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Abstract

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: The
Delaware Water Gap and Upper Delaware National Recreation Areas, Sequoia Kings Canyon
and Yosemite National Parks, Yellowstone and Grand Teton National Parks, and Rocky
Mountain National Park. This document reports initial findings on landscape trends and
conditions in and around Rocky Mountain National Park. After a short introduction, the report
highlights initial results for each of the 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.
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Introduction

The need for monitoring and decision support for US National Parks is heightened
by the rapid change that is occurring in and around 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 substantially enhance the success of the NPS 1&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 and forecast 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 park-centered
ecosystems (PCE) 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 / Upper
Delaware National Recreation Areas.

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 1&M collaborators, the second will
synthesize interpret a fuller set of results to identify key trends and management
challenges, the third will present final results to the fuller NPS staff associated with each
park. More information on the project 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 Rocky Mountain National Park. 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 developed for the PALMs project (*indicators for Rocky Mountain

National Park).
Spatial Temporal 1
Level | Category Indicator coverage & | period & lslfa)fzr:nnc(i Status
resolution | increment
*Protected area PACES; Piekielek et al.
Monitoring 30 m 2010 2010
centered ecosystem| Completed
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. .. daily & Nemani et al. Completed
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1992, Completed
landscapes 270 m 2001 2010
2030
CBW;
Biological 30 m, 1 km circa Goetz et al,. 2009
*
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270 m circa Theobald in prep.
2000
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S g Weather and anomaly) da
A =S| Climate Y
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dail 1 km 2010; TOPS SOP Completed
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PALMS Indicators for ROMO

Delineating Protected Area Centered Ecosystems (PACE)
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

Summary: The ROMO pace outside the park was 8.8 times larger than the park area.

The contiguous habitat layer covered the largest unique portion of the PACE, followed by
the human edge effects layer. Some 34.5% of the PACE was covered by two or more
criteria. Only 24% of the PACE outside of the park is private land, a smaller amount
than for many other PACE:s.

Metric Total Criterion
Contiguou | Water- | Disturbance Crucial Human Edge Effects
s habitat shed Habitats
Area outside 9450 6768 1690 --- 1398 1986
park (km’
% of PACE
uniquely 42.75 0.0 --- 0.25 10.25
covered

Solid blue = watershed, Purple
line = crucial hab., Green line =
contiguous hab., Solid yellow =

edge effects, Black line = draft

PCE boundary

Red Feather Lakes

Fort Collins




\ 7
L
Y

]

- 1. Olympic, North Cascades Complex, ¥ 835l | “£#% 3. Yellowstone and Grand Teton NP, 5. Delaware Water Gap NRA &% o
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Maps of protected-area centered ecosystems for Rocky Mountain and 12 US National
Park units. Gradations in color in the PACES outside of the parks indicate the number of
overlapping classification criteria. Places with many overlapping criterion may be
considered more important for monitoring and management.



Ecosystem Productivity: Gross Primary Production

What: Estimates ecosystem productivity in terms of 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: Summary measures for this indicator include maps of significant trends in
GPP, and graphs and tables of cumulative GPP summarized by season and land cover
type. This indicator relies on the use of MODIS data, and the TOPS implementation of
the Biome-BGC model. Production of the dataset will continue under the NASA Earth
Exchange (NEX) project for the foreseeable future. A draft ‘dashboard’ summarizing
patterns from this indicator is posted at

http://ecocast.arc.nasa.gov/dgw/dboard/ ROMO

Annual GPP for the ROMO PACE has varied significantly for the period from 2000-
2010, ranging from a high of 0.18 kg/m*-yr in 2004 to a low of 0.1 kg/m*-yr in 2009.
There is an apparent negative trend in annual GPP for the PACE, possibly driven by the
continuing expansion of the Mountain Pine Beetle (MPB) throughout the region, though
2008 and 2009 also had higher than average snow cover on April 1, which may have
shortened the growing season and also contributed to reduced annual GPP in these years.
Due to the interannual variability observed in GPP, a longer data record will be required
to clearly detect significant trends for the park and PACE overall. However, statistically
significant negative trends are reported for many areas within the PACE, likely
associated with the recent expansion of MPB in these areas.



Figure 1: Maps of trends calculated from modeled annual cumulative GPP for the
ROMO PACE. The overall trends for the region for 2001-2009 (left) are shown, and
even with the short data record, the trends for a large area in the south of the PACE are
statistically significant (p < 0.05) (right).
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] ROMO Park Boundary

y [ ] Romo PACE
[ Romo Park Boundary ROMO GPP Significant Trends, :
[ ]romoPacE kg-C/mA2-yr
GPP Trend, 2001-200¢ [ High : 0.0349956
kg-C/mA2-yr
P Hign : 0.0455711 B Low: -0.0671638

i Low: -0.0671638



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 0,035 Frasthh F}OMO‘ PACE‘ with ‘Perst.‘NDVI‘anom' >2 ;td. dgv.
product provides an indicator 0030 || — e

of vegetation condition

calculated from daily MODIS ¢ 005 |
observations over the ROMO 2 0020 |
PACE. Tracking changes in E 0o1s | -
NDVI relative to average E |
conditions provides an o010y l :'\"
indicator of temporal and 0.005 |- i ’. |‘| "
spatial patterns in changes in oooo DA A ) A A SV

. .. 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
vegetation condition.

Sustained shifts from historical normals may provide an indicator of important 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 3% of the park experiencing an anomaly that departs
from historical normals by more than 2.0 standard deviations (Figure a). A recent
anomaly map from August, 2010, shows both significant positive and negative anomalies
within the PACE park boundaries and surrounding PACE (b). Significant anomalies may
be tracked over time if proximate causes are not already known (e.g., fire, Mtn Pine
Beetle, land use change, or late snowfall).
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Landscape Dynamics: Land use within protected-area centered ecosystems
(PACEys)

What: Metrics of land allocation and change in PACES outside of parks.

Why: These data provided indication of the challenges in maintaining
park condition given the characteristics

Summary: Only 24% of the PACE outside of the park is private land, a smaller amount
than for many other PACEs. Nearly 90% of those private lands are in agriculture, roads,
homes or other land uses termed “developed”. Home density in these private lands and
growth in home density since 1940 are medial relative to the PACES examined thus far.

Percent of land  Percent of private land  Home density on Change in home
that is private developed in 2000 private lands in 2000  density on private lands
(#/km®) during 1940-2000 (%)
24.0 89.3 0.323 455.2
1200
GRSM
100 GRSM DEWA
> 1000
2
% ROMO 3 BISO
. BISO E 500
s ) YOSE
g % £&
o © & 600
% = MORA §§ T A
5w g U5
4 NOCA yosE % 400 NOcA DEWA
60 )
o 200
50 BICA BICA
0 20 40 60 80 1,?0
Percent Private Land 0 10 20 30 40 50 60
Home Density (#/ha)

Location of the protected area centered ecosystems along gradients in land ownership and
land development (home densities of >0.031 units/ha, roads, or agriculture lands) (left)
and home density (units/ha) and percent change in home density from 1940 to 2000

(right).
Note: Developed lands included buffers of 1000 m adjacent agriculture or home

densities>0.031 units/ha and 500 m of primary roads railroads and 100 m of secondary
roads.
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ROMO PACE: 1900 - 2007

Population Trends
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Population distributed was distributed within PACE based on housing density. Ag data
are for counties that cover >=10% of PACE or >=40% of the county is covered by the
PACE.
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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: ROMO scores slightly higher (0.02-0.03) above the Southern Rockies
ecoregion, but is declining from 0.940 in 1992 to 0.937 in 2001 to 0.928 in 2030.
However, the ecoregion as a whole is declining at a rate 3x of ROMO.

Figure 2. 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. 2010. Estimating natural landscape changes from 1992 to
2030 in the conterminous US. Landscape Ecology.
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Biodiversity: Landscape Connectivity

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: ROMO is situated on a pathway that provides much grater than average

connectivity and serves as a key location of connectivity along the Southern Rockies.
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Fig 4. 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).
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Landscape dynamics: 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.
Grasslands and meadows have undergone

greatest proportional loss followed by ‘ = "P""u N
shrubland and douglas fir ecosystems. — °°"'| pand e pine -
Most losses have occurred on private g I grassland - meadow
lands where an average of half of each e S [ lodgepole pine
ecosystem type has been lost to human = riparian
activity. Enge:lmann spruce — subalpine = '. I‘v-sl- ¢
fir communities do not appear to have
been significantly affected by land use
: = ~ Hectares %o Loss *s Loss s Loss
Change n this ana.lysns. S TR (thousands) total prt and Pub. land
Aspen 1 12 3s 0
Douglas fir - ponderosa pine 141 26 60 0o
Engeimana spruce - subalpine fir 157 0 3s 0
Note on methods: the distribution of pre- Grassland meadow 36 38 86 <
settlement ecosy types were mapped by
the LANDFIRE program based on biophysical Lodgepole pine 280 9 is
factors and modeled disturbance conditions. Riveri i e % .
This layer was validated within park boundaries v g
using NPS Veg. Mapping program data with Shrubland 74 30 16 s
varying “accuracy”. We evaluated the loss of
ecosystem type area due to current land uses Other natuzal veg s 10 68 3
including residential and agricultural
q = Mean 22 £ 3
and P tion
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Weather and Climate: Landscape Phenology

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

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

Summary: This indicator includes measures of the annual Start-of-Season anomaly, and
graphs and plots to summarize spatial and temporal patterns in SOS by land cover type,
as shown below. The indicator is intended to provide a relative measure of landscape
phenology for use in detecting

temporary and sustained shifts in 07
SOS dates, as opposed to an 06| ) o b De
absolute measure for specific plant A S S
species.

Start of Season from ROMO NDVI PACE

The indicator shows that the all Sro T T TR R
average SOS date for the ROMO

PACE has varied by more than 35 007000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
days between 2000 and 2010. The

average SOS date has ranged from April 1 to May 25, with the SOS dates for 2008-2010
occurring later than the dates for 2000-2007. The trend line shown on the graph is

included for reference, and a SOS Trend from ROMO - PACE

longer data record will be required ‘ ‘ ‘ ‘ ‘ ‘ ‘
to distinguish long-term trends

— Trendline
® @ Start of Season [

130

against the significant interannual 120 |

background variability. = 1o | Stope=1993939 aayemyear .
Z 10|

A draft ‘dashboard’ summarizing % ool

patterns from this indicator for o s

particular land cover types is 9% f ¢

available at: w0l o

http://ecocast.arc.nasa.gov/dgw/db 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

oard/ROMO .
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Weather and Climate: Gridded Climate (1980-1999)

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 ROMO and the ROMO PACE region
for the 30-year period from 1980-2009. Trends in the annual average daily maximum
and minimum temperature indicate conflicting trends from regional meteorological
stations. Overall, for the park, it appears that both maximum and minimum temperatures
have increased, though the heterogenous patterns underscore the importance of carefully
screening data from multiple stations to calculate temperature trends for the park. Trends
in precipitation for the region are mixed, though trends in precipitation should be
interpreted with caution. This indicator was originally intended to support indicators
derived from the NPClime project.

19



Figure 5: Trends for the thirty-year period from January 1, 1980 through December 31,
2009 are shown for the annual average daily maximum temperature (a, b), annual average
daily minimum temperature (c), and an example of a monthly anomaly map (current
conditions relative to historical normals) for maximum temperature is shown for August,
2010. In addition, (d) shows a map of annual cumulative precipitation (d).
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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 Mar 1, Apr 1, and May 1 as derived from the MODIS satellite snow cover data

product.

Why: The timing of snowfall 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.

Stressors: Climate change, drought

Summary: The indicator captures the
interannual variability in snow cover from
2000-2010 for the ROMO parks and
PACE. For the PACE overall, the fraction
of the region with snow cover on April 1
ranged from 0.4 to 0.9, with no trend
evident from 2000-2010. April 1 snow
cover over the past decade has typically
ranged from 50-85% of the total ROMO
PACE. The indicator is intended to
supplement measures of snow water
equivalent from SNOTEL sites or other
monitoring networks within or near the
PACE.

Figure 6. Graph of fractional snow cover on Mar 1,
Apr 1, and May 1 for the ROMO PACE for 2000-
2010, with the trendline shown for each date.
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Summary and Prospects

We have documented human transformation of the landscape and associated ecological
systems in the ROMO, including the larger protected area centered ecosystem (PACE).
Future potential lines of applied research include exploring the coupled interactions of the
human environment and climate system with changes in the patterns of productivity and
other landscape-scale biophysical properties and processes. The TOPS framework, in
particular, has the potential to allow one to take the land use scenarios a step further by
incorporating the influences and impacts of various climate change scenarios. The latter
is an avenue of research that was not a primary focus of the PALMS activity to date, but
one we hope to investigate in future collaboration with the NPS I&M program across a
broader range of NPS networks. This work, as well as other specific ROMO concerns and
emerging management challenges (such as pine beetle infestation and the impact of
climate change on native populations) can be informed in real and meaningful ways by
incorporating a range of NASA-supported Earth System Science data products and
associated models.
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