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Overall Study Goal

Integrate the routine acquisition and analysis of
NASA ESS products and other data sources into
the NPS I&M process and use these NASA
products to evaluate and forecast ecological
condition of US National Parks.




Study Objectives

Select landscape-level indicators consistent with high-priority “vital signs”
and identify the boundaries of the greater park ecosystem appropriate for
these indicators.

Establish procedures to incorporate existing spatial data and products
from Terrestrial Observation and Prediction System (TOPS) and other
(NASA) sources.

Add value to data sets by using ecological knowledge to guide the
analysis, evaluation, and communication.




NASA PALMS - Closeout call #1

Expectations

e Regular engagement of PALMS and NPS staff
e Consistent staff
e Provide data and methods
e ‘“tech transfer” to
* Ecologists — analyses and interpretation
* GIS/Tech — workshops / documentation

Our ‘adaptive management’ strategy

e Sustained engagement with Network and park to evaluate results

{




Closeout call goals and schedule

Call 1 — April

‘First look’ at final results

*Discuss ‘delivery strategy’
eFamiliarization with data and analyses
eldentify engaging story line(s)
|ldentify obvious gaps

Call 2 —June
*Refined analyses; more formal presentation

*Fleshed out ‘Story’ outline

*Reality check
*Feedback from NPS on SOPs, indicators, analyses
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Monitoring This site describes the PALMS project, and provides access to project products, related and supporting
publications, iNstructions to access data, presentations, reparts, and associated project materials. As products
Parks: Nature & Science mature and are finalized, they will be uploaded and available via the NPS NRInfo portal via IRMA (intranet anly).

Ecological condition of US National Parks: Enhancing decision support through monitoring,
analysis, and forecasting

PALMS Products

Key documents

PALMS Fact Sheet, 2008.

MNASA Project Proposal, 2005,

PALMS Assessment Report, 2009,

PALMS Indicator Summary table March 2009

Procedures and Standard Operating Procedures (SOPs)

Goetz, 5.4, and G. Fiske. 20058, PALMS 50P — GIS Methodology for rapping Biotic Integrity and Indicator Taxa
across watersheds in the eastern LUSA. National Park Service, Fort Collins, CO.

Goetz, 5.4 and G. Fiske. 2010. PALMS S0P — Estimating Impervious Cover Change. Mational Park Service, Fort
Calling, CO.

Piekielek, N.E., C. Davis and A. Hansen 2010, PALMS S0P - Ecosystem type change and fragmentation: from pre
Euro-American settlement to present day. Inventary and Monitoring Program, Natural Resource Program Center,
MNational Park Service, Fort Callins, CO.

http://science.nature.nps.gov/im/monitor/lulc/palms/index.cfm
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Tools and Data

Eventually, all relevant PALMS final documents, tools, datasets, and associated will be incorporated into IRMA. In
the meantime, this is the place to find these.

Ecosystem type and change Arc tools

Protected-area centered ecosystems (PACE) Arc tools
PACE example results xIs sheets
The PACE data sets are too large to serve here - contact Nate Piekielek or John Gross.

Presentations
George Wright Society Poster, April 2009,
Project summmary, May 2009,

Presentations from the Santa Fe project meeting 2007
Goetz-Hansen. Study introduction and overview (655 KB).
Goetz. Mid-Atlantic hydrology (6.8 MBE).

Theobald. Rocky Mountain land use (980 KB).
Melton-Mamani. TOPS overview (2.4 WB).

5ross. Evaluation and Benchmarking reports (70 KB).
Melton-Mamani. TOPS - Yosemite (5.4 MB).

Most Relevant Publications

Goetz, 5. and G. Fiske. 2008 Linking the diversity and abundance of stream biota to landscapes in the

Mid-Atlantic UsA. Remote Sensing of Environment 112:4075-4085.

Hansen, A J.and B. DeFries. 2007, Ecological mechanisms linking protected areas to surrounding lands.

Ecological Applications 17:974-983.

dantz, P, Goetz, 5.J., and Jantz, C. A, 20053, Urbanization and 1055 of resource lands in the Chesapeake Bay
watershed. Environmental Management Yol. 36, No. 6, pp. 808-325.

Jones, DA A Hansen, K. Bly, K. Doherty, J.P.Verschuyl, J1 Paugh, R, Carle, and 5.J. Story. 2009, Monitoring

land use and cover around parks: a conceptual approach. Remaote Sensing of Environment, 113:1346-1356.
Thecobald, D. M. 2005, Landscape patterns of exurban growth in the USA from 1980 to 2020, Ecology and Society —
10.

Theobald, D. &, 5. J. Goetz, J. B. Morman, and P. Jantz. 2009 Watersheds at risk to increased impervious

surface cover in the conterminous United States. Journal of Hydrologic Engineering 14:362-368.

White, M. A K. M. De Beurs, K. Didan, and 18 others. 2009, Intercomparison, interpretation, and assessment of "
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PALMS Indicators — April 2010

Level Category Indicator Extent Resolution
Airand | Weather and Phenology (NDVI, annual UsS 48 1 km (all); 8 & 16 day
Climate Climate anomaly)
Climate gridded daily 2000-8 YOSE 1 km
Climate scenarios (monthly) YOSE, DEWA, 12 km
GYE, US48
Water Stream health | Sensitive taxa DEWA 1:24K, 1:100K
Landscape |[Land Cover Ecosystem type composition DEWA, ROMO, 30 m
dynamics Summary by spatial scale YELL, YOSE
Bird hotspots and key habitat GYE 1 km
types
Impervious cover change DEWA 30 m
Housing density class (1940 — us48 100 m
2100, decadal)
Landscape connectivity of forests Eastern US 270 m
Pattern of natural landscapes US 48 270 m
Past to future modeling DEWA 30 m
Fire effects via changes in DEWA, ROMO,

Extreme

1 km; monthly




Status

Objective 1. Identify NASA and other products useful to park monitoring
Products list finalized through workshops with NPS

Objective 2. Delineate the boundaries of the park-centered ecosystems
appropriate for monitoring.

Methods were developed and deployed for 12 national parks
Draft boundaries were reviewed twice by NPS
Final boundaries were completed

A manuscript has been submitted.

Objective 3. Add value to these data sets for understanding change
through analysis and forecasting.

The majority of products are completed

Remaining products and analyses are scheduled for completion in May
2010

Objective 4. Deliver these products and a means to integrate them into
the NPS I&M decision support framework.

Methods are being prepared as NPS Standard Operating Procedures
Data will be compiled and described within and ARC GIS geodata base




General: 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
condition.

Stressors:  Land use change, invasive species.

The YELL/GRTE PACE outside the park was 3.2 times larger than the park area. The areas mapped for each criteria overlapped
substantially, with 78% of the PACE covered by two or more criteria. .

Metric Total Criterion

Crucial
Habitats

Contiguous Disturbance

habitat




Delineating Protected Area Centered Ecosystems (PACE)

3. Yellowstone and Grand Teton NP, 5. Delaware Water Gap NRA
and Bighorn Canyon NRA and Upper Delaware SRR

2. Yosemite and
Sequoia-Kings Canyon NP

[ Park
No. of Criteria

[




TOPS outputs

Weather and climate

Climate gridded daily 2000-20008

Long term climate scenarios now -2100
Phenology related indicators

Extreme disturbance events

Fire effects via changes in NDVI/EVI, FPAR/LAI
Primary productivity GPP, NPP




Temperature and Precipitation

100-year climate trends for YELL/GRTE PACEs based on PRISM data. Non-zero values are
significant trends and represent the average annual increase or decrease across the time

period of 1895 - 2007. From Hass et al. in prep

Park PPT (mm) Temp (C)
YELL/GRTE 5.34 (NS) 1.21(.01)

YELL/GRTEPPT Trends 1895-2007
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Landscape Dynamics: Land use within protected-area centered ecosystems (PACES)

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
of the surrounding PACE.

Some 12% of the PACE outside of the park is private land, a smaller amount than for most other PACEs. Nearly 75% of those private
lands are in agriculture, roads, homes or other land uses termed “developed” or are within designated buffers around development.
Home density in these private lands is relatively low and growth in home density since 1940 is moderate relative to the PACES
examined thus far.

Percent of land that  Percent of private land Home density on private Change in home density on private lands
is private developed in 2000 lands in 2000 (#/km?) during 1940-2000 (%)
12.0 74.9 0.126 479.4
1200,
GRSM
1°° Ganl o pEm z 1 Location of the protected area centered
3 BISO ecosystems along gradients in land
er ROMO 8150 T ownership and land development (home
2 28 Ve densities of >0.031 units/ha, roads, or
T 8 ;; 600 agriculture lands) (left) and home density




Landscape Dynamics: Population Density

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
of the surrounding PACE

450,000 7
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Landscape Dynamics: Exurban Development

Number of Rural Homes
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Landscape Dynamics: Agriculture and Home Density Class
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Landscape Dynamics: Projected Future Population Size and Exurban Development
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Biodiversity: Reduction in Crucial Habitats

Human Impacted Land

1980 1999 *2020
Pronghorn Range 2.00% 3.35% 5.83%
Moose Range 2.73% 5.49% 7.96%
Grasslands 2.99% 5.57% 8.36%
Grizzly Bear Range 3.13% 5.98% 8.52%
Douglas-fir 2.91% 6.01% 8.85%
Elk Winter Range 2.36% 6.26% 9.98%
Aspen 5.55% 13.92% 19.53%
Bird Hotspots 8.42% 16.91% 23.20%
Riparian Habitat 10.22%| 17.30% 23.64%
Potential Corridors 8.89% 18.79% 24.43%
Irreplaceable Areas! [11.41%| 23.15% 29.61%
Integrated Index? 11.80%| 23.24% 29.93%

*projected impact under Status Quo scenario




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.

Lodgepole pine and sagebrush ecosystem
types have experienced the greatest

[ Douglas fir
Il Deciduous

[ sagebrush
I Whitebark pine
I Lodgepole pine
[ |Riparian

Grassland
Other veg.

v Mean % Mean
Ecosystem Hectares % Loss % Loss %o Loss atch size Nearest
Type (thousands) total pvtland Pub. land P neighbor
change
change
Douglas fir 1985 2 21 1 -40 -29
Deciduous 148 7 36 2 -30 -28
Sagebrush 459 19 33 3 -75 -59
pine 911 1 25 0 -14 -14
Lodgepole
pine 183 33 57 6 =74 -58
Riparian
245 4 22 0 -25 -25
Ceatand 51 6 47 3 -44 -41
Other natural
veg. 99 1 26 0 -9 -12

Mean




Landscape dynamics: Pattern 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

Stressors: Land use change, climate change

YELL scores higher than its ecoregion and is declining very slowly from 0.9795 in
1992 to 0.9793 in 2001 to 0.9791 in 2030.
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Presenter
Presentation Notes
Landscape changes around ROMO are important, and some declines in naturalness are occurring. However, compared to the ecoregion as a whole (that is declining at a rate 3x of ROMO), ROMO is doing fairly well.



Data that would improve this would include traffic volume predictions
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Landscape dynamics: Connectivity of natural landscapes
What:  Measures the connectivity of natural landscapes

Why: Movement of plants & animals and ecological processes connect to adjacent
landscapes beyond the park boundary

Stressors: Land use change, climate change

YELL is situated on a pathway that provides much greater than average connectivity (in the top 90-95%
compared nationwide) and serves as a key location of connectivity in the Northern Rockies ecoregion.

Betweeness Metric
——— Low {1-50%)
—— Moderate (50-75%) |
—— High (75-90%) -
e \/ery high (90-95%)
e Highest (95-100%)

I:I nps_boundary

1
a ] 10 Miles



Presenter
Presentation Notes
No SOP written for this yet.

Basic datasets that went into this:

Natural landscapes as a weight



Advantages of this method:

Using “naturalness” that includes cover, housing density, roads, highway traffic, oil & gas, & mines (topographic change from USGS)

Do not specify what a “patch” is… rather views landscape as a gradient of naturalness/human-dominated

This is not species or ecological system (forest) specific

This does not include data on protected lands (assuming that animals don’t read maps), and therefore we can assess how well (or not) does our protected land network match the connectivity of natural landscapes.



Surface is corridor distance values, using gradient percolation idea. That is, combined distances from 4 directions, then averaged.



“Betweeness” metric computes for all cells, the # of cells (weighted by naturalness value) that travel in a least-cost-distance path across the surface to other areas. These can be roughly thought of as “movement pathways”, and their relative importance if an animal moves across the landscape by avoiding human-modified areas.
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Presenter
Presentation Notes
Master list of indicators to choose from. Also, limitations of each indicator.


Forecasting Climate Impacts: TOPS Forecasted Changes in

Snow Water

and GPP for 2050-2099, Yosemite

Snow Water

120

100

Snow Water (mm/m?2)
N ey (2] [0
o o o o

o

1 2 3 4 5 6 71 8
Month

——1950-1999
——2050-2099

9 10 11 12

Daily Mean Gross Primary Productivity

[
o

GPP (gC/m2/day)
O B N W b 00O N 0 ©

Month

——1950-1999
——2050-2099




Landscape Dynamics: Trends in Vegetation Indices

What: Measures trends in maximum annual
Normalized Difference Vegetation Index (NDVI)
data derived from 25+ year satellite data record

Why: Gradually emerging changes in response
to ecosystem stress can be difficult to detect.
Changes in maximum NDVI are quantitative
indicators of shifts in vegetation condition, and
provide integrated indicator for combined
biogenic and anthropogenic stressors.

Stressors: Land use change, major wildfires,
drought / climate, insect infestations and tree
diseases

NDVI trend 1982-2006

Trend in Peak NDVI



Landscape dynamics: Trends in Vegetation Indices

Summary: Disturbance and recovery

associated with major wildfire events are likely
primary drivers of observed patterns for GYRN.
Sustained negative trends, or increase in area of

pixels associated with negative trend may indicate

need for further investigation.
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Weather and Climate: Landscape Phenology

) Mozilla Firefox =1
Flle Edit Wiew History Bookmarks Tools  Help

What: Measures trends and O C X & Do | B P -

anomalies in phenological L

indicators including the ‘start- | oo et

of-season’ (SOS) date, derived Ec@cnsr

from satellite timeseries of Pheroiog; | carbon

vegetation index data IR SRR B T

Why: Sustained shifts in :

vegetation phenology are a ’

predicted consequence of R

climate change. Satellite- A gl al ol ol ol o oLl

derived phenology indicators e ESRLBE aaen s 405 Trend - SIEN Mean VI

provide a useful supplement to | sexsttorsesson T .

surface measures, which may T TN o — T & oo

track only a subset of plant SEer s s .

species. e | : .

Stressors: Climate change, T Co e

land use change, drought NASA Ofiat Ramatishna R Nemman Prvacy Satsment & .
Transferring data from ecocast.arc.nasa.gov =

Summary: This indicator is currently being calculated for GYRN, and will include measures of the annual Start-
of-Season anomaly, and graphs and plots to summarize trends in SOS by land cover type, as shown in this example
for the Sierra Nevada Network. The indicator is intended to provide a relative measure of landscape phenology for
use in detecting temporary and sustained shifts in SOS dates, as opposed to an absolute measure for specific plant
species.



Weather and Climate: Landscape Phenology

Summary: Sample results for the Landscape Phenology indicator for the GRYN PACE and for grassland
ecosystems within the GRYN PACE, showing the NDVI timeseries / SOS date for 2001-2009, and the SOS date for
recent years showing significant interannual variability in SOS (e.g., 2007 versus 2008). The best-fit line is provided
as a point of reference to assist in detecting emerging trends.
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Ecosystem Productivity: Gross Primary Production

What: Estimates gross © ot Firefox
File  Edit Wiew History Bookmarks Tools Help

primary production (GPP) and 0 c
measures patterns and trends in S T
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Land Cover Annual | Spring | Summer Fall Winter
Evergresn_nesd|zleaf_forest 2 10043517 0 40147351 0 3020484 D DAIETIS, 1 14147050
Evergreen_broadleat_forest 12681834 0.3130300¢ 0.0070203+ 01050096 0.837 1163
Stresso rs . C I i m ate Chan e Daciduous_needls|eaf_forest 0,3693530¢ 0.2516430( 0.0007935( 0.02730377 0.4696175«
" g ! | Decidusus_broadizaf_forest 2,0044226< 0.60449521 0.1176481 0.0871790; 1.1851132¢
I an d u Se C h an g e ’ d ro u g ht ’ Miwed_forests 2435649397 0 6067067 0.39410481 0.1173078¢ 13686227
i N N A A Closed_shblands 1 4577680« 0 44129707 0.1513823] 0 05570811 0.8363705¢
Wl Idfl re’ Insect Infestatlons Open_shrublands 10267715 0.2100827¢ 01700242 0 04566772 0.5011607¢
Wosdy_savannas 160089420 0.4400765( 0.1381646: 0 0577755 0.9548769¢

NASA Official: Ramakrishna R. Nemani Curatar: Forrest Melton Privacy Statement 2

Ene é”i

Summary: This indicator is currently being calculated for GYRN, and will include measures of GPP trends and
anomalies summarized by season and land cover type, as shown in this example for the Sierra Nevada Network.
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.



Ecosystem Productivity: Gross Primary Production

Preliminary results: Emerging negative trends in GPP to NW and E of
park, but overall slight positive trend in total annual GPP in park, likely due in
part to continuing post-fire recovery and succession.

GPP (kgC/m~:

GRYN Annual GPP

0.5-
0.49
0.48 * o
0.47
0.45
0.44
0.43
0.42 -+

*

2000 2002 2004 2006 2008 2010

Year

GPPTrend

[ oriti pans
[Jsrvmpace

" | GPP Trends [p >.05)
¥ Value
i High | 0.0464243

" B Low - -ansasas

Patterns in annual cumulative GPP from 2001-2009 within GRYN and
GYRN PACE boundary. Figure on right is screened for significance of trend.
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TOPS Data Gateway

2) TOPS Data Gateway - Mozilla Firefox * Data WI" be
O ¢ x o oo e .|  availableviathe
Py — TOPS Data
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SOF Descriptions
Select Date:

B Current Conditions
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= Trends

be retrievable via
WMS, WCS, and
OPeNDAP (an
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