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ATMOSPHERIC CORRECTION FOR MODIS -

OVER LAND
Yoram Kaufman and Didier Tanr6

Brent Holben and Eric Vermote

* WHAT IS THE PROBLEM ?

*WHY CORRECTION FOR THE LAND IS MORE DIFFICULT THAN

....FOR THE OCEAN ?

*MINIMUM CORRECTION

* CORRECTION THAT CAN

DATA SET L(X, t, X)

.—.-— .

THAT IS EASY TO PROMISE

BE APPLIED FOR Pm OF THE

x WTERNATIVE APPROACHES

*FIELD EXPERIMENTS, empirical relations and testing.
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* WT IS THE PROBLEM ? (VIOS)

*WHY CORRECTION FOR THE ~ IS MORE DIFFICULT THAN FOR THE OCEAN
.

- Surface is brighter and variable p(X~t) - more difficult to fid the atmospheric effect.
- For a bright ace atmospheric effect includes also T, mO.
- Higher optical thickness.
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SURFACE REFLECTANCE (p)
Iheradianco ot the Earth:atmosphere sys!em (reflectance UnitS) minUS the SUrfaCe

reflectance for nadir observations, as a function of the surface reflectance. The aerosoi
optical th”tiness ~a and the single-scattering albedo W. are indicated for each line.

6oW400, k= 610nrn, ad v- 3. After Fraser and Kaufman (1985).
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* MINIMUM CORRECTION THAT IS EASY TO PROMISE

Gaseous absorption
Wd +tiu& to minimum unless there is an anodous water vapor absorption.

-03 is easy to correct for.
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molecular scattering on the upward radiance: <
Moletiar scattering (canbeCOmd anY time): fl~ol$

- Effect of
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Effect on vegetation index NDVI= (~-L1)/(L2+L1)
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- Effect on bidirectional reflectance measurements
● .
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Reflectance (dashed line) at the top of an aerosol layer for e.= 35° to 55° along the scan.
The solid line corresponds to a BRDF used for the simtition which corresponds to a
Minnaert model with k=l.O and p=O.10.The second solid line corresponds to the actual BRDF
with different surface parametm, k=O.2and p=O.12 which displays the same behavior as the
simulated reflectance.
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Possible correction for the aerosol effect

L(T) = LO(T)+ f .(T)T(T)P

- Correction for the aerosol pro~rties reuuires:
z*aerosol optical thickness -5070

* phase tiction - 35% P
* single scattering albedo - 15% ~o

Path radiance combines the most out of the three. L Oc
o
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Fig. 3: The relation between the aerosol optical thickness and simultaneously
measuredatmos heric path radiance
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(the radiance is normalized to flux
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Methods of correction: mmGX

- Corrdon methods are based on derivation of one aerosol parameter
from space (t or LO)and computing the others using a model that is
heavily based on empirical r~latiofi.

u

I - Dense dark vegetation method is for single image correction

~suming PDDV(~7eZgo)t Test possibility to apply also for non
vegetation targets that are dark in the blue.

z - Structure function approach to find %relative to a single day from a A

sequences of images with same view direction.

3- Optical thickness derived every several days from MISR to be used
directly to ve~ DDV, and to give t of the reference day for the
structure function method.

10
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Daily data
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- DENSEDARKVEGET~ON (over regions that include forests)

- On a box of 1%1° find pixels with dense dark vegetation using NDVI or 3.7 P reflectance
(vio 3.7 vs. chl, NDVI vs. CII1)

- Assume pO(eO e) for blue md A .

-Find~and~ t( 0

h

* ,2/. ‘=~ ● 4-w
- Interpolate on X and A ~JO it;
- Correct all the box

(vio Corrccti{>lls) <
h

Structure function (OVa regions A* high c0ntra8t8)

F~(d)=Z[(L(x)-L(x+d)]z
L=% + TfP

JF (d) Tlfl
S1

F (d) ~ ~ = ~*g(@O’P)= Tf
S2

This ratio should be independent of d which h a test if the region is appropriate for the
technique.
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VEGETATION INDEX - ARVI

Yoram

FOR EOS-MODIS

J. Kaufman and Didier
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principle of the self correction for the
atmos~heric effect:

.

- The path radiance in the blue is used to correct the
path radiance in the red (FigI) ..:.”“.,-.

.:

NDVI = (p*N1~_ p*r)/(p*N1~ + p*r)

ARVI = (P*NIR- p*rb)/(p*NIR + p*rb)
.s

where , P*rb = ~*r-~IP*b- ~*rJ..

Table 1: Reflectance of typical surfaces in the three bands .
—————————--— ————. ————————-— —. —- —- —- —————-—-—_— _______ ___
surface cover Pblue Pred Pm
soil [37] :0.110 0.190 0.243
Grass [4] ‘:0.012 0.052 0.660
Forest [36] : ().blo 0.016 0.210

}————-—---—— -—A+ ——— ——— ——---— ——— ——— —- ——— ——— — — -- —_______ ___

..” ,

Table 2: Relation between the reflectance in the red channel (0.66M.025p) and
in the blue channel (0.47M.01 ~).

—- ———————- ——————-— —————-—--- —————————————-___ —_____ _____
surfs= reflectan~ RATIO

/pr_ BLUE RED NIR blue/red difference NDVI ARVI

0.47p 0.66p 0.86p
----- ———-—. -- ——__________________
all surfaces

———____________
O.llM.11 0.19M.17 0.41M.19 0.64i0.24 0.08M.08 0.38M.33 0.26M.40

vegetation 0.06M.04 0.lM.07 0.45M.18 0.71M.25 0.~.05 0.63M.25 0.55M32
soils 0.18M.14 0.31M.18 0.35M.18 0.5M.19 0.13M.09 0.M.06 -0.08i0.08
—- ———————————————————————————————————————-— ——_________ __



.

1

088

06●

048

02●

o

-0.2

I 1 I I I I I I I I I I i I 1 i I
v I I I

i
JI

I I 1 I I I I I I 1 I I I 1 I 1 I I I

o 02# 04 06 08 1

fraction of vegetation ‘



forest 0°, 27°, 30°, corn 24°, pasture 4°,
A

l.oo~ll 11,,111l\ll Jl\,llll ~,lr,l,,fl,

5
a
a

>
n
z

0.80

0.70 I

0.60

0.50

0.40

i
\

‘L

I
●

A\ NDVI-I C.,~o
(o) ARVI-I
( A~ NDvl-h

‘*:0 ARV1-h

A

)o
A

0 1 2 3 4 5 6 7

I WAVELENGTH (~m)



.

~ndvj
-- X- ● COMP. NDVI27

- + - COMP.NDVI9
300 * I 1 I I

1
I I I I

I
I I I I 1 I I Ir ?>”, I n I I I I I i

250

/

~
I

o
0.2

-
0.3

I 1 I 1
0.4

m
0.5 0.6 n7

NDVI
V.1



MODIS Atmospheric correction April, 1992

wALTERNA~ APPROACHES

TOOLS

- 6S code, KI’ codes (EriC)

- bi-onal scheme (updated from data)

13
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FIELD EXPERIMENTS empirical relations and testing.
- Re- and post MODISmeasurements from the ground of aerosol physical and optical

-es as a data set for relation betwee@and&d for groud truth @rent).w- ..
- ~Ield experiments with surface properties, aerosol properties and radiance transfer.

- TOgeneratea data set of the parametem to test and update radiative transfer models and to
validate remote sensing procedures and atmospheric correction schemes.

9.L(L)

Brent -7 instruments in Bti tim 1992
Didier -5 ins~ents in West Africa from 1992
Yoram -4 instruments for targets of opportunity (desert transition area, Puerto Rico, East

Europe, GSFC). horn 1992
Yo- and Didier - additional instruments from 1993 on depending on the budget.

2 Didim 1992 HAPEX-SAHEL tau, Lo, fluxes, atmospheric samplers, surface bidirectional
refl-ce, PAR, METEOSAT~WRR,TM,POLDER,ATSP,TIMS
3. Yoram, BrenC 1992 Wallops, Desert transition area in Israel tau, Lo, L(l) from digitized
camera. - Need of a not expensive visible to near IR radiometer-imager.
4. MODIS tem 1993 Brazi~ in collaboration with Ames and Hobbs aerosol, clouds and gases
&cterization simultaneously with radiation measurements, MAS, vegetation
characterization and ground based measurements.
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# 1, Au
.——~. ———— _________ ——— —--

CONCLUSIONS

the corrections in stages

absorption I

- Strategy that adds and sophisticates

molecular scattering and gaseous

alternative approaches

aerosol correction

- Simulations of the performance and error analysis

- Data sets

simultaneous

~~~, Tti, 1311${~12&~~#f106@phY

%

5VU pu~mfl~$

of surface properties of aerosol properties and of

surface, aerosol and radiance measurements f
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