerally witb additional 0)
Stat ioo Noe
Couutry
Letitude
Lougitude
Eeigbt
l i rst  year of data ( In eoue csre8 tbie nay"be. tbe f i rat  year vi th

precipi tat ion dats. Teoperature-data.starts 1ater.)
Laat year of data
Quality code
First  rel iable year of data

Line 2:
Source: Codeg ueed by Bradley et 41. ( f985)

Subaequent l iuea:

Noteo aod bouogeueity detaila.

Additioual Infonnation

l t ieaiug Codes:

Larirude 999
Lougitude - 1999
Eeight 999

Qual i ty Code:

Firet Digi t

I  -  Bel iable bacL to f i rst  rel iable year
2 - Corrected baclc to first reliable year
4 - Affected by urbau ra:ming
5r8 - Non-booogeneou8 and uncorrectable
6 - Not coupared vith oeighbouriug statious
7 - Bel iable baclc to f i rst  rel iable year,  uncorrectable for ear l ier

yeats

Second Digi t

0 - Becord 902 couplete
I - Short record of legs tbau 20 yearg
2 - Becord leee tbau 902 complete, geuerally coutaioiug uauy yeare of

niaaiug data
3 - Aatique record witb d8t8 alrcst eutirely from the niueteeuth

century or earlier
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