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Abstract

Black carbon has a great influence on atmospheric environment, cryosphere,
ecological environment and human health. In recent years, the research of black
carbon aerosol has received widespread attention. Its historical records, temporal and
spatial distribution, environmental and climatic effects, and its impact on glacier
ablation have become the focus of current global and regional atmospheric
environment and glacier water resources change research. Glaciers in west China are
the sources of the major great rivers in Asia, and the solid water resources are crucial
to China and South Asia. Black carbon (BC) results in very complex climate effects
not only in the atmosphere, but accelerates the melting after its deposit on the surface
of snow/ice. As the main distributed area of glaciers in China, the Tibetan Plateau (TP)
and Tienshan region are abutted by South Asia, Central Asia, and Russia, and east
China, and the atmospheric environment would be influenced by the BC emitted from
these regions. Whereas, the research of black carbon aerosol is mainly concentrated in
the developed urban areas. There are few observations on the remote areas such as
Tibet and Tienshan. In addition, there is a lack of extensive and long time series of
observation data, especially in the areas with the surrounding glacier distribution, and
the related research is more scarce. The study of black carbon in snow and ice are
mainly concentrated in the accumulation zone of glaciers, rarely involve glacier
ablation zone, the lack of black carbon aerosol radiative forcing albedo, quantitative
assessment of glacier.

In this paper, we selected the BC data of Nam Co area in the Central Tibet from
2010 to 2014 and the head-water of Urumgqi river in the middle part of Tienshan from
2015 to 2017 to analyze the temporal variation characteristics and sources of black
carbon aerosols. Moreover, surface snow were sampled in the snowmelt season in
2015, and snow albedo were collected in the field; BC and dust concentrations were
detected in the lab. These available data were analyzed to clarify spatial-temporal
variations of BC concentrations, their influence on snow albedo and RF in snow using
SNICAR. Based on the study’s results, scientists working in snow/ice, or black carbon
aerosol or climate change can get the knowledge about the basic law of BC

concentration variations in snow and their influence on snow albedo in different types
1



of glaciers and these features could be used in other studies. We draw the following
conclusions:

Firstly, black carbon (BC) mass concentrations were measured by an
Aethalometer (AE-31) in the Nam Co, central Tibet from 2010 to 2014. The
high-resolution online BC measurement was conducted in central Tibet is reported
here. The characteristics, influencing factors and potential sources of black carbon
aerosol have been analysed. The results showed that average daily BC concentration
was 74450 ng/m?, reflecting a global background level. Meteorological conditions
influenced BC concentrations largely at seasonal scale, which are higher in Feb-May
but lower in Jun-Jan. The highest BC concentrations (greater than 210 ng/m?) were
more associated with the W and WSW winds smaller than 6 m/s. The diurnal
variations of BC showed plateaus from 10:00 to 15:00 with seasonal variations,
associated with local anthropogenic activities, such as indigenous Tibetan burning
animal waste and tourism traffic. The AOD data over the NCOS included sub-area
(30°N-40°N, 90°E-100°E) showed significant relationship with BC concentrations.
This suggests nearby or short-distance sources other than long-distance transported
pollutants could be important contributors to BC concentrations at the NCOS.

Secondly, BC concentrations were measured online by an Aethalometer at the
head-water of Urumqi river from 2015 to 2017. Combined with meteorological data,
the characteristics, influencing factors and potential sources of black carbon aerosol
have been analysed. The results showed that average daily BC concentration was 1011
+ 441 ng/m?, fluctuating in the range of 445-1829 ng/m? from May 2015 to September
2015 and average daily BC concentration was 520 ng/m? from August 2016 to July
2017. BC concentration was 425 ng/m?, 536 ng/m?, 686 ng/m* and 427 ng/m? in
spring, summer, autumn and winter. Seasonal BC concentrations were higher in
summer and autumn. The diurnal variations of BC showed two peaks from 10:00 to
11:00 and from 18:00 to 21:00. The BC background concentration was 253 ng/m?,
271 ng/m?3, 290 ng/m? and 162 ng/m? in the four seasons. The BC concentrations at
the headwater of Urumgqi River are larger than the other remote areas, reflecting
strong air pollution. The higher BC concentration were more associated with the

winds smaller than 1.5 m/s. Meanwhile, the lower BC concentration were more
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associated with the relative humidity large than 55%. The backward air-mass
trajectory and AOD also suggests nearby or short-distance sources could be important
contributors to BC concentrations at the head-water of Urumgqi river, same as the
long-distance from Central Asia.

At last, surface snow and ice samples were collected along different elevations
from 3770-4105 m a.s.l. on Urumgqi glacier No.1 during the 2015 snowmelt season.
The samples were measured for BC using an improved thermal/optical reflectance
(DRI Model 2001) method. The results showed that BC concentrations range between
32 and 2258 ng g'! and were highly elevation-dependent. The effects of BC and dust
in albedo reduction in diff erent melting conditions were identified with Snow Ice
Aerosol Radiative (SNICAR) model and in-situ observation data. Modeling showed
that BC and MD can reduce the albedo 12.8% and 10.3% in fresh snow, reduce the
albedo 33.6% and 7% in aged snow, reduce the albedo 22.4% and 26.7% in bare ice,
respectively. The radiative forcing (RF) caused by BC and MD was 1.38 W m2 and
1.52 W m2 in fresh snow, 18.4 W m2 and 4.18 W m? in aged snow, 53.8 W m2 and
57.9 W m 2, which indicating that BC, rather than MD, was the most dominant factor
on the snow melting of glacier during the snowmelt season.

Key words: Urumqi glacier No.1; Nam Co; black carbon; albedo; snow and ice
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RUE BN AN AR S B AR FHIR 150K )1 2R S st — 2 55 oKk B <
IR 5, ARG S RA S UK )T R X8 72 Bk 1 X . HARAMAE & T R vk 11 2
TSk BRI B R STERRAE, LSRR K )1 2 A [R] X3 S 3R
SR ST SR B T R FRD S T R B A

A SCET N 3 IR, E AR b X R 2 R SR X T R T BRI R
B SRAELE NI, (RIS 7E S S AR SR 1 5 UK SCREE T FHokh BB re i, &



FEF™ AT 56 3 AR IR TR AE Az 3t DX AR AR S 7E , A8 T 17 A DX sl 28 A R OB AR
TR T SR, X T 3 A [X R K EL oy i e iz e 88 A% e oK
FOABINSE I BAT R . BEAh, B 1R R IO UK s R
M, A4 T PPt S5 DK e SR BEORT DK VA R ) ok B 1t 1 RS2 A, RN el ARy
] S 5 B 11 1) 5 0 B B R B2 K B

1.2 ERSMAR R
1.2.1 KEPEHRNMARIHERE

B o |70 i o AV (¥ P o L B A E e B e P SR £ 9 T8 = 0 Y/
RS R, REREOVIRR E, 51 & E L SO0 B E IR )2 RE
(Moosmiiller et al., 2009) o JbIEPHAERIN S IX B 5 I & 1 R ERIAH IS AL,
FEW BRI BIRIZ « RIS B RFIESE 5T (Artaxo et al., 2002; Babu
etal., 2002; Chungetal., 2005; Healyetal., 2012) , JFHELEE T KREKIWF
FOCR . RIS, E PR BRI 1 2 YOO E I, it b3S ) RACE
(Radiative Aerosol Characterization Experiment) M. KEEIET ACE-1 M. 3F
P ACE-Asia S WP AR () ACE-£1 WL AN B 7 1) INDOEX WL %%
BRI R BER AR LZNUNMAN T —. HFAIRHAL (World
Meteorological Organization, WMO) ] 4> 3k K M I B ( Global Atmosphere
Watch, GAW) K 8O A B/EHERMIMA R —, FHIS 7 205
BFFRE (Wild et al., 2009; Panicker et al., 2013) . b4k, —UE2 44 100G St
TEIE 1 MR A I ML 7E . Fe A R AR ) Me-Murdo 38315 (1) B i R e T2
WRIEELE 1995 4F 11 H-1996 4F 2 H #ial 2 20 ng/m® (Bisiaux et al., 1998; Hansen
etal., 1988; Mazzeraetal., 2001) , ¥ KFIV Cape Grim 35|75 1Y BB B IE I
W RMEZ 15 ng/m® (Carrico et al., 1998) , /K =1 Mace Head 35l 15 11) 22
WS VARG FE /NT 100 ng/m® (Eleftheriadis et al., 2009)

PE ST Bk I 7 46 T Bt 2e 80 AEAX, WM X AN R Tk 5t bifg
SR, R R N VIR R AMERSS 71, dERT. ML PR L AL
ST PRI T T 5 SR AT T AT FE S5y, AT T 8 B R (RN AR,
2014; SK/NHZE, 20125 FKAEHSE, 2017: skAIZE, 2014; B, 2012; Leiet
al., 2011) o IXUEWFFCRILIRE 675 KA o X BB AR 1R SR B AK . &y
TH . AMFERZFTRWRE, I B mh X s TARm i X (@S, 2005;



T4, 2016, MBS, 2016; MBI, 2018; R4, 2009) . FLHX
A IRRAAR R 2t AR AR BRI R GE I 29 A KA T = 7 U I
—, AT EFEREE NI EEN, A 1994 AL E S, NS E SR
TR SRS AR A BIARAE )t AR ST PRy ot O AR R S B AR 00 ) 22 G0 Wi
ORL, R ARG BRI MR 0 B B 5y, FE R T B Bk
ST R GIREEE, 2001) o B T SR FL L O T e T HE A IR I
RN 7T, AR 2000 45 1 F-2011 4F 12 [ [8]1% FL B el SR <A IR I A
P35 FE TG [ 92.50-644.59 ng/m3, A3 EE N 298.35 ng/m® GEX K 5%,
2008) o BbAk, —LERMFA G HAEA FIHX R 7RSSR, 7
SSAE BT IRVE RTINS AN AR X e T BE AR I AR 7T (
T, 1999) o B AR ERIT = AN X TT B T RAR IR I T, B A
T iZHBIX SR BRAE PMas £ PMuo UMK 70 AT RFE (Cao et al., 2004) o ZEiH) 4500
RLAF 7 & BLVY )1 b 7 b 5 E] 8:00-10:00 A 21:00-24:00 3% P AN 18] B N 25 5
HH I SRR SIS IR FE A, HLAZR 1 A 00 5t D0 B S e vk 2 1 e e L
(T, 2001) o ZIBUBZELESHT 2003 SEF0 2004 4F IR BRI 3ERE E, 15
HAL T X A= Bk L E 2R, H B SRR TE PMas (RIS,
2004) o HEBLELE 2003 FEHFIT TP E A UM RRUER, SRR
AIREE R SIA R BIRE ( PMas I 6%, HIRTHIX A & s B
TIRFAE, RN B e T SRR B I SRR T AL T T, P S T S AR R T
TR 2 Z 7 (Caoetal,, 2009) o XHFHFSE LG AT KRS
RLIs e 1 Ram <A IO 78, BF 7T &80 2009 4F 11 H % 2010 /£ 2 H 5
ERFF BRI H T FE R 12.442+5.407 ug/m? (X EZ, 2013) . #H
M T T BAEPTES T AR (R 1.1) 5 Forpal iy v () BB B W 2 i T 2B X
677 3T b ) BRI FE v TR T I, G R B ERFAITE L.
& 1.1 v LS 43 DR A s 1) B e R

Tab. 1.1 black carbon concentration in some atmospheric monitoring stations in China

Py HAY ] e ] e i 2% 3R
(ng/m3)
HigT Wi 2005.9-2007.7 AE-14 4240 B E RS (2008)
AR Wil 2006.10-2006.12  AE-31 5621 MriaE (2008)
5% R} 2006.3-2007.2 AE-16 10000  REFTEE (2009)

EREs I 2005.8-2005.9 AE-31 11100 {HAEfRLE (2006)



RN, I 2009.10-2009.12 AE-31 6200 Heetal (2011)

=5 A AR X 2007.1-2009.8 AE-31 1600 fk&SE (2011
AU R e 2006.1-2012.7 AE-31 6500 Yan et al (2007)
M T 2004-2012 AE-31 6500 R (2014)
[iR23 T 2011.6-2011.8 AE-31 6070 FENFISE (2013)
kit T 2011.1-2012.1 AE-31 2300 Zhaetal (2014)
= Ik 2007.1-2009.8 AE-31 1570 Zhang et al (2014)
AR X 2007.12-2008.11  AE-31 1700 B ERSE (201D
V91 L ZBX 1999-2000 AE-31 1800 ZHTEE (200D
i pAind AR X 1998.6-1998.10 AE-31 200 Z (200D

iR E RS A 2009.11-2010.2 AE-31 12442 XHTHESE (2013)

P H TR N 05 R 2R PR R 1), 6 i 322 L DX A5 ) B AS 3R AT B A A T 1) 5
PR JE N FRE, TEHRUK B EHIX (3%, 2011; BN, 2016) .
LS A8 2006 4F 7 128 2007 48 1 5 R AL Ge IR SRAETT IR0 A0 1 4R B 1 IX (1)
SRR IR it A b X ) BERRAR B T LA S B N R HE LSS IR S T T
HIKRE (Ming etal., 20100 o BB SFLE 2006 4 7 H 22 2009 4 12 H H#AE 1%
SRR RAE T IR R SR FE 1 ANACHE Hh X ) SRR A IR, 48 5 e ARl e i
Vo5 TR FE PRI RE 5B 3 0 A5 B T AR X B SR I VTR E & (Zhao et al.,
2013) o JIREELE 2012 4F 1 H % 2013 4F 12 A WR A FRE 5200 50 T AR
BERIAR N BERBERIIRE (TS, 2013) o BBNESEAE 2009 4 5 H & 2011
T3 5 B FH BRSO T 08 3 Lk ) 1 XK AR SRR P s S i o 2 X PR
FIRFE N 18-72 ng/m?, AT BARMIK T (Zhao etal., 2012) . FRZEIEH &
JRAR b XTI 1 R AR A IR OB 78, 48 HaZ X 2012 4% 11 F-2013 4F 2
H BRI 413.2 ng/m?, 11 2013 4 2-6 J BRER K EAUA 139.1 ng/m® (Zhao
etal.,, 2016) .

B 7R SR P I S AR AL, A X B BRRUR AR SR AL, 9 A 2R
G0 5 R e S R R S5 R PR Bk TR 3R AL EEAT A b, 45 1 T i
X BRI R HT RS, T T B SR X A AR R AR ) TR IR, B 71 3% B
T 78 e S ) R A R R, T AN & S2 A SR GeRE I (L et
al., 2016) o ARG LR IT AW 78 & B, EC M OC fE 445 2=l
s BRI, WTREZ AR OC HEBUR — X OC JERIEZI (Cao et al.,
2009) o PKIATE 4T R DX R R M IR AL B, 349X T SR K X



BRI KT IR T (Xuetal., 2013) o WIFERY], JiEE
B TG LR 8 e i 2R B I R B IR IR, A= R B BT KR, H R
7 B ENREZR R e, TR R T e 2 H AT R s 17 T B PE KR e iR
)RR R e K B IR 2K DA K 32 00 XU A% i) Y P I (Xu et al., 2009; Zhang et
al., 2015) .

T BRI o A S SR R S AR R R TR T T, AN T kAN 2 A
LI, K1 T EE PO . Bl iMenonZE K A ER SR  (GISS) ##
FUBIT T 17 v [ B BT 3 DX OV B R S it R, A5 H A IR B A — 7 IR A
P, S XIRAE S AR K IR (Menon et al., 2002) o 5% B IA B AR 5
SR KT AREON ORI T AT, 3 )k A0 AR R (Eckhardt et al., 2015; Peng et
al., 2016; Nair etal., 2013; Mao etal., 2016) . WIFKBLZEXT L4 1 B S R
T BRSBTS R R AV IR AN A 7 IR A 7 — i i 3 B0
RO I ZE 0 GIRBESE, 1997) o TR MR AERIH =40 ik R 7T T
FREH X 2= AR R R A AR I B, 87 1 R 2 1 23 A R A AN AR A4 R A
(FKRFEMREE, 2005) .

i LRTE, HET KA BEAE R R BN R LA R (D @
T SRAE AN SN LE 2O R IR A R SR IR E A, B A St R 2 5 Bk, (RIS
AT DA 7 X35 Ge KPR B SV IR I S R AR s (20 B RIZES AR 4L,
A SRSV IR I T8 43 A AT DAk — 25 T i R R IR TR AE RS ) Mk T AR A4 A
KA DA R B A 2 (3) YR gE S akia, R RAN A B U
P2 T UL A5 P AT A 0 st e AR DX 3k ) S e =V P = SRR L HETSURRAE AN
JSC PRI ST A

SR, GNACER b IX 1) SRR VA IROWLIIATS A SRV B Bk N 2 o AR SO fs
SEBRACAE A B I X T J2 1 R B R IR SIS (1) AEZRIIIN, 5L EAH L,
XFR R AT DU S fOE 4T H AT, SEBLK AR . SR . [HR 454 AOD
HARA G ML, b 7 REE B S AF XIETEE AOD Z [HAH M, H5)
T RRBRIATRERUR o TR Ll Hh R SRR VA R AN — AL T BR R R FRAS,
AU SCSEIL T M X SRR SIS IR AE L M, HR s T S B AR SRIIE XK AARIR
O, VRAG 7D AN BRI AT BERCIR, BT 7T 1 1230 X SRR A IR I 2= AR A S L]
REKIR o AR SOETESE DY F T 0 BERRA S W 25 S EAT T IR AN IRFAE 23 A
HRISEHTIR IS -



1.2.2 Bk ERpARER

(1) F Kb BB LRI 7T

NRE S HO ) Bk B A R AR € 1, 2 KL MBEs £ T Uk IR T
Ko UK TIATAN I UK 5 A2 A0 RSS2 Ry R B B, A T DK TP DR A (1 25 P A 55
03K O EERARAL AW FOME 7 AR OR TR UK 2 BRI T B2 vk

—, HAPERE . BERER RIS AR 5, BTG o i 2R
B, TTULA BT 7R RR R SRR RO HESOT S, T A O A T DA TR BRI TR R A
BONASE] 1 SCHEEAE R, 9 BAIE SE NSRS S IR B s s St 1 v E
BEMEYE CHE RS, 2006; m/ 5%, 2016) .

DRGES T ) BRI B2 A i AT DA S e H Dy S i SN 2R 30 T 4 BR AU AR AL I
SO, BRARAEDKES P AR B D s T DS e 1 NS SO . B, Ak Byrd
U DI T B AR E A 4 T 1 S ST TR ARG N, T RE L BT AR AT T R )
T CL A #RARK K T3 (Chylek et al., 1992; Chylek etal., 1995) . FEAROKE H 2
BRI FETE 1980 4 2 BT fRFFFRE, 1980-2000 4F[A]HE G JHimi . Cachier %5 % #% b2 =
HER A VKSR BEAT 1 0 A, BRI OGS rh R ) 5 A 1788 4 5 2002 R K
A TR ARA . Rl 1850 SRR S B iR B B SRR, 3 BROKE
B B ORI 1B X AIESE 1 b A i DR A SRIE S X 2 R
AL P24 T BRI (Cachier et al., 1995) . L& ar LAk, Fif/R B4
22 SCUKAE A FE BV JE2 WA 0 B ) O[] B PR AN 5 4 — B, (U — BRI K Y
% (Legrandr et al., 2007; Jenk et al., 2006; Lavanchy et al., 1999; Thevenon et al.,
2009; Ruppe et al., 2014) .

UKo BB A BRI BTE 7E i T 6T 20 140 80 SEAX, WFFTH X I3 %
IIATLEAEIR AT R o Clarke <5 FH G2l SRS 1986 4 R tlouti s BT AL = vk
B H P IR Ay 02 ng g IZIX BT AT 70 KA BBRIKENH 12 g
(Clarke et al., 1998) , i&45 tH B Hl ik fi T KUTa] BB D BT B b JRUIA] AR B2 v
TR . Clarke 55T 1983-1984 E I3 AL XA oh BT B9 2 25
ng g, HHPEER-FYIRER B/ME (43 ngg!) BRI ETE, BT
IR 1 e RAEL (127 ng g HEILAE N E KL #B X (Clarke et al., 1985) . Hirdman
T 2006-2009 FE 7T ALK L2 H G SRR T BRI DN S ng gty XTI 25
ERAE T BRI, 5 bR DX R 1 R ARV JE PRI % — 2 (Hirdman et al.,
2010; Sharma et al., 2013) o EF#OL¥JFH, Forsstrom SEAE I 1 LAk X R
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P ST NN~ B | 30 PL /R EE AR B A0 Bhhr ark i ook =5 ok oh BR AR VR, 29 931)
9 40-80ng g! () | 11-14ng g (FRF) 1 7-42 ng ¢! GRYK)  (Forsstrom et
al., 2009) .

55 [ ) e 7 R 2 L L R JFG e 220 3 IX A b 38 Ll XK N ANAR 25 o BR B AT 7 i =
FAE PRI . FETOUAG R, Grenfell B IRIRIE T o4 B e 1l X AR S oh AR ¥
WRE, B 1980 FFHTZIX REMAE h BRI AN 22-59 ng g (Grenfell et al.,
1981) ; Clarke fll Noone Bl 1983 442 BLMKIL 7 2= & JE XU L1 5 v e 5 2
mTEEHRNEE, 78 18.5ng g Al 11-15.4 ng g! (Clarke etal., 1985) ;
Kaspari 55 F 5 J00RE 2 Bk ' FE 11 W0 21 Mera UK 1| b BB S IR B P 2209k 7
180 ng g (Kaspari etal., 2011) ; 2012 4 Kaspari Z5H [FI#£ 0 5700 2] Mera
VKRS o BBERIR A 54 ng g (Kaspari et al., 2014) . Hadley Z5F FH #4012
MAF 2006 4 2-4 H WIS L IKAR S BBk VR FE A 1.7-12.9 ng g! (Hadley et al.,
20100 o Schmitt Z54 F FAOGIZAT I HH e 38 Bkl B hr- A =2 R 1L X oK )1 R 55 v R
BRIIREE N 2-70 ng g' (Schmitt et al., 2015) , XFIKEZERRZHAIIEGX S
UKD B B A . ZERT /R BT LXK, 1989-1997 4R A& AR T v BB
4 34-280 ng g'!, 1992 FFFZFIE H HBIRIK LN 235-826 ng ¢! (Fily et al., 1997),
I AT B s B RN AT I, F A UK R S A, AR R =R,
S 7R B 4T L2 K e ) R R R

A5k, 8 E PR LA UK IXGZE D T @ 1 55 0K A SRl (R R B 7K -0 )
AR T T AR o BIIARFA T S o0 b 7 e e RS LR ARG A TR S
JE R AN A e A S SO R IR S, AR EILUKGRS e RE B R R - 52 ik S HE
JERCIREENR , A2 B KN Ak, FR oK 32 BN HETBCRI 520, 19504 JB Bk JE AH
= MAE19704FE 2 19804 /], RARKIKE T B FE%, TEEFRIIH & 1 k)
B . 19904FES T ek v S 8« e BB OGO A RR AR P 0, 2 2 el 1 e I R Bk
ARG K. AR, 2= XS 3R U R = 0 Oy B3, X EE R
2R RS R K B RTM AE TR KU R S5 G B CRAFR R BTG (Xu et al.,
2009) . WIBE. Kaspari&Fhf BRUg 2R G A0 0RO JR Bk & S IE R, R I
IR HETBCE G K 52 19754000@@%@%%{@ FL R AR FR Tk e
BE RS AL 2 = Lh X (Kaspari et al., 2014; Ming et al., 2007) .

R e S T UK SR A I P R 2 41.2 ng g1, 20T 2290 EAR T LA
KNFKE BN T BRI RINEHE B I 1 e oK) ) it (Kaspari et
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al., 2011; Bauer et al., 2013; Wu et al., 2016; Thompson et al., 2000; Xu et al., 2006),
R 1 IRK R X AN, UK RS i R B IR EE AR TP L B A 1) A A BRI
. BTl T SR DN iR 1 8 25 UK 5 UK BRI KT 299K KR /247
ng g, AR DRI S [ 04 Ll IXR) SRR BEAE 2, (Hm T A G AR
T XA S R AR e S S5 Ok b SRR IR R . B XUX R
BRAGHEG BRI UK NE LR 2 55 52 (Ming et al., 2015)

HH T3 = 0K R ) S U e A R, TR AR T 5 0K e RS ()R E 7 A 1
G I IUA HE R BB R (R1.2) , BB oK R AR
B IR R AR H BILLE B AR Rl M DX, 3 v i HH IRAE R L b X o JFG AR AE 430 BT TR B A
LA S B ARFHIR LS UK )RR EE R S iy BOBT T C I, B8 ARFH
RSV N TEIBERUK N SLZ 0K 5 E7K TS UK AR T UK 58 S (1 38
PRI 0 825 ng ¢!y 42ngg's 52ngg!s 41 ng g' 25 ng g's {H2 20K
NRATERE, BEAAEKNRZ G %, HRER Plsth— N EEY, RIS
[ B & iy ik F]1738 ng ¢!y 247 ng g'. 258 ng g's 520 ng g'f1730 ng g!

(Qu et al., 2014; Niu et al., 2017; Ming et al., 2016; Li et al., 2017; Xu et al., 2012;
Yang etal., 2015) .
1.2 P EE UK SRR L

Tab. 1.2 black carbon concentration of some glaciers in China

UK )12 R SR a4 4R (m) R HIH
(ngg")

ByE1 5 86°49E  43°06'N 3740 250500 2004.5-7
Jai LI 3 5 94.32°E 43.06°N 4510 107 2005.8
LRI 125 96.56°E 39.43°N 5045 35 2005.10

$i % 90.57°E 30.42°N 5850 67 2005.6

WA IR 48 84.46°E  43.73°N 3755 87 2006.10
HH 90.50°E  30.47°N 5802 125 2006.7
RYEAR 86.96°E  28.02°N 6465 18 2004.10

(2) TR T UK B SR A RON. I FLAR A i
UK AR PR SRR AT DL 3 B DK S A PR i/ N AR S S (R 3 T, S S0k 1 HE =
HTTHIR T 5T T Rl DAV SRR 0K 1 2 T AN [] X3 e J 2 % 4 A il ) 5%
M, R LAy e T DA 5 DK R SRR DK 1V k) o R 4 (st (1 B A
20122804,  Clarke 5 WL 1 ALK X AR T i) i d, RILARIE S E
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iy S R SRR AT DARA AR H X, [ B AT DAMR WSO S R OR B AR AF, 7E M 4
AT AL S 55 1R TR R BRI L01-3%, S EAUN1S ng ¢ 1 B AT LRSS
UK 2 1)1% (Clarke et al., 2013; Clarke et al., 1985; Scott et al., 2001) . Hansen
SV T AR UK b BA K R AR 5 090.16 W me2, 20054F 14 4 50.08 W m?
(Hansen et al., 2004) ; FlannerZFil it 11 5H 4 ERE UK 1 BB i Al 1) 48 5 5
RI, AE19985 SR MR F FR kI A A RS 9818 790.054 W m2, #E2001 4 55 Ak
AR I R 5 R IE 290.049 W m? (Flanner et al., 2007) . BondZ5 i@ id 115
3 H AT A ER S UK A i B I R FE O 5 0E 2£0.08 W m? (Bond et al., 2011) .
T 7598 1 i =5 UK P ) BB B P 2 S BRAE R B 12,9 W m2, Z9 5 BR AR
FEH =1, B FHESREEE#E10-15 W m2 (He et al., 2015; Flanner et al.,
2009; Qian et al., 2011; Qianetal., 2014) .

BTV Y AR KO DX S P ek P52 450 , Kopacz AN H 5 vk v FE ik 1)
RO R N4-16 W m?2, Z&Z=HILE/MEN3-11 W m? (Kopacz etal., 2011) ;

Br TS T KR SRR TR ST 5B 5.7 W m2, RS UKR R R R T
0.04-0.06 (Ming etal., 2013) o BABEEEN L& ARFFRIE L Z0K) 1 R X Hok R
Tk BRI 0 30 B At o] DK T S B 38 1) BRI DT ik 1725% (Mling et al., 2016) o 4
ARG i Mera PeakVK 1], HE5TIRIE FIA75-120 W m2, 7535245 AR AT LA pk
VK R [£4£0.06-0.1 (Congetal., 2009) ; 55 i JR fix 4 it [ A 75 UIGHT 25
FRRIG RS 9RIB 29 082.2 W m™2, 223 vh SR BRI FR 5T siie L 215 $18.1-20.4 W
m? (Yangetal.,, 2015) ; ZR&IAT VK1 H 5 R B B B o e I 1 4.5 W m™
(Ming et al., 2007) ; 58K B UKGE H BB (K FR 5T 5 18 19564 1£10.75 W m™ T
3 720065E]1.95 W m? (Wang et al., 2015) o 58 i HH #BA0 /N & Ta R K 1|
S AR R AR S 9 K HE A2 6.69 W m2, T2 F SRR I 4R B 5l Al A
124 Wm? (Lietal., 2017) ; 5y S8R EHIFL oK), REBRIE B 58 S ol
Z146.3 Wm? (Quetal., 2014) .

(3D FRBRAT UK ) R A oA

I I R BT UK TV R P 2 el () A 9 = 38 T 0K 1 38 )2 R TRt s i 2 AT
FE SN HROE )RR, RS BIUK ) P 5 Rl BT A AR v, S SR BONT 5 DKI ) 5 e g
ATHE— DIV o Yasunari S5 F 5 S R LU e 39 4 35 0l DR 1 AU 4
o G 7 2R RAT IR oK) 3 = R ) T PRl B, B 702 A 5 oK b 1) Rk
Al LA EOOK I ) B TR B£0.02-0.05, 1 R UK 1 Rk /K 42 42 0 5 0K 2 338
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70-204 mm (Yasunari et al., 2010) ; GinotZFfR¥E = T F7 #E 111 g B Mera vk 1] UKt
Hh SRR ARy AR IR BE R, TE B SRR T BRI AR 342 mm,  RRERFTR 4
FEFE S BRI R713 mm, 73 79 90K ) AR RlE3000 mm i) 16%4126%
(Ginotetal., 2014) . ZEVREEREE [ 2RI I125VKNIRZEFIKEEM, 70 7 &
AR AR IR EE, 455 Be TR AR PEAL HH2013-2014477-8 H Bt 3 200k )11
1122 mm, ERA AL EE RSB0 ERI228 mm, 45 A s TH il E R22%
A19% (Lietal., 2016) . Painterf&AF 78 A H, BRI B /K B4 L bk 19 1HE 22 Fh 330K
NI SRR 45 5 B KSR G 5% RAN IR, (55 1 78 R B HE B 2R 3 2 A
XL LE20MHECHIH, T3 UK Hp BERR P AR R S 5 29 °89-22 W m2,  tHAEASUK) 1]
SERVE RGN 0.9 m, M-S ERRIN /N K I3 R 45 R (Painteri et al., 2013).
Gabbi&Ffii 45 1% [X Claridenfirnd/K ) 1 PKGEs o BEBR ARy AR EE , 1AL 1 1914-20144F
SRR AR 2 S Y I B R AR T 0.04-0.06, P05 AT/ T 280-490 mm, 1Y
HELEIG N T 15-19% (Gabbi et al., 2015) . SchmaleZ5 3T rh 3V F1 260K )1 0
DA, AU 1 AR 0 T2 UK ) 0 SRR AR A UK )V Rk R s i), R IR B B F A 22
YT UK E Rl ) DTk rT 1A 31)6.3% (Schmale et al., 2017) o AS[E]HEIX 2 RR X F-0K
JVIH Rl PR 52 0 S AN AR E], AN T 39 00 %) R sk B S I 1 K )1 e, A2 2 XL
BIRF) UK R —FPL E.

gE LRTiR, HurHuKR BRSSO R EZEMNCCR LA TE: (1D K
ELVKF BRI, ELmESPTBIKE. R, &S () EmE
UK R RN e AR aaE s (3D UK VH Rk o8 B VP A

A AT T AR LUK AN DK A R X S e SRR FE W e 2, /DA
U Sy L 22 I AR VKSR | B AN [R) 26 1 BB B B2, ARG B0t Js MR 28 ) s i FRO o 7
FA RN SR R UK DRI L 0K 1 S8 1 AR SRAIE 78 o BT AN R OK A e
JE o JRy M HRTEOR Y Rl 72 55 DR 2R & AR R], [) I (] — DOV AN [R] 2 11 25 oK e s ]
AL AN 0] 3 A AR AEAR K 22 57, JUFHRAEUK ) SR 2 Al B 3, SRt vk 1158
T 2 Y8608 1) R M K 2 BN % o X6 T 0K 1 s B0 Rl P B 1A 25 K o SR A AT 7%
Ve SRR B S Z PR R . AR SOIE R A IX — ] B 2015 20K )11H
R T KT X BB B R IS S S B A0, AE S s N7 Afr 1 RR IR U
AR R R L, B 1 R VA RO SRR RE I, DAL 1 SRR K Rl
YER o AT 78 B F R ORIEAMI 8 2 1 B AR5 T BRI 7S B, S VKR
FEIRIE T ANWTER N, AR 1 AH SCHIE 72 77 V2 A 3R I PR R R AR Uk 1 AR S
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1.3 fAREHEMARAR
1.3.1 #AEK

AV SCHIBE T A B0 F -

(1) B ek e SR B IR S o A ) R A rh B & BT AR 5
ANHEIURY 5 3t — DB TE BRRRAE UK DX A A ITC AL 1 LSO A 3
i $ (1 5 S AT ) SE R

(2) RUT B TGIRA . NS5 R B8 A% A 75l sy JU IS AT R 1L e
HS SRR A I AR AR L o

(3) #hvE R A ok BRI a7 DX 3k 1 | R <
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Fig. 2.1 Surrounding environment of Nam Co and the head-water of Urumgi river
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Fig. 2.5 Location of Tianshan and the head-water of Urumgqi river
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Fig. 2.6 Measurement site and the sounding areas
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Fig. 2.7 Elementary meteorological observations at the Tianshan Glaciological Station from
August 2016 to July 2017, including air temperature, relative humidity, wind speeds, and
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Fig. 3.1 Location map of sampling sites on Urumgi Glacier No.1

AR FAF S B 2 B AR 150K R TRHE, A8 SORFEM 73 AT =
B, BRUK)N R LR A RS E, URUCHE; WKIRTEHZESE S K%
HWHT S w5 RIS ] S A H7E AL U] 11:00-18:00.
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(2) F i BT AL 2

FH 2588 F /KB BT A BORE MO BN TR A3 . AR MR A& AT Rz i £
FEMIARPEIEGET%. B Ram =22, B0, k=, 0, L5
FoKFEARML: BB =00, TG =, SR I E A E T ks
AR MIEE T F . PSR T S, BH TR E, N FHCH .
S0 FH /K 344 FH L P KT 18.0 MQ-em [ 2555 17K

(3) REIEIISE

RAEFES GO EHRIK 18 BERIRRE, 730 R A [F) (R R AR AR AN
P8 7R LA 175 e o TEEFANURE AR BRRE S (0 R rh, BRI FR L 28 Ay
W TAEMR, [EET8 R G TE, DR KRR KT e RSB T AN
ZEB TN CRAEFITNRERZES, IR E T F 1 Whirl-pak REELE
o BRVKRE S T 1 TRV, 350G J5 B T 5% 1 Whirl-pak SREEES,

UK 2 155 KA b I WSCERAE ) BT A6 AT RUBRFIE (8] 3.1) , A 50 cm=50
em #£77, RERE 5 om FUKFEM, IFH Whirl-pak SKAERFEATE R SRAE R [F
B, AISSOEIRI T FIKEE . [R. FHAEESH. L E%EERAREL,
SR BERBEENE, Fha A ESE RS A BB AT, XL
SR BAERRE

Hrh s RS R R AR L i G W B ) BRI o % PRI R P I 1B 7 TR 25
e BUFERT, ABRBATE. RBESHEETEFRABREER, BAK
g/em’ B kg/m®. T HERNRFIRL, KR EENRRETEER. 4T
R AL E IR LR R A BOKER . M NS — RS R EH & FES
EHEEA K.

FE T IR I AR % B — R 78 R 7 0034 DR AN W 38 K Rl FE U A
HRESRIGR, ST L. AFERMMSZIKHEEAR . —Bokir, &%
TR T K ZE IR T AN g/em®) , FTE %R 0.05-0.2 g/em?; . 0.2-0.6
glem®; HK: 0.8-0.9 g/em’s H T EARFHIE 15 UK )M (B 4K, FHoKE
FERIII 23k LA A . SPEIRE, %K) IS % BV EA: 0.10-0.18 g/em’s &
%: 0.20-0.55 g/em®; #UK: 0.8-0.9 g/em’s

(4) FERiEE 518

T UK A St AE oz b X R4, BRRR VA I IR BEARAIG,  MBT A1 A7 B 31 S5
B ERE ], X K& B IX AN AR ] (R AF AR BRRE & o BE S AR AT
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ARRZORMEILCN LA 1D RAlfefimisg; 20 WEMER: 3) s
ML I B K S S AE JRAE HT s 4) D A . da i 72 A s i 1) R
AFBORE VR IR B FE I UK B L UK SEAR o ASHIF ST PR T R et AR N T 19 1)
FERR A, fERERR DRFFAER RIS T, B8 B s = W, JFRAN-18C iR
7 PEHEAT ORAT o

3.2.2 Hmath

(1) A i HIT AL 2

TUKKE it /7 A0 P E AR A A . H A VK AN g 3 MR B, AR E
T=EIRT (20 °C) @k, AP A B, B R HE 6 N RLA,
W N ONHRGAKIERAE . FLU FESE T A K IR 15 min, &SR0k
VIR R BE . e B Al e ROARE S BN R (R D9 100 mL, K E+]
mL) o, FRE S RS ES:, A AKIGTE R, S ROk e S R N
BE, BB ATHEAKAER . Ao uE L2y 1 um, JEREEA RN 25 mm. f3
FIERE S B T 600 C iy HLEAE H HLE 24 /NI, B DR A SEIE IR AR AERR T 5 5
SRJE PR E BRI T, R B MR S A R R R . R E R Y
ST, FE B ERS , BURDUTARE A S g b o, JEIEA R E ARy 12 mm,
PORRTHARZ) 9 1.13 em?, [RS8 B SRR 38, £ il RURE DE 58 i
RUEBLEKTE Ve B 4T 2-3 K, BERRBURIIN AL IES: W EE. 2 )5, BRETEIR
B MANERILIN 15 mL. WA 2%-4% PR R B S JE a4, iR T O]
ERRACE AEFFEE 15 min BLE,  DABR 5 JEARE_EROBRER FR T, 38t o Hoxd Jaas il &
BT RN R, RS L W PR ORI BEAR T 5%, JEMET
JERCR WAL 97% (Cachier and Pertuisot, 1995) . iyE5EEE G, K eI Bk
FERL G, BT 100 S E LR ST

(2) Mt

AR SR A BT #Ol 22 JEE K] DRI 2001A B4 HLER/ G AR AT AE 5256 =
P SRR EAT IR A, IS (1 EC & BRIV T UK P BB 15 & .

DRI 2001 A B HUBK/ G R B 7> B4 E T IMPROVE  (Interagency Monitoring
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of Protected Visual Environment) Zr#r#hil, KA YL (TOR, Thermal /
Optical Reflectance) Al FIR 7S 55 vKAE f b (A HLBR A T b & & Horbafl
B R IR 4y ) & 550 C (BC1) « 700 'C (BC2) £1800 C (BC3) . dE%
PO BIREE N FIRE 43l 120 °C (OC1) + 250 ‘C (OC2) .« 450 C (OC3) A
550 ‘C (OC4) , HHURIKE N OC1. OC2. OC3. OC4 5 OPC Z M, HAK
BVEANR « B SN DR B A T S A S SO T AT IR I AR A UG MLk
i, AN FRE A HUBRLE JFR B GO #A b ) R AL 2 BCL i F
il & BWAS, BCl & & fmm; A ARG P mi, #BAHRE R gt (i
PN 0.526 cm?) b EUR AR EAL N B IR R Sk, BB A  E AL
s, ENHEE: BE R KIGE FARIEs (FID) AR 1 G & &,
DAL SRAS M B TR o — MRCTE TG SR, 3B 00 A TR 2 R AR B A Jse I 5 7 A= 4
f#mx (OPC) , ‘FEUUEME R B o T FA0% B F Mk LXK 43 e RN G MBI, 7E
T L T 633 nm SOGERIINIE AR 5 5 6 8 28 A S AT T 76 28 B SR AL R A
MM OPC BB 7 B ok, RARBIRIE 3.2, BRI A BCL. BC2
A BC3 A2 OPC, il AR~ 0.2 ng em?.

& ﬁ”% %“AD [

N o — Y :> L
H 20 - UAT PR
98%He) .

e e @ _________________
o Y e, 1 T
- Rllopc 5
i, K4 0C (FID)

. MiBC A N BB 8

Fig. 3.2 Determination of organic carbon and black carbon content in atmospheric particulates

sampled by quartz filter membrane

[ P >R FH 13,3 10 5 300 R A R BEAT T 58
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S MR THT R
17.34065 cm?

ik 1 ] g =
12.56 cm? =) 5
| otal
RIUERW S TR
0.296 cm?

Kl 3.3 JEBRAE S BOTEEL: R I B ER=IA Rk S B G g A AR g AR
Fig. 3.3 The calculation of black carbon sample: black carbon of the sample = Test black carbon

content / (filter volume / filter area)

(3) ¥Rortr

UK S OB R B B AR E RS, IR = s T T
BT (K. FA2004, 200g /0.1 mg) o SR Rcstin i 60 o CHIM AL
BEAT24/ N BORET, RIS 43 0t ik SE T S DR AT AR L, T R AR

3.3 KRR

N TR 5 B R TR XS IR I AT BAL S R AT, AN SCR AINOAATR L]
HY SPLIT-445 5L 1 GACHE XA B A S I DORAE I TR 0 02 i
] Bliz F T A 4 BRI S 5 7 T - SR B0 BAR B 36 S Blis B i A2 A<
s AR AL, ARG )R 22 R /2 20%

AW FT T SR A R #dlE ok 3 T GDAS  (Global Data Assimilation
System) HRALIK 7S 8] 43 HEZR Ay 1ox 1ot i dds . AR U I & 2 500K, 4
RERRO/INN TR —R, FHRHEL20/0N, THEH A S m 30 e 4T 17 R K 0
e
3.4 RSAFEE(AOD)

SEBIEHJEE (Aerosol Optical Depth, fR#RAOD) & F8 /5 HIVH Y6 R AL
FETE BT 1) AR Y, G R SRR SR RO G T EIEAE A, AT B R
i, RERAEPREREERNZ D5 REE . — Bk, AODEB S,
KA e WA TR, AOD R 3= 2245 H 8 O TR R gk, b RR g
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EOCAFR Z W BOGETHIE RS 4 i BOK A B4R S 18 B0 B I8 R KA

A A FH AOD A 5 BB FEEAT T AHIG /A, DA SR 4 Wi ozt P B 4
X T FE R FE (R 52
3.5 RERERIIE

AR AT 26 [E ASD 2 m] ) T OG5 4 #7 4% (FieldSpec2 Handheld),
X VK IRZRBEAT T B AP . e FEERFRTE Ry AR FEE TR Wi 4L
AN B GG RR SN E, 6T iR K E A2 300-1075 nm, 6% IR RAE (AT RE /2
1.6 nm, R RIGME N+E1%. FEI77 AR BRI IR 22 a0 3.4 Frws

v 50 cm

50 cm

A

4 S ———
50 cm

25 cm

B 3.4 FE 75 HOAT BORI S SR 8o 2
Fig. 3.4 A schematic diagram of the layout and albedo measurement of the sample

5 JE R AL BT TH] 10:00-14:00 A 75 AR B AR BA S, [RINE U6 0 1% 22 A0
PN, B, AR SEEG R BT B I R B B AT o AR SEEGAE BF AN
BEAT 20O DL B EE (5 EE R 5GP S )~ T AR AIEEE )
ST RIS RATRCIRBL AR O, A REEMAE I DRSS 1B Bldt AT —
KAWRZ, HRRES SN E LSRN A kR E 2.

Bk ASD JGRASCRAE B RIHHE A T ViewSpee BT ALBE, it ot 1 il 2
f, SRR REE R AT T 5

HFASLI A ASD e USRS 1 H KR EATHEAOLIE thZk, WA T
TR A, IR BT SR R, (BT DRI B S A RS i e bl 2 2
P AR A BH N S48 OGS FEAT V5. PR BRI 5 90 %6 1 BE & 4 78 7T LD
AP URAW N 22 SR HE R N e SR TP PN L Y I A I S @N RN I
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SELT AR, BRI, AT SO I IR e B U 300-1075 nme
3.6 SNICAR #&#Y

UK A e R 3R B 1 DK =5 T ) S 5 Je A DA R K EOR 2B IR o AR =5 KL
oy WL BOKE. RPUMTSIEREESE, BRI AN, ZX0KE IR M AR
M o

UKETH SR AERASE: (1D DURBREEE NP, MRS I5ENE )
MR e 21 i e )3 B U S ik 55 T S IR R SR T H/ IR T ORI . BARTK
ME oK BEPETm AN (20 FETIKERDE R KIKBUN LS5 R
SR AR I A TR . AR AR b ) R R N R %

Warren WAy, SRORIE SR ROGE 2% J5t AT DA S B AT O B B 5 1T
AR, H RN LD AMB B S IR AR AT RE MR o [R) IS RO 1 2% o A2 =5 i A B AR
A, RO R B S EVK SRR N, PR S R 2R B AR A R L 2k i R

T TRT BRI OK ARV 5 I B0 IR BB KRR AR AT L R S S 0 AR S I R A
FAERPTIR

TR FF VK BB 55 UK IR B, A8 ST N T ORI -FR S
i, Bl SNICAR (Snow, Ice, and Aerosol, and Aerosol Radiative Model Radiative
Model) B, A BITFREAEVK ) ) BB ™ A2 4R S 5l . SNICAR AU AE B
TEH. UKFREBEESZE L (Flanner et al., 2007b; Flanner etal., 2009) , X
FH T WU a4 SR A e R 7 S8 R0 S5 UK IP) - BRI R 2 . SNICAR A58 1) i 21
T RO ORI R SR, S RORL TR RHOUR K IREUR SR T 2% Jo Al
VKRN A BHAR S RS E T, B UK GG i 42

SNIC AR X die 515 FH SR AL AUL b 2= BRAR S 2 TRI T B 1 R Al i 3 ol 110 6 i it
1, JERMETZ N T R e X AN B 22 oK R vkl sk, IR R REBONTTZ
(R 9%E . FIHSNICARBE A 5E £ 53 #r RE A 0T 25 UK 3R T S 258 (1) AR S HL st Jl o A
SPomae, AT RABIRAS RO MR BON UK R AN E X (i F X, Z2H X, R
UKIX) 51 4R S siaE 1 22 S S AL . [N SNICARBEMZR &5 18 | Bk & B4
o AKX E IR IR IE T E . FRAFIRIZR, AT LUK DA PR 307 A 4 A
S ANER E PEREAT AL, B RT AR RERK L By AR SR PRI TR S IR AR BT
PR HEATTHA . 18 S s 5 BB T B, SNICARMBE AL AT DS H R fmont
FUKBIRAR 0T, Ak, SNICARBEA 5 GCMA RS & I BEAS LI R R 5t

AR R SR RRON S DK R R R
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SNICARKA A A S H a0 T

(1) NSRS fRRR NN RIS DR s &, G35 B S AU
ST o

(2) RBHRTGA: NSRRI 2 BRIy, AR b 22 A7 B w] DAt
SO RBHEE A GEXTF R D

(3) NSERSHGIE A BA rp AL T PURRAS [F] 1) R RAS, 0l th 4
JEATEMER . AR EATRIIR . MR 2 1 X I R A% 2 == i X K

(4) TR AR F8 12 55 UKEIURL A B 1) AR 25 3 THI 6 TEL AR DA P 35
JEIEAE

(5) MTFEEMEE: MEEEMEERESE LM ERFRRE (R
AN kg / m?) .

(6) TS R B R B S AR AR AT WG AT £ 41 ik By N 1R I
.,

(7) BRRA BRI E T MR Bk, BIESR KPR BRI SE K M
Y SR o AP P K RO SR U1 5 2% ol A 5 R SR ot oA B i S RO RS/ S AL
UK Hh 2k

(8) KR iR rE ST PURH RSk AR M0RE, 0.1-1.0 gm., 1.0-2.5 gm.
2.5-5.0 gm 1 5.0-10.0 gm, X & ARIE A 22 UKL B0 B 1 128 70 A7 HEAT 70 X o
HA 2 OB HON BRARY RIS B, 55 BPRAR RN SN SR K FH 4 8 SRR AR
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4 NRGEH X K5 A BRREFE R ERIREHEAT
4.1 Bk ESHE
4.1.1 EmATK

ZRACER G 2010 4 10 FF 2014 4 10 H WA BB H P33R BRI L,
Kl 4.1 fios. HFERBRIKEAE 3-417 ng/m3 Z (8284, 518 K 74450 ng/m3. H:
W, e H S BERIRE R AEAE 2014 4 5 H 23 H, KN 417 ng/m?. B ARAE H
BIFE 2011 47 H 19 H, KN 3 ng/md. SRR i (8 10 H B 2 B R T4
Y5t AR BRI FAR R 8 (0 R, B I R B A FEE A 32 8 5 2= IS 1) [k A oK
FEKAE RS HER] TIRiERRM/ER (Zhao etal., 2013; Ming etal., 2010) . H
B RER ST A 107 NMEE (HIPRBBIRE+L S &T 125 ng/m?. H A 58%
VAR R AEAE 2014 55 5 AR 6 H s 27%MIEE R AEAE 2011 4F 4 AL 2012 4 2
AF2013 45 1, HETHEFERE (11 H-5 7D .

400

300 4

200 4

100 ~

BC (ng/m®)

-100 -

_200 T T T T T T T T
2011.1 2011.7 2012.1 2012.7 2013.1 2013.7 2014.1 2014.7

4.1 GRS BRI H A RAE 2R ARSI H IR A, 2K XA 3 Bk H #k
JEAE HObR w22, £L2RAER BBk H WKL 7 R 3P 318D
Fig. 4.1 Variation of daily BC concentrations during the study period. The blue lines indicate daily
BC concentrations, gray areas indicate the +1 o standard deviations, the red lines indicate the

7-day moving averages, and the black lines indicate the period trends

37



RABRRE 5ok BEHR A N 2815 B HE IR X ) SR AR B e I ik
FE HARAL 0 -B R B0 P30 B nT A, GRS b B BRIR FEAE 14-286 ng/m3Z|‘Eﬂ/3§
b, BE TR R (130-300 ng/m®) FIARZE LG (50-120 ng/m3) RIAE I 45
(%55, 1999; Zhao etal., 2012) o WIFK 4.1 ffizn, GNACHS b SR BRI P B2 30
3 AR W58 A5 PRI FEE AN e Bl H 7 5 v SR KU T SR,
FE] LM AR SR
B 4.1 B4y SERAC R W It 1 R

Tab. 4.1 BC concentration in some global background monitoring stations

vk LI B[] e 2% (ng/m?) Z25 R
FH, PR R 1986-1987 AE-31 0.05-5 Hansen et al (1988)
%[H, Barrow 1986 AE-31 100-500 Hansen et al (1989)
nER, Jbtk Alert 1989-1990 AE-31 0-300 Hopper et al (1994)
% /R>%, Mace Head 1992 AE-31 7-21 Jennings et al (1996)
LRSS 1994-1995 AE-31 50-600 WiESE (1999)
RS 1996-2000 AE-31 56-660 Z=tt)™ (200D

412 EBHRATHMETTWL

Kl14.2 IR 72010 4E 10 H 3 2014 4 10 F 3R 9N A S w66 1) H 1 35 Rk 2
H P4 BRI EELE 43-173 ng/m® 22 [7], & %H -2 R L A 2014 4F 5
AR P2 BRI B ILAE 2010 4 11 H o Sy F T35 SRRV FE 1 HH I AT e A2 B
TS YRR R, BIUnTE 2014 4 5 H 20 HF 25 HE H P EaaR g e T
200 ng/m?,
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Fig. 4.2 Monthly variations of BC (with + &) at NCOS during the study period
YA Sk BB P LA W S (R ZE T AR AR A, 7 R RURIT 1) BB B S 127
ng/m?®, Z= KR BEBRIK R 77 ng/m®, 2 XS B B BR FE R 56 ng/m?, &Z
BRI & 75 ng/m’s HA, fm M RmRE R EATERETH 3-5 ) , £
BT FSGRGE CELUBAR 1 KR AN (B AR BARGUIT T BRI 1
M, ARSOKAE 4.3 TEMT MR . REAETRIE KEAED RS, ik
AN, B THKRENEK, BT T BRI E
N A Sk BELRRUAR FEE 1) ZE T AR Ak 5z 5 RN At A S T AN 2 A AR AN [
X EEIE T S 2 Rk A B B R I A ZR IR 2 IR B B AR ) AR e
. ATRESE DRI T & 2 FTHLIX A 22 KR E M RHRRE, A8 =0, fhaiE, B3
KRB B iR o AR Sl BRI JE 2T AR A 5 NCOP 3 R R L 2 3l 11 28
B B ZE T AN DL e, B R RGATIAE m, FARZE T AR AR

413 ExHATKL

B9 R 2 1K) PN AR A0 AT DL SE 4 R AR TS G R R 2 4 J B B ) B
BRI L RISEN . 1B 4.3 RO 7 RBERIZET RO BRI i H 224k IR
J5 b R AR FE (1) U 1 R H IRLAE A6 I ] 10:00-15:00, 5 4 Jm RE3) CRAE
2 MR (A58 UL AR B HEAISE . #la (JE At E] 20:00-8:00)
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R RS R T HIA] CIEACAFA] 8:00-20:00) BERRIK ()& &, 250 21k
s s R, B U TS G DU IR AN CAHEBCR 32 o BRI TE) 8:00-10:00 2
PRk TP UG, ARG AEAL BT TE] 11:00-13:00 HH BRI i B i, B 18
TR, ZEALRTHT ] 20:00-22:00 SRR BE FRAR BRI, FHFEIRFFRIZE R B4
ZRATH, SRR H RME R A & T A %2, i HL AR R AT 1
ANETFFIEEE . P RE S H B, MR RIGSIRITA ¢, AR EEE
sz, HWR SRS IX e, BIBESE 0BG, T rmie, &I
RFFEURIIZKE, BHEIZE ZRHHE (Wangetal, 2010) .

300 ~

200 A

BC (ng/m”°)

100 +

B 4.3 AR SRR L H N AR AL RFAE

Fig. 4.3 Diurnal variations of BC concentrations during the study period at NCOS

42 EirLEFHEIE

TPt 0 ST PR I AT AR 1 R s 0 A 38 A 5 SR PR 2 T 2 20 B2 A 1D o AN [ R HE T
Y5 BURITE 1 B ATL ) 0 PT i 2 5] A SO I v a0 IO AN [, R I A RN 1 TR &
B, BRI AR (ERKIESE, 2009; 5K K 2445, 2017; 5KEH %5, 2017).
AR G5 AR G B AR AN, ASAS I T8I T MR AU AR 1 PP s s PR S i JE 0o
IR, Aok —AHERE, JEBA LU U7 (D) RMER E IR 7
ARRFE, S LAERAL B SVE RO S 8RR SR SR (2 BT
FEVIHITR Z AN, LR B TR O (3D R B R IAE
KA R RN JE A B IR R IV s (4) R H ER BRI R F (A
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T, B AN E BB o AR BB SCRT M ) — A B EE AR R IR
W Z %0 (Aerosol Absorption Coefficient) , ‘&R LLH WM #F (U1 PSAP, PASS
) BHATEEOWI, AT DLE A R R SRS . T R UE I DTk TR
IR 95% MRS , AR ST Hp i FH RR B R B T H B TA) 32 7 vkt B AR I R R

Wz, WAk 4-1 .

3
O (A) = BC 11:1225;10 in Mm"™

(4-D

Heh BC R B, 1 WE N80 nm; C AR /3 HERIERN T, 435K
2.14F11 (Coen et al., 2009; Weingartner et al., 2003) -

MRV, AT IR AR R I R R 090,58 Mmet, 2R XU R AR S
ISR HON0.99 Mm!, 2 KU BRI B B O R B090.59 Mim!, - R4
J U R S B IR U R HC0.43 Mimet,  JH: 2 XTI R AT 2R 800 v ) D R T
HER T KT R by AR iR e, DL AR ) R B RS

43 RSHFERNZIMET

(1) JRGH AT XA

A2 TR BOR R A K N, —riaSRimgd, e
BENZS R, SECESRIERIE N 55— 77 T S REAR PR R 2SS, AT PRI
TR IR EE o BRI Z Ak, AN]SR 251 AN [ 25 5 35 R R 5
KA . 32T R R IR V5 Y SR G v S, £ HB R SR B (1
o WK RIS G, WBBIRE S & BT e, WARARKZIE
S N RBIREE S RS TN
ARSI R T AIACHE ol AR 5 . A 2RI R (E44) o Y4
WSW 5 W RUa] RIS, G ES Bl BRI & 5 25 SSW 5 SW XU HY 3
I, Gl BRI B B BRI . 50 11 BBV P B M IAE P AR AT I, Bk
VR EL A Ik 210 ng/m3 . IX R BT UFR UL AT B 2208 i SR Bk P8 1 o AR v o AL
B3R, AR XA XGRS 6 my/s B, SEBRIRBE S /NF 60 ng/m?, iX
R BB v 11 XU ASE T PR AV FTE KR 9 8o Aty XU AR B AR 1 A4
TR S L T 2 b B P A AR R AR P T Fh i YR O 8, T AN 2 K B B AR iy
KR A

=
==N
v

=]

i
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Fig. 4.4 the relationship map of average BC and winds during the study period

(2) FEK

Bee 7 A AR A b DX s e BRI FE I E BRI 3R 2 —, BUIRIRBE H B AE 2= XU
(6-10 H) , 5 KEMEKER (Mingetal., 2010; Zhao etal., 2012) . 5=
RUHAHEE, 2= KU & B 1) SRR FE AU D R . B 4.5 SR 1 giR sl
SRR FE 5B K IR R

A KR AR R FERORIN , FE7K IR B A FH n] A BE B FE B BRI . 48
ARG K E R AEE XM, MHXHBER S . sRKE, BRASARE R
K, ESHARBRYERL A EAEE, RS EEES S s MEKS .
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Bl 4.5 AT ol BB FE 5 B K IR 00 &
Fig. 4.5 BC concentrations and precipitations during Sep 2012 to Sep 2013
(3) BF=E

INAEE il RRIA 1) H AR I SR R RO 1B 4.6 SR T AR BT
FRAEHLIX (30°N-31°N, 90°E-91°E) i1 52 & FE ARG 0L, & =B HBLLE 2013
4 H, BICEBIIE 2013 4 11 A, RIWHHE A BHR R WEILRES
JE 1 SR 5 K B R S 5 P 5, ERIEAE 2013 4F 11 7 H B A AR 7T g AT i — It 341
K PHEE SIS (A1 A PRAHOC. 76 2010 4F 10 A £ 2014 45 10 A #AE], BEKE S50 57
EEEEIHIEMXER (R=0.33) . {HREAGLSE A, 12012 £KZE 2013
IR AR R 1 2014 4F BRRIKR B 510 52 5 5 20 SO IEAE G
(R*=0.88, 0=0.01) . fESTTHLIX, REBRIKE 510 52 m BEa 5 2 00 0 5 )
A, AT XA E R AR, Sk T Bk KR E % (Ginotetal., 2014)
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Fig. 4.6 The co-variation of monthly PBLHs and BC concentrations during the study period

at the NCOS

4.4 SRR

e 4.7 Pios, I e B A da B IA R KRB B 6 R ARmERAT .
Fo g 2 ARk B doind E AL, Bk 3 AR B ENEEAL R, 53] 1
B E) 68%. B 4.8 s, XM, SATZORE TR E, Wiz
Y B 2 XK 5 B U HE AT DA S 5 ek s S rp o, X — A 2 BT R
F—% (Zhao etal., 2013; Zhang et al., 2015; Congetal., 2013) . {H&, JEZF
P Vi R R o=/ S s el 5 | =i S A7 = e it 7R B | il 7 B P S N R B 7/ B
K 30%. ke PR X TS VL, 5 e s, (H 2 S B AN G
YR s B X IR ST AT R, HESCE 5 # T ABRI 40% (Bond etal., 2013) .
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Fig. 4.7 Cluster-mean 5-day backward air-mass trajectories calculated by the HYSPLIT model

ending at the NCOS including the percentages of each cluster trajectories
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Fig. 4.8 monthly variations of the relative trajectory numbers at the NCOS
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R A2 Giik TRFEIAR P H A BRI o T g F e SN SRR H 3R
EEAE G 125 ng/m®) , WEAH FZRAEEIE 2 (27.1%) FIFIE 3 (35.5%) .
R P9 FEAR T80 4 FRBNIE 6, T RE iR PR 7 2= RUHBIIZE 3 52 1) B2 28 XU
SO, PR SRR R RO B T IRIEERIIAE M (Zhao etal., 2013) o ik 4 Al
BIIZE 6 525 1) 7 JRURE I o DAV AN IR A0SR B A AR il 3 238 3 28 X 52 R T
HEBGE R o

4.2 GRS RV TS89 B e HOE (9 B

Tab. 4.2 Statistics of trajectories and BC concentrations at NCOS during the study period

B B A RUCFIIREL g ORIRREL

(ng/m?3) (ng/m?3)

1 60 70+40 4 165+£32

2 298 70+48 29 170+44

3 358 70+49 38 168+54

4 104 88+60 16 188+56

5 61 86+48 9 161+47

6 86 82+57 11 184+69

All 967 74450 107 172452

Kl 4.9 B T 9IRS vl J HL X (20°N-40°N, 70°E-100°E ) ) AOD (550
nm) “FEPRGLE S Bz MR AP AOD ATE 3. 4. 5 A s, &
B 7 0.8, FEJFERZ T AL RS SR TR E b AR . AR
H P15 AOD S AIRME K AEAE 9 10, 11 H, {8 0.24. %K AOD 1H H HLAE VD
HIIX, AFKT AN ACEE il BRIk B AR A s s/ ol ORI, e 5L AOD
AR, K FREAHI#X . fEXE C (30°N-40°N, 90°E-100°E) P, %7
(12 A 1AL 2 A) BEKRES AOD Z MM MR & (R*=0.929, 0=0.01) .
A. B XA H) AOD fH1EAZES Biik FEAR YRR S, 3R IS Jen] Reidid v X
BHTKIE S £ 12 . 1 AL 2 H1E 30°N-40°N, AOD 5 MR 5 AH P4
B, ATRE R T E DR PSR . R, 7E & A TR S A A A X
OGS, RREREKE S K0 AOD 7 AL HE M .
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Fig. 4.9 AOD distribution at TP and surrounding areas (20°N - 40°N, 70°E - 100°E) during
2010-2014, for which the data and plots were both generated by derived by the NASA
GIOVANNI tool (https:/giovanni.gsfc.nasa.gov/giovanni/). The regression equations show the
relationship between AODs and BC concentrations.

ZHTHIWE TR, GRS 175 e F ok B T WK EE B A& % (Cong et
al., 2009; Ming et al., 2010; Zhang etal., 2013) . HE AW XESIARZEE
AE AR 738, B IR HE SO 2 Rk ) 32 BRI, G0 b fE RS Sh AN I
R IBRBHIRGE RIS SEAT 78 AUER I 7 R (1038 2 B A i
4.5 NG5

TR AB-31 SRRSO A ACHS Hl X 1 A R IRHEAT T A4 Sl e
WU, SRHLT 2010 4 10 F B 2014 45 10 1 JA160 5 43 H 2 10 U B, St
T ORI BB IR AR B R4 (LS (A (L, (R
SINTT RN BB AR Ok S B Skt SR OB, 73 DL R
T

(1) ShARHEHBIX BRI 74450 ng/m®, R T 2 Bk Bk B F
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BReRil. HYEBOREE 2 HE 5 AMNES, £6 A& 1 AMAXNRIK.

(2) EARFEZET, RGFEMIAFEGE R T BBRIREE 2. B, 25X
W 1 WSW HXUE/NT 6 m/s BF, BERIKFER 5 HIRME CKT 210 ng/m?) .
ZEHTHA,  PRARVRE ik 3] 100 ng/m? LA b, 32 B PR AR A XUTEORI 2D 1) %
Ky FABZET MARFELE 50 ng/m® 245 LA E] 10:00-15:00, SRR H &
fH, FBEAHE0ZET B S, 53 O8Esh BB, wERH 4
AR 355 .

(3) ghARAS K HH X (30°N-40°N, 90°E-100°E) (KK NHERE S %
PR ER RE IR R, LA S Bk FE R A4k, 1X B2 B PR
B P S A A N A e DX S AR 1 R TR
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5 BERTHINERERX XS P ERSFIER EKIFEET
5.1 BHREYHE
5.1.1 BixHTK

K518 1 2015.5-2015.9 HATE] T Lok 1 3t K0 BB Bl I e oA B R g () A8 4
POl o LUK Tk BRI TR BE 1 A2 AL Dy 280-2080 ng/m?®,  H~FI{E A
1011 ng/m3. HeEfEAAAE 2015 4E 8 H 26 H (2080 ng/m?) , F AR T X
FIHEBOEIR DA SRS, BARE R K E W AR IE S R e A ARV s iR, DA
FAXF TR R AOIR I FRARAE R AEAE 2015 42 6 H 10 H (287 ng/m?) , 4i&%
HofkE, ERKEERMANH, BABERIKESLT — MUERES, X%
HEE T B KB K . B ZRIESR B B SIS R R TIIERRIER, 415
SRR T I PR AIC . AR SRAEIH N L L 19 gl RIRBRIKE =T 1452
ng/m’ CEIRH-PHWRE+10) , WB(E (58%) FERAEL 201548 H.

2015/8/24

2015/8/10 -
BC (ng/m3)
. O
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B A

5.12015 4 5 H % 2015 4 9 R 0K ) 15k B mi i 18] 38 40 REAE
Fig. 5.1 Temporal variations of BC measured at TGS during May 2015-September 2015
52 Won 1 2016 4 8 H & 2017 4 7 F BRI A ARALHFAE, AERL I A A]
TRALHDKON 33 R JE B S VAR FE R AR ALY T Dy 102-1525 ng/m3, ~F3411E 5 520
ng/m’. B EERKEAE 2016 4F 10 H 9 H (1525 ng/m?) , FEHKT YK &1
VT IRE, DLRAHXT TR R AOIRSL . BARAE A AEAE 2015 4 11 H 29 H (102
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ng/m®) , AR TFEEFARKE. KERFES N BRSERES TIBIERIER,
fE15 SRR B F# X (Retama et al., 2015) o

552015.5-2015.9 JHIEIAH LG, HARMLZZ AN, (RIS SR AR 5 I B IR, X
— 7R HT 2016 F 5 A S &R ZERA TAHER TR, #2076 0 ]
L4 59 FH 216 [FEITELE A RE A, 480X SRVFER AT, T2 3) 2018 4
10 H: 53— J71H =2 BT 5 SR FFRNE X N U I TR 5645 o[BI 3509 216
] T (1) 1F 5 2 47 DA LA 1 A S e 3G 5 B AR SR T U X 1) BRI 2 o S (I HH IRAE
2016 % 11 A 3 H G ngm?®) , BAMEMHIATRESEAFREH AR, BOH
NRTESNIE R T BRI E I S R B A

BC (ng/m’)
g g

2017/6/1
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2017/4/1
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Fig. 5.2 Temporal variations of BC measured at TGS during August 2016-July 2017
F 5.1 o 1R DXCAAS TR it 1) BR BRI 2, 2015.5-2015.9 STA] R Lok ) 1|
ity R VAR T PR AR P U T A DX I A R M U sl (RO B2, AR 17T 2016.8-2017.7 J1A]
TR UIKN 3 R v J2 3R P8 P A A1 7 DK 2 2 DXl AR e B s R 2, L e ke 1
FEXTIE T K AR o (H2 5 iz v X ik SR B, 5 B ARSI X R 52 80 2 HE
TR, R AT AL TR IR BEIRES
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R 5.1 DXIAR e M I ) PRI JEE

Tab. 5.1 BC concentration in some regional background monitoring stations

S R UL s 1] & i S ik
(ng/m3)

et b7 2003.4-2005.1 AE-31 2120 Yan etal (2007)
YN 2009.10-2009.12 AE-31 2300 XRE M (2012)

25 A 2007.1-2009.8 AE-31 1600 kS (2011)
AR 2007.12-2008.11 AE-31 1700 M A% (201D

b B 1 2008.11-2012.7 AE-31 2200 kIS (2015)
Bt 4EJeE, Krvavec 1996-1997 AE-31  1500-4500 Bizjak etal (1999)
B [E, Kosan 1994-1997 AE-31 80-430  Yongetal (2000)

WriLim % 1991.9-1991.10 AE-31 2300 i (1999)

WL 22 2000.8-2001.2 AE-31  1440-7510  ZtH)™ (200D

Jeut b7 1999.9-2003.3 AE-31 200-3300  ZEtHT (2001)

512 BixATHMEDTL

K 5.3 HoR T 2015.5-2015.9 A1 2016.8-2017.7 18] K Lok 1136 K< BB AR
Fe TR P 1 H AR A I o o 2015.5-2015.9 B[R] A X BB BETE 739-1342 ng/m?
T, B PR HIILTE 2015 4F 8 H, BAICPIIREE HBILE 2015 4F 5 A«
WS — s R HAE oG, B, 8 420 HZE 8 A 25 HXEM A, HEFH
ST FE 25 1o T U R AR L

2016.8-2017.7 IE] H 72 BERIK FE£E 344-805 ng/m® JEFI A, e PRIk
HILAE 2016 4F 10 H, SAG-FRRE AL 2017 45 5 Ao fem PR HIE
10 5, FTRES MLk 25 R B R AR B R 5, 1R T — RAKTS GeZift.
AR EE R IIAE 5 H, RS V0 A2 RAUR AR ORI R BA S 38 T 14 22 (1)
B 5. PRI TR) B N BBV JEAE 5 H & 8 A RN 2L B B hneass, &
REIAFEHBE 9 Ay, wIRES 2015 4 8 H WA £ F B K & i e - a
Ko FR2015 MBI L, 4 BERIK LA BB RS, XAl Re 50l X
BHE S RB ™ Al G b, B8 T 4 4ot i i 3 iR A oK
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Fig. 5.3 Monthly variations of BC (with + c) at TGS during the study period. The blue lines
indicate monthly BC concentrations in 2016-2017, the red lines indicate the monthly BC
concentrations in 2015
N 5.4 o, 2016.8-2017.7 H118]) 5 & AR TS X 8 BB BRI AL H T2 425
ng/m®. HZF 536 ng/m3. HKFE S 686 ng/m®. XS 427 ng/m?, HAWENE
EEm . AFEFRAR AL R AR B R ORI KM R FFEAZER 1.6
o HMILXF T340 T 25 L KRR AN SRR A R . A RER)
AT RRIGE, RIS R AR GUAER XS 45, R 7K B S SR, S s J ) v ] B S 92>
NI 3 il 1 458 vy ) R TR B2 o T 48 2= R JE A IR ) - L R e RS — 7
TG % T N 9GS s e 216 [EIE ) 1Fis, 31— 77 T RS AR 5o Bk E IR A
ARG RIER
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Fig. 5.4 Seasonal variations of BC (with + ¢) at TGS during the 2016.8-2017.7

) LAt X (1) PR SV IR ZE T AR A AR A SRR, 491 4 B L OGRS LI
(it 1999; Cao etal.,, 2009) . Xl S EWIE, AREHRD,
BN BT LA G (A AT B Ol 32, FREEREAT IR Ise O AR 2RIk FE v 1
FEJR . Ak, BB IR A AT BE SR AL XA B A D% . KLk 3k 1)
RIS — b T R R B B R, EEE R AL AT AR
AR B, RE MR IR 15 4 2= Bk BE AT & T HAh ZE Y (Zhao et
al., 2015; JE%4E%, 2008; #P LB, 2014; 5Kk%%, 2015) . filln, FEERI
UK)EAE —H 2 AR &R, L0 BHIKEESIE 1237 pg/m’, MiE
KEA 3.84 pg/m® (B EEEE, 2011; XIHHS, 2011 . WREAINASHER
K 1000-2400 m AbA SR FI ISR JZ, 100 2 I B AL et DU 20 58 i ik
HIX o R A RS 12 B R 55 T A 280 G LR ) P B, (2 ) 8 R ST R X RS
PisohiER GREASE, 1994) .
5.1.3 EBixHALK

ST EBRRR BE B H AR A, T T BRI R GO AR A S H N CRTE B OC R A IR
TR B B 5.5 SR 7 OR LLuK N el AN [5) 28757 Fe ik FE 1K) H AR AURFAIE . R Lok
J1 355 P Bk S AE v R AN AR A BRI o R Lok ks BRSOV TG PR A BH L 1)
W AN PRI AN B 25 0, A UG S 19 LR BT 1) 23 ) 2 B 3B ] 10:00-11:00 A1
18:00-21:00, I ZHE 1K HH I A [] 43 331 22 I b 5 BF 1] 3:00-5:00 F1 14:00-15:00, £
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BT W08 50 o AL BTN TE] 5:00 23k SRR BT 46 ETF, RIGAE T B
JEHURFIA) 10:00-11:00, SRJEITAA TR, FEJLHUI A 3:00-5:00 HIINELACIE, #E
M T FFEA W K, 7EALBUFIA] 18:00-21:00 fRAFAER S, Fe o SRR
HIRTFIBEAWIR R ES K. EALEATE 10:00-11:00 HBIEHERE, KEZEHRA
H B, ASKIESIE M, SECRBRASUE R, IFHH T H 5 KRR A
W sm, a7 KA, (HRE A IR R B R A A TR, AN R = R
T, BERAER S ER . LR TE] 18:00-21:00 KL 5 241 fE B IS sh Al
BUARIEE . R B s shim th I TR E, KM E, 558
AN 3 0K — I [R] B A RE BRI FE ARG B e TG B2 i) 8] 3:00-5:00 I AIGAH
SN RENFRRR R EALREA] 14:00-15:00 HILAE, £HT
WA R TR, TRG I, VS S T I ) SR AR AR AR X
— i} 8] B 5% (Babu etal., 2002) . 7&[8] (AbEH ] 20:00-7K H 8:00) %
BP9 (496 ng/m®) BEART H[H] CALETIF ] 8:00-20:00) SR Hk H-F- 1)k i
(539 ng/m®) . AREEE . L IHBCRI R R R IL G R X R H AR
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Fig. 5.5 Diurnal variations of BC concentrations at TGS during the 2016.8-2017.7
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FHIR EE, T BB, [H2 e E, ST R K.
5.1.4 BaAKREKRE

AR SRR P R AR 1 X ORI h S ) B A TR B 5 5] JE R L S Re g ek
HH e — FROBE DX el P A T35 SR A IR FS B R 1 23 (9 R AR FE KT, 3 BLAE A A
e RV VBB IR FE A R i X B AR SRR FE (T4, 2001 o & 5.6 R vk )11k
P UL A5 38) ) DU AN 275 SRR AR 0 A1 B o IR LK ) 1l PR R ) A SR IR JEAE R
7%, BFRFIKZE 514 253 ng/m. 271 ng/m 1 290 ng/m?, 17 & Z5 BB RR I A R ik
JEMUN 162 ng/m®, 5 BBOIKEZETRN 3, WREKE. ZFK.
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Fig. 5.6 Frequency distributions of BC concentration in the four seasons

5.2 BRIt F 4

W 5.7 B, A SCH PAX FLAMLIN 7 2016 4K 4. 5 BB <4
RIS . UM R TRUSCRE, R SR (SSAD .« Z5REM, B
VAR Y 889 ng/m®, H 5WRISRERIAB AL . 1X—45 R 4ia T 2011 4 7 A H
PRI B 7E b I A] 8:00-20:00 B J8] B A A B8 MR FE AL 1380 ng/m’s
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Fig. 5.7 Optical characteristics of BC at TGS
5.3 KEHERNZmETF

1) XA R

JRCTE AN R ] R R R R AN EER . B S8 R T
2015.5-2015.9 B[R] B P R Lok ) |l BB B2 5 XU AN R (9 0% 3%, P R8s
A5 FE UL 3 = G L 0 P A e T Ak X AT R o) 50888 o 1L k)l P IR BR K L PR
PR FERAG, 2 KGR /N IR . XN T 1.5 m/s B, SR BRIKSF 359K
JE OH S A 1, 3K -5 AR KGR 5 BRI 22 B B R % o SR S U KT 1.5 m/s
i, BEBIKE TR, SXGE KT 6 m/s B, HBIRIKIZEHEENT 69 ng/m?, X

R e 100 AT R LA BR R B A I O T A A TR AR R IR L A A
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Fig. 5.8 the relationship of average BC and winds during the study period
(2) BRI FIAE O
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R FI R S5 RAUR AR, FRERIR FE ARG L o BN Bt SR IR B TR ) A
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RE, BRI AR T 2 7 B BBER-T- IR E, 7E K 1 24 0% H LI A B[] B P R ke
MBI, PRI REAE I B 4R, WREETT IR R, BABEHEL Y H IEH RGN
N BRI R (T YR P o T B B R W B SIS IR U R I B B, HLE S
AR 5 BRTHAR PR W S 3] T ¥ R PR B T e S PR N ] 4 L % S i 7 B TR o A
BT RZE, EERFEKE BT AER 60%, KKK BiRASIE A7 T
THRAER
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Fig. 5.9 the variation of BC concentration and precipitations during the study period

ST 73 AT BERROAR B 5 A BE AR AR (I 50100, BRBRIR B2 FOAR G
FERIH BRI AAERE R, BRIRE SR AR BN SR KT
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Fig. 5.10 the relationship of BC concentration and temperature. relative humidity
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(3) WARRA

B 1) O ) TR A S A I AR SRR, [RIINE CARE fids i i e 1 5
ok 75 A A Y BRI S (1 RS I R P o SR TT VD 2 R A B A (0 Vb R M R N A B8 T
RGO, Ao 2 BRI R 45 2R, X S B AR AU
N 1) BB AR BE LG E A K . BRI IR RO R i e —, W
IR ETIE 90% LA b, T AR R AAEAE 23 R e 31 O G PR Se it , AT 52 i) 1) 7
BRI (Bl 5%, 20105 BERERCEE, 20100 , ATt TR RAN T
SRR FE IR0

BEX b AR RSO BRI IS T TR AT 55, AN [ 1 DX ) BB IR 32 b 2R R )
IR FE S AR i TS TN 22 MEEAT T AR T, 3R B 22 M 53 [ P At
DX B TV R Ak A G e IR T, SRR A IR AR M HE TSR O . Herpb
DFRMETIA R TR0/ BB IR B s, HREE R ITRIER, KRR
TS EBAER, SECEBIRE HILT HE RN TGS, XU T iz
X BB SRR 32 B e A IO SR B ) G VRS, 2008) o R HESELE
HTERES v M X R T AR ORI AT, RIIE R HLIX, EAR D 2 B NSRBI,
B HTHERRIDK, TREID A& A (1D B8R O 58 B A A SR AR 5
SISV R IR SCRE I, DR 2RV AR IR R B 7 SRR BT 50.5%,
DRSNS B (WARER T, 3V, ARSI BRI Y Tk T
60.6%, MIMIGIN T SRR (ARSI ARMERD MEE. mTFwes
TR AR B £E 880 nm % B BT A — & MRS AR A, R e DU & (SO0 00 21 7y S Bk
JE RLZ AR YD AR BRI (R FH (R 45 58, R0 2 B 1) B ik P 808 S i T S e )
ORI IR EE (RS, 2014)

B EARFITRXAAETFR D Z 2 AR (3%, 2003) . 2017
4 H 28 HE 5 H 3 HDARIAREIKEFBMECA 262 ng/m?, W E/NTHZEK
FHAME 420 ng/m?. VO/RIAT],  BRBRIREE RN, 5 REOK RIRIE BRAE AR AL,
[ B b A i 855 I R B AT ORI LE AR AR (R 7K T o JHE 32 B S R D A SR I X
JIH, B RO, KA B A IR I8 HIOH Bt B 2 bk, AR MEAE K
SRR, RRE T ORI BRI, [R5 B0 R BB IR B AR R A
DRI, 375 A A FL A A (AN AT A ) Wb R R A S IE IR Ik
FEBEATIT T, DASESRA 5 V0 A2 A0S BRI R VAR B 2 BRI 52 1 o A ST LB
4 BB R ROBURL R 8 A B ZE I, RSO R G K 30%-50%; =AM 5T
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MBI NIZIEAR G 1.2 I, JEBRRBBORL IR M KRR K 30%. PRI,
VAR RN, RRER A AN H A =V R R L R F S BT BB SR RO R A
o MRRRID A ARG 45575 eV PSRN HCER DL S SR B RORE 0 A5
ARAHE, AH2 TR ZARRHAXES, B AT AR E BRI SR> A Ak,
Vo 2N B B AR ST X R I IR BE S i (R e B AR (RS, 201D « i
FEVD 2B RS 15 1) B e AV P AR 55 2 DRI A W 43¢ 288 R A [ B o T B T 1R 4
FIT LA T390 2R R 1) SRR B AT IR I

(4) DR EEE

K501 el 7 S EARFIIEX LA RS H N EBIRER SRR, Rk
& 51050 m B R R A . R BEE D T B AR, BRI
IRIETHIE BT, B R G E R IR AR, B RIS B | R EiE
F2 B PR 2 1 5 v I PRI 2 1 SRR R A T T K B R . KL=
JE 5575 YLl B2 (A G SR B, DR/ 52 w8 P T e ik B A Y 3 1R 5
BB BRI, KARIDFZEERES] 400 m LUK, 15 ek & ETF (ERES,
2012; BhAs, 2016) .
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Fig. 5.11 the relationship of PBLH and BC concentration
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1o P BLE 1 FNEIZE 5 ARRE R H FriEE WA E, H531 T B P0TET 61.8%.
B30F 2 ARFE K A RIS, A 2.9%. Bk 3 4 AR HE 3k | A A,
gl 37.3%H1 9.8%. P 6 ARAFEE KA, HEIT 6.9%.
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Fig. 5.12 Cluster-mean 5-day backward air-mass trajectories calculated by the HY SPLIT
model ending at the TGS including the percentages of each cluster trajectories
52 Guit 1 ORFE AR B R BB ERIR L o V5 Qe X Bk H 3R
IEEME GBI 1452 ng/m®) , IE(H FE R AEAEPIE 1 (36.8%) « HiE 3 (21.1%)
ﬂﬁﬁsmzwwoﬁﬁn\ﬁﬁ4ﬂﬁﬁ6igﬁééﬁmmwm B 7K )
B SIS R T IRIERRIIVER, FRRA IR R IR o i S I R
GirhRr A, IR HETSCR R R AL A 5 B R SRR X SRR P 1 SRR
2 5.2 Flvk ) SR RIS T S99 B Je FL Ve Aok

Tab. 5.2 Statistics of trajectories and BC concentrations at TGS during the study period

B B K RUCFIIREL g ORIRIIREL
(ng/m?) (ng/m?)
1 25 1116+458 7 1736176
2 3 840431 0 0
3 38 941+378 4 1697+75
4 10 9844320 0 0
5 19 1233+545 8 17474221
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6 7 754+411 0 0
All 102 1027+440 19 1732£175

BB AT X 1 R L BR 1 32 BIABIFRHEBR 200, oAb X Rz e
5 (1 a8t T BRI i X R BRI L R AR A o AN 1B (8 HY SPLIT
BAT RV Y G M R 5.13 s FF, BT RILALT X R EE
B B T 2 86.4%; T DU ER BLIE AT A T R X R B TRk
) 12.5%; T PEAET A, 2N BE v A S B 1.1%. EFERE T
WAL IS KA TRIE L 2, JET R L 3 A3 B U i o L R AL, A
NSRBI 45.7%, TR PEALAN PG R 1 W BT R 2 . AR R I
WL BRI S HE IS 2, 3T 64.6%, {ERUIA 21.2%1 BT+
TEHBIX, 2876 KL AT « R 2 A AN 5 2% ) s BT e AR AL A HE N F R I
BARTHRIX B (ZREE), 2008) o AT R LA G R B U E S
A, BT RN 86.7%, AT 8.9% M AR T B2k s aH L iR
Ol B SR AE X, 4.4% ) RBIVE T B

BB ARFHMIRIX EEZ2 3] 1 R L A I3 B S 2, B Wb IR R T
BAR AT X (AN EARFEEE) N AEFE R R ME 5. HEEFEM
R B TR LT 5 X R s i3 i B BB o U AR A, ) B T
45.7%A1 64.6%, FEIX— I (A BL N Bk B P I D fR B AR 4 e .
3t [X 2 MR K A W R A (VI HE YY) » 3 3 e A i e R S M s i &
AT DX SRR IR E , G SRR & T M T A A HE U 00, SR B X
BN ESE L. R, @i B E BN M BB AT
VR DX SRR PG RO R (£ 2EA85E, 201D
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Fig. 5.13 Cluster-mean 5-day backward air-mass trajectories calculated by the HYSPLIT

model ending at the TGS including the percentages of each cluster trajectories during
spring,summer,autumn and winter
5.14 WoR T 2015 4 5 H % 2015 4F 9 A K 1l ok )1 ok Je 3R 32 B X
(30°N-60°N, 50°E-90°E) ] AOD (550 nm) “F-HJIR#L. ST XA, 3
SR AOD S, A2 S5 HX AL, A THRARKIKT . K6 H i E
B FIE T RT R 50 IR LL DK 3k 18 R B Ak 2 3 ol B 2 P 52
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Fig. 5.14 AOD distribution at TGS and surrounding areas

N FAIACAT BRI B = HETBOR R JR Bk, BRI Ah, & RR ik A2
) BB 2 S R A AR O R)E CANARIR K R S A AR 7= i B RS RS )

% & BIBRe AT R BRI ) S 2 5, AR SR NASA ARk siid
SRR R 2015 4F 8 H KK AT#EAT 1 ot (B 5.15) , B s
RRTH, WFFEI BN B IX R A R KR, T ek e iR AR BB KR 23 HB [X 2K
RBADEE D o BSRAW TR IGE 2 36 il R m ™ AR i B L B, (HR 7R 2R
R o 73 B AR A T M DX SR BRI O, 45 & 5 R BRI, I E AR
YT BRI 7 4 T LR S 50 5 8 R S5V R XD R B 5 35 A T 228 Y 1) ok
FEISAE & B 25 AT TN AT e 20 5 B R I U X BRI P () AR A3 1 — 5 R o
I8 55 A I o T) FRT RS 0, 50 e X P A e ot R e Vs PR MR JE ) S e T 6 9k 55 > 1717 EH
eaze th X B SR P 7 A ) R U 5 A A — B ), 4 P] BE 2 51 S 5 & RS
X ) BRIV IR 7 AR AR A
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Fig. 5.15 Fire distribution at TGS and surrounding areas
5.5 INEE

FIH AE-31 BBARACH 5 & AR SRR X Bk AT 7SS Shas s,
ELr A T 2015 4F 5-9 A5 2016 4 8 A% 2017 4F 7 A BE AR X K5 H 2
BB R  H ARG H AR FIZE T AR SR AR AR AE , #R7R T S & AR
X R B VE IR AR IR L, RN 204 1 AR %A G B S AR A A R 0 7 R 4%
X BRI B s . R B R

(1) 2015.5-2015.9 HIH]- 5 B AT IR X R REBR A IO AR A0 3E L
445-1829 ng/m?, “FHIKE A 10114441 ng/m?, B8 5T 2016.8-2017.7 H[E] ) 520
ng/m>,

(2) BERFHTRXET B KM TFRIREE 7508 425 ng/m?, 536
ng/m*. 686 ng/m* M 427 ng/m?, RILH T EKTFEE . LHEFIRIFE A

(3) GERFHMIRX Bk B 0 H N B3 PSSR . BB A
SRR DX SRS AR PR A B S R Ve R0 9 1 B S PR M, 7R DGR A 19+ BT i)
432 AL E A TE] 10:00-11:00 F1 18:00-21:00, P54 Y H IR 18] 43551 A2 b 5 s
] 3:00-5:00 A1 14:00-15:00.

(4) SEARFME X B R IR AR, BT 8 253
ng/m®. 271 ng/m3 F1 290 ng/m?, 1114 Z= BRI A IR ALY 162 ng/m3. 5 HoAl
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fizs 3t X AR EE, B AR TR X HEBR %, A BB 1 SRR E A R fE

(5) HNENT 1.5 m/s I, RERITERE R R o A XHE KT
55%IN, SRR I B AWAR . HaJE RIS AT A R TR, B ARTERIR X 1 R
B BERR 1 S ASHHEGE Wi LLAL, 3875 5 52 1] rp b [X 3z B 2 A% AR 5
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Yal

6 H[KPEIRAETT 750 R EHX R BERE N
6.1 /K ERARTE Ik

6.1 S T 5B ARFHYR 150K )1 2 THI B FEE B AR S 1 2% o (1 B 1]
NG L. BBRRIREETE 32-2258 ng g Yl 2 (AR 4L, ~FI{EN 582 ng g, AL
TR EEAE 102-5712 ng ¢! Z (122 4K, ~F35ME 4 1590 ng g5 FrZRiK BEAE 2-484 ppm
TOFE 2 (A8 AL, ~FIME N 110 ppm. FERR & & (1) 22 7 £ 22 i T AR K ) 1 2 1
TH R SR AT AN B i I o 24 0K NV R TH A8 S5 78 aa I, JRBR IR & SIS, N 39+61
ng gl MUKNIRMMS VKRZA R, B & 285, B3] 6764435 ng g
LUK R EE T B I, BRI & E WA LI 3] 225842887 ng g'l.

6.1 BIK. AV ARKEG R
Tab. 6.1 Statistical table of BC. OC and dust

H bR FEfEL  BC(ngg') OC((ngg') Dust(ppm) OC/BC
2015/6/28 KX 10 225842887  5712+4820  202+137 3.67
2015/6/29 [ipa 8 147942501 425545214  239+278 3.11
2015/8/2 KX 21 676+435  2726+1270  484+299 4.47
2015/8/12 KX 20 39461 214+193 8+10 8.77
2015/8/13 ipa 20 32438 567+634 29422 19.99
2015/8/17 KX 2 94+9 161+26 8 1.69
2015/8/21 KX 5 397+208 296+157 14+7 0.78
2015/8/27 R 1 97 102 2 1.05
2015/9/12 KX 9 166+47 280+87 10+4 1.69

OC/BCLUAER HHT = AR BERUR, 1 10.78-19.992 8] . HH 2R S0 B
EEHIAES H12H, 48.77 ng ¢! P mE HILAESH13H, 519.99ng ¢!
XIS BEARAR L, A HUBRLE BT S P AR IR KM L, (BRSBTS AL R
WrAR >, BB L BB A G G B AERT S T BRI A R E R 5 & R
(Ming etal., 2007) . & OC/BCELTT PAS Bt >4 b (¥ HE S CAAE P 5 R e
F, MARABREHBEEE. OC/BCILAEYIAKIS IR 75 1.69, A HLER A BRI
B R LRI E o

AR SO AN R A 1) SR BRIR FEREAT T 408 Horbro H28 HREE T 101K E
B, BBIIKIE N203-8626 ng g'. EART AR IEA B 2 U, (KSR T DLHEIR
PRSI 7T A W SETE S5 VKR T, J8 I PUAR I IR M 24 0 IR B, 4 55 T R AL T
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ISR IR 3t — D8 (Xuetal., 2012; Mingetal., 2009) . 8 H2H,
PRUK R e AAEOK N ZRT, RIUK B S0, W RE 2 PR UKt A 1 75 v ity SR A Jod
fgem. e R, 8H12H, HEARFFMIRIS IR AE 1TRET M, 1K)
RO S E s, 5 H BIRIKEREMNN39+61 ng gty SKUE, REFK
ERL, BEIREIIGINE] 79449 ng g, IXULEH | R FH KRS 2 S BRI
B RN SH27TH B AT, AARSCKE T ME—— RIS,
BRI 9T ng gte O I2HAEZRSCRE T BTN, IKE THRERBIR,
BB TR, — BRSNS T (20165883 .
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10 4
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m
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=
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o 5 | 1
r| %
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5 - 0 - T T T T T 0
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B 6.1 JRBRIKIE I B2 A B 7K I T) AR Ak 1]
Fig. 6.1 Temporal variations of BC concentration, temperature and precipitation. The red line
is average of BC concentration in ablation area. The blue line is average of BC concentration in
accumulation area. The blank line is average of temperature from AWS and the blue bar graph
represents precipitation
254 2004-2005 £ 55 FARFHAR 15 0K) 1 BRI 1018 H R EEARAL 1% DL A]
IR (B 6.2) , UK RIX K Z S b i) ik B R B 2 2= W] e iy 1 oAt 2=
W R FEFE R B ZROK R A0E R, KRR ARV 32, KE )RR
FRAEVK )R TH » 4L AVK R E T b s e i Rk B2~ 25 2 404 ng gty AHXER
e PR PRI P A AE 5 B R FEIRNE 1 50K ) 32 2 J5 R AT R 120K ) e N 2R
TS YL ST, SRR R AR B AR AR S D, AR 5 32 B RIS B M
(Dong etal., 2016; Quetal., 2014) .
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Fig. 6.2 BC and OC concentrations in surface snow from July 2004 to July 2005 (Xu et al.,

2012)
6.2 Bk ERNTETL

RSO FIKEE S R =R, WIS 2HMBK. 2 RI7E 6 A 28 H.
8 H2 HM 8 H 12 HXEEH . BRIUKAGEH BT 7R B 6.3 BoR 7 =HMFE i
UKV 2T ) SE RS B BEHE AR AR AL B L o 8 S B ARSERIR 1 50Kk)1, BEERR R
JEI AR, BRI Ak PO N o (ER 255 p 1) BERRIR B EAS R 4R 2%
SO o T BE R AR R SRIIR 150K ) R R HO T 261 5 BB R 2 5 (63
7 KEESE. 6 28 H, WKIRMEEESERSE, KEMBRE LR LR
LRIIUK T AL o BOKFNE S o BERRIR B2 (AR A IR FE B B K T S5 o AR HR BRI
77, HBEREAGUR . RN T 3900 mAb EEHER KT 3900 mAb SEERIK T, i
WAV BB ST IR DT RE B LR

B b, BB RFHIR 150K )1 2T SE R (R JE B A R v 1) T T
D, X BH UK R T 158 24V M 13 S K & s SETE VK1 K3 (Kaspari et al.,
2014) .
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Fig. 6.3 The relationship of BC concentrations and elevation in glacier surface

N T kI A BRSO IR AE UK )T R TR 3 AT 5 L, A8 S B 5 & AR ST R
15 UK RS I 5P A AEAT s SRR s, A 7 o Bk e ok 2 T 1 PR ik
JEREAT T A (El6.4) o RRBRIKIEAEVK )1 R EIBE A ARG, BOR R R
IRFEAEHIAEVKE . 8 H2H, vKNIERH LRV £, BEERFIK &, RBORIKE
EIPEACEE A o 32 B R PR R IR B AR A KV Rl R, A A5 K I B = SRR VK
N IBARAL o AE1F— 300V 2R L ) BBk W AR F Wi, mT A2 H
FUKNRKIES T KRB ER, FRAKIIRS. 8H12H, BAKEHSE
i, BEOREE B RANE, H39+61 ng gt X AMANE AL EARFRIEL S UK
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Fig. 6.4 Spatial distribution of BC

71



FE[R AN RAE R, BRI IR LR R T HTRE AR T2 . 4545 2004 £F 7
26 HA2005 4 7 A 28 HEEARFHAYE 150K H 5T BRATG PURRIK
(B 6.5) , RTLIRBLE TR BB ATA HUBRIK BEAF A 25 s, oK E
S/ MEFAEW RN ZESR, IF AR BRRAE PLBR IR R . X T
WRAERORARN 5, TR AMME S, VURT 52 i R A bl
BRAETS R L R R E 4R, SO BRI R A 4L B E 2. Batedl, 38K
FHAER 1S UK NIRSER JZ S o SR A UK (IR AR B ey, B 73R Z2 TG4
JZ, FRERAA HUBGR LR, NistbR)R, B WRERAT &, 83 1 K H.
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Fig. 6.5 BC and OC concentrations in snowpack (Xu etal., 2012)

LS EEFL UK BRI TR, 33X P 20K ) 1 3 T8I ) RR B AT Bl i AR T i
PRS2 B TARHR KV B DR B ey, HOKE R SR, 5
WY EREGAEVKN RIS R AR SCHERFEEIR G B EEALE 4200m BLR, 414
UK ERRAE S AE 5500 m LA E, 4R IR 22 5 -t AT e A B AS 3] X 380K 1] 2 18 8
B B 22 S SR Rl 22—
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6.3 FkH Rk BRI

BT FEE EARTHAIE 150K RS RO, T 2015 4 8 12 H
SCHLIN & 1 BB ARTHAYE 15 0K 2 W0 ) B SRR AR Ol ] 6.6 W] DL
VKN BB AR BT = a5y, BRI RAT e R, 2 ThEE
BT, IRIBET R, DR R AR, UK 1 2R T b B ok ie ie o i 21187
5, (RIS OKT | R T BR A AR AR S 1) S B D . IR T UK E R i B R IR
Wit . BN R ROHERS , AR S R RO N B, B 3591 m AR JE S
FAEEART B 3597 m ALROULINAE, 3= R AT ARy, B RR TR0k
BUKBHSR S I 18] (80, ARTRARAI NI R, & AR 1 SRR I BEAIR . BB AT
U1 SOk AR MR 72 R R, ERFPRRART 3800 m (YUK IR HTEE 1K
=5, 1 3800 m P EMIE RS 5 .
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Fig. 6.6 The relationship of albedo and elevation
RN ZR T ) S 8 3 B W PR B T e i sy 5 R & B ARG B A I (1
6.7) » XKW B AT BE SN T UK S ARG K — T BIRZ R
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Fig. 6.7 The relationship between BC and albedo
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SNICARBEAY I3 #r 1 RO 2% Joxof 5 By LK T S R AR s, 45 SR R, IR
SR SR 2k X UK | s 2R B AIC R DT R 29 34 %, HABCHTTIRZ A21%

K B TTERFE 13 % .
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Fig. 6.8 Measured albedo and simulated albedo
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(1) WASH

ARV SCHR A8 S0 B0k 0 2 3 P SE B 15 RSB ) 2 Kk AT 1, RAS 3L
WH: ANSPRPHEESZEA (Incident radiation) EFFE Y (Direct) , RG5>
A2 (Surface spectral distribution) 15 A A fEHLIX 4 ZFIE K, FIRN0.05 m.
AR = R AR IS [ AN PRAL E, THEE 7 ORPH AR T o ARSI W, P& E [
i S R AE T OB BB CN0.2-0.6, FEILZLAMNBBINO.1-0.4. BB (MAC) Y
WEAN113 (Ming etal., 2016) , X288 FMACIE I+ £ 4L (Hadley and
Kirchstetter, 2012) o FREE R T M350212500 nm DGR, X HE AT
FL 1325-1075 nmP7EE . TR JORiAL 42 (Snow grain effective radius)
FR WL 52 B 2M50-800 pm, FHE%EE (Snowpack density) AR S A HE HE 1T %
B, RE T RRIK, SEBRUKAEIT 2LAME B TE E /20.7-5.0 pm, 20,11
FER] WO BN HVE L 220.3-0.7 pm, OB Z0.14. Bk Ry 2R & EAR Hs Sl
B TR E . BAAImRe. 2R,

6.2 SNICARB A4 N S

Tab. 6.2 input parameter of SNICAR model
MR wE KM Kite

A Y mgg) Ggm) EME) (mum)  VERPD
2015/8/12 TS2015-04 79 268 59 50 2
2015/8/12 TS2015-06 26 296 62 50 3
2015/8/12 TS2015-07 25 292 38 50 21
2015/8/12 TS2015-08 10 291 62 50 3
2015/8/12 TS2015-09 18 200 41 50 3
2015/8/12 TS2015-10 5 266 61 50 1
2015/8/12 TS2015-11 9 223 45 50 9
2015/8/12 TS2015-12 13 242 43 50 5
2015/8/12 TS2015-13 14 219 60 50 2
2015/8/12 TS2015-14 13 213 46 50 2
2015/8/12 TS2015-15 15 232 49 50 2
2015/8/12 TS2015-16 5 209 57 50 0
2015/8/12 TS2015-17 25 200 55 50 0
2015/8/12 TS2015-18 19 203 50 50 0
2015/8/12 TS2015-19 11 222 51 50 4
2015/8/12 TS2015-20 13 199 53 50 12
2015/9/12 TS2015-29 212 270 35 500 10
2015/9/12 TS2015-34 199 270 37 50 8
2015/9/12 TS2015-35 135 270 37 50 13
2015/9/12 TS2015-36 123 270 38 50 15
2015/9/12 TS2015-37 107 270 38 50 12
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2015/9/12 TS2015-30 153 270 35 200 6

2015/9/12 TS2015-31 229 270 36 200

2015/9/12 TS2015-32 210 270 36 200 10
2015/9/12 TS2015-33 121 270 36 50 16
2015/8/12 TS2015-01 274 379 35 500 44
2015/8/12 TS2015-02 88 374 35 500 11
2015/8/12 TS2015-03 90 363 35 500 16
2015/8/12 TS2015-05 30 342 36 500 10
2015/8/2 TS2015-44 819 480 40 800 1333
2015/8/2 TS2015-45 734 480 62 800 469
2015/8/2 TS2015-46 854 480 41 800 299
2015/8/2 TS2015-47 540 480 61 800 450
2015/8/2 TS2015-48 681 480 45 800 681
2015/8/2 TS2015-49 510 480 43 800 735
2015/8/2 TS2015-50 927 480 60 800 878
2015/8/2  TS201500351 475 480 46 800 784
2015/8/2  TS201500352 342 480 49 800 453
2015/8/2  TS201500353 289 480 57 800 439
2015/8/2  TS201500354 414 480 55 800 402
2015/8/2  TS201500355 284 480 50 800 517
2015/8/2  TS201500356 254 480 51 800 222
2015/8/2  TS201500357 224 480 53 800 687
2015/8/2  TS201500358 193 480 53 800 158

(2) BURIEIHr

AR SCHH SNICAR FBERUBEAT BURNME - #, HAPIRINT

1) WA BC AR ARIRE W E N 0, HARKARFF—2, WHEHEA
BC. HraRsomiy 35 oK i s %

2) [ R g AR AR, BC &89 0, BB AR 55 DK B AR I 52 0

3) SR FR AR g N BC s, B0 BC ARy 242 3L [m0 25 UK e i 7 AR
FRIRZ I o

i I SNICARSE AL (U ME /34T (R 6.3) , LRI REER: WK)IEmE
SREVTH AR, KB RRBRAEVK ) RS 5, 845 5 ERFHE 1 50K )1 R ) )
HEARFEAC, BEAK T 0.083, LI UK IR TH R R34 0.47; 1024 5 B AR FE R
1 5K S B, BFECFREREC T 0.0165,

6.3 SNICARB AL BURAE 73 Hr

Tab. 6.3 sensitivity analysis of SNICAR model

. . P+BC

H 11 YT L& PURE P+BC BC% DUST%
+DUST

2015/8/12  TS2015-04 Cl 0.85 0.84 0.84 19.11 1.45
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2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/9/12
2015/9/12
2015/9/12
2015/9/12
2015/9/12
2015/9/12
2015/9/12
2015/9/12
2015/9/12
2015/8/12
2015/8/12
2015/8/12
2015/8/12
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2
2015/8/2

TS2015-06
TS2015-07
TS2015-08
TS2015-09
TS2015-10
TS2015-11
TS2015-12
TS2015-13
TS2015-14
TS2015-15
TS2015-16
TS2015-17
TS2015-18
TS2015-19
TS2015-20
TS2015-29
TS2015-34
TS2015-35
TS2015-36
TS2015-37
TS2015-30
TS2015-31
TS2015-32
TS2015-33
TS2015-01
TS2015-02
TS2015-03
TS2015-05
TS2015-44
TS2015-45
TS2015-46
TS2015-47
TS2015-48
TS2015-49
TS2015-50
TS201500351
TS201500352
TS201500353
TS201500354
TS201500355
TS201500356
TS201500357
TS201500358

D1
D3
El
E3
F1
F2
F3
Gl
G2
G3
H1
H2
H3

0.85
0.83
0.85
0.83
0.85
0.83
0.83
0.85
0.83
0.83
0.84
0.84
0.83
0.84
0.84
0.74
0.85
0.85
0.85
0.85
0.77
0.77
0.77
0.85
0.65
0.65
0.65
0.64
0.62
0.67
0.62
0.66
0.63
0.62
0.66
0.63
0.63
0.65
0.65
0.64
0.64
0.65
0.64

0.85
0.82
0.85
0.82
0.85
0.83
0.83
0.84
0.83
0.83
0.84
0.84
0.83
0.84
0.84
0.72
0.84
0.84
0.84
0.84
0.76
0.75
0.75
0.84
0.60
0.63
0.63
0.64
0.49
0.56
0.49
0.58
0.51
0.53
0.54
0.54
0.57
0.60
0.58
0.58
0.59
0.60
0.61

0.85
0.82
0.85
0.82
0.85
0.83
0.83
0.84
0.83
0.83
0.84
0.84
0.83
0.83
0.83
0.71
0.83
0.84
0.84
0.84
0.75
0.75
0.75
0.84
0.59
0.63
0.62
0.63
0.35
0.50
0.44
0.51
0.42
0.41
0.44
0.42
0.51
0.51
0.50
0.47
0.53
0.47
0.56

21.57
20.66
8.74
15.70
5.11
8.41
13.81
12.44
30.32
6.01
23.21
6.30
4.88
4.21
4.35
49.38
51.78
37.98
35.17
31.30
24.27
34.78
53.23
14.52
41.42
22.53
34.16
7.14
29.79
22.20
28.42
17.97
28.15
21.56
26.33
20.76
18.04
14.37
31.29
22.98
16.99
23.50
12.95

8.08
48.89
8.85
8.85
3.61
27.61
17.78
6.09
7.78
2.74
4.36
0.08
0.61
5.17
13.02
6.20
5.29
9.62
11.32
9.55
2.74
1.25
6.91
5.05
14.17
7.65
4.51
6.69
30.97
14.37
10.54
16.11
24.87
27.64
19.66
30.05
15.72
25.29
34.73
45.49
20.84
67.25
16.39

(3) FLAPL4E
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UK)NAEIS RS, R IR 2o0h Fe il Ah r A2 B 50 e, K )1 26 T RUIR A
FER P N =FETE, RIK) R VERKE o OK)1RIE D S8 k. VKSR TH
NEFF &G ATRERFRIRTRE T, BERFR A UK R R 52,
F SNICAR BEAY 73 Sl AL, 1 LA b = AN [RIE 00 R BBy A2 %55 0K )1 Rl ) 5 e
(Ming et al., 2013b; Quetal., 2014; Lietal., 2017; Niuetal., 2017) .

Kl 6.9 SR 1 RRBRARY A0 B R TE 150K 13RS5 VK S M ) 5
45 IR I v SRR AR AR SRR il FEAIK T 12.8% A0 10.3%, 2255 R BRAT
K Xt SRR Sy T FEAR T 33.7%F0 7%, BRUKH BB AR A0 S R 3 Tl B T
22.4%M1 26.7%. FXS TR AR UL, RIS FEARHT T AT T ok )1 S R A 2
K2, U6 RBBRAE 5 & RFHE 1 50K RS W At A2 ot g 2= 0 B MPE
TRl E RS 9 RFA R, R AR et vk [T e 21 7 3 SAE

60

B EC
50 . VD

40 o

30

20

X R R EREPITTRRE (%)

104

K16.9 AN [FISEAY S5 K rp BE B RIR 280k [ 2 1 52 i)
Fig. 6.9 the influence of albedo by BC and dust in different type of snow

FOCHE LRI, L4 0K SR T LARR VKA B, B A2 e S 2 B fIK 1 DT k 26
F] LUAF] 58%, M BRI TTRR N 27%, R BALE UK )1 R AR VK 78 55 W etk
IR, Ky A PR UK )| R B e i B L DR 3, TR VK Rl i i AR e T 21 T
FFEM Bk NN E T B, Ky AR o6 IR R R BRI 0 DTk %50 Sl
36%A129%, ULHHTEZIER T, MAMBHINIK)IBE LG EEPmN, 4
MUK R A B S 7 s by, B SRR TR S ST, BEoevk) R
PR I BB AR ) DT R 12%, TR AR5 FL 24 0K 3R THI AR 25 g B 2R BRI 1) DT ik
HIE 3%, HULATI, 430 40K RIMEA N EHEE, BRIk R E
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BN
6.4 Frkep RIS T RS EIE R

AR ST R ) OK BE 3 N SR R S O S B T B B SRk b K PR R T
W, HPOBAE 0.2-100 pumVEHE N . 0K 6.10 Frx, LL 2015 4 8 F 12 HELHK
S, H SRR A 250.4 W/m?,

R SCE AN AR R B i AR RS i (A 6-1D) .

RF = Rin - shor - At (6-1)

o, Rin - shor AR FKPHELIRN SR GT, Ao ARFARIR HRAE T 15T T
I 8 2 1) AR AL

1200

1000 A
800 A
600 -

400 -
200 A Y
0 .

23:00:00 03:00:00 07:00:00 11:00:00 15:00:00 19:00:00  23:00:00

W AR (Wim?)

)

Kl 6.10 RBCHR S H N 221k

Fig. 6.10 the diurnal variations of shortwave radiation
RS T SEARFE 1 50K BiFs A rfmsimia (B e.11) o B
RBIR, SEARFIR 150K ) SRR AR 24 5] S (10 e S oA A8 55 vh o 0l
138 Wm2Hl 1.52 Wm2; fEZHH 5008 184 Wm 21 418 Wm 2, fEHUKH
G318 53.8 W m 2 Hll 57.9 W m 2, BRUKFIE T3 v FERRAIH 28 5 S 4 S o e B
THEr, U B R BIOK) 1 LR A &5 78 5 0K TES 5B o S AR oK R 22 5

A PR S o LG B R, T2 S b R | RS R S e R A
AL FUAE o T A b X B AT 3, RS R S B AT 1 50K I4R ST
SEREE R T L X G R vk 1], B & e B vk )1 (6.69 W m2) , —
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VKN (32 Wm2) , ZBE 125K (45Wm?) . XAReElHT 1 50k ®
R AT 243 15 Bzt o vy T At K ) 1 BT 38

100

90 - N B5C
I VD

80 4

70

60 -

E

40 4

RF(Wm")

30 +

20 5

10 4

0 z -

T 2= Bk
V] 6.1 7 AT 55 o o BB T 2 T S B £ 5

Fig. 6.11 the RF caused by BC and dust in different type of snow

6.5 BTk )1 R B9S2 ME 534

KA B PR SR AT D9 — T B B PR o, AR == R MR ORI
ONEES R T RSB AT LIS SO LR A eI L KR Y S R S RIAE 5
RG], MR RIS VKA BT R R, AT SO B ER ) UM R G

SRR A OB TR TR R UK ) 2R T, 2 BT UK S AR R 25 N e, 3t —
AU NTHEREL. B, AR SCHHE 1 gRsiul IR UT R 230 40K 1R Z R T
AR LA IR LL UK ) 1 s Bl R TR o 28 5 5 ARSI 15 UK 3R JE AR IR

Horr, 8 TUTRE R KR Z RS B i B AR R RIK LT (AR
6-2) :

BCnow = BCD x Af(psnowx Ax Thicknesssow) (6-2)

HrpyilglsE (BCD, HAfEpg m?) s&4a 5 fr AR A B A7 s [a] ]y Tk 2 T
BRI OR S IX ., BOE SR IR IR S A AE R, IR RFERTTRR AR
FE. BisRvikEEETEDT (A 6-3) -

BCD = Cax V.. x1/1000 (6-3)

Horp Co RSB, 4172 ngm?>; vV, AR/ IIREER, $467H
m s OERE S FORFERF SR [A], AL s, AR/ R T UTARIE BN (ALY
3600 s. PRIOYTTREE SR G 208 BEAN B R AR SO 5, WPRE IR R B0E
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1.0x10*m s (Yasunari et al., 2010) o Kb, A0 BALE T B A mhm
I 2R 368 B I 12 A 1 i X T R e B B I PR, (R0 T B3R 2 5 b B A I )
AanE X

W TR, GRS RO TR AT RS 0.98 pg ket BEERITIAAER E S

Hi, %MWM%E%‘“?ﬁVﬂﬁﬁlewa%mﬁf%F*¢
BT BA R ZE I B R RIR B E T (A 6-4)

Cs = Ca x a)/pa (6-4)

Co RERAF LIEIIRE (ng/m) ,  Po A5 1IE B bR A E 1525,
EE (gm3) , Cs RFKFBRIEIKE (ngg!) , O FNERNFFEWMINE
B, BB @ RISziliEel, @ (125) ERFSE AR 3E T4
WKL

T TEE, GIARES v S ol MR TR AT 1R 12 pg kg BARVTIRAERE S H,
Fo bk )13k B RRIE I SR T R T AE 15 36 ng kg BERTAAER E S . Hpigoik%
X TR R BRI TTER Ik 90% A L

GRACHS J Rl M S5 T 3R, LS UK BE B 9IRS 3 20 km Ze 4y, AR SCH %
i PRV TR B AR SR FL 2 UK | 2 T T e Py BB o 5 B RS 1 59K )1 3R
BERAK) 352 30 km 7247, 25 B8 303k SO RN o A BRI HE O S5 10 R, SEPRit
FE 5 & RFHANE 150K )11 3R 2 S b () BRI LA T H R S

ROEE TR RUTRETTRRBIVK)I 2RI, RORFR T vk SR i 2,
TR 1 2 0T IR FH A S0 B WSOV R B e, AT IR 1 9K ) 1| 2 T )i e, T 5
e K [ il o DRI, KSR ES ok e B A T 119 2 5 7T e R 0K ) 1 Y Rl Py s i) [R5
2z — (B35, 2006; BHEE%E, 2009) .

UK BT~ T H SRR, S5 B ARSEIIR 150K )1 RSP 3578 s 1959 4F
DISKIEIN T4 6 £, FFEARZIN IS RS UK R ZE R AR 7
WRE S EBSEA BERNRAR. (HEH 1959 ELK, BEARFFHIE 1 S0K)IE
TR (5-8 HD WPPRIRATE T 0.6 'C, XACTFERERM T & E
(0.8 °C) , Pk, a4l LLE ZR R THEAE oK) g s fd i) J5 B8 AT B A R & 2
S LA BRI 78 R B, VKN D T 9 Rk 4 J5 R R i Ag FAR AN, — 20K 1
TR, R UK SR 2R BRI

FHOK )1 2 T RSP T 0, KNSR T 32 1 — 2 DL R E 2 ok B T34
O, FoAthok B TR AEE . For i A R O /IMEORFE BE Bt B UK 3R T S 2R 1K
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ANDRTE B o UK 3R T B0 2H B SRR BB v B ) ARk T = A2 A Ak, B ZRIH Rl 0
Wl T R AR, MR T o, T Ky DL 5 Rl X % 1 32 252 #R k1Y)
VKIH -

LR, BESRT S, AKX, BFHEERE, TENREREH
ARL T D, BOGTEZR S Rm, B BRI AR AR T R0, IR 3 A
RIX SRR F . MEERX, BTk &H REPOLIER R, 1R
RAERE E AR 1 UK A SO e [RIR S AR T s 30 1 VR X AR K, TR
R B 55 AE RO G A B A FH R SO AR AR Rl , XT3 30 1 UK 1| e B 2 F) DR i o o
I, FRERET ARSI R, AT 0K ) TR v fit

A AT, S UK AR AR BRI 2% o e B B SO UK B SRR, AT RE i
DR ERIVH g RE 3 T 0 s AN K SO R AR R o

6.6 I©\N&E

NI FOKNTEARFPIRA T, BC FR X I B 52, 2015 X 8K
FERUR 1 S UKNEEAT T 2 RSB 5L, SRI T 20K HE =FhAS [F IR AS T 1K %
M, BC. M S &M, HFHUTFFESR:

(1) BEARFIME 1 SUKNEARFEERL & T RZ S kb Bk & &% 57
IRK, BRI FEEAE 32-2258 ng g VG N A8k o PR B2 1) I ) AR A4 33 B 5 K v
SRS 1) A FEE I UK 5 9 Rk P 8 T 8 BB 114 7 [ A A U B 5 K v Bk
AR S EAE G, FEUKIIRIER LS BE0m, KEBIRESE. oKk Bokin
25 AR A S HE A R B KT RS UK R AL IR 22 R S 8. AL kIR
5], FECEATRIE 150K )17 Rl S ok b B & 805 1) 3 2R KA
A, =R TGRSR 15Uk BEES N T5 e HEBORE T, o2& TR
R BRI FEL AL

(2) HREA] LA R PR S 1 S R, Uk 1| SR T SR o) S SR SR (I PR AR AR T S
L ERBRIK P2y 5 12.8%- 33.6%A11 22.4%, 1 UK 11 2 THI #5426 5 1 2R 1 AT,
FEHE . ZERRIKF DB 10.3%. 7% 26.7%. 7% 95 B AE N5 & AR5
U5 1 SRR S HR S AR ) T 2EM, (R AR KRl 2] T
REEAEH .

(30 BB ARy A2 51 AR 4R S ol , 7258 55 b 30l 1.38 W m ™2 A1 1.52 W m™;
ZE 53052 18.4 W m 2 Fl 4.18W m2; BRUKH 73512 53.8 Wm 2 1 57.9 Wm 2,

(4) RAF B BB RR A oS TR T R BE VK SR T, FEVE AL X BT ok )1
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R A KR BBREEROCPEA 5T, 5 BOUK IR SR 30 MR B IG5 ST P i

B, SUEUKIINEERL. RRX, ZHNERLARRH, TN MR G4
TR, WO RE R, B BRI AR SN, X s R X
S R BEAR IR B
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7 AREEERE
7.1 HARGIL

ARV ST R e S AN TR L X 1 R R R A R SR ) L FE 2R
RO, 5 GJ7EAR LG, XM R DU AF (AT H N2 A, SEIKAHL ., %
SEHOULN . SREL T 2010-2014 A [AIGNACHT Hi X FD 2015-2017 48] 2 & AT JE X
SRR SR IR S A o AR TR RS b BB AR UL 23 B AR b, A T RR B
T BRI B, FREE G G N ORTE ST T . CESRURREAT 5 T,
KRIRCE RS G HRE AOD 4, 704 1 R 5k-5 AR X BT E AOD 8] (1) 4H
KN, H T R AT RERIE . S55 5 A AR R 1Oz R B AR o T UK ) XS
JB T BERZIA o

[F I EEANF 25 ASFEG RN 5 & ARFHRE 150K )T 1 BF AR5 %
FE, 0 M S5 DIORE it R 5 B, T 52 1 XU P 8 DK 3 T =5 K b SRS IR
PRI & BT HRHIE . BRI 5 2R . 456 B AN 61 SOu
[ i B R H s, A SNICAR #E8Y, 58 S VPAl Bk Aok A vk 1 | 3R T i %
SR ST AR () R AL B 22 S, BRI T BRI ROk AR UK ) 1 2 THTAS [] IX 3k C s 551X
TR BRUKX) 5l Az 5 S, S aY - amEdE, vEG
T UK b BRI A A O UK [ R R DU o B AR SO A T E AR T
N

(1) S KA H S 0 LB 72 B -

YA L X H 25 SR N 7450 ng/m?, AT DAAR T Sk HY 4R OK AR SR iR
IRFEIITS SR A BB EEAE 2 A% 5 AMST RS, £ 6 AZE 1 A EK.
FEARZET, [ARFAMNAFGER 7 BBRERZER. fla, ZX0EN W H
WSW HXG#E/NT 6 m/s b, JEBRIKEE HIIRME CRF 210 ng/m®) o Z= XTI,
PRI FE RIS 3 100 ng/m? DA E, 32 5 KR BRI KU FI AR /D I K, oA =R
TMERFFAE 50 ng/m? fe A o A i X BE B A IR FE (%) H 9 38 A AE b ST I ]
10:00-15:00 HA — B BV, I HFWRMR AN E, KRl EHE AN
VAN Cln e IR 0 AR v R AR Vi 3 5 ) 38 ) o S AR S A BBl X (30°N-40°N,
90°E-100°E) RO EEE BIKEA BEK KRR, ULILFTE S Bk
W FE [R5 AR Ak, I B2 B I YR HE TRCER R PR 0 A A A2 g A b X SRk P 11 2 ok
/8
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55 B R TR XK A RO BEAE 2015.5-2015.9 41 18] 1) A2 A6 i
445-1829 ng/m3, P E N 10114441 ng/m?, B & =T 2016.8-2017.7 HlH] 1 520
ng/m’s SERFHEXERE, B, KEMEERIKRE 7578 425 ng/m’. 536
ng/m*. 686 ng/m* fl 427 ng/m?, BRI T EKE G LEFMINF . SERF
TR X BB FE (1 H N A B AN B35 B AR, 43 o0 H B AE b 5T I T
10:00-11:00 F1 18:00-21:00, 7EJL 5T HT[H] 3:00-5:00 £ 14:00-15:00 A HAN B & 4
1B, FA USRS RE . 5 & AR TR X BRI A IR FEAE R T
HZEMZE 78 253 ng/m?. 271 ng/m> 1 290 ng/m?, T 42 B 1 AS JEE IR FEE A
N 162 ng/m’. SH AR XA, D& ARFHMIRX UHHBOR 2, HAS
B ERIR AR . J RN T 1.5 m/s B, BEITFHREHEMmE. 4
FEXHR R T 55%0), BERRIKFE B BARAC. SRV ARANT, KK, He
Fr— BT I], {679 BEARIR B SURIPEAK . IR, BERAI RS S O R ARt 2 B8
RS I BRIR L, FEAE B AR AR, HLFE S X RS BB B 1035 B
RORELBEN i . A2 MR B . AOD ALK S (O ERH A3, s Hi i ek 4e
PR B AR T S B R SRIRR X B R B I R R IR, (FR B T S A HHE G i LA
b, IR Gy 5 B I Hb X B S A R R R

IS EE AT, 5B AR TR XK BB R 1 2 IR HE R A, IR A
5y 5% 3 7 b [X 78 PR A5 A (0 RENA 5 T R A b X R0 H () SRR VA AR 2 2 B
JEE 2= AR AFR A ) SR, B 1 R IV (R HETBCGRE M DA, A HE TS A — 5 RS

(2) XUk BB 0L 7T B -

B & ARFEWE 1 SUKNEARIFE AT, R25 0K B & &2 2R
K, BERIKREEAE 32-2258 ng g YUl 9 A4k . SRR 55 (R (] 8 4 150 BH 25 Kk v 2
i P17 =5 i i 2 P 38 I i 184 00 o T L 24 UK 1 3R 25 v s R 1 SR AR B2 T
PIMEAE 237.34224.1 ng g, AHXHEL i ) SR AR FE R AEAE S & ARSI 150K
FBER PR 2 S B RFHRIE 150K )1 B B N 295 GVl o 530, [ I SRAE (1) 4
O UG, Rk BE AT AR S B ARG, FEVK)I R At B & B3, A RKE
TR E S REkAE TR S SRR, BRI R BRER S, 2%
FIRRIK %] 2 FR R BRI 20 )2 12.8% 33.6% K1 22.4%; T A7y 2B 5o e 3 g [
REHT . ZFMEGIKE, D002 103% 7% 26.7%; BREAN L 5] 4R 5
SEIE, EFEFSHE 138 Wm2 f11.52Wm2 3 ZFF4E 18.4 Wm2Hl
418 Wm2; #uKd 432 53.8 Wm 2 Fl 57.9 W m 2, R SBRRRAE NI % & A ST
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TR 15Uk R AR T S AR R 2 7 £ SRR, Bk UK a e A
[SENEPS L (R

KA BBREIROE PR 5 n] DUB R TR TR 5 SABE T UKR T, 2B
DR S UK AR, 3t i R i AR 28 DCONTVA R X 5 DK AR v Rl R, AT X AT K
SO RE P A

72 BIFE=

(1) AV 3T LASZ 3 94 5 2 AUNT G JXCHR AL R M1 P 48 A 1t DR 52 21 95 XA i
S (R 5 B ARSI XV E OB FE X, 8 I R AOT e 1 R BR IR ISR 1L 7R 2k
I, S GeTAR LE, IR n] UEGF AOEAT H b, seBLR I, &
By, R DL A RS RR AR R H A AR R R

(2) 7R 1 e S I R A U B I H AR A R, B 25 (1B R IR
FIASALRFAIE, Rz 1R R #R7R 17 oKl B SRR R IR R 2= 1 AR e AT H
WARAL, BIEAKE FAARAI 1 ARy OB R e 1Y) A AR AR RFALE

(3) SRR R AR B SE R TG 1 AR X AT 5 AR5
BX RGN RN R, F5 7 RAOAEE RIS R .

(4) AWRICHIFEARKFE L EoRa 15838 1 H AN RERAT 7 22 3, o3
FELE R P ER IR Izt X o FARLE S B AT 15 0K T il X AT 2R X
T UK T BT SV R E LI B 7T, A BT e B vPAili 1 B Ipext 1 s R
BEAR PRS2 B HL mT REE A3 1 8 S 5l

73 TIERE

ARV SCAE T ke J DA K R 1Lt DX AT SRR 2O I J Bl R e O S il b,
R PRI SR TR I TR AR AR IR BEAT T W 7T, IR 4l & U s S5 HoRIR AT 1
R o AE3RAG iz 3t X BB SR BN 25 0 A B KA BRIRGL M RIS, DAk — 2Dt
FC ARB TIRE UK AN, AR SCAE B B ARTHAIR 150K e 1 5 oK rh g
PRI 7E o AELRE Fh I TRL A KT A BR 1, 6 SR I R BRAL 225 1 (il
WEE Kite. AR RGNS UL 55 AOGARE O62)R R Ry ik
AT R EUR SRS BOBIE FEA T R SR [R] IR0 BB AR S s BRL A . <-
R ZR SR UK RS R 557 T IR JE T R G o SIRABE T BEAh, YT EE
MR, SEHBER DR B S5 S AP SR R BR A, A7 2R 2D o SR I () e 25 ) 7L
PRk, £ LU AR =055 AR 7T -
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(1) ECHRFEREEA L, InombE /S a0 Ja R e i R, JF4i &0
N/ FE A IR 20 AT, 18 9 BRI SBR BR AL AOBIE 7, F 7 Bk R o 5 06 TR
IR AB RN o [R5 37 5 KR = TR R 5 704, E i nas K<
AN DK R SR VR I AR DRI 7T D JERR R TR U S R P sz i 42 (A KR
HE ) FE AN o

(2) BERFXS BB AT 1 50K DT A WIESSRAE A E, R 0o
Xt HAR UK XK (10 SR VA AT A IR TR S0, 38 A [R] X3 A ke
B, JETT W I R AR A B R A ) 22 AV B RS BRIR DL B it 1 DR

(3) ZREENERF AR A AL S UK DX SR, — i m] BAF s
IR IIRIE T, R AT 5 G T A R R ASA P AT R St FE £ AN [ X R AR B s ) A
AR LT ok X 22 s G R B, AT AT DA R gt AT B4 Aa 2
75— J7 TAE K DXTT Je SRR (UL I 734 B itk Dt — 2B Bk FE 0k X 1
BRSO, PR KU S s e SR A 1 A

(4> H AT T AR =5 UKVH Bl 5 S VP R0 ST 4 WIS B, ey a8 i A5
RUSKE B VP AL PR AR S5 NG R 2% TR 55 KT R R 2 475 2R S — AN 18 ) 7 B R )
eI o AT T EE U TR B ARy 420 5 KR T e R A S i K HL R S e
TERT, 2% R =5 UKVH B A SR ST e b o BT ARG 45 & T 0T RS R
BE— 2D B A TR 2% B M = AR B T UK R AR R, AT PP RO 1 2% o X oK
JAZAE ) DR -
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