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ABSTRACT, Sin ce 1987, ice co res ha\'l' been drilled ['ro m the Dund e a nd Culiya 
ice ca ps o n th e Tibc tan Pl a tca u, \\,cstcrn China , Here'. th e ox; 'gen isoto pi c rblHe) 
records fix the la s t 1000 yea rs fi 'o m bo th these co res arc compiled and compared, 
Us ing surface tem pera ture o bse lTa ti o ns since th e mid-1 960s rrolll m e teoro logical 
s tat io ns o n the plateau a nci blHO m eas ureci on precipitatio n co ll ected cont empo r
aneoush-, th e cmpiri ca l re lationship: iSlHO = 0, 6 T" - 12 is cs tahli shecl. /!IHO appea rs 
to SC I'\'C as a reasonable proxy fo r regio na l surfitcc tcmperat ures and a re aso na hle hasis 
ro r reco nstructing 1000a prox\' tempera ture rcco rd s rrolll Dund e a nd Guliya, Th e 
reconstructed tempe rature hi sto ri es for Dunde o n th e eas tern Tibe ta n Platea u I and 
Guli)'<l (on the \lTste rll Tibeta n Plateau ) sli o\\' so me centennial-scale simi lar ities, hut 
re\'C'a l quit e dilTc re nt hi sto ri es fa r Iii g he r-[,rcq ue nc\' \'ariabilit\ O\'Cr the la't 
millennium, The ice-core blBO hi sto ries 1\'0 111 Dund e al~d Gu li),a ar~' compa red \I 'ith 
a tree-ring ind ex fi'o lll \I 'es te rn China a nd the dust-f~tll reco rd fi 'o m eas tCl'II China , but 
sho\\' no co nsistc n t re la ti o nsh i p, Th c 1110st prom i ne n t s i m i1 ar i t y bC(\I'ec n t h c 
reco nstructed temperaturc hi sto ries re)r Dund e a nd Guliya is th e marked \I'armin g 
of th e las t fe\\' d ecad es, Fro m t he 1000 a perspecti\'C prO\ 'icled by th ese ice-core recorck 
th e recent warming on Dunci c i ~ uniqu e in its strengt h and persis ten ce: hO\le\'('r. lh e 
\I'arming o n Guli),a (ini t'rred ii 'o m IHO enrichmcnt l is Ill o re reccnt (sin ce 1985 anci 
no t unprcccdented, This reccnt warming o\'e r th e Tibetan Plateall is c\ 'id ent in th e 
limited metcorological reco rd s, 

INTRODU CTION 

In th e la st d ecade, ice cores ha \ 'e pro\' ic\ ed a \ '<t ricty 01' 
uniquc paieoclimatic hi s to ries. F o r an O\ 'e l'\ 'ie \I ' set' 

Lang\l'a\ and Oesc hger 1989 ) and Whitc and o thers 

( 1989 ) , \ Jos t or th ese ha\'(' cent ered on high- lat itud e ice 
co rcs suc h as th ose rrom Grccnland (e,g, Dansgaarcl and 
others, 1969. 1982: Grootes and o th ers. 1993 1, the 

Ca nadi a n .\rc ti c K ocrner a nd Fi sher , 1990 ) and 

. \ n tarc ti ca ( Epstei n and others, 1970; Lori us Cl nd others. 

1979. 1983 1, To co mplemC'nt th ese polar hi stor ies a nd 

prO\ 'ide further constra ints upon model s orglo bal clim a ti c 
\'ariations, icc-core hi stori cs rrom hi g h-c1el '.llion icc ca ps 
in the subtrop ics and tropics ha\ e bcg un to e merge , Th e 

firs t suc h hi story \\'as rrom th e Quelccaya ice cap 

( 13 56' S, 70 50 ' \ \ ' ; 5670 m a,s, l. ) in Pe ru (Tholll pson 

a nd o th ers. 1985, 1986. 1988 ) , \ lore recc nth- a reco rd \I'a s 

o bta ined ['rom the Dund e icc cap 38 06' .'\T . 96 2+' E: 
532.3 m a ,s,l. ; Fig , 11 in China Thompson a nd o thers, 
1989: Th o mpso n. 1992 ) , 
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FI~!{ , I, ,l j ajJ .1/1l/[l'ill/!, lite /o((llioll (U' !) /llIde alld (;/I/~J'a i ce 

cajll. Ch ilia, 

Eastc rn China is rich in hi storical and c\ oc ulll en t<1I'\ ' 

so urces or c lim atc inrormati on ror th e last millennium, 

\I ost or th e Chinese pa leoc lim<tti c reconstru ct io ns a rc 

fi'om reg ions east or 110 E a nd f()(' us upon cond iti ollS 
during \I'int er , a ltho ug h limitcd ,summ er hi stories a rc 

e lll e rg in g I Bradle;' a nd o th ers, 198 7 ). In \\'estern China , 

p roxy h isto ri es ( tree rings, ice co res) a rc se\'crcl), li mit ec\, 

a nd th eir \'Criiication is hampered by thc short a nd spa rse 

Illeteorological reco rd s Bradl el ' and J o nl's. 1993 

:'\c\ 'e rth ckss, th e c limate hi slO r; of \\'("s te rn China, 

parti c u la r ly on the Tibeta n Pl atcau. is a n impo rt a nt 

compo ncnt fc) r reconstructing and und ersta nding' th e 
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Lin alld others : Clillla tic challge ill Chilla 

Earth' s clim a te hi sto ry. Th e Ti be ta n Pla tea u, with a n 
a\'e rage ele\'a ti on of ::::;4500 m , is onc of th e E a rth 's mos t 
imposing geomorphi c fea turcs a nd a ffec ts th c la rge-scale 
a tm osph eri c c irc ul a ti o n in th e N orth r rn H emisph r re 
(R eite r a nd Ding, 1980, 198 1) . Th e ex tensi\ 'e summ er 
hea ting oflh r pla tea u es ta bli shes a nd ma intains th e Asia n 

Summer mo nsoon ci rcul a li on (R ei ter a nd G ao, 1982) . 

Thus, studi es orth e clim a te regim e of' th e Tibetan Pla tea u 
ha \'e fl o uri shed a nd th e po tenti a l fo r hi sto ri es from 
II'Cs tern C hin a has spa rk ed th e inte res t o f th e pa leoc li
ma ti c community. 

Since 198 7, ice-co re pa leoclilll a te reco rds have bee n 

emerg ing from t\I 'O ice ca ps on th c pl a tea u: th e Dund e ice 
ca p on th e north eas te rn sid e, a nd mo re recentl y th e 
Guli va ice ca p (35° 17' N , 8 1°29' E; 6710m a .s.l. ) o n th e 
nonh\l'Cs tern sid e (Fig . I ) \I 'here a g lac iologica l p rogra m 
II'as conduc ted from 1990 to 1992 . In 1990 onc pit \I 'as 

sa mpled and t\\'o cores lI'(' re drill ed : a n 8 m co re (C-I ) 

a nd a 12 m co re (C-2) . In 1991 onc pit was sampl ed and 

tll'O co res were drill ed: a 30 m co re (C-I ) a nd a 16 m co rc 
a t th e summit co re (Se-I ). In 1992 t\\'o cl ee per ice co res 
II'(' re recO\'CI'Cd : a shorte r co re (C-I ; 92 .3 m ) a t site I 
ex tended to a n u ncon formi t y (see 'fh om pson a nd o th ers. 

1995 ); th e longe r co re (C-2; 308 .6 m ) reac hed bed rock a t 

site 2. Th ese co res a re being a na lyzed [o r inso lubl e 
pa rti cula te conce l1lra ti o ns a nd size di stributio ns, a ni on 
(SO 12 , :\TO:I , Cl ) co ncentra ti ons, a nd 8 IHO. This pa per 
foc uses upon th e simil a riti es a nd diffe rences of th e Dunde 
a nd Guli ya 8 1BO reco rds fo r th e las t 1000 a a nd compares 

th ese prox)' hi stori es with th e limited d a ta from wes tern 
C hina a nd the mo re a bund a nt clim a te hi stori es I'rom 
eas tern a nd southern C hin a . 

DISCUSSION 

Fig ure 2 d emo nstra tes th e reprodu cibility of th e 8 180 
reco rds in co res dri lled a t th e same loca ti o n on Guli ya in 
three consecuti\'e yea rs ( 1990- 92 ). The 199 1 co re \I' as 
re turned frozen whil e th e 1990 a nd 1992 co res we re cut , 
m elted a nd bottl ed fo r re turn shipm ent. Th e first 

constraint upon th e pa leoclim a ti c utilit y of 8180 is th e 

degree to whi ch it renec ts nea r-surl'ace air tempera ture. 
"1-' I I' .:1110 d " . o ex p o re tll S, u was meas ure on prec lp](atlo n 
samples collec ted a t the D eling ha meteo rological sLa ti o n 
south of th e Dund e ice cap , and these \I'e re compared 
with contempora neo us air tempera tures a lso meas ured a t 

D elingha (Yao a nd Thom pson , 1992) . The cm piriea l 

re la ti onship be tll'een 8 180 a nd a ir tempera ture (Fi g. 3a ) 
d eri\ 'Cd from th ese d a ta is gi\ 'en by 

wh ere Ts is ::111' tempera ture. The 8180 - tempera ture 

coe fIi c ienr of 0. 6 is id enti ca l to th a t esta bli shed for th e 
longc r reco rd s from oth er mid- a nd high-l a titud e regions 
(e.g . Rozanski a nd oth ers ( 1992 ) repo rt a I'a lue o f 0. 6). 
To tes t furth er how well 6 1RO refl ec ts a ir tempera tures, 
th e a nnua l ave rages o f' 8 11J0 for th e three co res fro m site I 

o n Guli ya (Fig . 2) a re compared (Fig. 3b ) with mea n 

a nnu a l a ir tempera tures from Mangnai meteo rological 
sta ti o n (38. 2 ~. 90 . 1 E; 3 139 m a .s.I. ) . The agreement 
between mean a nnu a l 8 1110 a nd a ir temperatures is quite 
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Fig. 2. The cOllt ill llOIlS isotopic j}l'ojiles jor t!tree (ores 
driLLed ill sllccessiz'e ) 'ears ( 1990- 92) a/ tlte sallle site Oil 

the (,'u/£)'a ice ({I j ) . Tlte dashed lines illdicate conelatlz'e 
jealme.\' . 

good considerin g th e di stance a nd ele\'a ti on difre rences 
a nd o ther el1\ 'ironm enta l [ac tors whi ch mav a frect ,sIHO. 

A ma rk ed warming trend sin ce 1985 is evid ent in bo th th e 
ice-core records a nd th e sta ti on o bsen ·a tions. I t is c lea r 

th a t 8 180 of th e snow [ailing on Guliya provid es a 

reasona bl e proxy fo r th e nea r-surface a ir tempera turc. 
Th e time-sca les [or th e upper 380 a of th e G uliya a nd 

Dund e co res were es ta bli shed by counting the \' isib le dust 
la ye rs d eposit ed a nnuall y. This a ll o ws th e a nnu a l 
a verages o f dust content a nd 8 1HO to be ca lcula ted . For 
th e old er part of th e Dunde co res th e time-scal e is a 

mod el-based timc d epth rela ti onship for th e combin a ti on 
of cores I a nd 3 in which simila r fea tures \I'elT considered 
eoe l·al. Since it was impossibl e to count annu al dust la l'C rs 
dow n to the bo ttom or bo th Dunde co res, th e [ina l time
sca le is based o n th e fl ow-m od el approach. ln contras t, 

th e dating for th e las t 1000 yea rs from th e Guli ya core-2 is 

based on counting \'isible dust laye rs (sce Tho mpson a nd 
o th ers ( 1995 ) fo r G u I i ya ti me-sca le cl isc ussion ) . 

Fig ure 4a a nd b illustra te the 1000a 8 1110 reco rd rrom 
Gu li ya co re-2 a nd the combin ed hi stori es [i-o m the Duncl e 
d ee p cores ( I a nd 3). A surprising res ult is the ma rked 
difre rence in th e 8180 hi sto ri es from these t\\'o ice caps. 

Th e di[re rence in mean va lues (Dunde: 10.88%0; Guli ya : 
14 .77%0) is ex pec ted a nd consistent with the diffe rent 

e leva tions o[ the drill sites (Dulld e: 5325 m a.s .l. ; Guli ya : 
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Fig. 3. ([. -'ler/l1 a Illl lIal air {em/iem/llre.1 jiolll Ihe 
Dl'lillg/W 117eleorological slalioll ( Fao alld Th 0 117/):'"0 11 , 

1992) (//"{' jJ!o//ed against the llleall alllll/a! {) 1110 da/aJrom 
uJ/l/emjJoralleol/.I jnl'cijJi/a/ioll sall7jJle.l . b. ,\leall alllllla! 
/{'IlI/il'm/llre.> froll7 JJallgllai llIeleorological .I/alioil are 
/Jlol/{'(/ agaill:,llh!' llIeall allJllwl (;ilia dalaji'olll Ihe Clllil'a 
ice raj) . 

6200 m a.s .I. ) . H O\l·eH' !". th e m aj o r \I'a rm a nd coo l peri od s 

isotopica ll y in fC rreel ) a rc hi g hli g h teel using a 50 a running 
m ea n Fig. +; d a rk c uI"\"cs ) a nd clea rh' rC\"Ca l a pe ri od 
{"ro Jl1 1250 LO 1500 w he n \I 'a rmin g o n Guli ya \\'as 

co nt e mpor a neo us w ith coo lin g 0 11 Dun de . In ract, 

compa rison o r th e 50 a runnin g m ea ns sugges ts th a t th e 

tem pe ra ture reg imes (inferrecl fro m <5
180 ) o n th rse tl \"o ice 

ca ps a re di ss imil a r a t tim es a nd o fi en in a nti-ph ase . 
Altho ug h som e m od es t tim e-sca ic in acc ura.c ie.) a re poss

ible , th ese a re unlik eh ' to a ccount fo r the differe nces in th e 

blBO pa tte rns in th e Duncle a nd G uli ya ice co res. 

The two ice ca ps a rc situ a ted 1400 km a pa rt 0 11 

o ppos ite sid es o r th e Tibe ta n Pl a tea u und er th e influe nce 

o f" so m cwh a t difkre nt c lima ti c reg im es . Dund e li es o n th e 
n o rth eas te rn m a rg in o rthe platea u w hile Guli ya is o n th e 
northwes te rn sid e. Thus, it is no t surpri sin g th a t th e ir 

{)IHO hi sto ri es a p pea r dille renl. pa rti c ul a rl y since m o is t

ure so urces I'a r y o l 'er th e pl a tea u (Luo a ncl Y a na i, 1983. 

1984) . Obse n 'a ti o ns o f co nt e mpo rary climate regimes o n 

th e pl a tea u (Qi a n a nd o th ers. 1988 ) re\"Ca l suc h spa ti a l 
clifTcre nces . :'10s t o f th e m o is turc fC) 1" th e cas te rn sid e o !"the 

p la tca u. \\' h e re Du ncl e is loca tcd . is assoc ia ted I\' ith rh e 

hi g hh' cOll l"Cc ti w' Indi a n 11l 0 nsoo n a l ra in s li 'o m so uth

I\"('s te rn China (Luo a nd Ya n a i. 1983 ) . H cre th e re lease o f 

la tent hea t assoc ia ted with CUI1lUIU S-CO IlI 'CCl il "(, prec ipit <1 -

ti clIl con tributes to a tm os ph e ri c hea tin g (T ao a nd Ding. 
198 1; Ye h , 198 1; Lu o a nd Y a na i, 1984 ). On th e \\'('s te rn 

sid e or th e pl a tea u , hea tin g is la rge ly ri'o m IT rr ica l 

cO I1l"('c ti o l1 dril"(, 1l b y surface hea ring . The preI"Cl il in g 

Lill alld a/hers: Cfill/a/ic chaJlge ill Cftilla 
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F(g . -I . TI,e decar/al al'eragl' <5l1Ja ji"o/Il a. the Dllllde ice 
cajJ alld b. Ihe GllliJ'a ire caj) are .I/lOll·n./or Ihe lasl 1000a . 
T Ile darker :,olid lille illdicale.1 Ihe 50 a /"/IllIlillg meall . c. 
T ree-ring ll ,idlh.> fl"om /0111" jlllll/Jer Iree.1 jmn'ir/e a jJro ,-l' 

Ior climate ill t/ie Qjlian Shan rij' lIor/h -cenlral Cftilla 

( after ll 'allg alld other.l . 1983) . d. DII.lt-}"a1l ji"eqllflll} 
has befll recorded ill cell/ral alld mstem Chilla. T he da5hed 
lille re/He.Il'III.> Ihe 50 a /"lllll/illg lneOIl ({{/ier :::'1/{/lIg . 198-1 ) , 
and Ihe .\Olid lille illdicales 11'I1I/)e/"Cllllre./lllclllaliolls ( C/I/I. 

1973) . 

m o isture so urce fo r th e Guli Y<I ice ca p , 0 11 th e \\"Cs te rn sid c 

o f rh e pl a teau. is th e Arabi a n Sca (Oh a ta a nd o th ers, 
1989 . On Guli ya th c a nnu a l prec ipitati o n is 10 \\T r . 
aI"C ragillg ~ 180 mm \\". e . Tho mpso n a nd o th ers. 1995 . 

compa red to 400 I11m \ \ · . C . 0 11 Dund e Th o mpso n a nd 

o th ers. 1990: Th om p SO Il . 1992 ). 

Orh er f ~l c tors a ffe c tin g th e prese l"\ 'Cd {)IBO hi sto r y 

in c lude: loca li zed snOI\' dri i'rin g; th e a dditi o n o f" loca ll y 
d cr i\ 'ed m o isture fro m nea rb y cO Il\Tct i,'C i\ c ti,·it\· du e to 

intense ra di a ti o n a l hea tin g o i"the surro unding a rea ; loss o f" 

III ass by a bl a ti o n ; a nd diffe rin g acc ulllul a ti o n ra tes . 
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Li/l a/ld athen : Climatic cha/lge ill Chi/la 

Fig ure 2 illustra tes th a t th e three ice co res [i'om Guli ya 

show co nsisten t isotopi c pa i tern s, sugges ting th a t, a t th e 

sa m e site at leas t. th e ciTec t o r th ese loca li zed fac tors is 
minor. Th c po tenti a l cO lltribution o r th ese faClo rs to 
difle renccs on Guli\'a a nd Dunde is diffi cult to assess. 

COMPARISON WITH OTHER DATA 

Proxy histo ri es a rc necessa ril y imperrect represe nt a ti o ns 
o f' their surro undings because th ey are limited b y th e 

ro bustn ess o r thei I' ti m c-sca lE', th ei I' spa ti a l represc nt a ti\ 'e

ness a nd th e ph ys ica l interpretati on o r the proxy itselr. 

One 0 (" th e reil' proxy records a va il a bl e [i-om \\'es tern 

Chin a is a 935 a reco rd o r tree-ring \\'idths in four junipe r 
trees cO\"cTing th e upper and 10\\'er limits o r th e [()ITs t 
zo ne in th e Qi li a n S han reg ion (\\ ' ang and o th e rs, 1983 ). 
Thinner rill gs a rc interpre ted as refl ec tin g sub-optimal 

g rowing conditions whi ch co uld be coo ler tempera tures . 

reduced prec ipita ti o n o r so m e combin a ti on. \\'a ng a nd 

o th ers ( 1983 ) interpre ted thin rin g widths as re fl eCl i\"(' o r 
coole r temperalUrcs, a nd no ted three promin ent and /o r 
pro longed coo l peri od s a nd one less ex tcnsi\ 'e e\"(' n t (Fig . 

+c ) . Coole r conditi o ns las tin g a bo ut 70a a rc centered on 

1480. 1690 a nd 18 10 \\"hil e a shorter coo l ph ase a ppea rs 

much ea rli e r in th e reco rd , a ro und 11 20. \\' a ng a nd 

o th ers ( 1983 ) sugges ted th a t th e three cold pe ri od s o f" th e 
~[ing Qing d yn as ty ( 1<1·28 1865 ) co rres pond to th e so
call ed "' Little lee .\ge' · in Euro pe, \\ 'ith th e main co ld 

peri od a t 1725 . 

Th e m aj o r occ urrences or thinn e r tree rin gs a ppea r to 

be assoc ia ted qua lita ti\ 'e ly \\'ith m o re negati\ 'e (coo ler) 

b t80 inten 'als o n Guli ya , but sho \\' little corres pond ence 
to th e Duncl e blBO reco rd. This is interes ting as th e 
j unipers a rc (i-o m ;::::;3000 m in th e Qilian S ha n w here th e 

Dund e ice cap is located . Also no te f"rom th e ea rli er 

d isc uss io n th a t th e blHO hi stori es from Dund e a nd Guli ya 

a re di ss imil a r a t tim es, with so m e lo nge r-term coo ler anci 

warmer int en 'als out o f phase. 
T \\·o o r th e three '" \ling; Qing-d ynas ty" coo l ph ases 

inrerred fi 'om limited tree-ring d a ta ) a ppear in th e b lBO 

hi sto ry rrom Guli ya \\'hi ch a lso sugges ts a pe rsis tence o f' 

cooler conditi o ns Crom 1800 to th e mid-1 900s. Interes t

ing ly, th e m os t pro longed cooling in the Guli ya 15 180 
hi story is from a bo ut 1050 to 1200, cont empo ra neous \\'ith 
th e m a rked ye t brier d ec lin c in rin g \\·idths. It sho uld be 
no ted that thi s ea rl y pa n o r th e tree-ring record is basecl 

upo n two trees, whi ch hi g hli ghts th e spatial limit a ti on o r 

th e d a ta. In fac t, th e tree-ring thi ckn esses a ppea r to be 

mo re refl ee ti \'e of th e ne t acc umula ti on hi stori es on th e 

t\\·o ice caps Is('e Tho mpso n a nd o th ers. 1995, fi gs 7 a nd 
8 ) , but s till with a stro nger resembl a nce to th e Guli ya 
hi stor y. Pre\'ious i1l\'es tiga ti ons o r tree-ring record s ri 'om 
lower- eb 'a ti on « 3500 m ) sites in Tibe t (\\ ' u , 1992 ) 

ha \'e indi ca ted th a t rin g \\'idths in thi s dr~' regio n a re 

m o re re fl ect i\ 'C o r prec ipita ti o n \'a ri a ti o ns th a n or 

tempera ture n ni a ti o ns. Th e ice-co re d a ta \\'o uld tend to 
suppo rt thi s idea . 

Fig ure -kl prese nt s Cl hi sto ry o f th e frequency o r dust 

fa ll (d ashed line ) [o r a n a rea fi-o m :\inji a ng to rh e eas t 

coas t o f" China a nd from :\T ei ~longo l to th c south o f" th e 

Ya ng tze Ri\ 'e r (Zha ng. 1984 ), a n a rea consistent with th e 

loess di stributi o n in C hin a (Liu a nd o th e rs, 198 11. 
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Inre rred (proxy ) temperatures sin cc 1500 (solid lin e: 

a ft er Chu , 1973) led Zh a ng to sugges t th a t coo ler peri od s 

were associa ted I\'ith mo re dusty a tm os pheri c conditi ons, 
\\'hil e dust flux a ppea rs dimini shecl wh en conditi ons a rc 
wa rm er. Th e tra nspo rta tion o r dust from no rthwes t to 
so uth eas t Chin a is re la ted m a inl y to I"<ui a ti o ns in 

a tm os ph e ri c circ ulati o n O\'e r mainland Chin a . In 

I\'inter, th e stro ng Sibe ri a n hi g h m O\'es so uthl\'a rd , 

leadin g th e po la r rro nt a l zo ne south as \\ 'C II. This 
enh a nces th e stro nger winte r mo nsoo n a nd f~l\ ' o rs th e 
entrainm cnt a nd transpo rt o r dust during co ld pe ri od s 
(Zh a ng, 198+) . Th e du st is c ntra in ed within th e 

\J o ngo lian cvc lo ne, is tra nsported eas tll"ard by th e 

upper-I e\"C I weste rli es a nd slowl y settles o ut o\"e r th e 

eas te rn ha lf o f" China. In aclditi on , m os t 0 (" th e pe ri od s of 
hi g h ciu st d e pos iti o n a ppea r to be associa teci \\'ith 
conditi o ns o f" 100\"C r humidity, indi ca tin g th a t du st sto rms 
arc assoc ia tt'd with th e dry seaso n (Zh a ng, 1984). 

The dust hi sto ry (Fig . 4d ) fi'om eas tern Chin a shows 

no co nsistent relat ionship \I'ith th e Dund e a nd G uli ya 

blHO reco rd s o\"C r th c las t 1000 a. Th e 10\\' rrequenc \' o r 
dust storlll s [i-om 1300 to 1450 .\J) is eo rrcla ti\ "(' \\' ith 
iso to pi ca lh- wa rm t' r conditions on Guli ya a nd coo ler 
conditi o ns on Dund e. A. with th e tempera ture compa r

isons d isc Llssed abo \'e, t he eastern C h i na dust hi sto ry 

a ppea rs m Ore co nsistent \I·irh th e ne t acc umul a ti on 

hi stori es fro m Guli ya and Dund e (Thompson a nd 
o th e rs, 1995, fi gs 7 a nd 8 ) . Th e pe riod of elc\'a ted dust 
(eas tern Chin a ) f'rom I 150 to 1300 ,\ I) is assoc ia ted wi th 
redu ced accumul a ti o n o n Guli ya a f"t e r w hi c h th e 

frequency of dust storms in th e cas t dro ps as acc umula

tion o n Guli ya increases . In th e m o re recent (bc tt er 

d oc umented and d a ted ) part o r th ese records th e pea k in 
dust flux in a bo ut 1850 ,\)) is co rrela ti\ "C with a period of 
substa nti a ll y lower net acc umul a ti on on bo th Guli>'<l a nd 
Du nd e. Likewise, t he red uc ti on in d ust-slo rm freq uenc), 

sin ce th e turn 0 (" th e 19 th century is assoc iated with I\'ell 

abo\ "C average net acc umul a ti on on bo th ice caps. 

These reco rd s sugges t a \T ry co mplex rela ti onship 
be t\\'ee n th e tempera lUre a nd prec ipita ti on o \"C r th e 
pl a tea u and Li1(' tempera ture and a tm os pheri c dustin ess 
0\"(' 1' th e eas tern ha ll' o f" China . This prelimin a r)' ill\'Cs ti ga 

tion sugges ts th a t ne t acc umulati on on th e ice caps, ra th e r 

th a n tempera ture, a ppea rs more c lose ly rela ted to a un o

spheri c co nditi ons (tempera ture a nd dustin ess ) in th e 
eas tern ha lf" o r Chin a where proxy a nd hi sto rical clima te 
obse l"l '<l ti o ns a re more a bunda nt. Also, ( )r th e ea rli er pa n 

of th e record (prio r to 1500 .\D ) th e lack of obse r\'a ti ons 

(e.g . tree rings, dust ra il ) a nd th eir imprec ise tim e-sca les 

m a ke compa rison \\'ith th e ice-co re hi sto ri es tenta ti\T a t 

bes t. r t is necessa ry to stress as well th a t 70 80°!., oC 
prec ipiwtion on th e ice ca ps ra il s during th e SUIlllll er 
Ill onsoon season so th a t the 6 1RO hi sto ry proba bl y rd lec ts 
sUlllmer co nditi ons more strong ly th a n a nnu a ll y <1I"e raged 

conditi ons, a nd th a t a t these hig h ele\'a ti ons th ere is a 

potenti a l [o r sublim a ti on ( 180 enri chment) durin g th e dr\" 
part o f" th e yea r. Thus, blHO meas urements are pred es tined 
to be imperrec t re presenta ti ons o f" near- surf'ace a ir 
tempera tures. ~[u c h of th e dust d epos ition on th e ice 

ca ps (a nd o\"e r eas tern Chin a as we ll ) is assoc ia ted with th e 

dry \\'inter mOllsooll seaso n so th a t dust (lux is lik e l~ ' to be 

more representa ti\T o f atmos pheri c co nditi ons tll I\·int er 

th a n o f" a nnu a ll y a \"C raged co nditi ons. 
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Th e more recent pan 0(' th e ice-co re 15 1 HO rccords is 

co mparecl \I 'ith surface temperature obsel'\'ations in 

Figure 5, The 5 a running mean o r thc annual blHO 

\',ducs ri'om 1850 to 1992 ri 'om G uli \ 'a a nd Du nd e (bot h 

dated to 1850 b\' layer coun ting ) is sh (}\1'I1 in Figure ja 

and b, . \ s no ted ea rli er, isolO pic-ally \\'Clrlll a nd co ld 
period s a rc not sync hro no us fc)r Dund e and Culiya, a nd 

this is particularl~' true for a nnual a nd d ecadal-sca le clata. 

H O\\T\T I'. both recorcl s IT\Tal a persis tence of hi g her 81H
O 

\'a lues (warmer tem peratures ) since the 1940s, similar to 

th e \I'a rmin g in the North ern H em isp here land-s urfatT 
lemperatu res sin ce th e 1920s Fig, 5c I and th e Indi an 
Ocean surface tempe ra tures (Fig , 5d ) . The hlHO data 

[i'om G uliya and Dunde a lso co rrespo nd reaso nab ly \lTII 

\I ' irh th e tem peratu re reco rd from th e Indi an O cea n 

BrifEt a nd J o nes, 1993 ), w hi ch is encou ragin g as the 
prec ipitat ion reaching th e \I 'es te rn part or th e Tibetan 
Plateau o ri g inates primaril y O\'(T th e Indi an Occan 
durin g the sUlllm cr monsoo n seaso n Lu o a nd Yan a i, 

1983, 198+ ). 
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Fig. 5. The 5a ml/lling meall o/t5 180 ./i'om 185010 1992 
.from a. D llllde al/d b. C'lIli)'{/ ice ca/),I 1.1 (O/II/)ared H'llh 11t'0 
olher lem/Jeralllre hiJloril'J: c, , \ 'orlhem I-/ellli,I/)/ieu' 

lem/Jl'mlllre carlaliolls ( I-/(IIIJI'II alld LebedeJf. 1(87) al/d 

d. I lIdlall Oceall .)lIIja(f lellljJera/ure dala ( RrUIa alld 

J OIII',\. 1993). 

L o ngcr te mpera ture hi s tori es alT a\'a il able ('rom 

southern and eastern China. H e rc " :-I ei Yu " or plum 

rains are a main so urce or precipitation , dominant in 

spring a nd summer. mT r most of China so uth or th e 

Lin alld ulhn .l : Clllllalic r//{/I/gr III Chllla 

Yangtze Ri n ' L Summer a ir tcmperatures fi 'o lll so uth

eas tern China 1 Fi g. 6b a nd fi 'o m the 10\lT r Y angtze 

Ri\'C r \ Fig. 6c ) ha\'e becll reconstructecl for th e las i [i\ '(' 

centuries. Th e ca ld est period. th e mid-1 7th ce ntury 

around 1650 .\1), is prominent in a ll records , Th e 
no rm a li zcd Ill ca n SUmnl(T temperatu res Fig. 6d and 
th e normalized mean \I 'intcr tClllpnat urcs ( Fi g , 6e l a lso 

indicate cooler conditi ons a round 1850,\1), \'ote that the 

~IHO records in Fig ure 6 a re sh()\\'n \I 'ith respec t to th eir 

( 1860 1959 1 mcans fc) r cOl1sistenn' \I 'ith th e o ther data 
( Fig. 6 b- e I, Th e Dund e b 1HO l~i s lOJ'\ ' is m uch more 
similar to the tcmperaturc hi slO r~ in so uth eas ttTn China 
than is the Guliya bl BO hi sto ry. Th e m os t pro minent 

climate ('\'Cnt in all rhe reco rd s (bIHO, tree rin g, du st bil l 
is the coo l period arouncl 1650, \1) \I'hich appears to lt a\'C 

affected both e a s tern and \\TS tCrn China . "\n ot h e r 
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Fig . 6. D {'((/{Ial m'erage.) 0/ blllO jiol1l (t, DUllde alld 

Gul{l'a are cOll1jJared /( '1111 amI/able lem/Hrrtlllre recordl 

'/;-Ol!l olher al'{'{/.\ 0/ (;/Iilla. ,111 dala are Jh01('1I relallcl' III 

Iheir re,I/)erlh'e 1860 195V meal/.1. b. SlIlIIlIIer ICllljieralllrt' 
mrialloll.1 ill ,lolllltNol ChiI/O (tl'{' ./iolll 11 '(lIIg alld olhen 

( IV91 ) . c. SlIlIIlI1er lelll/JI'ralllre flllol/wlle.) 101' Ihe L OI('er 

J (lIIgl;,e RI/ 'n (m jiml/ [I '([llg alld 11 '([lIg ( 1I11/JllbIl.IIII'fI 

IlIronl/alloll, 1992 ) ({lid Brad/~ 1' alld J nlle.1 ( 1993) . d, 

,Ileall I/orlllall::.ed SUI/Ill/er lem/icmlllre,l/or fln/l'm ChiI/O 
lire ./i'O/l/ 1I 'II IIg alld II 'III/g ( I.QVO ) : If 'al/g ( IVY I ) : ([lid 
II 'allg alld olher.1 ( 1991 ) . l' . .I I {'(Ill lIurtlwlI::.ed /('11111'1' 

11'1II/JeI,(lllIrl'.l./iJr ea.llem C'IIII/a are ./i'Olll ';:hallg IIlId GOlIg 

( 1(79) : :::J/{I lIg ( 1980): Il 'allg alld II '(//Ig ( 1990 ) : 

If 'allg ( 1991) : alld 11 '(/JIg alld olher.1 ( 19V I ) . 
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L in and olhers: Uilllalir rhange in China 

impor tant (c.'a ture in 1000 a 8 180 reco rds from Dund e and 

Guliya is a \I 'arm ing trend in th e 20 th century. Althoug h 
no t as prominent in th e decadall~' mTraged d a ta fi 'olll 
Guliya. since 1985 it is unambig uously a n " isoto pi ca ll y" 
\\'arm fea ture in bo th summer a nd winter (i. e. th e hi g hes t 

a nd 10 \\Ts t blHO \'a lues ) fo r a ll three co res (Fig . 2) . 

CONCLUSIONS 

Th e 1000 a blHO reco rds fi 'om th e Dund e a nd Guliya ice 

caps on th e Tibe ta n Plateau . western China, disp lay 

difTerent climatic \'a ri a ti o l1s which m ay refl ec t th eir 
diOerent moisture so urces . Altitude difTe rences onll' affec t 
0 180 mea n \·a lu es. and dating e rro rs a re unlikcl y to 
con tribute strong ly to th e o bsen'ed cl incrences. Th e OIBO 
meas urcments of sno\\' co ll ec ted on Gu li va r efl ec t air

temperature trends at \ Ia ng nai m eteo rologica l sta ti on , 

sugges tin g th a t 8 180 o r th e snow I ~dling on Guliya 
prO\'id es a reaso nab le proX\' [o r th e near-surface a ir 
telll pera tu re. 

Th e ice-co re b[HO histo ries fr0 111 Duncl e and GlIli ya 
a re compa red with a tree-ring ind ex fi 'om wes tern C hina 

a nd th e dust-fa ll record from easte rn China, but sho\\' 11 0 

consisten t re la ti onship. I nre res tin gly, th e ne t acc umul a
tion hi sto ri es fr 0111 DlInd e a nd Guliya ap pea r to be 1110re 
consistentl y related to each o th er and with dust filii in 
eas te rn C h'in a. La rge-sca le trends in th e 0[80 hi sto ry from 

Dund e a re more simil a r to those in easte rn China than 

a re the trend s from th e Guliya ice cap Car to th e west. 

Both ice-co re histori es a nd th e o th e r limited proxy records 
sugges t a widespread coo l period around 1650. \D . The 
Guli ya hi sto ry conta ins a major coo l phase a ro und 
1500.\)) , but this d oes no t a ppea r 10 ha\'e ex tend ed to 

th e cas t. Fin a ll y. a most importa nt o bsen'a ti on is th e 

recent \\'a rming refl ected in th e reco rd s from both ice 

caps. The \\'a rming ap pea rs to ha ve begun sCI'e ral 
d ecad es ea r lier o n th e lower-e leva ti on Dunde ice ca p 
a nd more recently, since 1985 . on th e hi g her Guliya ice 
ca p to th e \\·es t. The o ld er parts of th e Gu li ya co re a rc 

currentl y be ing ana lyzed a nd a long with th e con tem

poraneous hi story I)"om Dund e sho uld provide a prox), 
reco rd. parti cul a rly as transler fun c ti o ns be t\\'Ce n 6 1110 
a nd tempera lure a nd th e relationship between tem pera
lure and prec ipitation a rc better es tab li shed . 
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