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Figure 3: Ammonium Concentrations, 1984 – 1986 

 
 

 
Figure 4: Ammonium Concentrations, 2003 – 2005 
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Figure 5 shows concentrations of nitrate and ammonium in precipitation (expressed as N) at the 
Loch Vale site. Nitrate concentrations appear to be increasing at a steady rate over the last two 
decades, while ammonium concentrations have increased at a more rapid rate in the past ten 
years.   
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Figure 5 
 
Ecosystem effects are influenced by the amount of deposition, not just the concentration.  For 
purposes of the resource management goal, the relevant parameter for the Park is the deposition. 
Figure 6 shows ammonium, nitrate and total N (the sum of ammonium and nitrate) in wet 
deposition, as well as precipitation for the 22-year period of record at Loch Vale in RMNP. 
There is considerable year-to-year variation in deposition and precipitation. Large changes in 
precipitation are accompanied by similar changes in the deposition, illustrating the dependence 
of wet deposition on precipitation amount, as discussed above.   
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Figure 6 

 
 
Figure 7 plots the same data as figure 6, but superimposes a polynomial curve fit to indicate 
whether the measured levels are steadily increasing, decreasing or changing direction.  
Ammonium wet deposition appears to be steadily increasing over the period.  Nitrate wet 
deposition appears to have leveled off and then decreased slightly since the mid-1990s.  Total 
wet nitrogen deposition has increased and then leveled off.  However, this may be due to a 
decline in precipitation that occurred during the same time period.   
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Loch Vale
Nitrogen Deposition and Precipitation
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Figure 7 

 
Figure 8 is similar to Figure 7 except that the concentrations have been converted to normalized 
deposition to partially address the confounding effect of changing precipitation amounts over 
time.  Normalized deposition can be calculated by taking the annual concentration, reported in 
mg/l and multiplying by the long-term average precipitation amount.  By using the normalized 
wet deposition, the effects of changing emissions on concentrations can be tracked, while still 
expressing those changes in terms of deposition.   
 
While the curve fit shown here indicates that normalized deposition of total nitrate is increasing, 
it is encouraging to note that the annual values have decreased since 2001.  However, ammonium 
and total N continue to increase.  
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Figure 8 

 
 
In spite of the complexities associated with characterizing trends in nitrogen deposition at 
RMNP, it is clear that (1) current deposition levels are well above the resource management goal 
for aquatic ecosystems;(2) nitrate and ammonium contribute equally to wet N deposition at the 
Park; (3) ammonium is increasing at a more rapid rate than nitrate; and (4) Total N normalized 
deposition is on the increase.   
 
D. Emission Inventories  
 
1. State and Front Range Inventories 
 
Tables 1-3 display statewide and Front Range emissions from the Western Regional Air 
Partnership’s (WRAP) 2002 emission inventory, which is considered to be the most 
comprehensive available. Table 1 provides emission inventory data by county for six pollutants 
for each county in the state.  Front Range counties are shaded in Table 1 for easier reference. 
Table 2 provides an emission inventory for each source sector: point sources, mobile (on & off 
road) sources, and area sources for the entire state.  Table 3 provides the same review as Table 2 
for the emission inventory, but it is limited to the Front Range counties. The inventory does have 
some inherent limitations since data and emission factors for some pollutants and source 
categories are uncertain.  For instance, the area source inventories for agriculture are based on 
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assumptions and emission factors that have very little data or peer-reviewed research.17  The 
2002 WRAP Statewide NH3 emissions presented in the table below are below the total NH3 
emissions CDPHE presented at stakeholder meetings because biogenic (native soils) and 
domestic NH3 sources are not included. It is important to note, however, that the table presented 
here does include all potentially controllable anthropogenic emission sources.  Also, analyses 
(WRAP PSAT) comparing effects from Colorado versus other states do not include these 
categories (native soils, etc.) from the other states.  As shown in Table 3, the Front Range 
contributes a significant portion of the inventory for all pollutants (63 percent of the state’s NOx 
and 44 percent of the state’s NH3.  
 
Table 1: Statewide Emissions & Front Range (shaded in gray) Emissions 
2002 WRAP Emissions Inventory for Colorado 
Point, Area and Mobile Sources 
County VOC 

[tpy] 
NOX 
[tpy] 

CO 
[tpy] 

SO2 
[tpy] 

PM10 
[tpy] 

NH3 
[tpy] 

Adams 25,011 29,000 122,071 19,637 19,137 1,540
Alamosa 1,454 1,116 8,632 59 3,585 334
Arapahoe 26,026 18,672 161,751 1,693 22,076 879
Archuleta 1,023 637 7,244 27 1,896 506
Baca 1,726 1,436 3,813 57 8,816 1,488
Bent 995 1,319 4,109 67 2,697 670
Boulder 19,225 15,111 87,389 4,754 13,518 515
Broomfield 2,141 1,639 12,473 106 1,146 65
Chaffee 1,628 958 10,650 124 2,965 326
Cheyenne 2,369 3,359 5,426 30 8,928 746
Clear Creek 2,447 2,991 31,881 79 2,230 183
Conejos 865 668 4,896 26 3,480 361
Costilla 754 530 4,328 23 1,517 496
Crowley 473 315 2,040 7 1,783 498
Custer 548 210 2,892 11 813 169
Delta 2,219 1,629 13,948 131 5,368 1,063
Denver 34,052 32,483 200,219 7,865 12,100 1,710
Dolores 796 662 2,953 11 1,943 516
Douglas 10,292 9,583 77,487 522 13,327 432
Eagle 4,777 5,000 43,232 226 7,137 352
Elbert 1,785 1,499 12,527 42 6,924 529
El Paso 36,716 28,316 215,801 15,083 29,054 1,196
Fremont 2,569 3,959 16,803 1,815 3,841 398
Garfield 13,044 10,320 40,313 295 6,489 428
Gilpin 628 600 4,390 33 1,061 12
Grand 1,851 1,968 13,536 138 3,409 210
Gunnison 1,826 1,120 12,019 62 2,792 355
Hinsdale 1,012 95 3,100 6 222 8
                                                 
17 National Research Council (2003), Air Emissions from Animal Feeding Operations: Current Knowledge, Future 
Needs. National Academy Press, Washington, D.C). 
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Table 1: Statewide Emissions & Front Range (shaded in gray) Emissions 
2002 WRAP Emissions Inventory for Colorado 
Point, Area and Mobile Sources 
County VOC 

[tpy] 
NOX 
[tpy] 

CO 
[tpy] 

SO2 
[tpy] 

PM10 
[tpy] 

NH3 
[tpy] 

Huerfano 1,073 2,294 10,139 90 1,242 337
Jackson 772 442 3,396 13 579 168
Jefferson 29,944 20,932 172,168 3,897 16,575 832
Kiowa 990 1,067 3,903 130 11,282 1,038
Kit Carson 2,940 3,120 19,617 81 19,096 2,326
Lake 2,164 2,017 24,784 59 1,410 174
La Plata 3,473 5,768 11,766 116 6,441 486
Larimer 18,068 15,355 108,478 2,068 24,730 1,976
Las Animas 1,864 4,297 12,650 134 1,990 519
Lincoln 1,746 1,561 9,344 45 9,181 689
Logan 2,890 3,730 14,730 160 14,275 4,395
Mesa 9,830  7,574 55,421 2,465 11,994 752
Mineral 1,025 241 4,393 11 311 11
Moffat 3,043 21,734 11,962 10,454 2,224 506
Montezuma 2,567 2,018 16,369 90 4,460 332
Montrose 2,580 2,917 15,194 1,593 7,763 790
Morgan 3,735 9,512 19,299 15,078 8,378 5,402
Otero 1,901 1,693 9,881 85 4,695 1,370
Ouray 642 376 4,488 16 947 459
Park 1,612 858 11,333 36 3,322 387
Phillips 973 917 3,000 35 8,545 1,121
Pitkin 1,577 1,237 11,604 83 2,256 178
Prowers 2,004 2,227 7,892 66 9,962 2,299
Pueblo 10,001 17,219 65,920 17,506 11,351 725
Rio Blanco 4,537 5,627 8,451 46 1,671 540
Rio Grande 1,620 965 8,081 128 3,852 421
Routt 2,006 10,588 14,078 3,002 4,286 392
Saguache 1,086 806 6,236 26 3,742 683
San Juan 881 224 4,038 10 288 869
San Miguel 1,345 831 5,909 32 1,607 335
Sedgwick 790 1,209 4,629 51 5,289 909
Summit 2,865 2,631 27,101 117 4,676 362
Teller 1,772 1,145 12,067 74 3,131 331
Washington 2,734 2,450 7,679 79 14,339 1,537
Weld 83,795 32,204 98,784 893 46,328 16,238
Yuma 5,313 4,761 7,696 95 18,254 6,153

Statewide Total 414,412  367,741 1,958,406 111,794 478,723 72,027 
       

Front Range Total 299,008 230,025 1,341,840 89,101 217,720 31,510
FR [percent of 72.2% 62.6% 68.5% 79.7% 45.5% 43.7%
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Table 1: Statewide Emissions & Front Range (shaded in gray) Emissions 
2002 WRAP Emissions Inventory for Colorado 
Point, Area and Mobile Sources 
County VOC 

[tpy] 
NOX 
[tpy] 

CO 
[tpy] 

SO2 
[tpy] 

PM10 
[tpy] 

NH3 
[tpy] 

statewide] 
Note: PM2.5 emissions included in PM10 emissions. 
 
 

 
Table 2: 2002 WRAP Emission Inventory - Colorado 
Statewide 

 
VOC 
[tpy] 

NOX 
[tpy] CO [tpy] SO2 [tpy] PM10 

[tpy] 
NH3 
[tpy] 

Point 91,749 117,868 35,950 97,011 -    539
Area 183,388 45,469 129,653 8,163 469,685 67,128

Mobile (On-road) 100,836 141,824 1,399,807 4,149 3,765 4,317
Mobile (Non-road) 38,438 62,581 392,996 2,472 5,273 43

Total: 414,412 367,741 1,958,406 111,794 478,723 72,027
 
       

 Table 3: 2002 WRAP Emission Inventory - Front Range 

 
VOC 
[tpy] NOX [tpy] CO [tpy] SO2 [tpy] PM10 

[tpy] 
NH3 
[tpy] 

Point 75,177 65,675 18,988 78,036 -     427 
Area 131,599 29,781 79,193 6,589 212,307 27,831 

Mobile (On-road) 69,333 98,780 947,101 3,100 2,549 3,227 
Mobile (Non-road) 22,899 35,789 296,558 1,376 2,864 25 

Total: 299,008 230,025 1,341,840 89,101 217,720 31,510 
Percent of Total: 72.2% 62.6% 68.5% 79.7% 45.5% 43.7% 

 
 
The above tables are expressed in tons of the compounds NOx and NH3, whereas tons of N is the 
more relevant parameter for purposes of examining nitrogen deposition at RMNP.  In other 
words, the absolute amount of NOx and NH3 emissions does not necessarily give a clear 
indication of the amount of N contained in airborne particulate matter or formed by secondary 
chemical reactions and then deposited into the ecosystem. However, Figures 1 and 2 show for 
the Front Range and statewide respectively, the actual magnitude of molecular or molar N 
coming from source categories. The term molar N is used to describe the relative amount of 
nitrogen based on the molecular weight.  For example, to calculate the amount of nitrogen from 
NOx emissions (assumed to be mostly NO2) we multiply the NOx emissions in tons per year by 
14/46.  The NOx molecular weight ratio is determined by the atomic weight of N = 14 and O = 
16, thus NO2 = (14 + 2*16) = 46.  In Figure 2, Colorado's source category relative contributions 
to N are: 19% point sources, 34% mobile, 23% agriculture, and the remainder in the other area 
sources. 
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2002 Colorado Front Range Molar Nitrogen from NOx and NH3 Sources
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Figure 1. 

2002 Colorado Statewide Molar Nitrogen from NOx and NH3 Sources
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Figure 2. 
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To the extent there are not reliable inventories for NH3 emissions, inventories and trends 
regarding the sources themselves are relevant. For example, cattle (Figure 3) and harvested 
cropland (Figure 4) appear to be on the decrease, while swine (Figure 5) has increased threefold 
in the last two decades.  Additional graphics on agricultural trends, including information for 
selected counties, is available in Appendix T.  
 
Also, recent demographic trends show an increase in the developed landscape within our state.  
Between 1990 and 2000, according to the Denver Regional Council of Governments, the nine 
counties of the Denver metropolitan area added 555,700 people and 203,700 new households.  
During the 1990s, this nine county region, including Boulder, Gilpin, Clear Creek, Jefferson, 
Douglas, Arapahoe, Adams, Denver and Broomfield, alone, added 90 square miles of urban area, 
growing from 410 square miles in 1990 to 500 square miles by 2000.  Of the more than 200,000 
new households added to the region, 45 percent located in areas not previously urbanized.  It is 
predicted that by 2022, Colorado will lose another 3.1 million acres of agricultural land to urban 
sprawl, according to Environment Colorado Research and Policy Center. 
 
 

 
 
Figure 3 (source: USDA National Agricultural Statistics Service) 
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Figure 4 (source: USDA National Agricultural Statistics Service) 
 

 
Figure 5 (source: USDA National Agricultural Statistics Service) 
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2. In-Park Emissions 
 
a. Mobile Sources 
 
Rocky Mountain National Park has over 3 million visitors per year.  These individuals arrive at 
and tour the Park and its surrounding areas primarily in gasoline and diesel powered vehicles.  In 
addition, the community of Estes Park borders the Park on the east side and attracts many 
visitors.  These mobile sources contribute to the emissions of the NOx and it is likely that some 
these air pollutants emissions are a part of the pollutants deposited in the Park, adding to the 
nitrogen loading in Park ecosystems. 
 
RMNP has taken many steps to reduce mobile source emissions.  The park has created a visitor 
shuttle bus (in-park Bear Lake corridor only) to include additional transportation from downtown 
Estes into the park (Hiker Shuttle).  The town of Estes Park provides a free Shopper Shuttle to 
provide local hotels and campgrounds access to the downtown area, allowing visitors to park 
their private vehicles at their hotel or campground and use the free shuttle system to access many 
different areas of the Park.       

This enhanced shuttle service proved to be popular with visitors. Over 9,300 people rode the 
Hiker Shuttle and almost 19,000 people rode the Shopper Shuttle during its inaugural summer 
season. During the complete 2006 season the combined shuttle system (Shopper/Hiker shuttles 
and original in-park shuttles along Bear Lake corridor) ran daily from June 16 through October 1 
with over a quarter million riders. Most recently, starting in May of 2007 the Hiker Shuttle began 
running at 6:30am (compared to last year), which allowed extended opportunities for visitors to 
use the shuttle system for recreating in the park. 
 
RMNP has been striving to use new, more environmentally friendly automobile technology in its 
own fleet of vehicles.  In 2004, the Park was a partner for the Clean Cities Colorado event in 
Estes Park where multiple kinds of alternative fuel vehicles were displayed for the public and 
various manufactures presented and distributed information on greener automotive technology.  
Currently, Rocky Mountain National Park’s alternative fuels vehicle fleet contains 16 propane 
vehicles, 2 dual fueled natural gas (NG or unleaded), 4 hybrid vehicles, 1 electric, and 
approximately 60 flex fuel (gasoline/E-85, 85% ethanol) vehicles.  However, these E-85 vehicles 
do not currently run on ethanol because a fueling system is not yet available.  The park is 
currently working on a plan to implement a fueling system in the near future. 
 
All of the Park’s diesel engines use biodiesel.  The west side of the park used 7,206 gallons of 
biodiesel and the east side of the park used 32,850 gallons biodiesel in 2004.  In 2005, the 
biodiesel type used on the east side was very corrosive to vehicle engines and fueling systems so 
it was discontinued for the season on the east side. The east side is currently working with 
Department of Defense to implement a new supplier for biodiesel in the future.   
 
RMNP is investigating new options in the use of alternative fuels for the current shuttle bus fleet.  
Currently, no alternative fuel technology exists that would make it possible for the buses to 
operate effectively and safely on the steep grades and high elevations of the park’s mountain 
roads.   
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b. Stationary Sources 
 
The Alpine Visitor Center within Rocky Mountain National Park generates electricity to power 
the facilities at this very remote location atop Trail Ridge road.  Two new energy efficient diesel 
powered generators were recently installed and burn bio-diesel as fuel during the summer 
months.  The Alpine Visitor Center is closed during the fall, winter and spring months. 
The administrative facilities within Rocky Mountain National Park are powered and heated with 
electricity produced by local hydro-electric plants. 
 
c. Natural Sources 
 
Natural background emissions of N for the western U.S. have been estimated at around 0.2 
kg/ha/yr.  These emissions estimates include contributions from animal and plant sources. 
Nitrogen emissions to the atmosphere from natural sources in the Park should be similar today as 
they were historically under natural conditions.  Currently there are less than 4,000 large 
ungulates in the RMNP area.   
 
d. Climate Friendly Parks Inventory/Workshop 
 
RMNP has recently completed the Climate Friendly Parks (CFP) program, which teams with the 
U.S. EPA as part of the NPS Green Parks Partnership Program. The CFP program encourages 
and enables national parks to develop both short and long-term, comprehensive strategies to 
reduce their greenhouse gas (GHG) and criteria air pollutant emissions.  Also, the program 
includes a commitment on the part of the park to educate the public about what actions the park 
is tackling to mitigate emissions and to communicate why the issues of climate change and air 
pollution are so important.   
 
Participating in a CFP program included:  holding a technical workshop to educate staff and 
public; completion of a GHG/Criteria air pollutant emissions inventory; and creation of an action 
plan to identify initiatives, milestones, and track success.  RMNP was the 10th Park in the 
National Park Service to become an official Climate Friendly Park in July of 2007.  This title 
designated RMNP as part of a network of parks that putting climate friendly behavior at the 
forefront of park planning and operations.  Following the outcome of the emissions inventory, 
RMNP’s action plan outlines goals that will facilitate emission reductions, improve education 
and outreach efforts, and develop management strategies to deal with climate change. 
 
e.  Green Team 
 
As an offshoot of the CFP workshop, RMNP has recently formed a group of employees 
interested in enhancing the Park’s green culture and improving existing successes.  The 
subcommittees created include:  energy/waste/recycling, transportation, sustainable design, 
education/outreach, and natural adaptations.  This team’s major mission is to raise the Park’s 
profile as an environmental leader in the community and state by setting a good example of 
internal actions and behaviors.  Also, as a national attraction to millions of people, to educate and 
inform the public on environmentally friendly, sustainable actions.         
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E. Calculations and Related Modeling Analyses 
 

1. Projected Reductions in NOx Emissions 
 

The Colorado Department of Public Health and Environment has estimated that NOx reductions 
will occur from air pollution controls that have been adopted at either the State or Federal level 
but not yet implemented.  These predicted reductions are as follows:  

• 30% NOx reduction in western US by 2018 
• 28% NOx reduction in metro Denver by 2022, fueled by 71% reduction from mobile and 

33% growth in stationary 
• 23% NOx reduction in Front Range by 2012, fueled by 50% reduction from mobile 

sources 
 
Other potential reductions will have to be assessed as they are identified, such as any reductions 
of NOx from BART actions or other actions necessary to meet regional haze goals.  Currently, 
there is no analysis that would directly quantify the effects of emissions reductions in any 
geographic area on deposition in any geographic area.  
  

2. Rollback Analysis  
 
A simple rollback analysis can provide us a potential estimate of how planned reductions of NOx 
will affect nitrogen deposition loading.  The five-year average from 2000-2004 wet N deposition 
rate at the RMNP Loch Vale site is 3.1 kg N/ha/yr wet deposition. Given that at the RMNP Loch 
Vale monitoring site, NH4 and NO3 each contribute approximately equally to the mass of wet 
deposited N, the projected 23% reduction in NOx noted above may be sufficient to achieve a 
target load of 2.7 kg/ha/yr in 2012.  While this type of analysis is helpful to understand the 
positive impact of the emissions reductions, it makes several unlikely assumptions, including: 

• NH3 emissions remain stable (no increases or decreases) and NH4 deposition does not 
continue to increase; 

• There is a linear relationship between emissions of NOx in the region, and the amount or 
rate of deposition in RMNP (concentrations in precipitation).  In other words, this 
assumption does not consider the atmospheric chemistry that impacts what portion of 
emissions are ultimately deposited. 

• Nitrogen deposition in the Park is attributable to local emissions and there is no long 
range transport of emissions into the Park, or all western states have the same net 
reduction of NOx between now and 2012. 

• All emissions reductions are spatially uniform. 
 
Assuming a uniform average 23% reduction of NOx, then: 
 

• ½ x 3.1 x 0.23 kg N/ha/yr = 0.36 kg N/ha/yr reduction in N deposition due to NO3.  3.1 
(current) – 0.36 = 2.74 kg N/ha/yr by year 2012, which is close to the near term target 
load of 2.7 kg N/ha/yr.  

• Given a 28% NOx reduction by 2022, this would lower current deposition rate by 0.43 kg 
N/ha/yr, putting the wet deposition rate at 2.67 kg N/ha/yr. 
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These estimates, however, may overestimate the reduction in nitrogen deposition.  As noted in 
the trends discussion, NH4 concentrations and deposition have been increasing.  If this trend 
continues, it would offset any benefits from NOx emission reductions.  It is also quite likely that 
some of the assumptions of linearity and uniform emission reductions are violated.  For example, 
if the reactions are oxidant limited (which could be the case), the reduction would be less than 
23%.   Also, it is clear that the Front Range is not the sole contributor to deposition on the east 
side of RMNP, so to the extent that the Front Range achieves greater NOx emission reductions 
relative to other regions, the benefits would be somewhat overstated. There are many 
uncertainties inherent in this calculation: there is no consideration of chemistry in this 
calculation, and there are inherent nonlinearities in NOx photochemistry.  
 
On the other hand, other assumptions could lead to an underestimation of the reduction in N 
deposition.  For example, if mobile sources along the Front Range are preferentially impacting 
RMNP, as opposed to other sources, then one might expect a greater reduction in N deposition 
because of the higher NOx emission reduction expected from the mobile source sector (50-71%).  
 
In short, the rate of reduction could be either high or low.  Therefore, there is no guarantee that 
projected reductions will be sufficient to meet the 2012 interim target load, it is encouraging to 
note that significant progress toward the goal is reasonable to expect, based on this analysis. 
 
In order to reach the resource management goal (critical load) of 1.5 kg N/ha/yr by 2032, an 
additional 44% reduction in combined NH3/ NOx emissions would be needed.  Since it appears 
that NH3 emissions currently contribute about half of the N deposited at RMNP, a 100% 
reduction in 2002 NOx emissions from the Front Range, including metro Denver, would still not 
reach 1.5 kg N/ha/yr if NH3 emissions remain constant.  NOx reductions on the order of 30% are 
predicted by 2018 in other western and midwestern states as a result of regional haze plans.  
However, it is very likely that substantial reductions in NH3 emissions will be needed to achieve 
the resource management goal.    
 
3. WRAP PSAT Analysis  
 
The Western Regional Air Partnership (WRAP), over the past six years, has developed for 
application in the western United States, two sophisticated regional grid models designed to 
evaluate the effects of control strategies on regional haze.  One of these models, the 
Comprehensive Air quality Model with extensions (CAMx), has the capability of tracking the 
contribution of individual sources or groups of sources to either ozone formation or particulate 
matter (PM).  Recently completed PM Source Apportionment (PSAT) modeling “tagged and 
traced” SOx and NOx and NH3 emissions from different states to RMNP, as well as other Class I 
areas, and reports on particle concentrations of NO3 and NH4 (as well as other pollutants). This 
modeling does not directly estimate source contributions to wet or dry deposition.  However, it 
does indicate relative contributions of species related to deposition.  The results of this modeling 
are available on the WRAP’s Technical Support System website 
(http://vista.cira.colostate.edu/tss/Results/SA.aspx).  
 
The state-by-state contributions of particle concentrations of various pollutants to RMNP were 
tracked with CAMx and plotted in the two pie charts below (Figures 13 and 14). 

http://vista.cira.colostate.edu/tss/Results/SA.aspx�
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Nitrate (NO3) Aerosol Attribution for Rocky Mountain National Park 
(based on WRAP's CAMx Modeling)
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Figure 6.  State Contribution to Annual Average Nitrate Airborne Concentration in 

Rocky Mountain National Park Based On CAMx. 
 
Figure 6 shows that 31 percent of the particulate nitrate at RMNP is estimated to be from 
Colorado sources, on an annual average basis.  The next largest sources are boundary conditions 
(BC), which are the emissions transported from the edges of the modeling domain over North 
America originating from all natural and anthropogenic sources.  The next largest state 
contributions are from Utah, Wyoming, and California. 
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Ammonium (NH4) Aerosol Attribution for Rocky Mountain National Park 
(based on WRAP's CAMx Modeling)
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Figure 7.   Source Contribution to Annual Average Ammonium Concentration in 

Rocky Mountain National Park Based on CAMx 
 
Figure 7 shows that 55% of the particulate ammonium at RMNP is estimated to originate from 
Colorado sources, on an annual average basis.  The next largest contributors, each contributing 
far less are the Midwest (CEN), boundary conditions (BC), Utah, and Wyoming. 
 
The analysis also predicts apportionment by source type for NH4 and NO3 (see Figure 8).  Of 
Colorado sources, approximately 10 percent of NH4 comes from mobile sources and 45 percent 
comes from area sources, which includes agriculture.  Midwestern states contribute, by 
comparison, less than 10 percent of area source NH4. 
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Rocky Mountain National Park
All-Days PM Source Apportionment for Ammonium & Nitrate in 2018
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Figure 8 

 
There are uncertainties with inferring deposition from a modeling analysis performed for the 
purpose of visibility assessment, but it is the best available analysis.  Degraded visibility (high 
ambient particulate concentrations) and high wet deposition in a given geographic location may 
not occur simultaneously.  Visibility is impacted by particulate air pollutants, while deposition is 
due to pollutants in both particulate and gaseous form.  Since WRAP’s visibility assessment does 
not report the effects of changes of NOx emissions on gaseous nitric acid concentrations or 
gaseous ammonia, this assessment does not present a complete picture of potential sources of 
deposition.  Therefore, the Plan relies on this analysis as an indicator of the area or region of 
attribution and not as conclusive evidence. 

 
4. Preliminary Analyses from the ROMANS Study 

 
In an effort to further understanding of the origins of emissions currently affecting ecosystems 
and visibility in RMNP, a study is being conducted by a partnership led by the National Park 
Service.18 The study is entitled Rocky Mountain Atmospheric Nitrogen and Sulfur Study 
(ROMANS). Two one-month intensive sampling periods were conducted in 2006, and analyses 
are underway to meet the following study objectives: 
 
                                                 
18 Other partners are EPA, NOAA, USGS, USDA Forest Service, the Cooperative Institute for Research in the 
Atmosphere at Colorado State University, the State of Colorado’s CDPHE, Air Resource Specialists, the University 
of California at Davis, and the Community Collaborative Rain, Hail and Snow Network. 
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• Identify the overall mix of sulfur and oxidized and reduced nitrogen in the air and 
precipitation on both the east and west sides of the continental divide. 

• Identify the relative contribution to atmospheric oxidized sulfur and oxidized and reduced 
nitrogen at RMNP from emissions originating within the state of Colorado vs. outside the 
state. 

• Identify the relative contribution to atmospheric oxidized sulfur and oxidized and reduced 
nitrogen at RMNP from emissions originating along the Front Range vs. other regions 
within the state. 

• Identify the relative contribution of various source types within the state of Colorado to 
nitrogen and sulfur species, including mobile, agricultural, other area sources, and large 
and small point sources. 

• Map spatial and temporal variability of atmospheric deposition within the park and relate 
observed patterns to likely source types and locations. 

• Characterize the meteorological conditions that lead to various atmospheric and chemical 
conditions. 

 
A preliminary ROMANS analysis examined how the simulation of airmass transport to RMNP 
differs between 36 km and 4km grid meteorological fields (MM5 wind fields). These differences 
may affect how source attribution results using 36 km wind fields (e.g. WRAP’s PSAT) are 
considered.  A more detailed report on this analysis is contained in Appendix A.  This 
preliminary analysis—which was based on two weeks of wind fields (April 15 through April 30, 
2006) —concluded that a 4km wind field estimates more easterly upslope flow than does a 36km 
wind field.  A 4 km grid provides a more accurate analysis of the complex topography along the 
Front Range.  The two-week period of analysis did contain typical westerly transport as well as 
several upslope events, but is highly unlikely to represent all types of meteorological events that 
impact airflow over RMNP.  Given this limitation, the results suggest that a 36 km simulation 
underestimates the contributions from sources east of the park including the Front Range.  Since 
most of the emissions in Colorado occur east of RMNP, this suggests that a 36km simulation 
may underestimate the absolute contributions from Colorado sources to RMNP.  Emissions from 
neighboring states to the east may also be underestimated. For the purposes of using the WRAP’s 
PSAT analysis to infer deposition, it is possible that the reported contribution of Colorado 
sources represents a low-end estimate.  
 

In the preliminary ROMANS analysis, the CAMx model was used to estimate the maximum 
potential concentration of nitrogen species at RMNP during the last two weeks of the Spring 
ROMANS field campaign.  Two tracers, scaled to match the emission rates of NOx and NH3 in 
two scenarios were evaluated: 1) all tracer sources and 2) all tracer sources minus Colorado.  The 
difference between these two scenarios represents Colorado’s contribution relative to all other 
sources.  During the two week simulation, about one-half of the NOx tracer (Figure 9) and one-
third of the NH3 tracer (Figure 10) were attributed to Colorado sources.  The relative contribution 
of Colorado to outside sources is a lower estimate.  Since there is no removal of pollutants in the 
simulation, the emissions from very distant sources were able to travel to RMNP in this idealized 
simulation.  Ammonia and the gaseous end products of the oxidation of NOx emissions (nitric 
acid) would deposit relatively quickly and otherwise likely be removed before getting to RMNP.  
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Therefore, this simulation suggests that the relative contribution from Colorado is 
underestimated.  Even with the apparent underestimate, the Colorado contribution is significant.  
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Figure 9 

 
Figure 10 

 
 
F. Questions to be Addressed by Data and Analyses 
 
Throughout the process of the RMNP Initiative, AQCC Commissioners and stakeholders have 
posed various questions regarding emissions, deposition, attribution and implications of potential 
emissions reductions.  The data and analyses discussed in this chapter was examined in the 
context of these questions, and the weight of the evidence used to provide answers to the greatest 
extent possible. 
 
1. What benefits will planned emissions reductions have for nitrogen deposition loading 

and the increasing trend?  
 
The rollback analysis described in section D.2, indicates we are likely to see some reductions in 
deposition from planned reductions, however the assumptions and uncertainties inherent in this 
calculation prevents making a specific prediction of reductions in deposition as a result of 
emission reductions.  
 
2. How much of the nitrogen deposition loading comes from in-state vs. out-of-state?  
 
The two analyses that partially address this question are the WRAP PSAT Analysis (section 
D.3.) and the Preliminary ROMANS tracer study (section D.4.).  These analyses indicate that 
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Colorado sources contribute a significant portion of the nitrate (>30%) and ammonium (>50%) 
found in fine particulates that affect visibility at RMNP. This does not explicitly apply to 
deposition, but a similar relationship may occur. The ROMANS tracer study modeling sensitivity 
runs, covering a two week intensive monitoring period using inert tracers to represent NOx and 
NH3 emissions, indicate that Colorado sources contribute significantly (>50% NOx and >30% 
NH3) to nitrogen concentrations in RMNP.  The nature of this analysis (no deposition or 
chemical conversion) likely underestimates the relative contribution from Colorado.  
 
3. How much of the nitrogen deposition loading comes from the Front Range and Metro 

Denver versus the rest of Colorado  
 
Emissions data, monitoring data and preliminary ROMANS climatology analyses inform the 
question of source regions contributing to N deposition at RMNP. As shown in the emissions 
inventories above, approximately 63% of the state’s NOx and 44% of the state’s NH3 come from 
Front Range counties (Adams, Arapahoe, Boulder, Broomfield, Denver, Douglas, El Paso, 
Jefferson, Larimer, Morgan, Pueblo and Weld).  Ecological effects information, presented in 
Chapter III, also indicates that the ecological effects due to nitrogen loading are more 
pronounced on the east side of RMNP versus the west side. 
 
In general, the highest NH4 and NO3 wet deposition at Loch Vale generally occurs during spring 
(March-April) and summer (July-August) (01-03 sampling) which are periods of the year that 
have frequent upslope meteorological conditions.  Preliminary ROMANS analyses regarding 
particulate N concentrations and wind direction indicate that ammonium and nitrate peaks (in the 
summer campaign) are associated with upslope transport from the SE.  Although this association 
doesn’t distinguish between Front Range sources and the rest of Eastern Colorado, it does 
indicate a likelihood that Western Colorado sources have a lower contribution during short-term 
events (when NO3 and NH4 peaks appear to occur), but may contribute more over the long-term.   
 
4. Can the contribution of different source categories (mobile, oil and gas, stationary, 

agriculture) to nitrogen deposition be identified?  
 

Deposition budgets and trends, emission trends and WRAP’s PSAT modeling are the primary 
sources of information that inform this question. The fact that at the Loch Vale site, NH4 and 
NO3 each contribute approximately equally to the mass of N deposited, implicate sources of NOx 
and sources of NH3 in equal amounts.  The fact that NH4 deposition is increasing faster than NO3 
would seem to indicate that NH3 emissions are increasing faster than NOx emissions, which 
appear to be declining.  Because there are no reliable trends for NH3 emissions, trends regarding 
the sources themselves may be relevant. Cattle and fertilizer appear to be on the decrease, while 
swine production has increased threefold in the last two decades in Colorado19.  
 
WRAP’s PSAT analysis, Figure 15 (sectionD.3.), displays predictions for source contributions to 
particulate NH4 and NO3 concentrations in RMNP.  Of the 55 percent of NH4 predicted to be 
contributed by Colorado sources, 10 percent comes from mobile sources and 45 percent comes 
from area sources, including agricultural sources.  Twenty-five percent of the NO3 comes from 
point sources, 15 percent from mobile sources and less than 10 percent from area sources.  
                                                 
19 Ag statistical service reference needed 
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5. Are nitrogen oxides (NOx) reductions equal to Ammonia (NH3) reductions in decreasing 

deposition? 
 
A reduction of 1 ton of ammonia is more effective than a 1-ton reduction of NOx.  As indicated 
in the molecular weight pie charts above, ammonia is 82% nitrogen by molecular weight; NOx is 
30% N by molecular weight.  While there are more NOx emissions along the Front Range and 
statewide than ammonia, and NH4 and NO3 contribute approximately 50% to the mass of N 
deposited at Loch Vale (NADP 2000-04 sampling), a ton reduction of ammonia should have a 
greater benefit.  
 
6. If NOx is decreased in the metro area, will ozone increase?  

 
NOx controls will lead to increased ozone in the local area of the controls due to the reaction of 
fresh emissions of NO with ozone (NO+O3 = NO2 + O2).  However, the effect farther down wind 
may be to reduce or increase ozone, depending on the chemical makeup of the atmosphere.  
Reductions in NOx in areas where ozone concentrations are of concern generally need to be 
accompanied by further reductions in VOCs in order to make NOx controls at least ozone 
neutral.  NH4 decreases would have no impact on O3.  Ultimately, modeling is needed to identify 
changes in O3 concentrations and the spatial extent and distribution. 

 
7. How much additional reductions will be necessary to meet deposition goals? (emission-
deposition relationship) 
 
To meet the deposition goals discussed in section III, deposition of N would need to be reduced 
13 percent by 2012, and 52 percent by 2032.  In terms of emission reductions, there is 
insufficient information at this time to identify a specific emissions-deposition relationship for 
RMNP.  The simplified calculation discussed above is subject to uncertainties.  It is clear that to 
decrease N deposition in RMNP, NOx and/or NH3 emissions decreases need to occur.  Studies 
and data discussed above indicate a strong possibility that the majority of deposition comes from 
east of the park.  
 
8. What emissions come from inside Rocky Mountain NP?  
 
In general, in-park emissions are typically insignificant compared to local and regional 
emissions.  Currently, there is no emissions inventory for all sources within the boundaries of 
Rocky Mountain NP.  Section D.2. of this chapter discusses existing knowledge of in-park 
emissions and some strategies the park has taken to mitigate emissions. In addition, a Climate 
Friendly Parks Workshop” is tentatively planned for March, 2007 in the Park.  This workshop, 
for park staff, will include development of an in-park inventory for criteria pollutants as well as 
greenhouse gasses (inventories do not typically include NH3.  As a part of the workshop, park 
staff will be assisted in identifying emissions reduction measures that could be conducted within 
park boundaries.   
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VII. Implementation Strategy and Continuing Evaluation  
 
A. Introduction 
 
Rocky Mountain National Park has developed a resource management goal for nitrogen 
deposition that is supported by the MOU agencies based on measurements and long-term 
research at the high elevation Loch Vale watershed.  The resource management goal is expressed 
as a critical load at 1.5 kg N/ha/yr for wet nitrogen deposition (a 52% reduction from current wet 
deposition of 3.1 kg N/ha/yr).   
 
The measured level of nitrogen deposition will serve as a basis for evaluating progress and 
taking future action.  The Nitrogen Deposition Reduction Plan (NDRP) sets forth a glide path 
approach to achieving the resource management goal over a 25-year time period (by 2032) with 
interim milestones at 5-year intervals.  The NDRP establishes a first milestone target load for wet 
nitrogen deposition in the Park at 2.7 kg N/ha/yr (a 13% reduction from current levels) to be 
achieved by December 2012.   
 
The NDRP primarily relies upon planned reductions and voluntary measures in the first planning 
period to reduce emissions that contribute to nitrogen deposition in RMNP.  The consideration of 
enforceable control measures are contemplated in the context of the Regional Haze State 
Implementation Plan, but the NDRP primarily suggests voluntary rather than enforceable 
measures be adopted at this time. 
 
The NDRP will be implemented by the MOU agencies working together in a collaborative 
fashion.  The MOU agencies will review and incorporate new data and analyses; track and assess 
deposition in the Park and planned emission reductions; develop a contingency plan that could be 
implemented should the initial and any subsequent interim deposition goals not be realized and 
assess the need for future resources.   
 
The MOU agencies will work together to revise the MOU consistent with this NDRP.  The MOU 
agencies believe the collaborative effort should continue as the agencies work to achieve the 
emission reductions needed to reduce nitrogen deposition in the Park and protect a unique natural 
resource in Colorado.  The MOU agencies will continue to collaborate with the Air Quality 
Control Commission and Water Quality Control Commission as forums for involving interested 
members of the public and seeking outside input.   
 
B. Implementation Strategy 
 
The overall strategy for reducing nitrogen deposition in RMNP is to reduce the emissions of 
nitrogen bearing compounds in Colorado. Further analysis may point us toward more specific 
source regions and categories. The strategy for achieving the first milestone primarily relies on 
the planned reductions of nitrogen compounds that are scheduled to occur through already 
adopted federal and state regulatory programs.  In addition, the strategy also relies upon the 
actions of the agencies working with the agricultural community to identify new and broaden the 
implementation of existing agricultural Best Management Practices (BMPs).  The following 
actions are identified and assigned to the MOU agencies working together or separately, as noted 
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below, to reduce the emissions of nitrogen bearing air pollutants and nitrogen deposition in 
Rocky Mountain National Park. 

1. NOx Emission Reduction Strategies 
 
This Plan primarily relies upon currently implemented and promulgated programs as well as 
additional measures in the first planning period to reduce emissions that contribute to nitrogen 
deposition in RMNP.  These programs will produce significant NOx emission reductions along 
the Front Range and through out the region during the first planning period.  These programs 
include: 
 
State measures: 

• Diesel I/M  
• Gasoline I/M  
• State permitting requirements - NSPS, PSD, permit limits and standards  
• BART regulations  
• Repair your air program  
• Woodburning restrictions  
• Diesel school bus retrofits  
• Summertime low RVP gasoline  
• Alternative fuels programs  
• Public information/outreach 
• Rideshare/transit programs  
• State tax credits for hybrids/alternative fuels use  
• Xcel’s Voluntary Agreement for metro power plants  
• Craig, Hayden, Comanche reductions  
• Winter fuel oil restrictions in metro Denver 

 
Federal measures: 

• Low sulfur diesel  
• Low sulfur gasoline  
• Off-road engine standards  
• Diesel engine standards - TIER I, II, III  
• Gasoline engine standards - TIER I&II  
• Small engine standards  
• Alternative fuels programs  
• Federal tax credits for hybrids/alternative fuels use  
• Clean Air Interstate Rule (not directly applicable to Colorado) 
• NOx SIP Call (not directly applicable to Colorado) 

 
Rocky Mountain National Park has implemented several emission reduction strategies that 
decrease the emissions of NOx within the Park, such as the Bear Lake Bus program, the use of 
biodiesel fuels and alternative fueled vehicles and more efficient technologies, and the 
implementation of additional Park shuttle bus services.  The Park will continue to implement and 
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evaluate additional mobile source strategies to reduce the emissions of NOx.  The Park will also 
be developing an in-Park emissions inventory by the end of 2007.  
 
In addition, the CDPHE, NPS, and EPA are pursuing additional actions as noted below. 
 

• CDPHE Air Pollution Control Division is currently evaluating NOx emission reduction 
control strategies for proposed regulatory adoption as a part of the development of the 
Colorado regional haze state implementation plan.  The Division will develop NOx 
reduction control strategies for Park visibility improvements to be considered in the 
State’s proposed Regional Haze SIP.  The Division is working to develop a Regional 
Haze proposal that is slated for presentation to the Commission at their August 2007 
meeting with action by the Commission anticipated by the end of 2007. 

 
• NPS Air Resources Division will work to negotiate mitigation strategies including offsets 

with new sources in the context of the Prevention of Significant Deterioration program.  
Additionally, NPS will seriously consider whether new and modified PSD sources of 
nitrogen compounds would adversely impact air quality related values at RMNP.  

 
• EPA Region 8 will provide additional technical assistance to the state on review of new 

or modified PSD permit evaluations.  EPA Region 8 will provide expertise on control 
technology associated with permits and State Implementation Plans (SIPs), including the 
Regional Haze SIP.   EPA will seek out opportunities for federal financial assistance to 
support analysis and data gaps for the RMNP Initiative. 

 

2. Ammonia Emission Reduction Strategies and On-Going Research 
 
Ammonia emissions contribute significantly to nitrogen deposition in RMNP.  However, it is 
recognized by the agencies that ammonia emission controls are not as well developed as 
emission controls for the emissions of NOx, especially the emissions of NOx from stationary 
sources.  Ammonia emissions are generated from a variety of sources, but primarily from the use 
of fertilizers in cropping systems and urban settings and the management of waste from livestock 
production.  The MOU agencies recognize that there is much work to be done to research and 
develop best management practices that can be implemented to address these sources of 
ammonia and that some management practices are currently being implemented that help to 
reduce the emissions of ammonia.  The NDRP relies upon the continued implementation of 
currently used BMPs and the ongoing effort to identify and implement new BMPs that can help 
to reduce emissions of ammonia.  Below is a set of strategies that the agencies believe will help 
to reduce nitrogen deposition in RMNP. 
 
The MOU agencies will work with the agriculture stakeholders during 2007 – 2012 planning 
period to promote and broadly implement best management practices that are now being 
implemented to some degree in Colorado.  These BMPs are discussed in Chapter V.B. of this 
Plan and include: 
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Crop production 
• Conservation tillage 
• Appropriate fertilizer selection 
• Fertilizer application rate management 
• Fertilizer placement techniques 
• Proper fertilizer storage and handling 

Livestock Production 
• Reducing dietary crude protein 
• Phase feeding 
• Barn design 
• Land application of manure techniques 
• Pasture management techniques 

 
The following describes the ammonia emissions and agricultural BMP research and evaluations 
that will occur over the next 5-year period. 
 

a. Ammonia Emission Inventory Improvements and General Mitigation Option 
Development 

 
• CDPHE will work to improve the NH3 inventory assumptions and improve the accuracy 

of the agricultural NH3 inventory. 
• CDPHE will work to update the Colorado Ammonia Emissions Inventory to include 

Front Range urban and municipal sources of potentially volatile nitrogen applications to 
lawns, parks, golf courses, and open spaces in foliar and granular forms from both 
commercial and non-commercial application methods.  Mitigation strategies will also be 
developed. 

• CDPHE will work to improve emissions estimates and develop mitigation options from 
landfills, garbage dumps and other potential ammonia emission source not adequately 
characterized in Colorado. 

 

b. Livestock and Crop Production Trends 
 

• CDPHE will work with the agriculture workgroup and the Colorado State University 
Agricultural Extension to forecast future trends in livestock and crop production. 

o The first draft of this task should be completed by 10/31/07.  
o New information will be factored in as it becomes available. 

 

c. Agriculture BMP Research Program and Implementation 

• CDPHE will work to form a Technical Team to include MOU agencies and Colorado’s 
agricultural industry (Colorado Livestock Association, Colorado Farm Bureau, Colorado 
Cattlemen’s Association, Rocky Mountain Farmer’s Union, Colorado Corn Grower’s 
Association, Colorado State University, Colorado Department of Agriculture, Natural 
Resources Conservation Service, et. al.) which will: 
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o Coordinate research review between the MOU agencies and the agricultural 
community; 

o Address air quality issues and review research related to ammonia emissions, 
greenhouse gases and national ambient air quality standards from livestock and 
crop production activities and related best management practices; 

o Incorporate the final best management practice research results into technical 
standards and technical service advisories put forth by the Natural Resources 
Conservation Service; and 

o Identify and develop incentives for existing programs to provide additional 
resources, both financial and technical, to agricultural producers to implement and 
expand their use of voluntary, proven best management practices. 

 
• Develop and conduct a survey of current Best Management Practices: 

o The survey is to be conducted by CDPHE and Colorado Agriculture organizations 
working with Colorado State University. 

o The survey will identify existing BMPs being used by livestock and crop 
producers in Colorado, and is planned for completion by ___.   

o CDPHE and Colorado agriculture organizations will work with Colorado State 
University to conduct a management practices survey of Colorado livestock 
producers and crop producers. 

o CDPHE and the Colorado agricultural organizations will promote a prompt 
producer response to the management practices survey, as well as work with 
Colorado State University to create a database of agricultural BMPs from the 
results of the survey data.   

o The survey will also be shared with neighboring states (such as Kansas and 
Nebraska) for implementation. 

o Colorado State University will incorporate the survey findings into their 
evaluation of the most effective and appropriate best management practices for 
ammonia reduction that will be studied during a Colorado based on-farm Best 
Management Practices evaluation.  During this phase of this project, CDPHE and 
Colorado agriculture organizations will provide assistance to Colorado State 
University, as practical and feasible.  This work will begin in 2007 and will 
continue into 2008.  If further funding is acquired, additional on-farm testing will 
take place in 2009 and beyond. 

 
• CDPHE, Colorado State University and Colorado’s agricultural industry will work to 

implement agricultural best management practices that are based on economically viable, 
field-tested and provide proven ammonia emissions reductions.  Implementation of best 
management practices will be promoted by CDPHE, and implemented by Colorado’s 
livestock and crop producers, on a voluntary basis.   

 
• CDPHE and the Colorado agriculture organizations will work with state and federal 

agencies to identify and develop incentives for existing programs to provide additional 
resources, both financial and technical, to producers to implement and expand their use of 
voluntary, proven best management practices. 
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d. EPA’s Animal Feeding Operations (AFO) Air Quality Compliance Agreement.   
 

• In January 2005, The Environmental Protection Agency announced an air quality 
compliance agreement to address emissions from egg, chicken, turkey, dairy, and swine 
industries, to ensure compliance with applicable CAA, CERCLA, and EPACRA 
provisions.  Over the next several years there will be monitoring and evaluation of AFO 
emissions, to develop methodologies for estimating more accurate emissions from AFOs.  
This agreement and corresponding emission information will provide additional data for 
estimating emissions from agricultural operations. 

 

3. Additional Agency Actions 
 
The following describes the additional policy development and evaluation activities that will 
occur over the next 5-year period by the MOU agencies. 
 
a. Education and Outreach 

 
• CDPHE and Colorado agriculture organizations will partner with Colorado State 

University to develop an education and outreach strategy to inform agriculture producers 
about the concerns related to Rocky Mountain National Park and the value of best 
management practices in reducing environmental impacts to the park.  To this end, 
CDPHE, Colorado State University and Colorado agricultural organizations will work 
together to develop an education and outreach strategy for agriculture. 

 
• The outreach strategy will include recommendations on how to best provide information 

to the agriculture community in a phased implementation approach (as information on 
best management practices become available); identification of potential funding 
mechanisms; suggestions of potential partners for leveraging resources; recommendations 
on a process for tracking implementation of best management practices, including 
information on environmental outcomes where practical; and recommendations on 
developing a plan to communicate and coordinate with other states on ammonia issues 
impacting Rocky Mountain National Park. 

 
 
• CDPHE, Colorado State University and Colorado agricultural organizations will work 

with the United States Department of Agriculture’s Natural Resource Conservation 
Service to incorporate the final best management practice research results into technical 
standards and technical service advisories put forth by the Natural Resources 
Conservation Service. 

 
• RMNP will continue interpretation and outreach activities to educate others on nitrogen 

deposition and the NDRP. 
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b. Coordination with Other States 
 

• The MOU agencies, in conjunction with the agriculture workgroup, will explore 
strategies other states (and other countries if applicable) are using to track and manage 
ammonia emissions.  The Idaho program will be included in a report to be completed by 
12/31/07. 

 
• The MOU agencies will work to implement an interstate dialogue and control program on 

nitrogen emissions coming into Rocky Mountain National Park from other states, as 
appropriate. 

 
c. Material Use and Throughput Reporting 
 

• The MOU agencies, in conjunction with the agricultural workgroup, will explore the 
potential of a reporting requirement for tracking BMP implementation, fertilizer use, 
waste management practices, feed use, or any other measure of activities that create NH3 
emissions. This data collection would be for the purpose of tracking potential NH3 
emissions in the absence of monitoring actual NH3 emissions from a particular facility. A 
report on this issue will be prepared by 3/31/08. 

 
d. Contingency Plan 

 
• The MOU agencies believe careful attention to implementation of emission reduction 

strategies, tracking emissions and deposition, and contingency planning will be necessary 
to achieve resource protection milestones in RMNP.  The agencies will work in the near 
term to develop a contingency plan to be implemented should the NDRP fail to achieve 
interim milestones, with the intent of achieving the desired goals within the planned 
timeframes.  The contingency plan will account for implementation strategies during 
periodic reviews of progress measured against the glide path, and adjustments in 
implementation of strategies made to ensure goals are met.   

 
• CDPHE will lead an effort to analyze the NOx strategies in Table V-2 and listed below, 

should the NDRP fail to achieve any of the interim milestones.  The analyses and 
contingency plan will be developed by 12/31/09 and presented to the AQCC in 2010 for 
their approval. 

 
o SCR or SNCR on New or Existing EGUs and Boilers 
o LNB or ULNB on New or Existing EGUs and Boilers 
o NSR LAER and Offsets for Major Sources Statewide 
o Controls on Non-BART Major Sources and BART-eligible Sources not Subject to 

BART 
o NOx Emissions Cap and Trade Program 
o P2 and Voluntary Reductions 
o Alternative, Renewable, or Energy Efficient Requirements 
o Local VMT Reductions 
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o EPA Hydrocarbon/Nitrogen Oxides Cutpoints into Inspection and Maintenance 
Program 

o Inspection and Maintenance to Control nitrogen oxides for Metro Denver and 
North Front Range 

o Dirty Screen RSD with Enhanced Inspection and Maintenance 
o Dirty Screen RSD without Inspection and Maintenance 
o On-Board Diagnostics 
o Address Vehicles that Never Pass I/M240 After Failing Test 
o New Vehicle On-Road California LEVII Tailpipe Standards 
o Off-Road and Small Engine California Standards 
o State-wide New/Existing Engine Controls 
o Minor Source New/Existing BACT for Natural Gas Compressor Engines (greater 

than 25 hp). 
 

• CDPHE will lead an effort to analyze and evaluate sources of ammonia including urban 
and agricultural for additional reductions should the NDRP fail to achieve any interim 
milestones. The MOU agencies, in conjunction with the agriculture workgroup, will 
explore whether Housed Commercial Swine Feeding Operations, as defined in CRS §25-
8-501.1(2)(b), represent a significant ammonia emissions source category and whether 
potential emissions reduction strategies exist. 

 
• If voluntary emissions reduction measures do not result in deposition reductions in the 

Park to meet the resource management goals set for 2012 and in subsequent 5-year 
intervals, additional voluntary and enforceable measures will be developed and proposed 
for consideration.  

 
e. Legal and Policy Initiatives 

 
• The MOU agencies will work together to identify future legal and policy issues as they 

act to implement this Plan.  The agencies will discuss legal and policy issues internally 
and propose responses to issues in a public forum to gather citizen input and 
participation.  Legal issues regarding authority of an agency to act may require legislative 
proposals to be made at the State or Federal level.  None of the MOU agencies are bound 
by the NDRP or its implementation to share, divulge, or discuss legislative initiatives 
they may choose to pursue, but are encouraged to provide information as they deem 
appropriate. 

 
f. Pollution Prevention 

 
• The MOU agencies will seek the guidance and input of the Colorado Pollution 

Prevention Advisory Board to develop concrete methods to encourage voluntary emission 
reductions or other approaches to reduce emissions of ammonia and oxides of nitrogen 
especially along the Front Range.  The CDPHE Sustainability Program may be able to 
assist in the development of cross media approaches to reduce emissions while achieving 
several objectives. 
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g. Water Quality 
 

• The MOU agencies, in collaboration with the Colorado Water Quality Control 
Commission, will continue to track and assess water chemistry and aquatic biota data in 
the Park to determine whether any regulatory actions - discussed in chapter 5 of this plan 
- are necessary or useful in protecting potentially impaired waters in the Park.  

• CDPHE will examine the potential nitrogen emissions, and the contribution to nitrogen 
deposition in RMNP, from the treatment of ammonia in municipal wastewater treatment 
plants.  CDPHE will also identify options to mitigate such impacts. 

 
h. Deposition Monitoring, Research and Modeling 
 

• RMNP, along with its partners, will continue to monitor nitrogen deposition levels and 
other air quality constituents during the life of this Plan incorporating new technologies 
when proven accurate and reliable. 

 
• NPS will continue to analyze and interpret monitoring data; to report annual trends and 

the status of existing air quality in the Park; to collaborate with universities and agency 
partners on ecological effects research in the Park; and in the context of the regional haze 
plans, will engage in interstate consultation on the issue of nitrogen deposition. 

 
• The National Park Service Air Resource Division will lead the effort to complete the 

Rocky Mountain Atmospheric Nitrogen and Sulfur (RoMANS) study.  The RoMANS 
study should help develop the understanding of how to attribute sources of emissions to 
the overall deposition of nitrogen in the Park.  This study will be completed in 2008 and 
results will be incorporated into evaluations presented to the AQCC in the 2-year 
reporting timeframes.  During the RoMANS study period, and as a result of any 
subsequent studies, the NPS will work to conduct further refinements and improvements 
to the technical model in order to reduce uncertainties regarding transport.  

 
i. National Issues    

• EPA Region 8 will provide input to the national program and on national workgroups for 
rulemaking or policy initiatives that may impact RMNP air quality.  (e.g., NOx PSD 
increment standards, PM10/PM2.5 standards, Regional Haze implementation, Critical 
Loads application and approach , NOx control emission standards) 

 
C. Continuing Evaluation 
 

• The MOU agencies will evaluate the reductions in nitrogen deposition as the data are 
collected throughout the first planning period.  The MOU agencies will present this 
evaluation to the Air Quality Control Commission in 2 year intervals; the first to occur 
before the end of 2008.  The MOU agencies believe that more frequent evaluation will be 
necessary to gage progress, especially in the first planning period.  These biennial 
evaluations will be indications of progress toward the achievement of the first interim 
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milestone in 2012.  As the agencies work to implement the NDRP, they will consider 
revision of the resource management goal beyond the 1.5 kg N/ha/yr as a margin of 
safety to ensure ecosystem protection.  Below is a table of the interim milestones. 

 
2012 2017 2022 2027 2032 

2.7 kg N/ha/yr 2.4 kg N/ha/yr 2.1 kg N/ha/yr 1.8 kg N/ha/yr 1.5 kg N/ha/yr 
 

• The MOU agencies will work to assess the effectiveness of ammonia BMPs.  The 
agencies will report on the effectiveness of the BMPs that have been implemented by 
December 31, 2010.  This report will include an analysis of the projected benefits of the 
ammonia emission reductions and whether or not additional ammonia emissions 
reductions (voluntary or regulatory) are needed to achieve the 2.7 kg/ha/yr, 2012 interim 
milestone and a plan to achieve those reductions.   

 
• If voluntary emissions reduction measures do not result in deposition reductions in the 

park to meet the resource management goals set for 2012 and in subsequent 5-year 
intervals, enforceable measures will be proposed.  

 
• The MOU agencies will work together to identify future legal and policy issues as they 

act to implement this Plan.  The agencies will discuss legal and policy issues internally 
and propose responses to issues in a public forum to gather citizen input and 
participation.  Legal issues regarding authority of an agency to act may require legislative 
proposals to be made at the State or Federal level.  None of the MOU agencies are bound 
by the NDRP or its implementation to share, divulge, or discuss legislative initiatives 
they may choose to pursue, but are encouraged to provide information as they deem 
appropriate. 

  
• NPS will continue to analyze and interpret monitoring data; to report annual trends and 

the status of existing air quality in the Park; to collaborate with universities and agency 
partners on ecological effects research in the Park; and in the context of the regional haze 
plans, will engage in interstate consultation on the issue of nitrogen deposition.  

 
• CDPHE will evaluate the mobile source emission reductions to better determine the 

impact that they are projected to have on the reduction of nitrogen deposition in RMNP. 
 
 
 


