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Different glacier status with atmospheric
circulations in Tibetan Plateau and surroundings

Tandong Yao'?*, Lonnie Thompson'?, Wei Yang!, Wusheng Yu', Yang Gao', Xuejun Guo',

Xiaoxin Yang', Kegin Duan

biao Zhao', Baiqi

Xu', Jiancheng Pu?, Anxin Lu*?, Yang Xiang',

Dambaru B. Kattel' and Daniel Joswiak’

The Tibetan Plateau and surroundings contain the largest
number of glaciers outside the polsr reglons’. These glaciers
are at the headwaters of many prominent Asian rivers and
are largely experiencing shrinkage”, which affects the water
discharge of large rivers such as the Indus™. The resulting
mm;mm“mmammmnymu
status in the Tibetan Plateau and surroundings. Here
report on the glacier mmhpﬂnﬁmuh
the glacial retreat of B2 glaciers, area rediction
of 7,090 glaciers and mass-balance change of 15 yadu!.
Systematic differences in glacier status are apparent fro
region to region, with the mest intensive shrinkage Illhe
} p the h ized by the
greatest reduction in glacial length arliavundﬂumul
negative mass balance. The shrinkage generally dec
mmnm.;mmmmlmnmuum
in the eastern Pamir, characterized by the lesst glacial retrest,
area reduction nd posillu mass balance. In addition to rising
in the Himalayas and
hﬂ-mhgpledph.ntbn hmmﬁmﬁmww
different atmospheric circulation patterns is probably driving
these systematic differences.

Although some glaciological studies have been done in the
Tibetan Plateau (TBP) and surroundings™'*, a region with a total
ghacial area of ~100,000 km® (Supplementary Table 51), the recent
controversies™*"" concerning glacial shrinkage in the Himalayas
emphasize the necessity for a mare comprehensive study. In addi-
tion, in situ ion data will help to recheck the
m.ﬂndammghmlmbmawum-‘mem
Gilian Sh ;i
of Gravity Recovery and Climate Experiment r]m

Under t]! progresses of the Third Pole Environment

an of glacier status in and
around the TnP over the past 30 years can now be provided. Data
for this assessment come from studying the glacial area reduction
7,090 glaciers, with an asea of approximately 13,363.5 km? in the
1970s and ap]xrn.u!ml:l)’ 12,1307 kn?* in kh: 2000 (with 3<%

NATURE CLIMATE CHANGE

ncrease in the cstern Pamit is lisked o the 1 Vo T Rulln A WengV.aYa W
westerlies. The enerl the TR fallow i Paiexs, Chi
Fig, $16). Arct Antarct Al Re 9, 641450 {201

The glacier status in the TRP and varies system-

L
3 Imemeraee, W, Berk, L P. H. & Bierkemu, M. F. 1. Clmate crange vl affct

atically from region to region: the Himalayas shows the greatest
decrease in kngth and arca, and the mast negative mass balance,
whercas the casterm Pamir shows the least reduction in length
and area, and positive mass halance. The main cause far m
regional trend is probabiy

4 Kamer, 2, Grah,

M. &M 1t

Prac. Naf Auad S U5A 8012,

ezt i)
& Hichandann, D% & Reprabds, |. M. An averview of gacial bazands in e
Hirmalayas. uat. et 84/68, 1147 {2000,

the Himalayaseastern Pamir regions, which resubts from dunps
in the o vt msphec circulton putces, tht . the
weakening Indian mansoan and s wstcrlics. U

the present warming cooditioes, glicier shrinkage might i
accckeraic in the Himalayas whercas glacicrs might advance in the
casicrn Pamir regions. Potential conscquences of glacicr changes
would be unsustanable water supplies from majoe rivers** and
geobazards (glacier-lake expansion, glacier-lake oubursts and
Hocding)®®. which might thrsten the veisoods and welbeing
afthase in the downstream regions.

Methods
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m B H Hazards Earth Spat. 5,

S17-454 (2008).
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ot AL
& B.,\ L-.s,ﬂ.lash-,..-mm“#_..
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u uxutww-mmhmva
21118 (8L

1. Holch, T. o al, The staic and fais of Himalyan placers. Samer 338,
H-n4 (M)

1. Sk, Y., Lin, £ & Eang, E. The ghacies iverniory of China. Ane. Clariel. 30,

14 (z0ee).
1L 1 2, Sun, W& Ferg, 0. Meamirernests of glacier vasisson i the Thesss
faieas mirg Lsmchai dats. Remaie Sevs. Errro, 89, 1854 | 1998).
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4 .
18, P, K.t M, T
Fras. M Arad. G U4 108, 1401314804 (20281
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wheze b, i the tpecific s balarc (et ablion or ne accimdation) of e
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16, Yau, T. & Gocmsescd, G. A o polar progeass. EOS 8, $13-515 (2600).
19, Gorespesce & Kshie, M. Vel River snarcs 3 risk sndee cliuats change.
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p 1. Wanl, E. K. The Himslaya Eae ofthe Tuangpos: A pope sead 2 the
b in o b coerespumdng - sbla evczing mering of the seciey 38 Aped 1M, Gy | B4,
[—e————— et (1)
TFE TFE AFE EFE MFE 3FE WMPE 2 L, X & Chem, B, Clmatic iz the Tibta atran duing recers
Lengtue — decaden o, | Clomail 28, 19281742 (z08).
4 2 Q| Vamgk_Lizpg & & Cun, X Theatitads
Figure 1| Distribution of glaciers and ELAs in and around the TEF", which t l. ; Haican. Chmats Change 97, = 3 h
ars mainky under the domimnce of th Our o .‘Il'qﬁuhilt.lllmlm ke
influence from the East As Mote the | " o P Y e
glacier o and lower ELAS in th dominated i Akt s Y
" - P e Py vty g et
TR ek B compared by Frac. m&mbﬁmlmmun
with the sparse glacial ditribution and high ELAs in the peaser e, 2. Fhon, H. et al. ushern T &
‘continental-chmate-dominated interior. o, ke Cymare 38, 1791-1609 (2812).
.m.s-umpma L85 LSSV, Lamcdat WS, Larust TMETML, n.Nadtt_Vni.hmmndﬂd.—mqmlnlllih
ALES AVNIR-L Terrs ASTER s STM DM L Geeplp K. 114,

maps and uml]nz images from La-dsat-\dMMFEl’M+ ASTER
and 1155 [Supplementary Tables 52 and 53 and Figs 51 and 52).
Esghty-two glaciers were also studied for d:u:lal retreat using &

sifu observations and previous studies Table 54)
and 15 glaciers have undergone intensive study of glacial mass
balance by in situ measurement (Supplementary Tables 55 and
56 and Figs S3=515).

Present atmospheric circulation patterns over the TBP and 20, L5 | & Wang, | L L A
surroundings are characterized by the Indian monsoon in the . registened Camplpe Ren. Lott 98, 1632 {2003)
mm and the westerbies in the winter (Fig. lh— Thee o -dm:&:'hl’%ﬂ.'ﬂnﬂ!lﬂ\-n&n_nﬂnﬁmudn. nhql;:‘n.la l-.XM.J--nni-lﬂ!h!nfﬂ'un:;::

systems, combined with the b ic landiorm, o e i g et [
exert climatic controls on the distribution of exst ciers. : debrin
The Eaet Asian monsoon also influences glaciers m"t'ﬁ!’l:m m.rm.m.hmna.mm.ﬂuz ®  Acknowledgements
masgn such 25 the Mingya Gongga and those in the castem B Frgonis it
q an i uflh:TEPu infl ‘bylh: o Teamul zmd e We thask G Yo for-
d wﬂl!l]lll dd i : - : g il Q-‘N_J oy i N
:|.|m:.|l|: conditions. As shown in Fig. 1, the Iugh concentration and m‘hﬂ,h,\sm_,m i e gt
ilibrium line altitudes (ELAS) of glaciers in the seut} i
Ak ssven cmiibummd cximly e i k.
TEI’ and the eastern Pamir regions result from high precipitation a 21 Navember 201%; accepted 14 May 2012
from the |n;:. monsoon and weserlis, respectively, wheress B Additionalinformation
er ELAs in the T

cli i d interior are the consequences of limited water- R Heprins and

vapour source from both these air masses.
To systematically and comprehensively assess glacier status in
and around the TBP, we divided glaciers into s=ven regions,

eferences
L ¥an, T. ot al. Map of Gilaciers avad Laben o e Tibetan Pt and the.
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MAJOR CLUSTERS

The network is divided into 44 co-citation clusters. These clusters are labeled by index terms from their own citers. The larsest 17 clusters are summarized.
Table 1. Summary of the largest 17 clusters.
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The top ranked item by citation counts is Harris RBE (20103 in Cluster #O, with citation counts of 32. The second one is Librado P (20092 in Cluster #1, with citation counts of 24 The third is Wans

SP 2012 in Cluster #0, with citation counts of 22. The 4th is ¥u HY (2010) in Cluster #0, with citation counts of 18 The 5th is Excoffier L (2005) in Cluster #1, with citation coumts of 18 The
Sth is Drummond AT (20123 in Cluster #2., with citation counts of 17. The 7th is Drummond AT (2007} in Cluster #1, with citation sounts of 16. The Sth is R Development Core Team (20113 in Cluster
#HO, with <citation counts of 16. The g EEOT) in Cluster #1, with <itation < @-h i=s Fhans @ (20052 in Cluster #1, with <citation counts of 16.
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Librado P. 2009
22|[Wans SP. 2012, ECOLOGY, W93, P2365
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16/Men=s LH., 2007, MOIL ECOL, VW16, P4125

16|[Zhans ©Q, 2005, MOL ECOL, ¥i4, F3513
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The top ranked item by bursts is Harris EB (2010) in Cluster #0, with bursts of 11.69. The second one is Librado P (2009) in Cluster #1. with bursts of 9. 41l. The third is Excoffier L (20052 in
Cluster #1, with bursts of 9. 18 The 4th is Zhang 0 (2005) in Cluster #1, with bursts of 8. 14. The 5th is Drummond AT (2007} in Cluster #1, with bursts of 8 13. The 6th is Mishra C (2004) in
Cluster #16, with bursts of B. 03. The 7th is Wa SP (2012) in Cluster #0, with bursts of ¥.¥2. The Sth is Tamara K (20072 in Cluster #1, with bursts of 7-61. The 9th is Tamaura HE (20113 in Cluster
#Z2, with bursts of T.48 The 10th is Tu HY (2010) in Cluster #0, with bursts of 7. 26.
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The top ranked item by centrality is Drummond AT (20072 in Cluster #1, with centrality of O. 12 The second ome is Webb OO (Z008) in Cluster #0, with centrality of 0. 12. The third is Librado P
(20092 in Cluster #1, with centrality of O.09. The 4th is Tansg YH (2008) in Cluster #3, with centrality of O.07. The 5th is Hafner 5 (2012) in Cluster #0, with centrality of O.05. The 6th is
Baumarnm F_ (2002) in Clustexr with centrality of O. 05 The 7th is Klein J& (2007) in Cluster 5 ith centrality of O.04. The 2th is R Development Core Team (2011} in Cluster #0, with centrality
of 0. 04 The S9th is Ge MHT (2005) in Cluster #1, with centrality of 0.04. The 10th is Baker BB (2007) in Cluster #32, with centrality of 0. 04
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The top ranked item by sSigma is Drummond AT (2007) in Cluster #1. with sSizma of 2. 55 The second one is Librado P (2009) in Cluster #1., with sigma of 2_.19. The third is Harris RB (2010) in Cluster
#0, with sizma of 1. 41l. The 4th is Yans ¥YH (2008) in Cluster #3, with sizma of 1.37. The 5th is R Development Core Team (2011} in Cluster #0, with sizma of 1.31. The 6th is Wans SFP (20123 in
Cluster #0, with sigma of 1.29. The 7th is Klein JA (20072 in Cluster #3, with sigma of 1.27. The 2th is Zhans Q (2005) in Cluster #1. with sigma of 1.24 The 9th is ¥u HY (20102 in Cluster #0,
with sisma of 1. 24 The 10th is Mens LH (2007} in Cluster #1, with sigma of 1. 13.
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