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3DNEPH database, 274, 275

A+ aerosol layers, 149

AATEMP, 98, 242, 243,255

above ground level (AGL), 33, 110

absorption, 3, 57, 59
cross-section, 60, 61

“Absorption Ice” (ABSC(7,1), 294

“Absorption Water” (ABSC(6,]), 293

aerosol angular scattering functions, 40

aerosol entity size distribution, 32

aerosol extinction, 89, 90, 151-153

aerosol models, 3638

aerosol number density distribution, 31

aerosol regions, 33

aerosol scaling factor, see HAZE

“Aerosol” screen, 131, 141, 148, 149,
171,210, 211, 264, 283, 284, 303,
307

aerosol vertical distributions, 34

“Aerosols and Clouds” options, 280,
281

AERRH, 100

AHAZE, 153

Airborne Visible/Infrared Imaging
Spectrometer (AVIRIS), 305

albedo, 50, 51, 188, 220, 246

altitude (h), 22

AMOD3D, 116-117

Angstrom law, 160-167

“Angstrom Law Inputs” screen, 167

AnLBLTemplate flux.csv spreadsheet,
208

aperture, 14

APLUS, 107, 131, 144, 148

APLUS cards (flexible aerosol model),
143-151

apparent contrast, 75, 321
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application programming interface
(APD), 3

Army vertical structure algorithm
(VSA), 306-309

ARUSS, 107, 108, 144

ASCII files, 9, 10

ASTMC, 100, 161

ASTMO, 100, 161

ASTMX, 100, 161-163

astronomical horizon, 25

asymmetry factor, 294, 295

“Asymmetry Ice” (ASYM(7,]), 294

“Asymmetry Water” (ASYM(6,1), 294

ATEMP, 97

Atm button, 127

atmcor.dat, 123

Atmosphere, Aerosols, and Geometry
buttons, 127

“Atmospheric Column Parameters and
Files” Screen, 130, 155, 165, 185,
198, 217,221, 258, 305

atmospheric constituents/band models,
86, 87

“Auxiliary Spectral Data Details”
screen, 288

“Auxiliary Spectral Data File” screen,
288

Aviation Digital Data Service (ADDS),
271,272

azimuthal angle, 20, 75, 82, 101, 178,
189, 223,226, 227, 244, 245, 248,
249, 260, 289

AZ INP, 226,227

BCKZEN, 112
Beer—Bouguer—Lambert law, 67, 69
BETA, 112, 226, 242
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bidirectional reflectance distribution
function (BRDF), 14, 18, 49, 239,
241-244, 251, 259

BINARY, 93, 94, 184

blackbody, 16, 51-56

BRDF model options, 244

“Calculation/Plot” menu page, 133-137

CALT, 285

CARD 1,93, 117, 151, 153, 183

CARD 1A, 93,118,129, 143

CARD 2,93,107, 117,118, 130, 151,
153, 280, 282

CARD 2A, 143, 280

CARD 2A+, 148

CARD 2CY, 226

CARD 3,93, 118, 130, 153

CARD 3D, 226, 229, 231

CARD 4,93, 113, 130, 153

CARD 4A, 242

CARD 5,93, 116, 153

CBRDF, 244

CDASTM, 100, 161

CDTDIR, 100, 106

CEXT, 285

CFILE, 290

channels.out, 123

cirates, 123

CIRTYP, 290

CKPRNT, 93, 97, 242

CKRANG, 97,112

CLDANG, 291

CLDEXT, 291

CLDLEG, 291

CLDLG, 291

CLDNAM, 290

CLDPF, 291

CLDTYP, 290

CLDWAYV, 291

cloud properties, 275, 284, 287, 301,
304

clouds, 38—40

CNOVAM, 107, 108, 131, 144

CO; mixing ratio, 92, 217, 221

CO2MX, 100, 102, 129

Coastal Zone Color Scanner (CZCS),
17

colored dissolved organic matter
(CDOM), 17

“Compute Segment Radiance” option,
260, 268

condensation,, 272

contrast transmittance, 75

correlated-k distribution, 213-216

C_PROF, 100, 103

CSALB, 250

CTHIK, 285

CWAVLN, 285, 294

DATA/ASTER tir.flt, 234, 236

data directory/spectral resolution files,
136

DATA/spec_alb.dat, 234, 236, 251

default aerosol region boundaries, 148

default cloud parameters, 285

default cloud water droplet densities,
296

depression angle at the source (6;), 22

detectivity, 325

DH20, 242, 244

diffuse attenuation coefficient, 17

directional hemispheric reflectance, 49

DIS, 100, 101

DISALB, 100, 101

DISAZM, 100, 101

discrete ordinates radiative transfer
(DISORT), 41, 42, 186, 225, 228,
259, 268

DLIMIT, 113, 114

“Download Radiosonde Data” screen,
314-315

DV, 113, 116, 118, 123, 131

Earth center angle, 25

Earth Observing System (EOS)
satellites, 17

Earth radii for different model
atmospheres, 113

Earth’s surface angular change (¢.), 22
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Edit Output File Options button, 183,
184
Edit SAP button, 144
emissive region, 239
emissivity, 13-16
energy, 45
entrance aperture, see aperture
evaporation, 272
Excel spreadsheet, 230, 233
extinction, 59
cross-section, 59-61
efficiency factor, 32
“Extinction Ice” (EXTC(7,1), 294
“Extinction Water” (EXTC(6,1), 293
EXT550, 33

“File | Open” menu, 125, 189, 191
final angle, 25

final height (H>), 24, 25

FLAGS, 113-116

FOG, 40, 66, 276, 306
FORTRAN, 5,
FORTRAN-JSON, 5, 6

FWHM, 113, 118, 123, 131

general limitations, 9

“Geometry and Spectral Band” menu
page, 131, 138, 206, 221, 231

GETVIS, 33, 110

GNDALT, 107, 109, 110, 112, 130, 131

gray body, 13, 16, 218

grazing angle at the sensor (6,.), 22

HI1ALT, 95, 112, 113, 131, 226, 227,
266

H2ALT, 95, 112, 113, 131, 226, 227,
266

H20AER, 100, 106

H20STR, 100-103, 129

Hapke, 244-246

HAZE, 32, 33,45

Henyey—Greenstein phase function, 40,
62,246, 296

HRANGE, 112

Hyperspectral Imager for the Coastal
Ocean (HICO), 17

“Ice Particle Column Density”
(CCOLIP), 295

“Ice Particle Henyey-Greenstein Phase
Function” (ASYMIP), 296

ICLD, 102, 107, 109, 131, 280, 286,
294

ICLDABS, 291

ICLDAN, 291

ICSTL, 107, 108, 110, 281, 282

IEMSCT, 93, 95, 113, 114, 123, 128,
184, 242

IHAZE, 32, 107, 110-112, 131, 143,
144, 151, 280282

IMULT, 93, 95, 128, 184, 226, 242

individual field of view (IFOV), 13, 16

infrared (IR), 1

inherent contrast, 75

INPSTR, 291, 293

input file FIL M _23lex.tp5, 119

input file USstdRural100.tp5, 117

“Instrument Filter File Name” option,
305

intensity, 45—47, see also radiant
intensity

“Internet Radiosonde Data from US
Station Database” screen, 314

inverse square law, 46

IPARM, 226

IRD1, 151

IRD2, 151

I RD2C, 93, 97, 242

IRPT, 116

irradiance, 13, 4549, 197-201

Isaac’s two-stream algorithm, 186, 218,
221,225

ISEASN, 107, 108, 111, 131, 143

ITYPE, 93, 94, 128, 184, 226, 242

IVSA, 107, 109, 131, 306

IVULCN, 107, 108, 111, 131, 143, 144

JCHAR, 96, 151
JCHARX, 96

Jerlov water types, 20
JSON, 5

k distribution method, 214, 215
Koschmeider equation, 77, 162
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Lambert’s law, 50

Lambertian surfaces, 50, 51, 234, 239,
251, 254, 255

“Layer 1 // Boundary Altitude #1”
screen, 142

“Layer 1 // Boundary Altitude #2”
screen., 142

layers, 26, 35

LBMNAM, 100, 105, 106

LENN, 112

LFLTNM, 100, 106

light detection and ranging (LIDAR),
71-73

line-by-line (LBL) radiative transfer,
42,210

line of sight (LOS) range (Rs), 22

“Liquid Water Droplet Column
Density” (CCOLWD), 295

“Liquid Water Henyey-Greenstein
Phase Function” (ASYMWD), 296

“Load Layer Data” screen, 141

local thermodynamic equilibrium
(LTE), 9

long-path refraction/surface
meteorological range (visibility),
169-171

long-wave infrared (LWIR), 12, 13

LOWTRAN, 1

LSUNFL, 100, 103-105

LYMOLC, 93, 94

LY TMP, 227,229

Mx, 93, 96, 128, 151, 184, 242

maritime remote-sensing modeling,
17-20

MATLAB, 5

MDEEF, 93, 96, 128, 151, 184, 242

mean sea level (MSL), 26

medium-wave infrared (MWIR), 12, 13

mesosphere, 68, 69

meteorological visibility, 76

Mie scattering, 15, 56-67, 90

Mie size parameter, 58, 88

ML, 151

MLFLX, 113,114

MLTRFL, 242, 244

MODEL, 93, 94, 110, 112,113,116—
118, 128, 143, 184, 242
“Model Atmosphere” screen, 128, 140,
154, 184, 193, 198, 205, 209, 217,
221, 230, 234, 256, 261, 312
Moderate-Resolution Imaging
Spectroradiometer (MODIS), 17, 257
MODTRAN®, 1-6
filter function, 173, 174
output files, 85
output parameters list, 181
scanning functions, 174
test cases and conditions, 120—122
“Modtran Input” options list, 127
MODTRN, 93, 128, 242
MODOUTTI, 11, 135
MODOUT2, 11, 12, 148, 157
MODOUTS3, 11, 183
molecular absorption, 88
molecular gases, 27, 28
molecular scattering, 88, 89
Moon’s irradiance, 177
multiple-lines-of-sight option, 226237
multiple plots, 317-320
multiple-scattering algorithm guidance,
187
“Multiple Scattering Parameters”
screen, 186, 187, 218, 221, 224, 268
“Multiple Slant Paths” option, 229, 259
MWIR-LWIR modeling, 15, 16, 239

nadir angle, 24, 25

NANSAP, 145, 267

Navy Maritime acrosol model, 167, 168

NCLDAN, 291

NCLDLG, 291

NCLDWYV, 291

NCRALT, 286

NCRSPC, 287

near-infrared (NIR), 12

“New Model Atmosphere” screen, 155,
196, 208, 256,312, 315

NFACMN, 116, 117

NFACMX, 116, 117

NLGSAP, 145, 267

NMA user-defined properties, 153—-160
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noise equivalent power, 323

noise equivalent temperature difference,
328

non-local thermodynamic equilibrium
(NLTE), 9, 216

NOPRNT, 93, 97, 153, 183, 184, 242

normalized spectral detectivity, 325

NOVAM aerosol model, 40, 168

NPARAM, 249

NSSALB, 100

NSTR, 100, 101

NSUREF, 242-244, 255

NWVSAP, 145, 267

NWVSREF, 249, 252

O3STR, 100, 103, 129

observer height (H)), 24, 25
OBSZEN, 112, 131

ocean color, 17

optical thickness, 67

optical depth, see optical thickness
optical path, see optical thickness
optical signal-to-noise ratio, 322

(PARAMS(I), [ = 1, NPARAM), 249-
253, 260

particulate, 30
scattering rules of thumb, 178

path length, 25

path radiance, 15

PcModWin®, 1

Pinty—Verstraete, 244, 247

Planck’s constant, 16

Planck’s law, 16, 52

plane-parallel slab model, 81-83

plane-wave irradiance loss, see diffuse
attenuation coefficient

“Plot” screen, 132

plotting options, 179-182

pltout, 123

pltout.scn, 123

power, 4547, see also radiant flux

pressure, 8

radar horizon, 24
RAD E, 112, 131, 226

radiance, 12, 13, 27, 45-48, 190, 191,
194-196, 207, 220, 223-225, 233,
235,257-259, 262-264, 298, 300,
302, 306, 317

radiant exitance. 48, 49

radiant flux, 45, 47

radiant flux density, see irradiance

radiant intensity, 45, 47

radiative transfer, 73—-83, 289

radiometric parameters, 45-47

radiosonde, 311-317

radius of the Earth (R.), 22

Rahman, 244

RAINRT, 107, 109, 112, 131

range, 25

range from the source to the sensor on
the surface (Ry), 22

Rayleigh scattering, 15, 57, 177
cross-section, 89

reflectance, 15, 49, 50, 219

reflective region, 239

regional/seasonal atmospheric profiles,
27-29

relative humidity, 8, 32, 33

“Relative Humidity at all Boundary
Layers” (CHUMID), 296

report presentation, 143

responsivity, 322

RH, 33, 110

RNG T, 228

Ross—Li, 244, 247, 248

Ross—Sea, 248, 249

Roujean, 244, 246, 247

RRATZ, 152

RTE, see radiative transfer

SALBFL, 250

saturation point, 271

scalar phase function, 19, 61-64, 67,
289, 290, 292

SCALEx, 148

SCALMN, 116, 117

SCALMX, 116, 117

scanning function. 171-173
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scattering, 3, 57, 59
cross-section, 59
efficiency, 59, 60
Schwarzchild’s equation, 80
SFWHM, 100-102
short-wave infrared (SWIR), 12, 13
signal-to-noise ratio (SNR), 320
single-scatter albedo, 60, 161
single-scattering volume extinction
coefficient, 32
Sinusoidal-Walthall, 244, 245
skylight, 14
solar irradiance, 177, 201
“Solar Irradiance Parameters” screen,
189, 198, 201, 202
“Solar/Lunar Geometry”, 189, 190, 221
“Solar/Lunar Irradiance” screen, 200
solar radiation, 13
SOLCON, 100, 106, 107
specflux, 123
spectral, 45
aerosol profile (SAP), 108, 143—-147,
266268
band option, 136
emissivity, see emissivity
energy, see energy
intensity, see intensity
irradiance, see irradiance
radiance, see radiance
resolution selection, 136-139
surface albedo, 234
“Spectral Aerosol Profiles” screen, 145,
266, 267
“Spectral Aerosol Profiles” selection,
144
specular surfaces, 50
SPEED, 93, 94, 242
spherically symmetric shells, see layers
Stefan—-Boltzmann constant, 51
Stefan—Boltzmann law, 51
Stefan’s constant, see Stefan—
Boltzmann constant
Stokes parameters, 58, 188
Stokes scattering matrix, 58, 59, 63
Stokes vectors, 58
stratosphere, 68, 69

surface albedo, see albedo

“Surface Albedo Curves” list, 236, 237

“Surface Parameters” screen, 188, 189,
218-221,234-237, 252, 254, 257
260

surface reflectance, see reflectance

SURFAZ, 249

SURFZN, 249

SURREF, 93, 98, 242, 249, 250

tape5, 123

tape7, 123

tape7.scn, 123

tape7b, 123

tape8, 123

tape8b, 123
data file, 184

T BEST, 93, 95, 242

temperature, 13, 15

thermal figure of merit, 328

thermal radiance, 196, 236

thermal radiation, 13, 16

thermosphere, 69

threshold contrast, 77

top-of-atmosphere (TOA) solar data
irradiance, 98, 101-106, 123, 188,
197, 198

TPTEMP, 93, 97, 242, 243

transmittance, 12—-14, 27, 67-70, 86, 90,
91, 139-160, 163-168, 191, 197,
201-204, 207, 212, 223, 232, 279,
298, 300, 302, 305, 316

troposphere, 68, 69

true horizon, 25

ultraviolet (UV), 1

US Standard (1976) atmosphere, 27-29

“Use ATM Layer Cards” option, 216,
217

“Use Pre-Stored Spectrally Variable
Surface Albedo”, 251

“User-Defined Line of Sight” option,
259, 265, 266

“User Defined Properties”, 148

“User Supplied Aerosol Variable”
screen, 150
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“User Supplied Cloud and Rain Profile”
screen, 286, 297, 299, 304

“User Supplied Cloud Spectral Data”
screen, 293

“User Supplied Profile” screen, 156,
316

“User Supplied Xsections™ screen, 157

V1,113,131

V2,113,131

Validate File button, 145

“Variable Help” window, 129

View Details button, 133

View Errors button, 133

VIS, 33-35, 107, 110, 111, 131, 143,
144, 161, 234

visibility, 8, 32

visible (V), 12, 13

volume absorption coefficient, 64, 67,
71,161,216

volume extinction coefficient, 34, 35,
64,67, 69-71, 86

volume scattering coefficient, 64, 67,
71,73, 290

volume scattering function, 68, 71-73,
89

VRFRAC, 113-116

“VSA Cloud (2B)” screen, 212

“VSA Cloud Properties” screen, 307

VSWIR, 12, 13
VSWIR modeling, 1315

Walthall, 244, 245, 259

water column, 18

water reflectivity, 18, 19

water vapor column scaling factor, 257,
258

wavelength, 2, 14, 47

wavenumber, 2, 59

wavenumber resolution, 91, 92

WHH, 107, 112, 131, 281

WIDERP, 242, 243

Wien’s displacement law, 52

WSS, 107, 112, 131, 281

WVSUREF, 249-252

XFLAG, 113,114

YCOL, 228
YFLAG, 113-116
Y RANG, 228

ZAERx, 148

ZCVSA, 307, 308

zenith angle, 14, 24, 25, 82,223
ZINVSA, 307, 308

ZTVSA, 307, 308



Larry B. Stotts is a consultant, active researcher, and
program manager in various technical areas, including free-
space optical and RF communications, navigation and
guidance technologies, underwater and atmospheric
propagation, infrared and visible surveillance and
| reconnaissance, and integrated and fiber optics. He has held
management positions at the Defense Advanced Research
Projects Agency (DARPA), Department of the Army, and
the Federal Aviation Administration, as well as being a
Program Manager at DARPA and a staff research scientist at the Naval Ocean
Systems Center (SSC PAC).

He has published over 100 journal articles, presentations, and reports; has seven
patents; and authored/co-authored three books and two book chapters. He is a Life
Fellow of IEEE, a Fellow of SPIE, and a Senior Member of OSA. He received the
Department of Defense Medal for Distinguished Civilian Service (2013); a
DARPA Technical Achievement Award for his management of the Future Combat
Systems Communications Program (2006); the National Partnership for
Reinventing Government Award as part of the Maritime and Nationwide
Differential GPS Service Team (1999); the Secretary of Defense Medal for
Meritorious Civilian Service (1991 and 1996); the Technical Cooperation Program
Technical Achievement Award (1991); the Naval Ocean Systems Center
Technical Director’s Award (1986); and the Outstanding Technical Achievement
by an Individual Government Agent, DARPA Award (1985).

John Schroeder is a staff scientist at the
Ontar Corporation. He has been involved
with the development and use of
atmospheric and sensor computer models
and atmospheric databases such as
LOWTRAN, FASCODE, MODTRAN,
Hitran-Pc, and the HITRAN database for

= * - over 40 years. He, along with R. E. Good
of AFRL were respons1ble for the first Cooperative Research and Development
agreement between the US Department of Defense and a private company in 1988.
This led to the commercialization of LOWTRAN and the subsequent development
and commercialization of MODTRAN.

Schroeder is also a director of the Institute for Industrial Art and History (IIAH), a
non-profit museum. The ITAH is guided by the words of Theo Jensen: “The walls
between art and engineering exist only in our minds.” The IIAH promotes the idea
that the technology we enjoy today is an extension of our scientific and industrial
heritage and works to help the public experience this heritage and enjoy it as both
engineering and art.





