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Atmospheric Deposition 

Source: wikipedia.org 

The process by which chemical substances, are 
transferred from the atmosphere to the earth's 
surface. 
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Deposition can be measured at 
different scales across space and time 

Source: NADP 

•NADP 
•AIRmon 
•LTER 



Calculating total deposition 

•Volume X solute concentration 
of precipitation event 
•Products are summed for 
period of interest 
•Must include ALL precipitation 
events for period 

Rappold et al. 2009 Driscoll et al. 2012 



And samples can 
get contaminated... 

Credit: AlmazUK 

Credit: Odonfiction.wordpress.com 

But rain gauges can 
overflow, or spill 



Gap filling (imputation) methods 

• Use of historical averages 

• Bayesian Bootstrapping 

• Expectation-maximization algorithm 

• Use neighboring gauge values 

– Direct substitution 

– Regression 

 
All gap filling methods introduce 
new error into the final total!      



Sevilleta National Wildlife Refuge 

• Long term network of 
gauges collecting 
precipitation volume 
and solute chemistry 

• South of ABQ, 
concerned about 
NO3 pollution 

 

 

Credit: Richard K. Mott 

Objective: Calculate annual wet deposition of nitrate for 
the rain gauges at Sevilletta, including error from 
regression based gap filling.  



METHODS 
• Volume and chemistry measurements taken from 

20 collectors across SEV from 1989-1995. 

• Solutes: NO3, NH4, SO4, Cl, Na, K, Ca, Mg, and PO4. 

• Collections monthly or after heavy rains  



Statistics 

• Created regressions using combinations of up 
to 4 gauges as predictor variables 

• PRESS  PRMSE 

 

• 68.2% PI  

• Relative errors add             
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Rainfall Volume Measurements 

Rainfall Nitrate Concentrations 
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Gauge 3E Annual Nitrate Deposition 
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Gauge 2E Annual Nitrate Deposition 
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Gauge 8E Annual Nitrate Deposition 
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Error contribution 
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Gauge 2E Annual Nitrate Deposition ~44% of 1992 
error from 
missing volume 

•Volume gaps can have large effect 
•Chemistry gaps much more common 



Total number of data gaps by Gauge 
from 1989-1995 

Volume: 1 
Chemistry: 8 

Volume: 1 
Chemistry: 6 

Volume: 0 
Chemistry: 7 

Volume: 1 
Chemistry: 6 

Volume: 1 
Chemistry: 4 

Volume: 3 
Chemistry: 12 



•Volume of event has a 
large effect on the 
cumulative error  
(more rain=greater effect) 
 
•Sample Contamination 
occurs randomly  
•Missing volume 
associated with high 
winds or overflows. 



Conclusion 

• Calculating error in gaps is relatively easy 
using regression 

• Important first step in putting error bars on 
ecosystem level loads.  
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Gauge 8E Annual Nitrate 
Deposition 

1989           1990          1991         1992          1993          1994          1996 

Driscoll et al. 
2012 



References 

 

• Driscoll CT, Groffman PM, Blair JM, Lugo AE, Laney CM, Peters DPC.  2011.  Cross-
site comparisons of precipitation and surface water chemistry. Long-term trends in 
ecological systems: A basis for understanding responses to global change. 

 

• National Atmospheric Deposition Program. 2012.  http://nadp.sws.uiuc.edu/NADP 

 

• National Institute of Standards.  NIST/SEMATECH e-Handbook of Statistical 
Methods, http://www.itl.nist.gov/div898/handbook/, April 22, 2012 

 

• Rappold AG, Gelfand AE, Holland DM.  2009.  Modelling mercury deposition 
through time and space.  Journal of the Royal Statistical Society 57: 187-205 

 

• Sevilleta LTER.  Precipitation Metadata. http://sev.lternet.edu/data/sev-2 

 

https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/47
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/48
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/48
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/48
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/62
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/45
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/44
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/biblio/author/14
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/content/cross-site-comparisons-precipitation-and-surface-water-chemistry
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/content/cross-site-comparisons-precipitation-and-surface-water-chemistry
https://ch1prd0102.outlook.com/owa/redir.aspx?C=lzMPrImOiUe2_Sr12qh0EtR71m5-4M4IonP5oqFU9PbvjdDww01Ch7m9QDQ0re-E0kpjNxUfR1w.&URL=http://sev.lternet.edu/content/cross-site-comparisons-precipitation-and-surface-water-chemistry
http://nadp.sws.uiuc.edu/NADP
http://nadp.sws.uiuc.edu/NADP
http://sev.lternet.edu/data/sev-2
http://sev.lternet.edu/data/sev-2
http://sev.lternet.edu/data/sev-2

