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Ecological Conditions of US National Parks:
Enabling Decision Support Through Monitoring,
Analysis, and Forecasting

NASA Applications Program: Decision Support through Earth-Sun Science
Research Results Project

NPS 1&M Program

Objectives

Identify NASA and other products useful to park
monitoring and identify the boundaries of the greater park
ecosystems appropriate for monitoring.

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

Deliver these products and a means to integrate them into
the NPS I&M decision support framework.
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Terrestrial Observation and Prediction System

Orbiting Satellites
Terra/AqualLandsatlkonos

Residential Resource Extraction Agriculture
Development
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Level 1

Level 2

Level 3

Lead

Comments

Delivery

Air and
Climate

Weather and
Climate

Weather and
Climate

FM, AH, RN

Phenology - NDVI, EVI, LAI
Annual anomaly
Date of min/max PAT, Leaf on /off

SOP with contract

Water
Water

Hydrology

Ground-
water
Dynamics

FM, RN

Soil moisture
Wetlands
Monthly/annual trends/anomalies

SOP with contract

Stream health

SG

Biotic indicators
Sensitive taxa

Proof of concept

Landscape

Consumptive
Use

Visitor Use

DT

Visitor shed demographics

SOP with transfer

Landscape
Dynamics

Land Cover
and Use

DT, AH, SG

Ecosystem type composition
Summary by spatial scale

SOP with transfer

AH

Biodiversity and habitat indices
Species, guild, community levels

SOP with transfer

SG, DT

Impervious cover change

SOP with contract

AH, DT

Housing density change
Home density by section

SOP with transfer/ contract

SG, AH, DT

Landscape fragmentation/ connectivity

SOP with transfer/ contract

Extreme
Disturbance
Events

FM, AH

Fire effects via NDVI/EVI, FPAR/LAI,
soil moisture, evapotranspiration,
vegetation stress (leaf water potential)

SOP with transfer/ contract

Primary
Production

FM

GPP/NPP

TOPS GPP

Incorporate ground & existing plot
based measurements

SOP with contract,
Operational

Monitoring
area

Greater park ecosystem boundaries

SOP with transfer

Land use

Land use — NLUD, Census, B of Econ.,

SOP with contract




Criteria

Mechanism

Ecological Process

Possible Implications

Contiguity of
surrounding natural
habitat

Effective size of
ecosystem

*Species Area Effect
*Trophic Structure

*Decreased species richness
*Smaller population size
*Trophic cascades

Watershed and
airshed boundaries

Change in
ecological flows

*Mass and energy
balance, flows

*Pollution effects

*Altered water quantity and quality
*Degraded air quality/vegetation damage
sImpacted viewshed

Disturbance

Altered
disturbance
regimes

Dynamic steady-state
equilibrium

*Altered seral stage distribution

*Loss of disturbance adapted, often rare
species

*Altered ecological flows

Edge effects of
human activity

*Exotic species
and disease

*Poaching/hunting

Demography
Competition

*Organism movement
and behavior

*Population decline

*Altered community composition and
structure

Crucial Habitat
outside of park

Habitat
disturbance or
destruction

eSource-sink dynamics
*Metapopulations
*Organism movement

*Altered dispersal and seasonal migration
*Population decline




Buffer

Crucial
Habitat

Greater
Ecosystem




Greater Park Ecosystem Greater Park Ecosystem
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Land cover
Extent

*Spatial configuration

Land use

*Home density and
area impacted

*Agriculture

*Road density and
area impacted

*Development in Park

Animal species
distribution/habitat
use

Ecosystem/habitat
extent

Biodiversity indices
*Bird Hotspots
*Corridors

*High Priority
Conservation Areas

Habitat Suitability
Models

Connectivity Models

Human Disturbance
Models

Future Land Use
Models

Habitat Extent/Spatial

Configuration
+
Connectivity
+

Human Disturbance

+

Habitat Vulnerability
to Future Land Use

Integrated Habitat
Condition




Hindcast

Nowcast

Forecast

1950

2005

TOPS (Gridded)
4_

2050

Climate
NPP/GPP
Snow
Phenology

Disturbance

Impervious
Visitorsheds

Landscape
spatial pattern
Connectivity
Biodiversity

Downscaled-GCMs (point based)

Altered by land use

Data/Models

Theme

Data/Products

Theme Data/Models




Indicator Indicator
' | Geography

Crucial habitat Biodiversity
GPP/NPP
Landfire Extent & proportion
[ [ Of ecosystems
, Soil moisture
TOPS climate,
Snow
OIS Phenology

Housmgéj ensity Housing density
DEWA
SlEREE Impervious cover SLE-TA
us
DEWA
NLCD SERGoM —
Visitorshed Stream biotic

Travel time

Watersheds
wts
TERTE




Satellite

EVI

Snow Cover
Sept. 14, 2007

Oct. 15, 2007

('ndex) 0.00 0.20 0.60 1.00

MODIS Direct
Broadcast

Leaf Area Index
Sept. 22, 2007

LAl
(ma2/imaz)

Climate
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Ecosystem

Model

TOPS GPP
August, 2007

0.00 1.84 368 5.52

gC/m2/day

Soil Moisture
July 30, 2007

a0 218580 43800

kgH20imi2

B8 B0

Trends &
Anomalies

FPAR Anomaly
August, 2007

FPAR Anom.
(%)
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Central Sierra FPAR Anomaly Associations,
2000-2006

B Fire (6%)

B Tree Mortality (9%)

B Insect Infestation (18%)
0O Snow Cover (51%)

O Unexplained (16%)




Theobald, D., March 2005.
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Conterminous US Population Projections, 2005-2100
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Indicator

Analysis

Ecosystem model

Summaries

(by spatial/temporal
scale)

Stories

Phenology

Soil moisture

Stream IBI

Major ecosystems

Habitat types

Impervious surface

Housing density

Landscape frag/connectivity

Disturbance

GPPINPP

Land use
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1. Identify NASA and other products useful to park
monitoring and identify the boundaries of the greater park
ecosystems appropriate for monitoring these indicators.
Establish collaborative team
Complete survey of NPS I&M network scientists
Identify and prioritize indicators
Quantify boundaries of greater park ecosystems
Complete evaluation report

2. Add value to these data sets for understanding change
through analysis and forecasting.
Complete assessement report
Develop and apply functional prototype models
Develop SOPs
Synthesize results into “stories” useful to managers

3. Deliver these products and a means to integrate them into
the NPS 1&M decision support framework.

Develop Model Builder tools

Finalize web-based delivery system

Conduct training sessions

Complete final report
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» Monitoring and
forecasting of park
ecosystem conditions in
near real-time.

* Rapid assessment and
early warning of
disturbance events.

* Browser-based data
access and visualization.
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