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Background

Why the vegetation phenology Is important:

— Reflect the dynamics of the Earth’s climate and
hydrologic regimes.

— Connect biosphere and atmosphere

— Large-scale vegetation phenology is useful for studies
of seasonal and interannual variability in carbon
exchange, vegetation-climate interactions and other

ecology processes.
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Vegetation Index

__ NIR—-RED
NDVI = NIR+RED

B (NIR —RED)
EVI = G X (NIR+C, X RED —C, xBLUE+L)

For MODIS, G=2.5, C,=6, C,=7.5and L=1
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Challenges In deriving phenology metrics
from remote sensing data

e The inherent noise due to variations in viewing geometry,
and less than ideal atmospheric conditions, etc., reasons.

» (Occasional missing data due to cloud cover and dead
sensor, etc., unpredictable situations.

Solution:

Estimate phenology metrics from smoothed and gap-filled data
sets.




Two Temporal Curve Fitting Cases

Case 1 — typical situation:

enough high quality data to

adequately fit curve to the
® retrievals

parameter

T 9 Case 2 — degenerate situation:
not enough high quality pixels to
adequately fit curve to the
retrievals

parameter
+

time 4+ Original time series
@ High quality values
— Temporal curve fitting

F. Gao, J. T. Morisette, R. E. Wolfe, G. Ederer, J. Pedelty, E. Masuoka, R. Myneni, B. Tan and J.
Nightingale, “An algorithm to produce temporally and spatially continuous MODIS-LAI time
series,” IEEE Tran Geosci Remote Sens Letters, 5, 60-64, 2008.
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® Key phenology dates

Modified TIMESAT Parameters
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Beginning of season
End of season

Length of season
Base VI value

Peak time

Peak value
Amplitude

L_eft derivative

Right derivative
Integral over season -
absolute

Integral over season -
scaled

Maximum value
Minimum value
Mean value

RMSE

TIMESAT - a program for analyzing time-series of satellite sensor data
Per Jonsson & Lars Eklund, Computers & Geosciences 30:833-845, 2004.



How to Determine the Key Phenology
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Eliminate noise and fill data gap during

the winter
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Retrieve unevenly distributed growing

NDVI
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Phenology Dates NDVI vs. EVI (1)
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Phenology Dates NDVI vs. EVI (2)
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» More than 50% of the pixels have similarly retrieved greenup/browndown
dates.

» More difference between browndown dates because the browndown is a more
gradual progress than greenup, which makes greenup easier to determine.




(@ Web camera images (eartlett FLUX site) (8
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Comparison with Field Record
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Site/Network Name Site Numbers Observed Events
Chequemegon Ecosystem Atmosphere Study 2 First Appearance of leaves
GLOBE 5 First Appearance of leaves
Harvard Forest LTER 1 First Appearance of leaves
Howland Research Forest 1 First Appearance of leaves
Long Lake Conservation Center 1 First report of land surface temperature >
60°F
Prairie Westlands Learning Center 1 First report of Chorus Frogs and Trumpeter
Swans

Rocky Mountain Biological Laboratory 1 First Appearance of leaves




Web-based data distribution system

http://accweb.nascom.nasa.gov/

@ GODDARD SPACE FLIGHT CENTER ‘ + Visit NASA.gov

Offering original,
MODIS for NACP smooth/gap-filled

LAI, FPAR, EVI & NDVI,
.
Welcome to MODIS-for-NACP! The mission of MODIS-for-NACP is to provide guick and easy NEWS and phenOIogy metrICS

access to MODIS land and atmosphere data products specially processed for NAGP models.
This work is funded by NASA's Advancing Collaborative Connections for Earth-Sun System

Science (ACCESS) program and described in the project proposal. 09.04.07 - MODIS-for-NACP de rived from LA I /EV I /N DV I

MOD15GFS  1km  smoothed, gap-filed

Data LAVFPAR and MOD15PHN 1km smoothed, = -
Search, order, and download MODIS-for-NACP data products. Products may also be subset gap-filed LAFPAR Phenology products are prOd UCtS Wlth the fOI IOWI ng
by parameter or area, mosaiced, reprojected, masked, and reformatted to GeoTIFF. Eol-f{“c::ar:'llibr: for years 2000 through 2005.

The smoothed, gap-filed products constructed through this project are available through the d t "

above data link and are described in: + View News Archives a a Se rVI Ces "

Gao, et al, "An Algorithm to Produce Temporaly and Spatially Continuous MODIS LAl Time

Series

Please cite this reference if you include MODIS-for-NAGP data in your own research. - Su bset by geog raph i C area

Pizase note: MODIS L18 and Atmosphere products, atthough not distributed by this web site,

can be ordered from - Su bset by d ata I ayer

« hitp/iladsweb.nascom.nasa.gov
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\.‘Tsi%?; browse MODIS-for-NACP data products. Re ro eCt
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Flrr?diclz.llt more about the MODIS-for-NACP project. - M Osal C

Help

Get help including tutorials and contact information. —_ Ag g reg ati O n
Information about the preduction, archive and distribution of the data products in MODIS-for-
— Re-format (to GeoTIFF).

NACP can be found at the MODAPS Services website.

Any guestions should be directed to MODAPS user support. Contact information can be found
on the Contacts page.

+ Send Us Your Commients

Webmaster: Greg Ederer
+ Privacy Policy and Important Notices @ NASA Official: Ed Masucka
+ Rate Us




Application: Mapping nectar flow
phenology with satellites and Honey Bee

hives to assess climate impacts

e ~10° Flowering plant species.

e ~10%Pollinating insect sp., many in g
decline.

« Dependencies, Areal Abundances,
rends, and Climate Response
unctions of individuals or their
artners are very poorly known.

e QOur bees, ecosystems, and food
epend on these interactions being
successful.

 Little time for a species-by-species
approach, we need to generalize in a
smart way.

Dane

800

Click on the images below to
see nectar flow data and bee
forage information

National Scale Hives

HoneyBeeNet Main Page

+ Visit NASA gov

How will plant-pollinator inferactions respend fo climate and land cover/land use changes?

Ecologists are concerned that crutial plant-pollinator relationships could be disrupted s a result of climale and
land use changes, to the detriment of all (see National Academies repart on this). We are using colonies of
haney bees in the Mic-Atlantic region ko monitor changes in the timing of this plant-poliinator interaction - the
haney bee neclar flow - by the simple, yet careful, daily weighing of hives fo track incremental changes. Our
Maryland data indicate that the peak nectar flow occurs nearty 4 weeks earlier than in 1970's. This change of
the nectar flow timing is likely due to climate changes and the warming efiect of urbanization. Independant
bservalians canfirm thal neclar seurces are biooming earlier. Hew these changes will impact ecosystems
and agriculture needs to be carefully assessed.

Can modem ecosystem and climate models, based on extensive satellite cbservations, help us
understand these changes?

Satelltes provide good large-seale coverage of vegstation change with respec to climale, but cannot observe
pallination directly. Scale hive records tell us when nectar flows occur, and hence Ihe peak plant-polinator
interaction. Our aim is to relate this timing and location to sateliite cbservations and ecosystem models, We
believe that using scale hives ta lrask nectar flow is a lechnique that can be used to mar anges in the
plant-poliinator interaciion, and that a hive monilaring network has the potential to expand on this. This timing
and fiow information can be linked to ecalogical models and satelite cata that monitor vegetation parametars
such as phenalagy. Without the primary informatian abaut the timing of neclar flows, predicting change would
be extremely difficull, even with the best satellite abservalions and ecosystem!

mate models

How far north will the invasive Africanized Honey Bee (AHB) establish permanent residence in North
America, and how will climate change affect this?

Current predictions of the spred of the AHB in the US (Harrisan et al,, 2006) are based primarily on winter
temperalure limits observed in South America. Variations in heney bee farage are missing, but may be crusial
to understanding their aver-wintering capability. Our hypothesis is that the predictons can be improved

through the use of vegetation and surface cimate information developed from satellite sensors and ecosystem
madels tuned with scale hive information. This buikds on the successful use of satslile data lo depiat the areas
that may be impacted by the spread of invasive plant species, such as salt cedar, or tamarisk (Morisetie et al.,
2006

HoneyBeeNet - Crealing a national network

In the Mig-Atlantic region alone, over 30 beekeepers have volunteered to collect scale hive records in order to







Honey Bee Nectar Flow (HBNF) Metrics
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Linking Scale Hive Observations MODIS

Phenology product (1)

@ Univ. Apiculture Research / Bee Labs: 29
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Linking Scale Hive Observations MODIS
Phenology product (2)

Nectar Flows vs MODIS Phenology
2000- 2009
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Spring , Median (50% gain), Eastern US, edited with QC criteria. Louisiana, S. Florida
excluded. For trees, shrubs, mixed cropland mosaic, urban land cover types.



MODIS Prediction of the
Spring 2001
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2002
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2003
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2004
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2005
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2007
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2006
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2008
50% Peak Nectar Flow

MODIS Prediction of the
Spring 2009
50% Peak Nectar Flow




Summary

Smoothed and gap-filled VI provides a good base for estimating
vegetation phenology metrics.

The TIMESAT software was improved by incorporating the
ancillary information from MODIS products.

A simple assessment of the association between retrieved
greenup dates and ground observations indicates satisfactory
result from improved TIMESAT software.

One application example shows that mapping Nectar Flow
Phenology is tractable on a continental scale using hive weight
and satellite vegetation data.

The phenology data product is supporting more researches in
ecology, climate change fields.




Questions?



Smooth and Gap-fill algorithm
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Gap-fill Phenology Algorithm

TIMESAT Smoothed Data
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