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Nitrogen deposition in RockyNitrogen deposition in Rocky

• Overall nitrogen deposition is increasing.

• NO3 (combustion sources) makes up >50%.

• NH4 (agricultural sources) is increasing rapidly.

• Local and regional sources contribute to both.

• Local sources may contribute more during 
spring and summer.



Nitrogen in atmospheric depositionNitrogen in atmospheric deposition
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Combustion:
Vehicles
Energy development
Energy production

NONOxx

(Nitrogen (Nitrogen 
oxidesoxides--gases)gases)

NONO33
--

(Nitrate(Nitrate--
dissolved + dissolved + 
particulate)particulate)

Agriculture
Livestock production
Crop production

NHNH33

(Ammonia gas)(Ammonia gas)

NHNH44
++

(Ammonium(Ammonium--
dissolved + dissolved + 
particulate)particulate)





Total Total NONOxx emissions emissions 

-- includes mobile and non-point sources



NO3 animationNO3 animation





































End of NO3 animationEnd of NO3 animation





Percent change in NOPercent change in NO33
-- in in wetfallwetfall

LehmannLehmann et al., et al., Environmental PollutionEnvironmental Pollution 20052005
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Downward pointing arrows denote trends toward decreasing nitrate (NO3) concentrations and improving air quality.  Similarly, the up 
arrows correspond to trends toward higher nitrate concentrations and hence worsening air quality.
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End of NH4 animationEnd of NH4 animation





Percent change in NH4+ in Percent change in NH4+ in wetfallwetfall

LehmannLehmann et al., et al., Environmental PollutionEnvironmental Pollution 20052005
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Snowpack Snowpack 
chemistrychemistry

••Major ionsMajor ions
••NutrientsNutrients
••Trace metalsTrace metals
••3434S, S, 1515N isotopesN isotopes

- G.P. Ingersoll and others, USGS



Nitrate in Nitrate in 
Rocky Rocky 

Mountain Mountain 
snowpack snowpack 

(average, (average, 
19931993--2000)2000)

- G.P. Ingersoll and others, USGS



Annual VWM Inorganic N conc. in Annual VWM Inorganic N conc. in wetfall wetfall 

10-year mean DIN concentration (NO3 + NH4) 

NADP sites in Colorado and Wyoming > 2400m elevation
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Nitrogen concentrations in Nitrogen concentrations in wetfallwetfall
by seasonby season

RMNP Loch Vale NADP
 1994-2003 mean concentrations
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Airflow into ColoradoAirflow into Colorado

-- Nolan Nolan DoeskenDoesken, state climatologist, state climatologist



Bear Lake, Rocky Mt. Natl. ParkBear Lake, Rocky Mt. Natl. Park
Bulk precipitation event samplesBulk precipitation event samples

23 April 1999
5.7 cm precip

10.1 µmol/l DIN (NH4+ + 
NO3-)

29 April 1999
4.2 cm precip

32.5 µmol/l DIN (NH4+ + 
NO3-) 

- Campbell and others, USGS



Sources of nitrogen emissions in ColoradoSources of nitrogen emissions in Colorado

Colorado Natural Gas Marketed Production 
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Source attribution using naturally occurring, Source attribution using naturally occurring, 
stable isotopes of nitrogen compounds.stable isotopes of nitrogen compounds.

Provide capability of 
distinguishing between major 
source categories of 
emissions.

3 isotopes in NO3: 15N, 18O, 17O
15N in NH4

+

Recent advances in 
methodology expand 
possibilities.

d15N of Seasonal 
Snowpack 
1994-2001

Campbell and Kendall, 
unpub. data



Nitrogen deposition in RockyNitrogen deposition in Rocky

• Overall nitrogen deposition is increasing.

• NO3 (combustion sources) makes up >50%.

• NH4 (agricultural sources) is increasing rapidly.

• Local and regional sources contribute to both.

• Local sources may contribute more during 
spring and summer.

• Next steps?
- Integrated modeling and monitoring studies of air 

quality + deposition, incorporating natural tracers to 
identify source categories.


	Nitrogen deposition in Rocky MountainNational Park
	Nitrogen deposition in Rocky
	Nitrogen in atmospheric deposition
	Total NOx emissions
	NO3 animation
	
	End of NO3 animation
	
	Percent change in NO3- in wetfall
	Total NH3 emissions
	
	End of NH4 animation
	
	Percent change in NH4+ in wetfall
	Snowpack chemistry
	Nitrate in Rocky Mountain snowpack (average, 1993-2000)
	Annual VWM Inorganic N conc. in wetfall
	
	Nitrogen concentrations in wetfall by season
	Airflow into Colorado
	Bear Lake, Rocky Mt. Natl. ParkBulk precipitation event samples
	Sources of nitrogen emissions in Colorado
	Source attribution using naturally occurring, stable isotopes of nitrogen compounds.
	Nitrogen deposition in Rocky

