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ABSTRACT. Sin ce 198 7, ice co res have bee n clri ll ecl from th e Duncl e a nd Gu li ya 
ice caps on th e Tibeta n Pl a teau, wes tern C hin a . H ere, th e oxygen iso topi c (8180 ) 
records for th e las t 1000 yea rs from both th ese co res a re compil ed a nd compa red. 
Using surfa ce tempera ture obse rva ti ons since th e micl-l960s from meteorologica l 
sta ti ons on th e pl a teau a nd 6180 measured on precipit a ti on coll ec ted contempor­
a neously, the empiri ca l rela tionship: 6180 = 0 .6 T,, - 12 is esta blished . 8180 a ppea rs 
to serve as a reasona ble p roxy for regio na l surface te mpera tures a nd a reaso na ble basis 
for reconstruc ting I 000 a proxy tempera ture reco rds from Duncle a nd G uli ya . The 
reco nstruc ted temperature histo ri es fo r Duncle (on th e eas tern Tibe ta n Pl a teau ) a nd 
Guli ya (on th e wes tern Tibe ta n Pla tea u) show some centennia l-scale simil a riti es, but 
reveal quite clifle rent hi s to ri es fo r hi g her-frequency variabilit y oYe r the las t 
millennium. Th e ice-co re 6180 hi stori es from Duncl e a nd Gu li ya a re co mpa red with 
a tree-ring ind ex fi·om wes tern C hin a and th e dust-fall record from eas tern C hina , hut 
show n o co nsisten t rela ti onship. Th e m os t p ro min ent simila rit y be tw ee n th e 
reco nstru c ted tempera ture hi sto ri es for Dunde and Guli ya is th e ma rked 1-va rming 
of th e last few d ecad es. From th e l 000 a perspec ti ve provid ed by th ese ice-co re records, 
th e recent wa rmin g on Duncle is unique in its streng th a nd persistence; however , th e 
wa rming on G uli ya (infer red from 180 enri chment) is more recent (since 1985 ) a nd 
no t unpreced ented . This recent warming ove r th e Tibe ta n Pla teau is evident in th e 
Ii mi tee! me teorologica l records. 

INTRODUCTION 

In th e las t d ecad e, ice cores have provid ed a Ya ri ety o f' 
uniqu e pa leoclim a ti c hi sto ri es. For a n ove n ·iew see 
Langway and O eschgcr ( 1989) and White and others 
(1989 ) . .1\I os t of these ha1·e centered on high-la titude ice 
cores such a: those li·om Greenland (e.g. D a nsgaa rd a nd 
oth e rs, 1969 , 1982; Grootes a nd o th ers, 1993 ), th e 
Ca na di a n A rc ti c (K oern e r a nd Fishe r , 1990) a nd 
Anta rcti ca (Epstein a nd o th e rs, 1970 ; Lori us a nd o th ers, 
1979, 1985 ) . T o complement th ese pola r hi stori es a nd 
prO\·icl e furth er constra ints upon mod el.· o f' g lobal clim a ti c 
1·a ri a ti ons, ice-co re hi sto ri es from hi gh-eleva ti on ice ca ps 
in th e subtropi cs a nd tropi cs have beg un to emerge. Th e 
first such hi story was fro m th e Qu elccaya ice cap 
(13°56' S, 70°50' W; 5670 m a.s. 1. ) in Peru (Thompson 
and o th ers, 1985, l 986, 1988) . M ore recentl y a record was 
obta ined fi·om th e Dunde ice cap (38°06' N , 96°24' E ; 
5325 m a.s .1. ; Fig . I ) in C hin a (Thompson a nd o th ers, 

1989; Thompson, 1992 ). 
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Fig. 1. M a/J showi11g lite location Qf D1111de and G'uliya ice 
ca/JS, China. 

meteorologica l records (Bradley a nd J ones, 1993). 

Eas te rn C hina is ri ch in hi sto ri ca l a nd d ocumenta ry 
so urces or clim a te in fo rm at ion for th e las t mill ennium. 
;\1I os t of th e Chinese pa leoclimati c reco nstruc tions a re 
from regions eas t o f" l 10° E a nd fo cus upon conditi o ns 
during winter, a lth oug h limited .- ummer histo ri es a re 
emerging (Bradl ey a nd o th e rs, 1987 ) . In wes tern China , 
proxy histo ri es (tree rings, ice co res) a re se1·e rely limited , 
and their w rification is ha mpered by th e short a nd spa rse 

N everth eless, th e clima te histo ry of western C hin a, 
pa r t icul a rl y on th e Tibeta n Pla tea u, is an importa nt 

component for reco nstructing a nd understa nding th e 

189 



Lin and others: Climatic change in China 

Earth 's climate history. The Tibetan Plateau, with an 
average eleva tion of ~4500 m, is one of the Ea rth 's most 
imposing geomorphi c features and a ffec ts th e la rge-scale 
atmospheric circulation in th e No rth ern H emisphere 
(R eiter and Ding, 1980, 1981 ) . T he extensive summer 
hea ting of the pla teau es ta blishes and maintains th e Asian 
summer monsoon circula ti on (R eiter and Gao, 1982 ) . 
Thus, studi es or th e climate regim e or th e Tibetan Platea u 
have fl ourished an d th e potential for histori es from 
western China has sparked th e interes t of" the paleocli­
matic community. 

Since 198 7, ice-core pa leoclimate records have been 
emerging from two ice caps on th e pla teau: th e Duncl e ice 
cap on th e northeas tern side, and more recently th e 
Guliya ice cap (35°17'N , 81 °29'£ ; 67 10ma.s.1. ) on the 
northwes tern side (Fig. l ) where a glaciological program 
was conduc ted from 1990 to 1992 . In 1990 one pit was 
sam pl eel and two cores were cl ri ll ecl: an 8 m core ( C- l ) 
and a 12m co re (C-2) . In 199 1 one pit was sampled and 
two cores we re drilled: a 30 m core (C-1) and a 16 m co re 
a t th e summit core (SC-I ) . In 1992 two d eeper ice cores 
we re recovered : a short er core (C-1 ; 92 .3 m) at site l 
extended to an unconformity (see Thompson and others, 
1995); the longer core (C-2; 308.6m) reached bedrock at 
site 2. Th ese co res a re being a na lyzed for inso lubl e 
pa rti culate concentrations and size di st ributions, anion 
(S0,1.

2 
, N0 3 , Cl ) concentrations, and 6180. This pa per 

focuses upon the similarities and differences of the Duncl e 
and Guliya 6180 reco rds for th e las t 1000 a and compares 
these proxy histori es with the limited data from western 
China and th e more abund an t clim a te h istori es from 
eas tern and south ern China . 

DISCUSSION 

Figure 2 d emonstra tes th e reproducibi lity of th e 618 0 
records in cores dri lled at the same loca tion on Guliya in 
three consecuti ve yea rs (1990- 92 ). Th e 199 1 core was 
returned frozen while the 1990 and 1992 cores were cut, 
melted and bottled for return shipment. The fi rst 
constraint upon the paleoclimat ic utility or 6 180 is the 
degree to \Nhich it reflects near-surface air temperature. 
To explore this, 6 180 was measured on precip itation 
samples collected a t the Delingh a meteo ro logica l sta ti on 
south of the Duncl e ice cap, and th ese were compared 
with contemporaneous air tempera tures also measured at 
Delingha (Yao and Thompson, 1992) . The empiri cal 
rela ti onship between 6 180 and air temperature (Fig. 3a) 
derived from these da ta is give n by 

wh ere T., is air tempera ture. The 6 18 0 - temperature 
coeffi cient or 0.6 is identi cal to that established for the 
longe r reco rds from other mid - and high-la ti tucl e regions 
(e.g. R ozanski and others (1992) repor t a value of 0.6 ) . 
To test furth er how well 618 0 reflects air temperatures, 
th e an nual averages of 6180 for the three cores from site I 
on Guli ya (Fig. 2) are compared (Fig. 3b) with mean 
annua l air tempera tures from i\!Iangnai meteorological 
station (38 .2° N , 90.1 ° E; 3139ma.s.1. ). The agreement 
between mean annu al 6 180 and air temperat ures is quite 
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Fig. 2. The continuous isolo/Jic profiles for three cores 
drilled in successive JlecU"s ( 1990- 92) al the same site on 
the Guli)1a ice cap . Tlze dashed lines indicate correlative 
fea tures. 

good considering th e di stance and eleva tion differences 
and other environm ental factors w hich may a ffect 6 180. 
A ma rked warming trend since 1985 is evident in both the 
ice-co re records and the station observations. It is clear 
that 6180 of the snow falling on Guli ya provides a 
reasona ble proxy for th e near-surface air tempera ture. 

Th e time-scales for the upper 380 a of th e Guliya and 
Duncle cores were established by counting the visible dust 
laye rs d e pos ited a nnu a lly . This a llows the annual 
averages of dust con ten t and 6180 to be calcul a ted. For 
the older part or th e Duncl e cores th e tim e-scale is a 
model-based time- d epth relationship for th e combination 
o[ cores 1 and 3 in which similar fea tures were considered 
coeval. Since it was impossible to co unt annual dust layers 
down to the bottom of both Duncl e cores, th e fina l time­
scale is based on th e fl ow-model approach. In con trast, 
th e dating for the last 1000 years from the Guliya core-2 is 
based on counting visible dust layers (see Thompson and 
oth ers ( 1995 ) for Guliya time-scale discuss ion ) . 

Figure 4a and b ill ustrate the 1000 a 6 180 record fro m 
Guliya co re-2 and the combin ed histo ri es from the Duncle 
deep cores (I and 3). A surprising res ult is the marked 
cli!Terence in the 6180 histories from th ese two ice caps. 
Th e di!Terence in mean values (Duncle: - 10.88%0; Guliya: 
- 14. 77%0) is expected and consistent with the different 
eleva tions or the dri ll sites (Dunde: 5325 m a.s. l. ; Gu liya: 
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Fig. 3. a. )\!Jean annual air temjJeratures ji·om the 
Delingha meteorological station (Yao and T hom/Json, 
1992) are jJ/otted against the mean annual f/8 0 dataji-om 
contemporaneous jJrecijJifation samj;les . b. J\!f ean annual 
tem/Jeratures from A!fangnai meteorological station are 
j;lolled against the mean annual (/8 0 dalaji-om the Guli)'a 
ice ca/J . 

6200 m a.s. l. ) . H owever, the major warm a nd cool periods 
(iso topica ll y inferred ) are highli ghted using a 50 a running 
mea n (Fig. 4 ; da rk curves ) and clearl y reveal a period 
from 1250 to 1500 when warming o n Gu liya was 
contempo ra neo us with coo ling o n Dund e. In fact, 
comparison of the 50 a running means sugges ts th a t th e 
temperature regimes (inferred from 6180 ) on th ese two ice 
caps are dissimilar at times and oft en in a nt i-phase. 
Alth ough some modest time-scale in acc uracies a re poss­
ible, th ese are unlikely to acco unt for th e dilferences in the 
6180 patterns in the Dunde a nd Guliya ice co res. 

Th e two ice caps a re situ ated 1400 km apart on 
opposite sides of the Tibetan Plateau under the inOuence 
of somewhat dilferent climatic regimes. Dunde lies on th e 
north easte rn m argin of th e p lateau while Gu liya is on th e 
north wes tern side. Thus, it is not surprising that their 
6180 hi sto ri es appear dilferent , particu larly sin ce moist­
ure sources vary over the p lateau (Luo a nd Yanai, 1983 , 
1984) . Observations of con temporary climate regimes on 
the p lateau (Qi an and others, 1988) reveal such spa ti al 
diflerences . Most of the mo isture fo r the eastern side of the 
p lateau , where Dund e is located , is associa ted with the 
high ly convec ti ve Indi a n monsoonal rai ns from sou th­
western C hin a (Luo a nd Ya na i, 1983 ). H ere the release of 
latent hea t assoc iated with cumulus-convec tive precipita­
tion co ntributes to atmospheric heating (T ao a nd Ding, 
198 1; Yeh , 198 1; Luo a nd Yanai , 1984) . On the western 
sid e of th e platea u, hea ting is largely from vertical 
convection dri ve n by surface heating . The prevailing 
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Fig . 4. The decadal average 6180 from a. the Dunde ice 
cajJ and b. the Gul~1a ice ca/J are slzown for the last 1000 a. 

The darker solid line indicates the 50 a running mean . c. 
Tree-ring widths .fi"om four jzm1/;er trees provide a /JrOX)I 

for climate in the Qjlian Slum of north-central China 
( cifier vVang and others, 1983) . d. Dustfall .freque/l C)I 
has been recorded in central and eastern China. The dashed 
linr ll'fm'.l!'11/s Ilic 50 a rnmring mrrm ( ajicr ,(,l1rmg. 1984 ) . 
and the solid line indicates temjJerature fluctuations (Chu, 
1973). 

moisture source for th e Gu liya ice cap , on the western side 
of th e p la teau, is the Arabian Sea (Ohata and others, 
1989) . On Guliya the a nnua l precipita ti on is lower, 
ave raging ~180 mm w.e. (Thompson a nd others , 1995), 
compared to 400 mm w.e. on Dunde (Thompson and 
others, 1990; T hompson, 1992) . 

Other facto rs affec ting the preserved 8 1!30 history 
includ e: localized snow drifting; the addition of locally 
derived moistu re from nea rby convective activity clue to 
in tense rad ia ti onal heating of the surrounding area; loss of 
mass by ab lation; and dilfering acc umula ti on rates. 
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Figure 2 illustra tes th a t th e three ice co res from Guli ya 

show consistent iso topi c pa tt ern s, sugges ting th a t, a t th e 

sa m e site a t leas t, th e efTec t o r th ese loca li zed fac tors is 

min o r. Th e potenti a l contribution o r th ese fac tors to 

differences on Guli ya and Dunde is diffi cult to assess . 

COMPARISON WITH OTHER DATA 

Proxy hi sto ri es a re necessaril y imperfect represe n ta ti ons 

or th eir surro undin gs beca use th ey a re limited by th e 

ro bustn ess o r th eir time-scal e, th eir spa ti a l representati ve­

ness and th e ph ysica l interpretation or th e proxy itself. 

One or th e few proxy record s ava il a ble from wes tern 

C hin a is a 935 a reco rd or tree-ring widths in fo ur juniper 

trees cove ring th e upper a nd lower limits o r th e fores t 

zone in the Qili a n Sha n region (W a ng and o th ers, 1983) . 
Thinner rin gs a re interpre ted as refl ec ting sub-o ptima l 

growing conditi ons w hi ch co uld be coo le r tempera tures, 

redu ced prec ipita ti on o r so m e combina ti on. \Na ng a nd 

oth ers ( 1983 ) interpreted thin rin g widths as renec ti ve o r 

coo ler tempera tures, a nd no ted three promin ent a nd /o r 

prolonged coo l peri od s a nd one less ex tensive event (Fig . 
4-c ) . Cooler conditi ons las tin g a bout 70 a a re centered on 
1480, 1690 and 18 10 whil e a sho rter coo l phase appea rs 

much earli er in th e reco rd , a round 1120. \!V a ng and 

o th ers ( 1983) sugges ted th a l th e three cold peri ods o r th e 

Ming- Qjng d yn as ty ( JLl.28- 1865) co rres pond to th e so­

ca ll ed " Littl e l ee Age" in Eu ro pe, with th e m a in co ld 

peri od a t 1725. 
Th e m aj or occ urrences or thinn er tree rin gs a ppea r to 

be associa ted qua li ta tively with m ore nega ti ve (coo ler ) 

8 1n0 interva ls on Guli ya, but show littl e co rres pond ence 

to th e Duncle 8 1110 reco rd . This is interes tin g as th e 

junipers a re from ;::::3000 m in th e Qjli a n Sh a n wh ere th e 

Duncle ice ca p is located. A lso no te fi·om th e ea rli er 
disc ussion th a t th e 8 180 histori es fro m Dundc a nd G uli ya 

a rc di ssimila r at tim es , with so me longe r-term coo ler a nd 

wa rm er inten -ct!s out or phase. 

T wo or th e three " Ivling- Qjng-d ynas ty" coo l ph ases 

(infe rred fi·om limi ted tree-ring d a ta ) a ppea r in th e 8 18 0 
history fi·orn G uli ya whi ch also suggests a persistence of 

coo ler co ncli ti ons fro m 1800 to th e mid-1 900s. Interest­
in•rl ); th e most ]Jro! ono-ed coo li1w in th e Guli )ra 8 180 

t°) ' 0 i:) 

hi sto ry is Crom abo ut 1050 to 1200 , contemporaneo us wiLh 

th e m arked ye t bri er d ecline in rin g width s. It should be 

no ted that this ea rl y part or th e tree-ring reco rd is based 

upon two trees , whi ch hi ghli g hts th e sp a ti a l limita ti on o r 
th e d a ta . In fac t, th e tree-ring thi ckn esses appear to be 

more refl ec ti\·e o r th e ne t acc umula ti on hi stori es on th e 

two ice caps (see Th ompso n a nd oth e rs, 1995 , fi gs 7 and 

8 ), but still with a stron ge r resembla nce to th e Guliya 

histo ry. Prev ious im·es ti gati ons or tree-ring reco rds from 

lowe r-eleva ti on ( < 3500 m ) sit es in Tibet (Wu , 1992) 

have indica ted that rin g widths in thi s dry reg ion a re 

m ore ren ec ti ve o r prec ipit a ti o n \·a riati o ns th a n o r 
temperature va ri a ti ons. Th e ice-co re d a ta wo uld tend to 

support thi s idea . 

Figure 4·d presents a hi story or th e frequ ency o r cl ust 

f~t!I (cl as hed line) for a n a rea from Xinjia1w to th e eas t 

coast o r Chin a and from Ne i Mo ngo l to th e south o r th e 
Ya ng tze Ri\ ·e r (Zh a ng, 1 98 '~ ) , a n a rea co nsistent with th e 
loess di stributi on in C hin a (Liu a nd o th ers, 198 1 ) . 
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Inferred (proxy) tempera tures sin ce 1500 (solid line: 

a ft er C hu , 1973) led Zh a ng to suggest th a t coo ler peri ods 

were assoc ia ted with more dusty atmosph eri c conditi ons, 
whil e dust flu x appears diminished when conditi ons a re 

warm er. Th e tra nsp orta ti on of dust fl·om n orth wes t to 

so uth eas t C hin a is related mainl y to va ri a ti o ns in 

atmosph eri c circ ul a ti o n ove r m a inl a nd C hin a . In 
w inte r , th e strong Sibe rian hi g h m oves south wa rd , 

leadin g th e p o la r fro nt a l zon e south as we ll. Thi s 
enhances th e s tro nge r winte r m onsoon a nd favors th e 

ent rainm ent a nd tra nsport or dust durin g co ld peri ods 

(Zh a ng , 1984 ) . Th e du st is entra in ed within th e 

M ongoli a n cyclone, is tra nsported eastwa rd by th e 

upper-l eve l wes terli es a nd slowly se ttl es out ove r th e 

eas tern ha lf of C hin a . In additi on , m os t or the periods of 

hi gh du st d ep os itio n appea r to b e associa ted with 
conditi ons or lower humidity, indi cating th a t dust storms 

a re assoc ia ted w ith th e dry seaso n (Zhang, 1984). 
Th e dust hi sto ry (Fi g. 4d ) from eas tern C hin a shows 

no co nsistent rela ti onship with th e Dunde a nd Guli ya 

8 18 0 reco rds o\ ·e r th e las t I 000 a. The low li·cq uency or 

dust storms li·om 1300 to 1450 AD is correla ti ve with 
iso topi ca ll y warm er co nditi ons on Guli ya a nd coo ler 

co ndi tions on Duncl e. As with th e tempera ture compar­

isons di sc ussed a bove, th e eas tern C hina cl ust hi sto ry 
a ppea rs m o re co nsistent w ith th e ne t acc umula ti on 

hi stori es fr om G uli ya a nd Dund e (Th o mpso n and 

o th ers, 1995 , fi gs 7 a nd 8 ) . The peri od of· eleva ted dust 

(eas tern China ) from 1150 to 1300 AD is assoc ia ted with 
redu ced acc umul at io n o n Guli ya aft e r whi ch th e 
fi-equcncy o r dust sto rms in th e east d ro ps as acc umula­

ti on on Guli ya in creases . In th e m ore recent (be tter 

doc um ented a nd el a ted ) pa rt o r th ese reco rds th e pea k in 
dust flux in about 1850 AD is co rrela ti ve w ith a peri od of 

substantiall y lower net accumula tion on bo th G uli ya a nd 
Dunde. Likewise , th e reduc ti on in dust-storm fi·equency 

since the turn o r th e 19 th century is associa ted with well 

a bove a verage net acc umula tion on bo th ice ca ps. 
These reco rds sugges t a ve ry co mpl ex rela ti onship 

betwee n th e tempera tu re a nd prec i pi ta ti on ove r th e 
pl a tea u a nd th e tempera ture and a tm os pheri c dustin ess 

ove r th e eas tern ha lf or C hina . This preliminary inves tiga­

ti on sugges ts th a t net acc umula ti on on th e ice caps, rath er 

th a n temperature, a ppea rs more closely rela ted to atm o­

spheri c co nditi ons ( tempera ture and dustin ess) in th e 
eas tern ha ir of C hin a where proxy and histori ca l clima te 

obse rvati ons a re more abundant. Also , fo r th e ea rli er pa rt 

or th e reco rd (prio r to 1500 AD) th e lac k or o bse rva tions 
(e.g . tree rings, dust fall ) a nd th eir imprec ise tim e-scales 
ma ke compariso n with th e ice-co rr histo ri es tenta ti ve at 
bes t. It is necessa ry to stress as well th a t 70- 80 % of 

precipita ti on on th e ice ca ps [a ll s during th e summer 
monsoon season so th a t the 8 1HO hi sto ry proba bl y refl ects 

summer co nditi ons m ore st ron g ly th a n a nnua ll y ave raged 
co nditi ons, and th a t a t th ese hi gh eleva ti ons th ere is a 
po tenti a l for sublima ti on ( 180 enri chment ) during th e dry 
pa rt of th e year. T hus, 8 180 meas urements a re predes tined 

to be imperfec t representati o ns o r n ea r- surface air 

te mpera tures . i\llu ch or th e dust depos iti on on th e ice 
caps (and ove r eas tern C hin a as well ) is assoc ia ted with the 

dry winter monsoo n season so th a t dust flu x is likely to be 
more representa ti ve or a tm osph eri c co nditi ons in winter 

than o [ a nnua ll y averaged co nditi ons. 



T he more recen t part of th e ice-co re 8180 records is 
compa red with surface temperature observat ions in 
Figure S. Th e Sa running mean of th e an nua l 8180 
\ a lu es from l 8SO to 1992 from G uli ya and Dund e (both 
elated to 18SO by laye r counting ) is shown in Figure Sa 
and b. As noted ea rli er , isotopica ll y warm and co ld 
peri ods are not synch ronous for Duncl e a nd Guli ya, a nd 
this is parti cularl y tru e for a nnua l and cl ecacl a l-scale data. 
Howe, ·e r, both reco rds reveal a persistence of higher 8180 
values (warmer tempera tures) sin ce th e 1940s , simila r to 
th e warn1ing in th e Northern H emisphere land -surface 
tempera tures since the 1920s (Fig. Sc ) and the Indi a n 
O cean surlace temperatures (F ig . Sci ) . T he 8180 d a ta 
from G uli ya a nd Dunde a lso corres pond reasona bl y well 
with th e temperature record from th e Indi an O cea n 
(Briffa a nd J ones, 1993 ), which is encouraging as th e 
precipitation reaching th e weste rn pa rt of the Tibetan 
Platea u o rigin a tes primari ly ove r th e Indi an O cean 
during th e summ er monsoon season (Luo and Yanai , 

1983, 1984- ). 
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Fig. 5. The 5 a running mean of 81110 from 1850 lo 1992 
.fiom a. Dunde and b. Guli)'a ice ca/Js is com/Hn -ecl with two 
other tem/Jeratu re histories: c. Northern 1-/emis/Jhere 
temperature variations ( Hansell and Lebedeff, 1987) and 
d. lndia11 Ocean swface /em/Jera/ure data ( Briffa and 

Jones, 1993) . 

Lo nger tempera ture histori es a re avai lable [i·om 
so uthern a nd eas tern China . H ere " i\lfei Yu" or plum 
rains are a main source of precipitation, dominant in 
spring and summ er, ove r most of C hin a south ol the 
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Ya ngtze Ri ve r. Summ er a ir tempera tu res f! ·om so u th ­
eas tern C hina (Fig. 6b ) and from th e 10\·ver Yangtze 
Ri ver (Fig. 6c ) have been reconstructed for the las t fi ve 
cent uri es. T he co ld est period , the m id -1 7th cen tury 
(arou nd l 6SO AD ), is prominent in a ll reco rds. The 
normali zed mean summ er temperatures (F ig. 6cl ) and 
th e normalized mean winter temperatures (Fig. 6e ) a lso 
indicate coo ler conditi ons around 18S01'D . Note tha t th e 
8180 records in F ig ure 6 a re shown with respec t to thei r 
( l 860- l 9S9) mea ns for consistenc y with th e o th er cl a ta 
(Fig. 6b- e). The Duncle 8180 hi story is much more 
similar to th e tempera ture hi stor y in south easte rn Ch in a 
than is the Gu li ya 8180 hi sto ry. T he mos t prom inent 
clima te event in a ll th e reco rds (8180 , tree ring, dust fa ll) 
is th e coo l period aro und l 6SO AD wh ich appears to ha,·e 
affected both eas te rn a nd weste rn C hin a . Anoth er 
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Fig . 6. Decadcil averages q/ 81110 .fiom a. Dunde and 
Guli)1a are com/Jared with available lem/Jernlure records 
from other areas q/ Chi11a. All data are slww11 relative to 
their res/Jecti ve 1860- 1959 means. b. Summer /em/Jeralure 
variati011s in southeast Chi11a are Ji-om I l'a11g and others 
( 1991). c. Summer tem/Jeralure a1wmalies fo r the lower 
rangtze River are from Wang and f. Vang ( zm/J1lblished 
infornwlion, 1992) and Bradlq rmd J ones (1993) . d. 
J\!lean. normalized summer lemjJera luresfor easlem China 
are from Wang and l!Jl a11g ( 1990); Wang ( 1991 ); and 
f'llang and others ( 1991 ) . e. J\lf ean normalized win ier 

lem/Jeralures for east em China are .fiom Z hang and Gong 
( 1979); Zhang ( 1980); Wang and Wa11g ( 1990); 
!Vang (1991 ); and TVang and others ( 1991) . 
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import ant fea ture in 1000 a 8180 records from Dunde a nd 
Guliya is a warming trend in the 20th century. Althoug h 
not as prominent in th e decacl a ll y averaged d ata from 
Gu li ya, since 1985 it is una mbig uously a n " iso topica ll y" 
wa rm fea ture in bo th summer a nd winter (i.e. the highes t 
a nd lowes t 8 180 values) fo r a ll three cores (Fig. 2) . 

CONCLUSIONS 

Th e 1000 a 8 1a0 reco rds from the Duncl e a nd G uli ya ice 
caps on the Tibeta n Pla teau, western China , di splay 
different climatic va ri a ti ons which m ay reOect their 
cl ifferen t moisture sources . Al ti tucl e clifieren ces on! y a ffec t 
8 1HO mean , ·alues, a nd d a ting errors a re unli kely to 
contribute strongly to the obsen·ecl d ifferences. The 8 180 
measurements of snow co ll ected on Gu li ya refl ec t a ir­
tempera ture trends a t Mang na i meteoro logica l sta ti on , 
suggesting that 8 1BO of the snow fa lling on G uli ya 
provides a reaso na ble proxy for the near-surface a ir 
tern pera ture. 

T he ice-core 81a0 histories from Duncl e a nd G uli ya 
a re compa red with a tree-ring index from wes tern C hina 
and th e dust- fa ll reco rd lrom easte rn China, but show no 
consistent relationship. Interes tingly, the net acc umula­
tion histori es fi-om Dund e a nd Gu li ya a ppear to be more 
consistentl y related to each other a nd with dust fa ll in 
eas tern China . Large-sca le trends in the 8 180 history [i-om 
D unde a re more simil a r to those in eas tern C hi na tha n 
are the trends from the Gu li ya ice cap fa r to the west. 
Both ice-co re histori es a nd th e oth er limited proxy reco rds 
sugges t a widespread cool peri od aro und 1650 i\D. The 
Gu li ya hi sto ry contains a major cool phase aro und 
1500 AD, but th is docs no t a ppear to have ex tended to 
the eas t. Finally, a most im portant observa tion is th e 
recen t warming refl ec ted in the reco rds from both ice 
caps. Th e wa rmin g appea rs to have begun seve ra l 
decades earli er on the lower-ele,·ation Dunde ice cap 
and more recent ly, since 1985 , on the hig her Guli ya ice 
cap to the wes t. The older pa rts or the G uli ya core a re 
currently bei ng analyzed a nd a long with th e contem­
pora neous hi story [)-om Dund e sho uld provide a proxy 
reco rd , part ic ul a rl y as transfer fun cti ons between 8 180 
a nd tempera ture a nd the rela ti onship between tempera­
ture a nd prec ipitat ion a re bet ter es ta blished . 
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