
Summary	
  
	
  

An	
   observa+onal	
   data	
   set	
   of	
   stable	
   water	
  
isotopes	
   in	
   surface	
   water	
   vapor,	
   sub-­‐
surface	
   soil	
   water	
   and	
   precipita+on	
   is	
  
presented	
   over	
   a	
   3-­‐year	
   period.	
   Our	
   goals	
  
are	
  to:	
  (1)	
  use	
  the	
  observa,ons	
  to	
  constrain	
  
the	
   rela,ve	
   influences	
   of	
   precipita,on	
  
inputs	
   and	
   evapotranspira,on	
   losses	
   in	
  
se5ng	
   the	
   isotopic	
   ra,o	
  of	
   soil	
  water,	
   and	
  
(2)	
   use	
   this	
   formula,on	
   to	
   refine	
   the	
  
parameteriza,ons	
   used	
   in	
   land-­‐surface	
  
exchange	
  models.	
  
	
  
	
  
	
  

Soil	
  water	
  and	
  Craig-­‐Gordon	
  (CG)	
  model	
  of	
  evapora;ve	
  flux	
  
Gradient	
  profile	
  method	
  used	
  to	
  

extrapolate	
  surface	
  isotopic	
  value	
  δET	
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Calibra+on	
  standards:	
  Antarc+ca,	
  Boulder	
  and	
  	
  Florida	
  waters	
  obtained	
  from	
  INSTAAR,	
  Boulder,	
  CO	
  

Our	
  site	
  is	
  the	
  Boulder	
  Atmospheric	
  Observatory	
  
tall-­‐tower	
  site	
  in	
  Erie,	
  CO,	
  a	
  semi-­‐arid	
  grassland	
  
where	
  plant	
  growth	
  is	
  limited	
  to	
  short	
  grasses	
  

Soil	
  measurements	
  were	
  made	
  by	
  Campbell	
  
Scien+fic	
  CS616	
  water	
  content	
  reflectometers	
  
and	
  108-­‐L	
  temperature	
  probes,	
  8x	
  from	
  2-­‐85	
  cm	
  

Sampling	
  
inlets	
  	
  
0.5-­‐8.5m	
  	
  

Stable	
  
water	
  
vapor	
  
isotope	
  
tower	
  

Picarro	
  HB2199	
  set-­‐up	
  for	
  
measuring	
  vapor	
  δD	
  and	
  δ18O	
  

Isotopes	
  calibrated	
  using	
  known	
  
stds	
  &	
  corrected	
  for	
  humidity	
  
dependence	
  

Lab	
  cryogenic	
  extrac+on	
  set-­‐up	
  

Conclusions	
  &	
  Future	
  work	
  
Ø  Exis+ng	
  methods	
  for	
  calcula+ng	
  kine+c	
  frac+ona+on	
  factor	
  and	
  transpira+on	
  frac+on	
  

do	
  not	
  work	
  under	
  drier	
  condi+ons	
  and	
  must	
  be	
  modified.	
  
Ø  The	
  mechanism	
   that	
   sets	
   soil	
   water	
   isotope	
   values	
   has	
   implica+ons	
   for	
   interpre+ng	
  

paleo-­‐proxy	
  records	
  of	
  stable	
  water	
  isotopes,	
  e.g.	
  tree	
  rings	
  or	
  cave	
  deposits.	
  Modeling	
  
key	
  processes	
  (evapora+on,	
  sub-­‐surface	
  diffusion,	
  transpira+on)	
  is	
  important.	
  

Ø  New	
   parameteriza+ons	
   will	
   be	
   tested	
   with	
   an	
   isotope-­‐enabled	
   land-­‐surface	
   model,	
  
and	
  eventually	
  coupled	
  to	
  an	
  isotope-­‐enabled	
  atmospheric	
  global	
  circula+on	
  model.	
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Soil	
   temperatures	
  show	
  clear	
  diurnal	
  and	
  seasonal	
  
cycles.	
   Soil	
   moisture	
   input	
   is	
   dominated	
   by	
  
precipita;on.	
  	
  

Soil	
  water	
   isotopes	
   respond	
   to	
  precipita;on	
  
&	
   evapora;on.	
   Dexcess	
   deple;on	
   is	
   a	
   strong	
  
indicator	
   of	
   evapora;on	
   in	
   days	
   following	
  
rain	
  events	
  (a-­‐j).	
  (Dexcess	
  =	
  δD	
  -­‐	
  8*δ18O)	
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Surface	
  vapor	
  &	
  precipita;on	
  are	
  in	
  average	
  seasonal	
  equilibrium;	
  rela;onship	
  can	
  be	
  directly	
  
modeled	
  using	
  average	
  2m	
  air	
  temperature	
  

diffusion	
  

D	
   equilibrium	
  
frac,ona,on	
  
of	
  soil	
  water	
  
at	
  each	
  layer	
  

D	
  

D	
  

-­‐	
  αeq(T)	
  calculated	
  at	
  each	
  model	
  depth	
  
-­‐	
  1st	
  order	
  approxima,on:	
  kine,c	
  effects	
  are	
  
modeled	
  by	
  kine,c	
  frac,ona,on	
  factor	
  at	
  
each	
  depth	
  with	
  appropriate	
  soil	
  parameters	
  

evapora,on	
  

2	
   Soil	
  water	
  isotope	
  ra+os	
  are	
  controlled	
  by	
  	
  
evapora+ve	
  fluxes	
  following	
  precipita+on	
  	
  
events	
  

3	
   Resolving	
  water	
  vapor	
  gas	
  exchange	
  in	
  soil	
  	
  
beler	
  describes	
  fluxes	
  in	
  semi-­‐arid	
  regimes	
  

1	
   Surface	
  vapor	
  &	
  precipita+on	
  in	
  average	
  
seasonal	
  equilibrium;	
  vegeta+on	
  &	
  soil	
  
show	
  evapora+ve	
  enrichment	
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Adding	
   vapor	
   phase	
   transport	
  
within	
   soil	
   layers	
   lowers	
   predicted	
  
transpira;on	
   frac;on	
   during	
   drier	
  
periods	
  

Devia,on	
  from	
  the	
  local	
  meteoric	
  water	
  line	
  
(LMWL)	
  indicates	
  evapora,ve	
  enrichment	
  

δ18O	
   δ18O	
  δ18O	
  

Dexcess	
   Dexcess	
  Dexcess	
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