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Abstract; Frozen soil plays a key role in hydrological processes and their observations are rare
and difficult in permafrost regions. The stable hydrogen and oxygen isotope methods provide a
useful tool for permafrost hydrology research. In this study, stable hydrogen and oxygen isotopes
composition in seasonal river water was analyzed based on the stable isotope ratios (8D and
8""0) data in precipitation and river water in a permafrost watershed in Yangtze River headwater
region in 2009, combined with meteorological and hydrological data. The results showed that the
8'"0, 8D and the excess deuterium variation of river water and rainfall all presented descending
trends during research period. This implies that the precipitation is the most important source of
river water. The 8D in river water in the 2nd and 3rd sub-basin were —66.8%0 and —69.6%0, re-
spectively, which were similar to the 8D in precipitation ( —66.7%c). However, the 8D in river
water in the 5th sub-basin (62.4%0) was significantly higher than that in precipitation. Higher
vegetation coverage in the Sth sub-basin, higher soil organic matter content, soil moisture and ac-
tual evapotranspiration and strong evaporation fractionation effect enriched river water in the Sth
sub-basin with heavy isotopes. In June, as the soil melt down, frozen soil water of heavy isotope
(8D, =71.3%0) was displaced by precipitation (8D, —12.1%0) and then fed the river water. In
October, the frozen soil inhibited precipitation infiltration and made hydrogen isotope change
quickly with precipitation. These indicate that the freeze-thaw cycle plays an important role in
runoff processes in the permafrost regions. This study provides isotopic evidence in hydrological
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cycle research and a theoretical support of water resource protection in permafrost regions.

Key words: Yangtze River headwater region; surface runoff; permafrost; hydrogen and oxygen

stable isotopes; freeze-thaw cycle.
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Fig.1 Distribution of sampling sites and LUCC map of the study area
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Table 1 Vegetation cover and elevation differences between the five catchments in the study area
ik HRC LA HZ7 [T A G A 2 I 1% e X pERES K ] Bt MR

(km*) (m) (%) (%) (%) (%) (%)

1# 112.5 4922 28.4 9.7 12.8 4.4 44.8 39.6
2# 17.8 4915 24.8 1.8 18.0 3.3 52.1 32.1
3# 54.5 4948 29.4 4.2 13.9 5.0 47.4 38.2
4# 29.3 4905 24.7 26.1 6.5 2.5 40.2 42.4
S5# 1.0 4834 65.8 0.0 10.1 10.7 13.3 73.0
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Fig.2 Distribution patterns of precipitation and air temperature in the sampling periods
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Table 2 Statistics for stable isotope 8'*0, 3D and excess deuterium (%) values for precipitation and river water at five riv-

er stations within the Fenghuo watershed

T [k 1# 2

3"%0 3D eeE 3"%0 3D jneee| 3"%0 3D ieue]
I -9.3 -66.7 8.0 -9.3 -69.5 . -9.1 -66.8 5.6
KM 1.6 43.2 30.2 -5.0 -25.7 20.5 -4.3 -24.5 20.7
He/ME -21.0 -188.7 -30.0 -13.5 -116.2 -25.1 -11.7 -96.7 -18.6
PR 2= 5.4 52.6 13.0 1.6 14.6 8.7 1.4 12.6 8.6
N 85 99 99
T 34 44 54

3"%0 3D e 350 3D eeE] 380 3D it 7
I -9.2 -69.6 43 -8.7 -68.4 1.2 -8.4 -62.4 4.4
KM -55 -25.3 20.5 -4.9 -37.7 15.9 -4.8 -32.3 16.0
e/ME -14.5 -136.0 -23.8 -15.0 -129.2 -24.1 -13.0 -99.3 -15.2
TRt 22 1.5 14.9 8.4 1.8 16.5 8.5 1.4 12.5 7.4
N 99 99 98
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Table 3 Rotated principal component matrix and the contribution percentage
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(%) T65 T120 T40 0120 640 065 620 i T20 Bk TR
1 49.0 0.97 0.95 0.92 0.86
2 17.5 0.94 0.91 0.77
3 12.1 0.92 0.73
4 9.4 0.86 0.82
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Fig.6 Monthly variations in 8D for precipitation, soil wa-
ter and river water at river station 1
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