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HyspIRI Symposium Goals

The Symposium’s sessions are closely aligned with NASA'’s
Applied Sciences program elements and the Earth Science

Technology priorities:

1. Ecological Forecasting and Public Health, including
Terrestrial and Coastal/Inland Aquatic Ecosystems;
2. Disasters/Natural Hazards and Water Management; and

3. Automated, Rapid Processing for Low Latency Data
Products.

We will review recent accomplishments in these areas and
identify the primary data products compatible with the
technology to be provided by HysplRI.



DAY 1 (May 29): Morning Agenda

8:00 Registration/ Posters Up in Room W120B/ Coffee

8:30 Symposium Opening, Goals and Agenda, W150 [Chair: Elizabeth Middleton NASA/GSFC]
8:40 Current status of HyspIRI mission [Woody Turner, NASA/HQ Co-Program Scientist]
8:55 The NASA Applied Sciences Program and the US Group on Earth Observations SBAs:
Earth Sciences Serving Society [Lawrence Friedl, NASA/HQ Associate Director for Applied Sciences]
9:10 Aircraft campaign — status update, sites, and flight plans [Woody Turner]
9:25 Instruments concept (IC-1): introducing VSWIR & TIR instruments on separate platforms
[Rob Green & Simon Hook, NASA/JPL]

9:35 - 10:00 Coffee Break

10:00 Ecological Forecasting for Terrestrial and Aquatic Ecosystems, W150 [Chair: Susan Ustin, UC Davis]

10:00 Improving ecological forecasting with hyperspectral data: A data assimilation system for the
Community Land Model [Andrew Fox, NEON]

10:20 Evapotranspiration estimation with simulated HyspIRI data over arid lands [Andrew French, USDA]
10:40 HysplRI data products for plant functional types [Susan Ustin, UCD]

11:00 Determining leaf dry matter content using the normalized dry matter index and its possible application
for estimating fuel moisture content [Raymond Hunt, USDA]

11:20 Data fusion techniques for mapping daily water use at field scales [Martha Anderson, USDA]
11:40 The Matsu System for Rapid Analysis of Large Volumes of Data [Bob Grossman, U Chicago]

12:00 - 13:00 Lunch



DAY 1 (May 29): Afternoon Agenda #1

12:20 Aquatic Data Products Breakout, W150
12:20 Angular dependence on sand density of the spectral BRDF [Bill Philpot, Cornelll
12:40 Photosynthetic condition of giant Kelp (Macrocystis pyrifera) in the Santa Barbara Channel
[Thomas Bell, UC St. Barbaral]

13:00 Coastal & Inland Aquatic Data Products Topical Areas, W150 [Chair: Kevin Turpie, UMBC]
13:00 Coral reef products for HysplRI [Eric Hochberg, BIOS]
13:20 Use of HyspIRI Observations to get Phytoplankton Functional Groups [John Moisan, NASA/WFF]
13:40 Improved Absorption and Taxonomic Composition Estimates with HyspIRI
[Tiffany Moisan, NASA/WFF]

14:00 Impacts of Spatial and Spectral Resolution on Hyperspectral Remote Sensing of Aquatic Vegetation
[Richard Zimmerman, Old Dominion University]

14:20 Using hyperspectral airborne PRISM imagery to map vulnerable coastal salt marsh and sea grass
habitats [Heidi Dierssen, University of Connecticuf]

14:40 Hyperspectral Imager for Coastal Ocean (HICO) [Bo-Cai Gao, Naval Research Lab]
15:00 — 15:20 Coffee Break

15:20 Special Topics 1, W150 [Chair: Stephen Ungar NASA/GSFC]
15:20 HysplRI Aircraft campaign: science goals, project overviews & data sharing
[Rob Green & Simon Hook]

15:35 Initial science results of the NASA/MAGI airborne instrument at the Salton Sea, CA: implications for
environmental studies using HysplRI data [David Tratt, Aerospace Corp.]



DAY 1 (May 29): Afternoon Agenda #2

15:50 Parallel Discussion Sessions: Charge, Goals and Anticipated Outcome [Elizabeth Middleton]

W150 Coastal/inland aquatic products: issues, products & requirements [Kevin Turpie]

16:00 Aquatic studies with HyspIRI preparatory airborne campaign [Sherry Palacios, UC Santa Cruz]

16:20 HysplRI aquatic data products report [Kevin Turpie, UMBC]
1. HyspIRI's potential contributions to wetland studies [Kevin Turpie, UMBC]
2. Potential applications of HysplIRI for land/water/ice Geomorphology. [Young-Heon Jo University of Deleware]
3. Detecting and quantifying water surface features using hyperspectral remote sensing: Strengths and limitations of

HyspIRI [Chuanmin Hu, University of South Florida]

4. Water-column retrievals [Emmanuel Devred, Université Laval]
5. Bathymetry from hyperspectral remote sensing [ZhongPing Lee, University of Massachusetts Boston]
6. Benthic data products [Eric Hochberg, BIOS]

17:00 Aquatic data products discussion [Chair: Kevin Turpie, UMBC]

1. Discussion on candidate suite of data products
2. Availability of data for product development (HICO, air campaign data, ISS HICO follow-on / HyspIRI concept

instrument)
3. Seed questions regarding data product generation

4. Potential issues regarding data product generation
» Atmospheric correction techniques: are further developments required for HyspIRI aquatic data products? (e.g., NO2)

 Spatial resolution changes from 60m to 1km for depth > 50m. Resolution can be commanded for an in situ study. Is
this sufficient for observations such as water surface features or ice-edge phenomena?
» Separation of the VSWIR and Thermal instruments

W120A Ecological forecasting: products, requirements & issues [Susan Ustin]
W305 Instruments concept (IC-2): discussing benefits and concerns from having VSWIR & TIR on

separate platforms [Simon Hook & Rob Green]

17:30 Adjourn

6:30pm Happy Hour & Dinner [Ruby Tuesday]



DAY 2 (May 30): Morning Agenda

8:00 Registration/ Posters in Room W120B/ Coffee

8:30 Environmental & Human Impacts including Disasters, Natural Hazards, Water Management and
Public Health, W150 [Chair: Jeff Luvall, NASA/MSFC]

8:30 Traceability matrix, HyspIRI products in support of SBA requirements [Jeff Luvall, NASA/MSFC]

8:50 Ecologic niche models for neglected tropical diseases (NTD) in data-scarce landscapes based on
environmental suitability and poverty-related risk factors at the census tract level used for operational
community-based intervention programs [John Malone, Louisiana State University]

9:10 Volcanic CO, measurements from hyperspectral data [Fabrizia Buongiorno, INGV]
9:30 The feasibility of systematic inland water quality monitoring with HyspIRI [Arnold Dekker, CSIRO]
9:50 Discussion [Chair: Jeff Luvall

10:10-10:30 Coffee Break

10:30 Automated, Rapid Processing for Low Latency Data Products, W150 [Chair: Dan Mandl, NASA/GSFC]
10:30 IPM Update and Preliminary Low Latency User Requirements [Dan Mandl, NASA/GSFC]
10:45 An open GeoSocial API to meet societal needs [Pat Cappelaere, Vightel Co.]
11:00 Rapid Co-Registration with Landsat GLS [Maria Sazama, NASA/GSFC]
11:15 Geo-correction for Airborne Platforms [Vuong Ly, NASA/GSFC]
11:30 EDOS high-rate data capture and delivery of low-latency HysplIRI level-zero data
[Bruce Mclemore, Honeywell]
11:45 Discussion [Chair: Dan Mandl]

12:00 - 13:00 Lunch
DEMO: ENVI Services Engine for Web-Accessible HSI Applications, W120A [Thomas Harris]



DAY 2 (May 30): Afternoon Agenda

13:00 Special Topics, W150 [Chair: Stephen Ungar]
13:00 Current and future hyperspectral instruments [Michael Abrams, NASA/JPL]
13:20 HysplRI Spectral Library: concept, status and requirements [Simon HooK]
13:40 Role of imaging spectrometer data for model-based cross-calibration of imaging sensors
[Kurt Thome, NASA/GSFC]
14:00 Spectral time series for the study of ecosystem function, using EO-1 Hyperion
[Petya Campbell, UMBC]

14:20 Linking terrestrial biosphere models with imaging spectrometry measurements of ecosystem
composition, structure and function [Paul Moorcroft, Harvard]

14:40 Discussion Synopsis: Ecological Forecasting for Terrestrial and Aquatic Ecosystems [Susan Ustin]

14:50-15:15 Coffee Break
15:15 Interactive Poster Presentations, W150 [7 slide/poster, 2 min/each]

16:00 HysplIRI products in support of Societal Benefit Areas: Synopsis from Discussion Sessions and
Open Discussions, W150 [Chairs: Woody Turner & Elizabeth Middleton]

16:00 Coastal and Inland Aquatic Data Products Break-Out [Kevin Turpie]
16:10 Environmental & Human Impacts [Jeff Luvall]
16:20 Rapid Processing for Low Latency [Dan Mandl]

16:30 Instruments concept: impacts on higher level products from placing VSWIR & TIR instruments on
separate platforms [Rob Green & Simon Hook]

16:40 Open Discussions

17:00 (W150) Summary and review of report outline [Elizabeth Middleton & Petya Campbell]

17:30 Adjourn
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HysplRI Status Update

HysplRI 2013 Products Symposium, NASA GSFC Bldg. 34, Rm W150 \

Woody Turner
HyspIRI Co-Program Scientist
Earth Science Division
NASA Headquarters
May 29, 2013
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Marching Orders for FY2013

(Per 12/20/2012 Guidance Memo from Steve Volz)

. Continue broad community support via workshops/symposia

. Draft science objectives whitepaper specifying value of individual science
measurements & potential science return of instruments on separate platforms

. Use airborne activities to define instrument capabilities & data product
development & utilization related to hyperspectral instrument

. Examine instrument trades toward defining lower cost & more adaptable
instrument &/or measurement approaches (IDL/Team | with ESTO, ESM SEWG)

. Participate in Applied Sciences-led data latency study

. Support cross-mission studies of possible ISS instrumentation options for
advanced instrument demonstrations (ESM Program Office)

. Provide a schedule detailing implementation of FY13 tasks



Past Year

5t HysplIRI Science Workshop in October 2012
Pre-Formulation Workshop in November 2012

- “For a Tier Il Decadal Survey mission, the HyspIRI concept is relatively mature and would
address compelling research needs within multiple Earth science disciplines, however a
dedicated HysplIRI mission is not in the near term program budget. Consequently the
team should discontinue mission-level concept studies and focus on the instrument
and data management/data product development activities. The team is to be
commended for its excellent community coordination and on its steady progress on
instrument definition and data compression techniques. The airborne campaigns, both
past and planned, continue to provide excellent data sets for your study activities. The
value of leveraging the R&A budget to enable the study activities and of the Independent
Cost Estimate (ICE) conducted by the Aerospace Corporation in support of the HyspIRI
mission is also recognized.” — Steve Volz

- Current launch date still after 2020

- Explore partnerships to accelerate launch of elements of the HysplIRI mission

HyspIRI Preparatory Airborne Activities Mission started in April 2013 with 14 investigations
Steering Committee, Science Study Group (SSG), and International Science Group calls
HyspIRI Mission Applications Reps: JPL/Simon Hook, MSFC/Jeff Luvall

AVIRISng and HyTES flying, PHyTIR development

Prepare for opportunities!



Land Imaging in FY 2014
President’s Budget

In FY14 NASA will initiate the definition of a sustained, space-based, global land
imaging capability for the nation, ensuring continuity following LDCM. Near-term
activities led by NASA, in cooperation with USGS, will focus on studies to define the
scope, measurement approaches, cost, and risk of a viable long-term land imaging
system that will achieve national objectives. Evaluations and design activities will
include consideration of stand-alone new instruments and satellites, as well as
potential international partnerships. It is expected that NASA will support the overall
system design, flight system implementation, and launch of future missions, while
USGS will continue to fund ground system development, post-launch operations,
and data processing, archiving, and distribution.

- President’s FY2014 Budget release

NASA Earth Science Division has responsibility for first studying and then
implementing a “sustained, space-based, global land imaging capability
for the nation”

« $20M (FY14) proposed in NASA budget to study options
NASA will lead this activity, supported by the USGS

« ESD flight, R&A and Applied Sciences are working with USGS
The remainder of FY13 is a planning period, as NASA and USGS work out
the details of the study and the cooperative relationship, and initiate

study activities
* The study will be led by NASA HQ in close coordination with USGS
« The study “will include consideration of stand-alone new instruments and
satellites, as well as potential international partnerships”



HyspIRI Preparatory Airborne Mission Update

HyspIRI 2013 Products Symposium, NASA GSFC Bldg. 34, Rm W150

Woody Turner
HysplIRI Co-Program Scientist
Earth Science Division
NASA Headquarters
May 29, 2013
(Slides Provided by JPL/lan McCubbin)



HysplIRI Airborne Preparatory Mission
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Charts by JPL/lan McCubbin

First Spring Collection Success

All Boxes Collected

April 10, 2013 — San Francisco Bay

April 11, 2013 — Santa Barbara Box
Landsat 8 Under-flight over LA

April 19, 2013 — Southern California

May 2, 2013 — Lake Tahoe Box
Landsat 8 Under-flight over SF Bay

v' May 3, 2013 Yosemite and NEON Box

Current Status:

1.

4 2.
3.

Level 1a Data being Processed
Level 2 Pipeline being Finalized
Mosaic Pipeline of Large
Datasets is in final stages
Next set of flights start May 22
Flights with NEON Airborne
Observatory June 8-11, 2013
More field work by Pl Teams



HysplRI Airborne Preparatory Mission
AVIRIS and MASTER on ER-2 with 3 Seasonal Flights in 2013 and 2014
Datasets to Simulate Future HysplRI Satellite
Flights Over California Based from NASA Dryden

ER-2 AVIRIS AVIRIS MASTER MASTER
Altitude Resolution Swath Resolution Swath
65,000 ft 20 m 12 km 50m 35 km

2013 Dates:
v" Mar 20 - April 22
2. May22-Junel0
3. Fall Flights
A. Augl5-29
B. Sept9-20
C. Oct7-18

PI TEAM:

Wendy Calvin/University of Nevada - Reno
Matthew Clark/Sonoma State University

Bo-Cai Gao/Naval Research Laboratory

Bernard Hubbard/U. S. Geological Survey

George Jenerette/University of California Riverside
Thomas Kampe/National Ecological Observatory Network Incorporation
Raphael Kudela/University of California Santa Cruz
Ira Leifer/University of California, Santa Barbara
Shunlin Liang/University of Maryland

Paul Moorcroft/Harvard University

Dar Roberts/University of California, Santa Barbara

Philip Townsend/University of Wisconsin-Madison
Susan Ustin/University of California, Davis
Jan van Aardt/Rochester Institute of Technology




HyspIRI Airborne Preparatory Mission
First HysplIRI Test Flights March 29, 2013, Palmdale CA
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April 10, 2013 - San Francisco Bay - 6.5 hours
UCSC and Ames Team on R/V Martin in
Monterey Bay — Sonoma State in Bay Area

UCD in Sacramento Delta
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April 11, 2013 - Santa Barbara Box - 4.1 hours
Landsat 8 Under-flight over Los A
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April 19, 2013 — Southern California Box May 3, 2013 Yosemite and NEON Box

7.6 hour Flight Time 4.3 hours of Flight Time and ASO Overflight
Plus: AirMSPI
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May 2, 2013 - Lake Tahoe Box AVIRIS
Landsat 8 Under-flight over CA Delta and SF Bay Data

MASTER Data
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TIR Overarching Science Questions

*TQ1. Volcanoes and Earthquakes

— How can we help predict and mitigate earthquake and volcanic hazards
through detection of transient thermal phenomena®?

* TQ2. Wildfires

— What is the impact of global biomass burning on the terrestrial
biosphere and atmosphere, and how is this impact changing over time?

* TQ3. Water Use and Availability

— How is consumptive use of global freshwater supplies responding to
changes in climate and demand, and what are the implications for
sustainable management of water resources?

* TQ4. Urbanization/Human Health

— How does urbanization affect the local, regional and global
environment? Can we characterize this effect to help mitigate its impact
on human health and welfare?

» TQS. Earth surface composition and change

— What is the composition and thermal property of the exposed surface of
the Earth? How do these factors change over time and affect land use and
habitability?



TQ2
TQ3

TQ4
TQ5

Pros and Cons
TQI

How is consumptive use of global
freshwater supplies responding to
changes in climate and demand,
and what are the implications for
sustainable management of water
resources?

Pros:

*Coincident VNIR data
for calculating ET
*Coincident data for
calculating cloud-mask
during daytime

Cons:

*VNIR data do not
cover full swath

Pros:

*VNIR data do not need
to be coincident for ET
calculation

*Alternate VNIR source
could be full swath
(better for cloud
detection)

Cons:

*Alternate VNIR source
must be sufficiently
close in time to TIR
data



Leads and Co-Leads for Questions

VQ1 — Pattern and Spatial Distribution of Ecosystems and their Components
VQ2 — Ecosystem Function, Physiology and Seasonal Activity

VQ3 — Biogeochemical Cycles

VQ4 — Changes in and Responses to Disturbance

VQ5 — Ecosystems and Human Well-being

VQ6 — Earth Surface, Snow/lce, and Shallow Water Benthic Composition
TQ1 — Volcanoes and Earthquakes

TQ2 — Wildfire temperature and emissions

TQ3 — Water Use and Availability

TQ4 — Urbanization and Human Health

TQS5 — Surface composition and Change

CQ1 — Coastal, ocean, and inland aquatic environments

CQ2 — Wildfire, fuel, and recovery

CQ3 - Volcanoes and hazards

CQ4 — Ecosystem Function and Diversity

CQ5 - Land surface composition and change

CQ6 — Human Health and Urbanization



VSWIR Science Questions



VSWIR Overarching Science Questions

VQ1. Pattern and Spatial Distribution of Ecosystems and their Components
— What is the global spatial pattern of ecosystems and diversity distributions and how do
ecosystems differ in their composition or biodiversity?
VQ2. Ecosystem Function, Physiology and Seasonal Activity
— What are the seasonal expressions and cycles for terrestrial and aquatic ecosystems,
functional groups, and diagnostic species? How are these being altered by changes in
climate, land use, and disturbance?
VQ3. Biogeochemical Cycles
— How are the biogeochemical cycles that sustain life on Earth being altered/disrupted by
natural and human-induced environmental change? How do these changes affect the
composition and health of ecosystems, and what are the feedbacks with other
components of the Earth system?
VQ4. Changes in and Responses to Disturbance
— How are disturbance regimes changing, and how do these changes affect the ecosystem
processes that support life on Earth?
VQ5. Ecosystem and Human Health
— How do changes in ecosystem composition and function affect human health, resource
use, and resource management?
VQ6. Earth Surface, Snow/Ice, and Shallow-Water Benthic Composition
— What are the land surface soil/rock and shallow-water benthic compositions?



VQ1. Pattern and Spatial Distribution of
Ecosystems and their Components

How are ecosystems organized within different biomes associated
with temperate, tropical, and boreal zones, and how are these
changing?

How do similar ecosystems differ in size, species composition,
fractional cover and biodiversity across terrestrial and shallow aquatic
biomes?

What is the current spatial distribution of ecosystems, functional
groups, or key species within major biomes including agriculture, and
how are these being altered by climate variability, human uses, and
other factors?

What are the extent and impact of invasive species in terrestrial and
shallow aquatic ecosystems?

What are the spatial structure and species distribution in observable
phytoplankton blooms?

How do changes in coastal morphology and surface composition
impact coastal ecosystem composition, diversity and function?



VQ2. Ecosystem Function, Physiology
and Seasonal Activity

How does the seasonal activity of ecosystems and functional types
vary across biomes (terrestrial and shallow aquatic), geographic zones,
or environmental gradients between the equator and the poles? How
are seasonal patterns of ecosystem function being affected by climate
change?

How do seasonal changes affect productivity, carbon sequestration,
and hydrological processes across ecosystems and agriculture?

How do environmental stresses affect the physiological function of
water and carbon exchanges at the seasonal time scale within
ecosystems (including agriculture)?

What is the environmental impact of aquatic plants and coral in inland
and coastal water environments at the seasonal time scale?



VQ3. Biogeochemical Cycles

How do changes in climate and atmospheric processes affect the
physiology and biogeochemistry of ecosystems?

What are the consequences of uses of land and coastal systems, such
as urbanization and resource extraction, for the carbon cycle, nutrient
fluxes and biodiversity?

What are the consequences of increasing nitrogen deposition for carbon
cycling and biodiversity in terrestrial and coastal ecosystems?

How do changes in hydrology, pollutant inputs and sediment transport
affect freshwater and coastal marine ecosystems?

How do changing water balances affect carbon storage by terrestrial
ecosystems?

What are the key interactions between biogeochemical cycles and the
composition and diversity of ecosystems?

How do changes in biogeochemical processes feed back to climate and
other components of the Earth system?



VQ4. Changes in and Responses to
Disturbance

How do patterns of abrupt (pulse) disturbance vary and change over
time within and across ecosystems?

How do climate changes affect disturbances such as fire and insect
damage?

What are the interactions between invasive species and other types of
disturbance?

How are human-caused and natural disturbances changing the
biodiversity composition of ecosystems, e.g.: through changes in the
distribution and abundance of organisms, communities, and
ecosystems?

How do climate change, pollution and disturbance augment the
vulnerability of ecosystems to invasive species?

- What are the effects of disturbances on productivity, water resources,
and other ecosystem functions and services?

How do changes in human uses of ecosystems affect their vulnerability
to disturbance and extreme events?



VQ5. Ecosystem and Human Health

How do changes in ecosystem composition and function affect the spread
of infectious diseases and the organisms that transmit them?

How will changes in pollution and biogeochemical cycling alter coastal and
inland water quality?

How are changes in ecosystem distribution and productivity linked to
resource use, and resource management? Forestry management, fire
effects, biofuels, agricultural management

How will changes in climate and pollution affect the health and productivity
of aquatic and agricultural resources?

What are the economic and human health consequences associated with
the spread of invasive species?

How does the spatial pattern of policy, environmental management, and
economic conditions correlate with the state and changes in ecosystem
function and composition?

What are the impacts of flooding and sea-level rise on ecosystems, human
health, and security?



VQ6. Earth Surface, Snow/lce, and Shallow
Water Benthic Composition

What is the distribution of the primary minerals and mineral groups on the
exposed terrestrial surface?

What is the bottom composition (sand, rock, mud, coral, algae,SAV, etc) of
the shallow water regions of the Earth?

What fundamentally new concepts for mineral and hydrocarbon research will
arise from uniform and detailed global geochemistry of the exposed rock/soill
surface?

What changes in bottom substrate occur in shallow coastal and inland
aquatic environments?

What impact do desert dust and black carbon have on critical water
resources through the acceleration of snow and glacier melt?

What is the impact of climate change on the reflectivity of snow and ice in
the Earth's polar regions?

How can measurements of rock and soil composition be used to understand
and mitigate hazards?



TIR Science Questions



TIR Overarching Science Questions

*TQ1. Volcanoes and Earthquakes

— How can we help predict and mitigate earthquake and volcanic hazards
through detection of transient thermal phenomena®?

* TQ2. Wildfires

— What is the impact of global biomass burning on the terrestrial
biosphere and atmosphere, and how is this impact changing over time?

* TQ3. Water Use and Availability

— How is consumptive use of global freshwater supplies responding to
changes in climate and demand, and what are the implications for
sustainable management of water resources?

* TQ4. Urbanization/Human Health

— How does urbanization affect the local, regional and global
environment? Can we characterize this effect to help mitigate its impact
on human health and welfare?

» TQS. Earth surface composition and change

— What is the composition and thermal property of the exposed surface of
the Earth? How do these factors change over time and affect land use and
habitability?



TQ1. Volcanoes and Earthquakes

Do volcanoes signal impending eruptions through changes in surface
temperature or gas emission rates and are such changes unique to
specific types of eruptions?

What do changes in the rate of lava effusion tell us about the maximum
lengths that lava flows can attain, and the likely duration of lava flow-
forming eruptions?

What are the characteristic dispersal patterns and residence times for
volcanic ash clouds and how long do such clouds remain a threat to
aviation?

What do the transient thermal anomalies that may precede earthquakes
tell us about changes in the geophysical properties of the crust?

Can the energy released by the periodic recharge of magma chambers be
used to predict future eruptions?



TQ2. Wildfires

How are global fire regimes changing in response to, and driven by,
changing climate, vegetation, and land use practices?

Is regional and local scale fire frequency changing?

What is the role of fire in global biogeochemical cycling, particularly
trace gas emissions?

Are there regional feedbacks between fire and climate change?



TQ3. Water Use and Availability

How is climate variability (and ENSQO) impacting the evaporative
component of the global water cycle over natural and managed
landscapes?

What are relationships between spatial and temporal variation in
evapotranspiration and land-use/land-cover and freshwater resource
management?

Can we improve early detection, mitigation, and impact assessment of
droughts at local to regional scales anywhere on the globe?

How does the partitioning of Precipitation into ET, surface runoff and
ground-water recharge change during drought?

What areas of Earth have water consumption by irrigated agriculture that
is out of balance with sustainable water availability?

Can we increase food production in water-scarce agricultural regions
while improving or sustaining quality and quantity of water for ecosystem
function and other human uses?



TQ4. Human Health and Urbanization

How do changes in local and regional land cover and land use, in
particular urbanization affect surface energy balance characteristics that
impact human welfare?

What are the dynamics, magnitude, and spatial form of the urban heat
island effect (UHI), how does it change from city to city, what are its
temporal, diurnal, and nocturnal characteristics, and what are the
regional impacts of the UHI on biophysical, climatic, and environmental
processes?

How can the factors influencing heat stress on humans be better
resolved and measured?

How can the characteristics associated with environmentally related
health effects, that affect vector-borne and animal-borne diseases, be
better resolved and measured?

How do horizontal and temporal scales of variation in heat flux and
mixing relate to human health, human ecosystems, and urbanization?



TQS5. Earth Surface Composition and Change

What is the spectrally observable mineralogy of the Earth's surface and
how does this relate to geochemical and surficial processes?

What is the nature and extent of man-made disturbance of the Earth's
surface associated with exploitation of non-renewable resources (oil &
gas, mining)? How do these vary over time?

How do surface temperature anomalies (hot spots) relate to deeper
thermal sources, such as buried lava tubes, underground coal fires and
engineering structures? How do changes in the surface temperatures
relate to changing nature of the deep seated hot source?

What is the spatial distribution pattern of surface temperatures and
emissivities of various land surfaces and how do these influence the
Earth’ s heat budget?

What are the water surface temperature distributions in coastal, ocean,
and inland water bodies. How do they change, and how do they
influence aquatic ecosystems?



Combined Science Questions



Combined Overarching Questions

CQ1. Coastal Ocean, and Inland Aquatic Environments
— What is the status of inland and coastal aquatic ecosystems in the context of
local and regional thermal climate, land-use change, and other environmental
factors?
CQ2. Wildfire, Fuel and Recovery
— How are fires and vegetation composition coupled?
CQ3. Volcanoes and Related Signatures
— Do volcanoes signal impending eruptions through changes in the temperature
of the ground, rates of gas and aerosol emission, temperature and composition
of crater lakes, or health and extent of vegetation cover?
CQ4. Ecosystem Function and Diversity
— How do species, functional type, and biodiversity composition within
ecosystems influence the energy, water and biogeochemical cycles under
varying climatic conditions?
CQ>5. Earth Surface Composition and Change
— What is the composition of exposed terrestrial surface of the Earth and how
does it respond to anthropogenic and non anthropogenic drivers?
CQ6 Human Health and Urbanization
— How do patterns of human environmental and infectious diseases respond to
leading environmental changes, particularly to urban growth and change and
the associated impacts of urbanization?



CQ1. Coastal Ocean, and Inland Water
Environments

What are the feedbacks between climate and habitat structure,
biogeochemical cycling, biodiversity, and ecosystem productivity of
shallow aquatic habitats?

What are the ecological linkages of landscape-scale ocean-atmosphere
Interactions including the hydrologic cycle, aerosol production and
transport, and cloud radiative forcing?

How are small-scale processes in shallow benthic habitats related to
changes in functional community types (coral reefs, submerged aquatic
vegetation and floating aquatic vegetation), productivity, and
biogeochemical cycling including material fluxes and water quality?

How can these observations be used to guide the management and
utilization of resources in the shallow aquatic environment?

What are the seasonal expressions and cycles for terrestrial and shallow
aquatic ecosystems, functional groups and diagnostic species?

What is the susceptibility and likely response in the context of changes in
climate, land use, and disturbance?



CQ2. Wildfire, Fuel and Recovery

How does the timing, temperature and frequency of fires affect long-term
ecosystem health?

How does vegetation composition and fire temperature impact trace gas
emissions?

How do fires in coastal biomes affect terrestrial biogeochemical fluxes into
estuarine and coastal waters and what is the subsequent biological
response?

What are the feedbacks between fire temperature and frequency and
vegetation composition and recovery?

How does vegetation composition influence wildfire severity?

On a watershed scale, what is the relationship of vegetation cover, soil type,
and slope to frequency of debris flows?

How does invasive vegetation cope with fire in comparison to native
species?



CQ3. Volcanoes and Surface Signatures

What do comparisons of thermal flux and SO2 emission rates tell us about
the volcanic mass fluxes and the dynamics of magma ascent?

Does pressurization of the shallow conduit produce periodic variations in
SO2 flux and lava dome surface temperature patterns that may act as
precursors to explosive eruptions?

Can measurements of the rate at which lava flows cool allow us to
improve forecasts of lava flow hazards?

Does the temperature and composition of volcanic crater lakes change
prior to eruptions?

Do changes in the health and extent of vegetation cover indicate changes
in the release of heat and gas from crater regions?



CQ4. Ecosystem Function and Diversity

How can we enhance phenological & stress characterization through
synergy between reflective and emitted radiation with higher frequency
temporal sampling?

How is energy partitioned between latent and sensible heat fluxes as a
function of different plant types and fractional cover and how does this
impact hydrology?

How is physiological function affecting water and carbon exchange
expressed at the ecosystem scale, especially seasonal down-regulation
due to environmental stress factors?

What is the vegetation phenological response to seasonal and
interannual changes in temperature and moisture due to climate change
and how does this response vary at the community/species level?

What are the feedbacks between changes in canopy composition,
mortality and retrieved canopy temperatures resulting from disturbances
(e.g., disease, moisture deficiency, insect attack, fire, land degradation,
fragmentation) in natural and managed ecosystems?

How do climate-induced temperature and moisture changes impact the
distribution and spread of invasive and native species?



CQ5. Surface Composition and Change

What is the composition of the exposed terrestrial surface of the Earth?

How does the surface mineralogy and soil composition relate to the
plant physiology and function on the terrestrial surface of the Earth?

How is the composition of exposed terrestrial surface responding to
anthropogenic and non anthropogenic drivers (desertification,
weathering, disturbance e.g. logging, mining)?

How do types and distributions of altered rocks define regional trends
in hydrothermal fluid flow for magmatic arcs and tectonic basins, better
define hydrothermal deposit models, and assist in the discovery of new
economic deposits?

How do regional trends of minerals and shale thermal maturity within
basins better define depositional models and assist in the discovery of
new hydrocarbon reserves?



CQ6. Human Health and Urbanization

How do land surface characteristics such as vegetation state, soil
moisture, temperature, and land cover composition affect heat and
drought, and vector- and animal-borne diseases?

What changes can be observed and measured in emissivity's of urban
surfaces and how do emissivity's change for different cities around the
world as they impact the urban heat island and associated land-
atmosphere energy balance characteristics?

How does the distribution of urban and peri-urban impervious surfaces
affect regional energy balance fluxes, hydrologic processes,
biogeochemical fluxes, and what is the response of ecosystems to these
changes?

What is the status and availability of freshwater resources including snow
and ice and how is this related to climate variability, land-use, and
population growth?



Ecological Forecasting for Terrestrial and Aquatic
Ecosystems Session

Plant Growth Forms

Susan L. Ustin
U. California Davis

slustin@ucdavis.edu
May 29. 2013 HyspIRI Science Symposium, “HysplIRI Products for Societal Benefit Areas (SBAs) and Aquatic Studies”



How do Botanists Classify Plants with similar Traits?

Many Definitions of Plant Functional Types

1. Location of pernnating (overwintering) organs

Phanarophyta Hemicryptophyte
T Helophyte

Geophyte Hydraphyte
Chemaephyta

N
R
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How do Botanists Classify Plants with similar Traits?

Many Definitions of Plant Functional Types

2. Branching architectures

Ortholtropic branch
M opc eBll.lonopmial

a 0

Exc urent
growth Plagiotropic branc hes

===

\ / Dec urent Sympodal
Recapituation

or
Fastigiate
Orthotropic branc hes Plagiotropic branc hes
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Broadleaf evergreen tree
Broadleaf deciduous tree
Broadleaf & needleaf tree
Needleleaf evergreen tree

Needleleaf deciduous tree

Broadleaf shrub
Dwarf trees & shrubs

Agriculture C3 grassland

Short vegetation C4 grassland

Broadleaf evergreen tree
Broadleaf deciduous tree
Mixed woodland
Needleleaf evergreen tree

Needleleaf deciduous tree

Evergreen shrub
Deciduous shrub
Tall grass (savanna)
Short grass

tundra

desert

Semidesert
Cropland

Irrigated Crop
Wetland

Glacier

Remote Sensing PFTs Developed from GCM Parameterizations

Broadleaf evergreen forest
Broadleaf deciduous forest
Mixed forest

Needleleaf evergreen forest

Needleleaf deciduous forest

Closed shrubland

Open shrubland

Woody savanna
Savanna

Grassland

Cropland

Crop & other vegetation
Barren or Sparse
Wetland

Snow & Ice

IGBP DISCover, International Geosphere-Biosphere Programme Data and Information System Global 1 km Land Cover Data Set (Loveland et
al., 2000)
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Remote Sensing PFTs Developed from GCM Parameterizations

Climate Rules
—

Remote Sensing Data Products | Plant Functional Types PFT Databases:

Needleleaf evergreen tree

Needleleaf deciduous tree

Broadleaf evergreen tree

Broadleaf deciduous tree

Shrub

Grass

Crop

May 29. 2013

Temperate
Boreal

Boreal

Tropical
Temperate

Tropical
Temperate
Boreal

Broadleaf evergreen temperate
Broadleaf deciduous temperate
Broadleaf deciduous boreal

C3
C3 arctic
C4

Crop 1 (e.g., corn)
Crop 2 (e.g., wheat)

1 km U MD tree cover
* Needleleaf, Broadleaf
* Evergreen, Deciduous

1 km IGBP DISCover
e Shrub, Grass, Crop

Monthly Leaf Area

1 km AVHRR R, NIR
e April 1992 to March 1993
 NDVI 200km x 200km grid
* Ave NDVI for 1 km pixel,
w/ PFT > 60%

Oleson and Bonan (2000)
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Distribution of PFTs Used in CLM model

a. NEEDLELEAF EVERGREEN TREES b. NEEDLELEAF DECIDUOUS TREES

0 20
Bonan et al. 2002. Global Biogeochemical Cycles
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Optical properties for plant functional types

Leaf Leaf Stem Leaf Stem
Angle  Reflectance Reflectance  Transmittance Transmittance

Plant Functional VIS NIR VIS NIR VIS NIR VIS NIR

Type o (3) (3] 2] 2] (2] (2] (2] e =
NET temperate 0.01 0.07 035 0.16 039 0.05 0.10 0.001 0.001 gﬁ
NET boreal 0.01 0.07 035 0.16 039 0.05 0.10 0.001 0.001 §
NDT boreal 0.01 0.07 035 0.16 039 0.05 0.10 0.001 0.001 2
BET tropical 0.10 0.10 045 0.16 039 005 025 0.001 0001 =
BET temperate 0.10 0.10 045 0.16 039 005 025 0.001 0.001 3_
BDT tropical 0.01 0.10 045 0.16 039 005 025 0.001 0.001 g_
BDT temperate 0.25 0.10 045 0.16 039 005 025 0.001 0.001 gr
BDT boreal 0.25 010 045 0.6 039 0.05 025 0.001 0.001 T
BES temperate 0.01 0.07 035 0.16 039 005 0.10 0.001 0.001 ®

BDS temperate 0.25 0.10 045 0.16 039 0.05 025 0.001 0.001

BDS boreal 0.25 0.10 045 0.16 039 0.05 0.25 0.001 0.001
C, grass arctic -0.30 0.11 058 036 058 007 025 0220 0.380
C, grass -0.30 0.11 058 036 058 007 025 0220 0.380
C, grass -0.30 0.11 058 036 058 007 025 0220 0.380
Cropl -0.30 0.11 058 036 058 007 025 0220 0.380
Crop2 - - - - - - - - -
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Morphological Characteristics

Leaf Roughness Displacement = Root Distribution

Plant Functional Dimension  Length Height a B

Type (m) © (3) (2) 3) (4) pig
NET temperate 0.04 0.055 0.67 7.0 2.0 gn'
NET boreal 0.04 0.055 0.67 7.0 2.0 §
NDT boreal 0.04 0.055 0.67 7.0 2.0 =
BET tropical 0.04 0.075 0.67 7.0 1.0 =
BET temperate 0.04 0.075 0.67 7.0 1.0 &
BDT tropical 0.04 0.055 0.67 6.0 2.0 o
BDT temperate 0.04 0.055 0.67 6.0 2.0 o
BDT boreal 0.04 0.055 0.67 6.0 2.0 S
BES temperate 0.04 0.120 0.68 7.0 1.5 ®
BDS temperate 0.04 0.120 0.68 7.0 1.5

BDS boreal 0.04 0.120 0.68 7.0 1.5

C, grass arctic 0.04 0.120 0.68 11.0 2.0

C; grass 0.04 0.120 0.68 11.0 2.0

C, grass 0.04 0.120 0.68 11.0 2.0

Cropl 0.04 0.120 0.68 6.0 3.0

Crop2 - - - - -

May 29. 2013 HyspIRI Science Symposium, “HysplIRI Products for Societal Benefit Areas (SBAs) and Aquatic Studies”



Photosynthetic parameters

Plant Functional Type Path V.. A m
(2] (&) (2] ©
NET temperate C; 51 6
NET boreal C, 43 6
NDT boreal C, 43 6
BET tropical C; 75 9
BET temperate C, 69 : 9
BDT tropical C;, 40 0.06 9
BDT temperate C; 9
BDT boreal C, 51 : 9
BES temperate C, 17 0.06 9
BDS temperate C; 17 0.06 9
BDS boreal C, 33 0.06 9
C, grass arctic C, 43 9
C, grass C; 43 : 9
C, grass C, 24 0.04 5
Cropl C; 9
Crop2 - - - -

May 29. 2013

HysplIRI Science Symposium, “HysplRI Products for Societal Benefit Areas (SBAs) and Aquatic Studies”
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Does classification by growth form categories denote physiological
functioning?

Daintree Biosphere Reser
May 29. 2013 HyspIRI Science Symposium, “HysplIRI Products for Societal Benefit Areas (SBAs) and Aquatic Studies”




Tropical Forest in West Sumatra, Indonesia

Emergent trees

Dense Crown cov
Epiphytes

Understory trees
Epiphytes

Shrubs
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Growth Form Differences Relate to Adaptations for Resource Conditions

Coast Redwood Sierra “Big Tree”Redwood
Sequoia sempervirens Sequoiadendron giganea

Fresh Leaves

Stem

Senile Leaves

Bark

- Humified Leaves

Diffuse Light Direct Light

Moderate Sum/Win Temperatures Lower winter temperatures

High soil moisture & Relative humidity Low summer soil moisture & Relative Humidity
Closed canopy forests Open canopy forests
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Reflectance Changes with Age @ESS S o= < P g

Wind River Canopy Crane Site, Carson, WA \

Age class distributions from newly
harvested to 500+ yr “old growth”
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Remnants of the Southern Gondwana Flora in Australia & New Zealand

Distribution of Canopy Cover with Height at Canopy Crane Site: Changing Light Conditions

A. Very Young Stands

B. Young Stands C. Mature Stands D. Old-growth Stands
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The Concept of Mapping Leaf Optical Types:
An Alternative to Mapping Functional Types

I
* Assumes a Limited Range of Vegetation Biochemistry . _Phenology
Optimizing Strategies to Respond to Structure =& Physiology
Environmental Conditions \ l /
* Based on Theory of Functional

Convergence [ ]

v

Optimize: Light harvesting, water and nutrient resources Optical Types
for given climate conditions

Ustin & Gamon, 2010 New Phytol.

Detectable Optical Properties Using Imaging Spectroscopy

Leaf area index Xanthophyll pigments
Leaf Mass Area  (=1/SLA) Leaf Longevity
Chlorophyll and Carotenoid Pigments Leaf Nitrogen

Canopy Water Content Ligno-cellulose

These Optical Properties are consistent with Generalized Leaf Trait Literature
developed over the past decade.
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Mean annual temperature (°C)

Relationships between Climate Space
and Specific Leaf Area (SLA) and N Content/dry mass

(d)
—20{ = Specific Leaf Area _oo Nitrogen Content/dry mass
—101 : -104{ § 3458 sites ) .
Arctic alpine 1862 sites d Arctic alpine Whittaker Biome Types:
Tu: Tundra
01 Cold temperate 01 1 Cold temperate BF: Boreal Forest
- ' TeG: Temperate Grassland
10 - ‘ e 104 ¢ =L\ A TeDF: Temp. Deciduous Forest
- %) Warm temperate ' 1'bi)|= g’ Warm temperate TeRF: Temp. Rain Forest
20 ! 20 ,}m\_ 2t TrDF: Tropical Deciduous Forest
! Tropical ! .-9 Tropical TrRF: Tropical Rain Forest
. Sa: Savanna
30 ; 30 1 De: Desert
0 2000 4000 6000 8000 0 2000 4000 6000 8000

Mean annual precipitation (mm) Mean annual precipitation (mm)

eGeoreferenced in TRY Database (69,296 species; 93 traits)

Note: SLA = 1/LMA

J . KATTGE & 134 others, 2011. TRY — A Global Database of Plant Traits.
Global Change Biology (2011) 17, 2905—-2935



Observations

Trait Frequency Distributions for Specific
Leaf Area (SLA) and Leaf Nitrogen

2500

2000 —

1500 —

1000 —

500 —

SLA

o all database

entries
Leaf [N]/dry mass °
] ® trees
2000 — i - e shrubs
1500 —
1000 —
500 —
0 —
[ | | | | | | | | |
10 100 10 100
SLA (mm?2 mg™") Nm (Mg g7")

J. KATTGE & 134 others, 2011. TRY — A Global Database of Plant Traits.
Global Change Biology (2011) 17, 2905-2935



A Global Universal Spectrum of Leaf Economics:
Key Co-Varying Structural and Physiological Properties

ss Area

Log Leaf Ma

Log Leaf Longevity (months)

5 A
3.0
Lo 35 %
Rg Mean Ann 4.0 0.5 \/0
ainfay (i Ua/

Traits vary from fast to slow return on investments in nutrients and dry mass in leaves, and
operate largely independently of growth form, PFT or biome

>2500 species from 175 global sites

Wright et al. Nature, 2004



Leaf Investment Strategies are Largely Arrayed Along A Single

Spectrum, With a Globally Consistent Pattern of Trait
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Species Clusters based on Spectral Similarity by Site

SBFR Species Separation
SERC Species Separation
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Keely L. Roth, Dar A. Roberts, Philip E. Dennison, and Michael Alonzo, IGARSS 2012
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canonical function 2

canonical function 2

Roth, K.L., Roberts, D.A., Dennison, P.E. and Alonzo, M. (2012, July). Discriminating plant species across diverse ecosystems with imaging spectroscopy. Paper presented at the |IEEE

Canonical Discriminant Analysis Results

SERC Canonical Functions 1 vs. 2
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+ Pinus
*  Quercus
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ABCO
ABMA
ARGL
CADE
CECO
PIUE
PILA
PIPO
SASP
SEGI
meadow
QUCH
QUKE

W% R E U SR B

canonical function 1

International Geoscience and Remote Sensing Symposium, Munich, Germany.

May 29. 2013

HysplIRI Science Symposium, “HysplRI Products for Societal Benefit Areas (SBAs) and Aquatic Studies”

canonical function 2

SBFR Canonical Functions 1 vs. 2

. .ot
RoA %,t’.-

.

v @5 % m

PR

adfa
arca
argl
brni
cecu
ceme
cesp
quag
qudu
umca
yuwh
dgrass
riparian
sycamore

£
25

canonical function 2

20+

|
20 -15 -10 5 0
canonical function 1

WR Canonical Functions 1 vs. 2

L I I

abgr
acci
acma
alru
potr
psme
ptaq
thpl
tshe
dgrass

-10

I |
5 0 5 10 15
canonical function 1

L
20 25 30




Canonical Discriminant Analysis Potency Index

Potency Index by Wavelength
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IMPROVING ECOLOGICAL
FORECASTING WITH HYPERSPECTRAL
DATA: A DATA ASSIMILATION SYSTEM
FOR THE COMMUNITY LAND MODEL

Andy Fox'!, Tim Hoar? & Dave Schimel®

1. National Ecological Observatory Network
2. National Center for Atmospheric Research
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Ecological forecasting

1. Predicting the most likely future state of
an ecological system

i. Relevant for short-term forecasts

ii. Systems own dynamics most strongly
govern change over time 2011 SCIENCE STRATEGY

ENABLING CONTINENTAL-SCALE ECOLOGICAL FORECASTING

ii. i.e. forecasting the likely spread of invasive
species

2. Predicting the most likely future state,
given a decision today

i.  Relevant when alternate management
actions or scenarios are considered

ii. i.e. forecasting likely impacts on
biodiversity from alternate wildfire
mitigation schemes

© 2012 National Ecological Observatory Network, Inc. ALL RIGHTS RESERVED.



Coupled carbon-climate models

ﬂ i Terrestrial models: CO; and Climate
- Uncertainty in carbon cycle s 1 VAN Y
feedbacks roughly doubles £, W W\w\
climate uncertainty for any s RATTWT AR
given emission pathway N g L
* Most of this uncertainty is gs' _I\S/Bé%ggE I
associated with responses of § 707 - TRIFFID i
the terrestrial biosphere e I W
b) 6.0
 This uncertainty stems from 85-0; Coupled carbon-clmate plus physica _
i. Structural uncertainty Zdpq = Fyskalisdadsony
ii. Parameter uncertainty §3-0j
iii. Initial conditions uncertainty  =2°] [
iv. Boundary conditions £ . [
uncertainty S I
& .O‘I 850 | 1 9;00 I 1 é50 20100 I 20150 T 2100
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Is biodiversity of vegetation a problem?

 The c. 300,000 vascular plant species represented by c. 20 plant
functional types (PFTs)

» Hyperspectral remote sensing allows us to potentially classify
many thousands of vegetation categories

« Reveals the detailed biological, functional and structural diversity

i. Leaf nitrogen — nutrient status
and photosynthetic potential

ii. Specific leaf area — fundamental
tradeoff in leaf construction and
light interception

ili. Lignin/Cellulose — Foliar

recalcitrance, decomposability and
nutrient cycling ¢

iv. V_,ax — Photosynthetic capacity of Shl bt R N L
Veg et ati O n 3-D chemical composition of an Amazon tropical forest (Carnegie Airborne Observatory)




Canopy parameters control biogeochemistry

Photosynthesis

chax = f(NaFLNR)
N, = (CN,SLA)

* N, - Leaf nitrogen concentration
+ F,,— Fraction of leaf N in rubisco
 CN_ — Leaf C:N ratio

+ SLA - Specific leaf area: top of canopy

Photosynthesis BVOCs

Fire
t

Autotrophic
respiration

Phenology [
.
o ]
\ 73
P & Heterotrophic N dep

Y 7 & Litterfall | respiration fixation

| Root litter
Denitrification
N leaching
N mineralization N
Juptal-ce

Respiration

3 litter pools, 3 soil organic
matter pools and coarse wood
debris pool in converging
cascade

Approximate labile, cellulose and
lignin

LFyiq — leaf litter lignin fraction

LF. — leaf litter cellulose fraction

CWD
0001
- /
~
%

Li ne tall




Sensitivity to canopy chemistry parameters

SLA
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Data Assimilation Research Testbed (DART)

DART is a community facility
for ensemble DA

Uses a variety of flavors of
filters

— Ensemble Adjustment
Kalman Filter

Many enhancements to basic

filtering algorithms —,
— Adaptive inflation Hﬂ
— Localization

Uses new multi-instance
capability within CESM

restarts

‘
——
||
model

ﬁ
A
||

new

initial
model
states

Data

Assimi|ation

states

Resea rch
Testbed

n
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Observing system simulation experiment

« 80 member, 6 hourly climate
reanalysis available, 1998 —
2010

« Each forces separate CLM
ensemble member at 1° x 1°

 Generates spread in the land
model states

« At 60 NEON sites observe:

i. Leaf areaindex

ii. Leaf nitrogen concentration
lii. Net Ecosystem Productivity
iv. Evapotranspiration

« 175,000 observations a 500 hPa GPH
month Feb 17 2003

§ neen
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NEON sites and Harvard forest flux tower
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LAl - observations every 8 days
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LAl - observations every 8 days
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Leaf Nitfrogen - observations every 12 days
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Examples of other N and C pools- unobserved
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Impact on forecast - biomass
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Mean LAl from 80 ensemble members
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LAl spread from 80 ensemble members
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Reduction in

LAl ensemble spread
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Reduction in LAl ensemble spread
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Mean biomass from 80 ensemble members
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Change in biomass ensemble spread
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“Real observations” - MODIS LAI
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Summary

« Ecological forecasting is essential to advancing scientific
understanding and is a useful societal application of knowledge

« Ecological forecasting requires deterministic knowledge of
process, but forecasts should be probabilistic and provide and
estimate of uncertainty on future state

« Hyperspectral remote sensing provides detailed biological,
functional and structural diversity

|t can classify vegetation, but also provides key information
about these categories

« But using this information in complex BGC models is
challenging. “Direct replacement” is unlikely to work

« Ensemble data assimilation can account for uncertainties in
model and observations, providing probabilistic estimates of
future states

« But need to make sure the models are ready for the data

¢ neeon
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Integrating observations with models

Carbon Cycle Gridded Carbon Fluxes and Stocks,  (Intercomparison and
Uncertainties Parameters (LUE, WUE, etc.) < Hiz;gﬁos—isgre—n;ad—e)— ‘I
T (Analyses and forecasts are made) T ;

ATMOSPHERIC

ANALYSIS CARBON DIOXIDE

Observations are compiled into

PATTERNS
a Land Surface Assimilation model

Local Regional/National
Biogeochemistry Land use and land cover

Stochiometry O BS E RVATI O N : Habitat and landscape structure

Phenology q q Biogeochemistry
ol e ANy eks Multi-scale observations are collected Biomass, productivity

NATURE:

Patterns of carbon fluxes and stocks in nature

FINE SCALE PROCESSES STAND SCALE PROCESSES REGIONAL SCALE PROCESSES
(leaf and microbial, etc.) (Gap Phase, Hillslope, Wildfire, Pest/pathogen, etc.) (El Nifo Effects, Drought, etc.)

¢ neen
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Data Assimilation

DATA MODELS
+ Often high quality, relevant data + Extrapolation and forecasts
+ Clear uncertainties + Provide system understanding
- Limited spatial extent - Subjective simplifications
- Limited temporal span - Uncertainties difficult to quantify

DATA ASSIMILATION
Systematic combination of data and models, taking into
account the uncertainty in both

ANALYSIS
+ Spatially complete
+ Consistent with observations
+ Quantified uncertainties
+ More accurate forecasts

§ neen
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NEP - observations every 30 minutes
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Above ground biomass - unobserved
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NEP - observations every 30 minutes
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Impact on forecast - ZNEP
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Examples of N and C pools - unobserved
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Mean NEP from 80 ensemble members
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Change in NEP ensemble spread
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Evapotranspiration Estimation with
Simulated HysplIRI Data over Arid Lands
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2. University of Castilla-La Mancha, Albacete, Spain
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Need for Remote Sensing Evapotranspiration
Research Over Arid Lands

*Population increases to 7 Billion+

*Increasing living standards increases demand for water
*Drought and climate change exacerbating water availability
*Food production needs to increase & this requires large increases
in water availability

*Food production from irrigated agriculture especially important:
53% of market value on 17% of crop land (Clemmens et al., 2008)
*Conflicting demands upon arid lands: increased agricultural
production, urbanization, preservation of wild lands

*Remote sensing is the only way to provide global to local scale
decision and management support



Water Management & Decision Support

*Rangeland:
*Effect of drought on vegetation health and livestock carrying capacity
*Controlling invasive species
*Determining effective and ineffective management practices
*Remote sensing provides annual to decadal scale views of water needs and
vegetation patterns
eIrrigated Lands:
eIrrigation district decisions: infrastructure, water costs, water priority rights
*Competition with urban users
*Competition between tree crops and annual cropping systems
*Agronomy:
*Responses to stress are fast & slow (stomata, roots)
*Flash events: frost, heat wave
*Detection of water stress critically dependent on phenology
*Survival of severe stress not important
*Genetics and climate change means water use patterns will change



Objectives

*Show that remote sensing with a HysplRI-like platform can assist
with water problems
*Rangeland assessment of vegetation and water use
*Irrigated land monitoring
*Highlight some attributes of HyspIRI that are especially helpful:
*Spatial resolution
*Hyperspectral VSWIIR
*Multispectral TIR
*Overpass frequency




*Surface energy balance
*Physically based, uses land surface temperature to
estimate evaporation and is an indicator for stomatal
~control 3
- *Remote sensmg data Iess readily available, analy5|s
~ more d|fﬁ§ul:tthan VI
°Potent|aITy r:apld detec’aon of plant stress



METRIC/SEBAL:

Internally calibrated LST based on scene context to estimate ET
Less sensitive to LST and air temperature uncertainties.

Transpiration (ET of vegetation): first gues
Sensible heat component from LST
Evaporation (ET of soil): key part of TSEB
Transpiration if LST canopy known.
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Effect of Spatial Resolution on ET
Estimates

Jornada 2001

Shrub level heterogeneity at Jornada is less than 10 m
However landscape scale ET homogeneous at 60 m



MESMA Results:

Spectral Resolution Overcomes J%cd"o‘ﬁm“
. 5 P 3 . . istida spp. [0 f{::;szb“h
Limitations with Spatial Resolution T al— e

Mesquite Sandhills (1998

[ ] Tarbush

er grasse ]
[ Broom snakeweed [i=s] Other shrubs

1998
June 15, 2001
October 9, 2002 Gibbens et al. (2005)



ET Modeling over Palo Verde Irrigation District, California,
June 17, 2007

ASTER LST, Emissivities & NDVI




Role of Spatial Resolution for Irrigated Land
Palo Verde Irrigation District

Bi-Modal Distributions
Where two modes disappear indicates critical resolution
At PVID that scale is 200-300 m
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Spatial Scaling of Land Surface Temperatures at PVID

Crops 30-42 C; Desert >45 C
Critical scale ¥ 300 m
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NDVI at Palo Verde
Sub-Field Scale Variability Observed at 60 m

15m 60 m



Effect of Spatial Resolution on ET Estimation
At Palo Verde Irrigation District

Large systematic
changes in LE Flux
distributions > 200 m



Multispectral TIR: Potential Surface Soil Moisture Indicator

NDVI Emissivity Contrast

PVID 17 June 2007




Land Surface Temperature

Multiple Thermal Bands Improve Surface
Temperature Estimates

Atmospheric Modeling at Jornada 2008-2010 (EPZ)

B13-B14

B10-B14
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Conclusions

*HysplRI design offers substantial benefits for ET mapping in arid
lands

*For rangeland can reasonably estimate low ET values while
discriminating shrubs, grasses, senescent vegetation

*For irrigated lands can map ET at sub-field scales

*Multispectral thermal can improve LST estimation and discriminate
wet and dry soils

*5-day periodicity helps address agronomic needs for stress
detection







Effect of Spatial Resolution on ET Estimation
At Palo Verde Irrigation District

Large systematic changes in LE Flux distributions > 200 m

LE Flux
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Determining leaf dry matter content using the
Normalized Dry Matter Index and its possible
application for estimating fuel moisture content

E. Raymond Hunt Jr., Tao Cheng, David Riafno, Susan L. Ustin,
Lingli Wang, Xianjun Hao, John J. Qu, and Craig S. T. Daughtry,

o 4 CENTER FOR SPATIAL TECHNOLOGIES
AND REMOTE SENSING
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Fuel Moisture Content (FMC) is a critical parameter to
determine wildfire ignition and spread
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A number of spectral
Indices were developed for
crop residue cover based
on absorption features of
plant dry matter (Cellulose
Absorption Index — CAl).
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Band 1 (y-axis), Band 2 (x-axis)

Highest correlations: Band 1 - 1649 nm, Band 2 - 1722 nm
Called Normalized Dry Matter Index (NDMI)
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Spectral reflectances of stacked leaves were used to show
that NDMI may predict total dry matter content of canopies



 Fuel moisture content (FMC) Is the ratio of leaf
water content to leaf dry-matter content

 Also, It Is the ratio of canopy water content to
canopy dry matter content, because leaf area
cancels out




* We hypothesized that FMC could be remotely
sensed using a ratio of a leaf/canopy water index
to a leaf/canopy dry-matter index

e With a ratio of two indices, leaf area and other
canopy factors may cancel out, so a ratio of two
Indices would be more accurate than either index
alone.

 What indices to use?




Dry Matter Indices Abbreviation Equation

Normalized Dry Matter Index NDMI (P1649 = P1722) | (P49 * P1722)
Normalized Difference Tillage

Index NDTI (P1650 = P2215) / (P1650 * P2215)
Cellulose Absorption Index CAl 0.5 (P2031 = P2211) — P2101
Normalized Difference Lignin NDLI [log(1/p4754) — 109(1/P4¢50)1/
Index [log(1/p4754) + 109(1/P650)]
Normalized Difference Nitrogen NDNI [log(1/p4510) — 109(1/P450)1/
Index [log(1/p4510) * 109(1/P680)]
Ligno-Cellulose Absorption

Ingex LCA 2 P2205 — (P2165 * P2330)
Shortwave Infrared Normalized

Difference Residue Index el (P2210 = P2260) / (P2210 * P2260)
Dry Matter Content Index (NEW) | DMCI (P2305 = P1495) | (P2305 F Pq495)




Canopy Water Indices
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Abbreviation Equation
Normalized Difference Infrared
Index NDII (Pgso — P1650)/(Pgso * P1650)
Reciprocal of Moisture Stress
Index RMSI Pgeo/P1650
Normalized Difference Water
Index NDWI (Pggo — P1240)/ (Pggo * P1240)
Simple Ratio Water Index SRWI Pseo/P1240
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PROSPECT simulations for dry-matter and water indices

Index Leaf Dry matter Water content | Fuel moisture
structure content (C_) |(C,) content (FMC)
parameter (N)

NDMI -0.326 0.897 -0.0349 -0.599

NDTI -0.500 0.279 0.792 0.274

CAl -0.306 0.458 0.119 -0.119

NDLI 0.287 0.112 0.902 0.456

NDNI 0.121 -0.287 0.897 0.684

LCA 0.759 -0.100 -0.626 -0.268

SINDRI 0.0794 0.531 -0.832 -0.808

DMCI 0.394 -0.847 0.102 0.589

NDII -0.381 0.0628 0.919 0.478

RMSI -0.406 0.0496 0.899 0.476

NDWI -0.382 -0.106 0.927 0.593

SWRI -0.386 -0.108 0.923 0.595




PROSPECT simulations water/dry-matter index

Dry-matter index

Water index

NDWI NDII SWRI RMSI
NDMI @ @ 0.716 @
NDTI 0.809 0.734 -0.207 0.064
CAl -0.097 -0.091 -0.083 -0.087
NDLI 0.523 0.356 -0.335 0.010
NDNI 0.166 -0.126 -0.537 -0.478
LCA 0.369 0.308 0.256 0.279
SINDRI 0.048 0.049 0.046 0.047
DMCI @ -0.689




N
(00

-
O

N
Q0

LN
&)

—

Leaf FMC (PROSPECT model)

N
N

(o]

T T T J T
a.

b.

-y:O.O188x2+ 0.0934 x + 0.0772 - = = 0.204 x? + 0.700 x - 0.00525 -
R? = 0.947; RMSE = 0.560 R? =0.949; RMSE = 0.549
. 1
0] 5 10 15 20 25 30 8
NDII/NDMI NDWI/NDMI
] ¥ | L] L] L] L] L] ]
C. d.
|y =0.000649 x2 - 0.00220 x + 0.143 - =y = 0.0011 x2 + 0.0334 x - 0.594 -
& _ - : : .
R<=0.975 RMSE =0.385 o R2 = 0.803: RMSE = 1.079 .
- - j— @ [&] e
— g . . . § : 70
20 40 60 80 100 120 140 160 20 40 60 80 100
RMSI/NDMI SRWI/NDMI



Leaf spectral reflectance data water/dry-matter index ratio

Dry-matter index

Water index

NDWI NDII SWRI RMSI
N

NDMI 0.732 @ 0.674 0.775
NDTI 0.232 -0.064 -0.003 -0.036
CAI -0.367 -0.174 -0.360 -0.270
NDLI 0.282 0.199 -0.041 0.047
NDNI 0.079 0.044 -0.058 0.057
LCA 0.403 0.205 0.408 0.323
SINDRI 0.498 0.469 0.478 0.474
DMCI -0.539 -0.486 -0.500 -0.505




Leaf FMC (measured)
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Leaves and leaf stacks
were air-dried over a few
Hours

Regression equation was
for all data pooled, not a fit
to each species



SAIL model simulations water/dry-matter index ratio

Dry-matter index

Water index

NDWI NDII SWRI RMSI

— N

NDMI 0.706 @ 0.760 @
NDTI 0.467 0.568 0.142 0.684
CAl 0327 0228  -0.199 -0.239
NDLI 0.426 0.366 0.109 0.413
NDNI 0.456 0.359 0.400 0.397
LCA 0.403 0.350 0.353 0.360
SINDRI 0.518 0.254 0.173 0.210
DMCI 0597  -0.755  -0.445 -0.691




Canopy FMC (SAIL model)
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Airborne Visible Infrared
Imaging Spectrometer (AVIRIS)

High altitude 20-m pixels

' | S AVIRIS CONCEPT
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' Remote sensing
Orchard Water Stress
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HyspIRI will have a 19-day repeat frequency, so the
temporal resolution will not be sufficient to monitor FMC
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28
o

MODIS and VIIRS have high temporal frequency for monitoring
canopy water content, but don’t have bands for dry-matter content



At the leaf scale, FMC from NDII/NDMI seems to be
Independent of plant functional type/species, so an index ratio
cancels out |leaf properties.

At the canopy scale, particularly for AVIRIS data, FMC from
NDII/NDMI may be highly dependent on plant species.

Monitoring FMC by satellite will probably require two satellite
Sensors:

* Imaging spectrometer (HyspIRI)
Dry matter content
Regional calibration of FMC

« Environmental satellites (VIIRS, MODIS)
Water content
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Data Fusion
Techniques for
Mapping Daily
Water Use at
Field Scales
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Feng Gao

Mitchell Schull
USDA-Agricultural Research Service

Hydrology and Remote Sensing Laboratory
Beltsville, MD
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GOES/MODIS/Landsat FUSION

Daily Evapotranspiration — Orlando, FL, 2002

DOY 328 329 330 331 332 333 336

GOES
(ALEXI)

MODIS
(DisALEXI)

LANDSAT
(DisALEXI)

Landsat5 \__ ~“ landsat7
—
Spatial Temporal Adaptive Reflectance Fusion Model
(STARFM) (Gao et al, 2006)




GOES/MODIS/Landsat FUSION

Daily Evapotranspiration — Orlando, FL, 2002

GOES
(ALEXI)

MODIS
(DisALEXI)

LANDSAT
(DisALEXI)

DOY 328 329 330 331 332 333 334 336

Rt bt

Landsat5 \_

Spatial Temporal Adaptive Reflectance Fusion Model

(STARFM)

(Gao et al, 2006)

R2: 0.83
(9% error)
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Spatial Temporal Adaptive Reflectance Fusion Model
(STARFM) (Gao et al, 2006)



Evaluation of fused ET fluxes

SMEX02

Soil Moisture Experiment 2002
Ames, lowa
Rainfed corn and soybean

BEAREXO8

Bushland ET and Remote sensing Experiment 2008
Bushland, Texas
Rainfed and irrigated cotton

MEAD

Ameriflux site (S. Verma)
Mead, NE
Rainfed and irrigation corn and soybean

HyspIRl Workshop, 29 May 2013



Model performance on Landsat dates

SMEXQ02 BEAREXO8 MEAD
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lon using flux tower data
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BEAREXO8 and MEAD

BEAREXO8

14
—@- Obs. le+sw ‘
12 4| ¢ Landsat
—Fusion Unirrigated cotton
10
k=
g 8
E
b /f‘ I
4 MN '\l\ .P'o ?
2 AEREE L Y 8 N' ........
4
0 -
155 175 195 215 235
DOY
14
‘ NE+SE |
12 -
Irrigated cotton
10 ) .
b=
£
E
[
w
0
155 175 195 215 235
DOY
500
450 J=== ETo
O Obs.NE+SE oy
b Fusion NE+SE 4
. 350 O Obs.NW+SW _;’
E 300 Fusion NW+sSW e L,ﬂ‘n‘v‘l‘ﬂ‘rﬂ
I: 250
w
g 200
® 150
=
£ 10
=
O 50
0 1

ET(mm d)

ET(mm d")

Cumulatlve ET (mm)

MEAD

Unrrigated corn

185 215 245 275

500 -

400 -

=== ETo
©  Obs.Ne1+Ne2

—— Fusion Ne1+Ne2
O Obs.Ne3

Fusion Ne3

300

200

100

125

HyspIRI Wbrkshop, 29 May 2013

185 215 245 275
DOY




WAIER
MANAGEMENT

DROUGHT
MONITORING

FOOD AND WATER
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Applications for Remotely Sensed ET

HyspIRI Wbrkshop, 29 May 2013
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_/ Evaporative Stress Index

Hydrology & Remote Sensing Lab
Beltsville, Maryland, USA

Evaporative Stress Index
1 month composite ending August 27, 2012

~ Description

The Evaporative Stress Index (ESI)
describes temporal anomalies in
evapotranspiration (ET), highlighting
areas with anomalously high or low
rates of water use across the land
surface. Here, ET is retrieved via
energy balance using remotely sensed
land-surface temperature (LST)
time-change signals. LST is a fast-
response variable, providing proxy
information regarding rapidly evolving

surface soil moisture and crop stress
conditions at relatively high spatial
resolution. The ESI also demonstrates
capability for capturing early signals of

Standardized ET/PET anomalies “flash drought”, brought on by
extended periods of hot, dry and

_, - windy conditions leading to rapid soil

-2G< -16 +16 moisture depletion.

» Coverage

Download » Current Cond S

Hydrology and Remote Sensing Laboratory | 10300 Baltimore Avenue | Beltsville, MD 20705 | Contact Us
Version 2.1.2
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Satellite Evapotranspiration

® Monitoring water use at field to continental scales

e Land-surface temperature conveys early warning of
vegetation stress

e Independent check on precipitation-based drought
indices

° Applications in global water and food security

We can’t manage
what we can’t measvure ...
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i USDA is an equal opportunity provider and employer. hrsl.arsusda.gov/drought

HyspIRI Workshop, 29 May 2013
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MONTHLY AVERAGE LATENT HEAT

2007 JANUARY




2007 NOVEMBER

= =

Inland Niger Delta, MODIS



Lake Chad and Logone floodplain, MODIS
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Technical approach to mapping ET

PRECIPITATION t

transpiration &

evaporation
Veg stress parms

tBare soil evap parms
soil evaporation ¢~

Sfc moisture '\\
infiltration ™

‘ Soil hydraulic parms

Rootzone moisture --» Root uptake

. Root distribution parms
drainage ‘

Soil moisture
holding capacity

WATER BALANCE APPROACH
(prognostic modeling)

SURFACE TEMPERATURE ¥,
b Toon & Togg

transpiration &
evaporation

Tson ~--» soil evaporation

Given known radiative energy inputs,
how much water loss is required to keep
the soil and vegetation at the observed
temperatures?

ENERGY BALANCE APPROACH
(diagnostic modeling)

HyspIRI Wfksh'op, 20 Moy'fjo?,g' -



Corn yield dependence on ESI, 2000-2012

Correlation Coefficient (r)

Corn for All Purposes 2011 /

4 Planted Acres by County
for Selected States
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EXPANSION of IRRIGATION
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Landsats 4,5,7 — visible, near infrared bands: vegetation amount



CONSUMPTIVE WATER USE
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Landsat 8 — thermal infrared bands: vegetation status and water use



Coral Reef Products for HysplIRI

\ ,\
\ /'
N /‘v/ v
. AN M
sy Y ochi s
“vBer eff@cean AL
> S P e 4N % S w"_ ~
B N T o\ NI (%



Coral Reefs: Global Distribution and Importance
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Protection to shorelines
from storm and wave
damage and barriers that
provide safe passage for

Superlative recreational
resource and the
foundation of a
multibillion dollar tourist
industry worldwide

Major locus of global §¥
biodiversity, providing an
ecological reserve of
genetic complexity
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Global Stresses to Reefs

SST: Increased Coral Bleaching
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Ocean Acidification: Decreases in Calcification Rates
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The Primary Coral Reef Problem:
Phase Shifts from Coral-Dominated to Algae-Dominated

* Rough » Smooth
 High productivity/calcification  Low productivity/calcification
* “Healthy” * Not “healthy”



State of the Art in Coral Reef Assessment
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laborious, small footprint
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“Manta-Tows”: quick, semi-quantitative, larger footprint




Coral Reefs: Sampling Problem
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. ~9,000 reefs in the world, covering 500,000 km?
- spread across 200,000,000 km? of ocean
- Quantitative in situ surveys cover only 10s to 100s of km2 worldwide

« Current estimates of reef loss are based on direct observation of only
0.01-0.1% of the world'’s reef area

+ Only satellite remote sensing can provide the uniform data set
required for assessment of the global status of coral reefs
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EARTH SCI

ENCE
APPLICATIONS eso SPACE

HyspIRI MISSION

p. 113 “A capability to detect such changes provides possibilities for early warning of detrimental
ecosystem changes, such as drought, reduced agricultural yields, invasive species, reduced
biodiversity, fire susceptibility, altered habitats of disease vectors, and changes in the health and
extent of coral reefs.”

p. 114 “Background...Requirements for ecosystem studies include information on canopy
water content, vegetation stress and nutrient content, primary productivity, ecosystem type,
invasive species, fire fuel load and moisture content, and such disturbances as fire and insect
damage. In coastal areas, measurements of the extent and health of coral reefs are important.”

p. 114 “Science Objectives...Observations can also detect changes in the health and extent of
coral reefs, a bellwether of climate change. Those capabilities have been demonstrated in space-
borne imaging spectrometer observations but have not been possible globally with existing
multispectral sensors.



EARTH SGIENCE yo
APPLICATIONS rron SPACE

NATIONAL IMPERATIVES FOR THE NEXT DECADE AND BEYOND.

e

LAND-USE CHANGE,
ECOSYSTEM DYNAMICS, AND
BIODIVERSITY

p. 191 “Mission to observe distribution and
changes in ecosystem function. An optical
sensor with spectral discrimination greatly
enhanced beyond that of Landsat and MODIS
is required to detect and diagnose changes in
ecosystem function, such as water and nutrient
cycling and species composition. Such
observations include nutrient and water status,
presence of and responses to invasive
species, health of coral reefs, and
biodiversity.”

200 EARTH SCIENCE AND APPLICATIONS FROM SPACE

BOX 7.3 ECOSYSTEM PROPERTIES FOR WHICH SATELLITE DATA ARE REQUIRED

Terrestrial Ecosystems

Coastal and Open-Ocean Ecosystems

Distribution and changes in key species and functional groups
of organisms

Disturbance patterns

Vegetation stress

Vegetation nutrient status

Primary productivity

Vegetation cover

Standing biomass

Vegetation height and canopy structure

Habitat structure

Human infrastructure

Atmospheric CO; and CO concentration

|Cora|—reef health and extent|
Photosynthesis

Sediment fluxes

Phytoplankton community structure
Algal blooms

CO;, concentration

LAND-USE CHANGE, ECOSYSTEM DYNAMICS, AND BIODIVERSITY 201

TABLE 7.1 Land-Use Change and Ecosystem Dynamics Panel Priority New Missions

Synergies Related Planned

Summary of Spatial with Other  or Integrated
Mission Focus Variables Type of Sensor  Coverage Resolution Frequency Panels Missions
Ecosystem Terrestrial: Hyperspectral Global, 50-75m 30 day, Climate HyspIRI
function: Distribution pointable pointableto  Health
climate and and changes daily Solid Earth
land-use in key species
impacts on and functional
terrestrial groups of
and coastal organisms,
ecosystems disturbance

patterns,

vegetation

stress, vegetation

nutrient

status, primary

productivity,

vegetation cover

Coastal:

coral-reef health

and extent
LAND-USE CHANGE, ECOSYSTEM DYNAMICS, AND BIODIVERSITY 203

Ecosystem Function

Mission Summary—Ecosystem Function

Variables: Distribution and changes in key species and functional groups of organisms; disturbance patterns; vegetation stress;
vegetation nutrient status; primary productivity; vegetation cover

Sensor(s): Hyperspectral

Orbit/coverage: LEO/global-pointable

Panel synergies: Climate, Health, Solid Earth

New science: Land ecosystem chemistry, diversity, leaf water stress

Applications: Ecosystem interactions with changing climate, agriculture, invasive species, disturbance, management, urbanization

Ecosystem function, the first mission concept listed in Table 7.1, is aimed at detecting a suite of func-
tional responses of ecosystems to direct human and climate impacts and providing detailed information
for improved management of ecosystems. This mission builds on legacy remote sensing measurements of
chlorophyll and visible reflectance and will use direct and inferential techniques for observing the spatial
pattern of additional key functional properties of ecosystems. The properties targeted reveal ecosystem
responses critical for understanding the effects of climate, land use, and resource use. Key properties are
listed in Box 7.3 and include indexes of ecosystem composition (distribution of and changes in key species
or functional groups of organisms and disturbance patterns) and ecosystem health and dynamics (leaf water
stress and energy-water-carbon-nutrient fluxes).[The mission focuses on terrestrial ecosystems but would]

|a|so address coral-reef health and extent. \




Coral Reef Extent — A Good Start

MNov 28 2007
satellite: L7

Millennium Global Coral Reef Mapping Project
The World




Coral Reef Health — Reducible to a quantitative measure

Connell et al. (1997)

Cover (%)
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« When corals die their skeletons are rapidly colonized by
algae

« Healthy reefs usually increase coral coverage during
recovery from stress

- Degraded reefs gradually become dominated by algae
and rubble

« With the loss of reef-builders, the carbonate structure
erodes, ultimately becoming a flat bottom with shifting
rubble and sand

« A key quantitative parameter to assess the health of a
reef is the distribution of living coral, algae and sand

« Such a quantitative index can be effectively utilized
to evaluate the relative impacts of natural
phenomena and human activities to reef
communities




Coral Reef Function

Published values for specific biotopes in coral reef environments (after Kinsey 1984)

Reference Location P
(mol O, m2d™)
Algal turfs & algal/sand flats
Smith (1973) Enewetak 0.97
Smith & Marsh (1973) Enewetak 0.87
Kinsey (1979) Lizard Island 0.36
2 Kaneohe Bay 0.47
Hargraves (1982) Carrie Bow Key ~1.67
Sorokin (1982) Various Indo-Pacific 0.17-0.33
Vooren (1981) Curacao 0.16
Hawkins & Lewis (1982) Barbados 0.08
Rogers & Salesky (1981) St. Croix (turf) 0.25
" (macroalgae) 1.23
Coralline encrusting algae
Vooren (1981) Curacao 0.08
Hawkins & Lewis (1982) Barbados 0.07
“Sand" areas
Sournia (1976) Takapoto ~0.17
Sorokin (1982) Various Indo-Pacific 0.05-0.11
Kinsey (1977) One Tree Island 0.08
Kinsey (1979) Kaneohe Bay 0.23
Kinsey (1979) One Tree Island 013
Coral outcrops
Kinsey (1979) 6 sites GBR 1.42-3.08
“ Leptoria phrygia patch 0.67
" Acropora pulchra patch 1.5
" Porites andrewsi patch 117
Atkinson & Grigg (1984) French Frigate Shoals
Porites compressa/lobata ~0.83

« The relative distribution of coral, algae and sand also allows for straightforward estimates of productivity using concepts

of standard metabolic rates for reef community types

« Higher-order models are under development

« Calcification is correlated with productivity

Calcification (kg CaCO3 m=2 y")

12

10

O Algal Turfs

Sand Areas

Coral Outcrops

Complete Reef

High Activity, Hard Substratum
Algal Pavement Zone

Reef-Flat Coral/Algal Zone
Shallow Lagoon

bPqQ<o O # +

Data from Kinsey (1985) Tables 3 & 4

v

8
Gross Primary Production (g C m2d™")
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12
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Five sources of
light received by a
remote sensor
pointed at a coral
reef.

Only light reflected
at the reef surface
can provide
information about
the reef.

After Kirk (1994)

Reflection of
skylight at
surface

Radiance collected
by remote sensor

Scattering of sunlight
/7] within atmosphere

Reflection of direct solar
beam at water surface

Reflection of sunlight
at reef surface

Scattering of sunlight
within water




Hochberg & Atkinson (2003)

Table 1

Classification error matrices for in situ spectral reflectances of three coral reef
classes: coral, algae, and carbonate sand

(A) Full-resolution: overall accuracy = 98%

Actual class
Algae Coral Sand
Predicted class Algae 2726 (99.2) 75 (3.3) 1(0.3)
Coral 23 (0.8) 2168 (96.6) 0 (0.0)
Sand 0 (0.0) 1 (0.0) 320 (99.7)
(C) AVIRIS: overall accuracy = 98%
Actual class
Algae Coral Sand
Predicted class Algae 2725 (99.1) 74 (3.3) 1(0.3)
Coral 24 (0.9) 2170 (96.7) 0 (0.0)
Sand 0 (0.0) 0 (0.0 320 (99.7)

Conclusion: Contiguous, 10-nm-wide wavebands over range 400-700 nm
provides excellent spectral discrimination between coral, algae, and sand

0.001

-0.001

LDF 2

04

0.2

-0.2

-04

full-resolution

0.001 0.002

0.003

AVIRIS

-1.5
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Gao et al. (2007)
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Conclusion: Combined wavebands across both NIR and SWIR (i.e., 0.865, 1.04, 1.24,
1.64, and 2.25 pm) provide very good atmospheric correction

Lee & Carder (2002)

Lee et al. (2007)
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Conclusion: Contiguous, 10-nm-wide wavebands over range 400-800 nm is
excellent band set for retrieval of shallow water bathymetry



Conclusion: Glint is readily correct-
able, provided (1) suitable refer-
ence waveband(s) at wavelengths
> 900 nm and (2) good atmo-
spheric correction

Various Workers & HyspIRI Sun Glint Subgroup




Coral Reef Products

M coral E .
[ algae 002 04 06 08 10 12

[ sand P (mol C m2d7)

Pseudo-true-color picture Map of bottom-types Map of productivity



HysplIRI Coral Reef Science

Data products will be used to answer specific environmental questions on the ratios of coral, algae
and sand with respect to geographical limits, regional oceanography, reef morphology, seasonality
and human use patterns and impacts.

» Determine the coral/algae/sand ratios in pristine reefs versus human impacted reefs.

» Determine how coral/algae/sand ratios vary with reef morphology, underlying geology, latitude,
seasonality, disturbance events, and oceanographic conditions of wind, waves, and nutrients.

» Determine the spatial scales of responses in coral/algae/sand ratios to environmental changes.
» Develop appropriate indices for these ratios to help regional and local monitoring efforts.
» Determine how coral/algae/sand ratios interact with centers of coral diversity.

» Advise managers, locally and internationally, regarding how to respond to regional and local
changes in reef composition.

» Show how global space-based data can alter local perception of problems and help with
management efforts.

+ Identify how series of regional reefs add to regional productivity and recruitment to fisheries.
* Identify reefs that are suitable for more intensive monitoring and scientific investigation.

» Determine how coral/algae/sand is distributed in response to impacts from localized sedimentation,
runoff and nutrients.

* Provide input to hydrodynamic and biogeochemical models for reef function, and aid existing
monitoring programs.

* Identify specific, abnormal reef environments, either by reef morphology or coral/algae/sand index
ratios.

» Support many small scale existing studies. Available data will allow local scale studies to be put in
a larger context through large data-base.
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Objectives/Significance

1) The development ar ent of algorithms and
models for the detection and prediction of HABs

2) Provide PFTs for inland water bodies such as lakes and
reservoirs

3) Provide PFTs for the coastal ocean to assess ecosystem
health and water quality (focusing on HABs and red
tides)



Aquatic Applications and Product Hierarchy

VSWIR Cal (Solar and Lunar)
TIR Cal (On-board BB)
Geolocation

Derive surface temp
(using buoy data)
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Spectral
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Monterey Bay

| Pacific/Ocean

as a Testbed & 7 1

(MAS
(2012) as well as
overflights

Chlorophylla (mg m?3) i ; i

* Ongoing time-series by UCSC,
MLML, MBARI, with moorings and
shore stations

* Featuresinclude Elkhorn Slough,
Case 1 & 2 waters, red tides, kelp
beds, river plumes
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Field Sites

Mean MODIS FLH, August — October (Oceanic Period) 2002-2006
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Field Sites — Flight Timing

Mean MODIS FLH, August — October (Oceanic Period) 2002-2006
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versus oceanic conditions, and,
potentially, a “first flush” rain event.

Seasonality in Monterey Bay can be
delineated by

e upwelling (April-August),

* oceanic (September-October), and

* Davidson (November-March) seasons.
Having up to three AVIRIS overflights may
enable capturing some of this
seasonality.



Pinto Lake

680nm Spectral Shape (mW/cm ™ 2/sr/um)

Chlorophyll concentration (ug/L)
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Meso-eutrophic lake, dominated
by cyanos in summer with clear )

seasonal species succession A Headwall hyperspectral sensor was flown on a Twin Otter in
October 2010 over Pinto Lake. A spectral shape algorithm (A) and
a band-ratio chlorophyll a algorithm (B) were applied. Sampling
confirmed the presence of an extensive Microcystis bloom (with
extremely elevated toxin levels) and chlorophyll concentrations.
Toxin data from grab and time-integrated (SPATT) samples are
shown (C) for 2010-2012. A separate spectral shape algorithm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>