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Unit of Analysis & Scale

* Unit of analysis:
— Representativeness is space and time?

« Scale:
N\ — Geographic areas
— Time scale to capture true dynamics

~ ¢ Interpretation of the results (yours and
=g, others!)




Terms

 Various terms have been used but they
mean different thing by different community
and discipline!
— Global change?
— Climate change?
— Global warming?
— Climate variability?
— Climate trend?
— Climate forecastings?
— Climate scenario?
— Climate projection?




CO2 Concentration (ppmv)

Atmospheric CO2 Concentration - Mauna Loa
Observatory 1958 - 2002
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Temperature Anomaly (°C)

Global Land—Ocean Temperature Index

ASA Goddard Institute for Space Studies
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Climate Change
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Departures in temperature (°C)

from the 1961-1990 average

(b) the past 1000 years
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CARBON DIOXIDE CONCENTRATION
(PARTS PER MILLION)
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So we don’t have to worry about global warming or do we?



Five-Year Average Global Temperature -

Anomalles from 199 to 2009
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Who are the big players?

Eprpree

0 China United Russia india Japan Germany Canada United South taly
States Kingdom Korea
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CO, emissions from land use change

North and Central , _
America Equpe Asia
Africa
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Oceania.

South

America

in thousand tons

Sourcs : Climate Change Information kit, UNEP IUC, 1997,



Known and Unknown

* Happening now
« Will continue
 Related to Us

\ —




Known and Unknown

* Happening now
« Will continue, at least in the short
term, say 50 years!

7+ Related to human activities, at least to
a large degree!

\ « What is the magnitude due to human?




Known and Unknown

 Some key Issues are largely
unknown:
— Variability
* Extreme events

 Temporal frequency
* Extent

@ —Synchronization of temperature and
T % precipitation

1 N P\— Forecasting in space and time!
NPT f/ e




Known and Unknown

* Ecological and societal conseguences are
largely unknown:
— Ecosystem services and functions
— Resilience and adaptive capability
— Thresholds and tipping points

« Adaptation Options are largely unknown

— Conceptual framework proposed long time ago
but implementation is largely unknown




Recent NRC Report on “America’s Climate Choices”

Research to Improve Understanding of Human-
Environment Systems:
1. Climate Forcings, Responses, Feedbacks, and Thresholds in the

Earth System;
2. Climate-Related Human Behaviors and Institutions

3. Vulnerability and Adaptation Analyses of Coupled Human-
Environment Systems
4, Research to Support Strategies for Limiting Climate Change

5. Effective Information and Decision-Support Systems
Tools and Approaches to Improve both Understanding

~ haﬂ?esponses

s_g,, Integrated Observing Systems
P ‘, Improved Projections, Analyses, and Assessments (both climate

¥ “’ wand impacts)




A System Approach

=
" One can not separate climate
change from physical and
## > socioeconomic processes!




Sustainable

From Impact Assessment to Adaptation Strategies development
pathways
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CLIMATE CHANGE ADAPTATION STRATEGIES
Policy recommendation; Decision support; Information dissemination;
Monitoring systems




A System Approach
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Ecological Consequences:



Southeast Asia




SEA

* Most dense population
» Largely developing
* Influenced most by climate change

— Sea level rises - Many mega cities on
shorelines

— Tightly influenced by monsoon system
- — Glacier retreats - Mekong River recharge
"% % — Intensive human activities
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Land Use and Land Cover

Indochina & Japan

Legend

Imgated croplands

plandsiVegetation
etation/Croplands
Closed to open broadleaved evergreen or semi-deciduous forest

Closed broadleaved deciduous forest

Mosaic Gra
Il Closed to open shrubland
| Closed to open grassiand
Sparse vegetat
osed to open broadleaved forest regularly flooded (fresh-brackash water)
- Closed broadleaved forest permanently flooded (saline-brackish water)
I Closed to open vegetation regularly flooded

- Artificial 2

Bare areas

Bl \oter bodies

Permanent snow and ice

From the Global
Land Cover 2005
v2.2 Product



SEA will experience significant
climate change - variable
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SEA Ecosystem Dynamics

Center for
GLOBAL CHANGE

ISOMES VI - Nanjing, August 2-4, 2011 ¥ & Earth Observations




Ecosystems

m Ecosystems are temporally dynamic

o Annual and inter-annual variability
o Short and long term resiliencies to external disturbances

m Multiple ecosystem types interact and influence one
another across broad spatial scales

& Important ecosystem attributes include: land cover
composition, vegetation dynamics, climate, topograp
and species diversity, among others

= Analysis of ecosystem dynamics requires continu
monitoring at large spatio-temporal scales

Center for |
GLOBAL CHANGE |
& Earth Observations |

e e ISOMES VI - Nanjing, August 2-4, 2011



One Particular Attribute:
Vegetation Phenology

@ The periodic biological events in the plant world

or the timing of different stages of the vegetation
seasonal cycle

= Influenced by the environment,
especially temperature changes

m Emerging indicator of landscape and global
environmental changes

N 1 (G.M"'-/. C
EBCATRCEERIATET ISOMES VI - Nanjing, August 2-4, 2011 : &'Egjhébs;/mi



Phenology

The timing of different stages of vegetation seasonal cycle,
such as leaf unfolding, first bloom, and leaf fall, as influenced
by the environment (Schwartz, 2003)

- - of - -
acem oin 1098

Growing Season

Phenology Parameters
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Drivers of Ecological Change

= Human Activities

= Population Growth

o Agricultural Expansion &
Intensification

o Urbanization
= Economic Growth
o Infrastructure

o Resource exploitation?
o Deforestation

= Ecological Impacts

= Ecosystem Degradation

= Habitat Destruction &
Fragmentation

= Loss of Biodiversity
Species Migration

@ Climate Change

= Altered Temperatures &
Precipitation Patterns

= |ncreased Floods &

Droughts
MICHIGAN STATE . ;
UNIVERSITY ISOMES VI - Nanjing, August 2-4, 2011
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Specific Objective

Assess Large-scale Ecological Changes under Climate Change

"Develop effective methods for monitoring
large-scale ecological change using moderate
resolution satellite imagery and ground
observations for Southeast Asia

*Quantify phenological attributes and their
ability to provide unique ecological informatio
about ecosystem dynamics

*Disseminate information via web-based tc
to the general public and resource ma
for effective ecosystem managemen

MICHIGAN STATE . B CoBAL Ct
v ISOMES VI - Nanjing, August 2-4, 2011 ( g'égjhgbgggg



Climate Trends

30

Southeast Asia (2455 mm)
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1900

Palmer Drought Severity Index
(1900 - 2002)

Temperature Anomaly °C

(Arnlniu
GLOBAL CHANGE
& Earth Observations

Source: IPCC Fourth Assessment
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Potential Impacts of Climate
C h a n g e Source: IPCC Fourth Assessment Report

Global average annual temperature change relative to 1980-19
1 2 3

Increased water avallabllity In molst tropics and high latitudes ms ==

Decreasing water avallabllity and Increasing drought in mid-latitudes and semil-arid low latitudes s = =

Hundreds of millions of people exposed to Increased water Stress mm mm s me - - - - - - - -]

—— UD 0 30% of species at  m—————————— Slgnfflcant" extinctions s
increasing risk of extinction around the globe

Increased coral bleaching ==== Most corals bleached mmmm \Ndespread coral mortality mm s mm m= - -

Terrestrial biosphere tends toward a net carbon source as:
ECOSYSTEMS ~15% ——————— ~40% 0f ecosystems affected
Increasing specles range shifts and wildfire risk

Ecosystem changes due to weakening of the meridional . g
overturning circulation

COASTS
s more people
al ro:::dInLg e.?ch

Complex, locallsed negative Impacts on small holders, subsistence farmers and fishers mm mm = - -

Tendencles for cereal productivity ____________ productivity of all cereals mm mm
to decrease In low latitudes decreases In low latitudes

Tendencles for some cereal produCtiVity p———— CE7€al productivity to
to Increase at mid- to high latitudes decrease In some regions

Increasing burden from malnutrition, diarrhoeal, cardlo-respiratory and Infectious diseases mm mm

Increased morbidity and mortality from heat waves, floods and droughts = mm s = - - - - - -
HEALTH

Changed distribution of some disease vectors mm mmm s mm S S S S S S S S SN SN S S

Substantial burden on health services s mm
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Specific Methods

1. Observations
2. Phenology extraction
3. Change analyses
4. Eco-polygon mapping

Center for
GLOBAL CHANGE

ISOMES VI - Nanjing, August 2-4, 2011 ¥ & Earth Observations



Satellite Observations

= MODIS EVI Products

= Time-series :2000-2008
= 16-day composites
m 250 m resolution

= DEM, soil, climate, and land uses

ISOMES VI - Nanjing, August 2-4, 2011

&, & Earth Observations



2000-2008 MODIS EVI Time-Series Images

Saggont (2000-2001) : Seesori2 (2009-20023

ISOMES VI - Nanjing, August 2-4, 2011

&, & Earth Observations



Phenology seen from MODIS

MQODIS 16-Day EVI Compesites EVI Seasonal Profiles and Phenological Parameters
2000 - 2008

&

PHENOLOGY PARAMETERS DESCRIPTION

The first date which the value
has increased

The last date which the value has
decreased

a) Start of the growing season

b) End of the growing season

The number of days between the
start and the end date

The difference between the peak
value and the start and the end

g) Length of the growing season

f) Amplitude of the growing
season

date
i) Large integral The total vegetation production
h) Small integral The seasonally active vegetation
MIC Phenology Curve

UM 4 = = s Torie rations

- Muchzan Slate Univerut




The Phenology Curve

= Fitted Curve Function: Savitzky-Golay Filter

= |east -squares polynomial regression for each point to fit
curve

= Adapts for upper envelope of EVI time-series profile

= Preserves features of data distribution
= Captures rapid phenology changes

Y =original EVI value

Y* = resultant EVI value
C, = coefficient for the it" EVI value of the filter,
N = filter size (2m+1)

j =running index of the original ordinate data table
m = half-width of smoothing window
(Chen et al., 2004)

Center b 2
GLOBAL CHANGE

ISOMES VI - Nanjing, August 2-4, 2011
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Ecological Mapping

= m‘,‘f_ Phenology Parameters 2000 - 2008 Eco-polygon Training Sites
. :
, Kunming [
WorldClim Precip, Tmax, Tmin “3

Land Use/Land Cover

: ‘,—vrm Digital Elevation Data

.r

>~

&g UNSUPERVISED CLASSIFICATIO
‘ Ly

OF 3 SELECTED TRAINING SITES

Validation Components | & Il
| : Field — Acquired GPS coordinates and field photos of eco-polygon

training sites with GPS Camera
Il: Collaboration with local scientists

Center b

ISOMES VI - Nanjing, August 2-4, 2011 GLOBAL CHANGE
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PHENOLOGY &
CHANGE ANALYSIS
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EVI Change Detection 2000-2007

2000-2001

2001-2002

2002-2003

Vegetation Difference Values
Difference in Biomass Amounts

- Decreased Greenness

’ Little or No change
Increased Greenness
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EVI

EVI

EVI

EVI

1 rice

1 33 65 97 129 1603‘?3 225 257 289 321 353

Z rice

1 33 65 97 129 1ﬁOJ§3 225 257 289 321 353
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1 33 65 97 129 1ﬁ03§3 225 257 289 321 353

Seasonal Profile Patterns
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7 deciduous forest

1 33 65 97 129 160163 225 257 289 321 353

6 crop

1 33 65 97 129 lﬁoly% 225 257 289 321 353

5 crop

1 33 65 97 129 1B0:v3 225 257 289 321 353
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Planting Date
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Doy

Planting Period and Peak Value

Length of growing season Amplitude of growing season
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The number of season changes
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Results: Phenological Changes

Growing season and the date changes
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Comparison of Phenological Results and
High Resolution Images

Start of the growing season 2004
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Comparison of Phenological Results and
High Resolution Images

Start of the grOW| g season 2006

<4 A Oct9 2006

A

B Jan 29, 2006
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EVI

mm

0.50

0.48

0.46

0.44

0.42

0.40

2000

1800

1600

1400

1200

1000

Results: Compare to rainfall data

EVI Seasonal Profile
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EVI
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UNDERSTANDING OF
PHENOLOGY & CHANGES
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End of Groy
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itself is occurring earlier each y
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Length of Growing Season

» The growing season
Is generally longer in
the northwest
through the central
portions of the

Peninsula

# Likely due to
moisture-rich
environments,
evergreen forests,
and crops with
longer growing
seasons

« A'large part of the eastern Peninsula experiences
shorter growing season lengths

* This trend is supported by the general pattern of
starting and ending dates

Amplitude of Growing Season

* Indicator of overall
vegetation amount
within the growing

season

* Varies greatly
across the
Peninsula

* Relatively low
amplitudes are
found in the
agricultural and dry
areas in the eastern
and central parts of
the Peninsula

» The highest amplitudes are found in the north-
northwest , where there is a mix of vegetation
development and evergreen forests
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Large Integral Small Integral

* Represents annual
net primary
production

* Indicates
seasonally active
vegetation or
seasonal change in
net primary
production

* High production
found in evergreen
and deciduous
forests in the
north/northwest,
East and the south
represent low

- production

* Also positively
associated with
large integral

* Some agricultural
and dry areas have lower values which
suggests low productivity (likely due to less
rainfall)

* The large integral is related with the
amplitude of the growing season: areas with
higher amplitude generally have higher

values of total vegetation production
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Eco-Polygons
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Conclusions

= A guideline for future ecological analyses:

= An alternative method to assess phenology in Southeast
Asia

o Based on seasonal information

o |dentified phenology characteristics of multiple growth cycles

o |dentified vegetation dynamics that may be related to large- scale
climate events (e.g., El Nino)

= A widely applicable framework
= Extend study periods and/or areas
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Limitations & Future Directions

m Temporally limited data set (i.e., 9 years)
= Need for validation

@ Need to understand ecosystem dynamics and
disturbances for future adaptation strategy
development in the region

= Integration with previous research to assess global
climate change
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