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The goal of this project is to integrate the routine acquisition and analysis of NASA Earth System Science products and other data sources into the NPS I&M decision support systems and use these NASA products to evaluate and forecast ecological condition of US National Parks.  The project focuses on four sets of national parks to develop and demonstrate the approach: Sequoia Kings Canyon and Yosemite National Parks, Yellowstone and Grand Teton National Parks, Rocky Mountain National Park, and Delaware Water Gap National Recreation Area.  This document reports initial findings on landscape trends and conditions in and around Yosemite and Sequoia-Kings Canyon National Parks.  After a short introduction, the report highlights initial results for each of the 12 indicators evaluated.  The report concludes with a synthesis and interpretation of the trends to identify the primary past and potential future changes to landscape condition that are most relevant to management.  

Among the main conclusions are that Yosemite and Sequoia-Kings Canyon are parks that exhibit significant interannual variability for multiple indicators that are sensitive to climate influences.    While the parks are potentially vulnerable to ecological impacts associated with climate change, the degree of interannual variability in phenology, snow melt dates and peak runoff dates, vegetation productivity, and other climate-sensitive indicators will require long-term monitoring to identify trends against the background variation observed in the data record available to date.  YOSE, SEKI, and surroundings represent a wilderness system (relative to most other US National Parks) with ecological processes and species relatively little changed from pre-settlement times.  Much of the area comprising the protected area centered ecosystem (PACE) is comprised of either parks and wilderness areas or national forests, limiting potential direct impacts of land use change and urbanization on the park ecosystems.

The 2009 National Climate Assessment describes the potential consequences of climate change for California and the southwestern US region, including increases in average temperature of 2.5-5°F by 2050, reductions in spring precipitation of 15-40% by 2050, and shifts in the timing of snowmelt and winter runoff by 30 days or more by 2080-2099.  Cayan et al. 2008 also describe the potential for significant reductions in April 1 snow water equivalent to occur by 2035.   Nemani et al. (2008) conducted modeling simulations to evaluate the impact of the forecasted increase in temperature and shift towards earlier snow melt, and results from these simulations forecasted that the reduced water availability would lead to increased vegetation water stress during the summer months that was sufficient to reduce peak annual gross primary production by 15% or more by 2050.  While the indicators summarized in this report do not reveal significant trends to date, they do exhibit sensitivity to interannual climate variations, and thus may provide useful information in monitoring to detect emerging impacts of climate change over the coming decades.
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	The need for monitoring and decision support for US National Parks is heightened by the rapid change that is occurring in and around many parks.  To address this need, National Park Service (NPS) has developed the Inventory and Monitoring (I&M) Program to provide a framework for collecting and archiving data pertaining to park vital signs including physical, chemical, and biological elements of ecosystem processes within parks.  The NPS I&M is increasingly interested in the use of remotely sensed data and ecosystem models to simulate and forecast ecosystem conditions. In this regard, NASA data and products can contribute the success of the NPS I&M effort.  
	The goal of this project is to integrate the routine acquisition and analysis of NASA Earth System Science products and other data sources into the NPS I&M decision support systems and use these NASA products to evaluate ecological condition of US National Parks, thereby enhancing natural resource management within and surrounding national parks.  Specific objectives of this project are:
1. (a) Identify NASA and other products useful as indicators for NPS I&M monitoring and (b) delineate the boundaries of the surrounding protected area centered ecosystems (PACEs) appropriate for monitoring.  
2. Add value to these data sets for understanding change through analysis and forecasting.
3. Deliver these products and a means to integrate them into the NPS I&M decision support framework.
	The project focuses on four sets of national parks to develop and demonstrate the approach: Sequoia Kings Canyon and Yosemite National Parks, Yellowstone and Grand Teton National Parks, Rocky Mountain National Park, and Delaware Water Gap National Recreation Area and Upper Delaware Scenic and Recreation River.  
	Now in the third and final year of the project, we are reviewing, interpreting, and finalizing study results with NPS collaborators through a series of three conference calls.  The first reviewed the initial results with core NPS I&M collaborators, the second synthesized a fuller set of results to identify key trends and management challenges, the third will present final results.   More information on the project (including overview presentations, progress reports, Standard Operating Procedures, and key publications) can be found at: http://science.nature.nps.gov/im/monitor/lulc/palms/index.cfm.
	The goal of this document is to report the landscape trends and conditions in and around Yosemite and Sequoia-Kings Canyon National Parks.  The indicators being developed by the project and their current status are listed in Table 1.  We first present patterns of change in key indicators from past to present and potential future change.  We then interpret and synthesize these trends to help inform NPS decision making and management.     


Table 1.  Indicators being developed by the PALMS project.  
	Level
	Category
	Indicator
	Resolution 
	SOP and Reference
	Status

	Air and Climate
	Weather and Climate
	Climate gridded daily (dew point, ppt, solar radiation, temp max, temp min, vapor pressure deficit) 
	1 km; 1980-2009
	TOPS SOP
Nemani et al. 2008
Jolly et al. 2004
	Completed

	
	
	Snow cover
	500m, 8 day, 2000-2009
	TOPS SOP

	Completed

	
	
	Phenology  (Start of Season based on NDVI, annual anomaly)
	1 km; 8 & 16 day; 2000-2009
	TOPS SOP
Nemani et al. 2008
White et al. 2006
	Completed 

	
	
	Phenology (Start, length, and end of season based on NDVI)
	250 m ; 8 & 16 day; 2000-2009; Yellowstone Watershed
	Piekielek et al. in prep.
	Completed

	
	
	Greater park ecosystem boundaries
	30 m
	Piekielek et al. 2010a
Hansen et al. in review
	Completed

	Landscape dynamics
	Monitoring area
	TOPS Gross & Net Primary Productivity (GPP/NPP)
	1 km daily GPP; trends in GPP; 2000-2010
	TOPS SOP
Nemani et al. 2008
	Completed

	
	Primary Production
	Rapid change in  Vegetation index
	1 km; monthly anomalies / persistent; annual trends;
2000-2010
	TOPS SOP
Nemani et al. 2008
	Under review

	
	Disturbance Events
	Land Cover and Use
	30 m; 1975-1995
	Parameter et al. 2003
	Completed

	
	Land Cover
	Population Density (decadal)
	1 km; 1900-2007
	Davis in prep
	Completed

	
	
	Agricultural Area (decadal)
	1 km; 1900-2007
	Davis in prep
	Completed

	
	
	Rural Housing Density (decadal)
	1 km; 1860-2007; 2000-2030
	Piekielek et al. in prep.
Gude et al. 2006
	Completed through 1999, being updated to 2008

	
	
	Pattern of natural landscapes
	270 m; time period
	Theobald 2009
Theobald 2010
	Completed

	
	Biodiversity
	Landscape connectivity 
	270 m; time period
	Theobald in prep
	Completed

	
	
	Ecosystem type composition

	30 m
Presettlement - present
	Piekielek et al. 2010b
	Completed

	
	
	Indices of habitat (11)
	1 km; 1970-2030
	Gude et al. 2007
	Completed
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Summary of Trends in Park Condition

[bookmark: _Toc272908347]Delineating Protected Area Centered Ecosystems (PACE)

[image: pce_combined.jpg]What: Area surrounding park with strong ecological connections to the park.
Why: This area may be important for monitoring, research, and cooperative management to maintain park 	condition.  
Summary: The YOSE/SEKI PACE (Fig 1) outside the park was 5.0 times larger than the park area, with at total area of 32,362 km2.  The areas mapped for disturbance covered the largest unique portion of the PACE boundary. 57.3% of the PACE was covered by two of more criteria.

   






 (
Fig 
1
.
  Map of the YOSE/SEKI PACE showing the areas included under each of the PACE classification criteria.  From Piekielek et al. 2010a.
)




Table 2.  Spatial characteristics of area covered by each criterion used to define the YOSE/SEKI  PACE including area (km2) and proportion.
	Metric
	Total
	Criterion 

	
	
	Contiguous habitat
	Water-shed
	Disturbance
	Crucial Habitats
	Human Edge Effects

	Area outside park (km2
	32360
	142889
	4292
	31441
	7262
	36570

	% of PACE uniquely covered
	
	0
	0.25
	27.0
	3
	0.25




 Weather and Climate: Gridded Climate (1980-2009)

What: Measures spatial patterns in trends and anomalies in temperature and precipitation using interpolated meteorological surfaces from the Terrestrial Observation and Prediction System.

Why: By presenting the distribution of climate trends across latitudinal and elevational gradients, climate trends and anomalies calculated from spatially continuous meteorological surfaces can support interpretation of climate indicators calculated from individual stations or the average of all stations in a region of interest.  Meteorological anomalies (relative to historical normals) can also be useful for assessing the magnitude of heat waves, cold snaps, and other short term climate phenomena.  

Stressors: Climate change and climate variability 

Summary: This indicator has been calculated for YOSE and SEKI parks and the SIEN PACE region for the 30-year period from 1980-2009, and indicates divergent trends recorded by meteorological stations within and near the PACE.  Trends in the annual average daily maximum temperature indicate a decrease ranging from -0.008°C/yr to -0.015°C/yr for YOSE, and                -0.02°C/yr to -0.06°C/yr for SEKI, though an increase in average annual maximum temperature is recorded for stations to the northwest and south of the PACE.  Trends in minimum temperature indicate an increase in minimum nighttime temperatures since 1980 for the parks, and for the PACE overall, though trends range from -0.05°C/yr in the northern and southern PACE to 0.05°C/yr in the YOSE and the center of the PACE.  Trends in annual cumulative precipitation for the region indicate a decreasing trend since 1980, with statistically significant trends (p < 0.05) for eastern Yosemite and the southern PACE, though trends in precipitation should be interpreted with caution.  The spatial patterns shown in the figure below also capture the variability in trends for the region surrounding the SIEN PACE, emphasizing the importance of evaluating trends from multiple stations surrounding individual parks or I&M networks.  This indicator is derived from daily meteorological surfaces produced by TOPS (Nemani et al., 2008), and was originally intended to support station-based indicators derived from the NPClime project.
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Figure
 2
:
  
Trends for the thirty-year period from January 1, 1980 through December 31, 2009 are shown for the annual average daily maximum temperature (a), annual average daily minimum temperature (b), annual cumulative precipitation (c)
, and annual cumulative precipitation filtered for statistical significance (d)
.  In addition, an example of a monthly anomaly map (current conditions relative to historical normals) for maximum temperature is shown for 
September
, 2010
 (e)
.
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Weather and Climate: Snow Cover (2001-2009)

What: Graph of snow cover extent and trend in % of park or PACE area with snow cover on Apr 1, as derived from the MODIS satellite snow cover data product.

Why: The timing of snow fall is an important driver of many hydrologic and ecologic processes within parks.  One predicted consequence of climate change is a shift toward earlier complete melt of the winter snow pack, affecting runoff patterns and water availability for many parks in the western U.S.   This measure provides an indicator designed to supplement indicators derived from station observations, such as measures of the snow water equivalent on April 1.

[image: ]Stressors: Climate change, drought

[image: ]Summary:  The indicator captures the significant interannual variability in snow cover from 2000-2010 for the SIEN parks and PACE.  For both the parks and the PACE overall, no trend in April 1 snow cover is detected, though the graphs highlight the difficulty in detecting a trend in snow cover against the normal interannual variability (e.g., 2001 vs 2007).  April 1 snow cover over the past decade has typically ranged from 35-58% of the total SIEN PACE, with earlier snow melt occurring in 2000, 2002, and 2007.  The indicator is intended to supplement measures of snow water equivalent from SNOTEL sites or other monitoring networks within or near the PACE.
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 (
Figure 
3
. 
Graph of fractional snow cover for 
the SIEN
 PACE (expressed as % of total area) for 2000-2010, with the trendline shown for April 1 snow cover
)
Weather and Climate: Landscape Phenology

What: Measures trends and anomalies in phenological indicators including the ‘start-of-season’ (SOS) date, derived from satellite time-series of vegetation index data (Fig 4).

[image: ]Why: Sustained shifts in vegetation phenology are a predicted consequence of climate change. Satellite derived phenology indicators provide a useful supplement to surface measures, which may track only a subset of plant species.

Stressors: Climate change, land use change, drought 

[image: ] (
Figure 
4
. SOS trends within the YELL/GRTE PACE during 2000 – 2009.
)Summary: While this indicator captures the interannual variability in SOS date for the SIEN PACE, no trend is evident from the past 10 years. Average SOS dates for the SIEN PACE have ranged by more than 90 days, from February 15 to May 20.  As a point of reference, the average SOS date for the SIEN PACE (March 30) for 2000-2009 is shown by the dashed vertical lines in the NDVI timeseries plot. The SOS date for 2000, 2002, 2006, and 2009 were all within a few days of average. Year 2007 displayed the earliest SOS which occurred in mid February, and year 2005 displayed the latest SOS date which occurred in mid to late May. These results are averaged over large areas and across elevation and other environmental gradients which affect land surface phenology.  Trends for specific ecosystem types of interest can be retrieved from http://ecocast.arc.nasa.gov/dgw/dboard/SIEN.  Due to the short length of the data record and the significant interannual variability, the trends should be interpreted with caution.
	Land surface phenology represents the vegetative response to seasonal changes in temperature and light and water availability all of which are tied to climate and in some cases land use.  The data for SIEN PACE show substantial variation in SOS for the last three years with SOS in 2007 being nearly 90 days earlier than in 2008. These results likely reflect interannual variation in climate with earlier snow melt and warmer spring temperatures driving earlier SOS.  Due to interannual and known decadal variation in climate in this region, the 10-year MODIS NDVI record is not yet long enough to reflect the 100-year climate warming described above.   
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]

Ecosystem Productivity: Gross Primary Production

What: Estimates ecosystem productivity in terms of Gross Primary Production Gross primary production (GPP) and measures patterns and trends in GPP.

Why: GPP provides an indicator of ecosystem condition that integrates interactions between climate, vegetation, soils and other aspects of the physical environment. Sustained trends in seasonal or annual GPP may provide a leading indicator of climate change impacts.

Stressors: Climate change, land use change, drought, wildfire, insect infestations

Summary:  Annual average GPP varied substantially during the 2000-2009 period of record, and GPP for the SIEN pace was much higher in 2003-2004 than in 2006-2007.  As with phenology, ecosystem productivity varies with climate and is sensitive to water availability and the length of the growing season.  No clear trend is observed over the period of record (2000-2009) for YOSE, SEKI, or the SIEN PACE, and the past ten years have included a cool, wet winter with later than average snow melt (2005) followed by a three year drought.  Isolated clusters of pixels exhibiting statistically significant positive or negative trends during the past 10-years may also be associated with recent wildfires.  
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[image: ]Fig 5. Trends in cumulative GPP for the SIEN PACE region for 2001-2009, including the observed trend for all pixels (a), and only trends which are statistically significant for the PACE (b) and YOSE (c).  

Figure 6.  10-year trends in average annual GPP (kg Carbon/m2/yr) for the SIEN PACE.  Trends for specific ecosystem types of interest can be retrieved from http://ecocast.arc.nasa.gov/dgw/dboard/SIEN

Landscape Dynamics / Disturbance Events: Vegetation Index Anomalies

What: Summarizes indicators of change in vegetation conditions derived from MODIS Normalized Difference Vegetation Index data to detect spatial and temporal patterns in change.

Why: The MODIS NDVI product provides an indicator of vegetation condition calculated from daily MODIS observations over the SIEN PACE.  Tracking changes in NDVI relative to average conditions provides an indicator of temporal and spatial patterns in changes in vegetation condition.  Sustained shifts from historical normals may provide an indicator of import changes in park landscape conditions.  This indicator is intended to complement Landsat-based indicators of landscape dynamics, which capture higher spatial resolution changes at an annual timestep.  

Stressors: Land use change, drought, wildfire, insect infestations

Summary: Standardized anomalies used to identify short-term and persistent changes in landscape conditions indicate relatively few normalized in NDVI for the period from 2001-2009, with generally less than 2% of the park experiencing an anomaly that departs from historical normals by more than 2.0 standard deviations (Figure 7a).  A recent anomaly map from September, 2010, shows both significant positive and negative anomalies within the SIEN park boundaries and surrounding PACE (b), with all significant negative anomalies shown associated with recent wildfires occurring from 2007-2009.  Significant anomalies should be tracked over time if proximate causes are not already known (e.g., fire, land use change, or late snowfall).
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Figure
 7
:  
The fraction of the 
SIEN
 PACE exhibiting an NDVI anomaly departing from historical normals (calculated using 2001-2008 as the baseline) by more than two standard deviations (a), and a normalized NDVI anomaly map for 
September
, 2010, showing anomalies greater than 2.0 standard deviations for 
SIEN
 PACE (b).
) (
Normalized NDVI Anomaly for August
, 2010 (
units are 
in standard deviations)
)



Landscape Dynamics / Disturbance Events: Vegetation Index Trends

What: Summarizes indicators of change in vegetation conditions derived from trends AVHRR Normalized Difference Vegetation Index data to detect spatial and temporal patterns in change.

Why: The AVHRR NDVI data record provides a longer term indicator of vegetation condition calculated from AVHRR observations over the SIEN PACE extending from 1982-2006.  Tracking trends in maximum NDVI provides an indicator of potential vegetation response to long-term climate and land use change.  Sustained shifts from historical normals may provide an indicator of import changes in park landscape conditions.  This indicator is intended to complement Landsat-based indicators of landscape dynamics, which capture higher spatial resolution changes at an annual timestep.  

Stressors: Land use change, drought, wildfire, insect infestations

 (
(
b
)
)Summary: Within the YOSE and SEKI parks and SIEN PACE, there are no clear trends observed.  There are a number of both areas associated with both positive and negative trends that are statistically significant over the AVHRR data record.  Many of the positive trends are associated with fires that occurred near the start of the data record, while negative trends are associated with more recent fire events and tree mortality events.  There are a few regions with the SIEN PACE where trends are observed which are not associated with fire events during the satellite data record (a), and analyses are ongoing to investigate potential drivers of these trends.  Overall, the maximum NDVI data record exhibits significant interannual variability, as is shown using the average annual peak NDVI for Yosemite, as an example (b).

 (
Figure 8:  
Significant trends in annual maximum
 NDVI 
derived from the AVHHR data record from 1982-2006
 
with fire history and tree mortality polygons overlaid (a), and the average annual maximum 
NDVI 
plotted for YOSE (b).
) (
(
a
)
)

[bookmark: _Toc272908349]Land Cover: Land Cover and Use

What:	Metrics of population size, area in agriculture, and rural residential development and change over time.  

Why:	These data provided indication of the challenges in maintaining park condition given the land use characteristics of the surrounding PACE. 

Summary: 
 (
Figure 
10
. 
Location of the PACE along (left) gradients in land ownership and land development (home densities of >0.031 units/ha, roads, or agriculture lands) and (right) home density (units/ha) and percent change in home density from 1940 to 2000.
)[image: ] (
Fig 
9
.  Change in human population size 
and area in agricultural use for the YOSE/SEKI PACE 1900-2007.  From Davi
s in prep.
)[image: ][image: ]YOSE and SEKI are primarily surrounded by public lands. Compared to other PACE areas in this study, they have a high proportion of public lands and a low percentage of private lands are developed. Population in the PACE was sparse until the middle of the 20th century when it began to grow at an ever increasing rate reaching a maximum during the later years of the 20th into the early 21st century. Land in agricultural use has been variable, reaching its highest numbers throughout the middle portion of the 20th century.   All of these metrics point to the YOSE/SEKI PACE area as being well-protected and in early stages of development.
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Biodiversity: Patterns of Natural Landscapes

What:		Measures the natural landscape context 
Why:		Movement of plants & animals and ecological processes connect to adjacent landscapes beyond the park boundary
Summary:	YOSE scores higher than its ecoregion and is declining from 0.9724 in 1992 to 0.9710 in 2001 to 0.9684 in 2030.
 (
Fig 
11
.  Pattern of Natural Landscapes in 1992, 2001, and 2030 (top, middle, bottom) using the multi-scale proportion metric. High NL values are shown in blue, areas dominated by urban and/or cropland agriculture appear as highly modified areas, shown in red. From Theobald, DM
. 20
10. Estimating natural landscape changes from 1992 to 2030 in the conterminous US. 
Landscape Ecology
.
)
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 (
Fig 
12
.  The mean natural landscape metric value for current (2001) landscape.
)
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What: 	Measures the connectivity of natural landscapes
Why: 	Movement of plants and animals and ecological processes connect to adjacent landscapes and beyond the park boundaries.
Summary: YOSE is situated on a pathway that provides much greater than average connectivity and serves as a key location of connectivity along the Sierra range.
 (
Fig 
13
.  Thicker red lines show more cumulative movement assuming animals are moving across the landscape avoiding human-modified areas, for Yellowstone region (above) and US (below). From Theobald & Reed
 
(in prep).
)
[image: BM_CASW_20100414.gif]


[image: ]



















[bookmark: _Toc272908352]Biodiversity: Ecosystem Type Composition

What:  Estimates reduction in area of potential pre-settlement ecosystem types due to current land use.

Why:  Ecosystem types of greatest proportional loss are candidates for focused conservation, management and restoration.

Stressors:	Land use change.

Summary:  The YOSE PACE is an interesting contrast of what appears to be quite remote wilderness, and intensively developed areas. On average losses in ecosystem type area are small, but losses on private lands are large compared to other parks and PACE areas. Oak forest, riparian and chaparral have experienced the greatest proportional losses in area. Despite small losses in total area, many ecosystem types have experienced a large decrease in mean patch size indicative of the impact of transportation corridors and their ability to fragment the landscape. Transportation  corridor development has been prevalent even on some public lands within the PACE.

Pre-European settlement							Present Day



 (
Fig 1
4
.  Locations of ecosystem types within the YOSE and SEKI PACE from Pre-European settlement to present day. From Piekielek 
et al. 20
10b.
)






Table 3.  Proportional changes in aerial extent of ecosystem types within the YOSE and SEKI PACE from Pre-European settlement to present day. 
[image: ecosys_table.jpg]



[bookmark: _Toc272908354]Story Lines Emerging from Trends (Draft)

Climate Change
[bookmark: _Toc272908357]
	While climate has historically varied in the SIEN PACE at decadal, centennial, and millennial time scales, a relatively rapid warming has begun to occur in the region over the last century, with an overall increase of 0.8 0 C (1.50 F) in average temperature since the 1950s.  Climate models generally agree that warming is projected to accelerate for the southwestern US including the SIEN PACE, with an increase of 2.2 – 5.50 C (4-100 F) predicted to occur by 2100 (USGCRP, 2009).  This warming trend is predicted to drive changes in the timing of snow melt and runoff, with a shift of as much as 35 days towards an earlier peak in runoff projected to occur by 2080-2099 (USGCRP, 2009). Precipitation has not changed significantly over the past century, though the region has experienced episodic droughts, and significant negative trends in precipitation are detected over the SIEN PACE for the thirty year period from 1980-2009.  Analysis of the paleoclimate has indicated that the Sierra has experienced severe droughts during the past 2000 years (Stine, 1994), and the potential for climate change to lead to higher frequencies of droughts, or trigger severe, extended droughts was flagged as a primary concern for the Southwest region in the 2009 National Climate Assessment (USGCRP, 2009).  In addition, Cayan et al. (2008) have also predicted significant reduction in April 1 snowpack for the Sierra Nevada, with decreases of 25% or more (relative to 1961-1990) projected to occur by 2035-2064.  Together, these changes in temperature and the timing of water availability are predicted to lead to reduced surface water and soil moisture during the summer months and the peak of the growing season, leading to reductions in vegetation productivity, with declines of as much as 15% on average occurring by 2050.  
	The data record from the past ten years (2000-2010) does not yet present clear evidence that any of the predicted climate impacts are yet affecting SIEN park ecosystems.  It also demonstrates, however, how difficult it will be to identify emerging trends in the Sierra Nevada parks against the background of the ENSO-driven interannual variability which characterizes the region.  In the past decade, the April 1 snow extent has ranged from 35-58% of the park, and the start of growing season date has range from February 15 to May 20.  In addition, fire is a natural part of the YOSE and SEKI park ecosystems, and much of the SIEN PACE area has been affected by fire at least once in the past three decades, making it difficult to clearly separate any emerging trends in declining vegetation productivity against the normal cycle of disturbance and recovery.  


Land Allocation and Use
[bookmark: _Toc272908358]
	Yosemite and Sequoia-Kings Canyon are largely surrounded by national forests and other public lands.   Hence, only ~20% of the YOSE/SEKI PACE is private land.  EuroAmerican settlement of these private lands was slow during the 1800-1970 period.  Hence, the region retained low human densities and a wilderness character.   As the population of the Central Valley grew in recent decades, development has also expanded into the Sierra foothills, particularly impacting the oak savannah and chaparral ecosystems at lower elevations in the PACE.  While population is projected to continue to grow in California (nearly doubling by 2050), the public lands surrounding the park ecosystem are likely to serve as effective buffers, and little of this additional development is projected to occur within the SIEN PACE.


[bookmark: _Toc272908360]Key Current and Emerging Management Challenges

· Changes in temperature and precipitation observed since 1950 are relatively small compared to the interannual variability in climate conditions, but warming is projected to accelerate over the coming century.  While changes in the amount of total annual precipitation are uncertain, shifts in the timing of snow melt and water availability are consistently predicted by climate models.
· Direct effects of climate change on ecological systems such as shifts in phenology and reductions in productivity are predicted to occur, but may be difficult to detect against the interannual variability observed from 2000-2010.  
· Changes in the timing of water availability and vegetation productivity may also affect the fire cycle, leading to shifts in the fire return interval and post-disturbance recovery, with potential consequences for fire management strategies.   
· Others??
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