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Abstract

Aims The 6"0 of soil evaporation (Jg) is an important factor controlling the variations of atmospheric 6'°0 (),
and it is also one of the key challenges of partitioning evapotranspiration into evaporation and transpiration com-
ponents. Jg is mostly simulated by the Craig-Gordon model, which is constrained by the J, of water vapor, the
relative humidity (%), the equilibrium and kinetic factors and the §'O of soil water (J;) at the evaporating front.
Our objective is to investigate the diurnal variations of dg and factors affecting it.

Methods We determined the §'°0 of water vapor in a winter wheat-summer maize cropland based on the in-sifu
and continuous water vapor isotope ratio measurement system. We sampled soil water at different depths and ana-
lyzed it using the cryogenic vacuum distillation technique to acquire the 6'°O of soil water at the evaporating
front.

Important findings During the growing period of winter wheat-summer maize, the diurnal variation of Jg exhib-
ited a bimodal pattern with peaks at 6:00 and 15:00. The /4 has a significant effect on the diurnal variation of g in
cropland ecosystems, and causes the Craig-Gordon model to be invalid under high humidity condition of / > 95%.
The in-situ and high resolution measurement of d, overcomes the uncertainty of using the local precipitation equi-
librium method to evaluate d,, which improves the accuracy of Jg. Different equilibrium factors have no signifi-
cant influence on the accuracy of Jg. Different kinetic factors, especially the canopy scale kinetic factor, influence
the accuracy of Jg significantly. The location of the evaporating front determines the 4 normalized to soil tem-
perature and the 6'°0 of soil water directly and also influences the accuracy of Jg significantly. Further research is
needed to attain direct measurement of dg by combining isotope ratio infrared spectroscopy (IRIS) with the static
chamber or dynamic chamber.
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Fig. 1 Diurnal variations of 530 of water vapor (d,), soil water at 0—5 cm (s sem) and 15-20 cm (5 20em) (A~ B) and soil tempera-
ture at 5 cm (7 scm) and 20 cm (7 0cm) and relative humidity () normalized to soil temperature (C+ D) during growing period in a
winter wheat-summer maize ecosystem at Luancheng (mean = SD, n = 4).
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Table 1 Mean values of water vapor 6'°0 (8,) , soil water 6'°0 (05 cm, Os.5em; 1520 cm, 6 20cm) » s0il temperature (75 sem, Ts20em)

and relative humidity (%) normalized to soil temperature during growing period in a winter wheat and summer maize ecosystem
(mean + SD)

FFHE oy Os.5cm 0520em Tssem T 20em hsem haoem
Day of year (%) (0) (%)
%/NFZ Winter wheat
135-137 ~(13.1%12) ~(5.7+0.1) (7.1£0.2) 175+ 18 16407 79.0+ 6.5 85.0+9.0
142-144 ~(9.0+1.4) ~(3.8+0.5) ~(64+0.1) 202428 18.3+0.9 7694125 8744207
HEK Summer maize
236-237 (143+12) ~(84+0.3) ~9.0+023) 252423 245+0.6 749+72 773+103
244-246 —(16.1+3.4) ~(6.0+0.5) ~(89+0.2) 231426 231407 56.6+128  56.0+10.9

(5.17 £ 3.71), R”* = 0.61, p < 0.001), {HEACFI B = 6:004 4 FFEATFE, 15:0075 453 3 i sl J5 % Wi F
O TR AT o ARHEALEN0-S em B BB NI FFS
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Fig. 2 Diurnal variation of 6'30 of soil evaporation (Jg) in a winter wheat (A)-summer maize (B) ecosystem at Luancheng. 4, rela-
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Fig. 3 Effect of relative humidity (%) on soil evaporation 6'*0
(dg) in a winter wheat-summer maize ecosystem at Luancheng.
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Fig. 4 Diurnal variations of 6'%0 (Ok,in-sie and Og ) calculated with atmosphere water vapor 5'%0 (8,) acquired by in-situ measure-
ment or equilibrium prediction in a winter wheat (A) and summer maize (B) ecosystem at Luancheng.
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Fig. 6 Effect of soil evaporating front at 0—5 cm depth or 15-20 cm depth on daily variations of 5'°0 of soil evaporation (Jg s and
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