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Abstract

Based on in-situ mass balance measurements of Shiyi glacier and meteorological
input from automatic weather station (AWS) located at its terminus and High Asia
Reanalysis data (HAR) in 2013, a point summertime energy-mass balance model was
developed in this paper at the basis of energy balance principle, and each component
was considered. Summertime mass balance at 2# point was calculated in accordance
with characteristics of each component, which were acquired through analysis. In
order to study the change characteristics of summertime mass balance of Shiyi glacier
and further explore the variation of melt-water runoff in the upper reaches of Heihe
River Basin, based on the former grid-based mass balance model, a simplified
distributed energy-mass balance model was built, which depends on temperature and
short-wave radiation. Energy-mass balance model was forced by temperature,
pressure, relative humidity, wind speed, cloudiness, precipitation, downward
short-wave radiation, temperature on glacier surface, initial snow depth; time period
of simulation was from June 1 to August 31, and the results agreed well, thus
distributed energy-mass balance model was applied to the Shiyi glacier. Generally,

the main results and conclusions are as follows:

(1) Characteristics of point summer time energy-mass balance in the ablation
area of Shiyi glacier. @ Simulation results of summer time energy-mass balance of
Shiyi glacier showed that daily point energy-mass balance of stake 2# varied from
-11.97 mm to -73.67 mm during the ablation period. @ From the energy budget
perspective, most of the energy income is supplied by net radiation, accounted 89.6%,
85% and 77.44% respectively of the energy income in June, July and August,
followed by the sensible heat flux. Most of the energy outcome was used for ice/snow
melt heat, and the ratio of total energy output was 81.79%, 78.86%, and 77.48%
respectively in June, July and August, next came latent heat flux. & Simulation
results of stake 2# indicated that water equivalent from ablation was 1091.15 mm,
1535.17 mm and 1474.87 mm; 28.3 mm, 29.7 mm and 30.85 mm from evaporation or
sublimation; corresponding mass balance was -944.3 mm, -1402.17 mm, -1407.8 mm

in June, July and August of 2013. Intensified ablation of Shiyi glacier occurred in July



and August with high negative mass balance, while surface evaporation (sublimation)
differed little in June, July and August. @ From the measured and simulated scatter
plot analysis, single point energy - mass balance model can better simulate the warm

season glaciers melting.

(2) Characteristics of net mass balance simulated by simplified distributed
energy-mass balance model in Shiyi glacier. Results simulated by simplified
distributed energy-mass balance model were analyzed and several conclusions were
drawn: @ summer time mass balance of Shiyi glacier in 2013 was in strong loss, and
ablation in August and July was more intensive than that in June. Absolute amount of
negative mass balance presented downtrend sharply in June, July and August,
distributed at the altitude of 4600~4700 m and 4700~ 4800 m, but their mass balances
still were negative. There was a relative high negative mass balance below 4600 m in
every month. @ Distribution map of the simulated results indicated that the gradient
of mass balance in Shiyi glacier was obvious, ablation in the East and West branch
differed greatly, and maximum of each month occurredat the terminus of East branch.
Transient equilibrium line of the East branch has exceeded the altitude of summit, and
mass loss was also significant in the accumulation area. 3 Elevation difference
between the West and East branch was about 110 m, the latter was relative low. And
we hold that their ablation difference was mainly controlled by the difference in

glacier morphology, elevation distribution and surface albedo.

(3) Ice surface albedo parameter optimization. In view ofthe previous albedo
research programs, we built suitable albedo parameterization programme for Heihe
River Basin. Simulation results showed that daily surface albedo apparent at stake 2#
fluctuate between 0.1 and 0.4 in warm season, and rainy weather relatively
havehigher fluctuationsthan sunny weather conditions. Obtained by the albedo
parameterization schemes given, the snow albedo is about 0.56, and bare ice albedo is

about 0.28 in warm season of Shiyi glacier.

(4) Compared with the field measured mass balance data,the simulation results of
the model is good. First, the model is not consider the supply section, which is part of

the melt water refreezing. Second, for the parameterization of turbulent fluxes, the



aerodynamic surface roughness values and methods for bulk transfer coefficient is
more difficult, resulting in sensible and latent heat flux calculation error. Third, for the
glacier, the daily time resolution is rough, changes in snow and ice surface energy

budget in a day within a large margin, the simulation should improvedtime resolution.

Keywords: single-point energy-mass balance model; simplify distributed energy-
mass balance model; model parameterization; albedo optimization; Shiyi glacier;

Heihe River Basin
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m/s, +0.1m/s) ZEE &,

2.3.2 W51 0

T UK NP AR T 2010 4F, M R RE X R IX G 5 TR
JIT IR Lo ) 1t 2 B8] B 0K R 00 e 55 70> (WGMIS) BN RS, 32 2 DATEAT
PR EYEAG A RINERAT (B 2.6) o WIEAT ARV b, B
FIERIHLIX, W EEF KN B &5 RIS, A2+ KA P 320K B
PARCRL SR G AR TEAT AT B8 BEROKR, e A3 T A T8 BE 0 100 m 247, AT
EAEZE RMEA 50 m Ay, 2013 LAk 16 MAEH, PR AT, X T ARSOR
S, AEATAT BRONE S, #4650 m L ERAZFHUN 5%k, B3+ —uK)I
W J5 -~ R — P RO — 2 (RSl 20-30 RAEAD 5 WL A 2560 465 Ul v
mEE L HREWE. FEEL WINKER . BEHERA, RN AESE, HE2%
00 T A RS IZ 0 51115 K8l
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Fig 2.6 The mass balance observations snow stake network

H 3 ) O T VR R AR s 2 [ B R 2+ — DR K R R A IS
o AU, B EAEAT TG BN T R (BKT ) (M, ARk 2R i
FEBENRE, KA RMHLZNET, AN SHRMZEL (BRFEHS. R

AR R IR EE) AT (B 2.7 S2 1 — oKk AT AN ORI
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Fig 2.7 The mass balance work site at Shiyi glacier
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258 — PR 0 73 R AE A, BAPRIE L S ORI A Al & A A (&
2.8).

K 2.8 HandHeld™ 2 {40 iE 4%
Fig 2.8 HandHeld™ 2 portable spectrometer

HandHeld™ 2] 1 — MR 6 XA, KL FEI9325-1075 nm,  fiiH]
T R R SRR S, DriftLock™MWg HEJRAME, —Z0Euds . A ERT,
HandHeld™ 2REMEKEHA . PRI RISRAT SO =R L R o AN A L B 2l o 2 T
AR TR I LCD R BE b, B4k G TIFENLIIRE . KA RN B A ST
JCHEHESS, JFRENS SGPSHE, #AL T —ANH SR RS 1S FPE R
WN2.3, KAERS, BRXGHBX 0k s, #EATERRSE, il Mliidfe
R

% 2.3 HandHeld™ 2 iS40 1 RERA%
Tab 2.3 HandHeld™ 2 portable spectrometer Specifications

PERE kg

BATE 325-1075nm

KNG E +1nm

Hi o HER <3nm@700nm

SR RS 5%10 w/em?nm/sr/@700nm
KA [A]E]RE  f5/)s 8.5ms

M55 fi 25°

PR 325-1075nm YK FE I, 1.5nm
SR £ 30KB

A4 7 ] KTF 2000 4™ Fi e

2.4 ENE T EE (HAR)D
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AL X E 20 #r 5 (High Asia Reanalysis, HAR) 2 8 i T 5l K< ik
15 WRF [113)) 77 [ ] 7 9 3145 RO MR S L5200 #2091 [X 23 3% 30 km,
T 9 i JE b DX B R 40 %09 10 km (& 2.9). %8s MR R34t
e 5 e 4 MRS 01755 98K v S ML X (10 4%/ A 131400,

A A & ; A A
. fngen
.LN\,‘amq 1‘079,60 A

2000 3000 4000 5000 6000
Altitude (m)

2.9 LI FE o A B ate
Fig 2.9 High Asia Reanalysis data

ASCEEAE T HAR 0 8l 5 MR sbn < R b S ot L
RIL HAR Hdi 78 4832 1Ly B B ROBERG P8y, AL BRI HAR o M it 1 v oy
A 2R A A\ IR H e AT 7T IS A LI L X A A e R AL A
WG TRV SRR R, BARRWIISIRI T (R 2.4):

R 2.4 UK BN T T HAR o8l 7
Tab 2.4 The HAR data information used in Shiyi glacier

Hdls 25 Hlls vty A 3
Scld Total column clouds - 2d
Tsk Surface skin temperature k 2d
Snowh Physical snow depth m 2d
Ws10 10 m wind speed m/s 2d
2.5 H e BRI S M

(1) DEM %3
By AR AR IS E TR R (NASA) 5 HARZHF LA (METD
S [ HH P R P R TR 0 e 2 A S R e i o AN A R v R AR Y
(ASTER GDEM), 1Z%#E % 55 Vi N 83N ~ 835 Z AW AT ML X 35k, #E
1K B b 3R il 1 THT ) 99% . 1% DEM il 4% [A] 73 #3204 30 m, R L6 X AR PR 3
LR B2 20 m, 7K B2 30 my, AHIEFL 8 28— iR ¥ GDEM a4 i AL Ik )
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(2) Landsat ¥/ 1% HdE

Landsat TM/ETM+/OLI 5244545k H USGS (U.S. Geological Survey, http: //
www.usgs.gov) FIEHE & (% 2.5). 2007-6-1. 2009-9-28. 2011-8-9. 2010-8-5
FR 52 A8 DA BB T I 4l T 0K )1 T AR s 2013-6-3. 2013-6-27. 2013-7-21.
2013-8-30 [MFEAGFH DA+ — k)1 s IR 3R 1) S

2.5 BRI RE B A S B
Tab 2.5 The remote sensing image information used in Heihe River Basin

AL TH RS R HuES
L5135033_03320070601 2007-6-1 ™ 28.5 135/033
L5133034_03420090928 2009-9-28 ™ 28.5 133/034
L71133033_03320110809 2011-8-9 ETM+ 28.5/15 133/033
L5134033_03320100805 2010-8-5 ™ 28.5 134/033
LC81330332013154LGNO0  2013-6-3 OLlI 28.5/15 133/033
LE71330332013178PFS00  2013-6-27 ETM+ 28.5/15 133/033
LC81330332013202LGNO0  2013-7-21 OLlI 28.5/15 133/033
LE71330332013242SG100 2013-8-30 ETM+ 28.5/15 133/033

2.6 T UK XS RHEHIE

UKNNIX SRS DU B F BLeRe ™ BT UK s % 2B 4k
OB B N, DRI, SR UK DX R b AT X3 AR PRI K B SR A BARDK NN R R
AL B A0 AR i BAT S 70 S AR+ — Uk 1 K3 4452 m DL BB
] L 4164 m ZLHI P & B AR B INEHE AT 00, TRRZ X TG
LT DL o

12
10
— 8 1
b
o
-
ZE 61
e
R
4 4
— 4452m
2 4 —— 4164m
O 1 T 1T 1T T 71T T T T T T T T T T T T T T T T
F“OCO\C—'—QQF\VEEEEQQ—‘(‘Q('}VFW\CF‘*
= L A e S T
QQSL\'(QQS‘OEQEQQQQS@\\:\‘\\\\
L S IS s B B B B B B <= -
(o I o B o B o T B B e e T e B B B S (oo B o I o I o B o B o B o' B o |
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H

B 2.10 oK) 1R S [ 3R Sl
Fig 2.10 AWS temperature gradient at the Shiyi glacier terminus

Al 1 3 L R R 2 T R B I A 1 — D R . A 2.10 45

21



SRR — UK R = RE - 5T WA S5 A UL 7T

RIS B 3R B KR, IR — UK R IR 2009 0.56°C
/100m, thRILH R BE AT =i R AR 3

Rl R UK i = 14 B KA 0 LA R M ) | 3R ) 00 S ~F- 4 [ 0 )1 | e o
K LR UK R B R A, wT DATRIR B2 M 0K ) 2R T ) B RSPl +—K
NI Sm KIS B 3R B K EdE Bos (B 210, KR E RS EE 8 A
o X T B IRRRABO L, 0K A i Bt K B 2 T4 v P 2 39 e 35

35

30 4 —
E 25 4 [ 4452m
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= 20 A
% 154
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ST = Ul mlmlln. ORm
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35
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Fig 2.11 AWS precipitation gradient at the Shiyi glacier terminus
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B=F O K)IRE-YRFEEE
3.1 REE-YI BT HT R AL E S 4

IRV 5 OB 21 RO A0 B A 1) LA 2
R B AR,

m=a+c+ f (3-1)

(3-1) A a AKNHHERLE (mmwe), ¢ Z2UK)IHEFE (mmwe.),
f AR UK I RIK PR L5307 (mmawee.), 2 9 Al A2 1 Rl K BRI FE VK )1 55 2 R
HREEE, ORI ANG, 1K =3B R BT UK 4 o3 P-4

XFFUK)IAR 2350 ¢ (mmawee.) EZLRZIBUK EINIFE A KR, FEAQ
T VKN RE BB, KR R SK S ke, s, Fggfme,
XFFUK RSy a (mmawe.) RRBONE 2%, FERAGUK)I EE KR A
SCHER A3, L T Rk 25 UK ER T K R St R Tt 3 S i A ) A R A T
HIARIRL, DA OK T R THT R 28 AN T 38 i P B 40 R IX P R oo TR, AR
R, NRUKEA TR, T 0K U ) B 2= AR R ALK
(421981 R 2 B2 UK ) PR SR AT B A SR K 0, TR, Bt SR, ok )1 26T
AR 2 TR AR UK ) 3 T S 8, B T Bk ) 3R TS S S i A2 Ak, DR 98
R R+ Bk TR, A+ 0k IX AR BLOK )1 L, 30
K FBEEF RS KBRS, X5 BlKASE Bk N 5 )5 H .

|W=5,+S,.+L,,*L,.+H,+H=G+M |

S.u=S,"a

Hs Hl
Sin Lol | Lo T TM
v |
~ O ~—Runoff

" ‘Percolation
Refreezing

o

B 3.1 vK) 12 e - o1 i e

Fig 3.1 Glacier surface energy and mass balance process
BRI 0CHE, R R ZE KT AT 2 R HREE Y AT KIE ™ E
WEISVE R . BRI AT AR I A8 52 1 A R RE 0K N A il A2 (B 3.0
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B F Rk P,

Mass =j(?—M(1— f)+Q—LL+ Psnowjdt (3-2)

Horpr, (3-2) 20 Mass oK) I 5 -F45 (mm wee.): QU NS UKTHE/2 K%
B, LA TR 2 R (Ls=2.84%10°% J/kg LA J% Le=2.5x10° J/kg); Lm N
RIKE S B BEEEAY Laow=c*psnow*Lices Psnow NI Qm UK/ 11TH BlFE
$A, AT E UK 1 R T (AT D AR B

Qv = Sin+ Sout + Lin + Lout + Qn + QL+ Qe + Qp (3-3)

(3-3) AH Sin BLAL Soue 73 A 0] B RLIBER S LA K 1) b f8) e S R 5
Lin 55 Lout 73 3 KA IBER SR A R OK ) 2 T A IR Qu 55 Qu 2 il K
AR5 UK 22 )i A2 e F2 o RIS I Qe k)1 ZR T 7] B I LR =
Qe FUKNI LR/ RIAE . HRBREEN RAENIE, KRERERN RN,
A RIBE RS ALE wim,

FEASHIE T Hh 0 15 6L I8 A S 1 Ak 382 SR FH 2 WSO 1) T 1 R e S e R DA e 2
AL UK ZR T S B R B kAT B e o, RIESRAH A~ A=K

Qu=Sin*(1-a)+Lin+ Lot +Qn+QL+Qc+Qr (3-4)

(3-4) i Sin An) T HEESRSS, @ NUKIMR R E . SIHaFER N
U AR ALK S R S5 B, B R B E 2O IR E N R AR R .
3.2 REE-Y I P U7 A%

3.2.1 4R 1lr
(1) HEERS
VKN 2R PR & P, A im0k 1 B B B R Bk TR . NSRRI

YRR S R R R B BB A UK | R TR S UK R T SE BRIR R 4 S R
N5 R 2 A, UK 2RI E B 3R S R AT o BRIk )1 | 31 I8 2 1 AR 4L,
S R U ST RO S ASE S, 50/ I S R AR P sl 2 5 S A R B A PR R AR
o DRI, 7 ASHIF 905 40 0t i S (0 A e, AT I A A B AR 1 B R R
(RSB RE, b AT P R0 e 0 DA K )1 2 T ) B SR 2 e 3045 o UK )1 3R T
R BRI SHA T RAGHE S U = VRN 24

(2) KPHms
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KV R TR AE WSO S ) R0 8 2 S 11 [T B, 19,2 1) R R SR K B A e 2 (Lou) s
MRS KB ER (Lin) XKL AGE BT vTik. T2, K
it RUETRAMKESS (a0~ Rk &K s (b 2 /. Xt
TREARF O SEAL, WRIEWFHT-poR 820l (R RNER, FEE—
YIvRAE ST RER I AN R RR IR R A BRI, R R EAR R
ZiVSE

RinV=¢,0T* (3-5)
g, =(1+nC)s, (3-6)
£, =8.733*107°T%"™® (3-7)

Hoeh, Rod g RARSTHGEER; SERRIMAERRIE; “ONE
ORATHRAERBESER, T AZHEE Cm) WaRRE (K, NEET
ZRBEE, C B, o NMRR-JURZE W BTSRRI
JVIZRTHD A S5 PR R i 5 S i B8 RS K DB A 2 A

R T=g0T"“+(1-5)R ¥ (3-8)

frop, & NMRAHOGRE, TONKNIRERERE (K.
3.2.2 VKR i A

UK A 4 UK N 3R TH 5 K S [ K IR A B I S Heid 72, 2 KF
1 R0 B 18T ) B2 A o TR R R T LR T B R A
o BHHT, XTHREEEROI, 8 T TR T THEK )T 3R AR
T G R T R P A P ) B A R B AR SRR S e ka2 R By ) 2
PRI IR M G A KRR 52 5K Swinbank™Y (1951) 2,
T )RR 7 = 4 R A EL R O R L 8 A Bk 3l 8 R SR ST I R A
IR PGB . BEAE DI EAR M EAE BE H)4 e DA S AL S T R R e, i
ENAR G O A B AR KR AR O ) R R B
AR [ )12 T Monin-Obukhov JEFE, SRR 8 15 1E Bk 2 S50
DI ERIA G B, 7 VE R IE G N HTEK S T AR R R
2R, 775 R R AR YR iR R S TR IR AN R 1] 1 2 2R T b 2
SigHaE . AUt BT E RS, SR BRSBTS A

i AT R OE
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Q. =pC,(T,-T)/r, (3-9

(3-9) Red1, Q, WEHER, p WU THE (kg/m®: Cp WA e
HARIKg*C)s PO % BB (UIm™C )y 1o AUk IR IR (O,
Te B m A URIE (O, o R 55 2 07 8 1 B
(sim). 3o, A TEI B B A . R KRS RERI K R
Hose B AL TS, 7ETP PRSI R, ATRIA A
raz{ln[(z—d)/zO]Z/(kzu)} (3-10)

o =r,[1-n(z-d)g(T,-T,)/(Tu*) | (3-11)

Horp TR RSB A (sim); 2 UK A 5%
EE 2m); d AETFHMAEEE (m), k A REFE (0.4), u WXE (m/s),
Zo I VK T2 T o A 4 FE 10 2 T REL FE4C FE (D) (3-11) 302 Hatfiel 52
SR (2S5 1B RS SE AT TE 70, (E AR EME R AR T I 1o (057
Ko nOAHEG o NGRS, BE I To=(ToHT.)/2.

XFFUKNER A, T FAGOE R UK 1 R T WRSCAR S E 5 2R AR IR R #e,
UK A AT, B DA 38 KRR A A2 0K 3R TR S R ATKV U .
D NSV (LA

g, = 611.2%g"2¥TNT58) (3.19)
e, =€y, (3-13)

€, =€r, “RH (3-14)

0.622%h,
QL=—§;q:qf*@n—em)(345>

Hrr, hy NTHEIE R (2.834X1000/kg), Ry T4/ % 2870/kg/K .. HIAIK
R AIRE R, R B A G R,
3.2.3 UK T #ufE Fil i

XFF 0k CREERLOKND, UK AT ARG, AR, 1255
JE R FEREZ UK e - BT 1 P R, BRI ok B e i e T S AR
25T 2

3.2.4 [E/KHE e
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WA SR R R F S 5 50,
QR :IOWGCW(Tr _Ts) (3-16)

K, p, RIKESE 10°%kg M C, /K HLAEUE L 4.2>00% kg™ -C: r
RFENER mdt T REWIERE, BENESRE T T, NUKIHIERE
3.2.5 FESE LR

UK N2 AR T AR R J Y IXFP AR 5 A P R BUAE DK AN [ i s 2 AN )
B RE . VKN RIX B i N el oo T540, B8R, 850, MK
WP T AEEIIE OCLLR, TMBIREE, BIKEARESZZ
[ H5 R T e ), TS UK. BERREH, BRTHNSEEESK
A LRG>V Rl K H TR RS2 M I PR S AR T BRUK 2 B K
BB, BRIk R I8 I A AR T BOKA IR . RS, KT AR S
SEMIHES] 0°C, HRMEAS B, BUKRZIZEBNE R HiHREGR,
RUK ST RIS R, Rl A2 2 2 MATHATE aoR Y, TR R ERK T2
R A SR R AR T B IR BRI UK, &H BHE KNS ZH 2
KA TR R, TR . R, #1368 = FOR R EE R M R 45 5 R
PSSR f AR y:

Q:%ﬁffmxmzw4ﬂ
f

fi =min {pI_CI I-Z ATidz' fretain}
If interface

.C. 2
m:ﬂ;j ATdz (3-19)
| interface

(3-18)

A, surface AFH/SHLH, interface NHKFE, z NIKEEE.
326 NENE TR

B 7K Rl R Y i S RE AR A . X ORISR, — RO R,
NI, UK R ) e R g O, AT T SR UK ) 1 AR T ) R T T A
111y Bef R DK B 8 A S TR FAEAIR, X DK ) | T ) e T A4 e At A B K g
PRI, B 7K S AR AR ) 703 DN | 3 T -0 o~ A4 ARG O B . 1 X Ko
HAEAWESEAK (B MEASEK (BT, WRETUSLIKESE) . @HEEH
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A TRR A8 I IR A U T S5 O R, SR se R B3R HiRmiRE . B
B AIGIR EIROL kiR P TSI, SR K 1) 2K . Yamazaki (2001) 774
AL AT T P AE Y, TREEAR R B SRAE T, B K rb B R b9 B R B Y 1
Ik, A R AL T WS B SR ERIR A G R R . AW A RR A
Yamazaki (2001) "U0705 %, 51 NIBERIELRE K 5 K 1 ] 25 2 7
a=0.5exp(—-2.2(T,, —1.1)"°*) (Tw<1.1C) (3-20)

a=1-05exp(-2.2(1.1-T,)*%) (Tw>1.1C) (3-2D)
P,=P,*P, (3-22)

P, =P, *(1-P,) (3-23)

(BxT +e—6.086)
(0.476 + B)

Hrb, Pp NFE/KE, Ps NIEEH &, PrOAKENE, B=0.0006336*p, T A,
e NKIRIE, p NAE, Tw NIEBERIEE .

TW = (3-24)

3.3 /N4

KENN T -V PRI, 250, BRI A ETT %,
LU M BE 5P 1 B2 Sl S 9 Rl R SRABL DL W 2 Bt R 0K )1 ) R0 o DG B 2 10
SR T G R B-WI T 7 RERAUL R e DK 3R TSI A R i 2 Bk O
e VYL SURTBUR EHINE (WP N I E

5
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FNUE +—K)IIRBERSHM TR

4.1 FIKz IR

Sz 82 (Albedo) J& F8 73— 3R 1 b S 1 s e S il = 5O\ e gl 2 T
RAE 7 A IR 2R T 6T A B 08 0 £ S e R A0 108), 3 o O i 4 F-0.35-0.72
wm [P 3 R . SR T 2 AR AR (K T AR AR, MR R X
it T 2 S B A S B e R R 2450, e Tk 1ok, v R B 32 K PR S
SR, JHC R TR AT A P AL S 44 5 800 L %5 5 2 10 g I e R SRy S i
ST B ABUR I 23R, RS ARs B 2 vk 1 ) o P (R A2 A

COABIFFEER I, UK AR FL B S R U, o K PH R S B A B s I I S RE T,
AR TSR, 35S M 5 AUk R IR 225 0Tk 0.7~0.8 Y, i T % 4
I8 FROK I IR ZR IR BT, DRI 2= 55 A o W 35 D UK T R 5 A2 0. KT
52 8 S R B ) A R o) A /INRO2 831 1 oK A /N BT P ) S R 3 A s ol
Kpzs g ah R0, ERERK . a5 R, RIBRRZERECR, T
S HB 2 1) e (A 1) A R L P Rk 7K = R RIS 23 20 A, BRI e 3 g AT 0K ) 1
B — e S 511,
42 TN RIBESHAN TR

TS VKR R S AR A G AR, — AR J Uk e e R . oK
PRI BV o0 e AR A 7 R IR AT SR A, AL UK S BB 2 o b b 7 V28 R S i
PRI, AN REERKZ, FEHTIKSE R HIB T R
I sz 8 ZR ) 18] 3 2], I St [ A T Bt & S PR Sy VKR T [ IR 20 TR R B
RS B - FIR F8. BERAE REBERESHNER AR, Z7E
&R B, DU REZR N BRI TR, AEVK S R R A3 22 B
o

FH T 58— Pk T BRI A UK 2 SR T S R SRR 0, W R B Z H
ARG AREL, R BLAE ) B BT A5 70 v 22 SR 2256 8 3OR Ak B 0K 5 T e g e e
Mk BENE AN, FERZHSEU TENELRKE I RBESTHIR, FX
RIS BRAR VKRS BRI s 5 i 5 /1001070 A3 4y 3 B 2 g Oerlemans
(o7 (1908) ) [ R S KAk 5 &, A L3 FH 1 ZEIAT_E 3 Aok )1, SRR P R I b
BB —k) N A XIS 4, 15 2008 BER IR 3 ) I R 22 S A
4.2.1 B SRR E TR
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A A = MR Ze S H T R STt A2 R, 25 REARE S i FE R B o) 7 51
WIS G vt [l 3 7V S PR UK SRR R e TR CUR FKD L TR,
T DL AR S R FES N AL A B, 2% 0erlemans and Knap
(16714 5 B - Morteratschgletscher vk )1 ¥4 il X _F [ 511 Gl #7244t (1) B2 AN 1) o2 - 7
F(1995-1996) KIS G BRL, FREAUK)I ERSE RBR5FRISHIA
(. Oerlemans K7 RV #T SRR, EZHTE.

XN 2RI PE S AR, SRR S TR I R R R . X T
TS BRI %, 75 22 [ T 2 R T I B2 . SR~ A

s—i
a; = Ugpy + (af rs — Xfim )exp(t_*) (4-1)

by agns AN UK ORLS L B (0 H 3 S R R R R
Oerlemans?E #ii - Morteratschgletscher K )11 HFREES DL K 8T S B EUE 3 51 40,53
0.9, AHFFARYE VKNG HEA SEIEHT T LKL S5 (s AT U, I T8] 40 %
FRNR; RIS IR 3T B J5 il 55 DR 25 s IR 28 P 75 2k ) (1 R A AE
AT BE 219K sieds BIRETHERH, D9SEbr S REFERH .

7 R TFW B G, — 77 T R B — K ) 1 AR S5 500 B B[R] 32857 5 K 1
B, 53— 77 TH R AR 2 R 2% ot 2 S IS (R SR AR R O, DR T el A Dy
RAE B AT [ RSB

AR IR FE B T O, I X 4-233047 IR 5 e i e ] Bk e i e
(T M A VAR

a :as+ai—asexp(—%) (4-2)

(4-2) W, o NRRUK RS AR, OerlemanstE Hii +-Morteratschgletscher
UK EBUBRVK EE 90.34; dAE R dAHHRMFFEE, H3.2cm.

422 B1IET7 %

C G B e e BRUOS 0L 5k i S R A AE — R P 2 KB s FE A T AR
T A B = BRI 52 - Takeuchis Bl 350 L GulkanadK ) 1 R BIF 98 R BH UK )1 2
I 7E AT WG 2T /MBI S S 28 I AR A AN 5 A BAE A 5%, I8 50K S T Bk 248
EIS YA KM, Holmgren2s ANUCH, WEZ S = 4 TS R R4
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Fig 4.1 The albedo inversion calculation process based on remote sensing data
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Fig 4.2 The remote sensing instantaneous albedo value and daily albedo of Shiyi glacier
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Fig 4.3 The actual measurement albedo analysis results at 2# point in warm season of Shiyi glacier
(including the non melting ice in the ablation zone, the non melting snow in the accumulation

zone, the melting ice in the ablation zone, the melting snow in the accumulation zone)
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Fig 4.4 The measured albedo spatial differences in warm season of Shiyi glacier
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Fig 4.5 The simulated glacier ice and snow albedo in warm season of Shiyi glacier ((a) snow, (b)
bare-ice)
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Fig 4.6 The simulated albedo diurnal variation curve in warm season at 2# point of Shiyi glacier
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Fig 4.7 The melt ice and snow at the surface in warm season of Shiyi glacier ((a)the ablation zone
of west branch, (b) the ablation zone of east branch, (c) the accumulation zone of west branch,
(d) after the snowfall the accumulation zone of west branch,)
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Fig 4.8 The net radiation absorption curve after the glacier surface dirt affection of Shiyi galcier
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Fig 5.1 Energy - mass balance data driven at 2# point of Shiyi glacier
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Fig 5.2 The net shortwave radiation and precipitation at 2# point of Shiyi glacier
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Fig 5.3 The longwave radiation at 2# point of Shiyi glacier
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Fig 5.4 The net radiation at 2# point of Shiyi glacier
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Fig 5.6 The evaporation and sublimation process at 2# point of Shiyi glacier
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Fig 5.8 The mass balance process of the warm season at 2# point of Shiyi glacier
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Tab 5.1 The radiation glacier balance characteristics of Shiyi glacier (the sum of each month)

B 2013 £ 6 A 2013 4E 7 H 201348 H

A I X X R
(w/m?) (w/m?) (w/m?)

TR R 4551.6 3751.08 4054.2
KK RS 7149.4 82235 7849.7
DKTHI A R 55T 8507.9 9011.5 9273.8

KA RSt 1358.6 788 1424.13

HHEST 31929 2963.07 2630.05

MBERBCZRIAEERE , UK 2= 2 I RE YN TR (4R T 70731
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Fig 5.9 The energy balance characteristics of the warm season at 2# point of Shiyi glacier
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Tab 5.2 The simulated glacier mass balance of the warm season of Shiyi glacier

T 2013 4£ 6 H 2013 4E 7 H 2013 £ 8 A
(mm) (mm) (mm)
FaE7K & 193 214.6 131.3
FEm 17.85 51.73 33.38
e 175.15 162.87 97.92
VLK & 1091.15 1535.17 1474.87
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Fig 5.10 The measured daily mass balance of the warm season at 2# point of Shiyi glacier
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Fig 5.11 The measured mass balance and simulation mass balance at 2# point of the warm
season of Shiyi glacier
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Fig 6.1 Simplified distributed schematic model
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Fig 6.2 Distributed grid model of Shiyi glacier
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Tab 6.1 The calibration parameters of distributed simulation of Shiyi glacier
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Fig 6.3 The mass balance distributed simulation results of Shiyi glacier
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Tab 6.2 The mass balance simulation results of Shiyi glacier in warm season
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Fig 6.4 The mass balance distributed simulation results for isolating snow and rain of Shiyi
glacier
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Fig 6.5 Summer time glacier image of Shiyi glacier
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Fig 6.6 The simulated daily albedo in warm season of Shiyi glacier
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