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1.Motivation
Here I introduce a new alternative tool for global water isotopologues simulation: offline water 
transport model that can provide a global water isotope map. The offline model allows for 

simulations using global meteorological dataset (such as ERA5). Thanks to the recent development of  

reanalysis product, we can simulate global map of water isotopes with realistic hydrological 

processes. In addition, this model is also run by global model output. Thus, it is applicable for histrical 

simulations and for model intercompariosn. This study presents the first assessment of the 

performance of this approach and shows the robustness of this model.  

2.Offline water transport model 

The basic concept of the model is water transport model coupled with hydrological processes 
(Fig.1). The following hydrological processes are included in the model: large-scale transport, 

precipitation and convective transport, vertical diffusion, evaporation from the surface, and the land 

surface processes (vertical soil moisture transport). The model transports water vapor by using the 

vertically conservative semi-Lagrangian advection scheme fed by atmospheric wind data. Then 

water vapor exceeding humidity content of reanalysis removes as precipitation. The precipitation 

process is divided into two categories: large-scale condensation and cumulus convection. The water 

isotopologues are separately treated in the model and their fractionation processes due to 

condensation and evaporation are incorporated. In this study, the ERA-Interim reanalysis was used 

as forcing data. The simulation started in January 1999 and was run until 2018. The model 

resolution for this study was T42 spectral truncation (2.8 ° x 2.8 ° in a Gaussian grid resolution) 

including 20 vertical layers.

3.Results (Climatology) 

Hydrological processes 
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Isotopic changes occur at both condensation and evaporation 
from the ocean.
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Fig1. Schematic of the offline water transport model
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RCWIP (Terzer et al. 2013)
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Model (2000-2018)
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2) Precipitation [mm/year]
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1)���b18O precipitation ( ‰)

Fig2. Comparisons of climatological 1) �b18O of precipitation and 2) annual precipitation 
between observations and model outputs

The results show reasonable replication of the global precipitation isotope pattern, though the 
model overestimates the �b18O over the continent in subtropics and tropics. Because of the course 

resolution, the model can not reproduce the isotopic depletion at the mountainous region.
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Fig 3. Observation sites over Siberia

SNIP2 netrowk

To explore how accurately the model captures the 
real world, I have conducted the comparisons of model 

output with observations over Siberia. In Siberia, a 

daily basis precipitation sampling network for water 

isotope analysis (SNIP2) had conducted from 2004 to 

�������������)�L�J�����������)�L�J�X�U�H�������V�K�R�Z�V���W�K�H���U�H�V�X�O�W�V���R�I���P�R�Q�W�K�O�\��

mean �b18O of precipitation (upper panel) and monthly 

precipitation (bottom panel) amount at each site.
Model SNIP2

Fig 4. Time series of �b18O of precipitation and precipitation amount at each SNIP2 site from September 2004 
to March 2011. Blue bars represent model output. Orange lines are observations.
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4.Resuts (Siberia) 

Fig 5. Comparison of simulated �b18O of precipitation with observations. Each square symbol represents 
monthly mean value. Crosses are daily values.
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Model precipitation 
are much lower than 
the observations.
(see Fig.4 Bottom) 

Low-resolution model (T42) cannot simulate day-to-day isotopic variations associated with 
�O�R�F�D���V�F�D�O�H���S�U�H�F�L�S�L�W�D�W�L�R�Q�����E�X�W���F�D�Q���V�L�P�X�O�D�W�H���V�\�Q�R�S�W�L�F���V�F�D�O�H�������������G�D�\�V�����Y�D�U�L�D�W�L�R�Q�V�����7�K�H���I�D�F�W���W�K�D�W���P�R�V�W���R�I��

monthly data are plotted along the 1:1 line shows the robustness of this new approach in Siberia. 

However, in eastern Siberia (BAG,ZIG,and ALD), positive biases are seen in spring season (MAM). 

This means that seasonal isotopic change occurs faster than the observations.

5.Discussion and Conclusion (Key process that caused the spring bias) 

Fig7. Schematic of hydrological cycle over 
Siberia during spring season (MAM). 
Background color represents rat io of  
precipitating water supplied from the land 
surface evaporation (Recycling ratio) for 
MAM. Recycling ratio is calculated the same 
offline model with tag tracers.

Fig8. Schematic of seasonal changes of 
soil moisture content in eastern Siberia.

Fig6. Comparison of spring mean �b18O of 
precipitation over Siberia with observations.

The gradual decreasing pattern of �b18O 
is nicely reproduced by the model, but 

the �b18O values in eastern Siberia are 

much higher than the observations 

���)�L�J�����������)�L�J�X�U�H�������V�K�R�Z�V���W�K�D�W�����L�Q���V�S�U�L�Q�J��
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water in eastern Siberia is supplied from 

evaporation from land surface. This 

indicates that this model overestimates 

the �b18O of evapotranspiration from the 

land surface.

The �b18O of land surface flux reflects the 

�b18O of surface soil moisture. In early 

spring, snowmelt is a major source of soil 

moisture recharge (Fig.8). Thus, the �b18O 

of soil moisture may be characterized by 

depleted �b18O of snow. 

Fig9. Winter mean �b18O of precipitation 
over Siberia with observations.

Fig10. Spring mean �b18O of surface soil 
moisture over Siberia.

The model shows better match with 
observations (Fig.9). In winter, extremely 

low �b18O values are seen over eastern 

Siberia. Figure 10 exhibits the �b18O pattern 

of surface soil moisture. Interestingly, this 

distribution is much similar to precipitation 

�L�Q���V�S�U�L�Q�J�����)�L�J���������W�K�D�Q���L�Q���Z�L�Q�W�H�U�����)�L�J�����������7�K�L�V��

indicates that the model underestimates 

the contribution of snowmelt in surface 

snow. This result not only points out the 

defects of our model, but also shows the 

usefulness of this model. Since our model 

b a s e d  o n  r e a l i s t i c  a t m o s p h e r i c  

hydrological processes, we relatively easily 

identify the weakness of our model. And, 

the development of our land-surface 

s c h e m e  c a n  f e e d b a c k  t o  t h e  

isotope-enabled GCMs.


