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Variation of vapor oxygen isotopic composition and partitioning

evapotranspiration of oak woodland in the low hilly area of north China
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Key Laboratory of Tree Breeding and Cultivation of State Forestry Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing

100091, China

Abstract: The relative contributions of plant transpiration (T) and soil evaporation to total evapotranspiration ( ET) were
determined by using stable isotope measurements in a semiarid oak woodland in the rocky mountainous area of north China.
Off-Axis Integrated Cavity Output Spectroscopy (OA-ICOS) was used to obtain continuous atmospheric vapor concentration
and its 60 value at different height gradients in the stand. Cryogenic vacuum distillation and liquid water isotope analyzer
were used to determine the "0 value of the branch and the surface soil. The results from 4 sunny days showed that water
vapor concentrations at 2 m and 11 m above ground were lower than that on the ground (0.1 m) and higher than that in the
background atmosphere (18 m) , but there was no significant difference of water vapor concentration between 2 m and 11 m.
Whereas the diurnal change of atmospheric water vapor concentration exhibited “V” , “U” and “W” pattern on four sunny
days, the diurnal change of 80 showed a “V-shaped” pattern, and the minimum 60 value appeared at the time between
12:00 and 18:00. The atmospheric water vapor 8" 0 value was greatest at 0.1 m height above ground, followed by 2 m, 11
m and 18 m height, while the diurnal variations of 8O for all sampling heights had similar trends. The 8, values, which

were calculated based on the Craig-Gordon model, were all smaller than 6 on May 25, June 1, June 6, and June 14,
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indicating considerable "0 depletion in the water vapor of evaporation. The isotopic compositions in 10;00 — 1400
intervals were significantly correlated with the reciprocal of water vapor concentration (P<0.001) and the R* values were
higher than 0.71, which suggested that transpiration rate was faster at that period of a day and satisfied the steady state
hypothesis of isotope in plant transpiration. The &, was determined from the Keeling plots and regression analyses showed
the intercepts for the three intervals were different. The 6., value in the oak woodland increased initially and decreased
thereafter. The maximum enrichment of 6, appeared during 10:00 —14:00. The isotope partitioning result showed that the
diurnal change of the contribution of transpiration to total ET in the oak woodland was a convex pattern. The percent of T/
ET increased from the morning, reached maximum values during 10:00 — 14: 00 interval, with maximum values of
98.68% .96.93% ,93.81% and 91.34% for May 25, June 1, June 6 and June 14, respectively. The contributions of
transpiration to total ET in 6 ;00 —10,00 interval were 80.67% .85.81% .56.94% , and 54.98% , in 14.00—18 00 interval
were 81.70% ,72.23% ,61.72%, and 60.94% , respectively. Although the contributions of T/ET in 6:00 —10:00 and
14.00 — 18.00 intervals were smaller than those in 10;00 —14,00 interval, the averaged percent was still more than
69. 38% , indicating that plant transpiration played a major role in the oak woodland ET in the low hilly area of north China.

The approach would improve the understanding of water exchange of forestry ecosystem.

Key Words: Quercus variabilis Blume. ;stable isotope ; keeling plot ; evapotranspiration ; transpiration
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96% A7 , Herp MROK T3 24015 BTG 76.7% , MK b IS K2 Bk ( Quercus variabilis Blume.) N 3, (5 94.2% 14 {7
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Fig.1 Variations of solar radiation, temperature, relative humidity and wind speed during measurement time
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Fig.2 Diurnal variation in H,O concentration of atmospheric vapor at different height in oak woodland ecosystem
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Fig.3 Diurnal variation in 6O of atmospheric vapor at different height in oak woodland ecosystem

B6H1HM6H 6 HH 14:00—18:00 Keeling 77 1) R Ik 5 B F K, RMENRTESRLWS,,,
3 MLEREN 4 NNE H W 8, HE2SETHE S TR AL, B s E HELE 10.00—14:00,

F1 FIA Craig-Gordon BEEITHGE TIEEL 6, HBHR

Table 1 Parameters used to estimate the isotopic composition of the evaporation flux (6;) with Craig-Gordon model

H i 7 X I3 AR 3
Date Time/h Absolute temperature Relative humidity 8.(£SD) /%0 8,(£SD) /%o 8/ %o
(+SD)/K (+SD)/%

05-25 6:00—10.00 289.85+0.23 54.29+4.73 -2.81+0.04 -17.14+0.44 -33.72+0.15
10.00—14:00 291.42+0.43 34.56+0.65 -2.50+0.68 -17.45+0.44 -32.47+0.55
14.00—16:00 292.28+0.40 32.21+1.44 -2.48+0.43 —18.85+0.46 -31.62+0.12

06-01 6.00—10.00 291.90+0.19 27.29+3.01 =7.73+0.35 -20.72+1.63 -28.66+0.06
10:00—14:00 293.51+0.41 18.44+0.27 =7.28+0.22 -25.14+0.16 -28.12+0.01
14.00—18.00 294.16+0.34 17.84+0.53 -7.20+0.19 -25.24+0.20 -27.90+0.20

06-06 6:00—10.00 294.42+0.29 31.35+3.36 -5.30+0.16 —13.46+0.28 -27.60+0.09
10:00—14:00 295.75+0.48 15.11+2.30 -5.11+0.07 -16.22+0.93 -26.97+0.76
14.00—18:00 296.74+0.45 14.10+0.07 -5.04+0.25 —18.53+0.35 -26.43+0.57

06- 14 6.00—10.00 295.52+0.35 56.75+2.91 -4.16+0.42 -17.10+0.03 -24.63+1.46
10,00—14:00 295.88+0.38 47.91+4.22 -4.07+0.15 -17.43+0.17 -25.53+0.76
14.00—18.00 297.06+0.43 29.95+0.68 -3.79+0.47 -22.10+0.62 -25.06+0.79

8,8, 8y 43 52 0—10 em +4E7K 0.1 m 7KK L HEZE R K IR SR 38 2 AL

3.4 FEBRRURFT SRS
3 HREIR 4 NIE AR B ARELR ) 80 {5 31N -6.46%0 . —7.76%0 . —6.90%0 F1 - 6.68%o , B AKX T
Jid $9FF, 43 A 2 1.68%0.,1.84%0 . 1.08%cH1 1.24%0, "EASFR G P MR 35 B 29 5 B85 5 76.7% , oA MHEAR ik
TYIZEIE 8, =0.758 ,+ 0.258 IR IAEFI A REE R , B K IR R 4T LR Z2 1 Kb iy [ 7 R 20
B, BN 8, =68, B B 4 NIE H A 2515 8 (AU, S KAHZE 1.26%0,
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Table 2 Regression analysis of daytime Keeling plots of vapor collected at 18 m above ground

- . Keeling 38 Yo AL B M BEF DI .1 (95%)
bate Time ;eeel‘ii 7;; Coeffizcienl Significance Number C.1.(95%) for intercept
R p n TR lower L FR upper
05-25 6:00—10:00  y=-78.71x-11.39 0.20 <0.01 114 ~12.88 -9.69
10:00—14:00  y=-157.524-6.39 0.87 <0.01 114 -7.08 -5.90
14:00—18:00  y=-103.58x-10.72 0.51 <0.01 114 ~12.09 -9.66
06-01 6:00—10:00  y=-170.79x—10.34 0.55 <0.01 114 -11.43 -9.27
10:00—14:00  y=-126.11x—7.94 0.71 <0.01 114 -9.24 -6.63
14:00—18:00  y=-192.31x-13.02 0.09 0.07 114 -18.61 -9.06
06-06 6:00—10:00  y=69.29x-15.66 0.08 0.07 114 ~17.40 -13.67
10:00—14:00  y=-104.35x-7.89 0.86 <0.01 114 -8.29 -7.49
14,00—18:00  y=-12.25x-14.21 0.00 0.98 114 -19.99 -10.26
06- 14 6:00—10:00  y=7.37x-14.59 0.01 0.33 114 -15.51 ~13.64
10:00—14:00  y=-192.08x-8.03 0.78 <0.01 114 -8.93 -7.55
14:00—18:00  y=-89.77x~13.67 0.15 0.02 114 -16.07 -12.62

IR 25 R SRR By, C.1 B (5 X W]

F3 TEEEZ(S) BEWRGS,) REF(S,,) JEWHEBE(5,=0.755,+0.255 ) FIEBRRERH (5, ) MERGIRHEK
Table 3  Average isotopic values of vapor from soil evaporation (), average stem water values for Q. variabilis (8, ) , G. bilobar (5., ) , the

weighted average isotopic value for plant transpiration (8;=0.755,+0.25_ ) , and average isotopic value for ecosystem evapotranspiration ()

H #] Date 8] Time O/ %o 8,/ %o 8./ %0 &1/ %o S/ Yo
05-25 6:00—10:00 —-33.72+0.15 -6.46+0.51 -4.78+0.36 -6.04+0.43 -11.39
10:00—14:00 —-32.47+0.55 -6.39
14.00—18:00 -31.62+0.12 -10.72
06-01 6:00—10:00 -28.66+0.06 -7.76+0.42 -5.92+0.29 -7.30+0.37 -10.33
10:00—14:00 -28.12+0.01 -7.94
14.00—18:00 —-27.90+0.20 -13.02
06-06 6:00—10:00 —-27.60+0.09 -6.90+0.20 -5.82+0.34 -6.63+0.20 -15.66
10:00—14:00 -26.97+0.76 -7.89
14:00—18:00 -26.43+0.57 -14.21
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Fig.4 Fractional contribution of transpiration to ET using isotopic partitioning (5'*0) in the oak woodland
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