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The National Park Service, Natural Resource Stewardship and Science office in Fort Collins, 
Colorado, publishes a range of reports that address natural resource topics. These reports are of 
interest and applicability to a broad audience in the National Park Service and others in natural 
resource management, including scientists, conservation and environmental constituencies, and the 
public. 

The Natural Resource Report Series is used to disseminate comprehensive information and analysis 
about natural resources and related topics concerning lands managed by the National Park Service. 
The series supports the advancement of science, informed decision-making, and the achievement of 
the National Park Service mission. The series also provides a forum for presenting more lengthy 
results that may not be accepted by publications with page limitations.  

All manuscripts in the series receive the appropriate level of peer review to ensure that the 
information is scientifically credible, technically accurate, appropriately written for the intended 
audience, and designed and published in a professional manner.  

This report received formal peer review by subject-matter experts who were not directly involved in 
the collection, analysis, or reporting of data, and whose background and expertise put them on par 
technically and scientifically with the authors of this information. 

Views, statements, findings, conclusions, recommendations, and data in this report do not necessarily 
reflect views and policies of the National Park Service, U.S. Department of the Interior. Mention of 
trade names or commercial products does not constitute endorsement or recommendation for use by 
the U.S. Government.  

This report is available in digital format from the Greater Yellowstone Inventory and Monitoring 
Network website and the Natural Resource Publications Management website. To receive this report 
in a format that is optimized to be accessible using screen readers for the visually or cognitively 
impaired, please email irma@nps.gov. 
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Executive Summary  
The Greater Yellowstone Network (GRYN) is one of 32 Inventory and Monitoring Networks 
covering 270 national park units within the National Park System. These networks serve an important 
role in providing park resource managers with important scientific data on the status and condition of 
vital park resources. This role was established in the Natural Resource Challenge which directed 
parks to place a great emphasis on natural resource stewardship in meeting the National Park Service 
mission to “preserve unimpaired the natural and cultural resources and values of the national park 
system for the enjoyment, education, and inspiration of this and future generations.” 

GRYN includes four national park units: Bighorn Canyon National Recreation Area, Grand Teton 
National Park, John D. Rockefeller, Jr. Memorial Parkway, and Yellowstone National Park. 
Combined, these parks span over one million hectares and represent a topographically complex and 
climatologically heterogeneous region. Park staff and subject matter experts recognized the diversity 
of ecosystems and, in particular, the ecological and societal importance of water to this region when 
identifying important park resources for long-term monitoring. Stream flow (or more generally, 
discharge) was identified as one of the selected vital signs in GRYN’s long-term Vital Signs 
Monitoring Plan (Jean et al. 2005).  

Water resources in GRYN parks are diverse and include alpine lakes, rivers, perennial and ephemeral 
streams, springs, geysers, wetlands, and natural lakes and reservoirs. In addition, GRYN parks 
include one designated Wild and Scenic River (the Snake River) and one World Heritage Site 
(Yellowstone National Park). Yellowstone National Park was recognized as a World Heritage Site, in 
part, because of its unique aquatic resources; over 200 geysers and upwards of 10,000 geothermal 
resources are present inside park boundaries.   

This protocol implementation plan and the accompanying standard operating procedures (SOPs; Ray 
et al. 2017), provide the details of how GRYN will use established protocols from the Sierra Nevada 
Network (Skancke et al. 2017a) and Southwest Alaska Network (Shearer et al. 2015a) as guidance 
for the implementation of a discharge monitoring protocol for select rivers, streams, and spring 
outlets throughout GRYN parks. GRYN acknowledges the value of long-term U.S. Geological 
Survey gaging station flow data and plans to leverage these datasets in a way that enables us to 
discuss change and quantify trends in river and stream flow for network parks and the public.  

We ask readers to recognize that this protocol implementation plan may be revised as new and 
emerging analytical and monitoring techniques come available. We will be mindful not to modify 
SOPs unless there is strong justification in doing so. We also recognize that as more data, monitoring 
tools, and analytical techniques become available, new questions will arise leading to more in-depth 
analyses and additional considerations.  
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1 Introduction 
Discharge patterns of rivers and streams are dynamic in time and space and reflect characteristics of 
drainage basins as well as recent and long-term meteorological conditions.  Discharge patterns of 
rivers and streams reflect the annual magnitude and timing of runoff and base flow conditions as well 
as the more immediate response of rivers to individual precipitation and runoff events. Study of 
discharge patterns is therefore useful in uncovering spatial and temporal patterns of river and stream 
flow change across large spatial scales (Rood et al. 2008). Hydrographs are simple but important 
tools for the study of discharge patterns that reflect stream hydrologic responses over time (typically 
a calendar or water year but also a season) for a specific river location (Figure 1). 

Use of hydrographs in river studies reveals river flows are tightly linked to downstream municipal 
and agricultural supply, water quality, local and regional meteorological conditions, human 
recreational use, and overall ecological integrity (see Rood et al. 2008; Al-Chokhachy et al. 2017). 
Because of these relationships, a clearer understanding of long-term and recent hydrologic change is 
necessary to direct short and long-term water resource planning to protect important ecosystem 
services (Brekke et al. 2009). Monitoring features of hydrographs through time can help resource 
managers better understand both the direction and magnitude of recent and long-term changes to the 
timing and pattern of river, stream, or spring flows for an individual water body (Figure 2). 
Moreover, when aggregated, river and stream flow summaries can offer valuable insight on subbasin, 
regional (see Jean et al. 2005; Rood et al. 2008; Luce and Holden 2009; Leppi et al. 2012; Al-
Chokhachy et al. 2017), national (EPA 2016), and global hydrologic trends (Vörösmarty et al. 2010).  

 
Figure 1. Example of a hydrograph. This flow summary shows annual (2015) and long-term (mean 1923-
2015) stream flow patterns for the Lamar River near Tower Ranger Station, Wyoming. 
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Figure 2. Conceptual model showing meteorologically induced changes to river and pond surface 
hydrology and the potential physical and ecological consequences of change. (Graphics provided by Rob 
Bennetts, NPS). 

1.1 Global Interest in Stream Flow 
Rivers and river-reservoir systems worldwide represent major sources of water supplies for drinking 
water, agricultural production, and wastewater treatment. Societal links to water are particularly 
obvious in arid regions of the world. In fact, the distribution of cities are disproportionately tied to 
rivers and water access. Rivers provide irrigation water for crops, but also prove valuable for 
facilitating navigation and transport of raw materials and finished products. The timing and patterns 
of river and stream flow also shape the characteristics of infrastructure (e.g., bridges, roads, and 
dams), power generation facilities, navigation, communities, agricultural, and business practices 
worldwide. Now and in the past, water-related infrastructure has been designed around an 
understanding of historical or longer-term discharge conditions and necessitated monitoring of 
hydrologic patterns. Global estimates indicate that approximately 45,500 km3/year (1.6 x 1015 
ft3/year) of water flows through our global river network (Oki and Kanae 2006). This global river 
network, and the water it yields, serves as the principal source of renewable water for humans while 
underpinning habitats that support freshwater biodiversity worldwide (Vörösmarty et al. 2010).  
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Concerns over global water decline (IPCC 2001) and a determination to deliver clean water to all 
humans and reliable water for agriculture has led the United Nation’s (UN) General Assembly to 
include water and the characterization of stream flow and water availability as one of the UN’s 17 
Sustainable Development Goals (Bhaduri et al. 2016). Given this, discharge monitoring stations will 
significantly contribute to meeting and assessing global Sustainable Development Goals. 
Importantly, long-term stream flow monitoring will be required to estimate the availability of, and 
changes in water supply from river and stream ecosystems. The UN formally identified water yield 
change in freshwater ecosystems as a global monitoring indicator of health and sustainability of 
water-related ecosystems (UN Economic and Social Council 2016). Regional trend monitoring 
efforts on free-flowing and minimally impaired rivers and streams described in this protocol 
implementation plan will therefore serve to increase regional and global awareness of climate-related 
and human-induced (through water regulation) water resource change.  

1.2 Stream Flow Monitoring in the U.S. 
The U.S. Geological Survey (USGS) has been monitoring and reporting river and stream discharge 
measurements across the U.S. for more than a century. As of Fiscal Year 2016, the USGS was 
operating 8,130 river and stream gages (i.e., monitoring locations) nationwide including Puerto Rico 
and the U.S. Virgin Islands (USGS 2016).  The period of record for individual monitoring stations 
varies dramatically across this national network and ranges from a small number of gages monitored 
for nearly a century to the majority having less than 30 years of available data (USGS 2005). 
Variations in the period of record among monitoring stations is not uncommon regionally (see Tables 
2 and 3 in Section 3 for a summary of monitoring stations within and surrounding GRYN parks) and 
this variation sometimes limits our ability to make inferences on the short-term versus long-term 
changes in discharge (see Al-Chokhachy et al. 2017). On a national basis, approximately 1,600 of 
these monitoring stations have been described as being ‘climate-sensitive’ (USGS 2005); climate 
sensitivity was determined by examining whether meteorological drivers (e.g., temperature, 
precipitation) explained most of the variation in discharge through time.  

The value of long-term discharge monitoring to assess the effects of climate cannot be overstated. In 
2016, the U.S. Environmental Protection Agency (EPA) published its fourth edition of Climate 
Change Indicators in the U.S. (EPA 2016). This report synthesized long-term environmental 
monitoring records in order to elucidate current understanding of the causes and effects of changing 
climate. The EPA recognized that long-term river and stream flow records significantly contribute to 
climate change knowledge and that associated summary metrics of river and stream flow can serve as 
one of the EPA principal climate indicators (EPA 2016); stream flow is listed as one of 37 climate 
change indicators used to quantify and communicate climate-induced changes to freshwater 
ecosystems. The EPA also noted that the stream flow indicator summaries are particularly useful 
when they are applied to individual or groups of discharge monitoring stations where long-term data 
records are available (e.g., multi-decade to century-long). The EPA indicates that the USGS National 
Water Information System (http://waterdata.usgs.gov/nwis/rt) serves as the basis of their summary 
work.   

http://waterdata.usgs.gov/nwis/rt
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The benefits of using USGS information on river and stream flow are numerous, but a principal 
benefit is the careful review each discharge record or time series receives prior to its approval. First, 
continuous discharge records receive careful review by multiple trained hydrographers that screen for 
gross instrument errors. Site-specific hydraulic and stability characteristics are then incorporated into 
the analysis and record review. These hydrographers also consider the field protocols employed for 
site-specific discharge measurements that are used in the development and verification of site-
specific rating curves (see https://water.usgs.gov/osw/pubs/memo.summaries.html for a list of 
technical memoranda for surface water monitoring and data review). This step is required for record 
approval and distribution through public portals (USGS 2010). Although USGS discharge data 
represents the gold standard for trend analyses, the discharge metrics described by EPA (EPA 2016) 
and used in this protocol implementation plan, may also be applied to other peer-reviewed and 
publicly available (e.g., National Park Service) long-term river and stream flow records. 

Across the National Park Service (NPS), water resources have long been identified as uniquely and 
disproportionately threatened by activities occurring inside and outside of park boundaries (Gardner 
and Dennis, unknown date, circa 1983). Emerging from this understanding of threats to water 
resources was a description of the need for a NPS-wide inventory and assessment of available water 
resource data. Shortly thereafter, the NPS launched the Vital Signs Monitoring Program (Fancy et al. 
2009; Fancy and Bennetts 2012) and the Inventory and Monitoring (I&M) Division is a now a 
recognized leader among long-term vital sign monitoring programs (Sergeant et al. 2012; Rodhouse 
et al. 2016). Since its inception, the main goal of this program has been to identify vital signs for 
long-term monitoring that provided a broad-based understanding of the status and trends of NPS 
resources. The understanding gained through collaborative vital sign monitoring then, in turn, serves 
as the basis for science-based decision making needed to protect and sustain vital park resources 
(Fancy et al. 2009). By design, selected vital signs are intended to help characterize the overall health 
or condition of important park resources, describe and quantify the effects of dominant stressors, or 
represent elements of the National Park System that have a clear human nexus.  

Water and, particularly, river and stream flow dynamics (Fancy et al. 2009) are regarded as vital to 
the health of aquatic and terrestrial communities, susceptible to climate and land use impacts, and 
important to visitor experiences and downstream neighbors (Jones et al. 2010; Madej 2011; Andrews 
2012).  For these reasons, surface water flows were identified as one of the most common indicators 
to monitor in the NPS I&M Program nationwide (Fancy and Bennetts 2012). Today, more than half 
of the 32 NPS I&M Networks actively monitor river, stream, or spring flow as part of their vital sign 
monitoring programs. Individually, these long-term monitoring programs are helping to identify 
park-, network-, or regional-scale patterns of hydrologic change and its association with changes in 
land use and climate. For example, discharge monitoring of springs in Arches National Park is 
linking changes in winter discharge with important climate drivers (e.g., evapotranspiration; 
Weissing et al. 2016). In Golden Gate National Recreation Area, Muir Woods National Monument, 
and Point Reyes National Seashore, base flow of several streams decreased coincident with increases 
in air temperatures (Madej 2011). Lastly, the Sierra Nevada Network’s stream flow monitoring is 
documenting changes to stream flow in Yosemite, Kings Canyon, and Sequoia national parks and 

https://water.usgs.gov/osw/pubs/memo.summaries.html
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Devils Postpile National Monument (Andrews 2012). Collectively, these complementary monitoring 
programs of the NPS I&M Division can offer valuable insight on the hydrologic dynamics of rivers, 
streams, and spring outlets that are critical to NPS management.  

Shifts in temperature and precipitation regimes over the last several decades have already altered 
discharge patterns of rivers (e.g., Luce and Holder 2009; Pederson et al. 2011a; Leppi et al. 2012). 
Projected shifts in global and regional climatic conditions are anticipated to further alter the air 
temperature and precipitation regimes that influence river and stream flow (IPCC 2014). Given this 
projection and increased demand on surface water resources, it is critical to understand the degree 
that climate affects stream flows. This is best ascertained from data derived from minimally impaired 
waters; NPS-managed lands, independent from land-use and other human stresses are an excellent 
source. Climate-induced changes to hydrographs (e.g., changes in the timing of peak flows and onset 
of base flow conditions) are anticipated for many western rivers (Stewart et al. 2004).The subsequent 
consequences to water-dependent species (e.g., amphibians and fish) and the future risk posed by the 
growing threat of aquatic invasive species and novel diseases are still largely undetermined (Al-
Chokhachy et al. 2017). These shifts in climate coupled with rises in human demands for recreation 
and water consumption (Vörösmarty et al. 2010; McDonald 2010), particularly in arid and semi-arid 
regions, suggest considerable challenges to the future conservation and management of water 
resources on NPS lands.    

1.3 Stream Flow in the Greater Yellowstone Area and Across GRYN Parks 
The USGS has been collecting river and stream discharge measurements throughout the Greater 
Yellowstone Area and within Grand Teton and Yellowstone national parks for several decades. For 
example, the USGS has been monitoring discharge in the Yellowstone River near Corwin Springs 
since 1889. The records for other rivers including the Fall, Gallatin, Lamar, Madison, and Snake 
rivers began in 1904, 1889, 1923, 1913, and 1984, respectively. These long-term discharge records 
provide unique opportunities to examine how river and stream hydrographs across the region may be 
responding to documented changes in air temperatures and snowpacks (sensu Luce and Holden 
2009).  

Rivers and streams in Grand Teton and Yellowstone national parks are threatened by various 
symptoms of the changing climate including changes to the hydrological cycle. Principal drivers of 
change for this region are a reduction in precipitation as snow and earlier snow melt (Barnett et al. 
2005). Declines in Greater Yellowstone Area snowpacks over the 20th century are well documented. 
Projections for this region suggest future increases in winter temperatures will rearrange the snow 
accumulation zones and produce earlier melting and runoff patterns (Pederson et al. 2011b).  Some of 
the effects of these changes have been documented (see Schook and Cooper 2014 as an example) or 
are predicted throughout Grand Teton and Yellowstone national parks as the duration of low flow 
conditions increases (Leppi et al. 2012; Al-Chokhachy et al. 2017). Low flow conditions coupled 
with elevated air temperatures also influence water temperatures. Across the Greater Yellowstone 
Area, stream water temperature is expected to increase between 0.8 and 1.8 °C (1.4–3.2°F) by 2069 
(Al-Chokhachy et al. 2013). Combined changes in discharge patterns and water temperature may 
influence how visitors experience the parks. For example, popular fishing rivers in this region 
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include the Lamar River in Yellowstone and upper Snake River in the John D. Rockefeller, Jr. 
Memorial Parkway. In 2016, unseasonably warm winter and spring air temperatures contributed to 
earlier runoff and historic low flow conditions across the region. The Snake River near Flagg Ranch 
and Lamar River near Tower Ranger Station had the lowest average August daily flows in their 
respective time series (33 years for the Snake River and 75 years for the Lamar River). Temperature-
influenced low flow conditions may trigger additional ecological changes including shifting 
biological communities and increased opportunities for the establishment of invasive species 
(Woodward et al. 2010). In 2016, a decision to close fishing in the Yellowstone River downstream of 
Yellowstone National Park (NP) occurred as a result of a large mountain whitefish (Prosopium 
williamsoni) die-off possibly exacerbated by record low flows and elevated stream temperatures 
(Keller 2016). This die-off and the subsequent closure may portend the novel threats facing water 
resources as record low flows overlap with increasing air temperatures.    

Within Bighorn Canyon National Recreation Area (NRA), river and stream flows originating both 
outside and inside the park support water levels in Bighorn Lake. By mid-century (2050), significant 
reductions in snowpack and increases in summer air temperatures are predicted for this region 
(Hostetler et al. 2011). These changes will likely contribute to declines in river flows that have 
already been documented throughout the early 2000s (GRYN 2014). In fact, recent analyses show 
that the Bighorn River contribution to Bighorn Lake has been slowly declining since the 1930s 
(Figure 3). Total annual flows have dropped from a mean annual flow of 1.85 billion cubic meters 
(65.5 billion ft3) in the 1930s to a mean annual flow of 1.12 billion cubic meters (39.5 billion ft3) for 
water years 2000 to 2009. Years since 2010 have been higher and more variable, but long-term 
trends suggest a mean annual flow reduction of more than 0.7 billion cubic meters (25.5 billion ft3) 
between the 1930s and the first decade of the 2000s (Figure 3). In lake volume terms, a median 
reduction between 1930 and the first decades of the 2000s is more than 45% of the total lake volume 
at full pool. Although several average-to-high flow years occurred since 2010, the dry conditions of 
the early 2000s may provide important insight on how drier conditions and lower water levels 
manifest if climate forecasts for the region are realized.   

  
Figure 3. Total annual flow volume for the Bighorn River at Kane, Wyoming. The blue bars show total 
annual volume of flows and the orange line is the 10-year moving average. The moving average shows 
how multiple years of drought during the early 2000s contributed to a decline in river discharge in the 
Bighorn River.  
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1.4 GRYN’s Discharge Monitoring Plan 
This protocol implementation plan outlines the means by which river, stream, and spring discharge 
and reservoir surface elevation data will be acquired from existing USGS or U.S. Bureau of 
Reclamation (USBR) sources, collected by GRYN staff, and managed and reported for GRYN parks 
as described in the Vital Signs Monitoring Plan for the GRYN (Jean et al. 2005). GRYN is 
implementing discharge monitoring methods to track and estimate changes in long-term river, 
stream, and spring flow from USGS-monitored waters and on representative waters using a 
combination of manual and automated techniques. Monitored waters included in this plan represent 
rivers and streams that occur within or are proximal to and influence GRYN parks. While the specific 
monitoring objectives are designed to understand trends in surface water resources present within and 
surrounding GRYN parks, they are based on peer-reviewed and approved protocols by the Southwest 
Alaska Network (SWAN; Monitoring Freshwater Systems in the Southwest Alaska Network 
[Shearer et al. 2015a]), and Sierra Nevada Network (SIEN; Sierra Nevada Network River Hydrology 
Monitoring Protocol [Skancke et al. 2017a]), and recommendations from the Southeast Coast 
Network Surface Water Discharge Monitoring guidance document (Jones et al. 2010) and the EPA’s 
Climate Change Indicators in the United States (EPA 2016). The objectives of this GRYN protocol 
implementation plan also align closely with recently completed and peer-reviewed methodology 
already implemented within the Greater Yellowstone Area (see Al-Chokhachy et al. 2017; 
Evaluating species-specific changes in hydrologic regimes: An iterative approach for salmonids in 
the Greater Yellowstone Area). Collectively, these peer-reviewed guidance documents provide clear 
justification for the use of river, stream and spring flow as well as lake and reservoir surface 
elevation metrics for status and trend monitoring.  

The list of primary objectives for the GRYN protocol implementation plan for monitoring discharge 
are expanded from Jean et al. (2005). Deviations from approved metrics are identified, but represent 
minor differences in the list of metrics described in Shearer et al. (2015a) and Skancke et al. (2017a). 
Still, all metrics align with at least one of the peer-reviewed guidance documents cited above. 
Importantly, river and stream flow data and reservoir surface elevations, along with QA/QC 
procedures, will rely heavily on existing USGS and USBR operated gages and managed data sets. 
Methodology to detect trends comes from Skancke et al. (2017a) and Al-Chokhachy et al. (2017). 
These same metrics will also be applied to existing spring outflow monitoring work carried out by 
GRYN (see Kaylor et al. 2015). 

The principal difference between this GRYN protocol implementation plan and the protocols from 
SIEN and SWAN involve differences in sites used. GRYN will focus on sites within or surrounding 
GRYN parks (Figures 4 and 5 below and see Tables 2, 3, and 5 in Chapter 3 for a complete list of 
USGS and USBR gaging stations). In addition, GRYN will employ, but also, expand on the 
analytical techniques described in Skancke et al. (2017a). Implementation of the SIEN and SWAN 
protocols will simplify the incorporation of USGS discharge data into the GRYN vital sign 
monitoring program. The following modifications to the SIEN and SWAN protocols have been 
identified: 



 

8 
 

1) Status and trend evaluation approaches will be applied to USGS-gaged streams and rivers 
and un-gaged GRYN-monitored spring outflows within and surrounding GRYN parks.  

a) Discharge monitoring at spring outflows will rely on a combination of manual and 
automated flow measurements (see descriptions in the SWAN Standard Operating 
Procedures (SOP) for Monitoring Freshwater Systems in the Southwest Alaska 
Network in Shearer et al. 2015b). In brief, we will employ techniques described in 
Shearer et al. (2015b) for using the Marsh-McBirney Flo-Mate to estimate discharge 
in channels below spring outflows (e.g., Layout Creek in Bighorn Canyon NRA; SOP 
1 in Ray et al. 2017). In addition, we will follow operating procedures for the use of 
automated water level loggers to monitor stage at regular intervals (e.g., 30-min to 1-
hr frequency) for the development of rating curves for individual un-gaged sites (see 
Shearer et al. 2015b for details). Where spring outflows yield discharge amounts that 
can be measured volumetrically, we will take the average of four individual 
measurements following procedures in Weissinger and Moran (2015).  

2) Status and trend evaluation approaches will be applied to USBR surface elevation summaries 
of Bighorn Lake and Jackson Lake (see Table 5 in Section 3).  

3) In addition to plotting discharge and surface elevation metrics against time, we will also use 
ordinary least squares regression and quantile regression (see Al-Chokhachy et al. 2017), as 
well as, the Mann-Kendall test to examine trends in water volume using long-term gaging 
records. 

4) Certified, publically available discharge (from USGS gaging stations) and surface elevation 
(from USBR surface elevation stations) datasets will be used by GRYN for reporting status 
and trends of gaged rivers, streams, and reservoirs.  

a) GRYN will maintain a copy of data used for reporting but principal handling of data 
review and management for USBR- and USGS-managed stations will follow the 
Quality Assurance Plan (QAP) for each agency.  

5) For GRYN-managed monitoring sites, manual discharge measurements will be made 
volumetrically (for developed springs with a piped discharge) or following standard 
procedures for wadeable streams (see Ray et al. 2017 SOP 1: Discharge Measurement in 
Wadeable Waters). Water level or flow estimates will be monitored using automated sensors. 
Data from these sensors will be downloaded from loggers and uploaded to AQUARIUS for 
review, processing, and storage. 

6) SOPs have been modified to reflect GRYN-specific changes (see Ray et al. 2017 for 
additional details).  
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Figure 4. Map of USGS gaging stations in and surrounding Grand Teton and Yellowstone national parks. 
Black symbols represent USGS maintained stream gages. Blue symbols indicate USGS stations where 
the NPS Greater Yellowstone Network has co-located water quality monitoring sites. Brown symbols 
represent USBR operated stage stations that measure reservoir levels.  
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Figure 5. Map of USGS gaging stations in and surrounding Bighorn Canyon NRA. Black symbols 
represent USGS maintained stream gages. Blue symbols indicate USGS stations where the NPS Greater 
Yellowstone Network has co-located water quality monitoring sites. Brown symbols represent USBR 
operated stage stations that measure reservoir levels. 
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2 Conceptual Framework for Monitoring  
Water resources in GRYN parks are diverse and include alpine lakes, rivers, perennial and ephemeral 
streams, springs, geysers, wetlands, and natural lakes and reservoirs. These resources play a 
disproportionate role in the function of vital ecosystem processes. Monitoring objectives outlined in 
this protocol implementation plan will focus on rivers, streams, and outflows associated with spring 
discharge as well as reservoir surface elevations for Bighorn and Jackson lakes. Understanding the 
effects of multiple, concurrent stressors that affect river and stream flow, spring discharge, and 
reservoir levels are an important and ongoing challenge for resource managers in GRYN parks, 
gateway communities, and downstream users.  

As described in Jean et al. (2005), we propose that climate drivers (e.g., temperature, 
evapotranspiration, and snowpack dynamics) will act as the primary drivers affecting the discharge 
patterns of surface water resources in and around GRYN parks (e.g., the upper Snake, Lamar, and 
Bighorn rivers). In brief, changes to the amount of precipitation (snow and rain) will 
disproportionately affect the total volume of runoff and river, stream, and spring flow. Changes to air 
temperature will disproportionately influence snowpack dynamics, and in turn, the magnitude and 
timing of runoff. Specifically, increased air temperatures are expected to contribute to earlier (late 
winter or spring) runoff and earlier onset of base flows in summer and fall (Barnett et al. 2005; 
Figure 2).   

The predicted changes to the hydrological cycle of rivers, streams, springs, and reservoirs within and 
around GRYN parks are based on documented responses to warming that are already underway in 
snow-dominated drainage basins of mid- to high-latitudes (Luce and Holden 2009; Pedersen et al. 
2011a; Al-Chokhachy et al. 2017). Documented changes to the timing and abundance of snow cover 
in mid- to high-latitude regions including GRYN parks directly influences the storage capabilities of 
mountain snow packs. In some regions, the warming-induced changes to mountain snowpacks are 
predicted to produce peak flows in 2050 that are one month earlier than conditions present at the 
beginning of the 21st century (Barnett et al. 2005).  

When reduced river discharges are combined with an increasing societal demand for water, conflicts 
associated with over-allocated water resources should be anticipated (Gleick 2000). Many reservoirs 
and their associated operations were conceived on the basis of providing a steady and reliable water 
supply for industry, irrigation, and domestic uses, and importantly, it was historic flows and timing of 
runoff from decades past that served as the basis for dam construction and operation, and in turn, 
water allocation (Richter et al. 2003). For this reason, a clearer understanding of long-term trends and 
current status in river volume and timing of runoff will help inform the management of regulated and 
unregulated rivers located within snow-dominated watersheds (sensu Li et al. 2010). With these ideas 
in mind, GRYN will employ widely used metrics for discharge patterns of rivers, streams, spring 
outflow (Jones et al. 2010; Shearer et al. 2015a; EPA 2016; Skancke et al. 2017a; Al-Chokhachy et 
al. 2017) and reservoirs (Magilligan and Nislow 2005; Shearer et al. 2015a) and will include 
conceptual models that combine human activities and their associated water demands with 
anticipated changes in climate (Table 1; Figures 2 and 6). Information revealed from GRYN’s vital 
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sign monitoring activities will supply relevant information on flow patterns of rivers, streams, and 
springs and elevation dynamics of reservoirs that will be useful to resource managers, gateway 
communities, and downstream water users.  

 
Figure 6. Conceptual model showing meteorologically induced and human induced (i.e., dams and 
irrigation withdrawals) alterations to surface water resources and associated changes to river and pond 
surface hydrology. (Graphics provided by Rob Bennetts, NPS). 
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Table 1. Dominant drivers contributing to changes in long-term discharge patterns and reservoir levels 
within and surrounding Greater Yellowstone Network parks and potential measures for vital sign 
monitoring. 

Category Management Concerns Potential Measures  

Changing climate conditions 

Projected increases in air temperatures and 
evapotranspiration rates are likely to have 
the largest impact on snowpack dynamics 

Monitoring the date and magnitude 
of peak and low flow, duration of ice 
cover 

Changes in amount of precipitation (rain 
and snow) are likely to affect the total 
volume of flow and timing of half flow 

Monitoring total annual river 
volume, timing of half flow, annual 
average stream flow 

Dams/Impoundments 

Dams decrease the magnitude and duration 
of peak and extreme flows, increase 
discharge of minimum  flows, change the 
shape of the hydrograph, and change the 
timing of peak and base flows in river 
channels below them 

Monitoring timing of annual and  
peak events, number of high and 
low pulses each year, monitoring 
mean annual maxima and minima 
(e.g., 3-, 7-, and 30-day) 

Water diversions 
Water diversions and withdrawals reduce 
in-channel flow particularly during the 
summer 

Monitoring annual minima means 
(e.g., 3-, 7-, and 30-day minima). 



 

14 
 

3 Measurable Objectives 
The primary goal of GRYN’s discharge monitoring is to track and estimate changes in long-term 
river and stream flow from USGS-monitored waters. These techniques will also be employed on a 
small number of representative springs monitored using manual or automated techniques (see Kaylor 
et al. 2015). In addition, we will employ complementary metrics to track and estimate changes in 
surface elevation dynamics of two reservoirs (Bighorn and Jackson lakes) that are central features in 
GRYN parks. Monitoring data will be useful for understanding the effects of multiple meteorological 
processes and human forces influencing discharge patterns across GRYN parks. While the specific 
monitoring objectives are designed to understand trends in aquatic resources present within and 
surrounding GRYN parks, they are also intended to complement broader NPS, USGS, and EPA 
regional and national scale objectives and complement ongoing water quality (O’Ney 2006; O’Ney et 
al. 2009) and amphibian/wetland (Bennetts et al. 2013) vital sign monitoring. 

The list of primary objectives for the GRYN protocol implementation plan for monitoring discharge 
are taken from Jean et al. (2005). These objectives will be met using flow-specific metrics described 
in Al-Chokhachy et al. (2017) for the Greater Yellowstone Area, Skancke et al. (2017a) for the SIEN 
network, Shearer et al. (2015a) for SWAN parks, and by the EPA (2016) for national application.  
Objectives 1 through 3 will apply to USGS-gaged rivers and streams in or near Bighorn Canyon 
NRA, Grand Teton NP, John D. Rockefeller, Jr. Memorial Parkway (MP), and Yellowstone NP 
(Tables 2 and 3) and un-gaged streams and spring outfalls in Bighorn Canyon NRA (Table 4). 
Objective 4 will be applied to USBR-gaged stations on Bighorn and Jackson lakes (Table 5).  

3.1 Objective 1  
Evaluate status and trends in base or low flow characteristics of selected USGS-gaged rivers 
and streams within or adjacent to GRYN parks (Tables 2 and 3) and un-gaged spring 
outflows in Bighorn Canyon NRA (Table 4).  

We will use 3-day, 7-day, and 30-day average low flow discharge each year to estimate long-term 
trends in low flow conditions.  Because the biological and societal impacts of low flows differ in 
summer and winter (Novotny and Stefan 2007), we will estimate the long-term trends for the 3-day 
and 7-day low flow in summer (May to September) and 3-day and 7-day low flow in winter 
(November to March).  

3.1.1 Justification/Rationale for Objective 1 
Flow variability and low flow conditions are believed to be one of the primary abiotic factors 
structuring fish and other aquatic life in streams (Jackson et al. 2001; Fisher et al. 2012). As climatic 
conditions shift, base flow conditions are predicted to occur earlier in the year and persist longer as 
increases in regional air temperatures affect snowmelt and runoff patterns in mountainous rivers and 
streams. Changes in summer base flows can affect fish and other aquatic biota. For example, summer 
low flows often coincide with periods of increased water temperatures and decreased dissolved 
oxygen levels. Specifically, lower summer flows and warmer water temperatures can alter the growth 
and survival of salmonids (Xu et al. 2010) and other aquatic life. Summer flows are also important 
for recreational activities (e.g., boating) and for downstream water users (Hamlet and Lettenmaier 
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1999). Similarly, winter flow levels could affect recreational opportunities during fall and winter, 
impose management considerations for downstream storage facilities (which typically evacuate 
floodwaters in winter; Hamlet and Lettenmaier 1999), and alter ice dynamics in winter months.    

3.2 Objective 2  
Estimate status and trends in the timing of annual peak or non-peak high flow conditions of 
USGS-gaged rivers and streams within or adjacent to GRYN parks (Tables 2 and 3) and un-
gaged spring outflows in Bighorn Canyon NRA (Table 4).  

We will evaluate trends in the timing (date of peak flow or the single highest one-day annual 
event) and magnitude of annual peak flow to consider long-term trends in these important annual 
events.  In addition to the single largest daily event, we will examine the annual average 3-day and 
7-day continuous high flow events. Lastly, we will estimate changes in the magnitude of winter 
peak flow (maximum winter flow or single highest 1-day event between November and March).  

3.2.1 Justification/Rationale for Objective 2 
River and stream flows shape almost every attribute of rivers and streams (Hart and Finelli 1999). 
When flow conditions are pushed beyond the boundaries of the post-glacial history of a system, parts 
of the system (e.g., biological communities and river channel properties) are likely to change. For 
example, the timing and magnitude of annual and seasonal maximum flows are likely to occur earlier 
in the year as increases in temperature affect snowmelt and runoff patterns in rivers and streams of 
the Rocky Mountains (Pedersen et al. 2011a). Moreover, climate forecasts predict an increase in the 
number and intensity of extreme meteorological events (Easterling et al. 2000). The biological and 
societal effects of short and long duration high flow events and floods are still unclear (Messner and 
Meyer 2006), especially when flow conditions outside the evolutionary history of organisms are 
experienced on a more regular basis (Hart and Finelli 1999).  Trends in high flow events will be 
evaluated using 1-day, 3-day, and 7-day high flow and maximum winter flow metrics.  

3.3 Objective 3  
Estimate status and trends in socioeconomically important hydrologic conditions of USGS-
gaged rivers and streams within or adjacent to the GRYN parks (Tables 2 and 3) and un-
gaged spring outflows in Bighorn Canyon NRA (Table 4). 

We will evaluate long-term trends in total annual river volume (based on a water or calendar year), 
the timing (i.e., date) of half flow, and annual average stream flow or discharge rate.  

3.3.1 Justification/Rationale for Objective 3  
Water delivery to consumptive users and water-related infrastructure (e.g., boat launches, diversion 
channels, and dams) were designed around quantitative estimates of historical flow conditions. Shifts 
away from long-term conditions could pose unique problems for water resource managers, irrigators, 
and the public. Trends in long-term annual flows and the timing of half-flows within GRYN parks 
will be evaluated using the following annual metrics: total annual flow volume, annual average 
stream flow, and timing of half flow.  
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Table 2. USGS Monitoring Station ID and the elevation, latitude, and longitude for USGS stream gages 
(sites) in the Greater Yellowstone Area, USA.  

USGS Site ID Site 

 
Years of 
Record 

Elevation 
(m) 

Water 
area 
(km2) Latitude Longitude 

13011900 
Buffalo Fork above Lava Creek, 
WY 

1965-2016 2,064 837 43.8381 -110.4408 

06207500 
Clarks Fork Yellowstone River 
near Belfry, MT 

1921-2016 1,215 2,984 45.0097 -109.0653 

13046995 
Fall River above Yellowstone 
Canal, ID 

1993-2016 1,762 837 44.0619 -111.1519 

06043500 
Gallatin River near Gallatin 
Gateway, MT 

1930-1981 
1985-2016 

1,575 2,121 45.4972 -111.2707 

06191000 
Gardner River near Mammoth, 
WY (YNP) 

1938-2016 1,714 513 44.9923 -110.6910 

06188000 
Lamar River near Tower Ranger 
Station, WYa 

1923-1969 
1988-2016 

1,829 1,730 44.9282 -110.3943 

06037500 
Madison River near West 
Yellowstone, MTa 

1913-1973 
1983-1986 
1988-2016 

2,027 1,127 44.6571 -111.0680 

13011500 Pacific Creek at Moran, WY 
 

1917-2016 
2,048 438 43.8503 -110.5178 

13010065 
Snake River at Flagg Ranch, 
WYa 

 
1983-2016 

2,073 1,259 44.0989 -110.6675 

06187915 
Soda Butte Creek at Yellowstone 
NP Boundary, WYa 

1998-2016 2,237 80 45.0028 -110.0019 

06280300 
South Fork Shoshone River 
near Valley, WY 

 
1956-2016 

1,890 769 44.2078 -109.5553 

13052200 Teton River near Driggs, ID 
 

1961-2016 
1,814 872 43.7819 -111.2092 

06191500 
Yellowstone River at Corwin 
Springs, MTa 

1889-1893 
1911-2016 

1548 6,775 45.1121 -110.7937 

06186500 
Yellowstone River at 
Yellowstone Lake outlet, WY 

1926-1982 
1984-1986 
1988-2016 

2,355 2,577 44.5671 -110.3804 

a Indicates locations where GRYN’s water quality monitoring is co-located. 
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Table 3. USGS Monitoring Station ID and the elevation, latitude, and longitude for USGS stream gages 
(sites) near Bighorn Canyon NRA.  

USGS Site ID Site 

 
Years of 
Record 

Elevation 
(m) 

Water 
Area 
(km2) Latitude Longitude 

06279500 Bighorn River near Kane, WYa 1928-2016 1,116 40,823 44.7586 -108.2642 

06287000 
Bighorn River near St. Xavier, 
MTa 

1934-2016 945 50,950 45.3169 -107.9189 

06207500 
Clarks Fork Yellowstone River 
near Belfry, MT 

1921-2016 1,215 2,984 45.0097 -109.0653 

06289000 
Little Bighorn River near Wyola, 
MT 

1939-2016 1,326 471 45.0071 -107.6154 

06317000 Powder River at Arvada, WY 1930-2016 1,103 15,669 44.6500 -106.1269 

06278500 Shell Creek near Shell, WY 1940-2016 1,332 376 44.5650 -107.7122 

06285100 
Shoshone River near Lovell, 
WYa 

1966-2016 1,173 6,086 44.8386 -108.4344 

06280300 
South Fork Shoshone River 
near Valley, WY 

1956-2016 1,890 769 44.2078 -109.5553 

06218500 Wind River near Dubois, WY 1945-2016 2,191 601 43.5786 -109.7592 

06214500 
Yellowstone River near Billings, 
MT 

1904-2016 939 30,580 45.8001 -108.4680 

 

Table 4. Un-gaged spring outflow locations monitored by GRYN within Bighorn Canyon NRA.  

Site ID Site 

 
Years of 
Record 

Elevation 
(m) Latitude Longitude 

M-L Mason-Lovell, WY 2011-2016 1120 44.8292 -108.1585 

LCR1 Layout Creek (Upper), MT 2011-2016 1697 45.0982 -108.2955 

LCR2 Layout Creek (Lower), MT 2011-2016 1228 45.0774 -108.2544 

LH Lockhart Ranch, MT 
Intermittent 
since 2011 1344 45.1354 -108.2471 

3.4 Objective 4.  
Estimate status and trends in lake level (and commensurate pool volume) of USBR-gaged 
reservoirs within GRYN parks (Table 5).  

We will evaluate status and trends in the timing and magnitude of maximum and minimum 
elevations (single highest and lowest readings within a year) to consider long-term trends in these 
important annual events.  In addition, we will examine the annual 3-day and 7-day maximum 
elevation and 3-day and 7-day minimum elevation.  
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3.4.1 Justification and Rationale for Objective 4  
Lake levels are fundamental to maintaining ecological processes in and along lakes and reservoirs 
and evaluating the response of regulated waters to changing upstream conditions and climate drivers 
is becoming increasingly important to water resource managers. In regions where winter snowpack 
and the timing of spring snowmelt strongly influence the management of reservoirs and water 
delivery systems, future changes in meteorological conditions are likely to alter filling and drawdown 
patterns of reservoirs (Barnett et al. 2005). Specifically, a reduction in the storage of water as snow 
means changes to the timing and magnitude of runoff necessary to fill reservoirs. Warmer climatic 
temperatures also likely contribute to increased evaporative losses from reservoirs. When these 
patterns are combined with earlier and increasing societal demands for water, disputes for already 
over-allocated water resources (like those in the Western U.S.) may follow (Li et al. 2010). Given the 
increasing concerns over changing flow patterns and loss of water storage as snow, there is a growing 
need to understand changes in the status and trends in reservoir levels – particularly in snow-
dominated regions (Li et al. 2010). Trends in long-term reservoir levels in Bighorn Lake (Bighorn 
Canyon NRA) and Jackson Lake (Grand Teton NP) will be evaluated using the metric described 
under this objective.  

Table 5. USBR-gaged reservoir elevation stations located within GRYN parks.  

Site ID Site 

 
Years of 
Record 

Max Pool 
Elevation 

(m) 

Max 
Water 

Storage 
(acre-ft) 

Dam 
Latitude 

Dam 
Longitude 

BHR 
MT00576 

Bighorn Lake (Yellowtail), 
Bighorn River near Fort Smith, 
MT 

1967-2016 1,116 1,381,189 45.3069 -107-9578 

JCK 
WY01385 

Jackson Lake at Dam on Snake 
River near Moran, WY 

1910 - 2016 2,069 847,000 43.8594 -110.5899 
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4 What’s being Measured and How 
GRYN will monitor stream, river, and spring discharge and the surface elevation of two reservoirs 
(Bighorn and Jackson lakes) using the general methods described in peer-reviewed and approved 
protocols by SWAN (Monitoring Freshwater Systems in the Southwest Alaska Network [Shearer et 
al. 2015a]), and SIEN (Sierra Nevada Network River Hydrology Monitoring Protocol [Skancke et al. 
2017a]), and peer-reviewed methodology already evaluated for the Greater Yellowstone Area (Al-
Chokhachy et al. 2017). 

Data on river and stream discharge will come principally from established USGS monitoring stations 
(see Tables 2 and 3 for a list of USGS-gaged waters). These data will be downloaded from the USGS 
National Water Information System server at: https://waterdata.usgs.gov/nwis.  Data on reservoir 
surface elevation and estimated pool volume will be downloaded from the USBR Hydromet online 
portal: https://www.usbr.gov/pn/hydromet/. Individual, real-time summaries for Bighorn Lake (BHR 
– MT00576; https://www.usbr.gov/gp-bin/arcweb_bhr.pl) and Jackson Lake (JCK – WY013085; 
https://www.usbr.gov/pn-bin/arcread.pl?station=JCK) are also available.   

Data for un-gaged stations tracked using automated water level loggers (e.g., water level survey data 
described by Skancke et al. 2017b) or magnetic or ultrasonic flow meters operated by GRYN will be 
downloaded quarterly and stored using AQUARIUS software following procedures described in 
SOPs 11 and 12 from SWAN (Shearer et al. 2015b).  At un-gaged sites, manual discharge 
measurements will be used to develop rating curves of daily flow (see USGS guidance as an example 
in Rantz et al. 1982a and 1982b). For developing those curves, manual measurements of stream and 
spring outflow discharge will be measured six to eight times annually. In channels, discharge 
measurements will be made at an established and georeferenced cross-section. When possible, 
transient objects such as woody debris that interfere with laminar flow will be removed from the 
vicinity of the transect area prior to beginning measurements. A measuring tape will be stretched 
perpendicular to the stream flow and used to divide the stream into a minimum of 20 increments. 
This attempts to ensure that no more than 5% of the cross sectional area will be represented by each 
velocity measurement. If hydraulic irregularities are detected, additional increments will be 
established to account for noticeable anomalies (Gore 1996).   

Under wadeable conditions (see Lane and Fay 1997), velocities will be measured using an electro-
magnetic Marsh McBirney velocity meter affixed to a graduated, stainless steel, top-set wading rod 
(Nolan and Shields 2000).  Velocities are measured at a depth of 0.6 times the total depth with the 
rod resting on the bottom. The depth of the velocity meter probe is automatically adjusted to 0.6 
times the depth when the vernier scale converter on the rod is set to the correct water depth.  During 
elevated flows when wading is either unsafe or not possible, measurements will not be made. When 
water depths exceed 2.5 feet (0.75 m), measurements will be taken at 0.2 and 0.8 times the depth, and 
average velocity is reported. Likewise, at depths greater than 2.5 feet (0.75 m), an additional velocity 
measurement is taken at 0.6 times the water depth when one the following conditions exist: 1) when 
water velocity at 0.8 times water depth is greater than water velocity at 0.2 times water depth, or 2) 

https://waterdata.usgs.gov/nwis
https://www.usbr.gov/pn/hydromet/
https://www.usbr.gov/gp-bin/arcweb_bhr.pl
https://www.usbr.gov/pn-bin/arcread.pl?station=JCK
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when water velocity at 0.2 times water depth is more than twice the water velocity at 0.8 times water 
depth.     

For springs where discharge is estimated using an automated magnetic or ultrasonic flow meter, 
manual volumetric (see Weissinger and Moran 2015) spring flow measurements will be used in 
tandem to develop a rating curve between the automated measurements and the manual volumetric 
discharge measurements. Volumetric discharge measurements will be made by placing a 1-L 
graduated cylinder under the down-stream end of the spring discharge pipe (see photograph below) 
and documenting the time required to fill the cylinder. Discharge is expressed as volume per unit 
time. During each site visit, four individual measurements will be collected and the average of these 
measurements will be used to calculate the final flow at the site in liters per second (L/s).   

 
Discharge measurement location for the Mason-Lovell spring at Bighorn Canyon NRA. December 2012.  

Daily estimates of discharge (for rivers, streams, and spring outflow) and surface elevation and 
estimated pool volume (for reservoirs) will be used to summarize the metrics described in Tables 6 
and 7 and used to characterize the status and long-term trends in discharge (rivers, streams, and 
springs) and surface elevation and corresponding pool volumes (reservoirs). At USBR- and USGS-
gaged locations, only USBR or USGS ‘approved’ surface elevation or discharge information will be 



 

21 
 

used for reporting purposes. Provisional data (see 
https://help.waterdata.usgs.gov/policies/provisional-data-statement) may be used for preliminary 
analyses or for special or time sensitive resource purposes, but GRYN will not use data flagged as 
‘provisional’ for trend reporting. For GRYN-maintained gages, discharge records will be plotted 
against time and data points that represent unexplained outliers or that appear unrepresentative of 
actual flow (e.g., due to a runoff event, channel modification, icy conditions, or unreliable equipment 
readings) will be eliminated from the analyses (see Weissinger and Moran 2015).  

Table 6. Monitoring metrics, objectives, and methods for GRYN parks based on conceptual models for 
river, stream, and spring ecosystems. All metrics will be based on daily estimates of discharge from 
USGS or from GRYN managed spring locations. 

Discharge Metric 
Objective 
Number Sampling Method Data Collected 

Instantaneous Discharge 1,2,3 
Manual measurement of 
discharge, estimated from 
rating curve 

Depth and velocity for discharge 
estimates from channels; volumetric 
estimates from springs; USGS data 
summaries from National Water 
Information System (NWIS)  

Date of peak flow 2 
Estimated from rating 
curve 

USGS daily data summaries from 
NWIS; daily discharge summaries 
GRYN produced rating curves 

Magnitude of peak flow 2 Estimated from rating 
curve 

Same as above 

Magnitude of winter peak flow 2 
Estimated from rating 
curve 

Same as above 

3-day, 7-day, and 30-day high 
flow 

2 Calculated Same as above 

3-day, 7-day, and 30-day low 
flow  

1 Calculated Same as above 

3-day and 7-day low flow (in 
summer) 1 Calculated  Same as above 

3-day and 7-day low flow (in 
winter) 

1 Calculated Same as above 

Total annual river volume 3 Calculated Same as above 

Timing of half flow 3 Calculated Same as above 

Annual average daily stream 
flow 

3 Calculated Same as above 

 

 

  

https://help.waterdata.usgs.gov/policies/provisional-data-statement
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Table 7. Monitoring metrics, objectives, and methods for GRYN parks based on conceptual models for 
reservoir ecosystems. All metrics will be based on daily estimates of surface elevation and pool volume 
from USBR managed monitoring locations. 

Elevation Metrics 
(Reservoirs) 

Objective 
Number Sampling Method Data Collected 

Instantaneous surface elevation 
(and associated pool volume) 

4 
Manual measurement of 
stage, estimated from 
rating curve 

USBR data summaries from 
HYDROMET Data System 

Annual elevation maximum 4 
Estimated from rating 
curve Same as above 

Date of maximum elevation 4 
Estimated from rating 
curve 

Same as above 

Annual elevation minimum 4 
Estimated from rating 
curve 

Same as above 

Date of minimum elevation 4 Estimated from rating 
curve 

Same as above 

3-day and 7-day maximum 
elevation 

4 Calculated Same as above 

3-day and 7-day minimum 
elevation 

4 Calculated Same as above 
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5 Sampling Design and Monitoring Schedule 
GRYN’s overall discharge monitoring approach is USGS/USBR-based; the approach simply utilizes 
existing USGS gaging stations to characterize the status and long-term trends in the timing and 
quantity of discharge in flowing waters in and surrounding GRYN parks and surface elevation 
dynamics of two reservoirs. Our reliance on a sampling design that uses existing long-term USGS 
and USBR gage records is consistent with efforts across NPS I&M networks (Jones et al. 2010; 
Madej 2011; Andrews 2012; and Skancke et al. 2017a). This approach leverages the century- to 
decades-old records that already exist for many gaged rivers throughout the U.S. Given the high 
seasonal and among-year variability in discharge data, the existence of long-term USGS discharge 
and USBR surface elevation records will be particularly valuable for trend analyses of surface water 
resources (see Skancke et al. 2017a). Pre-existing gages that predate the I&M program allow an even 
longer term data series to be evaluated for trends and allow for spatial comparisons to be made for 
patterns occurring regionally or even nationally.  

5.1 Sampling Design 
In order to select a subset of rivers and streams for status and trend monitoring, GRYN assembled all 
USGS river and stream monitoring station locations and available records that could be used to 
describe the discharge patterns of river and stream flow in and immediately surrounding GRYN 
parks. The available discharge records varied dramatically in length (see Tables 2 and 3 and 
Appendix A) and some records contained gaps (i.e., monitoring was suspended) of few to many 
years. To assess the trends in river and stream flow conditions over the past century, we prioritized 
waters that were co-located with our existing water quality monitoring stations (see Tables 2 and 3). 
All criteria considered for USGS station inclusion are listed below and a list of stations included in 
this GRYN protocol are summarized in Tables 2 and 3.  

Selection Criteria: 

1) River/stream sites that are co-located with GRYN water quality monitoring locations 

2) River/stream sites that are physically located within or just outside the park boundaries 

3) River/stream sites that integrate conditions of multiple tributaries (e.g., the Madison River at 
West Yellowstone integrates conditions in Gibbon and Firehole rivers that also have USGS 
gages) 

4) River/stream sites that represent the least altered conditions (e.g., Snake River at Flagg Ranch 
does not have the types of upstream manipulations that the Snake River at Moose station 
does) 

5) River/stream sites that support the longest record of flow  

In addition to the streams and rivers that were selected, two reservoirs (Bighorn Lake and Jackson 
Lake) are included in this GRYN protocol as these reservoirs were described as important indicators 
by resource managers to GRYN during initial monitoring scoping sessions/documents (see Jean et al. 
2005). Lastly, from greater than 28 identified springs in Bighorn Canyon NRA, three representative 
springs (Kaylor et al. 2015) were selected for discharge monitoring. To identify representative 
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springs, we first considered residence times and chemical profiles of identified springs. Clustering  
approaches of geochemical signatures identified three dominant spring types (see Schmitz et al. 
2007) and from these, spring suitability for long-term monitoring was based on ability to accurately 
collect discharge measurements (e.g., presence of a downstream channel or existence of a discharge 
pipe) and proximity to one another (Schmitz et al. 2007). Layout Creek below Layout Spring, 
Mason-Lovell Spring, and springs associated with the Lockhart Ranch were identified and are 
included in this protocol.  

5.2 Monitoring Schedule 
Data on river and stream discharge will come principally from USGS stations (see Tables 2 and 3 for 
a list of USGS-gaged waters). These data will be downloaded from the USGS National Water 
Information System server. Data on reservoir surface elevation and estimated pool volume will be 
downloaded from the USBR online portal for Bighorn and Jackson lakes. Data will be downloaded 
annually after provisional flags from the reviewing agency (USBR or USGS) have been removed. 

For Bighorn Canyon NRA spring monitoring, discharge will be measured manually six to eight times 
annually for the development and maintenance of site-specific rating curves.  Quarterly, GRYN will 
download data from automated water level loggers (e.g., level survey data described by Skancke et 
al. 2017b) or from magnetic or ultrasonic flow meters operated by GRYN. Quarterly downloads will 
be loaded into and stored using AQUARIUS software following procedures described in SOPs 11 
and 12 from SWAN (Shearer et al. 2015b).   
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6 Data Management, Analysis, and Reporting 
The types of data to be collected and the requisite processing steps as part of the GRYN protocol 
implementation plan for monitoring discharge (and surface elevation) are described below and in 
accordance with the GRYN generalized Annual Project Information Cycle (see Figure 7). Data used 
for discharge summaries represent two distinct source types: GRYN-generated data and provider-
certified data from USGS and USBR. Consistent with Skancke et al. (2017a), the data management 
activities and Annual Project Information Cycles for these two data sources are shown separately to 
distinguish the differences, but also to highlight the similarities in the information cycle. To that end, 
annotated versions of the Annual Project Information Cycles for GRYN-generated discharge and 
provider-certified data are included here (see Figures 8 and 9 in sections 6.1 and 6.2 below). Please 
note that data from USGS and USBR will be downloaded and processed annually only after all 
provisional flags from the providing agency have been lifted.   

 
Figure 7. GRYN generalized Annual Project Information Cycle showing the annual start (i.e., preparation 
stage) and end (i.e., season closeout) points for data associated with GRYN protocols.  
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6.1 GRYN-generated Data 
The Annual Project Information Cycle for manually collected data and associated automated data 
collection is shown in Figure 8 and summarized below. 

1) Our annual discharge monitoring campaign will be initiated by a careful review of the GRYN 
Protocol Implementation Plan for Monitoring Discharge in the Greater Yellowstone Network 
Parks and its associated standard operating procedures (see Ray et al. 2017).    

2) Manual discharge measurements will follow standard procedures for wadeable waters (see 
SOP 1: Discharge Measurement in Wadeable Waters and SOP 2: Volumetric Discharge 
Measurements in Developed Springs in Ray et al. 2017). Necessary readings will be 
documented on each sampling trip using field forms (Figures 1-2 and 2-1 in SOPs 1 and 2 
from Ray et al. 2017). Copies of field forms and field notes from previous visits will be used 
to help confirm the results. Results of the previous year’s discharge estimates will also be 
available digitally on-site to provide context for the current estimates. 

3) Raw water level (stage) or flow datalogger files will be downloaded from loggers and stored 
as a comma-delimited text (.csv) file. All data files will be viewed graphically along with the 
record from the previous year in AQUARIUS.  

4) Manually collected data will be entered into standardized spreadsheets (Figure 1-2 in SOP 1).  

5) An independent reviewer will perform a 100% quality control check on data from paper 
forms. Any associated field notes will be reviewed by an independent reviewer for 
completeness.  

6) Downloaded data will be uploaded to AQUARIUS as a Data Set to identify data gaps or 
erroneous data. 

7) Successfully uploaded data originating from automated loggers and from discrete discharge 
measurements will be independently reviewed in AQUARIUS. 

8) Erroneous/suspect data will be flagged and investigated. If flagged data are determined 
unusable, they will be annotated with documentation to support the decision to exclude them 
from the analyses. After the review of flagged data, remaining data will be flagged as 
certified in AQUARIUS.  

9) The Rating Curve tool in AQUARIUS will be used to develop stage-discharge relationship 
for GRYN-generated data. 

10) Daily discharge will be calculated from continuous stage or flow data in AQUARIUS.   

11) Daily discharge metrics summarized in Table 6 will be calculated from raw certified data. 

12) Certified data will be uploaded to NPS Data Store and these data are used in analyses. 

13) Report will be prepared using results of discharge analyses. Once complete, the report, data 
sets, statistical code, and any other derivative products will be uploaded to NPS Data Store 
and GRYN’s website and managed as a long-term program records.    

14) Paper field forms will be archived locally, scanned, and uploaded to NPS Data Store 
annually. On a routine schedule, paper field forms will be sent to national archives. 
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15) Year-end meeting will be scheduled to review annual activities and products in preparation 
for next information cycle (Figure 8).  

 
Figure 8. GRYN Annual Project Information Cycle for manual and automated discharge data collection.  
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6.2 Provider-certified Data 
The Annual Project Information Cycle for provider-certified discharge and surface elevation data is 
described below and in Figure 9. The information cycle for the provider-certified data will be 
identical to the GRYN-generated data for steps 1 and 12-15 above. However, the use of certified data 
simplifies the intermediary steps.  

1) Certified USGS daily discharge and USBR daily surface elevation and pool volume data will 
be acquired from NWIS and HYDROMET for use in analyses. 

2) Daily discharge and surface elevation metrics summarized in Tables 6 and 7 will be 
calculated and analyzed from provider-certified data.  

 
Figure 9. GRYN Annual Project Information Cycle for discharge data downloaded from provider-certified 
sources (i.e., USGS and USBR).  
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7 Budget 
The estimated annual cost for GRYN’s Protocol Implementation Plan for monitoring discharge is 
presented in Table 8. The workload associated with the protocol implementation plan is 
predominantly office-based and requires only limited fieldwork at Bighorn Canyon NRA. In 
addition, there will be startup costs associated with monitoring previously un-gaged systems at the 
park. We anticipate these costs to be around $5,000 including equipment and supplies, ecologist and 
hydrotech time to establish sites, and initial data collection. Once initial costs are incurred, we 
estimate that the total annual cost to implement this protocol will be between $31,000 and $37,000.  
This includes field time at Bighorn Canyon NRA and personnel time to manage, analyze, and report 
data collected in the field and downloaded from other sources. In addition GRYN also currently 
provides $8,000 annually to support the USGS gaging station on the Snake River at Moose, WY. For 
the five-year analysis and reporting effort for the protocol, there would be an increased labor cost of 
approximately $30,000 for additional time: for the ecologist (0.1 FTE ), data manager (0.05 FTE), 
hydrotech (0.15 FTE), Program Manager (0.02 FTE), and Writer/Editor (0.02 FTE). 

Table 8. Estimated annual operating cost (based on FY 2016 dollars) for monitoring discharge. Budget 
does not reflect matching support provided by parks and partners. 

Category Item Detail Costs (FY 2016) Notes 

Personnel 

Ecologist $12,456 0.12 FTE or 3 pp GS-12  

Data Manager $4,710 0.04 FTE or 1 pp GS-12  

HydroTech $8,456 0.15 FTE or 4pp GS-7  

Program Manager $2,500 0.02 FTE or 0.5 pp GS-13 

Writer/Editor $1,500 0.02 FTE or 0.5 pp GS-9 

Total Personnel Costs $29,622 – 

Equipment 
and Supplies 

Water level loggers (3) $900 One time purchase with periodic 
replacements 

Ultrasonic flow meters (2) $3,000 
One time purchase with periodic 
replacements 

Total Equipment Costs $3,900 – 

Annual 
Service 

Flo Mate Calibration $300 – 

Ultrasonic Flow meter calibration $1,000 – 

USGS Snake River Moose gage $8,000 – 

Travel to BICA 
for monitoring 
(4 trips 
annually ~ 3 
days each) 

Travel to BICA for monitoring  
(4 trips annually ~ 3 days each) 

– – 

Vehicle Travel (450 miles/trip 
@$0.54/mile) 

$972 – 

Accommodations (winter only; 2 
people x 2 nights @ $80/night) 

$320 – 
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Table 8 (continued) Estimated annual operating cost (based on FY 2016 dollars) for monitoring 
discharge. Budget does not reflect matching support provided by parks and partners. 

Category Item Detail Costs (FY 2016) Notes 

Travel to BICA 
for monitoring 
(4 trips 
annually ~ 3 
days each) 
(continued) 

Per diem (2 people x 3 days 
@$20/day) 

$480 – 

Total Annual Travel Costs $1,772 – 

Total Annual 
Protocol Costs 

– $39,000 - $44,594 
Range depends on equipment 
purchased, replaced, or calibrated  
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8 Safety 
Implementation of the discharge protocol has few added risks for GRYN’s operations since the 
principal data sources are available online from USGS and USBR. On the other hand, the work 
conducted at Bighorn Canyon NRA that is specific to spring monitoring is complementary to 
currently ongoing water quality monitoring work and will be completed during our regularly 
scheduled quarterly monitoring visits.  

The Job Hazard Analyses (JHAs) for GRYN’s Water Resources Monitoring program applies to all 
water related monitoring activities including activities described in this protocol implementation plan 
that will be carried out at Bighorn Canyon NRA. The Water Resource Monitoring JHA and other 
relevant JHAs associated with fieldwork and driving apply to all personnel who will assist in the 
implementation of portions or all of the protocol. To that end, we have identified the principal risks 
(below and in the JHAs) and the risk abatement strategies (including training needs) in each JHA.  

Specific safety concerns and potential hazards related to this protocol implementation plan include: 

1) Traveling to and from field locations 

2) Hiking to field sites 

3) Crossing rivers and streams 

4) Encountering noxious plants, dangerous animals, disease, and people 

5) Sampling springs and seeps 

6) Sampling during high flows or following a storm event 

7) Exposure to environmental variables 

Based on the JHA and associated risk abatement/mitigation actions described in the JHAs it was 
determined that this GRYN protocol can be safely implemented provided that GRYN and partner 
staff implement it in accordance with the referenced SOPs and recommended risk abatement actions. 
Personnel involved with GRYN discharge monitoring must review the relevant documents, SOPs, 
and JHAs (Table 9) annually. They must sign the JHAs associated with this GRYN protocol 
implementation plan (see below). In addition, all NPS GRYN personnel will follow the Safe 
Practices Manual and Emergency Operations Plan specific to the parks where we are working. 

Table 9. Relevant JHAs and location on the GRYN server. 

JHA Location on the GRYN Server 

Water Resource Monitoring JHA U:\Admin\Safety\GRYN_safety_plan\GRYN_Job_Hazard_Analysis 

Driving Safety JHA U:\Admin\Safety\GRYN_safety_plan\GRYN_Job_Hazard_Analysis 

GRYN Safety Plan U:\Admin\Safety\GRYN_safety_plan 
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9 List of Associated Standard Operating Procedures 
The following four discharge monitoring standard operating procedures (SOPs) can be found in the 
accompanying SOP document (Ray et al. 2017). 

SOP 1. Discharge Measurement in Wadeable Waters 

SOP 2. Volumetric Discharge Measurements from Developed Springs 

SOP 3 Rating Curve Development in AQUARIUS from Automated Water-Level Measurements 

SOP 4 How to Analyze, Track, and Report USGS Discharge Data 
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Appendix A. Job Hazards and Risk Assessment  
(Updated May 2016) 

This appendix contains the current GRYN Job Hazard Analyses (JHAs) for Water Resource 
Monitoring, Driving, and Office Work.  

In addition, GRYN has considered the application of the GREEN-AMBER-RED (GAR) Risk 
Assessment Model as outlined in the NPS Operational Leadership Student Manual (Version 2; July 
2011) for water-related and other field activities in Bighorn Canyon NRA, the park where the bulk of 
the manual and automated discharge monitoring work described in this GRYN protocol 
implementation plan will take place. The GAR model is a general assessment of a task or operation 
and generates communication concerning the risks of an activity (in this case, carrying out discharge 
measurements in the field – the field-based activities associated with this protocol implementation 
plan). The most important part of the process is the team discussions prior to potentially hazardous 
activities or tasks that will lead to a better understanding of the risks and how they will be managed.  

A GAR assessment for all GRYN fieldwork including water quality and discharge monitoring of 
spring outflows and seeps in Bighorn Canyon NRA was conducted on 6 March 2013 and involved 
GRYN and park staff. We have integrated the results of this GAR assessment into the JHAs 
associated with the Protocol Implementation Plan for Monitoring Discharge in the Greater 
Yellowstone Network Parks.  



 

40 
 

 



 

41 
 

 



 

42 
 

 



 

43 
 

 



 

44 
 

 



 

45 
 

 



 

46 
 

 



 

47 
 

 



 

48 
 

 



 

49 
 

 



 

50 
 

 



 

51 
 

 



 

52 
 

 



 

53 
 

 



 

54 
 

 



 

55 
 

 



 

56 
 



 

 
 

 

The Department of the Interior protects and manages the nation’s natural resources and cultural heritage; provides scientific 
and other information about those resources; and honors its special responsibilities to American Indians, Alaska Natives, and 
affiliated Island Communities. 
 
NPS 101/140432, 617/140432, 136/140432, 642/140432, October 2017 



 

 

 
National Park Service 
U.S. Department of the Interior 

  

Natural Resource Stewardship and Science 
1201 Oakridge Drive, Suite 150 
Fort Collins, CO 80525 

www.nature.nps.gov 

EXPERIENCE YOUR AMERICA TM 

http://www.nature.nps.gov/

	Contents 
	Figures 
	Tables 
	Executive Summary 
	Acknowledgments
	1.1 Global Interest in Stream Flow
	1.2 Stream Flow Monitoring in the U.S.
	1.3 Stream Flow in the Greater Yellowstone Area and Across GRYN Parks
	1.4 GRYN’s Discharge Monitoring Plan

	2 Conceptual Framework for Monitoring 
	3 Measurable Objectives
	3.1 Objective 1 
	3.1.1 Justification/Rationale for Objective 1

	3.2 Objective 2 
	3.2.1 Justification/Rationale for Objective 2

	3.3 Objective 3 
	3.3.1 Justification/Rationale for Objective 3 

	3.4 Objective 4. 
	3.4.1 Justification and Rationale for Objective 4 


	4 What’s being Measured and How
	5 Sampling Design and Monitoring Schedule
	5.1 Sampling Design
	5.2 Monitoring Schedule

	6 Data Management, Analysis, and Reporting
	6.1 GRYN-generated Data
	6.2 Provider-certified Data

	7 Budget
	8 Safety
	9 List of Associated Standard Operating Procedures
	10 Literature Cited
	Appendix A. Job Hazards and Risk Assessment 


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 600

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 600

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



