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Background & Motivation ?WIT

e Cloud free line of sight (CFLOS) is simply a direct line of sight that is not hindered by a cloud.

S,

e CFLOS probabilities for path-independent geometries are extremely useful for a variety of applications,
including DoD technologies, Military operations, communication, and remote sensing.

e Ground-to-space CFLOS tables available from the 14t Weather Squadron
e Limitations include:
e Current CFLOS climatologies only represent ground-to-space probabilities
e 415 sites worldwide
e A 2-D Path-Independent algorithm was developed by an AFIT intern in 2006 for creating CFLOS tables with

an altitude/zenith dependency-- Approximating intermediate probabilities by using a combination of data
sources:

Ground-to-Space CFLOS Path-Independent CFLOS
e 14WS CFLOS ground-to-space measurements

e Cloud ceiling tables
e A CFLOS Monte Carlo simulation

e Assumes a homogenous distribution of clouds (not
azimuthally dependent)
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LEEDR CFLOS Output SAFIT

Based on the USAF 14t Weather Squadron CFLOS Tables

WPAFB at 1500-1800 Local (Summer Season)
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Numerical Weather Prediction (NWP) Models BWF[T

Gridded Atmospheric Analysis and Forecast

LEEDR primarily ingests Global Forecast
System (GFS)

+ Global 3-D gridded data available with
0.50 and 0.25 degree horizontal
resolution, 3-hour temporal resolution

- Easy data access (e.g. NOMADS)

« 10+ years of available data

Horizontal Grid
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Vertical Grid )
(Height or Pressure) |
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Weather Cubes AR IT”

Volumetric, Analytical Weather Tool with Realistic Sky Characterizations

AIR FORCE INSTITUTE OF TECHNOLOGY

Weather Cubes are analytical, visualization, and decision [ 55 ¢0ud Locations
aid tools which accurately convey multi-spectral (UV
through RF) propagation and atmospheric effects.
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AFIT Global NWP Cloud Model ZAFIT
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Utilizing NWP Cloud Model for 10+ years of NWP data can generate new CFLOS climatologies for
any location world-wide, any time of day, any view angle, and considering azimuthal variations.

The Global NWP Cloud
model fills the limitation
gaps of current CFLOS
databases:

O CFLOS for any
worldwide site

0 View angles not limited
to 80 zenith

O Azimuthally-dependent
analysis

O Elevation variations
captured

0 Temporal and seasonal
variations
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AFIT Global NWP Cloud Model FIT
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AFIT Global NWP Cloud Model

Holloman Air Force Base, NM
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AFIT Global NWP Cloud Model

3D Cloud Analysis for Joint Base Langley-Eustis

2 December 2017 at 1800 UTC (1400 EST)

The Global
model also yields a 3D
evaluation of GFS-inferred

NWP Cloud

cloud layers. This analysis
displays cloud bases,
heights, and types. y
» The figures to the right :

show regional cloud
fields for Joint Base
Langley-Eustis

2 December 2017 at
1800 UTC (1400 EST).
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Summary ?%f/@ IT
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A Global NWP Cloud Model has been developed by the Air Force Institute of Technology’s Center for Directed
Energy (AFIT CDE) to generate new CFLOS climatologies for any location world-wide, any time of day, any view
angle, and considering azimuthal and elevation variations.

Preliminary CFLOS results are available for 2013-2017 Global Forecast System data

The advantages of the Global NWP Cloud model include:
* CFLOS for any worldwide site
* View angles not limited to 80 zenith
* Azimuthally-dependent analysis

* Includes seasonal, temporal, and geometry variations

Future research includes:
J Expand analysis to include 10+ years of GFS data
J Migrate Global NWP Cloud model to the HPC environment
. Develop global CFLOS climatology
. Enhance model to include path-specific CFLOS probabilities
J Integrate other cloud sources (e.g. AFW’s WWMCA) into CFLOS analysis
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The abllity to predict cloud-free line-of-sight (CFLOS) continues to be a critically important parameter for Department of Defense
operations and remote sensing applications. Current CFLOS climatologies are available for a limited number of worldwide sites, providing
ground-to-space probabilities that do not account for elevation and azimuthal variations. The Air Force Institute of Technology’'s Center for
Directed Energy (AFIT/CDE) has developed a robust simulation technique leveraging years’ worth of numerical weather prediction (NWP)
model data and AFIT/CDE's realistic sky characterization algorithms to define NWP-inferred cloud and precipitation layers of various types.
The resulting analysis yields CFLOS probabilities for any worldwide location, including littoral and over-ocean sites. Recent optimizations
can quickly evaluate 10 years of NWP data and generate new CFLOS climatologies for various worldwide locations, times of day, and view
angles considering azimuthal variations.

Motivation: @ lEEDR Global NWP Cloud Model
« Cloud Free Line of Sight (CFLOS) is a direct line of sight that is not hindered

by clouds. s Gt 1 R ottmun o S Two-dimensional analysis using 2014-2017 GFS data is shown for two different locations and thus
« Current CFLOS databases are based on ground-to-space CFLOS & cloud ceiling tables available climates: Joint Base Langley-Eustis, VA and Holloman Air Force Base, NM. CFLOS probability data Is

from the 14th Weather Squadron displayed for surface (Om), 1km, and 20km altitudes and for five times of day (daily average; 00, 06, 12,

CFLOS climatologies are accessible in  AFIT’s Standard CFLOS Output from LEEDR and 18 UTC). Temporal and azimuthal variations in clouds are evident.

atmospheric characterization and radiative transfer code, —

called the Laser Environmental Effects Definition and osnge 1 Y - :

Limitations with the CFLOS climatologies include: TEN : : :
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considering azimuthal variations. T P e T i e o g T Rh ey
Global Forecast System (GFS) data is used for this study. Cloud fields are generated using up to 10 | B 3 — B m = I B
years’ worth of GFS data, analyzed 4 times/day (00, 06, 12, 18 UTC) - yielding thousands of sky S o T | B o S
characterizations. o e et Chogrocs) 0w om0 w om mow

GFS does not explicitly model cloud layers, but rather

Infers them. Weather Cube cloud algorithms produce -

] e [ o e o random cloud fields to generate more realistic Holloman Air Force Base, NM

e, e e e =0 atmospheric characterizations. These NWP-inferred

o e e o mesess  ClOU are based on the following NWP outputs: (1) Om Altitude 1,000m Altitude 20,000m Altitude
T Relative Humidity, (2) Vertical Velocity, and (3)
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considering every possible line of sight for zenith (1-degree 2 S | i : ““———"""""T I s - - B
resolution) and azimuth (2-degree resolution) combination. A R ] )
vertical resolution of 100 meters along these lines is used, and o e
elevation and azimuthal variations are included in the model output. CFLOS probabilities are
determined by whether or not a cloud has been encountered along the line of sight for as far as the 3D Ana|)£3|3; Cloud Helg hts & Types
eye can see (l.e. no regional boundaries implemented).
| | S | 2 December 2017 1800 UTC
Interrogating up to 10 years of GFS data requires code optimizations. The CFLOS scripts are The Global NWP Cloud
parallelized to reduce calculation runtimes down significantly. Additionally, cluster computing is . :
utilized. Calculations are divided between three cluster machines, runtimes are approximately 3 model glso yields a 3D Clou_d Helght 510 Cloud Type Altocumulus
wall-clock hours per year. _evaluatlon of  GFS- Izsicemumulus
inferred cloud layers. s P
Model Advancements This analysis displays N
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% : éan- . . . l N Cirrus 2
o CFLOS for any ] I'& fields for Joint Base B o6 ) s
. . 3 , L 104 0.4 . (o}
worldwide site f | ' Langley-Eustis on 2 g Fog

. ] ] 140 § 1 ™ iceFo
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o Azimuthally-

dependent analysis - A m—— N\
o Includes seasonal, CFLOS climatology can be developed using physics-based cloud placement algorithm for

temporal and any location world-wide, any time of day, any view angle, and considering azimuthal Future ResearCh

geometn; variations variations. This model directly benefits the Remote Sensing community, Free Space Optical

 [FS0) communications, Military and DoD applications. Y, « Expand analysis to include 10+ years of GFS data and other worldwide sites
* Migrate Global NWP Cloud model to the HPC environment
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