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Use of Modtran in Imaging Spectroscopy

« Atmospheric Gas Retrieval
* Aerosol Retrieval

« Atmospheric correction

« Sensor Design

» Sensitivity Analysis

« Energy Balance Models

« Scene Simulation

« Calibration and Validation
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At-Sensor Radiance Validation

Modtran built for forward simulation:
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Validation done on at-sensor radiance
MODO being a helper to ease this part.
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Validation of surface reflectance quantities

Inversion of the radiative transfer code
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Validation on HDRF-type reflectances.

(ATCOR being one of the solutions for that part...)
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Modtran® 5 - what's new?

Reformulating the band models for resolutions down to 0.1 cm!
(from 1 cm-1), i.e. 0.06 nm instead of 0.6 nm at 2500 nm.

Solar dabase updates, including the calibrated Fontenla solar
radiation model (provided at 0.1 cm- resolution).

Using recompiled HITRAN-2008 database of molecular
absorption.

Potential to include any absorbing molecule available in the
HITRAN datase.

Increased accuracy and speed of DISORT aerosol scattering
algorithms.

Fine tuning of aerosol scattering function through Angstrom
coefficients.

Side outputs for atmospheric correction purposes (i.e spherical
albedo and diffuse transmittance)
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Solar Function VNIR
(Kurusz 1997 vs. Fontenla 2011)
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Transmittance — Modtran5

Difference of Modtran-4 Simulation (2001 Hitran) to Modtran-5 (5nm):
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Radiance — Modtran 5

Difference of Modtran-4 Simulation (2001 Hitran) to Modtran-5 (5nm):
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Difference of Modtran-4 Simulation (2001 Hitran) to Modtran-5 (10nm):

red: total rad,
black: path rad
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Radiance — Modtran 5
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MODO with MODTRAN-5

"MODTRAN Organizer" software

1994: Development started in 1994
1996: First version available
2000: New Foundation 2000 (for Modtran 3)

2004: Release of Version 3 for Modtran 4
License from AFRL for inclusion of Modtran 4

2011: Update to Version 4 for Modtran4 and in parallel Version 5
for Modtran5

Designed with Imaging spectroscopy data validation and sensitivity
analysis in mind.
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0606 |\ Editing Tape5 for MODTRAN 5

Modtran | Text I Std | Midlatitude Summer | Vert, Path from/to I Full Radiance | Multiple Scat, at H1 I =

| Tremare Prabale | LaniFrate | Standard Output IT-Boundary: |P93.15 >Spectr< | . IE_B

Default Cases:

01d Seatter | o fy | Mormal | 3 vten [ g I}s co2lppn]: |565.000  Heo: |} 03: | gz Mo tore |

Filess Kurucz 1997 | 1 cm-1 Standard | Orig, Resolution | Modify Rero |SolConst: I:

% 40068 Ang-Exponents I:ao.ooooo Mumyedriyg DAde

Default | Rural Extinction VY=23km | Default | Seazon as Model I Normal Yolcan Background | | No clouds No YSA |
Yisibil.(ka) | , |§o.ooooo hhdepoedinie s “giviyviepends |£.00000  Rain Rate(mm/h): |D.00000  Ground Alt/kms |§0.ooooo
Sensor Altitude Hi(km): |100,000 Final Altitude H2(km) ¢ |0,00000  Sensor Zenith (degree) : |180,000 fiwis H 0.00000

i el : | D,00000  Earth Radius (Def,0) : |9.,00000 Path short{0)/long(1) : |D farael Femth ,00000

Only Observer Mie Phase Function | Day-number of the year: I‘-';I.BO Source Sun I

Observer Latitude : |47.2000 Observer Longitude 3 |2351.500 P Hi
Dec,Greenwich Time: |12,0000 Path Azimuth: |9,00000 ponet . fioumnelig?

Range: |§4000.ooo to |;’zsooo.oo Resol: |§15.ooo FlHH: |§zo.ooo Noplt | en-t | Trian | nofix |z an End Modtrn

Helpl ﬂ Selectl 'E-«'z-;s.»l Showl Save Fls| Clonel test ﬂ 1 ﬁ Killl Run Modtr'anl DUNEl




Sensor Simulation

Remote Sensing Specialists approach:
» Hide unnecessary Modtran options
« Use Sl units common to remote sensing (i.e W/(m? sr nm) )
* Include common sensor systems and characteristics
« Extract the total radiance
» Feed ground characteristics from external sources
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258X a)

X! At-Sensor Radiance Simulator

Calculation Type:

“* Low Res {15cm-1) < High Res {lcm-1) - High Res with DISORT - High Res with DISORT and C-K

Model: Midlat — _|
File Font_Size Display Output Help
Gases: C02 [pp /Users /dschlapf /mod5test /mod_sensor.txt
0_25 I T T T T | T T T T I T T T T | T T T T |
Aerosols: Rural | i :
Q.20 —
>Spectrum<| Refl .
Sensor Altitude [k F 0.15 - s 180,000
% -
CE i
Day-number of the | == T ¢ 1480,000
= i
= 0.10 -
Selectl Senzors Re :
Q.05 -
Define| Output Fil 0.00 y . T p

Help

iy




Forward-Simulation Summary

Pro's:
 Full control of all MODTRAN Parameters
» "Only" calibrated imagery required (no preprocessing)
» Single spectrum processing feasible

Con's:
« Adjacency difficult to model
* Meteorological data input required
* Processing on single spectra (difficult statistics)
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SACO - Simple Atmospheric Correction

Uses the *.acd output of Modtran® 5 directly for an atmopheric
correction.

Restrictions:
* No angular dependencies
* No terrain correction
* One set of parameters per spectral band

Advantages:
» Very fast processing.

« Baseline atmospheric correction for evaluation of atmospheric
correction developments and fast validation purposes.
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SACOQO Calculation

p %k
= Surface ‘reflectance’ (directional)

* .
T, +T, +p*s

(bottom of atmosphere reflectance)

[(DN ¢, +¢,) - L. Wnd2

p>X< —_ Apparent at-sensor reflectance

E, cos0

Tdif,d . EO COSH . Tdir,u IO
nd2(1 - ps)

—_ Total path radiance
path atm 0
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0606 '\ Atmospheric Correction Parameters

Calculation Options; ™ Low Res (15 cm-1) + Standard (1 cm-1) + Standard with C-K

Model ¢ Midlatitude Summer |

Gases: C02 [ppml: | 365,000 H20 {scaling / glg/cm2]): | g2 03: (scaling / g[g/cm2])2|§
606 '\ SACO - Simple Atmospheric Correction

Select| Input ENVI File (BSQ): /src_idl/atcor/atcor_4/demo_datasvord_demo/humap_geo,bsg

Select| Calibration File (ATCOR): | /src_idl/atcor/atcor_d4/demo_data/vord_demo/huymapOd_final,cali

Select| Atmospheric Corr, Data: /src_idl/atcor/atcor_d4/demo_datasvord_demo/hymap_acd, txt

i aeTen Bl (68 |10§ Sl Hmad sk |;39.oooooo
‘ DeFinel Output File Mame: Ifsrc_idlfatcor/atcor_4fdemo_datafvord_demo/humap_saco.bsi
/.

Define| Output File Name: I?src_id1/atcorfatcor_4fdemo_data/vord_demo!hymap_acd.txt

el |
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ATCOR - SACO

ATCOR SACO

Fully automatic inputs User-defined inputs

6-D look-up Table 1 Parameter set per scene
Terrain, viewing angle Nadir conditions only

30’ for 1000x3000x160 bands 15x faster

Processing chain component Simple scientific test tool
Validated and broadly used Non-validated

Side outputs (aerosol, water No side outputs.

vapor, emissivity, ...)
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SACO-Results

Spectral Profile
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Inversion Simulation Summary

Pro's

« Validation on full imagery

« Atmospheric parameters from imagery

« Consistency check between variety of spectra
 Full inclusion of adjacency effects

Con's

No BRDF correction

Limited atmospheric LUTs
Differences between methods
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Conclusions

 Significant differences between MODTRAN-5 and MODTRAN-4

* reliable forward simulation is feasible through MODO/
MODTRAN-5 also for high resolution instruments.

 Validation of imaging spectrosopy data shall be done on both
radiance level or reflectance level depending on validation
question.

« Simple atmospheric inversion is suitable to get a first impression
about data quality (but not for operational atmospheric
correction)
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Thanks!

Daniel Schlapfer
daniel@rese.ch
www.rese.ch

Test license available upon demand from
daniel@rese.ch
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