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ABSTRACT. O :-.yge n-i so tope ra tios (bIHO ) m easured o n icc cores on th e Q}ng ha i 
Tibetan Pla tea u. C hin a. increased by 1. 2 2 .2%0 ('rom th e 1960s to the 19905 . 
.\l easureme nts o'f th e 61HO content 'o f precip ita ti o n and the simulta neo us a ir 
te mperatures needed to compute th e tempera ture increase co rresponding to th e 
increase in 8 1HO a re currentl y made a t th e D e lingha .\fcteoro logical Statio n, but th e 
amount o f' data is no t ye t surTi c icn t to obta in a reliabl e resu ll. 

INTRODUCTION 

The Qinghai Ti\)('[an (Qr) Platea u, Ch ina. \I 'ith an 
a\'l'rage a lLitud e or O\T r 4500 m , is a region suggcs led 10 

be potentially sensiti\T to th e a nti cipa ted g loballl'a rming 

of th e n e:-. t cen tur y (H a nsen a nd o th e rs, 1988 ) . 

'1'hompson and o th ers ( 1989 ) a nd Thom pson (1992 ) 
re pon ed th at 8 1110 \ 'a lues from the Dunde Ice Cap halT 
\)ee n much less nega ti \T dur ing th (' last 60 veal's. Th(' 
d ecad es \I'ith th e li ght est \ 'a lucs a re Ih e 19+05. 1950s and 

1980s, and th e m os t recent 50 yea r iI\ 'erage is nea rl y 

unpreced ented in th e H olocene. Th e o nl y compara bl e 

81HO \ ',lIu es a re for th e H o loce ne ma:-.imum, 6000-

8000 13P. Acco rdin g to these d a ta , it appears th a t 
a tmosp he ri c cli maLic warming is occ urrin g h(,]T. This 
pa pCI' re ports ne\l' cryos ph eric obsen'a tions. based on 
recent studi es o n the QT Pl a teau. \I" hi c h indi ca te 

d ramatic warming here. 

EVIDENCE FROM ICE CORES 

T he best temperature pro:-.ies from ice co res are 6
1H

O a nd 

6D, but he re on ly 61H
O is di sc ussed . Since 199 1, th e re has 

been a co nce rted e flo n to determ ine II'hether there is a 
positi\'(' co rrel a ti on be twee n th e 8 180 or prec ipita ti o n 
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(snol\' and ra in ) a nd contemporaneo us a ir temperatures . 

T o jll\ 'est iga te this, sa mples \I"ere co ll ec t('d spa ti a ll y a nd 
tempora ll y. Th e longest reco rd for th ese co ll ect io ns and 
anah-ses is nea r th e Dun de l c(' Cap (Fig. I ), a t th (' 
Deli ngha i\ leteoro logica l Station. H e re sa mples \I-ere 

coll ec ted from eac h sno \\'- o r ra in fa ll e\·enl. a nd a ir 

tempera tures reco rd ed a t th e beginning a nd cnd of eac h 

p rec ipita ti on e\·ent. Fig ure 2 shows th e seasona l flu c tu­
at ions of'bl llO and air temperature rrom 199 1 to 1993 a t 
th e D e ling ha .\le teoro log iea l Station . Th e m onth ly \'a lues 

arc <1\'Crages o f a ll the sampl es coll ec ted 1'01' that month . 

6JHO \\' 0015 m easured \\'ith a Finn ega n i\lat-252 with a n 

acc uracy of 0.05%0, and a ir temperatures arc for th e 

beginning of each p rec ipita ti on e\Tnt. 
R o ug hl \' 80% o f Ihe a nnu a l prec ipitati on o n th e Q1' 

Pl a Lea u r~t1 l s in summer, a nd thus fe\l 'er samples we re 
co ll ec t('d during winter a nd m a ny more during summer. 

Occasiona ll y, th ere \\as an entire winte r month during 

\\'hich no precip itat ion Ce ll. Ob\"io usly, fo r thi s mon th 

there are no data (Fig. 2 ). The res ults (Fi g. 2) indi ca te 
\'Cry good co rrespo nd ence be t\l'ee n th e seasona l flu ctua­
Lions of' 6 1RO a nd 0[' a ir tempe ra ture . 

Figu re 3 illustra tes th e re la tionship betwee n 8180 a nd 

a ir temperature [or a ll th e sa mples co ll ec ted Crom 199 1 to 

1993 . ]n 1992, based upon a limited number of samplcs. 

Vao and T hom pson ( 1992 ) sugges ted tha t a lin ea I' 
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re la ti o ns hip e :-.:i s ted be tll·e cll blH O alld a ir te mpe ra ture. 

Th e a dditi o na l d a ta prese llt ed h er e co nfirm thi s ea rli e r 

co nc lu sio n. U sin g it slo pe o f 0. 66 ( Fi g . 3 ) a ll o ll·s a n 

es tim a ti o n th a t a n in c rease lo r d ecrease ) or I % 0 in 81HO 
corres ponds to a n increase (o r d ecrease ) o r 1.5 C in a ir 

te mpe ra turc . In o th c r word s, a n increase (o r c! ec rcase ) o f" 

I c: co rres p o nd s to a ll in c rease o r d ecrease 1 o f 0.66%0 in 
b'HO. Efl( )rt s are contilluin g to esta blish th e nature 0 [" th e 

re lati o nship b e twcc n a nnual ly a\ ·e ragcc! air tcmpera ture 

a nd bIHO. Hopefull y, st'\T ra l m o rc yea rs o f sa mpling lI·ill 

m a ke thi s poss ibl e. 

I ce CO lTS IIT IT ITCO\·crec! frOIl1 se \"(' r a l pl aces on th e 

QI' Platea u (sec Fi g. I ) to s tll C,," climatic c h a nge in th e 

la" t fell d ecades. Th e Dund e ice co res \\·e IT rccO\·ered 
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th a t co re has been limited to th a t fo r th e Ta nggul a co re. 
D a ting o f th ese two co res \\'as accompli shed using a 
combin a ti on o/" counting th e di stin c t a nnu a l dust a nd th e 
seasona l \'a ri a ti ons in 0180 (Yao a nd o th ers, 1990 ). Th e 

un ce rta inty in d a ting th ese cores is es tim a ted to be less 

th a n 5% . 
Th e a nnu a l a\'e rages o f OIBO since 1940 from 

T a ngg ul a G lac ie r (Fi g . 4a ) a nd G uli ya l ce Cap (Fig . 
4 b ) show quit e sim il a r trends even th o ug h th ey a rc 

1000 km apa rt. T\\·o importa nt fea tures o f th ese reco rds 

a rc th e \\'a rmer pe ri od s in th e ea rly 1960s a nd th e 

warming sin ce th e la te 1970s. Th ese wa rm er inten 'a ls 
a re accentu a ted using a 5 yea r m O\'ing a\TI'age ( Fig . 43 
a nd b ; d as hed lin e) . Th e mos t impress ive fea ture in 
bo th reco rds is th e recent \\·a rming. wh ich a ppea rs to 

ha \'e begun 2 yea rs ea rli e r ( 1969 \"s 197 1) on G uli ya . 

Th e wa rming (inferred fro m 180 e nri c hm e nt ) since th e 
la te 19608 o n T a ngg ul a is nea rl y equi va lent fo r bo th 
si tes . 
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EVIDENCE FROM GLACIER FLUCTUATIONS 
AND PERMAFROST 

G laciers cO\w a bo ut 60 000 km~ on th e QT Platea u . 

Th ere a re a nUlllber o r g lac ie r pa ra m eters whi ch Ill ay 

renec t cha nges in th e g lacier 's enviro nm en t: cha nges in 
g lac ie r ext ent , thi ckn ess , volum e a nd mass ba la nce . Here 
wc ex plo re th e cha nges in g lac ia l ex tent as a proxy 
indica to r o f' ch a nges in th e c lim a te. If th e a mount o f 

prec ipita ti on is ass umed consta nt, th e re trea t of a g lac ie r 

sho uld i m pi y \\'a rmer condi ti ons \I hi le a n ad \'a nce sho uld 

imply climatic cooling . Th e ass umpti o n of consta nt 
acc umul a ti on is ra rely a rea lit y, a nd tempera ture a nd 
prec ipita ti on a re intim a te l:' linked , but wc ma ke thi s 
ass umption to simplif)' th e fo ll owing di sc ussion . M os t o f' 

th e g lac ie rs slUdi ed in thi s a rea a re tempera te a nd sho \\' 

signs o f' re trea tin g . T empera te g laciers, compa red to co ld 

o r " pola r" g lac iers. a rc more sensiti\ 'C to tempera ture 
flu ctua ti o ns (Yao , 1987 ) . Thus, ma ny o f th e tem perate 
g lac ie rs in so uth eas tern Tibe t a rc retrea tin g qu ite ra pid"'. 
Onc tvpical tempera te g lac ie r , Zepu Gl ac ie r. has bee n 

studi ed in d e ta il. r n 1973 th e te rminus o f' th e g lacier 

surface was cO\'C recl with a \Try thin laye r of d ebri s a nd 

th ere \\'as no \ 'egeta ti on o n th e s urf~lce of' th e d e bri s 
(persona l co mmunicat io n [rom Li Jijun ). \\ 'hen rCl 'isit ed 
in 1989 , th e glac ie r was ro und to be co\'C red \I'ith a \'e ry 
thi ck laye r 0 (' d ebri s with \'Cge ta ti on growing on th e 

d ebri s. This is clear e\'id ence o r a stro ng g lac ia l re trea t. 

O gi\'es (or Forbes' ba nds) a re a lso consid ered use fu l fo r 
reco nstructing th e pas t flu c tu a ti ons o r g lacier \'e loc it y 
( L1iboutry a nd R ey na ucl , 198 1). In 1989, two se ts o r 
og i\ 'es we re measured to reco nstruc t g lacie r \'d oc it ), 

flu ctua ti ons sin ce th e 1970s on a sma ll glac ier (Sm all 

Zepu Gl ac ier ) near Zepu G lac ie r. Fig ure 5 shows th e 

a nnual nu ctuati ons of \ 'C loc it y reconstru cted fi'om th ese 
t\l'O se ts o r ogi\'Cs . Altho ug h :'Ca r-(o-\'ea r flu c tu a ti ons a re 
e\ 'id ent , th e g lac ier 's \'e loc it y has slo \lTcl 0\'1" 1' th e las t 10 
15 yea rs with a major d ec rease in the ea rl y 1980s, whi ch is 

clirec t e\'idence of g lac ier re trea t. 

A sub-pola r g lac ie r , T a ngg ul a Glacie r, has been 

studi ed sin ce 1989 . Based on o ur 5 \'Cars o f obsen ·a ti ons. 
thi s glac ie r is slowly re trea tin g a t a 'ra te of 4 m yea r I . In 
adcl it ion to th e meas urement o r re trea t di sta nce , o th e r 
e\ 'idcnce o r re trea t is wo rth no ting here. \I a ny push 

190~------------------------------------' 

70-r-----------r----------~---------J 
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Year 

Fig. 5. The glaciall'elocities recoll jtntctedIrolll two sets of 
ogive.\ ({(, b) all Small :(e/){{ Glacier . 
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Table I. Tltillllillg if /Jelma[ros/ 011 /lte Qjllghai Tibe/all Pla/eall 

Site Tltii'klleJJ o,/ji-o';:fII groulld To/a/ 
/ltillllill/!, 

Jin g:-; ia ng u 
(no rth ern Ti be t ) 

11 + D ao ba n 

(central Tibe t ) 

197-1 
m 

1.1 

6.5 

* Perm a fi'os t di sa ppea red. 

1979 
m 

1-1-

m ora ines, indi cato rs o f' g lac ia l ad\ 'a nce, are nO\l' se p­

a ra ted ri'o m th e ice m a rg in of T a ngg ul a Glacie r. Th e 

push m ora in es indica te th a t T a ngg ul a ach 'a nced a t som e 
time in the pas t: hO\\·eH'J'. th eir se pa ra ti on fi 'o m th e 
m a rg in indica tes th a t th e g lacie r is ret rea tin g nOli'. Push 
m o ra ines th a t arc se pa ra tin g from th e ice m a rg in arc nO\l' 
m o re commo n fo r g lac iers on th e Ql' Pl a tea u . T en yea rs 

earli er m a ny of th ese g lac iers we re ach- a nc ing in res ponse 

to th e sho rt co ld pe ri od in th e la te 1960s a nd ea rl y 1970s 
(R en Binilui. 1988 Th e T a ngg ul a push mo ra in es IIT rc 
p ro ba hl y fo rm ed during thi s ach-an ce . Th e se pa rati on o f 
the push m ora in es fi'o m th e ice m a rg in re fl ects th e 

\I'a rmin g whi ch h as d omina tecl sin ce th e la te 1970s. 

Pe rm a fi'ost is a lso a n indi ca to r of c lim a ti c cha nge 

(H ae berli . 1990 ). In th e 1970s, a number o f bo reh olcs 
we re drill ed in th e perm a fi 'os t a long th e road IIhi c il 
crosses th e QT Pl a tea u. m a kin g it possibl e to mo nit o r th e 
cha nge in thi ckn ess o f' th e pe rm a fi'os t and gro und­

tem pera t u re cha nges in th e perm a frost. The iJo reh o les 

ha\'(' bee n m onito red sin ce . A recent stud y (\\'a ng , 1993 1 

d em onstra ted a clear d ecrease in th e thi ckn ess of' th e 
pe rm afros t IT a ble I 1 and a ll o b\·io us increase in g ro und 
te mpera tuITs a t I S m sin ce th e 1970s (T a bl e 2 ) . 
T empera ture increase was 0 .2- 0 .3 C fi 'om th e 1960s to 

th e 1990s. T empera ture inc reases lI'e re a lso fo und in 

perm a fros t in north east C hin a from \I'hi eh Gu Zho ng \l 'C i 

a nd o th ers 1993 ) inf'erred a n a tm os pheric \I'a J'l11Jng 111 

lhe regio n. 

1988 1989 
m III III 

12 10 .3 

0* 6.S 

CONCLUSIONS 

The d a ta prese nt ed in th e pa per a rc ri 'om differe nt 
so urces, but a ll indi ca te a rece nt \\'a rming o r th e 
a tJ1l osph ere O\'C r th e QY Pl a tea u . .\l os t or th e g lae ins 
ill thi s reg io n aC" 'a ll ced as a res ult o r th e coo ling in the 

la te 1960s a nd ca rh- 1970s . hut a ppear to be re trea ting 

contempora neo usly \I'ith th e ra pidll'arllling sin ce th e late 

19 70s . 
Th e OIBO reeo rcb suggcs t a n ," '(Tagc enri chm e nt 

li'o m th e 197 0s to th e 1990s o r 1. 2%0 in th e T a ngg ul a ice 
co re a nd 2 .2%0 in th e (;uli\'a ice core. Th ese 

enri c hm e nts in 0180 a rc indi ca ;i\'C o f an increase in 

a tm osph er ic te mper a tures . Th e mag nitud e o r thi s 

tempera ture ri se ca n he es ti ma ted fro m OIBO m easure­
m ents o r prec ipitati o n a nd simult a nco us m easure mcnts 
o f' a ir tc mpna ture. Since 199 1. th ese m casure m ents 
h aye been perfo rm ed a t th e De1in g h a i\lcteo ro log ical 

Sta ti o n (sce a bO\ 'C . This res ults in too fe \l' annu a l 

aWTages o f OIH O a nd tempe ra ture to interp re t a nnu a l 

a\ '(' ragcs o f OIBO in th e ice co res. Nn'(' rth e less, a 
prelimin a ry int e rpre ta ti o n was m a d e, based O Jl th e 
re la ti o nship bCl \\'Ce n m onth'" a \ 'C rages o r DISO a nd 
tempera ture (a I ulu inc rease in OIHO corres po nds to Cl 

tcmpera ture inc rease o f' 1. 5 C l . In th a t case , tempera ­

ture ri ses fro m th e 1970s to th e 1990s or 1.8 and 3.3 u C 

a rc in fe rred from th e T a ngg ul a a nd th e Guliya ice co re . 
res pect i\ '(' ly . 

T able 2. Groulld-/ellljJera/llre illcrease a/ 1511/ i ll the /Jerllla[ro.l / 011 /111' Qjllghai T ibe/all Pla /NIII 

Site (: }'olllld /elll/Jem /llre T u/({I illrrea.)'e 

1962 1963 1967 1975 76 1979 198-1 85 1989 

Fenghuos ha n 

(no rth ern Tibe t ) - 3.5 3 .5 3.5 - 3 .+ 3 .3 3 .3 3 .3 0 .2 

11+ D ao ba n 
(ce ntra l Tibe t ) 0 .2 0 .3 0 .3 0 .1 

12+ D ao b a n 

(south ern Tibe t ) 0 .5 0 .6 0.7 0 .2 

Bla nk mea ns no d ata. 
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Th e mag nitud e ortil e increase in g round tempera tures 
in bo th pe renni a ll y a nd seaso na ll y fr oze n g ro und 
indi ca tes til a l g round-tempera ture in c rease a t th e \c\'c! 
of ze ro a nnua l a mplitud e ( 10- 15 m belo\\' surface ) i., 0 .2 

0.3 C li'olll 1962 to 1989. 
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