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Nitrogen deposition has greatly increased over the last century due to fossil fuel combustion and intensive agriculture. Excess deposition of N to natural ecosystems can decrease biodiversity, disrupt soil nutrient cycling, and cause acidification and eutrophication of waters. This excess deposition is of particular concern in US national parks, where legislation dictates that natural resources be preserved unimpaired.I used the nested North American model, version 9.01.01 to examine the sources and processes contributing to present and future N deposition to US national parks, identifying parks that exceed thresholds for detrimental ecosystem impact. 
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Determining the impact of anthropogenic N deposition in national parks requires some knowledge of the link between deposition and ecosystem response.  This can be expressed in terms of a critical load threshold, as an annual inorganic nitrogen deposition flux in kg N ha-1 yr-1, below which significant ecosystem damage does not occur. Here, we set the CL for a national park as the CL for the most sensitive ecosystem receptor estimated for Level I Ecological regions. Our rationale is that the parks need by statute to be fully protected in their natural state.Values are in the range 2.5–5 kg N ha-1 yr-1, lower than the 10 kg N ha-1 yr-1 value commonly assumed in N deposition modeling studies but based on less sensitive European ecosystems  
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NH3 contribution 
15 – 60 %  

Higher N deposition in the East, generally 
anthropogenic in origin, dominated by NOy 
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The top figure shows GEOS-Chem total annual N deposition (wet + dry) for 2006 which we take as representative of present day. Deposition exceeds 10 kg N ha-1 yr-1 in much of the eastern US and is typically 1–5 kg N ha-1 yr-1 in the West. Some urban/agricultural areas in the West exhibit higher N deposition. Most of the present-day N deposition to US national parks and over the US generally is anthropogenic according to GEOS-Chem.  The bottom panel shows the percent contribution of ammonia to N deposition as computed by GEOS-Chem. This contribution ranges from 15 to 60% at the national parks. National parks tend to be located away from agricultural areas so that NOy deposition usually dominates 
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CL exceedance = N deposition – CL  
Occurs at 24 parks, marginal exceedance at 14 parks 
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This figure gives present-day CL exceedances over the contiguous US by comparing present-day N deposition to the CLs shown earlier. White areas have N deposition below the CL. Colored areas have CL exceedance by the indicated amount. We find that deposition exceeds the CL at 24 parks, indicated by the red circles in Figure 5. An additional 14 parks fall into what we call a “marginal CL exceedance” category, as they would have a CL exceedance based on the model deposition in an adjacent 1/2° x 2/3° model grid square (~50 km away). 



NOx emissions decrease in the future 
NH3 emissions increase 
Implementation of RCP emissions in GEOS-Chem follow Holmes et al., ACP (2013) 
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We project N deposition over the US in 2050 using the Representative Concentration Pathways (RCP) projections of anthropogenic emissions, which were implemented into GEOS-Chem by Chris and Melissa. RCP scenarios for 2050 project large decreases of US NOx emissions relative to 2006, but increases in NH3. 
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We choose to conduct GEOS-Chem simulations for 2050 with the RCP8.5 and RCP2.6 scenarios. Deposition decreases from 2006 to 2050 in the eastern US and along the West coast, reflecting the decreases in NOx emissions. However, increases are projected across much of the Intermountain West. There, RCP NOx emissions are small and NH3 emissions are large. Ammonia dominates 2050 deposition everywhere except along the west and east coasts, in sharp contrast to present-day when NOx dominates. 
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CL or marginal CL exceedence 

2006   38 parks 
RCP8.5   37 parks 
RCP2.6   33 parks 
 
NH3 only 
RCP8.5   18 parks 
RCP2.6   14 parks 

Avoiding CL exceedence at 
all NP would require a 55% 
reduction of anthropogenic 
NH3 emissions 
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This figure gives the CL exceedance maps for 2050 projected from the RCP8.5 and RCP2.6 emission scenarios. There is major improvement in deposition relative to 2006 in the East but parks continue to exceed the CL. There is some degradation in the West, particularly in the Great Plains and the Southwest where NH3 emissions increase. In 2006, we found 38 parks with a CL exceedance or marginal CL exceedance; in 2050, we find 37 such parks for RCP8.5 and 33 parks for RCP2.6. The increasing importance of agricultural NH3 emissions in causing CL exceedance at national parks needs to be emphasized. By 2050, NH3 emissions are projected to account for over 70% of N deposition in much of the country, and can alone cause a CL exceedance or marginal exceedance at 18 parks (RCP8.5) or 14 parks (RCP2.6). Even if anthropogenic NOx emissions were globally zero, avoiding CL exceedance at all national parks would require a 55% reduction of anthropogenic NH3 emissions relative to 2050 RCP2.6 values.   
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