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X Global Environmental Change and Earth
Observation one of the five research

group

X Five Academic staffs +1 ( advertised)
work with Geodata institute,Three
research staffs, Seventeen graduate
students

x Key research areas 0O0devel opme
application of models and algorithms for

retrieving information from earth

observation data from airborne and

satellite platforms, field instrumentation

and surveys?©o 2
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What Is terrestrial Ecosystem?

Atmosphere

Gas exchange

Precipitation

M Biosphere g8

Sedimentation

Runoff

Lithosphere
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Why study terrestrial Ecosystem?

Terrestrial ecosystems occupy 144,150,000 km 2, or 28.2%, of Earth's surface.

THE GLOBAL CARBON CYCLE
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ATo understand regional to global scale environmental phenomena
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What Remote Sensing offer?

Alnter - and intra -annual global vegetation monitoring on a periodic
basis

A Gl obal bi ogeochemical, climate and
A Net primary production and car bon

A Ant hropogenic and climate change d
A Agricultural activities (plant str

agriculture)

What we could measure?

1. Amount
2. Structure

3. Pigment content (chlorophyll etc.)



UNIVERSITY OF

Southampton
What Remote Sensing offer?

x We use individual/multiple bands, but more frequently
Vegetation indices

x Most probably NDVI (Normalised Difference Vegetation Index) is the
widely used VI

x Key sensors for global studies
AVHRR -> longest NDVI time series ( issues with Data quality)

ASPOT VEGITATION> From 1998, 1km Spatial resolution

AVIODIS-> From 2000, 250m Spatial resolution, NDVI, EVI

Most of the information are on Structure and amount and not on
chlorophyll content
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A step change !

@® MEdium Resolution Imaging Spectrometer (MERIS)
| aunched 2002 onboard ESA

x 15 programmable bands

in region of 390 -1040nm 60 1
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A chlorophyll Index: Opportunity |

> Aim
+ Easy to calculate from MERIS data

+ Sensitive to wide range of chlorophyll

B8 B9 B10

Reflectance (%)

Wavelength (nm)
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MERIS MTCI: Opportunity |

x MTCI makes use of the high spectral resolution of the Medium Resolution
Imaging Spectrometer to track the position of the Red Edge (Dash and

Curran, 2004).

MTCI = RBanle B RBand9
RBand9 - I:zBandS

X The magnitude of the MTCI is positively related to the total chlorophyl
content.

X This, in turn, Is a function of chlorophyll concentration and leaf area index
which reflect plant growth and biomass.
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MTCI: ESA L2 Product

November -2003

I I eri—‘. user workshop

ESA ESRIN 10 > 13 November 2003
Frascati ITALY

Observed Issues and Recommendations
New L2 products

= Need for defining new L2 land products by fully exploiting the capabilities of the MERIS instrument
not available from other sensors.

» ESA response:

+ for the land community at present we have MGVI, NDVI, rectified reflectances at 665 and
865nm DDV AOT surface pressire

+ new MERIS Terrestrial Chlorophyll Index (MTCI) will be provided in the L2 product replacing
the NDVI.

« algorithms for experimental MERIS products, i.e.LAl, fraction cover, chlorophyll content,

surface reflectance under development; shall be made available in source code under the
BEAM software

= Need for defining new atmospheric L2 products:

» Aerosol path radiance at 665 nm
« Particular Matter: PM 10
* Aktinic fluxes

11
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@ NRT data distribution
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MERIS Terrestrial Chlorophyll Index (MTCI)

MERIS Terrestrial Chlorophyll Index Copyright ESA 2003 (processed by Infoterra Ltd.)

e ———
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A chlorophyll Index: Challenge |

A Calibration
The relationship between DN measured at the sensor and
the actual geophysical value of the object viewed.
Calibration can be absolute or relative.

A Vicarious calibration
Calibration achieved using a method that is independent
of that used to establish the primary calibration.

A Validation
The process of assessing, by independent means, the
uncertainties of the data products derived from the system
outputs (NASA, 2003)

14
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Validation of MTCI: Challenge |

A 6 Field validation campaigns

i
i

i

Dorchester, UK (crop) (MERIS, Field)

New Forest, UK (forest) (MERIS, CASI, Field)

Campania region, Italy (tree/crops) (MERIS, Rapid Eye, Field)
Barrax, Spain ( Crops) (MERIS, ATM/CHRIS, Field)

Sicily, Italy (tree/crops) (MERIS, Eagle/Hawk, Field)

Harwood Forest, UK (Coniferous forest)  (MERIS, Eagle/Hawk, Field)
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The process of Validation

_________________________________________________________

Field data and processing

Leaf Area Index
(LAI-2000)

Relative leaf chl
(SPAD)

Relative to absolute
Leaf chl

_________________________________________

ESU: 300 x 300 m

Sout
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VHR multispectral data

Geometric correction (GCPs)

Atmospheric correction (ATCOR)

Estimation of canopy parameters
(model inversion)

Pixel size 20 x 20 m

Validation of VHR canopy chlorophyll maps

\ 4

Aggregation of VHR chlorophyll maps

A 4

Medium and Coarse chlorophyll maps

Pixel size 300 x 300 m

MERIS

Direct calibration and validation procedure at medium resolution
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The process of Validation-1

January 2007

\k&_.

&

\~S esa The Living Planet Programme

ying the Earth Living Planet Earth Exp

ESA's Living Planet
Programme
About ESA's Livin [
Planet Programmge MERIS chlorophyll data

proves positive

Earth Explorers >
Campaigns > 30 January 2007
: 2 Scientists have, for the first
Mult d . : ;
time, devised and tested a
Living Planet images  » method for correlating
Living Planet videos » spaceborne data derived from
Help Z Envisat's MERIS instrument on
the amount of chlorophyll
m present in terrestrial vegetation
Calendar v e W) with actual chlorophyll
Contact us » Measuring leaf area index measured in field experiments.
Positive correlations further
Search confirm that MERIS is providing an accurate picture of the health our
Al planet.

MTCI
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200 400 600 800 1000 1200 1400
Chlorophyll content(g per MERIS pixel)
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The process of Validation-2

)

Campania region, Italy (2009

Per date
E area_of_interest_utmwgss4
[ ] campaniaReg_utmwgss4_fullcoverage
20090817_mosaic
20090818_mosaic
[ 20090819_mosaic
20090820_mosaic
20090823_mosaic

South
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RapidEye data, August 2009
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The process of Validation-2

Variability

T

Act
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Aggregation based on MTCI values
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The process of Validation-2 Southampton

Aggregation at gridcell level
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Applications

Space-time RS data

22



Leaf Cycle %
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Phenology from Space: Opportunity |

o L Winter

Spring

Summer

Autumn
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Methodology

_ Data cleaning and flagging

STEP-2 | Data smoothing

STEP-3 | Temporal base information extraction

_ Phenological variable extraction

24
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Methodology
e

MTCI data Dropout Corrected.,.

Apply Fourier
(inverse with

(8 day composite) MTCI data n harmonics) 45
A
4 -
\ 4
check Fourier Smoothed 35 -
& correct MTCI data
noise 3 1
\/,//\
\4 25 4
Extract base information 5 ] /
v v L 4 v 1.5
Annual Annual
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1st Derivative Minimum Maximum (value & week) = Raw data with dropouts
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Results- India P
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Long term phenology
change using GIMMS
NDVI data
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Climate Impact on Phenology Southampton

Altered annual cycle

Initial annual
cycle

early spring. layed fall

January December

Ma;:Apr-May Sep-Oct-Nov
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Mar-Apr-May

Sep-Oct-Nov

50N

Legend
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| | -20t00%
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| | 40t060%
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Fourier Smoothed Yearly NDVI variation

— YEAR1982 —— YEAR1983 YEAR1984 YEAR1985 —— YEAR1986

— YEAR1987 —— YEAR1988 —— YEAR1989 YEAR1990 YEAR1991
YEAR1992 YEAR1993 YEAR1994 YEAR1995 YEAR1996
YEAR1997 —— YEAR1998 YEAR1999 YEAR2000 YEAR2001
YEAR2002 YEAR2003 —— YEAR2004 YEAR2005 === YEAR2006

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Mean ES variation (above 45N)

o
(®))
(Q\|

290

AOd

285

280

275

900¢
S00¢
¥00¢
€00¢
¢00¢
100¢
000¢
6661
8661
L661
9661
G661
661
€661
c661
1661
0661
6861
8861
L3861
9861
G861
861
€861
¢861

Year

33



UNIVERSITY OF

Southampton
J\v/}ﬁ;\,
g4 P
i f%:j SN %
SR N . N Tt
i \K % % \ \“\?’W“T&Ef\ 78\4% <~?
g 7 iilie %
Vi ¢ K \
ts {i “
yg A2
7

Onset of Greenness (OG) End of Senescence (ES)
JRROUUERE
Change Change

Degree of Change in OG & ES <2



UNIVERSITY OF

Southampton

Phenology from Space: Challenge I

Inconsistency in Definition

1_

Inflection
point

0.8

-

0.6 +
S Seasonal mid point
0.2 9| Threshold |

Delayed moving average

0

1 6 11 16 21 26 31 36

Time

What is start of season?

Aim:
Alndependent of the study site and phenological pattern
ACan detect multiple annual cycles

ACycles which spread across calendar years 3
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Phenology from Space: Challenge I

Validation
Ground based ﬁ'

Citizen science, voluntary based, point -to pixel problem WOODLAND
TRUST

Satellite based (!)

High spatial resolution data, scaling up, Data availability

Camera based

High spatial (mostly horizontal) and hyper temporal
resolution , effect of understorey, dominate foreground
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