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Fig. 1 Map of sampling glaciers in west China, where black

triangles are from the literature [11]
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Fig. 2 Distribution of BC concentrations in snow sampled from
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the glaciers in west China
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@ EFKIR : http://disc.sci.gsfc.nasa.gov/giovanni/

330 | Adv. Clim. Change Res., 2009, 5 (6): 328 335



www.climatechange.cn

6 11 WIBESE . o I 74 R vk v AR S S LA G i 331

(B RBIURERIREN s S5—T5m, &, ZEFTk
N5 N T 2 (o AR A2 B R TR R AR5 1L
BEreE AT AR, G T LR R R RRIR R
PRI, P27 AT E o A A% JR e 4% 25 ok 1 a2
RRHERGIR . KA TR DO 5 &
FRRGZAEHER .

HEJik i /mg
(a)

50°N 1000

750
40°N

500

250
30°N

100
20°N 1

60°E 70°E 80°E 90°E 100°E 110°E

(b) 0.90
0.82
0.74
0.66
0.58
0.50
0.42
0.34
0.26
0.18

0.10

0.00
60°E 70°E 80°E 90°E 100°E 110°E

B3 20064 0.5 x 0.5 7R, A sy b X AR asHE#
(a) Sz 2001 — 2006 4R iZHh XK P RIS IZ L (b)
Fig. 3 0.5° x 0.5° BC emission (Mg) of most East and South
Asia in 2006 (a) and mean 0.5° x 0.5° AOD of East and South

Asia during 20012006 (b)

h b TLUTREAE R AR O N 1hT A FR A5 He R
SR, X HBIA—A “F/ ok REK A
(SNICAR) #55, 12 A A i BELRE 45 55 otk i
R, BRI Z RGBSl
SRS RLATROH U7, AR iR & AR L, T
AN Z WLICHK (2], IR B T RADAEE B
BRMITFEAR, TR 2R S R a5 58
8, 13 HILRET 55 ok Y AR A B K R

SHIE T T R b X P AR AR B 2Lk
KO BRI e A a0, R EIdEE T
M HET D B B 2 0k AR T AR R R, il T
KR SR AR ), SRR ST, &R
RRMIR AR 1 MR BUL EREME, fEfR
FERMGIREABIEE T, & Ay ES s5a A
FAREE, BT TR BRIR S, BT
BRRROC R, BEEIRNSE, TG
HIERIZSE AR R PRI . SR RBOLFERRE (HR)
BB P2 v AN 300 um 20, 1 2 B BT e 25 2 1Y)
R RME 150 kg/m?RY, sefr b, rp E P K1 FR
S LG, BRI S EE R TR ER, %
e BB E i o5 Rp IR, DRl B A AL
EERER TR,

BHUZE R DR, PBRRAE BRI A AR
WhastoRag . Hm FAERL ((+5.8 £ 1.3) W/m?) >
Tl ((+5.6 £ 1.0) W/m?) >k SR JE (+3.6 W/m?)
>R ((+2.2 + 0.6) W/m?) >3 ki) ((+2.0
+ 1.3) Wm?) (El4), HTEMASOLERR. %
JESHEAAR], X Ak A b5 BRRIR
Sy AARMEL, WARR RS, e A R A
KPBHERST, TR T X i 280 @, M {5 75 8 2 IR
UK 25 2 1 R R A AR S 50 B st TR, M4

50°N
40°N
30°N
20°N ﬁ%%ﬁilﬂ_ J(W/m?)
> 12
>23
>3-4
10°N > 45
> 56
> 6~7
> 7-8
EQ

70°E 80°E 90°E

Pl 4 PR oK 5 rh AR RS e
Fig. 4 Distribution of radiative forcing of BC deposits in the

100°E  110°E  120°E  130°E

surface snow of the glaciers in west China

Adv. Clim. Change Res., 2009, 5 (6): 328 335 | 331



332 R I A I i 2009 4f:
BEIDIEE T, 28 o S b P R AR @ P
AEPIIRRSTRIA A (+4.0 £ 2.0) W/m?, FRA {5 50 LR

i T Flanner S50 L B BAHE IR SIS, 59 PR
EAHERMATS ST, SwMA I T 2fE 2%

g0 T A AR F T BRI g,

I R 2SR B R R R IR, +4.0 W/m? ik — 2 10 >
FO R HRAEL T B 6 L a0 )1 s P % K %o g0 190 o0 om0 2000%
WAL, A A A U | 2 T Rl A T B 5

JE MRS, R, i R " Tha
RS LS, WHAESERAR, A ¢

KRR, AR T RSB R ESkmE 23

FUERH AL, AETE RS RIN K, B o

i J5 1 A AR &

3 E—E?ﬁﬁmbklﬁiaim%ﬁﬁgﬁﬂ‘ﬂii_ 01950 1960 1970 1980 1990 2000 4

FIH B & Db L BEARZ A oK B oK E
(LATRIFR “TRGAG ), 228 D R G ki
7}%}‘ Pid. FERMELAE 00, BIGILELL

By A R Ca? R BE 4 N 1 47, W AR IR
7—':)#7@ 1951 —2002 4E031, R ETC ST 1) A Rg e E
i AT 43 A 3B EE . 1) 1951 —1976 4% (BEdh
KIN=58), BERIREACER R, FHMRERA (17 £
11) ng/g, BRI ZEHEEAR LK
LRkED, wifEE (1966— 1976 4F) REsAIR 3l
Y B B . o TR (1951—19654F) 5 2) 1977
— 1994 4F (N=47), K BRHR BE IF sl A k7
R B E , FEIRER (12 £5) ng/g;
3) 1995—20024F (N=35), skt sk Bk i
HPEHEEPGE EFEH, FEA (20 +£9) ngg,
M| 2001 4, BEGRE@EE T 50 ng/g (Bl 5a), kK
ORI 50 a EBERGRER (16 £ 9) ng/g, 5
RGN BRI BRIRE (18 ng/g) HEIL,

BT Bl kIR BRI E, FH SNICAR #5
AL, T 195 VAELIRUTBEAE BT S (R0t EhiiE
300 pm, %5 150 kg/m’®) YRR ERSToRE . 1951
— 1965 4EE W AR S R0 FAAE +1.0 W/m? | Tk
8l), 1965— 1975 R G il — EEE T +2.0 W/m?,
1975— 19904 ¥kt oA ke & 2 +1.0 W/m? |

332 | Adv. Clim. Change Res,, 2009, 5 (6): 328 335

Bl S ZRGAR KGR BRI
Fig. 5 BC concentrations recorded in an ice core of East
Rongbuk glacier, where the blue curve is the running average,
the green line is the average, and the purple dash lines are the
means of three periods (a) and simulated radiative forcing,

where the red line is the running average (b)

Peh, 10 1990 LR, ZRGIAR UK R TR AR
SRIH TR, £ 2001 SRR AP T
+4.5W/m?* (& 5b),

4 FIERYREEHER ik Rk SHE R

1995— 1999 4 [ EN EPEIRLE (INDOEX) #8571
T Wik =7 IAFEY, JELEF 0 & X AL S
AT 2Bk 2 A DO, R eofR 4 “ R s e =7,
AR R SRR AR —H sy, WAERTFAR
Thhi 1L P R 2000 ~ 5000 m fy 25 ] X3 A, T2
SR IR e 2 T e K X3k H B A ] 22 i |

, HFEHmEEFZR TAEN, KR T2
EHH)\%*@(%ZJJF‘EE’JEE# RIS IR BRI
FTECEHE G B, ARFIE e I (i ndhy
VEFAAR PTRE I T & Chhi e LU e b ok 1D 1845 P,

I PR RSHECE FUF T B, 1950—2000 4
M X PR RRHE R S R Kt 400 (B 6a) , HE



www.climatechange.cn

6 11 WIBESE . o I 74 R vk v AR S S LA G i 333

RYPATIKERIRMIL R Z AR R AR ([ 6c),
X ARER T E DRk (i >5000 m) B
BT R E S BYT5 Gey e e IR S . I SE
[ SAFHEFIR TR (NOAA) =2 BRI =
(ARL) {1 HYSPLIT {25 U RiA% B H A
AR T ZRGAT ok 1 B 195 ELORIYE H e
AL . FREOHTERELW], B4R 365 Sk
AT 5y PE FNED B 2 A P2, Je o ik
kSRR 2 HH B E AR (R=0433,
N=51, a=0.01) ([&6b)", Li B Ee MEHE R ik AT
AR 7R RIS T BB FFOURE T 2RGAT ok 2 1T
ifn B R R RS B (ERBOR . &R b hL b,
LA TG W IZH0 X T A RS2 B
HZNGN W &, S AU EE R R A W
600

" (@)
500

B HECR /G
W
f=3 (=3
s 3

(b)

80

AR AL R AR
S
(=}

40
40
35 (©)
30
25
20
15
10
5

1945 1955 1965 1975 1985 1995
6 1950 — 2000 4F- Fe b3 X A AR AR AR AL (2) P, 1951
—2001 £ 48 Bl B 2 U B AT 4 B (b), 2R
ARG R A RBIRE (o) (ZLEdhZ iR FY)
Fig. 6 BC emission of South Asia during 1950 — 2000 (a) ¢,
annual air mass trajectories transported by Indian summer

UK RBRIRJE /(ng/g)

2005 4F.

monsoon (b) and BC concentrations recorded by an ice core of
the East Rongbuk glacier (c). The red curve in (b) and (c) is the
running average

SR & R L Lokl (B, FL45%) RS
SRR RTREES o IR TRk, HLARBRAIOTRE
XX LK RS s e, R
PEARIS 5% LA R,

Hh B P A r ARG HE B R LBk 1 5y AR X
i 50 a LA Hh [ PH AR A 82% RYOK AL TR 454k
AP, O, TR, S Rk
A TR BT HR AR 2155 S B [ P ok
NS T REERER R Y, HEA 2 E A5
o 2 MR, thE KSR B RRRA P AR
S (+4.0 £ 2.0) Wim?, X% H GOk 4R
SPHTA —E R, AR EL AL, RS X R
SRHEHGHE — P390, X —sRiE (AT REE m, WTRERK
A b KA TERy 55— 3R . B RTRIF R
B, 1R TCEE il AR RATT ot ok ) U fHia 34 i

R
5 & i

Hho [ PE AR ok 2 25 A AR IR B S B R L >
T el e J B > MoK IR v B > B3 L > B Hhi e L
FI 53 AT kS Jr) o T PE ET 5 oK SR APk FE D463 ng/g,
e AR AR A2 XA SEIEE R . RN
BRI 2 ) oy Ak Sy ) R S B HE TG
AR BoR, AR E Va0 B2 RI TR
FER PR RIE A (+4.0 £2.0) Wm®, EHL
e L B B ZRGRAT OB AR R A A ORI T
W, ZRENEEEFRNGE ;s 1951 LR ARRAYF- ik
Ty 16 ng/g, PR H P AR 3818 ££ 2001 45 - 7
A 7 +4.5 Wi’ me L HE RO A AT REHRIS 5 &
JEEA BN, et R B A ok |35 T R P
HE—Em, W

Bt hERREE X RN S TR R . 2
B, E SR IMEIIRAE, ERRE AL UL HE 2 it
BN, 2 B KB R b U5 5305 5505 32 Helene Cachier
FERBANEIE AT T 4 T4, EEINASAHR B AN
JeH R B, Ar AR S A BROR XA B R 5 D Y
David Streets $i (it BREHERCEAE , TR —H oM,

Adv. Clim. Change Res., 2009, 5 (6): 328 335 | 333



SEREALSREBESARETE

334

www.climatechange.cn

2009 4%

SE 0k

(1

[2]

B3]

[4]

(3]

[6]

71

(8]

9]

[10]

(1]

334

Forster P, Ramaswamy V, Artaxo P, et al. Changes in atmospheric
constituents and in radiative forcing [M]// IPCC. Climate Change 2007:
The Physical Science Basis. Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge, UK: Cambridge University Press, 2007: 129 234
Flanner M G, Zender C S, Randerson J T, et al. Present-day climate
forcing and response from black carbon in snow [J]. Journal of
Geophysical Research, 2007, 112, D11202, doi:10.1029/2006JD008003
Bond T C, Streets D G, Yarber K F, ef al. A technology-based global
inventory of black and organic carbon emissions from combustion [J].
Journal of Geophysical Research, 2004, 109, D14203, doi:10.1029/
2003JD003697

Ramanathan V, Ramana M V. Persistent, widespread, and strongly
absorbing haze over the Himalayan foothills and the Indo-Gangetic Plains
[J]. Pure and Applied Geophysics, 2005, 162: 1609 1626

Ming J, Zhang D, Kang S, et al. Aerosol and fresh snow chemistry in the
East Rongbuk Glacier on the northern slope of Mt. Qomolangma (Everest)
[J]. Journal of Geophysical Research, 2007, 112, D15307, doi:10.1029/
2007JD008618

Lee K, Hur S D, Hou S, et al. Atmospheric pollution for trace elements
in the remote high-altitude atmosphere in central Asia as recorded in
snow from Mt. Qomolangma (Everest) of the Himalayas [J]. Science of
the Total Environment, 2008, 404: 171 181

Wang F, Zhu T, Xu B, et al. Organochlorine pesticides in fresh-fallen
snow on East Rongbuk Glacier of Mt. Qomolangma (Everest) [J]. Science
in China (Series D: Earth Science), 2007, 50 (7): 1097 1102
Ramanathan V, Crutzen P J, Lelieveld J, ef al. Indian Ocean experiment:
an integrated analysis of the climate forcing and effects of the great Indo-
Asian haze [J]. Journal of Geophysical Research, 2001, 106 (D22):
28371 28398

Ramanathan V, Ramana M V, Roberts G, ef al. Warming trends in Asia
amplified by brown cloud solar absorption [J]. Nature, 2007, 448: 575
579

Li C, Kang S, Cong Z. Elemental composition of aerosols collected in
the glacier area on Nyaingentanglha Range, Tibetan Plateau, during
summer monsoon season [J]. Chinese Science Bulletin, 2007, 52 (24):
3436 3442

Xu B, Yao T, Liu X, et al. Elemental and organic carbon measurements

Adv. Clim. Change Res., 2009, 5 (6): 328 335

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

with a two-step heatinggas chromatography system in snow samples from
the Tibetan Plateau [J]. Annal of Glaciology, 2006, 43: 257 263

Ming J, Xiao C, Cachier H, et al. Black Carbon (BC) in the snow of
glaciers in west China and its potential effects on albedos [J]. Atmospheric
Research, 2009, 92 (1): 114 123

Ming J, Cachier H, Xiao C, et al. Black carbon record based on a shallow
Himalayan ice core and its climatic implications [J]. Atmospheric
Chemistry and Physics, 2008, 8 (5): 1343 1352

Cachier H, Pertuisot M H. Particulate carbon in Arctic ice: ice archieves
in Antarctica and Greenland [J]. Analusis, 1994, 22 (7): 34 37

Cachier H, Bremond M P, Buat-Menard P. Determination of atmospheric
soot carbon with a simple thermal method [J]. Tellus, 1989, 41B (3):
379 390

Birch M E. Elemental carbon (diesel particulate): method 5040 [M]//
Cassinelli M E, O’Connor P F. NIOSH Manual of Analytical Methods
(NMAM) (4th ed.). Government Printing Office, 1999: 1 9

Warren S G, Wiscombe W J. A model for the spectral albedo of snow II:
snow containing atmospheric aerosols [J]. Journal of Atmospheric
Sciences, 1980, 37 (12): 2734 2745

Toon O B, McKay C P, Ackerman T P, et al. Rapid calculation of radiative
heating rates and photodissociation rates in inhomogeneous multiple
scattering atmospheres [J]. Journal of Geophysical Research, 1989, 94
(D13): 16287 16301

McConnell J R, Edwards R, Kok G L, et al. 20th-century industrial black
carbon emissions altered Arctic climate forcing [J]. Science, 2007, 317:
1381 1384

Kay J E, Gillespie A R, Hansen G B, et al. Spatial relationships between
snow contaminant content, grain size, and surface temperature from
multispectral images of Mt. Rainier, Washington (USA) [J]. Remote
Sensing of Environment, 2003, 86: 216 231

WAL, MR, DA S JRIE AL TR K, B RORM RS
TERFMERIRZE (] B (B ), 1984, 4: 370 377

Wk A, KRR, W, . NN RT3 4 M Pk
BRI [J]. v R (D %), 2004, 34 (6): 535 543

Ramanathan V, Agrawal M, Akimoto H, et al. Atmospheric Brown Clouds:
Regional Assessment Report with Focus on Asia [M]. Nairobi, Kenya:
the United Nations Environment Programme, 2008: 1 39

Prasad A K, Singh R P. Comparison of MISR-MODIS aerosol optical



www.climatechange.cn

6 311 A% B VG 5 vk i Y s S B AR 5iRaa 335
depth over the Indo-Gangetic basin during the winter and summer seasons Global Biogeochem Cycles, 2007, 21, GB2018, doi:10.1029/2006
(2000 2005) [J]. Remote Sensing of Environment, 2007, 107: 109 119 GB002840

[25] RamanathanV, Ramana M V. Atmospheric Brown Clouds: Long-Range [27] Jpctv., BEt B, FH B, 45 . 35 e 5 A 75 i o b b X S AE

Transport and Climate Impacts [R]. EM, 2003: 28 33 W5 U], W3R , 2007, 25 (4): 497 504
[26] Bond T C, Bhardwaj E, Dong R, et al. Historical emissions of black and [28] XIBFER, T 7k, 25 &, 2. b PSRk N 1 S A Rg i sy [J].
organic carbon aerosol from energy-related combustion, 1850 2000 [J]. FIYLLRFTE , 2006, 26 (5): 762 771

Black Carbon in Snow/Ice of West China and Its Radiative Forcing

Ming Jing"2, Xiao Cunde*?, Du Zhencai*, Flanner Mark®

(1 China Meteorological Administration, National Climate Center, Beijing 100081, China; 2 State Key
Laboratory of Cryospheric Sciences, Cold and Arid Regions Environmental and Engineering Research
Institute, Chinese Academy of Sciences, Lanzhou 730000, China; 3 Chinese Academy of Meteorological
Sciences, Beijing 100081, China; 4 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing
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Abstract: Snow and ice core samples were collected from the glaciers located in the Tibetan Plateau (TP) and Xinjiang
of west China. Black carbon (BC) was measured and its radiative forcing after deposition in snow was simulated. The
average BC concentration in the snow of west China was about 63 ng/g, higher than the other measurements in the
Northern Hemisphere; and its spatial distribution was primarily affected by surrounding emissions. The mean radiative
forcing simulated by the BC deposits in snow was about (+4.0 + 2.0) W/m?. An ice core (aged 1951 2001) drilled in
the middle Himalayas reveals that the black carbon was primarily transported from South Asia by Indian summer
monsoon, causing a forcing over 4.5 W/m? in the summer of 2001. The BC emitted from South Asia could penetrate into
the inland of TP and might have significant effects on the surface energy balance of the glaciers in the TP.
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