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a3 H Monitoring of glaciers and their regional shrinkage over mid-eastern
Himalaya using high resolution satellite observations
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The Himalayan range scales over 2,400 km in length covering the national territory of
Bhutan, India, China and Nepal which feeds the major river basins in Asia. The glaciers in this
region are the major source to maintain hydrological regime of the rivers which, in recent
decades, receive largest threat to climate change. The scientific evidences show that the
glaciers in Himalayan region are retreating at the rate similar to those in other part of the

world and more aggressive melting is reported for last few decades.

To enhance our understanding on Himalayan glaciers and to fill the scientific gap
between global and regional scale, first we studied 5301 glaciers in mid-eastern Himalaya
which covers the area of 5691 + 893 km?. Those glaciers were manually delineated by using
104 ALOS derived satellite images. We found that 4459 glaciers covering the area of 1853+
141 km? are debris free ice (C-glaciers) whereas 842 glaciers covering the area of 3839 = 753
km? are debris covered (D-glaciers) which is a novel estimation in Mid-eastern Himalaya.
Again 842 debris covered glaciers are separated into clean part (C-part) and debris part
(D-part) covering the area of 2867 + 167 km? and 971 + 236 km?, respectively. This inventorﬁ
reveals comparatively better status of glaciers as compared to other inventories because of
high resolution images (2.4 m, ALOS-PRISM) from recent years were utilized during thé
delineation. The D-glaciers are situated distinctly flatter than that of C-glaciers. Over the
regional scale, D-part coverage is found to be declining from west (Langtang massif) to easf

(Bhutan massif).




At the second stage, the glacier polygons from ALOS images (2006-2010) are compared with
other set of glacier polygon obtained in 1992 based in aerial photographs to analyse decade
glaciers shrinkage over the Nepal territory. Our shrinkage analysis is confined to Nepal
territory: Ganesh Himal in the west to Kanchenjunga in the east due to limitation on data
- availability. Since 1992, the total glacier area deceased from 1616 = 247 km? to 1477 % 232
 km?® giving a -8.5 % area change (-0.5 = 0.1 % a') during the study period. The area of
C-glaciers changes from 4814 35 km? to 427 + 32 km? whereas D-glaciers changes from 1136
"+ 212 km? to 1050 % 200 km? giving —11.2 % (-0.70 % a™') and —7.5 % (—0.47 % a'} area
changes, respectively. The small glaciers for both C- and D-type has lost its larger proportion
- of area whereas medium and large size glaciers has lost its smaller proportion during the last
- two decades. In total, 61 C-type glaciers covering the area of 2.4 + 0.3 km? has totally :
- disappeared during the study period which is one of the interesting result of this research. The
D-glaciers are found to be shrank in lower rate than that of C-glaciers which is due to

insulating properties of supraglacial mantle. Our study showed high rate of shrinking in recent

- decades as compared to similar study done previously in the similar region. Area change

- shows significant correlations with minimum elevation (r= 0.30, p < 0.0001), maximum
elevation (r = —0.18, p < 0.0001), altitudinal range (r = —0.50,p < 0.0001),- glacier area (r=— .
0.62, p < 0.0001), and mean slope (r = 0.16, p < 0.0001) suggesting that larger glacier tends to
have lost larger area (but smaller percentage) and vice versa. Intra-regional analysis of the

glacier change clearly shows high rate of shrinking in western massif as compared to eastern

massifs during the study period.

To understand the dynamics of D-part formation, we, thirdly, investigated the relation between |

D-part area and its corresponding potential debris supply (PDS) slope for 842 D-glaciers. The

PDS slopes in southern-side has better correlation with its debris-part formation than that :
 situated in northern-side of Himalayan barrier. The correlation weakens as it goes from eastern
to western massifs which can be related to its larger PDS area and steeper PDS slope in
- western massifs. Further investigation shows PDS slopes facing SE to W orientation has
stronger control over D-part formation which is related to diurnal freeze-thaw cycle in

- southern slope of mountain barrier. The PDS gradient also play vital role in dimension of .

D-part area whereas latitude has less or no influence on D-part formation in this study area.
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EwZVIURE, T—F R U R, R AEREDLETOT OXERFRICEST
BY, TOESIT2400kn BT HRATVS. T OHROKINE, T Ok-HERSE
BB L > TERIC S & SR TV ST DR B RS T A - O BEARRCHS. &
FOWMEICLED &, ZOHIRONGTE, MORSIAIET AT E i L TRITRED -
- BlETHEIMEMTH D D0, FEEHERIZIB TEBEICHEILTWS Z LISURE

NTWD. b= 7 YHUSOIKIEBN S XV EHRICEYRT 5 7-0lc, £9, Ehhre<
TIALET D 5301 DK (5691 + 8§93 k)& HFFEXZ & L, 104 #20D ALOS (Advanced
Land Observing Satellite i81{% % F\ » TEW 24 Lz,

FDFER, T OHEED 4459 DK (1853 141 km)id, HEWHEBHEEF 27 Y —>
TRIKIR(LUF C BB Tdh D DIZxt LT, 842 MIKIT (3839 = 753 ki) A3 A3 2 25 e fiis;
ZHOFT T UNKMELT DB Th 5 2 & BNFICB B s 2 ode. 4958 L7 D Bk
D95, POKR L BERBROBMITTN N 2867 + 167 km?, 971 +236 km T -7z
VRRE LISSKITA S b 01, SkifT2 BB S B 2006 455 2010 EICEUB S R
T BB R R TR (ALOS-PRISM)Z FV T\ N B 7, SRR BT R F\ N fERL & |
NI 2o b Y — 20 BEBIERT L B2 BB, DK, CEBkiT:
B LTI B 0NERAIDE MBETICALE L TV Ve, oo b5 &, B E
3 T(Langtang 107> & H(Bhutan 1) DHIEIZ W 2B TIEF LTWB Z & 5389
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RIZ 2006 LEH B 2010 0> ALOS Eitg % AV TIERL L7KFIORY Ji7&, 1992 ﬁ@%é
RED B LIKITR Y =Y DEBEATY, F/S— - E7 7Y RICET 2KITES)
O E{T 7. ZOFEE, F—FRRBTW®, THO Ganesh Himal 7b=6§0)2
Kanchenjunga % CEXIBIRE Lz, TORE, ZOHUROKRHERIL 1992 L& 1616 ;
247km? D 147722k IR/ L TR D, 2OEEIE8.5%(-0.5+0.1%a") Tho7k.
| C BRI OEREIT 481+ 35 km? 735 427 =32 km? L Z{LL, DADRFEOEEARL 1136+ 212
T BB 1050 + 200 kn? & A2 o de. ERENOERELER, CEDKIH-112% (0.70%
a"), DEBKAIE-7.5%(-047%a ) Th o7z, F£io, CH, DIZEL L $/NDK, :
§amoﬁﬁf%mﬁ%m%<ﬁ%¢btmﬁﬁ¢13w,k@mmwﬁmﬁmméw:aﬁf -
TREN. EbIT, 1992 845 2000 LEAEEORM, 2403 km> ITHE T 5 61 D CEDK
AL LT T L AR Lo TH b E e ote. —HC, DEUKITIZABHEROR
OBRIHIHRC Ko, CEKAT 2 BT 5 L RIREEAEC X T B, AR
3, BRI LR . LTS L R, OO HE T
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: 0.30, p <0.0001), HEAEEME (r=-0.18,p<0.0001), F=&E (r=-0.50,p<0.0001), 5}<$ﬁﬂ_
I (= -0.62, p < 0.0001), TIEAIE (= 0.16, p < 0.0001) & AEAIEBBRC BT,
E e, REBKFIOWHE L ERE R, KIERICHT SRS ST, )
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R & BB LRSI LTV B T L AR AN '
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R, SEAESRORREET 500, 82 O DIKMERNSRL LT, &5
TR AR & 7 O ERD 4% (Potential Debris Supply, PDS) & DBMEZ A L. TR, b
< F Y IUIROEIRRHEICALE S 5K O PDS 13, ALRIOAIO PDS &Y bEFEHRLD
L BV S B T LARL N e ote. ki, MEOEEOEEIIRSLE~
TR B, T IULTI~T < 1Y PDS OTREAKE < . BEHTHEEDEELD
B &bz, EEALEERC PDS ¥, ABEEROBRETEL T2 ENHbE
L irole. CHIBRAEICEY 5 BRORRRBEIERNAE VL ELbNG. &
. PDS TR L BRIOBIEEN D PDS OEMLEBEROTRI EE R EEE R L
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