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Wiy do we need HysolRI?

** Only HyspIRI will have the capability to simultaneously acquire
observations in the reflective solar and thermal regions of the
spectrum required as input to REGFLEC — TSEB-LUE

HyspIRI will allow us to efficiently exploit the synergy between TIR
and shortwave reflective wavebands for producing valuable
remote sensing data for monitoring of carbon and water fluxes

The integration of hyperspectral reflective measurements is likely
to expand the utility of REGFLEC for high fidelity LAl and Cab
retrievals, as the HysplRI data will allow identification of shortwave
bands and indices with optimized sensitivity to changes in leaf
chlorophyll (e.g. PRI)
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Hydrology & Ramots Sansing Labh
Baitavills, Maryiand, USA

Accurate means for mapping surface fluxes at fine spatial scales (<100m)
are critically important to local water resource and agricultural
management

Carbon fluxes are particularly valuable for monitoring vegetation
productivity and for studying carbon cycle functioning in response to
changes in environmental and physiological controls and a changing
climate

Leaf chlorophyll is being increasingly recognized as a key for quantifying
photosynthetic efficiency and gross primary production of terrestrial
vegetation

Thermal-based LSMs are well suited for mapping instantaneous fluxes
down to 1 m resolution, as TIR data provide valuable information about
the sub-surface moisture status, obviating the need for precipitation input
and prognostic modeling of soil transport processes.




Vlaoping vegetation parameaiars

Sensor

Vegetation N

LAI Cab RMSD

LAI
Bias

Cab

RMSD  Bias

SPOT 20m (OK, U.S.)

Cotton/peanuts/corn/

26 2
grass/wheat i g

14% (0.39) -3.2% (-0.09)

19% (9.1) -4.1% (-2.0)

SPOT 10m (MD, US)

Aircraft 1m (MD, US)
SPOT 20m (Denmark)

MODIS 250m (DK)

Soybean/grass/
corn/alfalfa 474l

Corn 31
Maize/barley/wheat
Barley/wheat

Forest
. T -

® Collon
B Peanuts
¢ Com

& Grass

A Wheat

Estimated LAI

13% (0.40) -0.9% (-0.03)

10% (0.25)  0.5% (0.01)
19% (0.74) -9.0% (-0.40)
20% (0.54)  9.0% (0.24)
18% (0.63) -15% (-0.52)

11% (4.9) -0.1% (-0.02)

10% (4.4) -2.2% (-0.9)
10% (5.3) -0.2% (-0.08)

® Colton
B Peanuts
¢ Comn

A Grass

& Wheat

A

Estimated C,j, [pg em-2]

rmsd = 13.8 % (0.39)
bias = -3.2 Y% (-0.09)

T T T T

) 4 5 6
Measured LAI

rmsd = 18.8 % (9.1)
bias = -4.1 % (-2.0)

20 40 50 60 70
Measured Cyp, [pg cm-2]
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Estimated LAl

Viapoing vegaiation oarameiars

Sensor

Vegetation N

LAI Cab RMSD

LAI
Bias

Cab

RMSD  Bias

SPOT 20m (OK, U.S.)

Cotton/peanuts/corn/

26 2
grass/wheat i .

14% (0.39) -3.2% (-0.09)

19% (9.1) -4.1% (-2.0)

SPOT 10m (MD, US)

Soybean/grass/

corn/alfalfa 4

13% (0.40) -0.9% (-0.03)

11% (4.9) -0.1% (-0.02)

Aircraft 1m (MD, US)
SPOT 20m (Denmark)

MODIS 250m (DK)

Forest

Corn
Maize/barley/wheat
Barley/wheat

® Soybean
A Grass

W Alfalfa
¢ Corn

18% (0.63)

10% (0.25)  0.5% (0.01)
19% (0.74) -9.0% (-0.40)
20% (0.54)  9.0% (0.24)
-15% (-0.52)

10% (4.4) -2.2% (-0.9)
10% (5.3) -0.2% (-0.08)

® Sovbean
A (jrass

B A lfalfa
¢ Corn

Estimated Cyp, [pg cm-2]

rmsd = 12,7 % (0.4) rmsd = 11.4 % (4.9)
bias = -(1.9 % (-(.03) bias = -0.05 % (-0.02)
T T T T T T I T T
3 4 5 ] 20 30 H) 50 al) L ai)
Measured LAI Measured Cap [ug ecm-2|
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Vlaoping vegetation parameaiars

Sensor Vegetation N LAI Cab
LAI Cab RMSD Bias RMSD  Bias

Cotton/peanuts/corn/
grass/wheat
Soybean/grass/
corn/alfalfa
| Aircraft 1m (MD, US)  Cormn 31 10% (0.25) 0.5% (0.01) 10% (4.4) -2.2% (-0.9) |
SPOT 20m (Denmark)  Maize/barley/wheat 19% (0.74) -9.0% (-0.40) 10% (5.3) -0.2% (-0.08)
Barley/wheat 20% (0.54) 9.0% (0.24)
Forest 18% (0.63) -15% (-0.52)

e BN

SPOT 20m (OK, U.S.) 26 23 14% (0.39) -3.2% (-0.09) 19% (9.1) -4.1% (-2.0)

SPOT 10m (MD, US) 41 13% (0.40) -0.9% (-0.03) 11% (4.9) -0.1% (-0.02)

MODIS 250m (DK)

@ July 21st @ July 2lst
A August st A August st

Estimated LAl
Estimated Cyp [ng em-Z]

0.5 rmsd = 0.25 {10.2%) rmsd = 4.4 pg cm-? (9.8%)
2 = (.%5 2 = (.50

0.0 T T T T T T T : - - T T T
060 05 10 15 20 25 30 35 : m 20 30 40 50 a0
Measured LAI Measured Cyp, [ug em-2]
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Vlaoping vegetation parameaiars

Sensor Vegetation N LAI Cab
LAI Cab RMSD Bias RMSD  Bias

Cotton/peanuts/corn/
grass/wheat
Soybean/grass/
corn/alfalfa
Aircraft 1m (MD, US)  Corn 31 10% (0.25) 0.5% (0.01) 10% (4.4) -2.2% (-0.9)

I SPOT 20m (Denmark)  Maize/barley/wheat 19% (0.74) -9.0% (-0.40) 10% (5.3) -0.2% (-0.08)|

Barley/wheat 20% (0.54) 9.0% (0.24)

Forest 18% (0.63) -15% (-0.52)

T L

SPOT 20m (OK, U.S.) 26 23 14% (0.39) -3.2% (-0.09) 19% (9.1) -4.1% (-2.0)

SPOT 10m (MD, US) 47 41 13% (0.40) -0.9% (-0.03) 11% (4.9) -0.1% (-0.02)

MODIS 250m (DK)

& Tisley G - ® 30 M ay (Wheat ) O 6 Sep(Maize)
¥ L B 7 Jul (Barleywheat) ® 25 Jun (B arley) -~
1 A Maize T #21Sep (Maize) ’

| * Wheat A B Aug(Maizc)

Estimated LAI

Cypestimates [ug cm-2|

rmsd = (.74 rmsd = 5.0 pgem2

T I T

T T

3 4 5 H H3 75 &5
Measured LAI
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Vlaoping vegetation parameaiars

Sensor Vegetation N LAI Cab
LAI Cab RMSD Bias RMSD  Bias

Cotton/peanuts/corn/
grass/wheat
Soybean/grass/
corn/alfalfa
Aircraft 1m (MD, US)  Cormn 31 10% (0.25) 0.5% (0.01) 10% (4.4) -2.2% (-0.9)
SPOT 20m (Denmark)  Maize/barley/wheat 19% (0.74) -9.0% (-0.40) 10% (5.3) -0.2% (-0.08)
Barley/wheat 20% (0.54) 9.0% (0.24) - -
Forest 18% (0.63) - -

SPOT 20m (OK, U.S.) 26 23 14% (0.39) -3.2% (-0.09) 19% (9.1) -4.1% (-2.0)

SPOT 10m (MD, US) 41 13% (0.40) -0.9% (-0.03) 11% (4.9) -0.1% (-0.02)

MODIS 250m (DK)

Forest
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AT10MN

Leat cnloroonvll inter-corre

-

LAl and Cyp
field plots

'K' Flux tower

R ‘ 0 50 100
L AU { et

Aircraft overpass

Max obs value

. ‘\
Min obs value " °-

Leaf chlorophyll [pg cm-2]

—&— Average of all measurements (Field B)

156 161 166 171 176 181 186 191 196 201 206 211 216
Day of year
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LUE - Leaf cnloropnyll inter-correlation

DOY 183

o <)

Capb [Hg cm2]

10-15

15-20

20-25

25-30

30-35

35-40

DOY 190 _ (R, o
ST 1 k B
.~*, [P AR o ‘ b e 55-60
60-65
65-70
70-75
75-80
80-90

i 3 4




N@-“A LUE - Leat cnloroonvll inter-corre

—*— LUEq
— Cab (90%)

LUE, derived from flux tower data

153 158 163 168 173 178 183 188 193 198 203 208 213 218
Day of year
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\ AT10MN

NASA LUE - Leaft enloropnyll inter-corire

LUER [mol mol1]
o

r2=0.86 ;
RMSD = 0.005 RMSD = 0.003
0.00

20 25 30 35 40 45 50 55 60 65 20 25 30 35 40 45 50 55 60 65
Cab [ug cm-2] Cab [ug cm-2]

—— LUEn (VObS)
—— LUEq (f(Cab))
—— LUEq (f(Cab)) (3 day lag)

LUE;, [mol mol-1]

153 158 163 168 173 178 183 188 193 198 203 208 213 218
Day of year
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CO; flux [umol m-2 s-1]
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[T T e T 1T 1T 1T T e
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Latent heat flux [W m-?]

CO3 flux [pmol m-2 s-1]
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Combining observations in the reflective solar and thermal domains
for improved carbon and energy flux estimation
o m— Rasmus Houborg'3, Martha Anderson2, W. P. Kustas?

1Earth System Science Interdisciplinary Center, University of Maryland, Cellege Park
2USDA-ARS Hydrology and Remote Sensing Laboratory, Beltsville, MD
ol gical Sci Branch, NASA Space Flight Center, Greenbelt, MD (contact ]

STUDY SITE FLUX MAPPING
absorh y active radiation and thus function as vital pigments for
photosynthesis, which makes leaf chiorophyll comtent [C.) Useful for monitering vegetation ) Naan July 21
productivity and an impoltanl indicator of the overall plant physiological condition. This study
g remotely sensed of Gy, Into based Two-Source

Eilemy Balance {'I'!EB} lmdal Iﬁlil estimates land-surface COZ2 and energy fluxes using an analytical,
light-use-efMclency (LUE) based model of canopy resistance. The LUE model component Incorporates
LUE modifications from a neminal (species-dependent) value [LUE.) in response to short-term
in However LUE, may need adjustment on a dally timescale to

changes in phy and nutrient status. Day to day variations in LUE,

were assessed for a heterogeneous corn crop field in Maryland, U.S.A. through model calibration with
eddy covariance CO, flux tower observations. The optimized daily LUE, values were then compared to
estimates of Gy, integrated from gridded maps of chiorophyll content weighted over the tower fux
source area. The time-continucus maps of daily C, over the study field were generated by fusing in-
situ with with an gr radiative transfer modeling tool
(accurate to within $10%) using at-sensor radiances in green, red and near-nfrared wavelengths
acquired with an aircraft imaging system. The resultant daily changes in Gy, within the tower flux

Source area wall with P g changes in daily calibrated LUE, values
) ; i derived from the tower flux data, and hourly water, energy and casbon flux estimation accuracies from
Matural color aireraft imagery masaic (1 m resolution) of the OPE corn field Nabeled B) study site in Maryland with a blowup f Co, v - Two-
of the area in im=ediate vicinity of the fiux tower. Locations of LA| and beaf chiorephyll (€..) sampling sites are indicated by TSES ware significantly Impraved whan using Cy, for delinsating spatio-temparal variations In LUE,, e bt "f,::,';",":,:,:"ﬂ,ﬂ;,:,"mi “":,:".','L‘..':,°,‘;',::;:',::,:;L::f:-},‘:§',:,',',f,‘:‘,[:',f,"_',':;
the red stars. 0% source areas of the flux tower CO2 fluxes at the time of micday are depicted for a calection of days. The resulis dsmonstrate the synergy between thermal infrared and shortwave reflective vavebands in LUE parameterized as a function of remotely sensed beaf chiorophyll (C..) (right panels) and runs assuming a fixed value
producing valuable remate sensing data for operational monitoring of carbon and water fluxes. for the entire field (left panels). Evidently, the use of spatially variable values of LUE,, retrieved from resote sensing
MODELS estimates of C,.. has 3 prencunced effect oa simulated fuxes.
Scheatic dagran of the cousled BSV1 - ACAM - PROSPECT REGulariied canogy refLECtnce FLUX VALIDATION APPLICATION TO OTHER REGIONS
GFLEC) modeling toal. REGFLE aitomatic and imagebased methodology that

of ataensor u.dm- observations in green, red and near-isfrared
umhnﬂ far the retrieval of vegetation parameters. Inpst requirements
mtegrated modeling systes requires no callbration and may be run for

Comparison of hourly eddy covariance flux sbservations with model
estimates of CO, (al latent heat (b) and sensible heat () fluxes
generated with the TSEB_LUE using a fixed LUE, and a LUE, that varied
seasenally as a funcson of leaf chiorophyll Each diumal segment
represents flux data aveaged by heur over S4day Incervals,
Consideration of temporal changes in LUE, (as dictated by variasions in
€..) inproves the sccuracy of simulatione of carbon uptake by the cam
field, particularty during leaf sxpansion and development [eay 185 - 171
and late stages of leaf maturity and leaf senescence (> doy 191) where
cbserved Muxes otherwise would be vasty oversstimated. Whike

are less pr for latent and sensible
heat Ruzes, the results do pramots phatosynthetic sapacity (Le LUE)
as 3 by eentrol en alse wates and energy fluxes,

Thermal-bassd Twe-Ssures Energy LUEBased canopy resistance msthed for
Balance (TSEB) modeling scheme. esmputing coupled carbon and water fluxes
The themal data (T provide within the TSEB framework. LUE is modefied
walusble information about the sub- fram a mominal value (LU} in response to
surf: sisture status, obviating varlations in humidity. CO, eencentration Iesity measuremeats of maximum leaf eHlorophyll [C..) frem various
the need for presipiation input data tempurdure, wind speed. and fraction of hand cover types plotted againt land cover specific maximum nominal

and prognastic modeling of the soil diffuse radiation.

LUE [LUE ) eompled from a survey of Beraturs values, The sxponential
water balance

LUE, - C... relationship for eorn derived in this study is shown with an
asymptotic behavier abowe the max LUE, 0.041). Paints representative
of other land cover types tend to fall in elose proximiy to this
relationship that may be valld for these cover fypes also as lang s the
upper asympiote is adj to cormespond to the maximun LUE, for
the given land cover typs [dashed lines)

VEGETATION MAPS AND LUE-Cab INTERCORRELATION CONCLUSIONS

* An integrated radiative transfer modeling teol
(REGFLEC) Tfacilitated accurate retrieval of leal
chiorophyll (C.) and LAI from remote spectral
observations in the visible domain

MULTI-SCALE FLUX MAPPING

ACE TE! Mﬂ{ ATL

assum es that (1) the

any paint withia the fisld fellows

ane of e instu samping = .
anomalies of LAI and C,, present dusi # The spatiodemperal C, record was highly
are preserved. Dadly averaged sauree areas (0% of the flux correlated  with wvariations in nominal light-use-
tower GO, uxes are overlain. efficiency, and thus proved useful for optimizing flux
estimates by a thermal-based Two-Source Energy
Balance (TSEE) model that implements a LUE-based
model of canopy resistance

temporal characteristic at
and [2) spatial pattem

* The symphony of LUE, (that varied seasonally as a
function of C,,) and thermal input data provided
accurate flux retrievals for a ‘difficull’  site
characterized by highly variable degrees of plant
stress

* The results utility in
observations in the reflective solar and thermal
demains for estimating carbon, water and heat fluxes
within a coupled framework The eoupled REGFLEC - TSZB_LUE medeling
demenstrates the synergy between TIR and shorm
producing valuable remote sensing data fos operati

Scatter plots of model nlwub.u LUE, and footprirt averaged leaf
content and
() & 3-day lag applied to the leaf shiorophyll

s resord. )

Timeseries intercomparison plot of model calibra UE, and LUE, fux mapping activities at feld 1o
estimated as of G, agresm ent with resolution (sub-fisld seals, <100m) TIR ng
the lagged C, estimates suggest that short-term environmental LDCM [Landsat Data Cantinuity Mission) and HyspiRl, will enable a continuation of

stresses are not immediately manifested in the G, record these flux mapping activities at field to regional seales,
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