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Project Purpose 

• The problem: UAV missions are frequently scrapped due to inadequate, 

detailed, micro weather in time sensitive weather voids in mission areas 

• The purpose of this activity is to provide A2I Air Force leaders in their mission 

to:  

a) Measure the return on investment (ROI) and future value (IRM) for 

weather sensors and forecasting algorithms that provide instantaneous 

weather information for pilots and UAV operators in combat zones.  

b) Complement ongoing economic evaluation of field experimentation 

activities for the rapid testing and fielding of new sensor technologies. 

• The NPS team worked with the A2I team to help them structure the business 

case for acquiring the requisite technologies using the ROI-IRM* framework 

and analysis results and utilize the analysis to manage the program trade-offs 

over time. 

* Return on Investment using the Integrated Risk Management process 
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Presentation Outline 

• Secondary research conducted to review current 
options for weather sensors and forecasting 

– There are no acceptable market comparable(s) for monetization of the 
value of the sensor bundle 

– Research has established that sensors are valuable but has not monetized 
that value 

• ROI-KVA Analysis: Method and Results 
• Integrated Risk Management: Monte Carlo Risk 

Simulation with Real Options Valuation and Analysis 
of Alternatives 

• Recommendations 
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   ROI Methodology:  
Knowledge Value Added (KVA) 

• ROI = [$Revenue – $Cost]/[$Cost] 
– There is no revenue in a non-profit requiring a revenue surrogate for ROI  

– Market comparable(s) is a common approach for estimating revenue surrogate 

– We used a very conservative market comparable = $1 (Mission Execution Process) and 
$.10 (Weather Only Forecasting Process) for per unit of output monetized value 

 

• KVA: Measures all outputs in common units of value – Knowledge 
– Market comps are used to establish a putative revenue per unit of knowledge 

– Knowledge is measured in common units of learning time (with a common reference 
point learner): i.e., 10K hours of actual learning time = Ph.D. in meteorology and 1440 
hours represents actual training of an E5 for 9 months in interpreting weather forecasts 

– We used normalized learning time estimates for the mission execution process (and 
converted them to actual learning time) and actual learning time for the WeatherNow 
forecasting and use of that weather information process. 

• KVA ROI = 10K units of actual knowledge * $.10 * number of uses of the 
knowledge in a given sample period (i.e., 1 year)/cost to use the resources (i.e., 
sensor bundle and human resources—O3, E5) 
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ROI on Mission Execution Results: 
As-Is and To-Be Comparison 
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Weather-Now Forecasting Results:  
As-Is Scenario 
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Weather-Now Forecasting Results:  
To-Be Scenario 
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KVA 
Analysis 

Integrated Risk Management Process 



ROI on Weather-Now  
Forecasting Sensitivity Analysis 
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IRM Monte Carlo Risk Simulations:  
Mission Execution 

17 



IRM Monte Carlo Risk Simulations  
on Weather Forecasting 
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Truncating the Downside Risk and  
Taking Advantage of the Upside Opportunity 

 

Real options will reduce risk (chop off the left tail downside, thereby reducing the distributional width and variability) and shift the 
distribution to the right, and increase the expected value (mean returns). 

higher risk 

lower risk 

Mean 1        Mean 2 

Expansion option 
creates value 

Abandonment 
option creates 

value 

If we have the ability to reduce the 
downside uncertainties (risk) by walking 

away and abandoning when things look bad, 
and ability to execute and continue with a 

path only when things are looking up (in real 
life, we make midcourse corrections along 

the way when uncertainties become 
resolved over the passage of time, actions, 
and events), we can truncate the downside 

and shift expectations to the right. 

Limit downside. 
Never get 

values below 
this… 
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IRM Analysis of Alternatives:  
Deployment Options 
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Real Options Valuation:  
Modeling Methodology 
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Deployment Options Valuation:  
Weather-Now Forecasting 
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Recommendations 

• ROI results clearly indicated that the use of the WeatherNow 
sensor bundle provides very large relative returns to the 
current approach 

 

• Economic valuation forecasting results indicated that, if the 
sensor bundle performs as promised, the option to deploy 
should be immediate to gain the highest option value 

 

• Once an option path is selected, economic results should be 
tracked over time to make adjustments as value analysis 
would suggest 

 

• Do the same economic value analysis for all Air Force, Navy, 
and Army flying platforms with regard possible use of the 
weather sensor bundle 
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Back-up Slides 



     Air Force Memo on New Weather Model 
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      Air Force Memo on New Weather Model 
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“Own The Weather” 

• U.S. Army is developing technologies to address DVE safety 
issues and operational limitations Aviation and Missile Research, 
Development and Engineering Center at Redstone Arsenal. 
 

• The team’s mantra is “Own the Weather,” and seeks to expand 
commander’s capability of deploying rotorcraft aviation assets 
when weather is below condition minimums.  
 

• The AMRDEC Degraded Visual Environment Mitigation Program, 
an integrated three-pronged approach to a DVE system solution, 
is designed to increase air-crew safety and survivability.  
 

• The DVE-M program fuses images of multiple sensor 
technologies such as radar, infrared, and laser detection and 
ranging, also known as LADAR. Each of these sensor 
technologies provide unique advantages for operating in various 
types of DVE conditions. 
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Mission Execution: Assumptions 
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Mission Execution Raw Data (As-Is) 
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Mission Execution:  
As-Is Expenses, Revenues, ROI, ROK 
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      Mission Execution Raw Data (To-Be) 
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Mission Execution:  
To-Be Expenses, Revenues, ROI, ROK 

The average cost for the WeatherNow Sensor Bundle 
= $40K per year and is included in the ROI analysis 
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Weather Forecasting Only:  
As-Is Raw Data and ROI, ROK 
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Weather Forecasting Only:  
As-Is Costs, Revenues, ROI, ROK 
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Weather Forecasting Only:  
To-Be Raw Data and ROI, ROK 
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Weather Forecasting Only:  
To-Be Costs, Revenues, ROI, ROK 
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    Real Option Valuation Example Methods 

• Closed-Form Approximation using the Bjerksund-Stansland Model with 
Partial Differential Equations 

• Monte Carlo Simulation of Closed-Form Models 
• Binomial Lattice Approach  

 ),,0,,(),,0,,(),,1,,(),,1,,(),,,,( IXTSXIITSXIXTSIITSIITSSC φφφβαφα ψ +−−+−=

),,,,,(

2
2
1

2
1 and  )(

)/ln()(),,,,(

2

2

22

σ
σσσ

βα

σ
γφ

β

κ
γλ

bbrTSXCPut

rbbIXI

T
SIsdN

S
IdNSeIHTS

−−=

+





 −+






 −=−=


















 −






−=

−

algorithmRaphson -Newton with theS' Solving

2
1)1/(8(1

)/'))('()2/()/ln(1(

),)'/((),,(

22

2
)(

+−++++
=








 ++
Φ−=

−+=

−

−

+

σ

σ
σψ

ψ

rT

Trb

q

erNNN
q

qSS
T

TbXSe

XSSSCSupTXSC

• Closed-Form Approximation using the Barone-Adesi-Whaley Model with 
Partial Differential Equations 
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Air Force Weather Service Evolution 

• First 60 years of the Air Force Weather Service was period of growth, the 
tools used for weather operations were electromechanical, analog 
sensing and display systems; teletype bulletins and manually plotted 
maps, analyzed with acetates and grease pencils; and commanders 
received weather mission forecasts from staff weather personnel that 
were largely based on the four-times a day synoptic cycle of the 
meteorological community (AFWA, 2012, pg. xvii).  
 

• Air Force Weather Service transformed over the next several decades 
due to technological innovation and organizational change: 

• Third-generation microprocessor based integrated processing, 
analysis, and display capabilities that tie into the Department of 
Defense’s (DoD) Global Communications Grid are now used. 

• Commanders can receive highly tailored weather updates 
relevant to their mission and area of responsibility as soon as 
the data becomes available. 

• Weather personnel now characterize and interpret environment 
to determine the effects weather events will have on unit 
operations; previously time and effort spent on the collection 
and analysis of basic weather data. 
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Value Of Sensors 

• Economic value of sensors has been applied to a number of industries.  
• Agriculture. Economic value of weather sensor data has been measured in 

terms agriculture yields and/or frost damage mitigation efforts. Beckwith, 
Teibel, Bowen (2004) measured the value of a sensor network versus 
individual data logging devices in better capturing local environmental 
variability. Mathews (2013) describes the value of sensor data and related 
GIS tools in optimizing agricultural site selection and precision agriculture 
yields.  

 
• Technology. Use of networked IP addressable sensors has been increasing 

and provides new opportunities to enhance situational awareness and 
augment real-time decision-making across a wide range of environments and 
processes. “Forward looking companies are adopting real-time monitoring 
and management to build smarter supply chains, manage remote resources, 
and in general, improve their return on investment”(O'Reilly and Battelle 
2009). Fleisch (2010) provides a deconstruction of customer and business 
value based on enhanced and/or automated feedback mechanisms that 
better optimize interdependent business processes, such as those found in 
many supply-chains. Krishnamurthy et al. (2005) designed and measured the 
performance of hardware sensor network architectures in a shipboard engine 
room to enhance situational awareness and better enable predictive 
maintenance and related part delivery. 
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• The United States Air Force weather function began on July 1, 1937 when the War 
Department transferred the responsibility for providing Army Air Corps weather 
services from the Signal Corps to a small group known then as the Army Air Corps 
Weather Service (AFWA, 2012).  
 

•  In 1937 the fledging weather service consisted of about 280 enlisted and 22 
officers manning 40 weather stations and has evolved provide forecasting support 
for Air Force and Army operations around the globe with several thousand airmen. 
 

• Air Force weather organizations enable DoD decision-makers to anticipate and 
exploit the weather for air, ground, space, cyberspace, and intelligence operations.  
 

• Air Force weather personnel provide mission-tailored terrestrial and space 
environment observations, forecasts, and services to the U.S. Air Force (USAF), 
U.S. Army (USA), and variety of U.S. Government departments and agencies. 
 

• Air Force weather personnel support Air Force, Army, Joint, and DoD conventional 
and special operations at various garrison and deployed locations worldwide. 

Background 
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Importance of Sensors 

• Sensor technology is playing an increasingly critical role in military 
applications. 
 

• January/February issue of Army Technology Magazine highlighted 
how sensors are being integrated into military gear and vehicles 
which will empower, unburden and protect solders. 
 

• According to Jyuji D. Hewitt, U.S. Army Research, Development and 
Engineering Command (RDECOM)  Executive Deputy to the 
Commanding General, in the future “sensors will be everywhere. 
Army researchers are working on flexible plastic sensors that could 
be attached to individuals, gear or vehicles. With this technology, 
Soldiers will gather information on the chemical-biological 
environment, troop movements and signal intelligence.”   
 

• Army of 2025 and beyond calls for advanced sensors that can locate 
and identify threats, enable protection systems to counter those 
threats and make it less likely an enemy will detect our vehicles. 
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Army Sensors 

• Army researchers are working on a variety of sensor projects, including: 
 

• Flexible plastic sensors that could be attached to individuals, gear or vehicles. 
This technology allows soldiers to gather information on the chemical-biological 
environment, troop movements and signal intelligence. 
 

• Weapon systems in which future sensors pinpoint accuracy and scalable effects 
lethality in GPS-denied environments. 

 
• Army researchers are also developing solutions to help aircraft crews navigate in 

degraded visual environments (DVE) where weather or other obstacles are 
extremely hazardous.  

• DVE are the primary contributing factor to a vast majority of Army aviation 
mishaps over the last decade: 80-percent of rotorcraft losses in 
operations in Iraq and Afghanistan were due to “combat non-hostile or 
non-combat factors” including DVE (Crawford, 2015).  

• DVE includes blowing sand, darkness, snow, rain, dust, fog, smoke, 
clouds; all conditions that hamper aviation operations and produce 
scenarios where aircraft control may be lost.  
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