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Born	
  1926,	
  Germany	
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Young	
  bright,	
  and	
  brash…	
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The	
  hands-­‐on	
  scien'st	
  and	
  the	
  home	
  made	
  lab…	
  

The	
  pre-­‐GNIP	
  collec'on…	
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The	
  teacher	
  
(always	
  with	
  jokes)	
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Going	
  beyond	
  hydrology…	
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The	
  administrator	
  
(Dept.	
  Chair,	
  Dean)	
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Mee'ng	
  with	
  Thatcher,	
  1986	
  

Mee'ng	
  with	
  PM	
  Rabin	
  and	
  	
  
President	
  Katzir	
  1970s	
  	
  

The	
  poli'cian…	
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Joel’s	
  favorite	
  places:	
  	
  Brazil,	
  the	
  Dead	
  Sea,	
  IAEA-­‐Vienna	
  

6/24/15	
   Isotope	
  2015,	
  Jerusalem	
   9	
  



Joel’s	
  favorite	
  research	
  topics:	
  	
  The	
  Amazon,	
  and…	
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….the	
  Dead	
  Sea	
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1929 	
   	
  Discovery	
  of	
  18O	
  (Giauque	
  &	
  Johnston)	
  
1932 	
   	
  Discovery	
  of	
  2H	
  (Urey	
  et	
  al.)	
  
1965 	
   	
  Craig-­‐Gordon	
  evapora'on	
  model	
  (Craig	
  &	
  Gordon)	
  

The	
  founda'ons	
  of	
  isotope	
  hydrology	
  

δ =
αδL (1−Eρ)− hδa −ε
(1− h)+Δε +α *Eρ
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   Gat, based on IAEA data	



Gat 1980  
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Isotopic	
  varia'ons	
  in	
  meteoric	
  waters	
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free	
  water	
  
evapora'on	
  

plant	
  
transpira'on	
  

Gat	
  et	
  al	
  1985	
  

measured	
  vapour	
  

vapour	
  in	
  isotopic	
  equilibrium	
  with	
  
source	
  water	
  

meteoric	
  
water	
  line	
  

source	
  water	
  

steady-­‐state	
  
	
  transpira'on	
  line	
  

δ18Ow	
  (VSMOW)	
  

δD
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)	
  

non-­‐steady-­‐state	
  
	
  transpira'on	
  lines	
  

Inversion	
  of	
  the	
  Craig-­‐Gordon	
  equa'on	
  to	
  solve	
  for	
  water	
  bodies	
  
	
  in	
  isotopic	
  steady	
  state	
  

δE=(αeqδL-­‐h*	
  δa+	
  εeq+εk)/(1-­‐h*-­‐	
  εeq)	
  
δL=εeq+	
  εk	
  +δi+h*(δa-­‐εeq-­‐δi)	
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CO2 + H2O           HCO3
- + H+  
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CO2 Uptake by Leaf During Photosynthesis 

CO2	
  

	
  CO2	
  	
  is	
  taken	
  up	
  through	
  leaf	
  
stomata	
  during	
  photosynthesis	
  

CO2	
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Carbonic	
  anhydrase	
  



LPJ,	
  J.Kaplan	
  et	
  al.	
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Gillon	
  &	
  Yakir,	
  2001	
  	
  

Leaf discrimination	
  

Fnung	
  et	
  al;	
  Jousel	
  et	
  al,	
  Henderson	
  Sellers,	
  Ciais	
  	
  
Leaf	
  water	
   ISOSCAPES	
  	
  (West	
  &	
  Bowen)	
  



Leaves  
~ +6 ‰ 

Ocean 
~0 ‰ 

Soil 
~ -5 ‰ 

CO2 + H2O           HCO3
- + H+  

δ18O H2O 

Photosynthesis 

Respiration 

atmospheric δ18O CO2 

Francey and  
Tans 87;  
Farquhar et al. 93 
Gillon & Yakir, 
2001 

ca
dδa
dt

= GPPΔA + FR (δs −δa −εeff )+FI (δs −δa )

+ Ff (δ f −δa ) + Foa (δo −δa )+εwNo
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Soil uptake (74-180)	



Anthropogenic, 	


direct/indirect	


 (90-266)	



Direct COS (110-190)	


Indirect CS2, DMS (149-330)	



Unknown (~600)	



Stratosphere	

 COSàSO2	


OH uptake (82-110)	



Global COS Budget	


(Gg S a-1; Kettle et al., 2002; Montzka et al., 2007; Berry et al., 2013 )	



Mean atmospheric concentration ~500 ppt!	



Leaf uptake (730-1500)	



?	



Global ocean	



BB, wetland (81-119)	
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COS Uptake by Leaf During Photosynthesis 

COS	
  

CO2	
  

COS	
  and	
  CO2	
  	
  are	
  taken	
  up	
  
through	
  leaf	
  stomata	
  during	
  

photosynthesis	
  

CO2	
  

COS	
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COS	
  exchange	
  	
  and	
  18Δ	
  on	
  a	
  leaf	
  level	
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18Δ=a+ ε[(θ(δe- δa)-(1- θ)(a/(ε+1)] 



ρ=	
  PEPc	
  activity	
  
	
  	
  	
  	
  	
  	
  CA	
  activity	
  	
  

ρ	

 CAleaf  
µmol m-2s-1 

Fin 
µmol m-2s-1 

0.18 80-3000 120  

CO2+H2O	
  ⇄	
  HCO3
-­‐+H

+	


	
  	
  CO2	


PEPc	


CA	
 Predicted	
  (~0.7)	
  
mid-­‐range	
  CAactivity	


Observed	
  θeq	
  =0.6	


PEPc	
  Influence	
  θeq	
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18Δ=a+ ε[(θ(δe- δa)-(1- θ)(a/(ε+1)] 



4.5            + 
Atmosphere 

2.9    + 
Ocean 

2.5             
Land 

9.9            = 
Emission 

Unraveling the contemporary atmospheric CO2 budget  
(and the 50% “discount”) 

All in billion tons of carbon (Gt C or 1015 g C)  

6/24/15	
   Isotope	
  2015,	
  Jerusalem	
   27	
  



	
   	
   	
   	
   	
   	
  Final	
  note	
  
	
  
	
  
•  Great	
  scien'sts	
  like	
  Joel	
  Gat	
  laid	
  	
  the	
  founda'ons	
  to	
  isotopic	
  hydrology	
  	
  

as	
  we	
  know	
  it	
  today	
  

•  Isotopic	
  hydrology	
  is	
  the	
  founda'on	
  for	
  a	
  powerful	
  tracer	
  
	
  In	
  environmental	
  sciences,	
  

•  This	
  includes	
  key	
  links	
  between	
  the	
  hydrological	
  and	
  the	
  carbon	
  cycles	
  
Leading	
  to	
  new	
  ‘fron'ers’	
  in	
  Environmental	
  Sciences	
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Thank	
  you	
  	
  


