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Materials and Methods. Ice cores were cut lengthways into 4 columns
by using a band saw in a cold room with temperature of �20 °C.
One column was cut at intervals 10–25 cm into segments and used
for black soot measurements. The outer �1.0-cm portion of each
segment was pared away with a precleaned scalpel at a temperature
of �20 °C in a class-100 laminar flow cabinet. The remaining inner
section in a weight range of 150–300 g was then allowed to melt at
room temperature with a precleaned glass container in a class-100
clean room. Immediately after melting, the liquid sample was
filtered through a prefired quartz fiber filter, which was heated in
an oxygen stream for 5 h in a tube oven with temperature of 800 °C.
The water samples were filtered twice, and the containers and
filtration unit were rinsed three times with ultrapure water (Milli-Q,
18.2 M�; Millipore) to ensure complete transfer of carbonaceous
particles to the filters. Filtration efficiency was tested in several
studies using similar procedures, with filtration efficiency found to
be about 95% (1–4). To avoid possible positive black carbon (BC)
artifacts, carbonates were removed before analysis by dripping
50 �L of 0.1 M HCl onto the sample spot three times, as suggested
by Lavanchy et al. (3).

BC and organic carbon (OC) on the filters were measured by
using the Interagency Monitoring of Protected Visual Environ-
ments (IMPROVE) thermal/optical reflectance protocol. The ap-
plied working conditions permitted the separation of four OC
fractions (OC1–OC4) in a helium atmosphere and three BC frac-
tions (BC1–BC3) in a 2% O2/98% He atmosphere in response to the
thermal program. Pyrolized carbon split from BC fractions was
determined when reflected laser light attained its original intensity
after oxygen was added to the analysis atmosphere. Detailed
procedures and quality assurance can be found in the Cao et al. (5).

We note that the OC concentration yield on the quartz filter
was not total organic carbon, but the water-insoluble organic

carbon and part of water-soluble organic carbon that were
adsorbed by the quartz filter during the filtering. The influence
of dust particles on laser reflection and the split point of
pyrolized carbon were quantitatively evaluated for the possible
carbon artifacts in the IMPROVE analysis, as was the analysis
reproducibility. A shallow ice core of 5.47 m in length loaded
with high dust was cut lengthways into four parallel samples, with
the dust portion analyzed in four different filtering approaches
involving removing dust and remaining dust, and the use of
single and double filters. Considering all of the possible effects
on BC/OC measurements addressed above, the uncertainty was
assessed to be 16% for OC and 15% for BC.

Tibetan Air Temperature Change During 1951–2007. Fig. S1 shows the
surface air temperature anomaly on the Tibetan Plateau relative
to the base period 1951–1980 based on the temperature analysis
of Hansen et al. (6). We defined the Tibetan Plateau as the area
above 4,000-m height at latitudes between 35 °N and 50 °N and
longitudes between 70 °E and 105 °E.

Ice Core Dating. Ice core dating was achieved via the annual layer
counting that is made possible by an annual cycle of �18O isotopic
ratios and BC concentration (Fig. S2). The layer-counted age
was verified to be accurate within 1 year by using the maximum
in ice core �-activity concentration, corresponding to the 1963
atmospheric maximum associated with open-air nuclear weap-
ons testing.

Data for Fig. 3 are given in Table S1. The monsoon period was
defined as June through September, and the nonmonsoon period
was the remaining 8 months of the year. Seasonal concentrations
were calculated by comparing annual ice core accumulation to
the seasonal percent share of total annual precipitation by using
the method defined by Aizen et al. (7).
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Fig. S1. Surface air temperature anomaly on the Tibetan Plateau, relative to 1951–1980 mean, averaged over the area with altitude greater than 4,000 m above
sea level.
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Fig. S2. BC and OC concentrations and �18O versus depth and ice core dating for the Zuoqiupu ice core.
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Table S1. Data used for Fig. 3 and annual snow accumulation on the Zuoqiupu glacier

Year

BC concentration (ng g�1) OC concentration (ng g�1)
Annual snow accumulation

(kg m�2 yr�1)Nonmonsoon Monsoon Annual average Nonmonsoon Monsoon Annual average

2006 15.86 7.85 12.50 62.32 63.55 61.30 1,532.5
2005 15.96 6.54 11.58 69.46 52.60 60.85 1,586.0
2004 10.67 4.67 7.94 41.80 28.40 38.33 2,339.9
2003 7.04 3.63 6.51 34.84 21.42 29.22 1,607.8
2002 6.63 3.13 5.84 24.12 20.17 30.49 1,110.4
2001 8.68 2.63 7.44 32.88 17.67 27.87 1,771.5
2000 13.67 3.50 6.34 45.76 19.17 29.01 1,781.5
1999 15.37 4.01 7.82 40.66 17.23 26.37 2,258.9
1998 9.79 2.78 10.15 33.12 12.11 29.30 1,880.8
1997 4.92 3.40 5.38 22.70 17.41 24.56 1,996.7
1996 12.17 2.80 8.27 31.87 9.44 22.70 2,268.4
1995 12.34 3.35 9.02 36.71 34.03 33.18 1,980.2
1994 8.58 6.60 8.65 24.77 18.48 23.77 1,571.6
1993 6.49 2.87 5.63 18.59 8.94 18.58 2,291.1
1992 12.87 2.56 5.34 40.45 6.74 14.22 1,903.7
1991 5.90 2.35 5.79 14.39 5.98 16.81 1,962.0
1990 5.38 1.80 3.60 16.30 6.18 10.92 2,398.9
1989 14.67 2.98 8.14 33.96 10.61 19.25 1,767.6
1988 6.03 1.52 6.31 17.30 4.82 18.26 2,543.2
1987 5.49 2.22 4.44 41.57 8.56 23.37 2,250.8
1986 8.52 2.17 4.25 17.71 6.01 9.66 1,474.0
1985 7.41 2.30 4.26 35.90 6.42 11.16 1,808.6
1984 11.15 2.16 6.24 51.56 9.25 29.71 1,813.2
1983 7.30 1.60 2.18 24.74 6.43 9.41 1,678.5
1982 4.89 1.38 3.98 12.09 5.19 12.76 2,531.4
1981 3.66 1.72 2.53 8.55 9.30 8.64 3,139.8
1980 5.06 1.09 2.59 11.77 4.04 6.73 1,849.1
1979 10.99 1.15 4.76 27.90 5.75 13.93 2,036.9
1978 4.70 2.21 3.55 14.23 8.17 10.85 2,116.3
1977 9.50 1.46 2.69 31.65 6.23 10.30 2,408.2
1976 8.71 1.90 5.81 32.79 5.88 17.77 2,166.5
1975 5.09 2.11 5.49 12.17 6.47 20.97 2,015.2
1974 3.15 0.27 2.17 12.10 2.94 7.75 2,008.7
1973 6.28 1.44 4.17 12.92 5.15 8.81 1,902.6
1972 6.32 2.59 3.61 19.13 10.38 13.27 1,837.3
1971 8.24 2.16 5.05 25.35 7.47 15.56 1,970.9
1970 7.12 1.51 3.46 19.20 6.78 11.76 1,693.0
1969 14.91 3.08 7.58 49.90 10.85 22.21 1,939.7
1968 7.61 4.03 4.61 19.38 11.85 12.07 2,249.6
1967 6.67 0.35 5.18 17.35 5.25 15.14 2,026.0
1966 11.42 0.74 3.33 25.88 2.71 7.72 2,580.2
1965 3.49 0.91 3.04 8.96 5.08 9.61 1,723.5
1964 7.04 1.47 3.14 18.63 5.83 8.33 1,599.4
1963 4.16 2.77 4.23 9.33 8.90 11.71 1,891.3
1962 8.31 1.47 2.09 28.66 8.50 8.45 1,920.9
1961 15.09 0.21 6.76 32.70 4.35 21.40 2,203.7
1960 8.13 1.32 6.92 24.08 10.54 19.24 2,016.3
1959 6.19 1.41 3.87 15.59 5.78 12.77 2,154.4
1958 5.92 0.95 4.49 21.62 3.61 11.28 2,364.9
1957 3.77 1.06 4.49 8.94 4.09 17.20 2,385.5
1956 5.81 0.72 4.57 28.05 6.51 22.54 2,406.1
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