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1.1 Rn-222 atmospheric evasion 
Atmospheric loss (Fatm) is the dominant sink in the model. This flux depends on the molecular diffusion produced by the concentration gradient across the water-air interface and physical processes at the interface. Fatm is calculated with the following equation [MacIntyre et al., 1995] 

	                                               S (1)	

where Ca [Bq m-3] is the concentration of 222Rn in the air overlying the lake surface. is the Ostwald’s solubility coefficient (dimensionless), which is lake water temperature (in oC) dependent and expressed as

   S (2)




where Tw [K] is the temperature of lake water, S is the salinity, and  to  are six adjustable parameters with the values of -76.14, 120.36, 31.26, -0.2631, 0.1673 and -0.0270, respectively [Schubert et al., 2012].  [m s-1] is the gas transfer velocity, the key parameters in controlling 222Rn atmospheric loss.  is determined by the physical processes at the air-water interface, which are the functions of kinematic viscosity (υ) of the lake water, and the molecular diffusion Dm of 222Rn (= 1.16×10-5 cm2 s-1 at 20 oC). 


Two empirical equations, namely MacIntyre et al. equation based on MacIntyre et al. [1995] and H & H equation based on Hartman and Hammond [1985], are both used to quantify . The two equations have been developed to relate  to temperature and wind speed. MacIntyre et al. equation is expressed as

	 	S (3)


where  [m s-1] is the wind speed at 10 m height above water surface and Sc is Schmidt number (the ratio of the kinematic viscosity [v] to the molecular diffusion coefficient [Dm]; i.e., Sc = ν/Dm). Sc is divided by 600 to normalize  to CO2 at 20 oC in freshwater. Both ν and Dm can be adjusted for temperature changes by well-known relations. Sc power of -2/3 and -1/2 is used for the scenarios of wind speeds below 3 m s-1 and above 3 m s-1, respectively [Crusius and Wanninkhof, 2003].
Wind speed is normalized from the measurement height to reference 10 m height as follows:

	 	S (4)
where ωz [m s-1] is the wind speed at measured height; z is the recorded height of wind speed. a is 0.097 based on Pond [1975].
Temperature dependence of the molecular diffusion is written as [Peng et al., 1974; Ullman and Aller, 1982]

	 	S (5)
where Tw [K] is the water temperature.
Kinematic viscosity (ν) is simply the ratio of absolute viscosity (μ) [Pa s] to water density (ρ) [g L-1] at given temperature. Sc is written as:	

   	S (6)          
Based on Seeton [2006], absolute viscosity (μ) is expressed as the function of water temperature Tw [K]

	 	S (7)
where the constant values of A, B and C are 2.414 × 10-5 kg s-1 m-1 or (Pa s), 247.8 K and 140 K, respectively. ρ is the function of temperature in freshwater bodies based on Gill [1982] 

	 	S (8)

1.2 Benthic fluxes of 222Rn
Diffusion of 222Rn from lakebed porewater can be an important source of 222Rn into the overlaying lake water, and must be evaluated as a part of the 222Rn budget. These diffusive 222Rn fluxes are obtained using a sediment equilibration technique described by Martens et al. [1980]. This approach does not include influences from bioturbation or resuspension. Sedimentary diffusion of 222Rn was estimated 

	 	S (9)


where  is the decay constant of 222Rn [d-1]; Ds is the wet bulk sediment diffusion coefficient [m2 d-1].  is the mean 222Rn concentration in porewater. C0 is the radon concentration in the lake water measured with RAD7 AQUA. Diffusion coefficient in bulk sediment for a given solute is calculated based on its diffusion coefficient in pure water (Dm) and modified with the tortuosity of the sediments [Schulz, 2006] 

	 	S (10)

where  is the tortuosity of lakebed sediments. Tortuosity characterizes the degree of deviation around sediment particles and is a function of sediment porosity n. According to Boudreau [1996], tortuosity is calculated with:

	 	S (11)
With the field data of Cgw and C0, the constants of n and , and the estimated Dm with Equation 6, the diffusion input can be calculated.

1.3 The quantification of isotopic compositions of δE
As described by Gibson and Edwards [2002], the isotopic composition of vapor flux δE is dependent on temperature, boundary layer state (i.e., laminar, turbulent, or static), and ambient atmospheric conditions (relative humidity and isotopic composition of atmospheric moisture). Following Craig and Gordon [1965], δE [‰] is given by the equation

	 	S (12)






where  is the equilibrium liquid-vapor isotope fractionation. h is the atmospheric relative humidity (ranging from 0-1).  is the isotopic composition of ambient moisture, and there is  in the hydrologic steady state for the lake. ε is the total isotopic enrichment factor and is the sum of equilibrium enrichment factor and kinetic enrichment factor .  can be evaluated with the experimentally empirical equations determined by Gonfiantini [1986]


	 	S (13) 	S (14)

 is dependent on both the boundary layer conditions and the relative humidity 

[bookmark: _GoBack] 	S (15)
where CK is the kinetic constant with a value of 14.2 ‰ for 18O, and 12.5 ‰ for 2H for typical lake evaporation conditions [Araguas-Araguas et al., 2000; Gibson et al., 1999].


1.4 Numerical implementation of radon-222 transient model
To reduce the random errors of measured Rn concentration, the time window with a width of 1 hour is proposed to smooth the Rn fluctuation curve. This window moves from beginning to end, and the average value of Rn concentration over a certain window is assigned to the middle time of this window. Besides, the width of window can be adjusted to characterize Rn fluctuation at various time scales and to eliminate random noise caused by random errors [Kirchner and Neal, 2013].


Figure S1. The smoothed radon-222 results (yellow circle) versus radon-222 field data. 
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