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Abstract

Moisture recycling via evapotranspiration (ET) is often invoked as a mechanism for the high deuterium excess signals observed

in continental precipitation (dP). However, a global-scale analysis of precipitation monitoring station isotope data shows that

metrics of ET contributions to precipitation (van der Ent et al., 2014) explain little dp variability on seasonal timescales. This

occurs despite the fact that ET contributions increase by ˜50% in continental locations such as the Eurasian interior from

wet to dry seasons. To explain this apparent paradox, we hypothesize that the effects of ET on dP are dampened during dry

seasons due to contributions from isotopically-evolved residual water storage that act to lower the d-excess of ET fluxes (dET),

in combination with changes in transpiration fraction (T/ET). To test this hypothesis, we develop a parsimonious two-season

(wet, dry) model for dET incorporating residual water storage and ET partitioning effects. We find that in environments

with limited water storage, such as shallow-rooted grasslands, dry season dET is lower than wet season dET despite lower

relative humidity. As global average ratios of annual water storage to precipitation are relatively low (Guntner et al., 2007),

these dynamics may be widespread over continents. In environments where water storage is not limiting, such as groundwater-

dependent ecosystems, dry season dET is still likely lower; however, this effect arises instead due to higher seasonal T/ET when

energy-driven plant water use is enhanced and surface evaporation is relatively limited by water availability. Together, these

analyses also indicate multiple mechanisms by which dET may be lower than dp during the same season, challenging the view

that moisture recycling feedback increases the dp in continental interiors. This work demonstrates the potential complexity of

seasonal dp dynamics and cautions against simple interpretations of dP as a process tracer for moisture recycling. References:

Guntner et al., 2007. Water Resour. Res., 43, W05416. van der Ent et al., 2014. Earth Syst. Dynam., 5, 471–489.
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Limitations:
1) The model is based on steady-state mean annual 

conditions
2) May only apply to regions with high P/ET and 

weak seasonality

1. Traditional paradigm

From [1]

Figure from [2]

Gat and Matsui (1991) model:
Moisture recycling increases d-excess 
towards continental interiors

2. Seasonal swings in moisture recycling

1) There are large seasonal changes in moisture recycling regime in North America and 
Eurasia, with CPRR increasing from 10% in winter to 60% in summer

2) However, precipitation d-excess does not increase in response to the seasonal swings 
in moisture recycling as shown by spatial correlation patterns

3) Widespread conditions of P < ET indicate that residual water storage is supplying ET flux

CPRR (Continental Precipitation Recycling Ratio): 
the fraction of precipitation at a given location that 
originates from terrestrial moisture sources

Dot pattern indicates P < ET

CV d-excess: “converted vapor” d-excess after 
correcting the fractionation in local 
condensation (data from GNIP and USNIP)

Based on moisture tracking model WAM-2layers (from [3])

3. Hypothesis and model design

The isotopic composition of ET flux 

Water flux relationship

The boundary condition constraint

The fraction of residual liquid water remaining after ET loss:

The fraction of residual water storage in the source water pool for ET:

The residual water storage size:

with

Isotopic flux relationship

The isotopic composition of “modified source water” mixing the new 
precipitation input (after runoff loss) with the old residual water storage:

The isotopic composition of residual water storage after ET loss 
using isotope mass balance:

assuming ET removal as a Rayleigh-type 
process with “closure assumption”, from [4]

The d-excess in ET flux is likely not increased during the dry season in highly seasonal 
climate areas due to:

1) contributions from isotopically-evolved residual water storage (lower d-excess) to 
supply ET flux

2) higher transpiration fractions (T/ET)

Two-season water storage model

4. Simple model test

Kinetic fractionation 
factor of evaporation

Determine the relative 
importance of seasonal 
residual water storage

5. The effects of water storage size

Assuming T/ET = 60% for both wet and dry seasons:

1) The dry season ET d-excess is lower than the wet season ET d-excess 
when the relative water storage size is small (low S0/P1), driven by high 
contributions of residual water storage to dry season ET fluxes, and 
vice versa

2) The ET d-excess is likely lower than precipitation d-excess, challenging 
the simple view that admixture of recycled moisture increases d-
excess towards continental interiors

The fraction of residual liquid water remaining after ET loss

The fraction of residual water storage in the source water pool

6. The effects of ET partitioning and sensitivity 
to model parameters

Hydrological gradient DrierWetter

1) Seasonal ET partitioning is dependent on macroclimates 
and ecosystem types that are in part related to the water 
storage size

2) If T/ET is higher in the dry season, the dry season ET d-
excess remains lower than the wet season ET d-excess 
even at high water storage

3) Randomized water fluxes and other model parameters 
(within certain ranges) do not affect the results

How large is the available subsurface water storage?

Güntner et al. (2007) model-
based estimates on the 
continental total water storage in 
different climate zones (from [5])

1) Water storage size is 
climate-dependent, but 
highly heterogeneous 
locally due to many 
biotic and abiotic factors

2) Overall, the total water 
storage is less than half 
of the mean annual 
precipitation

After [6]

Maxwell and Condon (2016) conceptual diagram 
on the hydrological control of T/ET

Monte Carlo simulations using 
randomized model parameters

ET Δd-excess = wet season ET d-excess – dry season ET d-excess
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