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Introduction

The AFIT of Today is the Air Force of Tomorrow.

e (Goal: couple numerical weather forecast, now-cast
and satellite weather data with traditional climatologies
for improved radiative transfer simulation

— Higher fidelity path radiance for remote sensor applications
— Higher resolution path refraction and optical turbulence
effects for DE propagation

« Core Analytical / Synoptic Observation Tools:

— Laser Environmental Effects Definition and Reference
(LEEDR)

— NOAA'’s numerical weather prediction tools (i.e. Global
Forecast System)

— NASA Agua mission: AIRS and AMSU sensor suite



Simulation Tool
LEEDR

The AFIT of Today is the Air Force of Tomorrov, e —-——

» Calculates line-by-line and spectral band radiative transfer
solutions by creating correlated, physically realizable
vertical profiles of meteorological data and environmental
effects (e.g. gaseous and particle extinction, optical
turbulence, and cloud free line of sight)

» Accesses terrestrial and
marine atmospheric and
particulate climatologies

— Allows graphical access to and
export of probabilistic data
from the Extreme and
Percentile Environmental
Reference Tables (EXPERT)

Site Name: ROEBINS 4B
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LEEDR

Worldwide Cllmatology deai

The AFIT of Today is the A|r Force of Tomorrow

Polar-North

Midlat-North
Tropical Desert (Red Shaded)

Midlat-South

573 ExPERT(Iand) Iocatlons represented in LE_EDR



Profiling Atmospheric Effects

The AFIT of Today is the Air Force of Tomorrovy, e —-—————
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 LEEDR provides
user multiple
Interactive views of
atmospheric
radiative effects
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LEEDR k=

2 Atmospherlc Boundary Layer: Realistic Lapse Rate AR

The AFIT of Todav is the Air Force of Tomorrow.

. Descritio o
— Well mixed layer up to 1.5-2.0 km thick (dTJ g _ osx.
dr

— Capped by temperature inversion . dz c,
 Effects Dry adiabatic temperature lapse rate
— Trap pollutants & aerosols . )
— Location of wind shear (‘ﬂ:ﬂ - ~ 18K -
— Atmospheric turbulence (surface layer) Az d, T
— Increasing RH & extinction with height .
Lapse rate of dewpoint temperature
Free Atmosphere 1 y’
/ / \ \ dT 1+1, /
csom [ | N S— fd_] __& ” RT
(LR —— c?p ]_—fz / -
Mixed Layer CPRTT
som N | \ _ Moist (saturated) lapse rate
0 T w N
Potential Temp Temperature H,O mixing ratio Aerosol # conc.




LEEDR

Standard vs Realistic Extinction Profiles

The AFIT of Today is the Air Force of Tomorrow.
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Left panel: Absorption and scattering effects on 1.31525 pm radiation over a 6000 m
slant path from 3000 m altitude to the surface in a US Standard Atmosphere where
the boundary layer is only defined with a constant aerosol concentration through
the lowest 1524 m. Right Panel: Same slant range geometry as the left panel, but for
a Wright-Patterson AFB summer atmosphere at 1500-1800 local time where the

boundary layer is defined by constant aerosol concentrations.



LEEDR Realistic Atmospheres k=3

The Impact: Elevated Aerosol Extinction Al
AL
The AFIT of Today is the Air Force of Tomorrow. =
Irradi Ratio: J , 20-1500m Altitudes, 5km Slant Path I
rradiance {'- nTu ant Pat e ° Ra‘“os of HEL o
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. . environment
45° SX NI
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 Realistic conditions at
land sites are In
general worse than
standard in terms of
DE propagation
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Fiorino, Shirey, Via, Grahn, and Krizo, 2012 ‘Potential Impacts of
Elevated Aerosol Layers on High Energy Laser Aerial Defense
Engagements’. Proc. of SPIE Vol. 8380 83800T 9



LEEDR Path Radiance GUI
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The AFIT of Today is the Air Force of Tomorrovy, EE—

Inputs Path Radiance Sun/Moon Calculator
Wigvelenoth Surface Date and Time (UTC)
[ 6e-06 [ 2sens ¥ surface Type: |snow_cover [~ < Jaugust o =] s |
Molecular Points: I 10 5 M T W R F S
1 2 3
: ints: User Emissivity:
Aerosal Points: | 10 ty I 1 4 5 ¢ 7 3 5 10
¥ Correlated K User Albedo: I 0.1 11 17 13 14 15 16 17
g 18 19 20 21 22 23 24
eametry Temperature: I 236 75 17 7 ] g 30 31
IObsewer at Target j
Cbserver Altitude: 00000 Snow_Cowver Hour Minute Seconds
Farest 13 5 28,595

Farm
Desert
Ocean
Cloud_Deck
Old_iGrass

ObsewerAzimuth:l 0
Layers:l g

Calculate |

Dead_iGrass
Maple_Leaf
Burnt_Grass
CCM3_Sea_Ice
Conifer

Important for Solar/Lunar
Calculations!

Olive_Glass_Paint
Deciduous_Tree
Sandy_Loam
Granite
Galvanized_5teel
Grass
Elack_Plastic

Aluminum 1|rl

———— Ajr University: The Intellectual and Leadership Center of the Air Force m—
Aim High...Fly - Fight - Win 10




LEEDR Path Radiance GUI \
Key Aspect: Earth-Sun-Moon Geometry “

The AFIT of Today is the Air Force of Tomorrow, EE————

Inputs Path Radiance sun/Moon Calculator
Looking at the sun? -

Sun-Observer Zenith (deg): 58,8318 Angle between observer line of sight and sun = 2989387

Sun-Observer Azimuth [deg): 273.2813

Moon-Qbserver Zenith (deg): 3475649 Looking at the moon? - Mo

Moon-Observer &zimuth [deg): 202.7942 Angle between observer line of sight and moon = 249,4415

Lunar Phase [deg): -53.9558

Fraction of Lunar Disk Yisible: 0.2058 Angular diameter of the sun (deg) = 0.52633 |-
World Map locations in latitude and longitude Solid angle of the sun (sr] = 6,6278e-05
Subsolar noint j Anaular diameter of the moon (deal = 0.52305 LI

Ohserer
S
Maon

N

S0

———  Ajr University: The Intellectual and Leadership Center of the Air Force
Aim High...Fly - Fight - Win 11



Path Radiance [W cm2 str'l ym-1]
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Taillored Derivation / Flexible Solutions

——— The AFIT of Today is the Air Force of Tomorrow.
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1r-

0.9

o o o o o
S [ = ~ e
T T T

o
w

Path Radiance vs. Wawelength

Plexus

x 10
é

Path Radiance vs. Wawelength

w S T
T T T

Path Radiance [W cm"2 str'l ym™1]

N
T

0

T T

GhDS

3
Path Radiance vs. Wawelength

T

l>~e\'05°\s

onVy

T T T

GADS ¥
Joca™® -

/

'Wavelength [m] 2

Path Radiance

0.2,
01
oE !
0.6 26
Wavelenglh [m] % 10°
Path Radiance vs. Wavelength X 10_:11
— - - - - - 1 —
TS
Path Radiance ‘ .
200-K 1 oot
210-K
220-K
230-K = 0.8f
240-K E:L
250-K I 5 07p
260-K =
270-K H ~ 0.6}
280-K IS
290-K i S osf .
300-K 2 T
3
i e 0.4f
8
ERA RN e
1 ¢ 0.3
<
IS
E a 0.2f
g 0.1
0 1
14 16 1.8 22 24 26 0.5 1

Wavwelength [m]

15

Wavelength [m]

* Upward or downward
looking spectral path
radiance calculation fully
incorporated into LEEDR
» Line-by-line
» Correlated-k
» Single scattering
» With / without aerosol

effects

A Umver3|ty The Intellectual and Leadership Center of the Ai’ Force —
Aim High...Fly - Fight - Win
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LEEDR Path Bending GUI

Realitic Atmospheric Refractivity Profiles

The AFIT of Today is the Air Force of Tomorrow.

Displaced Path

Calculate actual path of laser

when aimed at endpoint

Point to Point
Apply atmospheric compensation
correction to improve aim, hit
endpoint

5
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25+
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e———— Ajr University: The Intellectual and Leadership Center of the Air Force m——
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Atmospheric Profile Production
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OQutputs AAFIT

The AFIT of Todav is the Air Force of Tomorrow.

Values 20 Qutputs ‘ Comparisons Backscatter ‘ Phase Functions ‘ Path Bending
_ L Earth
— 7000 — on +
8oy 798.1 Target Altitude
7ol i 6000 - Platform Altitude
@
2 16.2 Bent Laser
o
g 60p 52,2655 T egool *  Target
% — = @ Platform
Z 0000 S
s *0F = Straight Laser
EN a0k rrected B oao00k
— (|
17540 ™
30 E
0 § 3000
2 T6.37758e+08
10 2000
Honzontal D|stance (m}
Refraction Ev_ 1000 | o
[ Print Plat ] ’ L L L L . !
s 0.5 1 15 2 25 3
) i ;
Horizontal Distance (m) . %10
4 oo n
[ Print Plot ]

» The Refraction plot is helpful to view horizontal
atmospheric variations
» When used in combination with NOMADS, up to 5
nearest neighboring numerical weather grid points may
be considered depending on the path geometry

14



» Printable Plot
1000
molecular
points, 10
aerosol points

» Uplooking
radiance from
sky versus
wavelength

0.9

0.8

o
3

o
o
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Path Radiance Tab

The AFIT of Today is the Air Force of Tomorrow.

Path Radiance vs. Wawelength
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Path Radiance

Wawelength [m]
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Methodology

Ingest Numerical Wx Prediction and Remote Sensor Data

The AFIT of Today is the Air Force of Tomorrovy, EE—

Evaluate / compare Evaluate impact :
atmospheric Remote sensin
characterization methods Directe
Optimize Path Bending / Propagation Applications
Radiance code

S Integrate gridded numerical Wx
forecast data and remote sensor
profiles

mGoogle

w0 H\Hsboro
Eyealt 5217k




Horizontal Grid
{Latitude-Longitude)

Vertical Grid
(Height or Pressure) |~

aalar
radiaticn
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ATMOSPHERE

1
advection

’

NOAA Website [Online]
http://celebrating200years.noaa.gov
Ibreakthroughs/climate_model/

Physical Processes in a Model

tarreatrial
radiation
&

Numerical Weather Prediction (NWP) 3

& S
™

Models for gap filling AAFIT

The AFIT of Today is the Air Force of Tomorrow.

HGT at 122 Tue

15dec2

L ]

Global Forecast System (GFS)

Global 3-D gridded GFS data available
with 0.5 deg horizontal resolution, and 3-
hour time increments

Height-500 mb
a—rr vy T 8000 '

g B
2
8 5150
520

QQSQN\\\

-1a2 -1a0 -148

Longitude
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Shallow Water Model

GFS and RAOB

o
84°W

108%y 96°W

9 JUL 09 00Z RAOB Data

Simple weather model initialized
with gridded GFS data and
rawinsonde observations

Model runs at 1-min time-step for
next 12 hours

Time = 43200 sec

Gap Filling with NWP

The AFIT of Today is the Air Force of Tomorrovy, e ————

AIRS — GFS
NOMADS

AIRS
Overpass
Data

GFS
Forecast Trends
at AIRS resolution

Y

12 Hrs
AIRS + AIRS Trends
Overpass Data

v

Next AIRS
Overpass

Continue /
Stop

NOMADS GFS
1t Guess
Temperatures

NOMADS GFS
1 Guess
Temperatures

AIRS —WRF
NOMADS

AIRS
Overpass
Data

WRF
Forecast Trends
at AIRS/WRF
resolution

J

12Hrs
AIRS + AIRS Trends
Overpass Data

v

Next AIRS
Overpass

Continue /
stop

NOMADS GFS
1% Guess
Temperatures

NOMADS GFS
1% Guess
Temperatures
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Methodology
NWP Impact: Extinction / RH Comparisons
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The AFIT of Today is the Air Force of Tomorrovy. EE——
NOMADS - 29 August 2013 - 550nm WPAFB EXPERT Site - Summer, 550nm
1800 cycle + 27hrs 1500-1800L
4000 v 4000
i i . Molecular Absorption (1/km)
3500 LEEDR Extinction Profiles Molecular Scattering (Ukm) || LEEDR Extinction Profiles
. Aerosol Absorption (1/km) . .
(US| ng NWP) Aerosol Scattering (1/km) (US' ng CI | mat0|Ogy)
3000 Total Absorption (1/km) 3000 |-
== =" Total Scattering (1/km)
2500 Total Extinction (1/km) 2500
E E
8 2000 8 2000
2 <
1500 1500 T
1000 1000
500 500
0 1 1 1 1 0 | ] 1 | |
0.02 0.04 0.06 0.08 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Dependent Variables Dependent Variables
Relative Humidity (%) Comparison
4000 -
NOMADS - 29 August 2013 (1800 Cycle +27hrs)
3500 WPAFB EXPERT Site - Summer, 1500-1800L
sooor LEEDR RH Profiles
2500 (using NWP or Climatology)
E
€ 2000
.;E:
1500
1000
500
0 1 1 1 1 ]
20 30 40 50 60 70 80 90 100
RH %
1 AT university: I'nhe Intellectual and Leadersnip Center of the Allr FOICce m——"
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AFIT's R-MAN 510

Diode Pumped Tripled Nd:YAG

Parallel / Cross channels (355 nm)
Nitrogen Raman Channel (387 nm)

355 nm light backscatters at 387 nm,

to find total extinction osiil

Record LIDAR ratio for aerosol
classification

~21 km cloud ceiling
~2 km aerosol ceiling during day
~12 km aerosol ceiling during night

Altitude AGL (km)
b

80 y 80
.9 -9 15000
E 60 ] E 60
= E
3 401 1 5 40r N I
m - 20 - --d_'l—- 10000
0.0 0.4 00 05 10 15 20 25 30

Aerosol Depolarlzatlon

Ice Pure Dust  Dusty Mix

Spectral Depolarization Ratio (1064 nm/532 nm)

Maritime Polluted Maritime Urban Fresh Smoke Smoke

Altitude AGL (km)
o

Ground-Based LIDAR

The AFIT of Today is the Air Force of Tomorrovy. Ee——"—

7 06:00

Aerosol Profile for 2013-( D? 30

ne (LITC)

S. T. Fiorino, C. Rice, K. Keefer and M. Via, "LIDAR Validation Experiments of LEEDR Aerosol
Boundary Layer Characterizations," in Directed Energy Professional Society - Annual Directed Energy
Symposium, Huntsville, AL, 2014.

09:06 11:57

Time, UTC (hh:mm)

14:04
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4000

3500

3000

2500

N
o
o
o

Altitude (m)

1500

WPAFB, 25 Jul 13, 1400L, 355nm, T = 74F, Td = 56.5F, GADS, BL Height = 1250m, Vis = 60km

Experimental Particle Extinction, 0305 Local (1/km)

Experimental Particle Extinction, 0820 Local (1/km)
e  Experimental Particle Extinction, 1345 Local (1/km)

— —— - LEEDR Aerosol Scattering (1/km)

LEEDR Total Extinction (1/km)

— — = - LEEDR Molecular Scattering (1/km)

LEEDR Aerosol Absorption (1/km)

LEEDR Molecular Absorption (1/km)

1000

500

° ‘ ° kL
1 1 1 1 ]
0.2 0.25 0.3 0.35 0.4 0.45 0.5
Dependent Variable(s)

>

Example LEEDR plot using a BL height of 1250 m at WPAFB EXPERT site, GADS summer aerosols,

visibility of 60 km, and surface conditions for WPAFB for 25 Jul 13 at 1400L (T = 23°C, T, = 13 °C)
vs. measurements from the roof of Bldg 640 conducted with a lidar operating at 355 nm

Example Extinction Plot - WPAFB Validation

The AFIT of Today is the Air Force of Tomorrow.
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n
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0
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Assessment of Refractive Index Gradient o3
Variability from Time Lapse Imagery

The AFIT of Today is the Air Force of Tomorrow.

: Apparent
S, is the ray slope at the camera h=S..1-d Hospital
d is the ray height at the camera :

(drawn as 0)
h
[ —%
= 12.8 km Hospital

(X" dx”dx +SI__[x K dx’

h= jK(x’)dx’+SO : _:[

0

o'—‘x

The image shift is proportional to the linearly weighted change to the
curvature along the path, with zero weight at the source.

22



Sfc. Database & PITBUL

View from 644

The AFIT of Today is the Air Force of Tomorrovy. E——

Hospital at center is 12.8 km distant.

23



Assessment of Refractive Index Gradient
Variability from Time Lapse Imagery

The AFIT of Today is the Air Force of Tomorrow.

25 July 2014

256 X 256 pixels. 10 minutes between images.
Clearest day we took pictures.

24



Apparent position (pixels)

-18
400

Assessment of Refractive Index Gradient 32
Variability from Time Lapse Imagery

The AFIT of Today is the Air Force of Tomorrow.

Yertical shift aver time

07/25/2014
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Unique C.? Measurement | -
Using Wx Radar

The AFIT of Today Is the Air Force of Tomorrow.
T — l e T Uncorrected Wx radar C, 2

%““F | | values are adjusted for wind-
j| ,ﬁmum o W‘M N . driven eddies, ground

‘ ' N m WM" *W'“WW reflections, and wavelength
— | — SR = (humidity) using NWP

ot f | | AR e gridded data rather than

| == ) ’\‘A\ A ﬂ”\ﬂwf\‘\ﬁjw Ml phy / obs. or balloon data
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TYPICAL ONE-DAY SCAN PATTERN AIRS/AMSL IFOV

@O 0T
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Z y Z 1 = v 1 _]
Yo P2
. AIRS Wessured Atmosphere Temperatures () J_J\%}
U =

Methodology

Satellite-Derived C_ 2

I The AFIT of Today is the Air Force of Tomorrovy. EE—

» Atmospheric IR sounder (AIRS) and
Advanced Microwave Sounding Unit

(AMSU on polar orbiting Aqua Satellite

» Global coverage provides vertical
temperature profile (surface to 80km) at
each sounding location

» Height assigned to pressure levels by

adding each layer’s thicknesses
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The AFIT of Today is the Air Force of Tomorrow. bl
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The AFIT of Today is the Air Force of Tomorrow.

Wind profile from 1250 UTC AIRS temperature data
compared with Anchorage 1200 UTC rawinsonde
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Incorporation of Vertical Wind Gradient

“TALLL

The AFIT of Today is the Air Force of Tomorrow.

 Richardson Number and Eddy Diffusivity calculation

VAN EGTAY L, = mixing length

Ri= P kT Effectively an outer scale;
Estimated at ~100 to 200 m
| :
— forRi > 1,
Ky TRi,
= 1 -
Ky for0.01 < Ri <1.
6.873Ri+—————
1+6.873Ri
R. J. Alli d B. D. Felton, “Validation of Optical Turbul Simulations f —6 2 2
a Numelr?tfaTr\]Neather Per::cc)i?ctiorijl II\/I?:ilglnir? Sugg((:)?t ofu ;duaf):\iz Olrr)]:iLcj: tIljoenssigrr1(3,m 2 H H (79 X 1 {] P ) 4 H" aT
Proceedings of the Advanced Maui Optical and Space Surveillance Cﬂ — 4. 2 o 3 — + }’d
Technologies Conference, Wailea, Maui, Hawaii, September 1-4, 2009, Ed.: S. HM T aZ

Ryan, The Maui Economic Development Board., p.E54.

V. Tatarskii, “The effects of the turbulent atmosphere on wave propagation,”
translation, Published for NOAA by the Department of Commerce and the
National Science Foundation, Washington D.C. (1971). Israel Program for
Scientific Translations.

J. O. Kondo, O. Kanechika, and N. Yasuda, “Heat and momentum transfers
under strong stability in the atmospheric surface layer,” Journal Atmos. Sci., 35,
1012-1021; 1978.

31



Effect of Smooth Temperature Profile on 'f;if
Gradient Richardson Number

TALLL
The AFIT of Today is the Air Force of Tomorrow.
Comparison of RAOB and AIRS Derived Wind Comparison of RAOB and AIRS Derived
9 Speed Richardson Number
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g — accel. due to gravity = £
O — potential temperature = =
z — geometric height % 4 ® 15
V — horizontal wind speed * * =
T — temperature i‘
P - pressure
R — gas constant of air 10 mﬁ—-}
¢, — specific heat of air S
R/c, = 0.286 ] «1-‘_4'!
0 = ._‘,—
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Results
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& Satellite Atmosphere Soundings: Winds / Temp Comparisons AAFT

The AFIT of Today is the Air Force of Tomorrow.

Dayton OH 12 Jan 2014, 18Z
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Satellite-derived Optical Turbulence Profiles - Comparisons -
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Satellite-derived optical turbulence with enhanced global 4D resolution can offer flexible

radiative transfer solutions
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C,? from Temperature Profiles
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ZFAFIT

The AFIT of Today is the Air Force of Tomorrow.

* Fung 2003 (sAiC AR-45 Report, corrected Eq 32), @ Velocity structure constant
(C,?) profile is related to refractive index profile

C2(2) = (0.714)C2(z >( <V<Z)>j (v(n)?

cv? as a Function of Altitude
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D. E. Fung, “Relationship between the refractive-index and velocity structure constant AR-45", Science Applications International Corporation technical report, 28 July 2003. 35
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C,? from Temperature Profiles

The AFIT of Today is the Air Force of Tomorrow.

Micro-meteorological data for profile below was collected by Tim
Chavez at HELSTF NM on 23 Jul 13
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Optical Turbulence Characterization by

Refractive Index Structure Function o
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The AFIT of Today is the Air Force of Tomorrow.
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LEEDR Comparison with Field Data
Collected in Southern Alberta

The AFIT of Today is the Air Force of Tomorrow.

Alberta vs LEEDR Path Radiance 90 & 270 Degrees- Single Scattering
< 10° 11 August 2014 @ 20:09:03 UTC & 20:21:43 UTC - Clear Day
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LEEDR Comparison with Field Data
Collected in Southern Alberta

The AFIT of Today is the Air Force of Tomorrow.

Alberta vs LEEDR Path Radiance 180 Degrees- Single Scattering
< 10° 11 August 2014 @ 20:15:14 UTC - Clear Day
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LEEDR Comparison with Field Data oA
Collected in Southern Alberta

The AFIT of Today is the Air Force of Tomorrow.
Alberta vs LEEDR Path Radiance 180 Degrees- Single Scattering
< 10” 24 August 2014 @ 17:09:29 UTC - Simulated Continental Cumulus Clouds 4000-6000m
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Conclusions

The AFIT of Today is the Air Force of Tomorrov, e —-———

Novel methods to obtain temperature, winds, turbulence,
cloud base and top heights, and aerosol extinction values
through a combination of NEXRAD and satellite-based
remote sensor data enhance fundamental radiative transfer
calculations (e.g. path radiance and refraction, optical
turbulence)

4D gridded structure functions of temperature, C;?, refractive
index, C_2, and wind velocity, C 2 will immediately benefit
directed energy simulation tools (e.g. AFIT’s High Energy
Laser Tactical Decision Aid) and applications (e.g. laser
communication system design)

Higher resolution path radiance solutions can benefit industry
and government EO/IR sensor capabilities
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Future Work

The AFIT of Today is the Air Force of Tomorrow.
 Model Verification and Validation (V&V)

— Next intended use to be validated: remote sensing

— Results accuracy: compare with field test campaigns

 Expand NWP data integration to higher resolution
weather models (WRF, AFWA models, and Fleet
Numerical models)

— Utilize this improved resolution gridded data in DE
propagation models (e.g. AFIT’s High Energy Laser End to
End Operational Simulation and Tactical Decision Aid)
* Incorporate multiple-scattering calculations in DE
propagation models and validate model’'s accuracy
at shorter wavelengths
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Using Satellite, NWP, and Atmospheric Refraction Assessments to Enhance Radiative
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This study merges gridded numerical weather prediction (NWP) data from the NOMADS (NOAA National Operational Model Archive & Distribution System), satellite data
from the Atmospheric Infrared Sounder (AIRS), Advanced Microwave Sounding Unit (AMSU), and Moderate-Resolution Imaging Spectroradiometer (MODIS) sensor suites,
and makes comparisons to doppler radar data from NOAA's NEXRAD network and data from a Leosphere R-MAN 510 ultraviolet LIDAR (LIght Detection and Ranging) unit
to enhance radiative transfer modeling, inclusive of atmospheric refraction effects, and demonstrates the implications for remote sensing and laser propagation applications.
The Laser Environmental Effects Definition and Reference (LEEDR) model's radiative transfer code was modified to ingest current and/or archived world-wide gridded
numerical weather and satellite data, as well as probabilistic climatological information, thus enabling multi-dimensional realistic atmospheric profiles for traditional extinction
analysis as well as more comprehensive light refraction and path radiance calculations. Implications for remote sensing applications are drawn directly from LEEDR and
those for laser propagation by way of world-wide effectiveness analyses using the High Energy Laser End to End Operational Simulation (HELEEOS) and High Energy Laser
Tactical Decision Aid (HELTDA). Collectively, these models enable the creation and application of numerically- or remote sensor-derived 4D profiles of temperature, pressure,
water vapor content, optical turbulence, and atmospheric particulates and hydrometeors as they relate to line-by-line or band-averaged layer extinction coefficient magnitude
at any wavelength from 350 nm to 8.6 m. Climatologically-based aerosol concentrations and associated optical properties are assumed for all scenarios.
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« Novel methods to obtain temperature, winds, turbulence, cloud base and top heights, and aerosol extinction
values through a combination of NEXRAD and satellite-based remote sensor data enhance fundamental
radiative transfer calculations (e.g. path radiance and refraction, optical turbulence)
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