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el Gilis What isthe main scientific
Issuein remote sensing?

* Remote sensing instruments on space platforms are
sophisticated detectors recording the occurrence of elementary
events (the absorption of photons or electromagnetic waves)
asvariationsin electrical currents or voltages.

» Users, on the other hand, require information on events and
processes occurring in the geophysical environment (e.g.,
atmospheric pollution, oceanic currents, terrestrial net
productivity, etc.)
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iy e What isthe main scientific
Issuein remote sensing?

« Remote sensing instruments on space platforms are
sophisticated detectors recording the occurrence of elementary

2| events (the absorption of photons or electromagnetic waves)
F= as variationsin electrical currents or voltages.

» Users, on the other hand, require information on events and
processes occurring in the geophysical environment (e.g.,
atmospheric pollution, oceanic currents, terrestrial net
productivity, etc.)

searcn

-E
+=| ¢ Extracting useful environmental information from data

— acquired in space is the main challenge facing remote sensing
Sz scientists.
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sinressachcete - HOW 1S T@mMote sensing exploited?

» The signals detected by the sensors are immediately converted
Into digital numbers and transmitted to dedicated receiving
stations, where these data are heavily processed.

a5|* The effective exploitation of remote sensing data to reliably
~2|  generate useful, pertinent information hinges on the
availability and performance of specific tools and techniques
of data analysis and interpretation.

el A can be used for this

.| purpose; they are implemented as computer codes that read
the data or intermediary products and ultimately lead to the
generation of products and services usable in specific
applications.... User is happy !
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rrrrrrrrrrr Why isremote sensing called
an inver se problem?

Since space borne instruments can only measure the properties
of electromagnetic waves emitted or scattered by the Earth,
scientists need first to understand where these waves originate
from, how they interact with the environment, and how they
propagate towards the sensor.

To this effect, they develop models of radiation transfer,
assuming that everything is known about the sources of
radiation and the environment, and calcul ate the properties of
the radiation field as the sensor should measure them. Thisis
the so-called direct problem.

Envisat Summer School - NG 1 B
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w5 WY ISTE@Mote sensing called
an inver se problem?

* In practice, one does acquire the measurements from
the satellite, and would like to know what is going on
In the environment:

~?1=> Thisisthe inverse problem, which is much more

~| complicated: Knowing the value of the

el ectromagnetic measurements gathered in space, how
can we derive the properties of the environment that
were responsible for the radiation to reach the sensor?
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-ansfer models are tools to

d absorption of radiation by
lements/centers. They should satisfy energy
valon. . . -
» Spectral properties are depending on the geophysical
"~ medium: atmosphere, ocean, o

(O\S/Anwra
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e o Radiative Transfer Equations (1)

Joint Research Centre

» Exact and light mathematical treatment of a simplified
physical system
» The system under consideration will have the following

properties:
— A continuous scattering-absorbing medium, infinite in lateral extent, bounded
by two paralel planes, i.e. aplane-parallel medium.
— Radiation can be scattered in only two directions, upward and downward.

........................................................................................ Z:O
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Radiative Transfer Equations (1)

Joint Research Centre

» The system under consideration will have the following
properties.
— Radiation or “ensemble of photons’ is emitted by sources outside the

medium only.

— The amount of mean monochromatic radiant energy traveling upward
and downward that crosses a unit area per unit timeis an intengty

noted | [Wm-2sr-1].

. . Y4
Envisat Summer School - NG 1 Radiative Transfer Equations e~
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St Research Cestro Basic Processes (1)
Scattering
“ A physical process by which an ensemble of particles
Immerged into an electromagnetic radiation field remove
as| energy from the incident wavesto re-irradiate this energy into
other directions’

“ A physical process by which an ensemble of particles

| immerged into an electromagnetic radiation field remove

53| energy from the incident waves

—|EXxtinction

=| “A physical process by which an ensemble of particles

—5|  immerged into an electromagnetic radiation field remove
energy from the incident waves to attenuate the energy of this

incident wave” ’LQ/S

Envisat Summer School - NG 1 Radiative Transfer Equations pee
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T it Basic Processes (2)

*The upward and downward intensities change along the vertical
coordinate z in the medium according to the volumetric (individual
Cross-sections times the number per unit volume) coefficients of
absorption, K (in mY) and scattering S (in m?)

*Thus 1/S (1/K) have dimensions of length and may be interpreted as
the absorption (scattering) mean free paths, i.e. the average distance
between absorption (scattering) events.

........................................................................................ Z:O
o N
1 (2) 11 (2) .
z+Dz
| ! (z+D2) | | (z+D2) ‘
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B Conservation of radiant energy

entre
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N for I in aslab Dz (2)
/ | \ o Pllis the probability
/ | (2 — L4 »0z that a photon
| - | directed upward is
| +D | p
\ (z+D2) / | (z+D7) ... scattered downward

\\/ pllis the probability

B that a photon

| (7) + SDz 1" (7 + D7) = directed downward
( ) ( ) IS scattered upward

KDzl (2)+SDzP | (2)+1| (z+ Dz)

coefficients of absorption, K (in mt) and scattering S (in m)

Envisat Summer School - NG 1 Radiative Transfer Equations e
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e Conservation of radiant energy
N for 1' in aslab Dz (2)
| = || iy
| | P"is the probabilit
/ | \ i} P y
/ | (2) \ L_(2) ~0 that a photon
| | directed upward is
| (z+D2) | | P
\ e / | (2+D2) . Scattered downward

\\/ pllis the probability

B that a photon

| (7) + SDz 1" (7 + D7) = directed downward
( ) ( ) IS scattered upward

KDzl (2)+SDzP | (2)+1| (z+ Dz)

coefficients of absorption, K (in mt) and scattering S (in m)
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Joint Research centre  CONSErvation of radiant energy for I| in aslab Dz
/_\ _
| | / N
L (2) | (2) z
/ z+Dz
| |
| (z+D2) | \ | (z+D2) |

" (z+Dz)+SDzP | (2) =

KDzl  (z+Dz)+SDzP | (z+Dz)+1 (2)

coefficients of absorption, K (in mt) and scattering S (in m)

Envisat Summer School - NG 1 Radiative Transfer Equations o
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fom Ressarch centre  CONSErvation of radiant energy in aslab Dz

Dividing both sides by Dz:

| (z+D2)- 1 (2) _

Kl (2)-P | (+F | (2
Dz

.... taking the l[imit asDz - 0 gives.

ﬂ'ﬂz(z) =Kl (2)- P | (+SP 1" (2)

where | (z) decreases in the direction of increasing z

Envisat Summer School - NG 1 Radiative Transfer Equations pee
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fom Ressarch centre  CONSErvation of radiant energy in aslab Dz

We obtain the two-stream equations

ﬂ'ﬂéz) =Kl (2)-SP | (2)+SP I (2)

,' ﬂ';ﬂiz) =+KI" (2)+SP" 1" (2)- SP "I (2)

coefficients of absorption, K (in mt) and scattering S (in m1)

Envisat Summer School - NG 1 Radiative Transfer Equations o
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Joint Research Centre - ASymmetry factor for scattering processes

*We have for isotropic medium: P~ =P~ P =P
P +P =P +P =1

*The asymmetry factor g isasingle number, defined asthe
mean cosine of the scattering angle (-1 or +1 in our case):

g=(+)P +(-)P"
*Typically: g =+1 for strict downward scattering,
g=-1 for strict upward scattering and,
g=0 for isotropic scattering.
*For the above set of equations, we have:

P =P =(1- g)/2
P =P =@+gqg)/2 WS

Ersirprmeai asd
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Single scattering albedo

*Normalization of the radiation transport equations by the
extinction factor E=S+K gives:

1ﬂ| (2)
E 9z

= % (2)- SP_'I_(Z)+§P'_|' (2)

which can be rewritten as:

11 2
E 9z

(9)

=1 (2)+w—1 (2)+w—=E

" (2)
(1- g)I (2)

(1+Q) -
2

d+9g
2

1" (2) - w——=

expressing the probability for the photons to be scattered.

Envisat Summer School - NG 1
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19 (2 _ (1- g)

(1+9) -
2

- | ()+W

| (z) +w——=

1 (2)

* Single scattering albedo w =0 for total absorption (no
scattering)

 Single scattering albedo w =1 for total or conservative
scattering (no absorption)

Envisat Summer School - NG 1 Radiative Transfer Equations
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- The variable physical depth {1z can be multiplied by the

optical factor StK=E to transform into an optical thickn

t = S+ K)iz
0

3 1+9) - (1 9)

i =-1 (2) +w—= 5 1" (2)
1@ _ (1+9) (1- g)

i =+ (z2)- w——— > " (2) - w—21 (2)

These last equations are typical two-stream equations
for the system.

Envisat Summer School - NG 1 Radiative Transfer Equations
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 In amore compact form [with (1) - (2) and (1)+(2)]:

ma -r)

i =-(@-w)(I +I)
T +1) -
i =-(@1-wg)(I -1)

Key variables to represent the radiative transfer processes are:

=| »w: the single scattering albedo

=| « g the asymmetry factor of the phase function

o t : the optical thickness of the medium

Envisat Summer School - NG 1 Radiative Transfer Equations e~
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s coen Extension to N Flux (1)
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» These equations can be extended to N flux to obtain N
coupled differential equationsincluding N+ 1 terms on
the right side. RN

*Thefirst term represents the extinction and the N !
remaining terms represent all the possible ways in which
radiation is scattering into one direction Wfrom all other
directionsW .

In the [imit when N goes to infinity, sums become
Integrals and the set of equations collapsesinto asingle
Integro-differential equation:

L (ﬂzt,V\/) +SZWIH(ZW = §.(z WO W (z W)W

Envisat Summer School - NG 1 Radiative Transfer Equations pre
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11111111111 Extension to N Flux (2)

Joint Research Centre

In the limit when N goes to infinity, sums become integrals and
the set of equations collapses into a single integro-differential
equation:

- m'"'(;t’w) +S(zWI(ZW) = F.(z,W® W)I(z,W)dW

| (z, W) represents the intensity (W m2srt) at point z in the
exiting direction W,

s (m) and s (msrl) are the extinction and differential
scattering coefficients, respectively, taken at the same point z

along the direction W.

Envisat Summer School - NG 1 Radiative Transfer Equations e~
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furopeAN commissioN —\/ertical radiative coupling between
Joint Research Centre . .
geophysical media
Upper limit (1)

Atmosphere RTE Z,

Lower Limit (1)

Upper limit (2)

V egetation - Z,

L ower L imit (2)

Upper limit (3)

In each medium, the transfer of radiation may be represented
by the following approximate equation:

ll

[-m_ -+

it :
Extinction coefficient o Diff& ential scattering coefficient /\,Q/S
Envisat Summer School - NG 1 Radiative Transfer Equations =
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furopeAN commissioN —\/ertical radiative coupling between
Joint Research Centre . .
geophysical media

Non oriented small scatterers

Atmosphere I nfinite number of scatterers
L_ow density turbid medium
Vegetation *Oriented finite-size scatterers
eFinite number of scatterers

*Dense discrete medium
Soil *Oriented small-size scatterers

| nfinite number of clustered scatterers

sCompact semi-infinite medium

LS

Envisat Summer School - NG 1 Radiative Transfer Equations =
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rrrrrrrrrrrrr Vertical radiative coupling between
Joint Hasaarl:h Centre . .
geophysical media

The description of theinteraction of a radiation field with a
layer ed geophysical medium impliesthe solution of
radiation transfer equations and the specification of
appropriate boundary conditions

| (20, W) = 1,d (W- VWb) 1" (z,,W)
Atmosphere, )
I _ (Zba ’W) = P_ (\]gv(zba ’W’W)I (Zba,Wl) |m |dW Za
I_(ZN’W):I_(Zta,Z\'/DV)eXp[ -ta]+|d_(zba’W)
\ egetation Im, | Z,
| (ZbV’W) - o c\ps(zbv ’W’W)I _(ZbV,W') | m' |dW
Soil ] Z

1" (z,,W=0 >

LS
Envisat Summer School - NG 1 Radiative Transfer Equations pr==
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e Radiative Transfer Modeling for vegetation
canopy
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Joint Research Centre Representation of vegetation canopy

‘Oriented’ scatterers elements in a finite volume
- turbid medium

» Leaves are point-like scatterers

- discrete medium
» Leaves are finited-size scatterers

Envisat Summer School - NG 1 RT Vegetation Modeling o
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Geometrical Parametersin 1D representation:

Height of canopy, Size of asingle leaf & L eaves

orientation (leaf angle distribution) .
AR

Envisat Summer School - NG 1 Radiative Transfer Equations =
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Joint Research Centre Veget at| oNn Optl Cal Depth

o Leaf Area Index (LAI) is a quantitative
Z| measure of the amount of live green leaf
material present in the canopy per unit
—| ground surface.
| It is defined as the total one-sided area of
2| all leaves in the canopy within a defined
region. N = # of layers

N
LAl = a | - é na & = leaf surface
=1 =1 n, =#leaves/m2

Envisat Summer School - NG 1 RT Vegetation Modeling o
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Joint Research Centre Veget at| oNn Optl Cal Depth

o Leaf Area Index (LAI) is a quantitative
Z| measure of the amount of live green leaf
material present in the canopy per unit
—| ground surface.
| It is defined as the total one-sided area of
2| all leaves in the canopy within a defined
region. N = # of layers

N
LAl = a | - é na & = leaf surface
=1 =1 n, =#leaves/m2
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Joint Research Centre Veget at| oNn Optl Cal Depth

o Leaf Area Index (LAI) is a quantitative
Z| measure of the amount of live green leaf
material present in the canopy per unit
—| ground surface.
| It is defined as the total one-sided area of
2| all leaves in the canopy within a defined

region. H : Height of canopy [m]

LAI — H_D D: Leaf Area DenS|ty [m2/m3]

Envisat Summer School - NG 1 RT Vegetation Modeling o
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Extinction coefficient S~e(z’ W V\b)
l

- mﬂ—t+§e(z,V\/,V\b): 1(ZW) = 5 (zW® W)I(z,W)dW

= | We assume that the canopy consists of plane leaves with a leaf area

< |density | (2) defined to be the total one-sided leaf area per unit volume at
= |depth z. .

= | The probability that aleaf hasanormal O, g") e %

.- |directed away from the top surface, in a unit

¢ | solid angle about

o~ |is given by the leaf-northal distribution function , (z, Wg) which

+ | isnormalized as

O,

1 ... - _
zz(pflfﬁg)dmggg(z’wf)—l \

Envisat Summer School - NG 1 RT Vegetation Modeling plate model
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Extinction coefficient

We now consider photons at a depth z travelling in direction W.

The extinction coefficient isthen the probability, per unit path length,
that the photon hits aledf, i.e., the probability that a photon while
traveling a distance ds along Wis intercepted by aleaf divided by the
distanceds.

s .(zW)=G(zW)l ,(2)

Where the geometry factor G is the fraction of the total leaf area (per
unit volume of the canopy) that is perpendicular to W

1 .
2p

Ref: Ross (1981) ’UUS

Envisat Summer School - NG 1 RT Vegetation Modeling e
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Leaf Orientations

V egetation foliage features characteristic leaf-normal distributions,

9(O, ) with preferred:

« azimuthal orientations, g(f )
* zenithal orientations, g(?,):
> erectophile (grass) (90°)
> planophile (water cress) (0°)
> plagiophile (45°)
>
> uniform/spherical (al)

* time varying orientations:
> heliotropism (sunflower)
> para-heliotropism

Ref: Ross (1981)

Envisat Summer School - NG 1
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Joint Research Centre Scattering properties of leaves

» Once the radiation is intercepted by the vegetation elements,
It is scattered in directions determined by the leaf orientations
and the leaf phase function

o Ledf reflection and transmission
depend primarily on wavelength,
plant species, growth condition, O,
age and position in canopy.

5| « Directionality of leaf scattering O'S\ =
| depends on the leaf surface 771\

~=| roughness, and the percentage

+=| of diffusely scattered photons plate model

from leaf interior.

> Plate models often assume Bi-Lambertian scattering properties.
- radiation is scattered according to cosinelaw: | O - O |
Ref: Ross (1981) magnitude depends on leaf reflection and transmission values

Envisat Summer School - NG 1 RT Vegetation Modeling
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Joint Research Centre

L eaf scattering properties

 Leaf scattering function for classical plate scattering
model
f(W® WW,)=r, |W-W,|/p

if (W- W,)(W-W,)<0
f(W® V\/’\Nf):té |W W, |/p

if (W- W,)(W-W,)>0

Where r, and t; are the fraction of intercepted energy
which are reflected (transmitted) following a ssmple

cosine distribution law around the normal to the
|eaves.

Envisat Summer School - NG 1
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Spectral L eaves Profile
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Joint Research Centre Canopy scatter | ng phase funCtl on

 Leaf properties are assumed to be the same throughout
the canopy, we have

Gz WE W aWe W
SGW® W - G W WIFW © W W
2p
g (W) isthe probability function for the leaf normal distribution
WL

f isthe leaf phase function (when integrated over all exit photons

directions, yields single scattering albedo w).
Ref: Shultis & Myneni (1988) and Knyazihin et. al. (1992) /\/Q/S

Ersirprmeai asd
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*The presence of finite size scatterers implies that the
radiation interception process by the leaves will not follow a
continuous scheme, and in particular that radiation will be
allowed to travel unimpeded within the free space between the
scatterers.

«Since extinction occurs only at discrete locations, some of
the radiation emerging from an arbitrary source, located
Inside or outside the canopy, any occasionally travel without
any interaction in this canopy, depending on the shape and

size of free space between these leaves.
Ref: Verstraete et. al. (1990) Ref: Gobron et al. (1997)

Envisat Summer School - NG 1 Radiative Transfer Equations
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Hot-spot Effects

*\When the radiation is scattered

back in the direction from which it
originates, the probability of
further interaction with the canopy
Is lower than in other scattering

directions.

In case of RS measurements
outside the canopy, thisgiveriseto
arelative increase in the valuein
the backscattering direction which

IS knows as the hot-spot
phenomenon.

Ref: Verstraete et. al. (1990)

Envisat Summer School - NG 1

Ref: Gobron et al. (1997)
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Hot-spot Effects

Extinction coefficient is modified adding hot-spot

scale factor:

Se(z, O, Op) = ?(2) - G(O)- O(z, O, Oy

iiluminated leaf
Ref: Verstraete et. al. (1990)

Envisat Summer School - NG 1
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Wit ene— Senyar ation of Scattering Or der

r(zo, WW,) =1 (25, WW,)-

£ls Uncollided Intensity \ /

Envisat Summer School— NG 1 Ref: Gobron et al. (1997) e
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Wit ene— Senyar ation of Scattering Or der

r(Zg, WW,) =1 0(Z, WW,) +1.(25, WW) -

e Uncollided intensity \/
Z|* Single Collided intensity v

Envisat Summer School - NG 1 Ref: Gobron et al. (1997) /‘;5;5-:
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Wit ene— Senyar ation of Scattering Or der

(2o, WW,) =71 ,(Z5, WW,) +1 (2o, WW,) +1 , (25, W W)

« Uncollided intensity \\\ / / /
%|* Single Collided intensity
[* Multiple scattering intensity

Envisat Summer School - NG 1 Ref: Gobron et al. (1997) /‘;5;5-:
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Joint Research Centre

Uncollided intensity (1)

Downward uncollided intensity at level z,

Where | =1°(z,, W,)d(W- W,
collimated beam at the top of canopy

Probability that alight ray within this beam is transmitted

downward in the same direction through the first k layers

Envisat Summer School - NG 1 Ref: Gobron et al. (1997) /‘M{_ESH
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Joint Hasaarnh Centre

Uncollided intensity (2)

The radiation scattered by the soil, which provides the lower
radiative boundary condition of the canopy system, for
uncollided radiation is given by:

yd

; K
510 (H, W W) = IiouH,vv,vvo) im, [1sgl- 1 S0
e

y
U
Imy| @

Where G(H, W, Wo) denotes the bidirectional reflectance
factor of the soil at the bottom of canopy.

é G(W)u 3l @ G(W) U
: =—qg.(HWW Iel I al- I ——
1°(z,, W, W) pgS( )My | m | H ge - H

Envisat Summer School- NG 1 Ref: Gobron et al. (1997) e, =7
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Uncollided BRF

Applying last equation at the top of canopy and normalized by
the intensity of the source of incoming direct solar radiation as
well as by the reflectance of aLambertian surface illuminated
and observed under identical conditions (Jmy|/p) yields the
contribution to the bidirectional reflectance factor due to this
uncollided radiation, namely:

; K K
e G(W,)u & .. G(Wu

ro(Zo, WW,) = gy(H, W, W,)el- | ( O)a el- | K—(W)L'J
e Im | ¢ & m g

Envisat Summer School - NG 1 Ref: Gobron et al. (1997) /‘fE{S
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Solar Zenith Angle:

Uncollided BRF in Cross Plan

Solar Azimuth Angle: 0 [deg]

Radius:
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Height of the canopy: 2.0 [ m]

Normal Distribution: Erectophi

L eaf scattering law:
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Soil scattering law:

Soil reflectance:
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Thefirst collided intensity in downward direction W
corresponds to the radiation scattered only once by leaves,
but which has not interacted with the soil.

*Downward source coming from the direct intensity,
attenuated through the first k layers, and scattered by the
leaves according to their optical propertiesin layer k:

, k
1 € G(W,)u
Q° (2, W) = L aw, @ wyt g1 1 SWe)s
p é Imy [ §

*Downward intensi ty K-
&

IE(Zk’VV’Wo)— a. Q2 (z,, WW,) gl- G(\N)§

Envisat Summer School - NG 1 Ref: Gobron et al. (1997) /‘;5;5-:
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Thefirst collided intensity in downward direction W
corresponds to the radiation scattered only once by leaves,
but which has not interacted with the soil.

eDownward intensity

6 G
(2, WW,) = — a Q% (z;, WW,)I &- | (
& Im| @
*Upward intensity
. 1 k°+1 U
|_ (Zk,VV,Wo) =—a {Q9 (Zi ’\N’W0)| O éL' I V;l)ég
i=K

Envisat Summer School - NG 1 Ref: Gobron et al. (1997) /‘;5;5-:
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The contribution to the bidirectional reflectance factor due
to the first collided intensity is obtained after normalizing
the upward intensity* (z,, WW,) by the incoming
directional source of radiation at the top of canopy:

r. (2, W, W) =

Envisat Summer School - NG 1 Ref: Gobron et al. (1997)
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W I, (W+ GO, (9] <x,vv:”LF§X) 05 (X WB Vg1, (X W

<3| Multiple scattering intensities ar e computed solving
+5| RT equations using various numerical tools, like:

e Discrete Ordinate M ethods
 d-Eddington method
» Adding-doubling

e TWO-Streams

Envisat Summer School - NG 1 gt
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where the plan-parallel concept may be
Inappropriate
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lumping of leaves into floating spheres Structurally heterogeneous trees at various res.

100x 100x 30 m 270x270x 15m

Coniferous trees onto a Gaussian shaped topography

Joint Research Centre

Envisat Summer School— NG 1 500 x 500 x 114 m oy



Joint Research Centre

EUROPEAN COMMISSION

CARECTORATE-GERERAL

Joint Research Centre

L ocal Scale

Envisat Summer School - NG 1

Scene Visualization

B Sy >

Regional Scale

a3



EUROPEAN COMMISSION

FFFFFFFFFFFFF

Joint Research Centre

3-Dimensional problem

wherethe plan-parallel concept may be
Inappropriate:

*Document the errorsdueto an oversimplification of the
full 3-D situation, i.e. deviations from the 1D case.

*EXxplore new ways and techniques for representing, at
limited costs, the 3D nature of the medium which basically
require almost an infinity of parameters!

*Addressthe application issuesfor geophysical modeling,
e.g. the definition of new “equivalent variables’, and

satellite data interpretation, e.g. the non-uniqueness of the
inver se problem.

Envisat Summer School - NG 1 gt
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‘ 3-D Radiative Transfer Equations
W, oW+ Gx 9 =" 2 G W Vi, (x ek

3-D Models
S| eRay tracing models
2| «Geometrical models

| *Hybrid models

Envisat Summer School - NG 1 gt
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e RAMI
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RAdiation transfer Model Intercomparison (RAMI)

This Is the offickal site of the radiation transfer model intercomparison {RAMI) inklative, RAMI proposes a mechanism to benchmark spectral bidirectional reflectance
models designed to simulate the transfer of radigtion at or near the Earth's terrestrial surface, i.e., in plant canopies and over soil surfaces. As an on-going activity
RAMI operates h succesive phases, sach ane alming at re-assessing the capabilty, perfarmance and agreement of the latest generation of radiation transfer (RT)
models, This in turm, will lead to medel enhancements and further development that benefit the RT modelling community & a whole,

Participation in the RAMI initivative is open to evervone wiling to run a previously published BT model against an ensemble of prescnbed test cases.
Obviously the number and complexity of the scenes that have to be simulated is determined by the dimensionality of BT mede! (1-0 versus 3-D7). The first two
RAMI phases have not only kead to improved computer codes, but also to publications in the refereed scientfic Berature. However, for referencing purposes only
previously published models may feature In future RAMI activites. For more information please consult the EAQs and our privacy and data-usage policy via the
DISCLATMER. link.

Fhana HActagn Pesid Fartipating Modsla Funt Caplnronze Prosastaliss Scimlific Paklic alion
1-0 mndeds: 3

N iC ey s 2 ey AGH, Vol 106, Mo, D11 0.
RAMI-1 Mir - Aug 1999 T RaniE Hep 1999: IWMAN-2, Tspra, taly 11,097-11,056, Ruve 2001

-0 Fidells: 2
-0 models: 10

EAMI-2 Feh - Jun 2002 Tun 2007 ; IAMMM -3, Btaamboat Bpring s, LA IGH, Vol 109, Mo, 6210, 7004

This sit= is maintained by the Science and Technobogy for Appled Remole Sensing (STARS) aroup of the Global Yegetation Monitoring (GYM) unit in the Insttuts
for Environment and Sustainabiity {IES) of the EC Joint Research Centre (JRC].
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Fi'., ADIATIVE TRANSFER MODEL INTERCOMP A RISON

4 A i EXPERMENTS RAESULTS WODELS  PAATICIRANTS

RAMI2 ]

MODELS LIST

The following k& the list of KT models that participated in the second phase of the RAMI inttiative.

 F B OB B F 4 4+ & 4 & & B
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Model Benchmarking
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e Conclusion
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e RT modeling in vegetation: two-stream RT
equations, 1D turbid canopy, 1D’ discrete model &
3D heterogeneous canopy model

 All models require spectral scattering and
absorption canopies properties
... and assumptions

 RAMI exercise for direct mode comparison and
validation

e Thefun with RT models with space remote sensing
data comes with the inversion mode ... tomorrow !
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