Appendix B. Monitoring and Tracking Wet Nitrogen Deposition
at Rocky Mountain National Park

1. Background Information on the National Atmospheric Deposition
Program (NADP)

The resource management goal and interim milestones identified by the NDRP @mhth are
based on wet nitrogen deposition data at RMNP that are collected through thiational
Atmospheric Deposition Program(NADP). The NADP ignationwide precipitation chemistry
monitoring network anda cooperative effortbetween many different groys, including the U.S.
Geological Survey, U. S. Environmental Protection Agency, National Park Service, U.S.
Department of Agriculture, State Agricultural Experiment Stations, and numerous other
universities, governmentaland private entities. The NADP begn monitoring in 1978 with 22
sites but grew rapidly in the early 1980s. Much of thexpansion was funded by the National
Acid Precipitation Assessment Program. dday the network hasover 250 sitesspanningthe
continental United States, Alaska, Puerto Rico, and the Virdstands.

The purpose of the network is to collect data on the chemistry of precipitation for monitoring
of geographicalpatterns and long-term trends. The precipitation at eah site is collected

weekly according to strict cleanhandling procedures. It is then sent to the Central Analytical
Laboratory in Champaign, ILwhere it is analyzed for hydrogen (acidity as pH), sulfate, nitrate,
ammonium, chloride, and base cains (caldum, magnesium, potassium and sodiumjstringent
guality assuranceand quality control programs ensure that the éta remain accurate and
precise. More information on QA/QC programs and the monitoring data can be found on the
NADP websiteat http://nadp.sws.uiuc.edu. Annual data are generally available on the website
six months after completion of the calendar year.

NADP data areused widely in publications including over 100 peerreviewed journal articles

justin 2008. Data are also used extensively by the UERwironmental Protection Agencyto

assess the Acid Rain Program, which requires reductions in emissions of sulfur dioxide 50

and nitrogen dioxides (NG 8 AEA 1 AOAOO OADPIT OOh sPOGYEA 2 AET
001 COAOO 2 ADPIT Otip/vwvEePa.gbviaikriarkifprodgrebs/plodress -

reports.html. The 2008 report will be released in the fall of 2009.

2. NADP Monitoring in Rocky Mountain National Park

There are two NADP sites in Rocky Mountain National Park. The Loch Vale site is located at a
high elevation of 10,364 ft and the Beaver Meadows site is located at a lower elevation of 8,169
ft. Both sites have been operatig since the early 1980s. Data from the Loch Vale site are the
primary focus of the NDRP because the resource management goal of 1.5 kg N/ha/yr is based

RMNP NDRP Continggrielan Appendix B December 22009 version Pagel

Al


http://nadp.sws.uiuc.edu/networks.html#adp
http://nadp.sws.uiuc.edu/
http://www.epa.gov/airmarkt/progress/progress-reports.html
http://www.epa.gov/airmarkt/progress/progress-reports.html

on NADP data from this site. The resource management goal was set to protect the most
sensitive resources in the park which are also at the highest elevations.

Routine monitoring at a remote, high elevation site can present some challenges. The samples
from Loch Vale are collected each week by a dedicated site operator who hikesskisin 3
miles to the monitoring site yearround. Missed samples sometimes result from equipment
issues and/or inadequate solar power supply during the harsh winter monthsDue to the
importance of this datain tracking deposition, the MOU agencies agreed to-tocate a seond
set of NADPmonitoring equipment at Loch Vale. After installation in fall of 2009, the site will
include two precipitation collectors, two electronic rain gauges (recently approved by NADP),
and the original rain gauge for historical comparisons. Sa panels will be upgraded to ensure
adequate power supply and batteries will be assessed to ensure adequate power storage.
Telemetry will be added to the siteto allow equipment and/or power issuesto be identified
quickly and resolvedduring the following weekly site visit. These modifications wilenhance
the reliability of the site.

Precipitation amount in 2008 was recorded by both the original Belfort rain gauge and the
recently approved electronic NOAH IV rain gauge. Table 1 shows how simillae annual
precipitation values were for each gauge, 103.21 and 103.49 cm, respectively. The difference
in precipitation results in differences in the precipitation-weighted mean concentrations and
deposition of nitrate and ammonium. Beginning in 2008the precipitation values posted on the
NADP website were recorded by the NOAH in gauge Data from both rain gauges will be
analyzed further and should any concerns arise over using the new rain gauge, the Belfort may
be used.

Table 1. Rain Gaugeomparison for 2008.
Rain Gauge Precipitation (cm)  Concentration (ueg/L)  Deposition (kg/ha/yr)

NH4 NO3 NH4 NO3 N

Belfort 103.21 10.31 11.32 1.92 7.25 3.13
NOAH IV 103.49 10.42 11.39 1.95 731 3.16

3. Tracking Wet Nitrogen Deposition at R ocky Mountain National Park

The interim milestones in the NDRP are based on a fiyear rolling average of wet nitrogen

deposition data from the Loch Vale NADP site in RMNFhe first interim milestone of the

NDRP calls for nitrogen deposition at the park tbe reduced fromthe baseline loading of3.1in

2006 to 2.7 kg N/halyr in 2012. Another goalofthe $20 EO OI OOAOAOOA OEA ¢
T EOOT CAT AADPT OEOEIT T AO OEA DAOE8G godishGheOi ET AOEI
NDRP will be detemined by the weight of evidence. Several analyses will be used to track

nitrogen deposition at RMNP. These analyses may be modified as better information becomes

available and will include, but are not limited to: (1) assessment of progress aig the
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glidepath, (2) longterm trend analyses for RMNP and other regional sites, and (3) shorter
term trends analyses for RMNP and other regional sites. Each section below describes the
details ofthe analyses and shows results for the analyse ending in 2008.

Assessment of progress along the glidepath This assessment compares current wet nitrogen
deposition (calculated as the most recentfyear average) at the Loch Vale NADP site to the
interim milestones on theNDRPglidepath. Annual wet nitrogen deposition s calculated by
multiplying the annual precipitation-weighted mean nitrogen concentration by the annuatotal
amount of precipitation (see Section 6 for explanatiomf NADP terms and calculations).
Therefore deposition values are influenced by wet years ahdry years. Using the Sear
average of wet nitrogen deposition reduces the inteannual variability caused by precipitation.
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Figure 1. Glidepath and Current Wet Nitrogen Deposition

Figure 1 shows the NDRP glidepath for wet nitrogen deposition redtion. The first interim
milestone is 2.7 kg N/hal/yr of wet deposition, followed by three more interim milestones at 5
year intervals, eventually resulting in a wet deposition of 1.5 kg N/ha/yr, and achievement of
the resource management goal in 2032. Ehestimate for nitrogen deposition under natural
conditions, 0.2 kg N/halyr is also shown in the figure.

The glidepath model allows us to answethe question: Waswet nitrogen deposition in RMNP
on or belowthe glidepathduring a specific timeframe? The 5-year rolling average is shown in
red for 2006, 2007, and 2008. For example, theyear average of wet nitrogen deposition for
2008 (2004-2008) was 3.2 kg N/hal/yr. This value represents a 0.2 kg N/ha/yr departure from
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the line. Therefore, theanswerto the questionis: No, wet depositionwas noton or below the
glidepath in 2008.

NADP quality-assurance programshave estimated uncertainty in the measurementby
operating two co-located sites annuallywithin the NADPnetwork since 1986(Wetherbee etal.,
2005). These sites are typically rotated everywo years to provide more geographical
coverage.Only 3 of the sites have been located in western high elevation ecosystenihe data
collected by the new ceocated site at Loch Vale (installation f&l2009) will be used to estimate
site-specific uncertainty in the measurements and will provide three full years of data before
2013 when the MOU agencies wilissess the available data to determinehether the first
interim milestone has been achieved.
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Figure 2. Wet Nitrogen Deposition and Precipitation at Rocky Mountain National Park.

Figure 2 shows the annual and fear rolling average of wet nitrogen deposition at the Loch
Vale NADP site from 1984 to 2008. Annual precipitation and the lortgrm average

precipitation are also shown. Wet nitrogen deposition increased in the 1990s during a very
wet period of time when precipitation was above average. However, wet nitrogen deposition
hasremained relatively constant since then, even as Colorado expenieed several drought
years. This suggests that concentrations of nitrogen in precipitation increased while
precipitation amount decreased. In 2008, precipitation amount was above average for the first
time in 10-years. The figure also shows that annudeposition has been just above and just
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below the first interim milestone (2.7 kg N/ha/yr) several times in the past 10years,
suggesting that the 2012 milestone is reasonably attainable

Long-term trends analyses for RMNP and other regional sitgsThese aalyses show how
nitrogen in precipitation has changed over the period of record. Loch Vale began monitoring
precipitation chemistry in 1983, so the period of records 25 years. Deposition is an additive
process, meaning that each year more nitrogen kxeing added to the ecosystem. Statistical
trends on several different parameéers will provide information on how nitrogen has changed
over time in order to evaluate whether nitrogen inputs to park ecosystems are increasing,
decreasing, orstaying the same

The parameters includewet inorganic nitrogen (N), nitrate (NOz) and ammonium (NH)
deposition (kg N/halyr), precipitation -weighted meanNG; and NH4 concentrations (ueq/L),

and precipitation (cm). Each parameter provides a different piece of informain. Trends on
deposition provide information that is ecologically relevant, and relative to the critical load for
RMNP as defined by the NDRP. Trends on concentrations provide information on air quality at
individual sites and allows for comparison betwea sites, without the influence of

precipitation.

Long-term trends were determined by theSeasonal Kendall Test (SKT)r'he SKT was
developed by the U.S. Geological Survey in the 1980s to analyze sudaeger quality
throughout the U.S. Since theiit has become the most frequently used test for trend in
environmental data (Helsel et al. 2006) and the accepted test fdetermining trends in
deposition data. Tworecent publicationsusing SKT for deposition trends includd.ehmann et
al., 2005 and Ingersollet al., 2008.The SKT is a notparametric statistical test for
environmental datathat requires no assumptions about the normality of the data distribution

To ensure that data from Loch Vale are consistent with other sites exposed to similar Front
Range emissions three NADP sitedocated outside of the parkin addition to the two NADP
sites that are located within RMNRLoch Vale and Beaver Meadows) atiacluded in the
analyses These additional sites wilprovide regional contextand are listed in Table 2 and
shown in Figure 3.
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Table 2. NADPSites in and near RMNP.

Elevation
Site Name Site ID Start Date (feet)
Rocky Mountain National Park C0O98 8/16/1983 10,364
Loch Vale
Rocky Mountain National Park CO019 5/29/1980 8,169
Beaver Meadows
Niwot Saddle C002 6/5/1984 11,549
Sugaloaf C09%4 11/4/1986 8,281
Pawnee C022 5/22/1979 5,384
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Figure 3. Map of NADP sites in and near RMNP.
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