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ABSTRACT

Glacierized high mountainous areas are source regions for many important rivers
in the world. These ‘water towers’ supply water to surrounding lowlands and are even
more important in arid regions especially under the background of climate warming.
As in many other mountain regions worldwide, most mountain glaciers in China are
currently in a state of rapid retreating and thinning. The glacier area in the arid region
of northwest China has been reduced by 10%-13.8% in the recent three decades,
which indicates a very strong deglaciation, while the primary impact lies in runoff
changes of glacier-fed rivers.

In this study, the Urumqi River source region, a glacierized high mountain
catchment of northwest China, is selected. In the region, glaciers are relatively small
with an average area of less than 1 km?, and are extremely sensitive to climate change
and can drive remarkable runoff variation in local catchments. For this reason, the
hydrological response to climate change at the headwaters of Urumgi River is
investigated using hydrological, meteorological and glacier data. The main contents
and conclusions which this research draws are listed as follows:

(1) Research on runoff variation and the mechanism at the Urumgi River source
region in recent 50 years.

we systematically analyzed variation in runoff from three hydrological stations
located at the source area of Urumgi River in recent 50 years, and revealed the
possible causes, relating it to changes in climatic conditions and glacier mass loss.
The results showed that there were generally increasing trends in runoff of these three
hydrological stations; whereas the runoff of Zongkong station exhibited no significant
increase over the study period. Factors influencing runoff change of three
hydrological stations were different. For Glacier No.1 station, the runoff change was
mainly controlled by heat conditions in glacieriezd region and the runoff showed an
accelerated growth when the temperature in the melt season was more than 2°C. The
runoff at the station included not only the immediate and direct response of glacier to
climate change, but also the indirect and lagged response. And changes in volume loss
of Glacier No.1 corresponded well with the runoff variations. For Empty cirque
hydrological station, the snow melt water and rainfall were source of runoff, so
precipitation was the dominating factor affecting runoff change. However, the air
temperature also should not be ignored. Under the condition of lower temperature and
plentiful precipitation, the limited snow melt would only produce less runoff. The
relation between runoff and climate change was somewhat more complicated for



Zongkong station. Against the background of temperature rising and precipitation
increasing, runoff showed a drop tendency in recent years which might be related to
many factors, such as actual evapotranspiration enhancing, runoff peak appearing due
to rapidly glacier recession, underground leakage increasing caused by extensively
permafrost melts, etc.

(2) Analysis of different underlying surfaces on runoff yield and flow
concentration characteristics at the Urumaqi River source region.

Through the analysis of 3 gauging stations in the Urumqi River source region
during the ablation season (May-September) in 2011 on every hour scale of discharge,
air temperature and precipitation data, The diurnal variations in hydrograph was found
that the maximum discharge of Glacier No.1 hydrological section appeared in 14-18 h,
the minimum flow is in 8-10 h. For the Kongbingdou section, the maximum flow
appeared in the evening (23-1 h of the next day), the minimum flow is in the
afternoon (13 to 15 h). The variations in discharge at Zongkong section showed nearly
similar pattern with those of Kongbingdou section, being maximum flow in 21-1 h of
the next day and minimum in 13-18 h. Furthermore, the storage characteristics of
glacier and snow melt water on different underlying surfaces are reflected by a
comparable magnitude of runoff observed during daytime (9-20 h) and nighttime
(21-8 h). The day runoff of Glacier No.1 section is more than at night, but opposite to
the Kongbingdou and Zongkong section, which indicates the weak melt water storage
characteristic of Glacier No.1, possiblely due to its small size. Whereas the underlying
surfaces controlled by Kongbingdou and Zongkong section have the strong storage
water performance. And as melting went on, the maximum flow time of Glacier No.1
and Zongkong sections all have appeared in advanced from early to the mid part of
the melt season and again gradually delayed towards the close of the ablation season,
which reflects the internal drainage system of the glacier are less developed in the
early and later part of the melt season, while developed well during the intensifying
melt season (July-August). In addition, application of the methods proposed by Singh
and Jobard, through the cases of precipitation influence and in the exclusion of
precipitation influence, the time lag between daily discharge peaks and maximum
temperature (maximum melting) were also analyzed in the study area. The time-lag
between discharge and temperature of Glacier No.1 section ranges from 1 to 3 hours
in the clear weather day case. However, under the influence of precipitation-induced
case, the value of time-lag is 1 hour. The maximum runoff of Kongbingdou section
lags 10-16 hours than the highest temperature in the exclusion of precipitation
influence. Under the influence, the flow-temperature lags for 13 hours. In two
conditions, the flow-temperature delaying characteristics reflected that over the melt
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season time lag varies between 5-11 hours and 6-7 hours of Zongkong section,
respectively. It demonstrates that precipitation process can make the ice and snow
melt water confluence more rapidly, and in turn, the time got shorter from melt-runoff
production to concentration.

(3) Simulation of hydrological processes at the Urumgqi River source region by
HBV hydrological model.

Wu use various data sets including the daily observed temperature and
precipitation collected at Daxigou meteorological station, the daily measured
discharge at Glacier No.1 and Zongkong gauging stations, the measured glacier mass
balance of Glacier No.1, and a digital elevation model (DEM) derived from a
topographic map with a scale of 1:50 000. Besides these data, a map of land use is
also used for establishing the HBV model of Glacier No.1 and Zongkong catchment.
According to the outlet of the two gauging stations, Urumgi River source region were
divided into two subbasins and then make these two subbasins connected by the
directions of water flow in river channel. Additionally, the elevation-area distributions
of each subbasin were calculated with the support of GIS spatial overlay analysis.
After preparing these data, the hydrological processes of investigated area were
simulated using the semi-distributed HBV model. The model is calibrated using daily
discharge observations of the period between 1997 and 2008 in two subbasins, while
validation runs are performed from 1986 to 1995. These two time slices not only
include relatively dry and wet years, but also cover the sufficient observation data to
calibrate and verify the model. The results show that the variations of the discharge
during the calibration periods are in agreement with the observed values. It is also true
for the validation periods. The computed daily discharges, especially in Zongkong
catchment, fit the observed ones. This is also confirmed by the higher R® and the
smaller RE values, which are in the ranges of 0.71-0.81 and -3.8%-5.4%, respectively.
In addition, by comparing the annual sums of the simulated and observed discharges,
the satisfactory model performance is also expressed by the correlation coefficient of
0.85 (Glacier No.1) and 0.77 (Zongkong), which demonstrates that the HBV model is
capable of simulating the discharge regime very well and is suitable in this study. And
some meaningful conclusions of simulation results were made, it includes:

Water balance analysis in Urumgqi River source region

The individual terms of water balance over the simulation period show that in the
Glacier No.1 catchment, discharge (637 to 909 mma™) is by far the largest
component of the water balance, while basin precipitation (534 to 589 mma™)
occupies second place. Actual evapotranspiration ranges from 186 to 202 mma™,
accounting for 21% to 34% of the input. The storage term summarizes the changes of
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water storage in snowpack, soil, groundwater and glacier, of which the first three
terms exhibit very small changes, especially groundwater (AUZ+ALZ). These three
mediums play a minor role and their volumes are considered almost negligible
towards the two catchments. However, the change in glacier storage varies greatly
from about -314 to -583 mm a™ and shows negative values for all the years of the
investigation period. The mean annual simulated water balance volume in the
Zongkong catchment over the same period consists of 567 mm of precipitation, 575
mm of computed runoff and 247 mm of evapotranspiration. The annual change in the
mass storage for the whole period is -338 mm, which is nearly the same magnitude as
in the Glacier No.1 catchment. This suggests that glacier melting plays a major role in
the catchment. Furthermore, the fluctuation in computed water balance elements
during the calibration period are much higher than those of the validation period,
which may be related to the intensified water cycle caused by regional climate
warming in recent decades.
Mass balance series reconstruction in Urumgqi river source region

For Glacier No.1 and the other 6 glaciers in Urumgi River source region, the
simulated accumulation amounts are all less than the amounts of ablation over the
whole study period. The glaciers in Zongkong subbasin show relatively strong
negative balance status, with average annual value of mass balance lower about 300
mm than that of Glacier No.1. From 1986 t01995, the simulated average annual mass
balance of Glacier No.1 is -302 mm, with an average annual accumulation of 424 mm
and ablation of 726 mm, which underestimated 11.9% compared with the measured
values. From 1997 to 2008, the average annual mass balance is -702 mm, with a
relative error of 0.8%. And the simulated values of the two subbasins agree closely
with the measured data, coefficients of determination are above 0.7. Therefore, the
simulation results of glacier mass balance can be regarded as acceptable for the two
subbasins.
Runoff components analysis in Urumgi River source region

According to the physical processes of runoff formation, the runoff at the
headwaters of Urumgi River can be divided into three categories: glacial melt runoff,
snowmelt runoff and rainfall runoff. The base flow is a form of the conversion of the
above three water supply. For the Glacier No.1 catchment, the main runoff component
is glacier melt runoff, which is, respectively, 57.5% in 1997-2008 and 52.2% in
1986-1995. Snowmelt runoff occupied the second biggest percentage in number, the
value are 31.7% and 38.5%. Relative to the two components, the rainfall accounts for
small proportion of total runoff, with an average value of 7.4% and 6.2% in two
periods. And the base flow accounts for the smallest proportion, remaining nearly at
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3.5%. For Zongkong catchment, each component contribute nearly in the same order
of magnitude as Glacier No.1 catchment, while snowmelt runoff in this catchment
seems to be more important, showing that the percentage of glacier melt water runoff
(39.4%) is less than the proportion of snowmelt runoff (45.8%). Overall, each runoff
component of the two investigated subbasins show that, with time advancement, the
proportion of snowmelt runoff is in a decreasing trend, while the proportions of
glacial melt water and rainfall runoff are in increasing trends. And the proportion of
base flow also increased slightly, but the value is very small.

(4) Projection of the discharge affected by climate warming and glacier
shrinkage in the middle of 21st century at the Urumqi River source region.

After the successful calibration and validation of the HBV model using observed
climate variables, The HBV model and the RegCM3 regional climate model are
linked to project the impact of future climate change given the SRES A1B scenario on
river discharge in the Urumgi River source region under three glacier coverage
scenarios.

Changes of temperature and precipitation at the Urumqi River source region
during 2041-2060

The variation of temperature and precipitation in the investigated area are
captured fairly well by the RegCM3, and there is a projected general increase in
temperature and precipitation in the middle of the century (2041-2060). Relative to
2000-2008, the annual mean temperature rise can go up to 1.7 <C for the period
2041-2060. And the increase in temperature is observed in all months. The
temperature rise reaches a maximum of 2.1 <C in August and a minimum of 1.1 <T in
December. Similarly, precipitation is projected to increase although it has gone
through a downward trend in the first several years. From observing the monthly
changes, the mean annual cycle of precipitation exhibits a stronger variability than the
annual cycle of temperature. A more meaningful feature is that almost no change in
precipitation is found in April while a maximum increase of 55% is reached in May.
The annual precipitation will increase by 14.2% in the middle of the century.
Projected discharge variability at the Urumqi River source region in 2041-2060

In the changed climate and three glacier coverage scenarios (100% glacier, 50%
glacier and 0% glacier), all snowmelt begin half a month earlier and all discharge
increase in May (up to 61.4%-183.2%) , mostly due to the large increase in
temperature over the period 2041-2060 leading to more frequent rainfall and
augmentation in snow melt runoff. This may consequently increase the risk of
flooding in the spring season. For the 100% glacier scenario, discharge increases
significantly by 33.3%-66.3%. The 50% glacier coverage scenario predicts a slight
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drop of 8.8%-9.4% in discharge because the glacier area decrease is nearly balanced
out by the intensified melt rates. However, the 0% glacier coverage scenario predicts a
considerable decrease in discharge ranging from 40.4%-57.5%, especially in July and
August when demand of water for agricultural production reaches its peak. Thus, this
may aggravate the crisis of water resources shortage in this region. It should be noted
that the complete disappearance of the glacier will result in a clear seasonal shift of
water resource from mid-summer to late spring-early summer in the Glacier No.1
catchment. It can be concluded that climate change and the induced glacier shrinkage
will provoke changes in the runoff amount and timing and will finally result in the
allocation of the intraannual water resources in the catchment.

Key words: Hydrological characteristics; runoff modeling and projection; climate

change; HBV model; Urumgi River source region
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11 ARE=MEX

T WX AR, AR A R AR 43%, JFRE T FEE
VKRR 55—k g H e, BRIFEFEX VKR 5.8651>10% km?, ¥k
Nt 5132210° m® (W4T 4R4%, 20000, VK )14F /K B A5 A 605x10° m® ()
JRINAE, 20000, ERLT B Z AP NG R, AT HN . FilgE. HrsEs
PEIECPU A (YA O) I 11423 1K) 10.5% (R, 19910 sk IIAE R “REAKEE”
& EARA P R E U R K R . HBk RGN 1/10 Bk R, 415 MiROK
SEAEAEVK N b o UKt 1R 96% 73 AT 71 Fe AR OK Bl FIAs B2 22 B, (R e
DY PRI UK E 3 I 3 NS A3 X B A R P AR I S 2 S, R A P A X
77 520G IR 1 R AR b — AR e L K T oK o UK K AR 2 3R A2
DXL AT BRER I GE IR 1 EEORIR, 4 R A SR TR “AEdagk”
gt FEvaAL A Bk X, UK RlK 2 AR R R Y 25%, S
80%-90%EFT 58,  UiHF /R IEIT L Bl e I ] A5 AR LUK N Rl O 2R it Al
M, 2000, BEIE, PKNK SO0 ST AL B i WA 0 H

e 80% LK BEYS T BT A A LA sl X (PP, 2009). gk
N2y 23611.2>10° m® /K245, S A —, e YR ORI )1 423 4
JiHiieAE B OCEEEA (Yeetal, 2005; Z=/08h%, 2010). {EHisHE, vK)I 3%
SATERTRZE W Rl WOKIR S Bl B LR B2, B 3 5 M AR 55 ]
HENES Z NI 1 IE4H P A AT TR LR A R A5 7K R o L E S e “aKkEs”
HPNITIES R 2 B S oNTITES 7 SIS AR A e o S P ]
% (Chen et al, 2010; Li et al, 2010; Hagg et al, 2007). FEBE N KL, BIA
Kb, PERE RIS, ARG AT LUR R B, AR T4
4E 1700 km, (FR NN RKER) 2/3 LLE, 534i470K)11 9035 4, THifH 9225 km?,
UKfi# i 1011 km® (Shi, 2008), Uk Il T4 R e JbBE A S 250 & A
AU RATR LR B

2007 4 IPCC YR & i th, 1 100 a (1906-2005 4F) 4x3kiHh &
B BT T 0.74 T, i1 50 a FZMERG & Z 0 0.13 <T/10a, L2 | FE

el
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PIfE (IPCC, 20070, fEABRARIMETS 5K, Rl X 5 2R 5 iR e HL k=
ZBRIERH], 1950 4 LUK AP 2E 5e il DX i g 2 ik 0.23 <C/10a (T [FE LA, 2010
a); E BN 10 MG G s W7k} B 7R, 1971-2006 4Pl BT 1.4 T,
WHEIHA A 0.4 T/0a, T4 E VK F (0.23 <T/10a), FF/KBA B EH8 N
fa, W 18.8 mm/10a (54, 2008) . R UL, A7 MVRK A i b g v 0
RAINFHEAEE AR A B U . RSB R IRE) T, AR LK) 2B H A
[ 2 FEE P D4R 4 2 #5« (Haeberli, 2007; Paul, 2007, 2004; WGMS, 2002). H “/\
UK AR, Rl Xk N R 4, HARRI: 20 el 50 K
B 70 AW, VK)IBRATIREE R 70 )3 80 AEARAK, UK IR H FE IR SE
90 EAR LU S s R 4% (Liu et al, 1999). Ding et al (2006) XK tliHh[X
960 < vk IR 43T W, 7 20 120 60 4R LAJE ) 30-40 a 1], Rilivk )il
BB T 4.7%, WEETVGEK)IFKF (45%). 2885 (20100 A
FUT HiEE 1800 450K )1l (b RiliHiX 2y 1543 %) M F st (& 1-1,
£E R H 20 4l 60-70 SEARBIA LIV DR TR D T 11.7%. T 2XA8%%
(2011) R H AR InAN 245 31 1960-2009 4K ok )1 AR 4 /N LEAg) 4y 11.5%. LA
A B TR Ll D L AR K | AR 4 B

R 13 AN ORI & AU 2 OIS S Tl 4 SRR ] (VLR 4048,
20100, 21 t2dh [ Mo WA . AN, tHAURARBEVE FIFE 1.6-5 T 21,
EREK RSN 1.5-20%. FEIXPMRBEIRAR AT 50 R, UK e 48 14 7K SO
87 ey | Py 1 T I 1 £ 5 S5 TR N D 15187 QU TRE T P e I NTETE b+ i
i), UKIEIREE, AR Si— 7T, B KRR RGN SRR v )14
FUR &R, ok Nzsl, (R4EoKk)areE. KEMFFT (Barnett et al, 2005; i H 2
4%, 2006; JEAEMX, 20010 F8H, KR TR K SO R EERUR TR, HL
B RS, VK)HAR TR, BlUKAR ARG B3 5 D 28 1 L

VA 5 B X 7K 5 F LA G A VK1, R A BRAARAR R 15 5 R AR R IK
NG AT AR, UK R ARG SCIR PRI AT A2 560, UK 7K 58 e 2
B2 A0SR, TS 2 HIBUR B R A 1 O A L& K 1, R A 244
s T AR e P AR R R R I — o BRI, K 1 X AR AL
KA, AT LS, AR AR AR A e dy, B E R
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W o VKNSR IR 254 (WGMS)  HAlk ) i 52 X R 2 IROK )1

AR SIS UK )1 2 — (Lietal, 2011), &l 50 4EARAK, v ERlE
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R e R AR S Ry R ) A TR SRS AE R X T AR A 1 o B

DX, ARF AP A 2225 Immerzeel . Bl 2434 Singh A7 [E 2434 Hagg 45 .
TFFEIN 25 5 BALFE UK AR FH IO R AR A8 A« 9K )1 7K STREAE R A St S A 155
UK RAR A S =7 T

(L UKHAE I XA B A e FUAR AR AT ST o X —BIF ST =3 0 B oK ) |
IKAME TR I AR A LR 5 JE UK N AN T s AR A e L, Rk
NIERI X AR UKD TP A L sl U2 AR (Mark and Seltzer, 2003).
4 Stahl A1 Moore (2006) NI B /R 2 FRANSRAES Hk B ik, 2T 236 /KL
shBERE, MR RS A FEAT S0, TIN5 R RS B X DK AR AR 2 242
TR S SIS 8 i S 8 Al B 7 4
ARG AT, K TN AURB O AR TR S, KIIAE 1976-1996
SRR AT DK 1 R TRVRT I L e A S 2 R D A, UK R PR DU
XS XL IIETTREE 530K Nl T AR I T SR AR g s o 2
b e, H ARG E 5 17 & . Moore Al Demuth (2001) %k Place
DR AR S A i e by FC A A0 U AR A 2 ) ) S0 R FT ARG 3 1 2R &5
W 1M Braun £ Escher-Vetter (1996) [JHF5TJN AN S HIA] Vernagt Ferner K )1
H AT 1E AR T 20 SO TP 2%, 7K SC WL (1 45 42 it L 1 1 I #4. Birsan et
al (2005 i AN R UK ) 1178 56 2 R IBAR IR AT C R I, A6 UK )18 i % 8
i 10% K KA Ve, S ZRAR IR f I R I W R, K 5 N T
109 AL, AR A .

(2) VR)NIKSCRAERF T 1X— W50 T BEARZR UK N UK N 7K REFAE Al K AE VK
NN BAEE R AR, H AT Br b2 R VAT AT QR ERA
IR T /KSR G M E AR 148 1E 73 8. Schuler et al (2004) 71 2000 4+
Unteraargletscher ¥k )11V fliZE 1, 783 Ml 7 h RO R g7, il &k 5%
SRS, I T %K UK R 7K R IE (7K PR G B Rk 22 0K R it
T J2 B3k 7K S e Tl (R IsF 1] . Hasnain et al (2001) FH4etf s i 7 a9y 1 B
Dokriani ¥K I lX K UK N HEK RGEREIE, FRE 7 42 8 A fliiaEmk,
Hix— KRG B EAR: 9 sl , SX—HK s
RS HEK R4 %. Singhetal (2006) NS0 # ik, MK E
i e v L I R] e KU b /N LR AN R LR DR
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B ik

R RS, SFE SR L% Dokriani UK )11 Gangotri 4K 117K AN #K R~ 7K 3¢
AR HEAT TS, KL Dokriani UK )17 1996-1998 4F 1 i) % K Ui & HY IR AE
1) 17-19 B, S KU R fo e A I TR K290 3-6 h,  1fiy L i B e it UK
JIVH Rl Wi 46 f . %) Gangotri ¥KJ11 2000-2003 4E4K) 17K ST S MM LI, %K
JIAE IR o fig K Mk B A, BB int oK 1 ORI s I ad o e g R 2t LS
N1 R/ H LI ), R T 0K K Y0 i 5, e A o i s e
AURINTAAE 4-7.5 h, /MBS s K AT Z ALY 9-12.5 hy ML,
s RV A DGk T HORUBE AR Sk

(3) ARSRAUMGENE 5N UK NFRIBRARTAG 5 BB /K SO IR i, 764
BRAURASIE S 50N, WAk — L8223 I e T AR RN 5 R UK Y X AR i T
RIS, o K2 RO 45 A SR B2 0 K SO ARG O W9 e kAR 1L
f5t. W Immerzeel etal (2009) % MODIS B 7= it Bcdin, A BT ke i
S PR e o1 o w3 S B i 1 2 O < T M 17w = 2l b 2
BAFRER BEWD, WEFE RO R, A b, hei s TRMM B
IKEHRAE A KB FR N7 T B RE T E3lfE—ANFiAtik SRM BEAY, 38 /R /A ek b Rk
NBEGETS 5 R, Athal k1Y) (2071-2099 4F) [ EAR L, 75200k )1 1 BUE 44
50%f1E Sy, UKIAETURE > 22%, AR FERTAEH0RE N 53%, 5 B0 it i i i
K34 7%:  MAEUK N A KA S R, HZRR I E B 2417 (2000-2005 4)
ft) 7500 m*/s /by 4000 m¥/s, {HAE 3 AP )F] 6 ARIX—HBL, WERH EE
Bn. SEAk, Immerzeel et al (2010) Xb&hhr X 5 ANid 21 et iy
(2046-2065 ) SRS NIRRT TR, I KIS $ 52 e
AR S R S, AR AR AT 7K 5 T R R P R ) 2 4 T R A %A
Ao HARRIA, B0 FERTRIAT R L W Rr ) it o0 it o 25 o> L
ERREVT A, FEME T RYLRI AR M AR N, 6 SR v, AU
AL L ZE W RE P A TE AT R 5400 . Kaser etal (2010) F9% T (045 85 HLACH] |
KYLEEAE N AR 17 43 4400, VEAL T 0K 1 RAO FEK 98 9 mT R Ak e s
DTRRe WEFUAR Y, UK KOG T S DX 2 P o ik e o, T b b 28 g
A TR AR5 AN o I FLIE I DA S AN TIAN IR] s By b N 11 %% BRIk )1
K STHR AR I, DR 43t sl P Loy (09 N S35 2l o B2 AR 0K )1 RilK « Hagg et al
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(2007) WFFEHaH, T S DX PR AR M v FEARS R 1L UK 2 ik kb s UK
DR 7K S R T v L PR 22 VIt ) o A R, K KON S ZR AR Dk
Ko AN HBV-ETH Ml OEZ BERUFEAR At 5t (2xCO2) K, AR ILHEX
SANUR) TG AZ A R 7K ST AR T R B Foigili, 25 B, ZE0K N IR ek
S, BEFIE ARRASA G, ARV A R, AT A 1Y
. WiEZET7 A8 HRE R > . Akhtar et al (2008) iz HBV-SMHI
AR, T Ik ) )RR B K B LA & PRECIS TN K e 5t IF4E AR )
DRI 5, X 20 AR IR AT - B -3 S b M X (HKHD 7K %%
AR T T4, A3 200K ) AR OR R A AR AR gl D — =I5, AR SR i i B
AIEI, ALK KN AR i, AR B> . Aizenetal (2007)
iz UK HOSRRAE . HuJE B 945 6 S i GPS WIS 40 0F J7 %, il e X~y 2 v i
BN 20 m BIEAR T, X 1943-2003 AER X UK TEE 46 (5 T P4, T
T ASERFN DX A AR KRR AR50 0 7T e s 75 21K L M B ok )1 P
24 v B AL SR SR T i 1T, 75 212 m FE AL B /K In 100 mm A e R T4 2 e
FEARAR; 21 4l PSR 4T, BOKOR A L1 6%, AR 5
T, P m R BT 570 my R HL X Uk B TR, DK SRR UK AR
Je 4330 24 HT ) 94% 69%- 75%F1 75%;  He K HIVK 1423 n] REIL 1) 24 A /K
P 1.25 7%, Ee/NWTTRER 0. RIREFRER ], FEXRIAEEN AT LRI
ARSI, R KRN, B AR AT B b 7R
Arqe b, UK TR R TT9R B 2  BOK AR D AR A5 RIS AR — 5
72 5k

1.2.2 ERKNIKCHATIIK

5] A UK K SCRIF U AR T B I I =l 1) iy e ) o A 20
40 50 APARR,  FRBEFEARE (LT BEZ SR 12 S UK NFIR th 5 AR TR 150K
JEESE T PEAN LK K SO G 0e RO, AR ANk T il vk Rk
WAL TEALEIAEBEE T RIEFISEKT 6. 2“0 520, {F 1967-1978
RISl O T T, PR LA R e UK K ST UL 2 46 T 20 4 80 4
o X—BHHRE - E A BRI, Bkt ss . 1983-1987 4, HE/KIAE b ki Al
H A28 B AR S B ARFHIR 1 SOk AR P SR P DK I 28 R S5t
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17T BRIERAWEGT CRRZRINAT Atsumu Ohmura, 1994, 1993; 5K 4= %45, 1994; ¥
KPRAE, 1992, 1988; HEBAN M K, 1989; KMIPKAE, 19893, b, FHAEK )]
PR UKV i BT AR AR L )3 i R AT AN . AR
T R M S B 5 05 TR T RHE W TR, XA e FE R bhr i
VK IR SRR N T 52 EAL RIS & B B . 5 kRN
PR (1991) i 6f 1958 41 ASK A VK /K SRR A e k). vk )1 4 H A
KRERIKSCS SRS, 254538 UK R KRR . R E SR
W P EEI B, A BRI UK K AR TR = R 563.3>10° m®, IR
TR S A UK K BRI —— (R IR KK B2

[ tt2d 90 ARAR LK, BRI Tk, XUIHR L A AR A5 2% o ok AR
FIRIBK SO BRSO B DGR PN VKIR IR SC . KK AR IR, oK
JAE R AGIR WA N S A ACTII I Je T =i 98 LA . WSS (2004) 5T
fath, b UAEsR b [ PG vk ) 1] 52 B0 DR 4 2 A, b e [ P AL T
Wi VO R T 40 SESRER E UKk LD T 450-590 km®, flit
20 22 90 FFARLAK 1y vk it e gk /D SO0 b X UK ) 147 30 38 n 2B 5.5%,
I T B PG A R IX K R AR TGN . KRS (1996) 7T [ P % %
I BEH b T B8RSR 1 5 0k, 1077502 HErvk)
RIRIAS A S B T B TR (0 72—, AN F ok, 38T 12 N
TR FRMAMF . 2 )5 Liu et al (2009) N i% 5k HE T KITH X
1961-2000 4F [k AR, ALK — VK 1 RlK A7 BT A AR AN 11%, Haf
JUAFSRBEAS VK A FE SRS, UK RlK AR TR ANE LU a3 . 2001-2050
FAE ECHAMS/MPI-OM Il 1)U 5% 15 RIS IX UK ) AR AR L HS 225 18 K
fath, LR R R I BFR A E AR, BRI B E M. Yeetal
(2003, 1997) 3z F —HE VKIS B 0) G AL I AN [R) UASE 0K ) AR IAE 0 AU AR B 11
Wi AT TG 45 R BIUK NARIRAT— A Se 38 K5 N IR, AR K
NPT IR AR RS, R, U H LA (DB R, LI
UKNBEER N, DK NIRRT R AU, AR s, St e, 42
DGR D R LB 8] 55 AR ) T s A 00, X [AIRESR B T UK BN AR AR
AR AU . UK AR I SR A AN — SO SE B UK 1 DA AR A i IS
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PER—Fh R, WA REAE (2006) JEF R E VK gn H R, UK RS ELR
X2 R % KUK N | S AR AR A T P00, 54 B, 72+ 0.02 K/a J¢ 0.03
Kla f3 F, UK)INARREAE 2030 4F A7 ATTE BIEAE, 2030 4F LUJS A [ vk ) A3
Ui IR VG215 (M1 9%, 31 2050 4433 Lk 1980 4F [yt S48 i 8.6%F!1 13.6%; U4
A S R S iR, W THE TR A 0.05 Kla, 4= VK )1 4237 38 25 0] ik 26.5%,
21 20 R [RI9% 31 1980 4F/K~F. Zhang etal (2012, 2007a, b) XFvk )42 Yk
ST S T TR T 1 2 AR . Y R R VLR X Y Ve sk )1
LRI KA ARIEAT T AL, W [RIRE 7 A5l T RHECE R B G K 1 [l K AR
ST A Y B B PARR A T SEE _EHERV OK N  BTA. eAh, AR
4% (2011, 2008a, b) ZHZFEEL, BOPIRAN R G 5T T B B S g
UK A% VKRR AR . XIT54 (2010, 2009) HF5T T HERETA VK1 6 5%
AR I N, X PR VKRR /K R ZEE AL T 0BT 53 455 (20094,
b, 2006) X RHHEE /R VYUK )BT T — RIS, W i X oK E B AR
DI R ) B BRIy KT 0 RS AR (1 v DL R B 2 3 ot X AR A S A5G
K

3 B AR S IR DX IR UK N K SCRIF R 55 VF 22 238 S5 A0 AN T B S0 L0
FORRIEATIE TR R 4G . W EERIIAE (1995) #H M. H TR, &,
IR R R S5 G LA R S A N DR, S T Uk I RS Hib R =
SPHTRRL, BBV T ORI H RV A R P, DA Uk X AR i 2
BE . KAWL PR E R =4 A2 RS (2005) RISt Jiik
SNTT LS UK AR S AR I 3, 6 BRARI 5 B 2 SR B 7K 52 IR AR G
KA, 1 UK)NIKSC ARG ) ) ST A8 A 32 2252 B Al il . 2R 18
45 (20100 4 1 S UK IREZK AT TV, A 1995 4 DURARSR W 1,
VKN4, =3 W2 SR T A BRI 2 58 . BER T4 (20100 X558
ARG Z VR AR R I TR B, TR X 2 A5 b BRI A S 1
RS RA A, JF HEFRUA W S RS . RS 5 A Bk 7 X
He—BHHPK NRKAR I AAR, ABAAEAEAE Tk il J s e e % RS T U5
X A ISR A, BRI PV AT 2 JKEAR5R=IER A B
(RORFAE 2 A e] ) K SORE RS REAT /K SO R EEASE 2 7 A SR A Mk o 5 AR B R Uk 1
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HORGAET, BEARFERIX AR SR R A B AR 2
1.3 ARAE. HAEMBARREE
131 HARAR

W SR IR 5 B AR FHTYR X CBLR faIFR S s XD AN AR R U ) =N 7K
SO (L Sk ZUKCFRUR D R, BN ZWE T — i K AR
s PORRFAE——VK RV K SO R DL R AR UK AR Ay
SRR DU T, RN RGEH 4T 2 ARSI 15 L € X K SCREAE J
SHEARAG R . 1830 E BN AR LL RPN I

(1) Y5 X AP HT . 32 BEIE I 56 1% Y X = AN 7K S W A 0
WAL 5 LKA SCHREAIT ST, — 7 T AR SO R s B ekt A AT IR 4%
WA 53— A& S I XA VKRG AT X B 537
PRUTUK ) AR 0% UK HAR Ak i 3 A& FEAS TR, 2340 7S 2 Tl 5 X AR 3
AT 50 a A2 Ak FSRTR] RE (1 L T

(2) B DK S W Bl TE AR AL A EREXT 2010 FAF /NI T) KU
b 3 ARSI A BT, UK TR AR A AN BT A K PR RERTDK
K A S BN, = TNT, S5 s UK S T Al SR AR AR A A [+
TR R E AL R

(3) By De 15 UK R 2 7K SR T ZK SCIE ARt . 5T+ 1985-2008 4F
AN K SO T H A B HBV A0 b e 2 $ 5 s AR, #7 iAS
K SCITIET HBV BEAY,  JEX K ST . AR AL 53 S UK ) S EAT 53 47

(4) 21 g P R AR R AR . 38 F XIS A RegCM3 71
IPCC SRES-A1B " &&HT St st ™, JFai-a k)78 o () =Fh 1% 5t 100%.
50%F1 0%, Titill 2041-2060 4F- 1 5 ¥k ) 1AM g 4% /K SC I I o T e R AR IR AR 1k o

1.3.2 SRR EFAF AR ML
WIEEEIBHKSE L URNIEE L AU0E Gevt 2t 22 48 V0T
BRI K SO SRASAL T W N AT S, BRBR W] 1-2 s, FEERETT %
FNBCE A 45 -
(1) ZREEF. W3 . Mann-Kendall #6056 MU 23 0T . 3K 8858117572
F SR TR AR I AR A SRR R R AE SR, VR A A
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WICHR (BRREE, 2007)

(2) A X HAZ (Cross correlation analysis). LL%&EH A a] & 1, %z
Al S ARTAE SCHA G, 73 AU BRSO J IS 1), S R UK A R DK R 7K &
IR B ARDL o

(3) HBV HiR, FORTEAN A WL EE 3, I RBINS SR FHTYR X 7K 3
AR, AR ARy, FESREER TR BN T 21 gl
IR AR

(4) KBTI ARAEKE AT FE K 280 AR E 7K 521k
4ANEEFE, AW I K SCIBTIT 2000 4 LS AR AR A0 1 J5L A

(5) Geik b R T . ook RIS A I 22 41 BRI BBk 37 K RS
(FRINVRNGE S8 iy N 2 N DI T P & R ¥ 5 el 1|07 o S P AR YA R PV
PORMGLIGIX AN R FR, o PFAEIR AN R DY T R R UAF B, SRIIUAG IX AR
KIS oo ABIFIT B 17750 RegCM3 AU Tifl 21 40 11
PRI A 5l 4 RUPE 81 S5 0 DX /N b, SRAFAIE ST IX A SR R S R B K A4
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o HBV B W ]

E£_F HBV B RMHA

2.1 HBV tRE!

HBV /& Hydrologiska Byrdns Vattenbalansavdelning (Hydrological Bureau
Waterbalance-section) HJ4i5 . HBV #AL A hif it [ 5 TR ANK SCWFSE
fir (Swedish Meterological and Hydrological Institute, SMHI) A& (Bergstrém,
1976) , HuTCIFAMZ N AFERA, FFAEILREEM) 50 24> FE 5HE N,
AT B AR (Akhtar, 2009, 2008; Stahl, 2008; Hagg, 2007, 2006;
Lindstrém, 1997) . HBV BAUURERNT . A 0. 00 LSS N TR A AL
giafr—il, B AMETE. UKo (8 2-D)

& 2-1 HBV #HE R = E

211 REEKRIEBR G
HBVHE & — AR —AR A, AR Bl KP4, e SOR -
P-E-Q= %[SP+ SM +UZ +LZ + Lakes] (2-1)

Arb: PAREK, ENZEEA, QhiE, SPAME, SMATIEE/KE, Uz
NRZHTEKE, LZHREH R E&K)E, Lakes A ZKAEAF,

HBVE % [& 1T RN R 25 () 0 A 22 5%, B 0F9EIX (District) 1934 %
ATk (Subbasin) , BEA T IO e BRI R 2 24N (zone)
SRIG AR RIBK RGN A, 2 U A TR AR IR I B, #E & IR0 i
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BT BRI PR B e, IR IR AR IR B S R A T
f Je R T U0 I ) 28 o el e, IS Y AR R RE (SMHIL,
2006)

HBV FA L S fh PUAS TR BTy R S dibe . H e KR v S
AR DA R AR i S (1] 2-2, 2-3) &

Air temperature  Precipitation

RCF, SCF
PGRAD, TGRAD
T0
Snow cover CMIN, CMAX Snow- and ice-
RMULT, REXP
Glacier CWH, CRFR cover
RS |ETmax
LP
= Soil moisture E i
@ storage I il
pDsuz BETA
|
N Upper K
®  storage IB'I: K i
=l
a, _
CPERC Runoff formation
N Lower L
® _storage Ks total runoff
2
& 2-2 HBV Rt & & [ 2-3 HBV {RE R EE

(L RERMEITE
@ FEBRHE R, A

IR & AR S — AN ERCGE R AT, BT S R R
R T IR ZRB LT 57 (RARZILE) Wi
@ A AR E

[ S /K o B R R I PR e M3 B (T K45 R
(), BEACHBERT, [ ABET . SRR I K 22 B IR 222 I J5 #ak 5 Uh -

RF = pcorr-rfcf -P  if T>tt (2-2)

SF = pcorr-sfcf -P - if T <tt (2-3)

A, REABERT, SFRIET, PRMLNIR KR, TAREE, o B
BE, rfcEAh BB IER T, sfcf AR TEIER -+, peorr i 18 FFK & IE K1
©N e

Al AR R A RBHAT A E  AE (T) R T BMEREE () WIS
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5T HBV BUU S

i, Rl ERIA TN
Snow melt = cfmax - (T —tt) (2-4)
A, ofmax Y H T SRS T Al B A S K B D I AR ™ A
IR T<tt, AEAAEW, Sob B dUKEFRS, UREEm F A
Refereezing melt water = cfr -cfmax- (T —tt)  (2-5)

b, ofr Mikgi B8, WESHE XA L.
@ YK )1 Rk B
i E RS e G, UK TT AR, Rl R AR R 2 5k
T8
Glacier melt = gmelt - (T —tt) (2-6)
A, gmelt £k HREF, Hesgos L L.
RS BRI B AL RIS KRR R B R 0 M DAy - S5 ASE Hhdn \ F
K, SRR 35K
(2) TIEBKEIHE
EAEREET B Ipfe =S8k T, K&y
AQ/ AP =(SM / FC)” (2-1)
A, AQIAPHAETAKL, SMNLIESI/KE, FCREANTIESKE, pAL
BB H . LPR& 7KL B KIS ) H IS K&, S HLPAE A FCI 70 Heas i .
AQIAP L] 185 /KBS R ML IEI2-4, EofEpor’s 1HE & /KK R ILIK2-5.,

&Q.-"E-P=(SH,-“FC]'R E./Epar
1.0 1.0 ~
0.0 ! 0.0 |
0.0 Fc 4E 0.0 LP FC 31
2-4 AQ/AP SHIREKERXF 2-5 EfEpy SHIBAKE LR

(3) it E
HB VAR T AR I T Bl FE A AL kg — AN i 57 o 8, % bR 8l — 2 AR Ze kK
FEF—AN TR KEA R (K2-6) .
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uz Lz

L .
F

2-6 LRIFLMKE. TR&MKETEE

EHBVAEL R, AR Bt By RS ORI, WE2-30R. bR
Wi B & A PN, I PN IR R ko kg HE FEGETRAK, k
FOLRURIEMREA, M LR K BEUZEELUZE, FEETFE A 0K S
TEREFATI, HNRRIZH D . N R TR KR I Y O R i R 7y
i NKARAE. b PRI EQoMQuRIA A N
Q, =k-Uz® (2-8)
Q =k,-LZ (2-9)
LA Qov QuUARIAIEG: KAETRIHIERE: ko MR IR REL
UZARIZGKIZ: LZH R 5Kz oIR8 4. Qo Quiscfmiliid —A
= STERE R $imaxbas i AR ARG R T I IR 5T, ILIEI2-7.,

tQ,+Q, tweight tQ
time maxbas 'time time

27 EFRT A

2.1.2 My NEE RN AR

o NS 0 B4 R B K N T P 0 5080, A0 S 0% S I3 g B s
ST I EE . AL, BN R R T L SR, T
PR (DEMD. TR ARSI AE, AR X Se 5 dEA T k) o FHIE 2 |
W A . B AT R PR, B . PR AR T
FKE HURKANG . ARG . BB SRS R e RIS R .
kUL, HBVAIAY £ /b5 210-15 affidls, AU TH 210 abl bk SCHdE, e i
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5 5 HBV BUI W]

F5all R, F2-1710H T HBVEL R (1% N\ B3 Ry 5
< 2-1 HBV &8 gy N\ EiE 70k H AUE

A A fan

B 7K I 18] 251 Pt mK PE NI
L I TR 471 T P 7K

TEAEZR IR AL S PSR

P IN 8] 737 ETEIE
P P E(DEM, U ) SR AR

YRR 73 AE R LSRR

Mo KA R AEE R

2.2 HBV #RE! 1 AR

1972 4F, HBV BALE IR i i [ G AR SO T HE Y, BERTHERRE X
WIS A, AR RBRURTK SC TR (Bergstrém and Forsman, 1973). 1975 4E,
RSN T RS Rl = A, 7 3 0 P R G e U U DTS R RUR,
FISEALE NS 27 250 5K . 1986 4F, R FA/SHAL (WMO) el
TR B LA T, HBY BRI 1 (WMO, 1986). 1996 4, K Aii
T HBV-96 B, S T AR R SRR ) 2 A SUBR AR (Lindstrém, 1997).
2000 E %4, SMHI IEAETF A ST HBV FAL ) 10 d TR IR K TR gAY

HBV FA T LA L 2 87 90 6 T AR BRI O R, 0 i K e 4
AR I 52 2 ok et 7 S b VA 0 A SRS ) B8 K 2 0 5 R I DG RAEAT R, e L
AT ARG S M o H AR RO B SR ) R AR AR K, LR s A i v T
HBV 7% (SMHI, 2006).

2.3 HBV =B AR E RN AR
FEF X HBV /K SO ST -5 N o i 1) 5 R B2 (2002, 1999),

AR HBV B A B, A XZ A R AT 1 ot g ol Xl 23 Sy i Lok
R AL DR AP 5 0 Do AN A A PR 7 U X A 7K R R PR D
SR T I AN A S AR 8 R O HE L AR AT RN, ST T R E Y
AET DX P AT R LA A RO PE A ST, I W FH 2SR X 083 L b 3 S5
FARRUN HARREAT TR, 4 R K SRR & BRI G5 A ISR (i T REA 2%
FPesffictts . ska@BreE (2007) W H HBV R 3 [ AR JbHh X 1% 95 BT — 2457
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PSRBT T IR, WEFTIA, HBV ARG (5 4R b 22 0K S b X (1 it
KK TR SE AT . B2l (2010) B & A UK IBEER ) HBV fajfL ki
(HBV-Light )X YT 35 X 4 5 35 JE ] it 45 1955-2008 4F [11 UK )1 423 1B AT T #E4UL,
S5 L BB A AT AR IR B R T AR RCR, BAE A R Bl Az
TR 2 TR 6

B T ) F HBV AR AT UK TS oK AR S 5T A AL 32 B T B v
ZRER T RAR TS . BRI (2007) NH] 8a STl REa L T v 58
I HBV REAL, BRI T AR AL R R UK 2 Rl K AR B ] s b X3 1 1, A
BRI ARIE CHfE PE R BN 0.84, 1RZELE 200%LAKN) F, LS HL o HAH
AIEREHET N . TRIDRAE (2008) Bk T HBV BRSPS A, X
IR AR VLS IPI BE AR IR AT T R4, AR A R ML X K ORI, 26
UK T BRI, S0 T SR R AR R, R SO i A
SURNEG R 45 T34 LA FEAR, D44 530 e HBV R AU e AN [R] s (0 I T 2 464 25 4
%o EAh, WIIRATSE (2008) HEAT T HBV B SHIXRAET S, DLARTTHE N
1, 43 5 R AR BRI A A J P EVESRAN VT E SRR A Y 24, 45 85R
WX P e 7 VR A e AT o O B8 BRI A I S B BT A T, SR
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B = R RFEREIX F AR MBI AE K 7K ST T A 1

E=E SEARFHRK B A MIREFE Rk X HTE %

3.1 BAMIBIFE

B EARFERRIET R B, RASR 1 b3 AR UK ITIX, i & A
Fm, EKREXVGIALH S, 42K 2143 km (REEATKE R, 1992). 8K
T X AR LA, B BERE, ek 2809 m.e LUF RN A, ARSI
SR ETRWBG, Horb BRI R, AR, VUK R, BEA S S
Wb AR Lz, WIELLREAN 13%0, A LU BC BRI 1/4, RIEBEZIREE, T U
559, VAMERURIU =2 ik 32, TR RCTE R T4, I A TR e

Uy RS S RIF 4684 km? (86°45'-87°56'E, 43°007-44°07'N), 7R,
V853900 5 B D Ve AR Sk i s 2 . LR e e R L X AR K
X PRI AR 1070 km?, P23 3006 my H LR AR 5 6 X S AT 7K SCaiki A
BRI AR 924 km?, ~EXHER 3083 my LUK Rl K 35 s X R EEATR K S A
EVREREAR 310 km?, “FRYHFIR 3483 m. AT ST X A SR K S
PRI S & AR X (K] 3-1), #Fk AT 3405-4486 m 2 [A], Jdsk i 12.1
km, AR 28.9 km?, K117 55 % h 20%. %X dm i F . vkl vKEeE R
A . T s A S R SRR SRS WK A 5
b 4 T TN 52 B AR FHIE X AT B B SR B AE T A4

b=

3.1.1 H RN SR

L BRI DA ST AL b B A AN R FRLOT (DB ERAE, 2004) .
A e TV TR LA A T R R B e R O R B AR AR A e A KT RS T T
WS 28 1R A 1) 5 LAl ) B A — 3. KA I R 0 A T AR Ly [ SRR A T 1
R b, MR BN AEFGE RS S A AR AR R0 H AR A b R
AL IR A AR S B S a KK, BRI e M A it
5B ARFFIISE K L FA R M dse e U R A ZK U 381 S 458 7K SC W T v 253 1081 m,
Wby 53.2%, AATILHIRIE, REED.

TES EARFEE X, N EY) AR K T B a5 5k, 2 MR B A HE
3600 m LA EREH 7 4BARKI, EIEACY 5.7 km®, DRSS LA T 3800-4200
m, OK)IHZ S R I BRI UK Gk B AR % . bAh, X — X Z A
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LIRS, HEaERIAEKZEAEH], AR R

AVE UK K ST GEAFEMELS KN
B:ZR UK kK S i i
C: 45K b

Do KPS

AR )% (m)

0 05 1 2 3 P 4459

. 540
® Ky & UK
s 5 . 0 5 10km
A TRk @ frErha

E 3-1 RIIEBEKRFTEXMESKI4SHE
(K& SPOTS 1%, 3REXHHIA 2006987 B)

3.1.2 TIEFNAEH

5 B RGN DX L) R A L) L, A) A4k 3400-3600 m,
FER G LA B KmRE S e A HUERES, e b B 5T 3 2 0Kt
W) VKK TR SRR YR, AR BB BPAMA A R, X —2K
R T R 2 BARES Y, TERE R B, RRKEE 78, (HAA RUFMITHE.
P 1983 FEXF A LI A (FRTPH, 1984) KB, il B LU R &
EORE R E (O)2) KIEMFUZ (AhJZ). O Z—MF 3-5¢cm £ 10cm, 1
BAL, WA TAE. Ah Z2JE 10-20 cm, HRAKEEFE (0, RORANEE PR S5,
ZAR, BEE, Gt LSEREXHE. JEE (AB) HRE, HET
PERIBER . RIZAPRE SR, — MBS 10% A4, A1 15%. a5
& MEAE 30-40 ecm 2 [A], VN FARUK R stk 1 SRR, T
TR, IR T KRR RCA P, AR AR FHT 2, R ESH
KIOKEGRRAT, FIRRZ Al A SR L BERFE LR s RS fei
KA S A AR A Kb R +55 . 1986 4% 1%t a1 35 F vcidk
AT T PELN AT (5 28 R 5 [ J, 1992, I 5 1) ey Ll ) 3292 52.1 mm/h,
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RIZMAIFFRET 44.8%, RIZMWMEKEN 59.1%, HIHLEIRMEHIKIY)
BURFAEAALE, st RS AR, Iz vy e R T AR i R A= B )
PREAE, 3 B0 B ATHIYER DX B /K AT DK =5 Rl K 2 T A i o

By B AR TR DR T2 B HEARSE, A Ry L e R vy 1L PR A P A T
i CEIWSE, 1996). EEMEYIM AU EFEEM. SR, SRR &
LSRR . AP EREREE, A7 17 MW . FROHRIR IR R LA -
FELARERC IR R BN, REME MK SO DL R RECAR 3 &by, 1 hn 14
EARNE, WG B, gD R AR

3.1.3 |iEFk 3L

BB ARFEE D AU, K PE 5l 1959-2008 A HMLIN B K} 57
X HAESFY AU N -5.4 T, FiKGE 7-8 AN A, AEMOK R 430.2 mm, i 67%
b T 6-8 H, U X A KRR L A A0S . B 3-2 KT ki
50 a Sk IR AR AR (Sun et al, 2012). AT LLEH, ] X AHRRD B3 7K 4
20 tH20 70 FFACZ 80 AR ARMEDIRES, {H 80 AFAUKRIALLR, R BE Tt
w, BEKFESEREIN. T 50a K, VYA UG sl Al AN B K 3 R 43 5l
0.22 T/10a F1 21 mm/10a, H#R@ELL T 0.01 W E MK FALL: . Mann-Kendall 5&
ARG B 8 7 A 7 A 3 0 & AR A 1994 41, 1994-2008 4R -3 [ K AR 1959-1993
TN T 91 mm (17.5%). W FTH A R AAE 1996 4F, 1996 4 Jn Il
FHEL 1996 AERTHE AT 1 T, KW 20 2 90 AEARH A 4, TR X kN — A
B A (I BV B B o

(IR0 e ik | TR = 7 o T 4 Pl s A T ST i P R o e
N, B RE (CV) 24 0.13, HEAEREN BRI S . EHARE, 2
Rk EE, 6-8 B AL FEK R T0% L |, m KRR 7 H.
R S 2 7K ST T 8 3ty LASK (R 3 B R Gt M, ST X Sl 1 e Rt e B i
9.2m%s, FIHIEHIRMAHERAABRT MR, FIEX L FBFTRD,
FRE D, KSR AR 2R B AR ) 7.8%. H5KAE G (1992) 1)
W, SEARFIIEX AT, WK &K Rl RS DL A2 7 A
W TRIRKCRAA], B9 A LA, vk R SURIRSS, A MK 3
Al BEAR B R 1S UK AR 6 40K IR IR 1,
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HRHE - BRI Ry R UK R FHAUSOR SCRFIE A R T A A 1 i

BRI AR LR R A, Bl 7K R R B AhST 3 i  B R THA
WX PRI Z, FEATIR T

0
1200 E
%
L Il 1400 &
g - i | e B s .\-g V\%
35 +F Rk R>=0.30 . | - 600
4.0 F —e— EXRRR
a3 — fUA Lk
O st
I8 50t
r
& 55+
-
-6.0 +
-6.5 +
_‘70 1 1 1 1 1 1
1960 1970 1980 1990 2000 2010
iy

3-2 KPAS KL 1959-2008 FEFHSE. FFAkREMESHZ

3.1.4 sk NFER L

BEARFIRX I 7 401, SR 5.7 km?, S AiE 3630-4486 m
Z Ao IXEEYK IS g NI, SPETHRL Y 0.81 km?, Forf 150Kk 1 i X fe
K40k Br 3 S0k 0aik)4h, e 6 0ok, % 3-1 45 T

R T SUKNEEARE DL Crp EBHEEBE MUK R E0F5TPT, 1986).

& 3-1 BEARSTMIRXIK)IFHE

k| [HEA W K It v e P A%
%5 (km?) (km) (km) (m) (m) (m)

1 1.94 0.9 2.2 4486 4040 3730

2 0.97 0.5 1.8 4272 3940 3630

3 0.64 0.7 0.9 4190 3900 3650

4 0.93 0.3 1 4325 3940 3730

5 0.15 0.15 0.45 4180 3960 3740

6 0.42 0.6 0.7 4364 4140 3780

7 0.65 0.4 15 4320 3960 3780
S 0.81 0.51 1.22 4305 3983 3720

15Uk ANKIIEIK, KA =kokidt (& 3-3), 4ralfE 16 42y, 18
2l 5 AT 19 et rh S 3, 1 = RORBEARXS B ) — 38 4 5i 2% (Chen, 1989;
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TR, 1981), MM ZERIINELE, 3 — R SE ZIRUKIE B L e, i
B =R A /N o 20 28R, 1 S ok )R R R P A I i s,
FE RS DU TE = 254 8 m A A & fidlh, S50 =1 sk R Lt e B 2 5 .

No.1¢KJ1|
1777+t20a

153820 a

187120 a

— s —

I, 0, MR=ZRKHETE ATk

& 3-3 5&AFFAR 1 Sk BNKALSR=ZELHRETEER LR ER (EIEX,
201D

RTINS W, 150K E 1962 A WM e sk Dok — B AL TR 4PIR A,
1M HIX—IR a7 fedlr 20 a L T &% (Sun et al, 2012; 4=/88), 2011).
1962-2009 4F 1 SUK)IPFREESE T 2152 m, MR IESE 195.0 m, 15373B 45
235.4m. [ 1993 4F7R\ VU SCUKTE T84 00 8 Bk W SOk IS, ZRSCGBR4SR T
55.3m, VGSCB4E T 95.7m (B 3-4a). SN, 1 59K)ITHAEIX 48 a (7]
Wb T 0.304 km® (15.6%), Hif 1962-1992 4E[Hi A/ 0.12 km?, 1993-2009
SEIRD 0.184 km? (£ 3-2), Uil 15Uk IAE 53 B8 e 4 BT vk 1 i, KSR
AE I 150 87 T &)

F 3-2 B 1962 FLLIREE AR 1 Sik)ImRayTH

F0 MR (R, P9 (kmP) ABEiEE (kmPfa)

1962 1.950

1964 1.941 -0.004
1986 1.840 -0.005
1992 1.833 -0.001
1994 1.742 (1.115, 0.627) -0.046
2000 1.733 (1.111, 0.622) -0.002
2001 1.704 (1.097, 0.607) -0.029
2006 1.677 (1.086, 0.591) -0.005

2009 1.646 (1.069, 0.578) -0.010
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15Uk AR A 3= B IAEVK )N FCT-4 (O 4R R sl ) (s SR
(28855, 2003). [ 1959 44 MC S LK, 150K 140 50148 K38 434 4
AT o7 40IRAS s 1985 AELLE A Ind 7 i d, JUIHAE 1996 4 24Xy i
AR (K 3-4b), 1959-2008 4, 1 50K )43 4 5i¥- 4 F 4-273.9 mm
(Z)24-52.2>10% m*), BRI P-4 F ik $-13693 mm, A1 2410k )1 5 8¢ 1959
IR T 16 m £, B TR 261010 m?. tkA, 15Uk E 1997 4E LK
MR T 3 S U o, Hodh 1997, 2001 A1 2008 41 kA7 M AC 55 BAK ) 5
TR 34F, X 12 a BTG i 2 50 a () 61.6%, AH Y M2k
1 1959-1996 41 4042 m A%y 1997-2008 4[] 4106 m (& 3-4¢), L T+ 64 m.,
DLl X A A 34 3 B 1 SRS 15 oK) 7Eid 25 50 a S i B 46 34

0 600 2000
) (a) 400 (b) 0 s
25 200 H H 2000 E
£ ol Lol 1 0 MNga. 4000 =
S0 - E T 100 v o &
~ 2200 -6000 5
1973 (-65.6) & B
= 5 o -400 -8000 X
- A =J
= B -600 10000 =
&L 100 | | 00 o -mmo§
= == YT R
2 sl MO —— BT 14000
g == -1200 -16000
R aso b 1993(-139.7) —— Pk © 200 2
Ly — — FIME st
22, 3
=75 - E
4100
i
-200 2009(-195.0) 4050 1z
—e— 50K )11 (1962-1993) 1000 ;’{
225 L —*— 155 UK )1 25 3 (1994-2009) g
—— 15 UK PG 32 (1994-2009) 2009 (-235.4) 3950 B~
5 | 3
250 . : - - - - 1 3900
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010

 f 4y
B 3-4 BEATTIER 1 Sk BEMATELSE (@) KERKERER. (b #WRTER
(¢) THE%kBETL

BEARFENX @I Z G L RE . BRI, MR, 2%+
JEPEE K . HRPE T X R 3450 m Al 3550 m A F G FLHLIE VLI k), R
4= BBRIEVRZ N 40 m, 55202 90 meo 35 K PG VA S UL I )4 P38 A5
ZXVKF X AR R RS 150 me Sk 1RABL, 3% — X 5 S AR Ak
Mg 1 AR AU . BXPR S (2011) SR XS 1991-2008 4E AN X K 3500 m 4775,
W BEK L OB (R ER G AT, R IR X 2 4 R L TR Bl 2 S
MRy, FORIE s )2 R R HILAE 2007 4F, 152 1.60 m, #2 1992 4R T 0.35 m;
2008 “EAL I Z A - N IRIR L0 86.8 m, #1992 4EU/N T 7.7 m, kit
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Wil X 2 4R EAR AT REIEAE AR B i B IR A .
3.2 KT E IR

B EARFHE X AT A = AN KSCri (K] 3-5) , 3K 3-3 F1JH TIX=AK3L
Wil R ZEA NG . Horh 1 S0k NK ST A 3 1 50K KT AR R 300 m,
#3693 m (&1 3-5a). H 1959 TGN 1 5 vk R /K AR, FRsEmn AR
o 3.34 km?, VKJINTHIFR J 1.646 km? (2009 £E52ID), 4E-FI4RHF N 720.8 mm.,
FEZIK W Ao R e S0 (B 3-5b), BRI FEK T
RIS R R

UKL T 150k NARM, K4k 3805 m, UKF A AH Z= 5 Ay 73 AT,
FHE 4.5 AT JEEIA 0.8-1.2 m. 250K} /K ST 1+ 1982 44 % (& 3-5¢),
BT A KK b, PRI A 1.68 km?. 7EiZ/K ST A5 R IR A < %
M7 (K 3-5d),

JENFES TR SR T VAR TR DK P V) AN B AT Va5 Ak (1] 3-5e), T4k 3405 m,
AT VLINTA] 2 1983 4F, F - W ] st DX Bk M1 7 2% 0K )T B A J L e LR L 24
W R BUKART, BRI 28.9 km?, ek )ITHIAR A 5.7 km?, (5 #AN
AR 19.7%. SN WA %K SCTIi Ac R UKot e | (1] 3-5f)

B ik 3 ANKSCIBTTHAC B 15 uidh, BEARSTFRIE X EAT 1 AME K%
UKV G0, W 45T 1958 4, ¥4k 3539 m, FEHHTAME. %
K RSN ARG

% 3-3 SEATTANRX =K E B EARFR

150K )1 23 K3} e
i (N 43°06'51.9" 43°07'11.6" 43°07'03.5"
20 (E) 86°49'16.8" 86°49'37.5" 86°5205.3"
EifE (masl) 3693 3796 3405
PSR (km?) 3.34 1.68 28.9
KINEE (%) 50 0 19.7
EWRRE (10'm®) 241.81 81.6 1357.11
LI 463 ) 1959 1982 1985
R (T 5.9 6.3 -4.9
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(a) 1 SK/IIKCHE: (b 1 SkIISKRuE: (o) kK ZHE: (d) Tk} SRLE:
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SEPYEE T 50 @ SR AR TR X AR 1K 2 5 D 3 B

FMEF IF50 a KEBEAFTAREXERENREESH

A E LT 5 B AR TR X 3 ANZK ST A7 U I 5% DK PRI UL ) 1) 2 47
TORL T SEX X 3 AN KSR A I AR A AT 0, AREEET 1 Sk
JUZK ST AL 50 a Bd WA, 0 H R R AR A AR RE PR AT AR . 7
IEEER 25 S X A A DK)TR 4, 3R 3 AN /K ST AR TR s UK
JAAR R i I e AT B AR T o
41 SREREREL
411 BB EE

Ly R AR AR AR TR IR . 2R Z6F0 Mann-Kendall i & 35
KL 3 Pk, L R e~ A ZE AR i 4R B8 78 40 R AR L I 1) 7 470 2 PR R AR AL
¥, 1 Mann-Kendall #556; A] A€ 5 A B B AR iR AR A (Xu' et al, 2010;
Zhao et al, 2007; BRIV T*4%, 2009; T-AEESE, 2009; BEA 9, 2007). MERF-HIE
BRg: (K 4-1, £ 4-D K&, 3 /KSR B AW s ok a4 1 #R
S, o 1Sk vk K SCWTTRAR IR S A RN, S T I
MEA P, (EARE. X HEBAE  rTA, S5 7K ST i s f
K, 15 8.71X10°m¥a, 1 5UkK)IIWIHIKZ, H2.98X10* m¥a, ZSUKFiff D,
9 1.52X10* m¥a. X255 & QAR R 56, Bk SO 4R
IR IR R K, KRR 2, AR RS 7oK Rl AR AR B R A2 i
MUK RSO Wi A K IX A R /)y, AR LR S AR s 1 50K 1K
W T S /K DX TARAE §- W8 22 0], AR IR 70 A UK KA 3T o

% 4-1 SEARSEMIERX = A 7K W27 A B F5H) Mann-Kendall #3455

KW KGR U Kendall f1% g @dsk BEM

1591 4.54 2.98 Tt B
UK 2.96 1.52 Tt ITE
Ay 1.01 8.71 Tt AN

MEJEIX AR ZE A e (&1 4-1) ATRUEH, 3 ANKSCWiifeim Kk 3k
P A B2 AR A B 55— B BOM B A D s TR 1) 90 AEAXAT, i
WK R 25 BB 20 48 90 SR R4, UK ERFEag i,
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HRHE - BRI Ry R UK R FHAUSOR SCRFIE A R T A A 1 i

HARFFR G IO S, HR /K SCRT AR A 2000 4F LU T By, HAK
M5 L5 UK K SO AR P AU AT 23 i JUANI BECREEEI ) 2 4 a S BA 1D
— MK (1959-1983 4D, —ANFIKI] (1993-2008 4 ) Al —AF)37 ]
(1984-1992 4), HrhahG N FFSEF KR K I R R, RS . =
UK K S AR it 2e 7 7 AL AR At A, —AMAG K (1982-1986 ), —
ANFKI] (1997-2008 4F) A MNMRIKHIB) W] (1987-1996 4F). 4% /K T
T AT AR AR LU %, Se R T — A8 (1983-1989 4), B i /2
—MAliZKI] (1990-1994 4D F—A~F=/K ] (1995-2000 4F), 2000 4 Ja X kA
—ARKI, XTE—E R FUESE TR K SCIRTTIIAR A I A 2 1Y
38

200
al cl
150 600
fE\ 100 400
E 50 200
-
B o 0
jind]
= -0 200
?{E - 40 F —_— EETE o
=100 [EE=E5 400
150 A . , L L L a0 . L L \ .
1960 1970 1980 1990 2000 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010
200 20 500
a2 b2 c2
0 o —— EfAhsk i
— 20 0
= 200
_rE -0t 00
9 400 F -60 F
=
= -600 F -80 b 1000
ling =800 -100 1500
=B 120 ¢ i
¥H -1000 .
h Loy (00
-1200 | 160 F
_1400 L ) L L 1 i 180 . . . L L L2500 . L L . .
1960 1970 1980 1990 2000 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010
F fir
f=-ly TN =Nk TR TR 3% B A :
B 4-1 BEARFFMEX =K XHEZREFFETR L%k
(=Y Sasl o e
(@ 15kl (b =ik} (o) BIF
E3 4
4.1.2 [ HA%F1E

1S UK AR ST T A= 3 AR 73 BT K Morlet /NBA L, 1407 VE TR
AL SCHR (Liang et al, 2011; 3036245, 2005), 14 A A0 FRAT FH S AR B . 7
TS, /N R B T A 1 P Lo B P AR IR AR A L, IR
i 2, SUERRERERCD, DRI RER N TR R AL . ]
4-2 7% 1 '59K)1] 1959-2008 423t 7 #11¥) Morlet /N AR RECFE(E LK. &l 4-2
AR LR BIIE S, ROREARIRAT /N AR I AR 22 A5 P B AR 1 B
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SEPYEE T 50 @ SR AR TR X AR 1K 2 5 D 3 B

JRAEAR AL T3 B AR AFAE . ATLAE L, 15 VK)1EE 50 a FAR It
()51 1 13-16 a £ 5-7 a P S JYIAN [ BRI I8 28 N i ko £ 13-16 a I ] RO L
1S UKNBKARIREET T - M- E -l - Rl -F-A- 427 B2, &H 5
ASFRREZKIIIFN 5 ASAERE K. 28— MRl ZK I 1959-1962 4, 1962 22 5
I LEREAN KM, BEASFAR A AR A AR 5848, 1962, 1969, 1972,
1978, 1984, 1991, 1993. 2000 Fl 2004 4/ RAL4E, fF 5-7a IR NE I, &
AR I A BREAE L T I BRI ARSI, TR IR,
JHR G A . WAL ERE, ToiR AN ) R, defn— 5%
{HLLHASRA ML, NI RBN AR 13-16 a A N L2 szek, R 13-16 a i
BIRBE b, 1 S5 UK AR GAE AR LAEK 4k S (R Fr i 22 a3, EE WA AN T K
AR RS B3, NSRBI IR, R ZoKSCRInAR I T fe N —A>
FEX A KN o

30

25

20
|

I 1) ] (a)
T

| | I | I |
1959 1966 1973 1980 1987 1994 2001 2008
"
T

B 4-2 BEARTFFAIR 1 Sok)II7KSCHIE 1959-2008 F2 /Nl REE (KRR FEKE,
R R

MWARGT NN T 2 (B 4-4 (¢5)) KF, 7E15afl6aififi 24 W
WA, UL 1 S UK ROK AR — A 15a, - MIN 6a. 15a
16 a sl KA T P MG ER L, S T3 50 a UK RlK Rl [Rl g
R TEIX PN 8] RS BT A I3k ETHE R 2, X5 /N
Pl S e R SR TR SR AR ) &
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4.1.3 RLHFM

1 S UK NZKSCWTIAR R S AR RE PR 40 AR - Mann-Kendall ¥, 7751740
A2 UL SCHER (Zhao et al, 2007; Lu et al, 2004). i 4-3 \fLLAEH, 150K
KA AR IS 2 50 a B4R EARIID 3G nfa s, 75 1996 4F i UF 2t 5 R4k,
RPN UF AT UB PEAHAS T 1993 4, Hor 1 11.96 {5 BE& 2 1),
P W] 1993 A2 UK KA RAL I UG o LRG TR/ N Tl LA, 150K
J LKA ELE 1962, 1969, 1972, 1978, 1984, 1991. 1993. 2000 F1 2004
SR IR AL B SRR, (HECIESEARIIE InN2 A 1993 SETFFUR, X HERR T 4%
(2005) *f 1980-2003 4 1 5 vk I Bk AR 751 1) 73 e 4 R L, B 1 5
UK RK AR 2 25 B KT U6 T 20 40 90 4EARH)

6

4L \/UB\\
w2 [
p= wa iy il
Kol #%
a1 WA

2 -

_4 il g ¢ g @ 1 5 & 5 3 /| 3 o ) PR I S S N

1960 1970 1980 1990 2000 2010
iy

4-3 BERFEUIE 1 Sk KX ETEZR Mann-Kendall 34636

4.2 SiMERERTLNIES

G IX AR AL H TG A B R, RT3 A UK AR Rl 4 R B R AR
=28 (HERIUAE, 199700 AR A il T B AR RS54, 1 Bz il T
AR B AR LR LS ZE AT G s . AL, FRATEFE M
PR UK ARA 22 18] R 9% 28 R 5 Tl X A i AR AT LB
421 KINERESIEZ. KFHBRIGT B
(1) SAGARAXS UK N ARSI 5% 10

UKNARIR FEE T 1 SOk K SCKTARIR, /K SCRTHAR R4l ity 70%K
PETVKNRK (2R3, 1985). MK 4-4 (a5) wTLLAEH, 15 0K)I14edfEis 50
a Mk R InEsy, JUHGE 1993 fEZ R AR o ) Ee - HT iR X RV
VRGP B TR (5-9 J1) AR ANAERE K S 1K 5 a 183l ih 4k (&
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SEPUEE 3 50 a K55 B AT IX AR AR S 5 R 7 B

4-4 (al-3) ) wJAN, PR TR AR AE 20 D 90 AR IR A, 1Y
AR EE, LIHEES N 0.50 T/10a 1 0.43 T/10a, il 7 0.01 B &M
KPR o FERKE B _EAEAS 90 SEACH)E 2000 AEHY A, S 2000
JEREA R R, ABAAEREE AN EGEKCE . IR, 1S UK R KA Y
S0 5 T DX AR P 2 T AR S K O B O . AL Mann-Kendall SE748 4
Kigk (B 4-4 (b1-b5) ) KE, KIGESGEA PRSI W<, %
TR UK Rl AR S of WL (R AL, BB e 1993-1997 4[] — I ) B¢,
PEET 1 S0k S0 KR AR B BRI R OG R, UK AR AR Ak B4
ST AR B SREE . BAh, IhiIT 2 Mg (B 4-4 (c1-¢5) ) &, 1F
U ES - E AW (15 a) 5 E A (6 a) 5 i Al AR A S — I (13a) .
BRI (6a) A, BRI PR B0 UK ) 1 Rl AS LR B AE DTk
IR, XTI (2011) 13 1 S uk)KSC SR B2 5 AR A
IS5 A5

40 5 14
"ji (al) 4t " 12 (cl)
O 4 3 w10 -
~oed 6 [ &, R o8t
mAs = =
50 - e 206+
T osar 0 T 04
54 sl 02k
56+ 2
Es s 3L y h ) p 0.00 [, = ST
L1260 1970 1980 1990 2000 2010 (1960 1970 1980 1990 2000 2010 0 9 12 15 18 21 24 27 30
—~ 36 5
O 34r @) 45 ®2) A8 (2)
o 32 o 3r 06 F
P 30F Al ) S S S =
= 281 K1 x4
26 O < 0t
T 24 a1t !
a2t 2= 0.00
20 1 1 1 1 1 _3 1 L 1 1 1 1
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 1506 0 9 12 15 18 21 24 27 30
4
g 550 s |
g (a3) 3 .:4 1500 ©3)
E o 2 s
7z 500 @2 Ix 1200
Bl = 900 |
R s Ko <
o 450 ! 600 |-
& ) 300
400 | 2 ‘
1 L 1 L 1 3L 1 1 1 1 0k
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 0 9 12 15 18 21 24 27 30
300 3 80000

T

60000
=

40000 -

=

20000

I (ad) (c4)

%);' |'1?5€_I(nnneq)
2 g
(=] (=} o
AiHE
bbbt m—w

2 (b4)
900 L . L . s L L L L ) 0k PP RO P NN SR O W
1960 1970 1980 1990 2000 2010 (1960 1970 1980 1990 2000 2010 0 9 12 15 18 21 24 27 30
> 1200
300
55‘ (as) 1000
& 250 | fm H800 (c5)
o = > 600
£ 200 K i
& ke 400 -
150 F 200 |
100 Lt i 3 i . i, L L L 1 0k i )
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 0 9 12 15 18 21 24 27 30
G i 839

4-4 1 SKNIKXHEFERS KEASKRGFEFEKE. HAH (5-9 B) SiR. FK
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2. KRS 5aBshFEY (al-adb). KLY (bl-b5) H/NKEHZE (cl-c5) K

AR FRG AR N AR IR AR, BAIPRIE T 48305 41 vh DA i Bk
[¥] 2006 -/ N1 1976 FREAT M. 3K 4-2 FIH T IXPIFEARR TR
BT Z AP IME IR PTLLE HY, 2006 4y miifE K S 1976 4-4HY,
HA PR SBE R 1.6 T, S5 2006 4E A PHHE N 0434 m¥s, HLE4ET
{380 141.1%; 1 1976 4P FRACN 0.119 m’fs, b Z4EFHIED 33.9%.
X AN RO S35 T s Rk (i AR ] (3524 30.8%), (H 334t
AL N R KT R, B AR I S AR LR E . 6-8 A CF
PSR 5.1C). 7-8 H CEFEAMN 6 T HFRRSE i B FE 5 M fil X 1k
I TRV RIS, 4k R AR K/ o 41 2006 “E) P ok, iR H 15
UK Z P2k BEAE 4150 m 4k, PR RER AN 1.43 km?, o k) TR
85.3%, MEXIMALA 0.247 km?, 1L 14.7%, WAl 4P mEC L2
FEE X, MR Oy KRB EX . thah, 6-8 HFE/KEF 0, [FmEng 7 H
TN KR, IX A T3] 2006 4 1 50K )1 P8 ELAE 6-8 H k8. Rk,
2006 A2 YL ds K 3= 22 T 5B 2T 5 300K ) | 55 2 A T Y X = 9t o 7K U
PSS-SO

3 4-22006. 1976 £ SE KR 1 Sk)IER. KOS KIGEREBASIEFEKTL

— 2006 1976

50H 68H 78H 59H 68H 78H

HAEEA (T 3.4 5.1 6.0 1.8 3.0 35

Rl ZETY) (T 2.6 4.2 4.9 2.6 4.2 4.9
Ak (T 0.8 0.9 1.1 -08 1.2 -14

ek E (mm) 86.6 113.1 1005 865 1049 86.3

FekE 247 (mm) 80.2 1023 1052  80.2 1023 105.2
AL (%) 80 106  -45 7.9 25 -18.0

R (ms) 0.434 0466 0.598 0.119 0.163 0.214
T LA (m¥s) 0.180 0.270 0.327 0.180 0.270 0.327
ALk (%) 1411 726 829 -33.9 -396 -34.6

N RE—DERGTOK)NIAR S R E ISR, JATTEI T 1985-2008 4 1 50K
NS KPS %k 3R AR T 20 b . e 4-5 w140, 150k )1 H
-5 R PE A S0k H PR 2R EOCR, ARS8 R B (R=0.762, p<0.01,
n=115), KIATHRIASEK T 2T B, v S s, d—PRir T
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SEPYEE T 50 @ SR AR TR X AR 1K 2 5 D 3 B

IR FERKFEARTR AT A3 2R 458 .

250
o ME o
200 F LA 2R
T o
5I:>() . o] ’
- Q= 8.8287¢g0H2T O 84
ﬁ% &/
100 +
m
S50k
0Fr

-4 -2 0 2 4 6 8
T i) A<l (°C)

E 45 S&AFHTR 1 Sk ARRSEMBATISKEA THSRNAHE
(2) VKN 3506 UK N AR 30 10 52

DK EARBIAE UK ) JFAE Coi) AR B ) (GR i (28
SHENAE 2003). 15Uk IR 1959 SR WIAC S LAk, K E4 b T
THUIRA, 1985 LU A IE GRS, JCIE 1996 R A X Bl
M (K 4-4 (ad) ). 1959-2008 4, 1 F UK P-4 V-1 43-273.9 mm
(Z24-52.2x10° m®), BRI TP #iA $1-13693 mm, A4 F oK1 #1959
IR T 15 m LLE, BRT RS 2610<10° mP, BhAh, 15 0K)1 A 1997 £ELL
SR ) 7 3% 52 6 ) 5 P47, 1997-2008 4E B 12 a (4 i P4l 21 73 25 50 a
[f) 61.6%. HAELET, 150K)1] 1994-2008 4V 45 /& 1959-1993 4E () 1.7 1%,
I — ISR U 0 R P2 384 55 UK ) ) B R H ts  E S DIIBE R, Xl T
M1 SN T 5 0k K AR 0 % & A R AR AR AL AR R IAE (] 4-4
(b4-5)). M/ T 22 M2k (K 4-4 (c4-5)) WTLUER], 150K —
FJWh 258, B E RN 9a, HUKJIARRME— — IR 2R
RS RIT A 590 V- 405 9 55 A AH — 30, ARLEDK N 40T F- 485 15 918 95 10 Ak
FL UONE KRR R AR, R 1S UKk B AR IS UK 1 R 3 A
AR VICR . TRV, WP SO — A 254, 15
UKNIRIT 51 50 a, 25a N FHIT ke s . 8k, BEAG 7 91K B
I, 4345 H BT 22 BE AT S BRI R
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(3) VKNART S KNG DG R TR

EEnE v TEIIP S = QI K e R N v/ N G B 70 R ) R VAR
Lo RN RAZ O BURR, 25038 E S R 0K [ 3 A R 25 2R
UK N R AR AN AL S T UKD TR AR R I W R, B8 1 oK) 1AL
AR S W, B0 S5 ALK N AR 2 B8 5 R DK ) 3l 7 22 e R 1 A2
b (Z=ERRAE, 2007) o 25 FIETEAE (2011) FRHE AN [ H0K ) 1] T AR 45 e
X1 S UK SR, BATEE T 15Uk S —IK )AL
UK RKARFERE N, VHE T 1962-2008 41 1 5K IAR B i (& 4-6). M
HRTAE 1 S UK RBARAC S M iR Ul T UK AR AR, AR REOE
0.72, #EFRMAE, KEMUNIRFRVRAIE 1 S 0kDKCHmies,
SRR UK RKARR Ry 30% 7847 DR UK AR BRI R R IFANSE 0K R, B
T VK ) AARRAR A A UK BlK AR de DR P Al T, 8B e b A —
SEFEST . X NIRRT “ AR —UK N ) S5 A A —UK )1 51 g 25 Wi e—
URNARRR AL — VKRR X R ER I B e

400
—a I%f/ﬁ}”ﬁ’{fﬁﬁ
300 F —e— 1S UKNIEBU R
£ 200t
=
iy
A
_\_4\_ 100
0F
-100 1 L 1 1 L L
1960 1970 1980 1990 2000 2010

§
B 4-6 SEATHAIE 1 Skl 1962-2008 fE1Z T 5 7k )1 AFR 15 5 B bLig

NHEBRD 1 SRR S5k UK E R R, AT 1

S UK NN I Bk AR K SO AR UK 4050 FK PG YA A< 5 7 )

AR BRI L (K 4-3). 1959-1993 £EUK )11 Rl /K420 0 107.110° m¥/a,

1994-2008 £y 207.210* m¥a, HAiiAMIN 93.4%, FLrh4) 13.19% K T4

AKIETN, 80.3% AR T-UK NPk o K SCWTHIAR A N 69.4%, 4 6.8%

-34-
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SRV T BRI N, 62.6% KI5 T UK N Rl K ARt i Dk, B 2K SCIRT T A2 19 g
90.2% 2 UK IR 4 1) 45 L o P8I i 0.8T 534 484 mm [0k 114 )55 4%,
ERIE M 113 mm Bk (B W AR JEEiR, H2 Tok N iF
145 4k-605 mm/ T, X5 EEI (2010 b) THEHA 15Uk A L 8
JEPE (-633 mm/T) ARIEIT . X 1 5K 1A P-4 RK SCIRTIETAR AL 23 8 v 40,
VKNP TP 48 100 mm w] 5K SCRTRIAR AR 1L 22.9>00% m®, 1 159K
i % 50 a RBWICTAG A-13693 mm, AH Y TEIAMMAT AR A 3135.7>10°
m®, ZEERTER 16.1 5.

% 4-3 SEARTTHMRAEGS[RUEMEK. SR 1 Sk 4R T8 R EKCHTEZRRE 1993
FHT. FERTL

N i WP UKNREKAE UKNREKAE AKSCHmn A

Hof 3 25D 525 C y

ik /mm /T /mm 7 Imm 720t m? 710t m?

1959-1993 538 5.3 -102 603 107.1 159.9

1994-2008 651 -45 -586 1166 207.2 270.9
ALY 113 0.8 -484 563 100.1 111

B4k (%) 21.0 93.4 93.4 69.4

VE: DMK BRI @AvkIUKFRIR, P44 99l 2% o (Lietal, 2010)
422 MEERSSIERTLXR

AL AR TR S VKRR LU AR . B 4-7 (@) WA HY, 1982-2008 4F
M), 25 UK AR R B K AR — 8, RV AP IEAR GO R (]
4-7 (b)), RHABEIKZEBEE LA AR . Heah, IERUR AR By Cn
[tttz 80 AEARAMART 2000 4ELISK) SARGIN MR LS o ARAE K PGS
1984-1987 4F [N FEKTESFFIE 4T, 2P 81.5% K &K (EHFE,
1992) YK 7K ST LG K P VA U5 i 24 300 m, oK A R 7 B K L
I e BB MG R RS, B, X GERURD X
PRI NG AN T R

o, A LRk gy, oKD, AR, ML 2004 4 i AL
WA, R T — AR S R R AL AL, DAIB R R AR 41
WAALIE N . & 4-8 45 H T 2003, 2004 4E25 UK /K SCW T H ¥ AR K. T
BT AR . W RTE H, 2003 4K Z (510 mm), Hd 5-9 A
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HRHE - BRI Ry R UK R FHAUSOR SCRFIE A R T A A 1 i

Pr 2T 91%, HIX—4ERSIEAREL 2004 4EAE, WAL T A 0.1,
IEARIRABANA 199°T 6, i X —F I A A 784y, T B S He e ) 9k5s »
10 J3 4 iy AR Vi Rl I IR RS L B OCORSZ 20 T R s Rk ge Tk, 2003 4R 7
A9 HMETRK 18mm, 8 H 28 HAFH Y 55mm, 9 H AN 39 mm, Xk 10
AU 3 AIHMBEKAR RAEE ST T 4 T . 2004 423 Rt P35
WATE, b 0.6 T, IERUE TR 238 <Td, R TR IS
PN, AR T AT R, RME T RO K S A b, R R T
—ABKRAH

1980 2005 2010

o (=]
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SEPYEE T 50 @ SR AR TR X AR 1K 2 5 D 3 B

S AR AP AK SRR I, AR 2 22 0 B K FOK 37 kK, B
PR 7K 2 555 A A L AR R/ o SRRSO T A TR X 7
ZUK)NAER, VKN HEHRAN 19.7%. 7 40K)11 1964 4ERFN 5.7 km?, 2009
SRR 4.58 km?® (11 2009 4F 8 H 25 H ETMHB KSR 313), 113 46a
PKONTE RSN T 1.2 km?. g% 1 Sk e, AU HesoR Jy
A5 SR X UK AR R 45 2k 1 7308 X 10% mP /K 24 &, A1 24 TAEARIR R 5.3
try AWIVK AR A2 R4 /K SC T THI A9 1) T B A J 8 4 o

€ 4-9 %1 T 1983-2008 4 i 45 /K ST IHIAR A0 AR PG ¥4 S 5l IE R K
Ak, ATRAE H, R SRR, IERURAR M OCRE A, KA 5 B B -
1983-1999 FATYR 5 MY M HA, 3X —If ST BEe K A TE AR A 52 3G a4 {H2
2000-2008 “EA2 /b, i A B ACGELER I, IERNEAA W R T ds. e
B KGN, AR RN, KSR A B A B I B U AT,
Ifii A\ 2000 AF )5 B T N B34 2 S ERTUX — JsU ], FRATTAR A 0K 1 DX 7K &4l 7
P O, 1991) 3EAT 0 Hritie:

AS=P+M-E-R (4-1)

R, A S S FEAE K EAAL(mm), P K& (mm), M k)1 K Cmm),
E AZ&KE (mm), R AEHME (mm).

MR 1987 4E LISk K TUYAA %0k 20 em H AR 28K AL R, 2000 4F )5 76K
EHILT PR (B 4-10). Liu et al (2009) [IWFFTEN], fEHsEhix, 7%
L7 RN S B 28 B IR A A R AR A G &R, DR SIEBR Z8 O I & 2 3 6
ARFERE AT 1) — A S K o UKl AR KRG, R 1 50K Rk A%
AR, AR I 6 UK FBUN CPEII<1km®), 5Tl
SERPROEDE 46 7] BE S BUK RGOS M I, HAriEs FREy R . 1o,
TIPS X R B AL AR B K SCRN AT BE DA 24 B 2. ARPEBRORSSE (2010) X1
EORFFIYEIX 1991-2008 42 4E VR T AR IF SR T, T35 X3 2)) )2 52 3 T 1
JE et A ERAR R I LR R s, — AR 2 (R K T B, b
AR, K RIS K S — 7B WS 2 INER, W3 b e
SRESPRIBOE R, ANARIL. ERBEKIE NG 5, ARERRN. K
N RZK ek > DL R i it 7K 22 R 34 I8 o] B S BUR T IR o 28R, IX LR 5
PR — e FEARR PR, T ORITIR,  H AT ML e R AR
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HREA Ja it — AT
o g
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(83.56km?, 25.1km) (2010)
FR3E LB —k 1] 6.78 km’ R
) K il 2 VK A 2h 1700 2006 4 8-9 o
(2.87km?, 3.8km) (42%) (2008)
E[l & Gangotri VK )1 o 556 km? Singh et al.
) RRE St 3000 m 4-73h 1700-2100 0800-0900 2000-2003 4
(286km?, 30.2km) (51%) (2006)
7% 1E Baounet ¥K 1| Jobard and
DNt 2-9h 2003-2004 4F

(2.5km?)

Dzikowski (2006)
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FERE BEARFHRRXKIEERR

A TE A TR AE T 5 1 B AR TR I X UK T3 9 = SRR i A R Sk |
SATYRIX. 3 ANKSCWT IR SO AT R . T EEHR A2, B T 0K K e
W AU AR IR BA, AR R S0 E R A 4 ST, BAT T B0
1 S URNFLR PR A K SO HEAT 74047, b B0 45 S R K &
7 VKA T4 T AR R A oy = 7 T P 2
6.1 BMiERX HBV {ERRGE T
6.1.1 HIEHEE

WEE = FHTIR, HBV MR RIS . . SEhrZSmc. LKy
WAE ARSI O RE & A 2K SO Hr, B8 O R AR
A, JFAEESE E 50 224 [ SORTHE X A5 21 B D M F AT ST (Lindstrém, 1997).
AR YR DR AR AR (s R R Sm) . MEAR. R RIARIR
TR RE, % G MK SO B R IT R I HBV-SMHI FRAS o IZARAKE I 57 X K1l 43
AEATUIR, AT I ARYE mFE . KRR 5400 5 i 2 SR
DS 2% 8T 48 R0 3 W9 2% [R] 434 (1) 22 5% (SMHIL 2006) .

HBV-SMHI A5 7 75 2 1) 4 A\ 2 500355 =0l R B 7K I T 3 471 1) <52 i 0 4
P H AR ZEOREE LI i it e A5 A o in i B4 R s, G DEM,
RS o WS B B RIS TR VGV A B whi 1985-2008 ALY H S
W H K s A 2005-2009 AL H G H I Higm U,
AR HARXHREE . HBEK SR H B s . s i 150K 1RR
PEPAS K SCIT T 1985-1995 £EAT 1997-2008 4EWLIN [ H RS Kt . b Bd %
i1 1:50000 (175 & A5 X ik B 18], 120 T B T R S
Gy R RR A o R P ECE SR T o B SRR PR A i, P ok 1 R A
UK N4 H o

N HBV B TS I R 2 i, B S B AT ORI A R o, v
SR NS (R 2 K S 3R I 7 AU e 7K SO T (1 v U e 24
(1) Ly IX F I IR J o3 J A o3

22 15Uk BUKCERUATE 3 ARSI /K DA, R 3T Kl 4

»
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K 3T, il 1S UK R A UK S ik (&1 6-1).
R 3 AT YR R Al AR SR AR K s 1B 6-2 5 1S UK AR A T
I8P v R - b A H 3

o

1 1 I 1
86°46'E 86°48'E 86°50'E 86°52'E § -
= X T i?
. Study Area
z China z
- &° &
e =
z z
e ~
5 ng 3
Legend
Z A Meteorological station Z
I o
2 ® Gauging station 0
e~ River
w0 Glacier
] Basin Boundary
0 05 1 2
km Z
- g‘-\ -
86°46'E 86°48'E 86°30'E 86°52'E ¥
L 1 [l L

6-1 SEARFFIEXFRAIX 5
(2) LY XV L 28 O B T B

TR 2SO RSy B, RO e S H ARG . HBV
F 7 b 3348 Penman A5 AT Thornthwaite A5 78K PH 5798 26 28 0K B AHIFST
PEFH R PUA S %0k 2005 4F 1 F 1 H-2009 4E 7 H 31 H A ) H F- 2 )G L H
By gl FHRARAGE . FADSRR RS . F Bk &0 RN 2l
KA FRAAZ] (FAO) 1998 X 1E ) Penman-Monteith #5758 7145 5 i X
WEZEHURE .. CAWIITEUR (Liu et al, 2010; Gao et al, 2006; %144 R4, 2003)
R, ZAER P RHUACR LR, TR A SRR
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SN AR FHRYEIX K S R

OAO&MRH—G)+7T32%3U2@§‘%) (6.1
ET, = -
0 A+y(1+0.34U,)

A, ETo MBEZAKE (mmd™h); R WEHES (MIm?d™); G 41
PalE (MIm?d? ),y A TERE (kPa<Th); A WEAKIE kgl
(k Pa<T™h); Uy 2 Kk Xk (ms™h); e A FIWAIKIE (k Pa); e,
HSEBRAKIRE (kPa); T A TS (T,

(— " S]]
s R

()15 7K At

4222-4463 |

4142-4222 1 |

iﬂ]ﬁ 4080-4142

il
z 4021-4080
3950-4021 A

3888-3950 +

3709-3888 -

12% 9% 6% 3% 0 3% 6% 9% 12%
(b) B ik

4100-4362 -
4007-4100 1
3929-4007 A
3855-3929 A

EE 3789-3855 A

TE 3723-3789 -
3632-3723
3582-3652 A |
3497-3382 A \
3364-3497 1 J

4% 2% 0 2% 4% 6% 8% 10% 12%
HIFR A 73 L
6-2 BEARFARERX () 1SK/IIF (b) BEANFRBNGESHRLHFAS X

4] 6-3 4y KL Sl 2005-2009 4 H PR 28U R (AR . ATLLE H, %
HCEAE—SE i 7 JJA0 8 ok, 12 AL Hsh, X5 SR FER U R
K 4TS mm. K 6-1 E A AN F A E PRI S — RN VB E 2K UK B (BERY
PR T EAG —EI A — KA — KD,
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3.0 F
z 25 F
£
W20
]
=
®o15 ¢
i
#z
T 1or
05+
(J“ 1 1 1 1 1 1 1 1 1
12 3 4 5 6 7 8 9 10 11 12
A
& 6-3 KPAS %85 2005-2009 B934 B B R E
£ 6-1 BEKRTHIRERX HBV EERMAN BB AR E
A H I ZZHE (mm) i F1iy ZZHE (mm)
1 1 0.11 7 22 2.1
2 21 0.47 8 8 1.68
3 18 1.21 9 13 2.7
4 10 1.32 10 10 0.92
5 15 3.61 11 16 0.21
6 18 1.65 12 31 0.31

(3) LRI X IR ST 1 it e 24 HQ TH 5
HQ fE Rt A2 02— 5

Q- MG ()
HQ:86.4~|\2\HQ/2 (6-3)

A, MQ WS BN I3 E, MHQ A FTIT Bt P 4 B K= 1)~
PIME, A HIIIAL AL km?),

AR AN (6-2), WHEAFE 156K 17K Wi HQ {24 10.5 mm/d, i
K SC T HQ fHh 6.4 mm/d.,

6.1.2 IREVRF S

MRYE 1 50K 5 S K ST o 2 s SR e B v, 18 W S /K ST Wi
1985 EEE1E ARV AR I “ iy (warming-up)” #, F 1997-2008 43t
AT R, 1986-1995 A AT BRI L .

N 6-3 iR, AR ALVEE TARZ iS4, Joh ot 70t OBl A g » gmelt
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M pealt (3R (Wu et al, 2011; Huintjes et al, 2010; 47k Pe%, 1992) i & B
Y, (HRZHSEER T L MM ERFE . AR Fahddsk, md
AW ZHE, HBFE] DS SWMEART S IS EE, o LT
BEAFIN
(1) V3% sfcf, rfcf F fo A L VLRCEFAILEF TR gk, X
R S SN ¢
(2) J#Ett, dttm, tti Al cfmax 20{H. tt+dttm SHue T HEFM T AN
IfIR], 32 g R R K A, cfmax 5 Vi BT B it 2 b
(3) % fe. Ip F beta Z0ff 2 VCHC B FRIFKZ120, beta MR REUK,
X 3 NS IR TR
(4) %% kyv perc. khg. hqg Al alfa. XEESHE MR E L FEZ K AR,
MAEZ AR . khg K, WEEE S, WEdBRLNE); alfa K, iEEE
1, ABJKPL. perc Fl kg K HEEIET, perc /LN, ke 52 BERIEAR
(5) %% maxbaz Z{l, %S HERGER BN H K ST S TR ) K,
oK S R A e I (R R, 5 AT RR DR /N R B AT G
BRSO, 2R NP0 H AR ek B TR S (Akhtar et al, 2008;
SMHI, 2006; Nash and Sutcliffe, 1970).
(D R Rt FEm A FE R B OR R M R?, AR
,_ X(QR-QR,,,.f - X(QC-QRY
% (QR-QRy.ef
A, QR MGG E; QC AN E, QRmean NS EIIIME, HA1
A mfs. ROAEBAEIT 1, BT .
(2) S SRR 2 1) 2 SEARRADN R % RE (%), AT

R (6-4)

N

> [QC(i)—QR(i)]
RE =100x =L (6-5)

N

2 QR(i)

i=1

A, QC. QRENSHIN (6-4) M, RE {HMkHEIT 0, Bl LS.

NS EIIATENE, BRI S R AT 4 ahh, BT e 1
UK T B R A R ) T DA R S B AT 2 bR K. K 6-4 15
DIV IR 42 P A 7K SC BB TR I 1) RO Bl 5 I B R b AR
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AL RUEE s 7K ST TR ASEAL 04 438 5 W 38 et 20 LA A e 1A — 3501k
TF LIS BP9 AN 7K SC T T 9 70 26 08 S I BERURS BE B s, SR R R
0.77-0.81, ARUUIRAHNS R ZZIIAE-A% LAY s BRI I ARG LR =, %
FRECH 0.71-0.75, FIMGEHIHRZFHIE 6% (K 6-2), H BN
ARV S 1 5 0k SN BT A AR i) — 3rE CRAR BT L 6.2
), WAL E F o R0 A LA e i S B T 1 5K RS A3 B AN K
SCWTTT AR AU R, U0 HT HBV ALY 7 5 ) g X A e 1) 3 v o B A )

M2 H ik 6-3 fras.
% 6-2 1 Suk)IIF =Tt B R RLTE M

ZK ST i} 441 Rimen  R'mn Rimax  RE(%)
g (1997-2008) 0.81 0.65 0.91 -3.8
159K i
I64F (1986-1995) 0.71 0.62 0.83 5.4
. g (1997-2008) 0.77 0.74 0.87 -1.6
/D‘Tﬁi N
IGAE (1986-1995) 0.75 0.72 0.80 2.5
2.0 1200
a
L 1000
. W - 800 —
- E
F 600 2
L 400 ig
, | L 200
d il
| 0
T = T ‘ T " ‘ \ T r -200
32238+t 8
S S 83 IS 8 &
1000
L 900
L[ 800
_ O -0~
= 0 TT=
E L s00 E
i L 400 IE
5 - 300 E
L 200
{ Fo100
f ] | ro
- -100
T T 7-2{"]

2006
2007
2008

— WL H —e— WM R
—— B H A —o—  HUIN T

& 6-4 1 Sk 11 () 0.2 42 (b) P 7Kk ST T 2R E B AN IE R AR I AR 8 5 WAL & PLAR
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< 6-3 L EHIREI S

4 S CRARTD 1 S/KSCWIHA KX Bk SO AKX
alfa P AHIR TR (5 0.9 11
beta TIESKESH D 1 1
cflux RABE EFK (mm/id) 0 0.2
cfmax FEHKT (mm/ (Td) ) 2.7 34
cfr UREERA () 0.05 0.05
ditm 5 tt IORE D HREMEI IR SRR (T -3.3 -3.8
ecalt BREMRBIERT (9 0 0.05
fc R ESKE (mm) 200 450
gmelt KEHKT (mm/ (Td) ) 45 5.1
hq FRERESH (mm) 10.5 6.4
Ky R RRE K R (dD 0.01 0.015
khq N hg R RE K B3 (d 0.195 0.193
Ip WEZHOR R (5 0.8 0.9
maxbaz B R AL R (dD 1 1
pcalt FKERRIEIERET (5 0.03 0.03
perc MR Z BT EARZHBE (mmid) 0.132 0.35
rfcf P ERT7 ) 1 1
sfcf BEEIERET (5 1 1
tcalt W E A (T/100 m) 0.7 0.68
it XArm . HEERE (T 2.3 2
tti WRTRES K CPER ) 6 8
whe TIFKEES (- 0.1 0.1
6.2 =GR

6.2.1 SR XK EF &S

ISP AT R IE R DO (KD, AR RN BN, HIANRIK RS
SCH K B2 (R 2R ST B X (BkMAO N EKIAR G, RIZKLEDS
R FE T, ORFEE S /K SCEEZRERE BT . HBV BRI RE A i 3 /K 14l
HAM, 2.1 75,

Kl 6-5 SRR TR I 1 5K )RR AN Tk B AT 22 3% Rk
AR IR ) 5D FERU I B AR, R 6-4 FIH T HEERTE
FEW (1997-2008 4E) FHIGAELY] (1986-1995 4E) (KPR AL. WLAE L, 2
TR D K B PAT 2E 38 T R IU E FIARIR B R, FLUOR FRK vk N i
PRI A i, ARSI EKE., IREH N KRR Z M Nk AR . A
KW okE, J5 P AR AE AN - 8 Boesh, Bt A 1E
TRV B AT 43 R AU LA I8
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% 6-4 BEATTTREX 1 Skl () FRE (b FREKEFEEER
R EHAFE IR TSE

R i P E Q ASnow ASM AUZ ALZ  AGlacier
. 1986-1995 534 186 637 12 15 2 -4 -314
15K
1997-2008 589 202 909 -5 36 5 5 -583
1986-1995 503 223 575 9 6 2 -2 -310
Pt
1997-2008 567 247 710 -1 15 2 -3 -403
900
= 60+ 2
= i
g 300
% 07
= =300
f -600 -
Iz -900 -
% 21200
1500 T T T T T T T T T T T — T T T T 1 T T T T T T
REE BRI ELEEERZEscgzgTLELE
(=2 N = = N = A = = T = = = S = = = N = = =) N o D o B = =R == < B e I )
——————————————— [} [ I o N o I o BN oo Y o I o I o |
900
2 00 P
E
E 300 -
i 0 -
& -300 -
[E..-'T '()OU -
% -900
'1200 T 1 1 1 1 1 I T 1 1 1 1 I | 1 1 1 1 1 1 1 1 1 1
e RTEFgIELEELEEEZTEsEoZETL L E
522282222 TRZTEIZISSERS
1 B&EK E  sckrgEUk [ G
— LI T ——— M T

E 65 BEATHRR 125kl () MRE (b BNFREKETHERTK

(D FIEBEKE iR 2R FOr i WYX 1S5 ok
B 7F 1986-1995 41 1997-2008 4, 4FF-14 [ K73l 9 534 mm #1589 mm,
A I AR RIAE B T 637 mm A1 909 mm, 23 R ¥mIE 1.2 F1 1.5 1Rl
FEIX PN I B AP35 B 7K 1224 503 mm 1 567 mm, 423 4 575 mm F1 710 mm,
A A 1.1 A0 1.3, AHEL 1 5oKk IR~ —28, AT 1. B4,
TR DX AR 2R O AL N UK TR R 7 S R R P 3 DGR . kI
VI T 5, 7 T R T UK S BlK R R A R, B E R AR .
— 71, UK)IE R —A Z AR I KPR, W2 K AR, TR SO
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TR RTETE RS R Y 1 ) e o= ol i O I 17 L e L S v B2 i/ DT
BIOK 1 et By D, g 7 UK Rl AR AN e S Z DKMt e, 9
AT UKD AN e DR, DK 55— PSRRI, s 5 ] Y
DK, XM ATAE 6-4 HRGUKNIMG AL T0E e ERSUIN B,
PHASSUR VKPP 0 O S UE, s Kn] ik 583 mm K 2, m] ML iitdk
UK TR TR AR B3 . bAh, SRR RIOR, A2 KM 35%
JeA, AERFUBEERE Y, URERIE . R A 3 KK A AR
B 2GR MRS

(2) VAT R RS KE . REH KRR 2 KA XK
ARSI TR RET . IR IR AR TOKE, SRR
RIS A 3G x5 M e (0 B /RS 2R MO VE D, i B GRS B4R A
EMEM e S IRDCE A R AR, AT A i o A A e Ll 5
LR, RRKREN ZE, BROKTT E 3™ AEAR AN T o [ IR DX o A A 7K A
HRLZE, B MAREKEZE, ART NS, 8T RER, FER RN
SAFANE . 3 6-4 AN, XEESHCIN ) RO AR RN, BETIX
SO A AT A A A AN

6.2.2 SR XK/ R T EERE
UK N ST o UK ) AT R B N A 2 —, WA 3 S IS AR ok TR 24

TH Rl SEP AR UK R B B 255 L (WGMS, 2007; Xie et al, 1999).
PRI AT 15 ok AT SEIN ) B s, i il RO B e 6 SRuk )%
A ST Ok, MR Huss etal (2008) FIBFST R, k)14 501 76 4
7 X AT . DRI, JTVRIX 6 450K (R4l SR T LIGE T 1 5 0K )1 4 5%
S R S BEA T 0 LE IR AE o 18] 6-6 S BB BE N 1 5 oK JITFIIEAR 6 450K
NEAERIR R R e, 1B 6-7 SRR TP 5 1 50K SE I o1
bei. AR, IR I UK ) IAER ST B #R B AR BN TR T R, ]
DRI T30, DR R IRFEERI Y it 4. 71 1986-1995 “FEAT 1997-2008
S, 1S UKL A KA 280 424 mm AT 436 mm, 457131 fil Bl 726 mm
11138 mm, -8 54T 4-302 mm F1-702 mm, X5 15K AEX AN
W SR A3 R, BRI 251U N -11.9%F11 0.8%, & WIREAUBIRG o 7
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HIFRIN BN, Hax 6 400K I 457373 9 -596 mm 1-1024 mm, 5[]
WA 1S UK AR EE R B BRI SO APIRAS, WP fEAR HE 300 mm Zedy . B
HRAESP IR SRR L 15 0K )1 2D 29 50 mm, 14T i L 159K 1 22 250 mm,
X EBEIX 6 4UK)IHGEANKN, A ATHHER 15 UK IG, U5 A N
AT, K 6-8 ABUG LMY TSR, b 15 ok IEME 5 S e
Ml G Yot RECh 0725, BEIBHMES 1 5ok SLiE v 1L R 50y
0.716, Ht— D WML B OB T sk )1 4 5146 o

(a) 15k J1|
800
600 | B M _
w0t (] m M — M M A — —
T
— 0
IE 500 | ’
v -400 F ’
™~
-600 | % 4 %
-800 [/ 4] —
-1000 | V] 4y
200 b T BIE 223 Zis /] “ U
'HOO.,‘1\;,.I_w:;odéwf::ﬂwcr-oﬁoc:w‘g:;':&‘;x‘;“;’i
§EEEEIEEEIf5EEEEEEEIEEE S
(b) SR SCHri B B BRI 5ok )1 26 4 vk ) 1|
600 _
300 F —__H—_HH 1 =T =1 Ea A1 A
0
— / 4 / TV
E -300 | ’ ; ? ; é ? ?
i 4 g Ay
el -600 | 4 é 4 ?4/4/
900 F 7 4_‘ V] f ??é?f
€ 4 . /
T S 4 ( é 21
1500 ) g 23 4 < (4
_]S()[) L L 1 1 1 1 1 1 1 1 1 L 1
225228z 2d 825 8aszg2s2zLssg g2
(=2 =\ S = S = A = = A = N = T = = A« N = S = T <A T =) o o o o o 9o 9 9 o 9
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ (o] (o] (o] (o] (] (o] (o] (o] (] (o]
&ty

6-6 1 SkJIl (a) FAEE 6 £kl (b)) FREEFEMET L

MY TP BT 5 G, B 1997 4ELK, I 150k Fd e 6 4&
VKNI Ab TR I T RS, FL L s (i 7 ka3, 1997-2008
UK NP 55 124952 1986-1995 1) 1 5, fEid %10 22 ar, P/ MIEIK)IT
T 11 53 930 4 -11.4 m F-18.2 m, 1997 4F LUK 5 B im0l 1 81 T 73.7% 1
67.3%.
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% 6-51 SIKJIIFIHETE 6 Fik)IRIMESRRE . HREMEY R T
I B FHREE FRHEE TV T

& 1 Bk l| 1986-1995 424 726 -302
e 1997-2008 436 1138 -702
1986-1995 379 975 -596
56 40K)1
% 6 20K 1997-2008 389 1413 -1024
200
— LSS i S
OF —o— 1B ML T
—o— K ST LA B 64 0K | RS A S ST
=200 F
n
:—; 400 F
-
‘.}@ =600
B
=g
5 =800
-1000 F
=1200
_l_l_(H) 1 1 1 L 1 1 1 1 1 1 1 1

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

B
6-7 1 SKJIFIEE 6 FikIEMIMRTES 1 Sk/ISZNYRTEE LR
(a) 154K (b) SE64UR
0r 2200 ¢
o o a
= =200 o -400
HE § -600
B 400 =
= fons o
% 600 | E
%_- 3 -1000 |
:.[E‘ -800 | a y=1.14x+84.31 ﬁ p 1=0.68x-482.88
. 2 2 -1200 F N
R*=0.725 2 o 220716
u]
-1000 L L - L - + | -1400
-1200  -1000 =800 -600 400 =200 0 200 -1200  -1000  -800 -600 400 =200 0 200
IRERG O f ol /i LS50k el e

& 6-81 Skl (a) FIEE 6 Fik)ll (b) MRTFERRINES 1 SK/IKMERIUE K FR

6.2.3 SR X 1T REM 2
RTTRATND A n ID S Bi o SR G TR oW A0 B U S i @ A e v ) ) st e
FIVEF 12> B2 (Verbunt et al, 2003) . Fij U Az, 5 ¥[JR X 457 3% 08 o 3
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AR, PN UKINARGR . R AP AR =28, MR GREHR KD 2
DL b = MoK Y5 AH B AR AR A ) — B ] 6-9 1 6-10 43Il 25 H T S iix. 1
FUKNFLRFE A /K SR 1986-1995 4FF1 1997-2008 4[>0 2 e, b
b FATT L5 BT BR BRI LA S FOOK )RR Fil =5 R0 R AR v kb e B 3

- ) 9 .
"’ BRRE (a)1986-1995% . — ARNE (b) 1997-20084F
— I )
—_ mmkm — — mEEKER
g i 10 1 — wimhedn
BRI B
-~ —— Wi _ g —— Eh
— —
x :
= C/(
. N 3
I, IE
B S
@ 4
2 1 5 ]
0 e ———elr— ) e e
1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 1011 12
A # H
6-9 1 Suk/IIKCHEREEMER (2) FAXEH (b BHFEHERES
10 1 B (2)1986-1995% 12 4 SR (b) 1997-20084F
— — WA
. — WA
9 | RERTAES
- . — m#®
g =
g 61 g
i ig 6
B 41 =
otal it
2 ]
1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 10 11 12
H A

B 6-10 BIKCHERBRIES () MEEH (b) WEHRRES

1 S UK NK ORISR FRI &, UK K AR & Lol S, AN 1
EEA 73 30l s 52.2%H1 57.5%; HLUCON B E AR, B SRR LGB 73 95) 4 38.5%
1 31.7%; BEMARELBIRN, 43500 6.2%F1 7.4%; itk N, MWILFEN
SR G, eI AL IR Iy, ST B A HEAYERFTE 3.5%
ki

Plmtss 8 A A o ORI . R IR R N UK )1 B
OB S S AN, i K ST AR IR A SR o 5 1 5K K SCT TR AR b 22 531
BOR (K 6-6). TERIUAEZ /K ST O UK) Rtk BU] 55 1 -5 7K ST AH B AT
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By, M B B AR R TTIR A LB e 1 S UK. HARR I,
1997-2008 4F-, 145 /K ST T VK ) 1 /K A2 0 R0 il 25 400 — 3 LU Bl B, 294 40%.
{HAE 1986-1995 4F, VKJIfl/KARH LS (39.4%) /TRt AR bbé] (45.8%);
B SN AR L A2 I AN IS BE S 20 30k 11.6% 1 9.4%, LS LLB 4> 1 7.6%F1
5.4%.

# 6-6 1 Sk /I F1S 457K STHTEZ R A 53

AN AU

JKSCIKTTHT EAy B R R i
R il R £ R vk

FEE (mm) 637 19.7 39.5 2452 3326

o 1986-1995

1 59Kkl % 100 3.1 6.2 38.5 52.2
s MR . 7. 288.1 22.7

ZK SC W T 1997-2008 FRE (mm) 909 30.9 67.3 88 5
% 100 3.4 7.4 31.7 57.5
JSSy 7 1.1 4.1 263.2  226.
. 1986-1995 FERE (mm) 575 3 5 63 6.6
P % 100 5.4 9.4 45.8 39.4
s MR 71 4 2. 286.1  287.
JK Wi 1997-2008 FRE (mm) 0 5 82.3 86 87.6
% 100 7.6 11.6 40.3 40.5

SRS 15 UKL AN K ST AR 2 22 0K PR 4. &A%
T > A I (RS, I Rl AR U LB e ezl oK) 1] R 7R B R A 00T B
BIfERT N, SR thmsAT 800, HEAEARH D,

6.3 ZE/GE

(1) HBV FALAE NI AN f A Bt B sl B A4l 1 1985-2008 4F
Bl 15 DR ML A2 K SO K AR R o B 2R A 4 5 SYDRIG I ST AU
it S AINEAUL 5 %% R 800990 4 0.77-0.81 A1 0.71-0.75, gD i 7= Al 4: Hl
7E 6.0 LA, RIWIIZAF AR B X 1R N 2 BRI 1K) o

(2) BRI 15 k)AL % T IEOK P i 25 R U, PR iR
R, HRMUON K K i 1. 280, s s . L3y
KEE S RJEH R KR E M B A DY 25 1) 2 SE A BB AR AR D o ] 5 Yt
R QU IV s RS K R R R (SRR TE

(3) B[ DX UK ) IAEMTFEIN BE AR R R 2N TR R . A
1 SUKNAHLE, e 6 ZRUK )RR AT s ZUR S RIRES DA 2941
300 mm JeA7 o IXPHANASK T RIBSEAUE S 150K N S INE 405 o PR AR SR
0.7 AL, RUFZAALB G BT, 1 5 DX (10K ) 0 o1 o
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R e R AR S Ry R ) A TR SRS AE R X T AR A 1 o B

(4) SRR 150K VRIS 2 K ST AR IR 3 2o DK ik AR . Hob 1
5 K SCIT TR K1 RlK BT v Ee i e K, K% 52.2%-57.5%; il 5 AR,
) 31.7%-38.5%; BEMFRI LN 6.2%-7.4%; FL LB/, et 3.5%/4
Ao MAERFEKSCMIH, BRUKNRKARTLG 15K ST Nz oh, Foe 41546
WG LG 15 K. BEE I RHERS, AN K SO AR I 41 2 22 0 H il 35 420 e 49 7
Pkl TR )1 AR R R AL L B ZESE n, it e R e A 38 (RSB AR /N
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S-EE 2041-2060 £F B A5 AR A A S

ELEF 2041-2060 FEEAFTAREERELFRAMG

b T RATNYH HBV BB T 5 S ARFHRR X AR, PR T id 2
AU SR AR AT B K S B B AR IR, P OB A I Rk &
i VKNP IR SRR AL D AT T b . o TIRASK SRR VK]
RGENE 50 R S WY AR AL, AR FERRATT N JESL I SR X HBY B, fiA
DI R RegCM3 Tl A 28 1] (2041-2060 4F) 55 X AR 1AL AL,
DL 7R A R AE AR A A R TR SRR 4R RS 4E N AT AR

7.1 RegCM3 XIS {EHER

RegCM3 [X 458, fiz 1% =X 2 = KR [ Br #E i ) 2 b0y (The Abdus Salam
International Center for Theoretical Physics) fEGiorgi etal (1993a, b) [*JRegCM2
P ICREA b A R A R St i . e a3l L5 [0 20 18)%, Tz v 8 4 10 hiPa.,
B 3RS K HINCAR CCM3Jr %, Bl e HIBATS1e (A:4)ke — K/ <18l
FERTT 2D, AT I T ZTT Al HHoltslag s &, B0 S Hb e #8251 Fritsch
— Chappell B BEKIGrell s %€, KRR KR HISUBEX s %o AR A T
IKSCARIATT IR VE 22 0503k, ] DA SE 474l e By sk N 7 Ak (Pal et al, 2007) 6

RegCM3#5 I IET 7 O AE T B AN [R] DX AT e, B0 2R 3 28 XU A -
B W S, DAS U I3 AR D e s T R DX A S R R A
Hr. Gaoetal (2012) [ HIRegCM3HEAT T H [F Ml X A K5 AR Ak Fr 0L Tl
b 15 560 1981-20004F 1) F) AR ARAL HEATRSEAU, Bk A5 2O 2 AR AR AL A5
WEES) s a2 PR ACR TR Sk (Z % IPCCRIALBTE 52D, 5
1981-20004F f1) MR ASAH AT B AR K TRAAIRDL . B S REH], 211k
V|l X - 280U W) T v, LR N ()RR O T s G O, TRl s X AR
TR R B iR G 5D X Bk — @ S n, (HEGIEA K.
R ARIESE (2005) LY JTJRegCM3 I R AE .,  LLERAAOH 73 #r B8k} 4y 4114 5t
FAt, H R AT AR O TR v St B T R e Y e DX R AT K B . &5
RAKH], RegCM3E A HALL T il i Jit S Ji i b X1 A B /K A il 32 2270 A Ik
HIRE T, A PR K B B RSEAUAEAE IR 1R 2 DK, IR B U A1, JC L&) i
PRI AR SRAEAE (2010 3 AR Ond i gt DX 2 20 F) U AR
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HRHE - BRI Ry R UK R FHAUSOR SCRFIE A R T A A 1 i

AT TR, G RRN], BEEORAE P8GR BR8] o A AU 1) HoAT
BT A RE T, RS REIAR LG, B e A e v L XA, B
IR G 2D, XA 2

I FIR BRI, RegCM3HR xS e [H X 458 i A IR 7 I BLAU R D), T
LR AP 1 A B L AR AR AR MRS 5 SR R A e, T b K g
AR AN ] AR AARAL A A
7.2 2041-2060 £ &R X SRk

AR HIRegC M3 A Fil i (18 st X At 20 1 (2041-20604F) 1) Ak
A St B2 HER K25 km, AU Bl 1951-20604F,  Hrf120004F
A UL ()i = SR, 20004F 2 J5 AT IR /2 IPCC SRES ALBI %4
HeRs 5 R KRB, nE7-1817R, IPCC SRES A1BSE AN R & HE s 5%, 1%
BAGIGK., SRILFERE.

6.0 JESRESTEF (80%) =
C — B1 2
5.0 F — AT -
C B2 ]
C = AR N
ZJ 4.0 :— A2 = .
; C A FI i | ]
g2 30— s000sip kT -
® » .
i 2.0 w0t S R =
& C ]
1.0 — —
0F =
_1-0:_ {-—tmENL-I—_
= 1 1 1 1 | 1 1 1 1 4 M0 <C 00 <C <C <C
1900 2000 2100
F

[E 7-1 IPCC SRES & HF R R E N[ Y £k RIEE
I AT 8 AR S 17 S5 TR A 0 P T 52 A A A 0 20 L A B A P )
MARAE M BRLRE o B 7-2 IO . BEZK X RegCM3 BEHUL 1) 44X
(1981-2000 4F) fFEP-2 ik PRI A WL Y, B ATl i AR 47
MO PR B T T IX G S A L R 2 A s BEATL R K A 50
B8, KD, X KR Z A A B T R U AR
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L 2041-2060 A=A S X AR AR A S T

Annual mean lemp., CNOS, 1981-2000, °C Annuol mean temp., RegCM3, 1981-Z000, °C

LB 3 4 4 3
FAE TOE TBE BOE B B4E  BGE  BSE  9OE  92F 94 96f 95 10DE FAE TOE TBE BOE B B4E  BGE  BBSE  9OE 92F 94F  96f 95 1ODE
=12 -9 -& =3 a 3 B 9 1z 15

=12 =5 -& -3 a 3 3 9 1z 15

Annual mean pre,, ¥ie, 1381-200¢, mm Annual mean pre,, RegCM3, 1981-2000, mm

Il Ao
FAE TOE TBE GOE B B4E BGE  BBE 90 92E 94 9G6f 98 1DDE FAE TOE TBE BOE  BOE B4E  BGE  BBE  9OE  92F 94f  96f 95 10DE

7-2 W RegCM3 B R ETHTRRMAN T (RIEZ, 2010)
(a WMSIE; b RIUSIE; ¢ MMPEIK; d BHFEIKO
K| 7-3 5 RegCM3 B4l B b X 21 tH2d 3] (2041-2060 ) 4. EH
BRI AR, AL, iR AT & A
et T, o AR P E X, DR RS, 4 Hb X K IR
IR 3.8 T LA b INIXIGIRARX AN, — Mk 3.2 T Aidi o Bk LRI Hi 3
I, AR S AT AR HE AN S, RER Sy DX N E 43 A 5%-50% 2 i),
Hop Rl X3 # KEE 25%. 15 1981-2000 4E (¥ 7353 5 MK EAHI L,
FUAA L b TS X P B R TS 3.2 T, MK RIS I 13% 7545
P ARSE (2012) HF59Y, RegCM3 443k 25 km )4 AL 324y 1E S Mk
B o R I 0, EUR 4 TR X T BUR 2 30 km?, RegCM3 S fg B i i
25 BATIAS BE 88 40 S0 S I — D345 B, PR AE R AT % T 5t DX A0 A8 £ 5
RGN AT 5 B AT e ROBEAL B o A SCHE TR P V) U5l 1959 4R LIk (32 ] Uil
R KEE, RINGevt M R ik, 37 RegCM3 B HR M 15 K 44
A TARAR R R ST R Bk R K

e

%_
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HRHE - BRI Ry R UK R FHAUSOR SCRFIE A R T A A 1 i

y=ax +a,X, +a,x,+a,x, +b (7-1)
A,y G RE S 21 8t RV R s Ui 5 Bk P81, x
A RegCM3 F v 55 1) R AR S50 s e i DU/ AR 1 Ul S B /K 291, a @z ass
ag M b TR AR E, LB AL 7-1 P

mlemp. change in DJF, RegCM3, (2041-2060)-(1981-2000), °C 5mJTemp, change in JJA, ReqCM3, (2041-2060)-(1981-2000), °C

AgH A8H

44N 440
azm a2
40 aou
33N

33N

35N 35N

N

N
740 T8 FBE BOL 82 B4E BEE 83E 9DE S2E 94 9BE 9B 1DIE ! 740 FEE TBE BOC 82E B4E BEE 83E 9DE %2 94 9BE 3B 1DIE

v Pre. change in DJF, ReqCM3, {2041-2060)-{1981-2000), % - Pre, change in JJA, ReqCM3, (2041-2060)-{1%81-2000), %

480

(©)

FLU]

Urughizfs’\,,

44H
A2H AazH
A0 40
an A

&N 35N

N

. H
T e JBL BOL 6 B B G3L 90L Wt 94 OBL 9% D0 O AL 74 7B BOC 8% BAL G & 9OF v 99 9% 9% Dk

[& 7-3 2041-2060 FE #FHiEM X KIBFOEK T (REZ, 2011

(@ &ZFHE, b EFRR; c £FMEK; d EZFHEK)

RT-1FHEREXZXPHSHE

a a a3 A b r R?

T 2744 -2923 0 0.897 -0.994 0.963 0.928

P 0 0398 0 0 1.384 0.822 0.675

R 7-1 0, MNTRRMEKERE, SR as REHAE, R
AL R VUV G0 VG F MRS i B R 2 BATHIORR AR 1y HX 1B
AKAREE, AT RPEA RSl AL RS R K 2 U@ AR,
R* MR IEAS ARSIk (B 7-4) BF, LRGeSl
TR DX K P VA T G b [ R AT B K e 2 v AR 32 1Y) o AR BRI, PR
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L 2041-2060 A=A S X AR AR A S T

g 75— 48, AT REAE t T I DB K A ) ZE SR, BRI K AR
DI 25 P R AT K

90 120
80 1 *® b
0 - 100 -
60 -
50 -
40
30 -

Mean=-8.36E-15 80 - Mean =-6.96E-16
Std.Dev.=0.997 Std.Dev. =0.998

N=480

FfAH
Pty

60 4 N=480

-4 -2 0 2 4 -4 -2 0 2 4
Bl AL 2 BB iR 22

B 7-4 SRR TRE R E R A SRR T B ES S AT

Kl 7-5 2y 21 A2 ] (2041-2060 4F) 5[ X R AN K IAE N . 4 bR
. WAR, SRR AT W W) T, 5 2000-2008 AEAH EEFI8 ETF
1.7 T, RHEHAA 0.34 <T/10a. A TRAMA M, RIH 8 Hibiki K

(2.1 C), 12 JMatEde (1.1 T)o WYX FEKLE 21 g LRk bt 5 0

I, A 2041-2050 F BRI, (HZ R TR IiEH B
15 2000-2008 FAHLLFEACK S I 14.2%, 45 7 #AG 88 0, (H 38R AH 22 LR K,
b s A% (55%), 4 A9nid (1%).
7.3 2041-2060 £ B35 X ok )| Bk E =

WO, A R o X UK ) R AR, S R X K e L4
IR IHGR 4G 2 #o 1992 fE T 1964 EAT xS bh kB 45 1 (Bt &,
1996) B, LRI A T3R5, VKT AL 1964 4F ) 48.04 km? /b 51 1992
A 41.39 km?, K1 THIAIZE4E T 6.65 km? (5 13.8%). Sl &, AN
T 1 km? (UK ) T ARG N R ASALAE 3.4%-65.3%2 ] I3l RIX ) 7 450K )11354
AN, SERITRUANE] 1 km?, 05 A8 A R 4 UK

TR IR 7 40k b, HAT RO 150k AR AT I — 250598, 30
PRFIX R AT (1984) K4 Nye (RIS 0 N B I800 535 1 5 vk JIHEAT 1 4y, 45
LW 1981 BN K)NEEIRAS, 1 S UK NTHIBURE 4 /N 14%, FFEEF RN R
1% 8458, Ak (2010) W HIFRIKIIT VKGR I Fxf Heheidk, 51\ IPCC 25 1Y
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HRHE - BRI Ry R UK R FHAUSOR SCRFIE A R T A A 1 i

VAR 75 SRES A2, ALB Fil B1 XY (1) =P Ak FHEE B¢, H A 4MM R T M
PR X PH VA< 5l 1959-2004 A1 LI B4t 2 37 ¥ FHR A s A A AU KB 4 AT
TG T 15K IARRIEEZN . K 7-6 /& 1 5K R ST ARAEA R FH G 50 R
AR RE . FTLLE W, PR =T 150k I # RrEEsm 2 ml,  JF7E 21
L PRI . Hh e THEIR R I (0.52 <T/10a) ) DXG1980-2004 1 5t
T UKNE TR (A, KA E 50 as EHETHEERN, WK
eI, ALB %5t 70a, BL %5t 85 a.

25 60
R a B o | c (]
O 20 A _ ~
-~ _ — £
i ] =40
I M — g
= 1.5 1 __ — =
ad =
& 22 30 A
mE 1.0 i
Ir ~ 20
gy o
E - Y H H H H
oo AL L LI DL L DL DL L LD ()..‘?“QQ.D.D
1 2 3 4 5 6 7 8 9 10 11 12 12 3 4 5 6 7 8 9 1011 12
2.6 300
D 241 b 250 d
22 £ 200
= 150
- 1 3 -
A 18 £ oo |
me 2
I 1.6 R 50
foy 2
B4 &0
B, & 5]
10 L — ; . ; ; -100 1— ; ; ‘ ,
2040 2045 2050 2035 2060 2040 2045 2050 2055 2060

[&] 7-5 2041-2060 F KA RUESIRFAPEKET L
AaSBERNST: b SBEMRSH;: cEKERNDTH: dEKERSH)

it 1 SUK)IHE FIRTHERS SR UK )INE T84, 5 IR I 6
SUKNHR AL 1 50k, AR 150k AT 6 20K )1 7E
21 L0 W AFAEIR VR R =i 5L

(1) 100%K )11 5¢: e 3 21 2t vk 1T 7E 2000-2008 4=~
FUEEA EANEE AR A AR, RIOK AN AR B B T R TIAR AR AR . B4R,
AR BAE I T RA SRR, VEIXFER B RE TR I AR AR Tl A
RAET, UK)INARGRUE BB R K — Rkt

(2) 50%0K1I1E5t: RES] 21 gl (2041-2060 4F), UK )1 THIA DD
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S-EE 2041-2060 £F B A5 AR A A S

M ET (2000-2008 AF D[R — s o S B K P VA ARG oK ok T il O R
(0.34 T/10a) 5] 7-6 Bl g K, A AR AR K 7E 2041-2060 4 e f1
AIRER A
(3) 0%0UK NIk 5t: BT ST X UK )N FE A2 43R o, |l bk i
TR (0.52 T/10a) 15 5T H ek vk T TN ) 5 22 50 a w41, X f
RBAE 21 A T RE R A, (HURMESR LR
PLE=Huk )N e i €, Hagg (2007, 2006). Akhtar (2008) 7EAt:
TS AR ABOE FRE IR, R T LU R TR . % BB AR SO R
(AR R T N T SRES-ALB W& FFIBOUT et 5t B 2% iR = SUA
e ORGP I 45 K )1 ARk 18 (100% K 1D Al (0%0K )11
PR BRI S5, T A B 22 75 28 (0 2R B2 BT Sk AR ATl oA SR Bt 2 LA 1
ANt Pk

100 — AB AP=0
— AZ AP=0
—— B1 AP=0
a0 DXG1 AP=0
i — DXG2Z AP=0
i amd Ny A1B AP=5% °C
% A2 AP=5%°C
= . T - R B1 AP=B%/"C
Edﬂ- DXG1 AP=5%J °C
%, ceeer DXGZ AP=E%FC
20
0 4

2020 2040 2060 2080 2100
F fr

B 7-6 RAEFARERTSIR 1 SKINFIXERMTNL (ZFEH, 2010)

7.42041-2060 £ SMERSE. KT IFRTRZRBME
L YR X RegCM3 10 ALB Mt s & ik 3 Fhok IR GAfh 5, & 7-2
M 7-7 2513 T 1 50K ) IR M AN K SCIRT AR HE Y] (2000-2008 4F) (&,
PLAA AL A 3] (2041-2060 4D Ji AR A o S0 1 50K RS 58 7K ST W [T A1
B Bt 2], 21 8], 7 100%. 50%A1 0% — Ak )I1E 5T, i
AT IEHE T (2000-2008 4F) 35 R Ae NSk DA BARRIL ., itk
JTHRIANAE, AR5E R FEAEIA TR (100%0K) 115 50D, 150K /K ST 5 3

-75-



R e R AR S Ry R ) A TR SRS AE R X T AR A 1 o B

AESIA LR S0 66%, 525K SCIT T It EoRF 189 00 33%; 2 SRR 1 T AR gl D> 38
AESTIEIRR () (50%UK NG 56D, PN K ST it s A7 kb, 2373004 8.8%
A1 9.4%; Wi KT AR K (%K) 50D, 1 59K 7K SC T TH 9t s B
W Kk, L5 FEUERIAA L )d /b 57.5%, /K S it =498 40.4%.

iy EEA S, 0%UK ) 1 3B F0UA PR UAE B il B0 S IR 17 3K P A K SC
WAL > UK PT AT EL ], X 6.2 W3 245 it — 2. tksh,
XF b3 =Bl 5 N A K ST T AR AL, 1 UK T K SCHT i 1442
A KT AR K SO T, 3 T2 22 5 2K SO 2 i S K DX DK 78 o 22 s AT
Ky WHIGEY] T 1 50K NS i i S A2 5 HOK AR V)R R

R 7-2 1 Sk)IF0 Bk E BRI E S AEK)REELL B T rY 21 2 FEIRETL

FEUE 2050s Jit AL (%)
FK S Wr it Hby (2000-2008)
(mm) 100% vkJIl  50% vkl 0%k 1|
5 11 106.1 64.8 61.4
6 135 128.9 26.8 -16.5
o 7 334 37.7 -44.8 -58.3
154 8 301 53.0 17.9 723
9 55 162.4 25.7 -51.1
Y 852 66.3 -8.8 -57.5
5 28 183.2 140.2 135.6
6 162 28.3 -14.0 -41.6
g 7 230 17.0 -22.2 -53.6
8 205 26.4 -19.1 -56.1
9 65 64.3 15 415
EFEY 719 33.3 9.4 -40.4

WEEAS H BN R (& 7-7) kG, B S X R eI S, 15
UKV RS K SCHTIRIA BAE 3 Rk )1 LS 5 R, BB Uk 3 Ay R
Horbr 5 F UK IR RARET, 9 HOrRAKAHES MRAE, DI & TN ) g
15-20 d 2o 47 o eAh, PIANKSCIRTIRZE 21 THA0 rP AR 4 9 20 Al R B, 76 100%
H1 50%IK IS 5T, THRUHAAS H R & S5 A AL AR, e 0%
ORISR, PIASZRSCWT HNAR AR A 0 A AR T 25484, Horp 150K 1K
U T S (L R M T 1) 7-8 HARATEN 7 5 )R BRIk SCbfn e 7-8 H it
By, HAY 5-6 JUmERT. B, 20 tHal d S I X A TR
BRI, T 2R ILA T B A Ok (R AE o, AR DA AT,
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bR 2041-2060 4 B ARSFHYR X AR ARG ST

HUEAE PR
21
— 2000-2008 HEMEHIEE a
18 1 ——— 2041-2060 FH - 100% #I|
20412060 B - 50% Il
IS 9| —— 2041-2060 #if -0%  #l
e
2
E 94
6 4
3 .
0 .
| 2 3 4 5 6 7 8 9 10 11 12
12
2000-2008 FEHENI R b
10 7 2041-2060 7 - 100% 1]
2041-2060 FF - 50% Il
Z 8- 2041-2060 7% - 0% Kl
g
=
g ©7
4 -
2 -
0 -

I 2 3 4 s 6 7 8 o 10 1 1

7-7 RREKNIEBZERT 2041-2060 £ 1 kIl (a) 583F (b) FiRHE
7.5 REINL

M HBV AR, 7R IX B RegCM3 SRES-ALB 165t 1, &5 & i
PEX VKN BIAAE L I B 3 B, THET 1 5ok AR AN K SCT T
KRBT RAR L, FERHIXPIAS K TR 2041-2060 49 5 A4 B A 4FE A A8 {3t
AT, RO T AU AR AR IOK SCHR R T REsg i, HIAPAS H L N 451

(1) XA RegCM3 Tiufiti it 45 5 g v [ OB AR IR A T 1 1
TR XA DN SR B AR K, AR T 5, AR IS RS W T K. 3
A i) (2041-2060 4F) S X L 2000-2008 45 Tt 1.7 T, K
K380 14.2%. AF P HARIIEA Z LUK, % H KRt iR
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R e R AR S Ry R ) A TR SRS AE R X T AR A 1 o B

(2) 20 A, SR IX 1 5 oK) FLE 2 K SRt 78 100%0K )11
ST, VAR ORIEEEG I, BUE 54 66%F1 33%; 11 50%K 1|15t T,
JEAHEEEHEI (2000-2008 4F) BEAT kb, BIELE 9% A s AEOK )14 2k
T 5T, AN K ST T B R MR, b 15 oKk K S W T it 4 a2
57.5%, KME K SCIKT K Jk s> 40.4%.

(3) 21t rp I, VT IX K = Y Rl e Ik ) A e S o A 7K ST BT TR
NN ERIV R SR, R 7-8 e A
UK R G g >R, R 4T, HIEERET.
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)\E GRS

FNE GRERE

8.1 FELiL

RAIER AT KBS, PP Rl g, Hook) R i+ 5
TR WEEKREYE. TEBENFRWL (RIZRKRILD) ZRPAAGHLE 1700 km, (5K
Ul R KR 2/3 BLLE, 2pAaf7uk)1 9035 4k, wKk)ITHAR 9225 km?, vkfi ik
1011 km®, LUK RO T4 R bk &2 50 Rk AR SR A 28
AAREAER . AR ST, B s b X 7K S5 B2 S 23 (R 0K
N ARROKNARTR AT A4, UK TR G G K SCIG A it F2 A A 2%, oK)
KGR R I 2 0B SR, TSR 2 HBURE B IR AR 873t DGR R EE () 1) ), IR
FSCA 244 i i R T i gt v o kAo il ke R R [l iz — o BRI, oK
JAE R BAR TR A AL, 0 B AU N, FRUAG DK 1A AR A e a3,
AUR] UL A B 55 R B AR R 25 A U F R RN =, IR ] DO 7R
L1 DK A B (1 38 368 A5 b KA RS AR A 4 1 T K SC i S LB L AT T3 S 4
o AL EELRUWT:

(1) BEARFREX BRI L IENIE . & EARFIIEX 3 A KW (1
SUNL UKD R A IAC S LR AR R kg, o g
K SCITIRIARIR AT G0, ABAN 25 . 520 3 AN/KSCT AR iR AR AL I BRI R AR, 1
SUKNKSTWr AR IR AR 23 T UK N X A SAT, i RO <R T 2 T i,
U NI . 1 Sk K ST AR S AN SR T 0K TS5 A A P
R, AL T UK SR AR S W S, Bk )9 T8 R TR S K 1|
PR e AR A e B IE T AR AR . X TS UK AR, KR 2 S
SRR E R E, HUIKCHXEERKZ, RINEE AT 2 ER- .
BRSO RIS /N 5 R KOG R B B A, R I I 4R R K
Hahn, RRHA T B, X ] e S IR SRR 2 U R DK T R IR 4 5 5
PRI E L. RS R L R S 80 S s Y 2 45 IR R OG

(2) BEARFAIRERAR T REFCRIFE . S EARFIEX 3 K
TR B B S 0 AR At R, L T 7 e WA 1) DR /N R 81 ) AR T
LEM R, R s, LI R AR A R A, R (A,
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R e R AR S Ry R ) A TR SRS AE R X T AR A 1 o B

FH L I TR B o 15K 17K S T i R it HH BLAE 14-18 I, S5/ it LA
8-10 I, 1Z/K ST I RAR IR T MOAR IR, 17 25 UK SRR3R ST T DA /.
VEHA 1S 0Kk 1AE X A K ML BER 55 5 25 DK S F0URL 2 #T0 FRidh ZK P BEAF O 5
HEBRBE KGR, 15K K ST T BB U s J e v il (i) 1-3 hs
RHEBRBE KRN R, - 0-1h. EHERRIAHER AR T, =
VKK S W T 9 - UL IR 23 59104 10-16 h AT 13 h, g ST i i -
Hir 3ok 5-11 h F1 6-7 ho Ui B B/t R A1 B AE UK &5 Rk IR ad, UK =5V Rl
FER BN R — e 4. B I 6 KUK, IR 1
UK NIK ZR B HE Bl K AR K P RAE I AN sl e FRAe g B, UK A4 1 e
7P BV R I TR A e UK S 2 L il i AR K /IS B K K SC T 5 vk
A B R IZE 30T

(3) BEARFIMIFERASIREBRL . HBV B A5 W05 R B 7K H35 o
BF, AL T S B ARSHIEIX 145 vk K SC 1985-2008 41
HAARm I RE . SRR 1 (1997-2008 4F) FI4GIUE (1985-1996 4F) HifLl[K)
H 5 IEIIEL 8L 5 250 R B0 591k 0.77-0.81 1 0.71-0.75, BBl 2= # 4 il 4E
6.0% LA, HAS GBI UK ) B 1 5 oK) S0 S0P A AR 1)
— 5k, RWER S G R T A K SRR L 25 23 a (i H AR TR, A
TULE YR DX N BRI IR . BB R BT ds DL T 3 34y O &k
FEMTIRIX KBTS0 . 1 5 UK )RR 1 I I0OK & P 22 38 3 RPN 413
IR, LK K Ik N Bt 28R, MR
THES K VRIEH T KRR SR KX DY 2 3 1 2 A AR B AR N, R
By RS IR DX KN RO SRR R AR B e @5y B ARSI X Uk 1|
WP R YR DX UK EF T B B AR A R /N TR Rl .
I 1S uk) LG, e 6 400Kk 1ERBL AR 58 2L S PEPIRAS, W5 (i
&t 300 mm ZiA7 o AN BHME S 1 50k )1 S E & v P R
fE 0.7 LLL, RUNZATA I ML T W5 X Kok N BT . B B AR S
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