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AB STRACT

With global warm ing upon us, it has be come in creas ingly im por tant to iden tify the ex tent of this warm ing trend and in

do ing so be able to rank mean tem per a ture changes in par tic u lar sea sons and years. This re quires a need for ho mo ge neous

cli mate data, which do not re flect in di vid ual anom a lies in in stru ments, sta tion lo ca tions or lo cal en vi ron ments (ur ban iza tion).

Ac cu rate ho mo ge neous long-term me te o ro log i cal data helps show how tem per a ture vari a tions have truly oc curred in the

cli mate. Many pos si ble fac tors con trib ute to ar ti fi cial abrupt changes or sharp dis con ti nu ities in long time se ries data, such as

the im pact of sta tion re lo ca tion, changes in ob ser va tional sched ules and in stru men ta tion. Ho mo ge ne ity ad just ments of in situ

cli mate data are very im por tant pro cesses for pre par ing ob ser va tional data to be used in fur ther anal y sis and re search. Us ers

re quire a well-doc u mented his tory of sta tions to make ap pro pri ate ho mo ge ne ity ad just ments be cause pre cise his tor i cal

back ground re cords of sta tions can pro vide re search ers with knowl edge of when ar ti fi cial dis con ti nu ity has oc curred and its

causes. With out such de tailed his tor i cal data for each me te o ro log i cal sta tion, abrupt changes are dif fi cult to in ter pret.

Un for tu nately, no ho mo ge ne ity ad just ments for tem per a ture re cords have been con ducted pre vi ously in Tai wan, and pres ent

avail able sources of the his tory of Tai wan’s me te o ro log i cal sta tions ex hibit in con sis ten cies. In this study, in for ma tion

per tain ing to sta tion his tory, es pe cially re lo ca tion re cords, is pro vided. This in for ma tion is es sen tial for anal y sis of con tin u ous

time se ries data for tem per a ture and cli mate warm ing stud ies. Tem per a ture data from sev eral sta tions is given in this study to

show how ar ti fi cial dis con ti nu ity oc curs due to sta tion re lo ca tion. Al though there is no ho mo ge neous ad justed cli mate data

provided in this preliminary work, the summarizing of information regarding station relocations should be of assistance to

future data users wanting to determine whether or not abrupt changes in climate data are artificial.
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1. IN TRO DUC TION

With global warm ing upon us, it has be come in creas -

ingly im por tant to iden tify the ex tent of this warm ing trend

and to also be able to rank mean tem per a ture changes in par -

tic u lar sea sons and years. This re quires ho mo ge neous cli -

mate data that do not re flect in di vid ual anom a lies in in stru -

ments, sta tion lo ca tions or lo cal en vi ron ments (ur ban iza -

tion). Un for tu nately, dif fer ent al go rithms for ho mo ge ne ity

ad just ments on orig i nal metadata give dif fer ent re sults; for

ex am ple, the change in al go rithms of the US His tor i cal Cli -

ma tol ogy Net work (USHCN), which in cludes more than one

thou sand weather sta tions for the con ti nen tal US (see the

USHCN data website at: http://www.ncdc.noaa.gov/oa/

climate/re search/ushcn/ for de tails). Be gin ning in 2007,

improved cor rec tion schemes (Menne and Wil liams 2005;

Menne and Wil liams 2009) have been ap plied to the USHCN

by NOAA’s Na tional Cli mate Data Cen ter (NCDC). This

change has had no sig nif i cant im pact on the long-term tem -

per a ture trend, but has re sulted in changes for the an nual

rank ing of some years. Al though dif fer ent ver sions of cor -

rec tions pro duce dif fer ent ad justed datasets, ho mo ge ne ity

ad just ment is still re quired to pre vent pro nounced dis con ti -

nu ity; i.e., ab strac tions that are not real vari a tions in wea -

ther and cli mate.
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There are many pos si ble fac tors that can con trib ute to

ar ti fi cially abrupt changes in long-time se ries cli mate data,

such as sta tion re lo ca tion ef fects, changes in ob ser va tional

sched ules and in stru men ta tion (Karl et al. 1986; Karl and

Wil liams 1987; Quayle et al. 1991). Ho mo ge ne ity ad just -

ments of these in situ cli mate data are very im por tant pro -

cesses in ready ing ob ser va tional data for fur ther anal y sis

and re search. A re view pro vided by Pe ter son et al. (1998)

has sum ma rized sev eral meth od ol o gies for ho mo ge ne ity

test ing and prog ress made in sev eral coun tries/re gions (Aus -

tra lia, Aus tria, Can ada, Fin land, New Zea land and Pa cific

Is lands, Nor way, Swe den, and USA). In ad di tion to these

local datasets, ef forts to ward mak ing ho mo ge ne ity ad just -

ments on global data are dis cussed.

Abrupt changes and de cad al vari a tions in Tai wan’s cli -

mate have been stud ied in many as pects. Un for tu nately, no

ho mo ge ne ity ad just ments have been done for cli mate data in 

Tai wan be fore these stud ies were pub lished. Al though there

are meth ods to help in de tect ing un doc u mented change

points for cli mate data (Menne and Wil liams 2005), it is

necessary for us ers to re al ize what the doc u mented change

time is for sta tion re lo ca tions, and changes in ob ser va tional

sched ules and in stru men ta tion be fore us ing such data in re -

search. In the pres ent work, the his tory of sta tion re lo ca tion

is our main fo cus. This in for ma tion is es sen tial for anal y sis

of con tin u ous time se ries data for tem per a ture and cli mate

warm ing stud ies. Tem per a ture data is used here to show how 

pro nounced ar ti fi cial dis con ti nu ity is due to sta tion re lo ca -

tion as tem per a ture is a less sen si tive vari able com pared to

pre cip i ta tion and wind. If tem per a ture does ex hibit an un -

expectedly abrupt change due to sta tion re lo ca tion then it is

highly pos si ble that other vari ables will have also been

influenced.

Pre cise his tor i cal back ground re cords of sta tions can

indicate when ar ti fi cial dis con ti nu ity has oc curred and its

cause (Pe ter son et al. 1998). With out de tailed his tor i cal

back ground checks for each me te o ro log i cal ob ser va tory

(con ven tional weather sta tions; here af ter sta tions), abrupt

changes are dif fi cult to in ter pret. In Tai wan, old weather

records can be traced back to the Ching Dy nasty (1885).

However, the Jap a nese es tab lished a more well or ga nized

weather ob ser va tional net work af ter 1895. Com mence ment

of most sta tions cur rently op er ated by the Cen tral Weather

Bu reau (here af ter CWB) in Tai wan oc curred dur ing the

Japanese co lo nial era (here af ter, the JP era). Back ground

information for some sta tions in this pe riod was lost af ter

World War II (here af ter WWII) or re mains er ro ne ous. The

in for ma tion (year of com mence ment) listed in the “Sum -

mary re port of me te o ro log i cal data (Tai wan), Vol ume VI

1991 ~ 2000” (CWB 2002), the CWB website (http://www

.cwb.gov.tw) and Hung (2007) pres ent dif fer ences. Sta tion

com mence ment years and first re corded data are incon -

gruous in the CWB da ta base. For ex am ple, the first col lec -

tion date for Keelung’s data cur rently re main ing in the CWB 

da ta base is 1930 or ear lier (dif fer ent ver sions), while the

com mence ment date for this sta tion from CWB re cords and

website is 1946. Sim i lar sit u a tions ex ist at other sta tions.

Care ful re view of the his tory of Tai wan’s sta tions leads to

more in con sis ten cies and much con fu sion. There fore, the

ob jec tive of this study is to sum ma rize sta tion back grounds

in Tai wan, and tem per a ture dis con ti nu ities aris ing from sta -

tion re lo ca tions.

All sta tions and data re viewed in this study are from

the CWB ex cept tem per a ture data from Song-shan air port,

which was pro vided by the Civil Aero nau tics Admini st -

ration in Tai wan. Lo ca tions of CWB sta tions are shown in

Fig. 1, and their cor rected in for ma tion is pro vided in Ta bles 1

and 2. Eng lish spell ing for these sta tions is from the CWB,

which can be found on its website and in sum mary re ports.

In gen eral, the 5-digit weather sta tion codes are used ex cept

for spe cial sit u a tion when a 6-digit code (one ex tra last digit) 

is nec es sary to dis tin guish par al lel ob ser va tion pe ri ods or

new/old ob ser va tional sites. In our study, the tra di tional

5-digit code and ad di tional sin gle digit fi nal code are sep a -

rated by a dash. This may be ab sent in some CWB data for -

mats. More de tail of the his tor i cal back ground of sites can be 

found in Hung (2007) (Chi nese only). The an nual mean of

daily tem per a ture, daily max i mum tem per a ture (here af ter

Tmax) and daily min i mum tem per a ture (here af ter Tmin) are

the ma jor vari ables dis cussed in this study.

The re main der of the pa per is or ga nized as fol lows: Me -

te o ro log i cal sta tions in Tai wan with out se ri ous re lo ca tion

prob lems are de scribed in sec tion 2 while oth ers with per ma -

nent or ten ta tive re lo ca tions are sum ma rized in sec tion 3

along with their tem per a ture dis con ti nu ities. Our con clu -

sions and dis cus sion re gard ing other fac tors con trib ut ing to

ar ti fi cially abrupt changes in the me te o ro log i cal data are

pro vided in sec tion 4.

2. STA TIONS WITH OUT SE RI OUS RE LO CA TION
PROB LEMS

Through out Tai wan’s me te o ro log i cal his tory, some sta -

tions have main tained the same codes and names whilst their 

lo ca tions have changed. This was es pe cially true in the late

19th and early 20th cen tury. How ever, once per ma nent ob ser -

va tion sites were de cided, most of Tai wan’s ob ser vational

sta tions have not had se ri ous dis con ti nu ity prob lems per -

tain ing to re lo ca tion is sues. For these sta tions, ob ser va tional

sites have es sen tially not changed though ur ban iza tion may

have af fected their im me di ate en vi ron ments. The sta tions in

this cat e gory are: Alishan (No. 46753), Anpu (No. 46691),

Chengkung (No. 46761), Chiayi (No. 46748), Chu tzehu

(No. 46693), Hengchun (No. 46759), Hualien (No. 46699),

Ilan (No. 46708), Jiyuehtan (No. 46765), Kin men (No. 46711),

Lanyu (No. 46762), Mazu (No. 46799), Peng chiayu

(No. 46695), Penghu (No. 46735), Suao (No. 46706), Tai -

tung (No. 46766), Tanshui (No. 46690), Tawu (No. 46754), 
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Tungchitao (No. 46730), Wuchi (No. 46777), and Yushan

(No. 46755). As men tioned in the in tro duc tion, ac cord ing

to the CWB, com mence ment years for some of the above

sta tions are in con gru ous with the first data col lected at

these sites, a sit u a tion re quir ing re vi sion (see Ta ble 1). De -

scrip tions of spe cific sta tions are pro vided be low.

2.1 Ob ser va tions by Light house Work ers

Some me te o ro log i cal ob ser va tions in Tai wan were

first con ducted by light house work ers. Such data were then

added to the CWB da ta base. For ex am ple, the of fi cial com -

mencement of me te o ro log i cal ob ser va to ries in Pengchiayu

(No. 46695; also known as Agincourt) and Hualien (No.

46699) are 1936 and 1921, re spec tively, while light house ob -

ser va tions have ex isted in the time se ries data of the CWB

since 1910 at both sites. The lo ca tions of light house and me te -

o ro log i cal ob ser va tions are al most the same for both sta tions

re sult ing in the weather data be ing grouped un der re spec tive

ob ser va to ries (note: dif fer ences in data qual ity ex ists).

2.2 Ques tion able Com mence ment Years and
Ob ser va tional Lo ca tions

Ques tions re gard ing com mence ment years and obser -

vational lo ca tions for some sta tions in Tai wan re main un -

resolved. For ex am ple, the ac tual com mence ment date for

ob ser va tions at Anpu (No. 46691) and Chutzehu (No. 46691)

are still un known. Weather data re main ing in the CWB re -

cords for these two sta tions com menced on 1943.1.1, while

most other CWB sources give the com mence ment year of

both sta tions as 1937. Ac cord ingly, a re tired CWB worker

claims ob ser va tions at Anpu and Chutzehu be gan later than

1942 (Hung 2007). An other ques tion able re cord is for

Jiyuehtan (No. 46765) at Sun-moon Lake, Cen tral Tai wan.

This sta tion is lo cated on a hill. The main pur pose of es tab -

lish ing the sta tion dur ing the JP era was to ob serve the ver -

tical pro file of wind at ~1000 m for avi a tion. Con se quently,

the most im por tant build ing at this sta tion was the wind

tower. Other me te o ro log i cal vari ables for this lo ca tion seem

not to have been re corded at the tower lo ca tion dur ing the JP

era. How ever, re cords at the CWB in di cate that ob ser va tions 

were made of all me te o ro log i cal vari ables at the lo ca tion of

the wind tower when an of fi cial me te o ro log i cal ob ser va tory

was fi nally con structed in De cem ber 1951.The ex act lo ca -

tion of ob ser va tions prior to this time is un clear.

2.3 Ques tion able Tem per a ture De vi a tions be tween
Tanshui and Tai pei

Tanshui (No. 46690) (or some times Tamsui) is an old

har bor town in north ern Tai wan, which is now an outer
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610 Chih-wen Hung



suburb of Tai pei. The dis tance be tween me te o ro log i cal ob -

servato ries in Tai pei and Tansui is about 16 km. Al though

weather ob ser va tions at Tanshui can be traced back to the

Ching Dy nasty and Tanshui light house work ers con ducted

me te o ro log i cal ob ser va tion dur ing the early JP era, the Tan -

shui sta tion was of fi cially es tab lished in 1942 for Tanshui’s

sea plane air port. The ob ser va tional lo ca tion of the Tanshui

sta tion has re mained the same since its of fi cial com mence -

ment in 1942; how ever, a strange tem per a ture de vi a tions has 

been found be tween Tanshui and Tai pei dur ing the 1980s.

As seen in Fig. 2, the an nual mean tem per a ture of Tanshui is

al most the same as that of Tai pei (No. 46692) be fore the

early 1980s. Af ter 1983, how ever, Tanshui’s tem per a ture

sud denly de clined. And al though Tai pei’s tem per a ture be -

tween 1992 - 1997 shows an anom a lous de crease ow ing to a

ten ta tive relocation of the Tai pei sta tion due to ren o va tions

(next sec tion), the 1°C dif fer ence af ter 1983 be tween Tan -

shui and Tai pei is quite pe cu liar. Fur ther anal y sis shows

that this un usual cool ing is found mostly at Tmin (~2°C over 

3 years) for Tanshui.

Day time ur ban warm ing is re ported less than night time

tem per a ture in creases for cit ies (Gallo and Owen 1999). This

can ex plain the large in crease in Tmin with rel a tively small

increases in Tmax for ur ban ar eas. To ad just ur ban warm ing

to ac com mo date long-term tem per a ture trends, Legg’s (1989) 

method makes ad just ment for Tmin only and no change for

Tmax. Parker and Hor ton (2005), on the other hand, pro pose a 

weight ing re as sign ment of 75% for Tmin and 25% for Tmax.

Such dif fer ent con sid er ations for Tmax and Tmin are typ i cal

of ad just ment meth ods for ac com mo dat ing ur ban warm ing

trends. The time se ries for Tanshui and Tai pei ex hibit sim i lar

warm ing for ur ban Tmin (or cool ing for sub ur ban Tmin), but

no sig nif i cant dif fer ence ex ists for Tmax. How ever, this sud -

den in crease in tem per a ture de vi a tion for Tmin be tween Tai -

pei and Tanshui of 2°C over 3 years is still strange as other

sub ur ban sta tions near Tai pei such as Anpu (No. 46691) and

Chutzehu (No. 46691) do not have sim i lar tem per a ture de vi a -

tions. As there is no re cord of change in the ob ser va tional lo -

ca tion of the Tanshui sta tion since 1942, fur ther ex pla na tion

of pos si ble fac tors con trib ut ing to this strange tem per a ture de -

vi a tion is needed. One pos si bil ity is the Tanshui sta tion be -

com ing an au to mated wea ther sta tion in the 1980s (sec tion 4).

This may have af fected the ac cu racy of data and caused such

tem per a ture de vi a tions. How ever, we will not know the an -

swer to this un til the CWB re views the in stru men ta tion his -

tory of this me te o ro log i cal ob ser va tory.

3. STA TIONS WITH SIG NIF I CANT
RE LO CA TIONS

In ad di tion to the sta tions dis cussed pre vi ously, sev eral

CWB me te o ro log i cal ob ser va to ries have been per ma nently

moved or ten ta tively re lo cated. Changes re lat ing to these

sta tions have sig nif i cantly af fected their data char ac ter is tics

in long-term cli mate de scrip tion and re quire ho mo ge ne ity

ad just ments. In for ma tion re lat ing to these sta tions is sum -

ma rized in Ta ble 2.

3.1 Sta tions with Per ma nent Re lo ca tions

3.1.1 Kaohsiung (No. 46744)

Kaohsiung was once known as Takao in the JP era. Me -

te o ro log i cal ob ser va tions be gan here in the Ching Dy nasty

and there are some sur viv ing re cords from be tween 1888

and 1894. Dur ing the JP era, Takao light house com menced

weather ob ser va tions from March 1898, while the of fi cial

me te o ro log i cal ob ser va tory was es tab lished on 1 April

1931 atop Takao Moun tain in the old har bor area. Be cause a

new har bor was built in Chian-jen area dur ing the 1960s and

70s, Kaohsiung weather sta tion was moved to its pres ent

locat ion at Chian-jen har bor on 1 May 1973. The ef fect of

the new en vi ron ment into which this sta tion was re lo cated

pro duced ex ten sive changes to ba sic me te o ro log i cal char ac -

ter is tics in Kaohsiung’s weather re cords. The orig i nal lo ca -

tion was atop a hill fac ing the sea (Tai wan Strait), while the

new lo ca tion is in the har bor sur rounded by ware houses.

Rain fall char ac ter is tics dif fer be tween these two lo ca tions

ac cord ing to ex pe ri enced lo cal weather ob serv ers and the

con nec tion be tween other me te o ro log i cal vari ables for the

two Kaohsiung sta tions are yet to be es tab lished.

In or der to es tab lish whether an ar ti fi cial abrupt change

oc curred here due to sta tion re lo ca tion, long Hengchun

(46759) data is used for com par i son pur poses. As in di cated

in Ta ble 1, the Hengchun sta tion has not been moved since

25 De cem ber 1905 ex cept for the WWII pe riod. The an nual

tem per a ture (here af ter T), Tmax and Tmin time se ries of

both sta tions are shown in Fig. 3, which in di cates the an nual

T for both sta tions be ing al most the same be fore 1948 and

af ter 1979. How ever, the an nual T of Hengchun is sig nif i -

cantly lower than that of Kaohsiung from 1948 to 1979.

Note: the Kaohsiung sta tion was re lo cated in May 1973.

There fore, there is no ap par ent rea son for such a de vi a tion

sim ply be cause of sta tion re lo ca tion at Kaohsiung. This

com par i son sug gests that the noted tem per a ture changes be -

tween these three sites in volve fac tors other than sim ply sta -

tion lo ca tion. These fac tors will be ad dressed in the dis cus -

sion sec tion.

3.1.2 Keelung (No. 46694)

Keelung sta tion com menced ob ser va tions in 1946 (Ta ble 1). 

How ever, ob ser va tion data ex ists for Keelung since the

Ching Dy nasty. Dur ing the JP era, the con struc tion bu reau

for Keelung har bor es tab lished a me te o ro log i cal ob ser va -

tory in the late 19th cen tury. This sta tion was closed in April

1916. Keelung light house be gan its own ob ser va tions in

July 1901. The of fi cial com mence ment of the Keelung sta -

tion by the CWB was in 1946 af ter WWII. Data be fore this
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Fig. 2. (a) The an nual tem per a ture val ues of Tanshui (black line) and Tai pei (gray line). (b) The an nual Tmax and Tmin val ues of Tanshui (black line)

and Tai pei (gray line). The up per and lower time se ries are for Tmax and Tmin, re spec tively. The unit for T, Tmax, and Tmin is °C.

Fig. 3. (a) The an nual tem per a ture val ues of Kaohsiung (black line) and Hengchun (gray line). (b) The an nual Tmax and Tmin val ues of Kaohsiung

(black line) and Hengchun (gray line). The up per and lower time se ries are for Tmax and Tmin, re spec tively. The pe riod with shad ing in di cates the

new ob ser va tional site of Kaohsiung sta tion in Chian-jen har bor. The unit for T, Tmax, and Tmin is °C.

(a)

(b)

(a)

(b)



pe riod quite pos si bly co mes from the Keelung light house. In 

ad di tion, ob ser va tional lo ca tions at Keelung have changed

sev eral times, even af ter WWII. Com pli cat ing the sit u a tion

at Keelung is that the wind tower, ob ser va tional yard (for

tem per a ture, pre cip i ta tion, and most vari ables) and the of -

fice were at dif fer ent lo ca tions on the east ern and west ern

sides of the har bor [these com pli cated ob ser va tional lo ca -

tions for Keelung are sum ma rized in Hung (2007)]. It is sug -

gested that in ter ested re search ers not ap ply Keelung data

prior to 1 Jan u ary 1973 to long-term interdecadal stud ies.

Af ter this date, how ever, data is re li able as it was all col -

lected at the pres ent Keelung sta tion atop the Keelung har -

bor build ing.

3.1.3 Hsinchu (No. 46757)

Hsinchu sta tion was es tab lished in the JP era af ter a se ri -

ous earth quake in 1935. Ten ta tive ob ser va tions be gan in mid 

1937 when the me te o ro log i cal ob ser va tory was un der con -

struc tion. Of fi cial ob ser va tions be gan on 1 Jan u ary 1938,

while the com mence ment date for this sta tion is 20 June

1938. Be cause ob ser va tional in stru ments at the orig i nal

Hsinchu sta tion were in flu enced by a ra dio sta tion nearby,

the CWB fi nally de cided to move the Hsinchu sta tion to

Chu-pei city, a sub ur ban area north of Hsinchu city. Weather

ob ser va tions were of fi cially trans ferred to the new site on 1

July 1991. How ever, ob ser va tions from the old sta tion con -

tin ued un til 31 July 1994. In ter ested us ers can dis tin guish re -

cords from both ob ser va tional lo ca tions in the CWB da ta -

base by the sta tion codes. The orig i nal Hsinchu sta tion is

listed as 46757-0 and the new Hsinchu sta tion in Chu-pei

city is 46757-1. Be cause of sev eral over lap ping years be -

tween the new and old Hsinchu sta tions, T, Tmax, and Tmin

from these two sites can be com pared dur ing this pe riod. The 

an nual T and Tmin from Hsinchu ob served in the old site are

slightly lower than those of the new site, while Tmax over at

the old site is slightly higher than that of the new site (not

shown). There fore, Hsinchu data re quires fur ther test ing to

ex am ine pos si ble bi ases due to this re lo ca tion.

3.1.4 Taichung (No. 46749)

Taichung sta tion is one of five very early me te o ro log i cal 

ob ser va to ries es tab lished in the JP era dur ing the late 19th

cen tury. The com mence ment date for the Taichung sta tion is

20 De cem ber 1896. Ten ta tive ob ser va tional lo ca tions were

used ini tially, but the ob ser va tional lo ca tion re mained the

same from 20 May 1901 un til March 1954 when the Tai -

chung sta tion was moved to its pres ent lo ca tion due to ur ban

plan ning. Data col lec tion com menced on 1 April 1954 at the

new lo ca tion, Taichung Park. Be cause dis tance be tween old

and new sites is small, in ter ested us ers could pos si bly com -

bine data for these two ob ser va tional sites. How ever, test ing

for ho mo ge ne ity of the Taichung data is still sug gested.

3.2 Sta tions with Ten ta tive Re lo ca tion

3.2.1 Tai pei (No. 46692)

Tai pei sta tion was es tab lished on 11 Au gust 1896. A ten -

ta tive ob ser va tion lo ca tion for Tai pei city was used in itially,

and a per ma nent sta tion was es tab lished on 19 De cem ber

1897 when the me te o ro log i cal ob ser va tory was built at its

pres ent lo ca tion. Al though the of fice build ings have been

re-built sev eral times, Tai pei sta tion has re mained on al -

most the same block ex cept for re cent con struc tion be -

tween 1 Feb ru ary 1992 and 31 Au gust 1997. Dur ing this

pe riod, ob ser va tion was ten ta tively moved to the Tai pei

Mu nic i pal Teach ers’ Col lege (TMTC, cur rently re named as 

Tai pei Mu nic i pal Uni ver sity of Ed u ca tion), which is only

sev eral hun dred me ters from the CWB. How ever, data dur -

ing this con struc tion pe riod is un ex pect edly low. Us ing tem -

per a ture ob ser va tions from Song-shan air port (north ern Tai -

pei) to com pare with Tai pei data at the TMTC site, this un -

expected lower tem per a ture is clearly ev i dent (Fig. 4).

Weather ob ser va tions at Song-shan air port are by the

run way mean ing there is less ur ban ef fect. Over all, the an -

nual mean tem per a ture at Song-shan air port is lower than

that at Tai pei sta tion (Fig. 4a). How ever, dur ing the con -

struc tion pe riod of the Tai pei sta tion (the shaded years in

Fig. 4a), Tai pei’s tem per a ture ob served at the TMTC is

lower than that at Song-shan air port. Af ter Au gust 1997

when the ob ser va tional lo ca tion moved back to the front

gate of the CWB, both tem per a ture re cords re turned to their

pre vi ous re la tion ship. Be cause Song-shan air port does not

pro vide daily Tmax and Tmin data, equiv a lent Tmax and

Tmin de rived from daily hourly max i mum and min i mum

tem per a ture val ues are used to com pare Tmax and Tmin at

Tai pei. In Fig. 4b, equiv a lent Tmax and Tmin at Song-shan

air port are al most the same as or lower than those of Tai pei

ex cept dur ing the con struc tion pe riod. Af ter Au gust 1997,

both Tmin val ues re main the same, while the an nual mean of 

Tmax at Song-shan air port is still lower than that in Tai pei.

Above re sults have been checked with sea sonal and monthly 

val ues, and sim i lar re sults can be found (not shown). There -

fore, in ter ested data us ers should take care in com bin ing Tai -

pei data dur ing this con struc tion pe riod (1 Feb ru ary 1992

and 31 Au gust 1997). The un ex pect edly lower tem per a ture

in Tai pei dur ing this time may be due to the en vi ron ment at

the ten ta tive ob ser va tional lo ca tion of the TMTC with trees

and build ings very close by. Ho mo ge ne ity ad just ment for

Tai pei data dur ing this ten ta tive re lo ca tion pe riod is strongly

rec om mended.

3.2.2 Tainan (No. 46741)

Tainan is one of the old est sta tions built in the early JP

era. It com menced on 1 Jan u ary 1897. A ten ta tive ob ser va -

tion lo ca tion was used ini tially; how ever, the pres ent lo ca -

tion has re mained the same since 3 March 1898 ex cept for
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re cent re con struc tion at the site from 1998 to 2001. The sit u -

a tion in Tainan was very sim i lar to that of the Tai pei sta tion

when it was be ing ren o vated. Ob ser va tion in Tainan, how -

ever, were to tally moved to Yungkang, a sub urb north of

Tainan. Yungkang sta tion was at the ex-Tainan civil air port

in the JP era. Com mence ment data at Yungkang, then known 

as the Tainan air port branch of fice, can be traced back to

January 1940. Af ter WWII, this sta tion was re named Yung -

kang and took daily ob ser va tions un til De cem ber 1974 when

it was closed. The CWB planned to move all of Tainan’s

staff ten ta tively to Yungkang to con tinue their ob ser va tion

work whilst the South ern Re gion Weather Cen ter (Tainan

sta tion) was un der con struc tion , a new build ing at Yung -

kang sta tion was built and ob ser va tions re-started on 1 Jan u -

ary 1996. Yungkang re placed Tainan sta tion ob ser va tions

for the pe riod 1 May 1998 to 31 De cem ber 2001.

In ter ested us ers should note that the sta tion num ber

46741-0 re fers to ob ser va tional data for Tainan’s orig i nal

site since 1898. Its data ended on 30 April 1998 and re-

 started on 1 Jan u ary 2002. Yungkang sta tion was known as

46742 or 46742-0 in the da ta base be fore 31 De cem ber 1974

and af ter 1 May 1998. The 46741-1 is the ten ta tive Tainan

sta tion and its data is for 1 Jan u ary 1996 to 31 December

2001. There fore, data for 46741-1 and 46742-0 between 1

May 1998 and 31 De cem ber 2001 are ex actly the same.

Users need only con sider ob ser va tions at Yung kang end ing 

on 31 De cem ber 1974 and re-start ing from 1 Jan u ary 1996,

while ob ser va tions at the pres ent Tainan sta tion dis con tin -

ued on 30 April 1998 and re-started from 1 Jan u ary 2002.

Al though ob ser va tion at Yungkang dis con tin ued be -

tween 1975 and 1995, there are many sur viv ing re cords that

can be used for ho mo ge ne ity ad just ments for Tainan’s data.

It is clearly ev i dent that the an nual mean tem per a ture of

Yungkang is al ways lower than that of Tainan by about

0.5°C (Fig. 5). This cooler tem per a ture at Yungkang is found 

in the sum mer and sig nif i cantly in Tmin (not shown). This

ap par ent dif fer ence in tem per a tures be tween Yung kang and

Tainan sta tions means that it would be better for in ter ested

us ers not to sim ply com bine Yungkang data with that of

Tainan dur ing the con struc tion pe riod with out ho mo ge ne ity

ad just ment. An other im por tant note for Tai nan data us ers is

that the new ob ser va tional lo ca tion of the Tainan sta tion

(South ern Re gion Weather Cen ter of the CWB) start ing

from 1 Jan u ary 2002 is atop the new build ing. Al ti tude is

now 40.791 m com pared a pre vi ous 13.8 m (be fore 1998).

Bi ases can be ex pected due to this al ti tude change.

4. CON CLU SIONS AND DIS CUS SION

Ho mo ge ne ity ad just ments are nec es sary for in situ data

to be used in cli mate re search (Pe ter son et al. 1998). De -

tailed de scrip tions of sta tion his tory are im por tant ref er ence

tools for data ad just ment. Un for tu nately, no ho mo ge ne ity

ad just ments of cli mate data in Tai wan or de tailed his tor i cal

back ground checks of sta tions have been con ducted pre vi -

ously. This study does the pre lim i nary work for fu ture re -

search ers to do their ho mo ge ne ity ad just ments. Re lo ca tion

re cords of weather sta tions in Tai wan are sum ma rized in

Tables 1 and 2. Re lo ca tion times listed in these ta bles can

be used for check ing ar ti fi cially abrupt changes in time se -

ries data. In ad di tion, this study notes anom a lous tem per a -

ture de vi a tions be tween Tanshui and Tai pei since the early

1980s and in Kaohsiung and Hengchun be tween 1948 and

1979. These un usual tem per a ture de vi a tions have largely

shifted interannual vari a tion by 1°C or more dur ing these pe -

ri ods. The rea sons are un known but re quire fur ther study be -

fore these data are ready for fur ther anal y sis. Other re lo ca -

tion prob lems due to sta tion re con struc tion pe ri ods are also

dis cussed. Data from Tai pei and Tainan are long enough for

interdecadal anal y sis, but the re con struc tion pe ri ods at sta -

tions in re cent years have dis rupted the long-time se ries data. 

If in ter ested us ers sim ply com bine data for Yungkang and

Tainan or for the ten ta tive ob ser va tional lo ca tion at TMTC

for Tai pei with out any ho mo ge ne ity ad just ments, real tem -

per a ture vari a tions will be re placed by lower tem per a ture

val ues that do not truly re flect real cli mate char ac ter is tics.

In ad di tion to sta tion re lo ca tion is sues, ob ser va tional

sched ules (ob ser va tional time and fre quency) are im por tant

when hourly data have to be av er aged into the daily means

(Pe ter son et al. 1998). Dur ing ear lier ob ser va tion pe ri ods at

many sta tions in Tai wan, weather ob serv ers did the ob ser va -

tion only 6 times a day. For ex am ple, when the 5 ear li est

stations (Tai pei, Taichung, Tainan, Hengchun, and Penghu)

were es tab lished in 1896 ~ 1897, only Tai pei sta tion did

hourly ob ser va tions, while the other 4 sta tions con ducted

ob ser va tions at: 0200, 0600, 1000, 1400, 1800, and 2200 LT; 

“LT” is “lo cal time”. For most sta tions dur ing WWII, ob ser -

va tions were con ducted at: 0600, 1400, and 2200 LT only.

Al though pre sent CWB stan dard pro cess re quires daily

tem per a ture to be av er aged from hourly num bers, it still re -

mains un known how sta tion work ers av er aged lo cal-time

data into daily mean tem per a tures for WWII and ear lier. For

some sta tions, there were no night time ob ser va tions (i.e., be -

tween 2200 and 0600 LT). It is pos si ble that daily val ues are

bi ased to ward day time ob ser va tions. In terms of warm ing, a

lack of night time ob ser va tions may cause un ex pected cool -

ing dur ing this pe riod when night time ob ser va tions were not

added to ob ser va tional sched ules. To avoid ar ti fi cial cool ing

due to dif fer ent ob ser va tional sched ules, use of daily max i -

mum and min i mum tem per a tures is sug gested rather than

daily mean tem per a ture. An em pir i cal model for es ti mat ing

time of ob ser va tion bias as so ci ated with dif fer ent ob ser va -

tional sched ules is pro vided by Karl et al. (1986). Note: this

model was de ve loped for monthly mean tem per a ture, Tmax 

and Tmin in the United States. Nev er the less, a sim i lar

method could be ap plied to Tai wan’s data if nec es sary.

In stru men ta tion change is an other fac tor con trib ut ing to

ar ti fi cially pro nounced dis con ti nu ities in time se ries from in
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Fig. 4. (a) The an nual tem per a ture val ues of Tai pei (black line) and Song-shan air port (gray line). (b) The an nual Tmax and Tmin val ues of Tai pei

(black line) and Song-shan air port (gray line). The up per and lower time se ries are for Tmax and Tmin, re spec tively. The shad ing in di cates the re con -

struc tion pe riod of Tai pei sta tion, and ten ta tive ob ser va tions made in the TMTC. The unit for T, Tmax, and Tmin is °C.

Fig. 5. (a) The an nual tem per a ture val ues of Tainan (black line) and Yungkang (gray line). (b) The an nual Tmax and Tmin val ues of Tainan (black

line) and Yungkang (gray line). The up per and lower time se ries are for Tmax and Tmin, re spec tively. The shad ing in di cates the re con struc tion pe riod

of Tainan sta tion. The unit for T, Tmax, and Tmin is °C.

(a)

(b)

(a)

(b)



situ data. Ap pro pri ate ad just ment is re quired be fore data is

used for fur ther in ter pre ta tion. To ad just for a lack of ho mo -

ge ne ity in data caused by in stru ment changes, a well-doc u -

mented his tory of such changes is very im por tant and nec es -

sary. For ex am ple, Nicholls et al. (1996) de tailed re cords for

his tor i cal ther mom e ter ex po sures in Aus tra lia, while Parker

(1994) has a com pre hen sive sur vey for the ef fects of chang -

ing the ex po sure of ther mom e ters world wide. Cli mate data

in Tai wan has been ad justed by some in di vid ual stud ies re -

gard ing changes to in stru men ta tion. For ex am ple, Liu et al.

(2002) stud ied re duc tion in sun shine du ra tion over Tai wan.

In their anal y sis, it is nec es sary to ad just val ues when the use 

of the Compbell-Stokes in stru ment changed to the Jordin

type in stru ment. How ever, no of fi cial ad justed datasets have

been pro vided by the CWB re gard ing changes of in stru -

ments, and sev eral vari ables lack ho mo ge ne ity. As noted by

Chen (1997), pres sure data in Tai wan lacks ho mo ge ne ity

due to in stru men ta tion prob lems. Chen (1997) re corded that

mer cury in a ba rom e ter had not been cleaned for more than

25 years since 1945 when Ja pan ended their oc cu pa tion in

Tai wan. This means that pres sure data is not re li able be fore

care ful cal i bra tion in 1971. An other con cern re gard ing in -

stru men ta tion and its in flu ence on data is au to mated ob ser -

va tional sys tems in stalled dur ing the 1980s for ev ery sta tion

in Tai wan. As de scribed in Chen (1997), the test ing mode of

this sys tem was dur ing 1983 - 1986, and most sta tions of fi -

cially be gan to use this sys tem in 1987. Al though the au to -

mated ob ser va tional sys tem highly in creases the qual ity of

data and ob ser va tional fre quency, dif fer ences in data qual ity

may re sult in ar ti fi cially sharp dis con ti nu ities. For those sta -

tions com pletely au to mated, there are no ob serv ers to cal i -

brate in stru ments on a daily ba sis (for ex am ple, Tanshui and

Yungkang); this could lead to sud den changes in cli mate

char ac ter is tics (e.g., Fig. 2).

Be cause main tain ing weather sta tions over very long

pe ri ods is dif fi cult, ho mo ge ne ity ad just ments are use ful for

im prov ing cli mate data. Side-by-side com par i sons of in st -

ruments for doc u mented changes are com monly ap plied in

many coun tries to ad just data (Pe ter son et al. 1998). A side-

 by-side com par i son of in stru ments over a long pe riod, at

least for a full year or a de cade, is the best ref er ence for data

ad just ment. Nicholls et al. (1996) in di cated that side-by-side 

com par i sons of the tem per a ture mea sured in a Glaisher

stand and Stevenson screen were made in Adelaide, Aus tra -

lia for a pe riod of more than 60 years since the late 19th cen -

tury. How ever, such long-term side-by-side com par i sons are 

not avail able in too many places around the world, in clud ing

Tai wan.

There are sta tis ti cal meth ods to de tect un doc u mented

change points for sta tion re lo ca tions and in stru ment re -

place ments (Easterling and Pe ter son 1995; Menne and

Williams 2005). How ever, a well-doc u mented his tory of

stations is the best ref er ence for us ers to do ho mo ge ne ity

ad just ments. Al though there is no ho mo ge neous ad justed

dataset for Tai wan pro vided in this pre lim i nary work, the

sum ma rized in for ma tion re gard ing sta tion re lo ca tions can

help data us ers check for ar ti fi cially abrupt changes that

might not re flect the true char ac ter of the weather and cli -

mate of Tai wan. With these im por tant re views of sta tion

his tory, it is pos si ble to do ho mo ge ne ity ad just ments of in

situ cli mate data in Tai wan.
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