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This document is written for land surface modellers wishing to incorporate isotopes into a land surface model.  It assumes some basic knowledge of isotopic processes (e.g. isotopologues fractionate during phase changes).

Warning:  Small values of water in any reservoir may have unusual isotope values, due to the numerical precision used in your computer model.  How your model handles this is up to you.

Notation

In all the equations in this document:

Rsubscript = isotope ratio of the subscript,

where the ratio is the heavy:light isotope ratio, eg Rreservoir = (18O:16O)reservoir
or Rreservoir = (2H:1H)reservoir.  Thus, R (without a superscript designating the isotope) refers to either isotope.

process = Rproduct/Rreactant = the isotopic fractionation factor of a phase change or chemical reaction, eg evap = Revaporate/Rreservoir
Note also that evap = 103ln(evap).  Note that  and  without an isotope designation means that the equations are relevant for either isotope (that is,  can be used for 18O or 2H.

Subscript t on any variable = time reference.

Step 0):  Initialise reservoirs

Initialise all reservoirs at a suitable value using mass amounts or isotope ratios.

One possibility is VSMOW:

  VSMOW:       HH18O         HD16O

  Mass Ratio:    2.228e-3       3.29e-4 

  Molar Ratio:   2.0052e-3    3.115e-4
For each reservoir the general algorithm for incorporating isotopes is:

(The term reservoir applies to any discrete reservoir, e.g. soil layers, leaf, snow, interception reservoir)

1)  Convert the mass amounts to isotope ratios (eg. HDO/H2O in kg kg-1):

(the calculations can be performed more efficiently this way)

2)  If there is no input into a reservoir, skip to step 3).

If there is input into the reservoir:

There are two possible ways of mixing the reservoir water with inputs.  In a "total mixing" scheme:

Rreservoir(t) = N-1(N1Rreservoir(t-1) + N2Rinputs(t)),





Roverflow(t)  = Rreservoir(t),

N = N1 + N2
Rinputs = weighted isotope ratio of any inputs

N1 = mass of water in reservoir, N2 = mass of input water

The overflow is all the water that exceeds the maximum storage capacity of the reservoir.

In a "partial mixing" scheme:

Rreservoir(t) = N-1(N1Rreservoir(t-1) + N2Rinputs(t)),





Roverflow(t) = Rinputs(t)
N = N1 + N2
N ( N1MAX

N1MAX is the maximum storage capacity of the reservoir.

Its up to you to choose a scheme that suits your model!

3)  If there is additionally, isotopically non-fractionating outflow from the reservoir, then this should leave the reservoir at some point (e.g. water from soil into roots/xylem is isotopically non-fractionating, as is soil gravitational drainage).

4)  If there is no evaporation from the reservoir, skip to step 5).

If there is evaporation:

Calculate evap (see below)

(reservoir)t = (reservoir)t-1 - Et







(Rreservoir)t = (Rreservoir)t-1 f (evap-1)   (see appendix)
reservoir = mass of water in reservoir, kg m-2 

Rreservoir = isotope ratio of water in reservoir

where,

E = evaporation flux (see below) 
(Rreservoir)t = isotope ratio in reservoir at time t

f = fraction of moisture remaining in the reservoir after evaporation events,

eg f = (reservoir)t /(reservoir)t-1
evap is explained below.

Calculate the isotopes in evaporation:
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How to calculate evap:

Craig-Gordon (1965)  solution to evap (as modified by Gonfiantini 1986):

l-E + l-E = 103 ln(evap) 





(10)

l-E = 28.4n(1-h)‰





(11)

l-E = 25.0n(1-h)‰

l-E = −7.685 + 6.7123(103T-1) − 1.6664(106T-2) + 0.35041(109T-3)
(12)

l-E = 1158.8(T310-9) −1620.1 (T210-6) + 794.84(T10-3) −161.04 + 2.9992(109T-3) 

(Horita and Wesolowski 1994)

Tk = Temperature in Kelvin

l-E = shows the relevant direction of isotope change, e.g. liquid water will always be more enriched than the vapour after an evaporation event

h = relative humidity (as a ratio)

n = turbulence parameter.  This is  reservoir dependent.  Soil n = 1, leaf n = 1,

free-standing water n = 0.5.  This is due to the type of air layer that a reservoir is evaporating into.  For water evaporating into an air layer that is stagnant or turbulent, n is ~1 or ~0.5 respectively (see Gat 1996 for further explanation) .

 and  were explained at the start of section.

5)  Snowmelt can be considered as non-fractionating (it melts as small parcels).

6)  Convert isotope ratios back to mass for the next step:



eg.  HDO (kg) = (HDO/H2O) * H2O (kg)

7)  Repeat steps 1-6 for the next reservoir.

8)  Email me if you have any questions!        mjf@ansto.gov.au
Appendix

The derivation of (Rreservoir)t = (Rreservoir)t-1 f (evap-1) 

The changing isotope composition of a reservoir must mass balance:

RN = (R-dR)(N-dN) + R.dN

Neglecting the products of differentials:  N.dR = (-1)R.dN,

results in the differential equation: dR/R = (-1)dN/N,

with the solution:  ln(R) = (-1)ln(N).

Applying the initial condition that R = R0 and N = N0,  R/R0 = (N/N0)(-1),

that is,  R = R0f(-1)
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