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ABSTRACT

Accurate weather forecasts are vital to air combat operations.
Quantitative assessments of forecasts and their operational impacts are essential
to improving weather support for war fighters. We adapted an existing U.S.
Navy, web-based, near—real time system for collecting and analyzing data on the
performance and operational impacts of military forecasts. We used the adapted
system to collect and analyze data on Air Force Weather (AFW) forecasts, and
the planning and execution of flying operations, at six Air Combat Command and
Pacific Air Forces bases. We analyzed the data to develop quantitative metrics
of forecast performance and operational impacts. Our results indicate that
planning weather forecasts (PWFs) have a higher potential for making positive
contributions to air operations than do mission execution forecasts (MEFs). This
is notable because AFW units spend significantly less time developing PWFs
than MEFs. Surface visibility, cloud ceilings, and cloud layers caused most
negative mission impacts, indicating these phenomena should be a focus of
future research and training. We found high levels of mission success even
when forecasts were inaccurate, perhaps due to aircrew and mission flexibility.
Our analyses revealed a need for improved education of flying units on the

nature and availability of AFW products.



THIS PAGE INTENTIONALLY LEFT BLANK

Vi



TABLE OF CONTENTS

INTRODUCTION. ... 1
A. BACKGROUND ..o 1
1. War ON TeITOMISIM oottt e e e e eees 1
2. Reengineering Air Force Weather ..........cccooevveeiiiiiiiiccieneeeee, 2
a. Initiation and Implementation ............ccccovveiiiiciinnnnnnn. 2
b. Reengineering Challenges .......cccooovevevviiiiiciiiieie e, 3
3. Air Force Manual 15-129, Air and Space Weather
Operations - Processes and Procedures.........cccceeeeveeeeeeennnns 4
a. Update Forecast Products/Information....................... 5
b. Conduct Mission Verification..........cccccvvvvceiiiieeeeeeennnns 6
4. Air Force Instruction 15-114, Functional Resource and
Weather Technical Performance Evaluation ...........ccc........... 7
a. OPVER ..o 7
b. Automating Readiness and Technical
Performance MetriCS. ..o 8
5. Air Force Agency RePOIt.....cocuuiiiiiiii i 8
6. Air Force Weather Strategic Plan and Vision...................... 10
B. PREVIOUS WORK ... 11
1. Metrics of Forecast Performance and Impacts on War
Fighting OperationsS........coouvvuuiiiiii e 11
2. System for Conducting Quantitative Near Real Time
ANAIYSES oo ———— 11
C. GOALS OF THIS STUDY ..oiiiiiiiiiiiiiiiiiieieieeeeeseeeeeereesseeeseesesrsreeeeere. 12
Il. DATA AND METHODS.......cooiiiiiiiiiieieeeeeeeeee ettt 15
A. DATA COLLECTION METHODS ....ccooiiiieeeeeeeeeeeeeeeeeeeeeeeeee, 15
1. Initiation of Data Collection Efforts........cccccccccceeiiiieiiiiiinnnnns 15
2. KNOW YOUI CUSTOMEN ...t 16
a. Understand Supported Mission and Aircraft............ 16
b. Develop a Timeline of How Business is
(@0 [0 [ o3 (= o SRR 17
3. Design of Data Collection ProCess .......cccoeeevevviiiiieceeeiinnnnnnn, 18
B. CWT DATA COLLECTION ...cotitiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 21
1. Beale AFB ... 21
a. Supported MiSSIONS ......ccuvuiiiiee e 21
b. Data Collection Methods ..........ccoovviiiiiiiiiiiiii 22
2. CreeCh AFB ... 22
a. Supported MISSIONS ....ccoevuiiiiiiee e 22
b. Data Collection Methods .........ccccoovvviiiiiiiiiiciieee e, 23
3. DYESS AFB ..o 23
a. Supported MiSSIONS ......ccooiiiiiiiiiiiiiieee 23

vii



b. Data Collection Methods ........ooenviveeeeeeeee, 24

4. NEIS AFB ... 24
a. Supported MISSIONS ......ccvviiiiiee e 24
b. Data collection Methods..........ceiiiiiiiiiiiiiiiiii e, 25
5. Whiteman AFB .........uuuiiiiiiiiiiiiii e 25
a. Supported MISSIONS ....cccevuiiiiiiee e 25
b. Data Collection Methods .........ccooiiiiiiiiiiiiis 26
6. PACAF UNIES it 26
a. Supported MISSIONS ......ccvviiiiiee e 26
b. Data Collection Methods ..........ccoovviiiiiiiiiiiiiii 27
NPS AVIATOR SURVEY ..., 27
SUMMARY OF DATA COLLECTED ....ccvvvviiiiiiiiiiieeeeeieeeeeeeeeeeeeeeeeee 28
1. Aircrafts and MISSIONS ........uuuuiuiiiiiiiiiiiiiiiiiiiaees 28
2. DA ... e 28
LIMITATIONS OF DATA COLLECTION PROCESS...........cccoeeinnnne 28
1. ASSUMPLIONS . 28
2. LimitatioNS ..o 29
DATA ANALYSIS METHODOLOGY ..ccooiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeee 29
1. OVEIVIBW ..ottt ettt e e e e e e e 29
2. G0AIS .. e 30
3. Metrics Calculated ..o 31

a. Forecast Accuracy for Negatively Impacting
Weather Phenomena..............uuvviiiiiiiiiiiiiiiiiiiiiiiiiiiiinns 32

b. Probability of Detection for Negatively Impacting
Weather Phenomena..............uuvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiens 32

C. False Alarm Rate for Negatively Impacting
Weather Phenomena..........cccoovvvveiiiiiiccc e 32

d. Observed Phenomena with Negative Impacts That
Were/Were Not Forecasted .........ccccoevveeieeviiieiiiinnnnnnn. 33

e. Percentage of Missions for Which Negative

Mission Impacts Occurred and Were/Were Not
Indicated by the MEF ..., 33

f. Negative Mission Impacts Inferred From Planning
Weather Forecast and MEF ..............ccvvvviviiiiiviieeiennnne, 34

g. Mission Plan Changes Made Due to Planning
Weather Forecast and MEF ..............ccuvvvivviiviviiivinnnnee. 34

h. Mission Plan Changes Due to Negative Mission
IMPACTS ooviiiiiii e 34

i Weather Phenomena Resulting in Unsuccessful
1Y TESTS o o 34

J- Planning Weather Forecast Positive Mission
CoNtribution ..o, 34
K. MEF Positive Mission Contribution...........cccceeeeeeennnn. 34
l. Potential Positive Mission Contribution ................... 35

viii



m. Planning Weather Delay Effects on Mission

Accomplishment ..., 35
n. Negative MEF, No Mission Changes ...........ccccoeeee... 35
0. Mission Plan Changes Due to Planning Weather
and MEF .........ccccoiiiiiii 35
p. Unsuccessful Mission Due to Inaccurate MEF......... 35
g. Weather Phenomena Actually Occurring Resulting
in Mission Success/Failure .........cccccoeevveeiiiiiiinneeeee, 35
r. Planning Weather Needs ............ccoooveiieiiiiiiiiicceeeeee, 35
S. Timeframe of MEF Usage ........ccoouvviiiiiiiiiiieeiiiiien, 36
t. Successful MiSSIONS ... 36
4. Online Data Collection and Analysis System...................... 36
a. SOftWAIE...cciiiiiiiii 36
b. FIOW Of Data......ccovviiiiiiiiieiieieeei e 37
II. RESULTS L. 39
A. OVERVIEW ...ttt eeeeeeeeees 39
B. PERFORMANCE AND IMPACTS RESULTS .....ccooiiiiiii 40
1. Forecast Accuracy ReSUItS ......ccooeviiiiiiiiiiiii e 40
2. Probability of Detection for Negatively Impacting
Weather Phenomena ... 42
3. False Alarm Rate for Negatively Impacting Weather
Phenomena ... 42
4, Negative Impacts Inferred and Mission Plan Changes....... 43
5. Observed Phenomena with Negative Impacts That
Were/Were NOt Forecasted ............uuvvvvuiiiiiiiiiiiiiiiiiiiiiiiiininnnns 44
6. Percentage of Missions for Which Negative Mission
Impacts Occurred and Were/Were Not Indicated by the
Y 44
7. Negative Mission Impacts Inferred From Planning
Weather Forecast and MEF................uuuuiiviiiiiiiiiiiiiiiiiiieinnnnn. 45
8. Negative Impacts Inferred From PWF ..., 46
9. Mission Plan Changes Made Due to PWF.............ccovvvunnnn... 46
10. Negative Impacts Inferred From MEF ..., 47
11. Mission Plan Changes Made Due to MEF...............cccoeeunee. 47
12. Weather Phenomena Resulting in Unsuccessful Mission . 48
13.  Positive Mission Contribution to Successful Missions...... 48
14. Potential Positive Mission Contribution to All Missions.... 49
C. NPS AVIATOR SURVEY RESULTS.....coooiiiiiie 49
D. Y 111N P 50
IV.  SUMMARY, DISCUSSIONS, AND RECOMMENDATIONS...........cceeeeeennn. 53
A. SUMMARY OF PROCEDURES AND RESULTS .......covvvvvviivviieeeeneee, 53
1. Goals Accomplished ......ccoooeieiiiiiiiiiii e, 53
2. RESUITS .. 54
3. Meeting AFW Challenges and ViSion........cccceeeeevvvvviiiinnnnnnn. 56
B. RECOMMENDATIONS ..., 57



C. FUTURE WORK ..., 58

LIST OF REFERENCES

APPENDIX FIGURES . ... 61
.......................................................................................... 97
L ST e 101

INITIAL DISTRIBUTION



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.
Figure 6.

Figure 7.

Figure 8.

LIST OF FIGURES

Schematic timeline linking aviation operations to weather support.
Timeline begins on left with long range planning that occurs three
months prior to mission takeoff to the actual mission execution on
the right. Linkage provides framework for determining data
COllection OPPOITUNITIES. ......cevviiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 61
Flow chart for planning, executing, and debriefing air operations
(blue boxes), and corresponding data collection needed for
analyses of the performance and operational impacts of weather
forecasts (yellow boxes). The operations flow chart indicates the
types of weather products aviators use at different stages in their
planning and EXECULION...........coiviiiiiiiiiiiiieeeeeeeeee e 62
Flow chart depicting all avenues mission planning and execution
can take from receipt of a weather forecast to completion of a
successful mission. Flow chart traces back the forecast-related
steps that led to a successful mission. Steps are those that involve
the planning weather forecast (PWF, bottom row), mission changes
made in response to PWF, second row up), mission execution
forecast (MEF, third row up), mission changes made in response to
MEF (fourth row up), and actual weather experienced during the
mission (fifth rOW UP). ....ooovreiiie e, 63
Flow chart depicting all avenues mission planning and execution
can take from receipt of a weather forecast to completion of an
unsuccessful mission. Flow chart traces back the forecast-related
steps that led to an unsuccessful mission. Steps are those that
involve the planning weather forecast (PWF, bottom row), mission
changes made in response to PWF, second row up), mission
execution forecast (MEF, third row up), mission changes made in
response to MEF (fourth row up), and actual weather experienced
during the mission (fifth row Up). .......oovviiiiiiiiiiiiee 64
Generic data collection form used to gain feedback on planning,
execution and TAWS data from aviators after mission execution....... 69
Infrared target scene simulation (IRTSS) data collection form used
to gain feedback from aviators after mission execution. ..................... 69
Naval Postgraduate School aviator survey form. Information from
this survey was used to validate and interpret results of ACC and
PACAF data analySES. .......ccuuuuiiiiiieeeeeeieiiee e e 70
Summary of missions flown during data collection timeframe,
categorized by air base (rows) and air frame (columns).
Information on missions describes: average number of missions
flown per day, average length of mission (hours), and mission type
(see key at bottom of table). ... 71

Xi



Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Schematic data and methods flow chart showing the data collected
(top row), performance analysis (middle row), and assessment of
operational impacts (DOtOM rOW). .........ovviviiiiiiiiiiiiieeeieieeeeeeeeeeeeeeeeee 72
Description of calculations performed to analyze ACC and PACAF
data, plus instructions for displaying the results of the analyses.
Based on data collected from Kunsan AB, Nellis AFB, and Osan

Flow of data, from collection by aviators, to analyses at Naval
Postgraduate School, to results reported to leadership. (Adapted
from BUtler 2005)........uuuiiiiie e 78
Online data collection form for Osan AB available online at
http://wx.met.nps.navy.mil/metrics/index.html. Data collected is put
into a Naval Postgraduate School database where it is then
analyzed, and from which metrics reports are issued..............cccunn.... 79
Summary of data collected during data collection timeframe,
categorized by air base (rows) and air frame (columns).
Information on missions describes: percent of total missions,
percent of squadron missions completing data collection forms, and
major command (Air Combat Command or Pacific Air Forces). ......... 80
Forecast accuracy (FAC) for forecasts of phenomena (listed on
horizontal axis) from which aviators inferred negative mission
impacts. Planning weather forecast FAC (blue), mission execution
forecast FAC (purple), average of PWF and MEF FAC (yellow).
Note: large values of FAC for a given phenomenon are generally
associated with a very small sample Size. ..........ccccuvvviiiiiiiiiiiiiiiiiinnee, 81
Probability of detection (POD) for forecasts of phenomena (listed
on horizontal axis) from which aviators inferred negative mission
impacts. Planning weather forecast POD (blue), mission execution
forecast POD (purple). Note: large values of POD for a given
phenomenon are generally associated with a very small sample
SIZB. e e 82
False alarm rate (FAR) for forecasts of phenomena (listed on
horizontal axis) from which aviators inferred negative mission
impacts. Planning weather forecast FAR (blue), mission execution
forecast FAR (purple). Note: large values of FAR for a given
phenomenon are generally associated with a very small sample
Sz it 83
Percent of missions that experienced phenomena (horizontal axis)
with negative impacts that were/were not forecasted in the planning
weather forecast (PWF) and/or the mission execution forecast
(V1= TSSOSO 84
Percent of missions that experienced negative impacts (horizontal
axis) that were/were not indicated by the mission execution forecast
(MER). it 84

Xii



Figure 19.

Figure 20.

Figure 21.

Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Percent of missions for which mission plan changes (horizontal
axis) were made by aircrews in response to negatively impacting
weather phenomena indicated by planning weather forecast only
(PWEF, light blue), mission execution forecast only (MEF, dark blue),
or both PWF and MEF (Qreen). ......ccoovvviiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeee 85
Number of missions for which indicated negative impacts (colored
symbols) were inferred by aviators from planning weather forecasts
of indicated weather phenomena (horizontal axis). Note that the
forecasted phenomena associated with the largest number of
inferred negative mission impacts were cloud ceiling (associated
with inability to see target), cloud layers (associated with inability to
see target), and surface visibility (associated with inability to takeoff
(o] g F=1 5T ) R P PP PPPPPPPPPPPPPPPPP 86
Number of missions for which indicated mission plan changes
(colored symbols) were made based on planning weather forecasts
of indicated weather phenomena (horizontal axis). Example: the
mission schedule was changed for four missions based on the
PWF forecast of surface Visibility.............cccoooeeeiiiiiiiiiii e, 87
Number of missions for which indicated negative impacts (colored
symbols) were inferred by aviators from mission execution
forecasts of indicated weather phenomena (horizontal axis).
Example: inability to takeoff or land was inferred for 14 missions
based on forecasts of surface visibility in the MEFs for those
0115 o] o PP 88
Number of missions for which indicated mission plan changes
(colored symbols) were made based on mission execution
forecasts of indicated weather phenomena (horizontal axis).
Example: weapons changes were made for four missions based on
the cloud layer forecasts in the MEFs for those missions................... 89
Percent of missions deemed unsuccessful due to negative impacts
from indicated weather phenomena (horizontal axis). Seven
percent of all missions analyzed were deemed unsuccessful by
oY= 0] £ F PRSPPI 90
Percent of missions for which a positive mission contribution (PMC)
was made by the planning weather forecast (PWF, blue) or mission
execution forecast (MEF, purple). PMC criteria are summarized in
blue text box within figure and are described in detail in Chapter Il
Percentages based in part on number of missions deemed
successful by aviators. For all bases, 10.2% of successful missions
received a PMC from their PWFs, and 10.2% of missions received
a PMC from their MEFS. ... 91
Percent of missions for which a potential positive mission
contribution (PPMC) was made by the planning weather forecast
(PWF, blue) or mission execution forecast (MEF, purple). PPMC
criteria are summarized in blue text box within figure and are

Xiii



Figure 27.

described in detail in Chapter Il. Percentages based in part on
number of missions deemed unsuccessful by aviators. For all
bases, 4.7% of missions received a PPMC from their PWFs, and
3.7% of missions received a PPMC from their MEFs. ........................ 92
Proposed generic fighter data collection form for future studies......... 95

Xiv



AB

ACC
AETC
AF

AFAA
AFB

AFI
AFMAN
AFW
AFWSPV
AMC

BW
CINC
COE
CWT
FAC

FAR
IRTSS
MAJCOM
ME

MEF
MEFP
MEFFAC
MEFFAR
MEFPOD
MEFVER
METOC
NPS
OPVER
OWL
ows
PACAF
PIREPS
PMC
POD
PPMC
PWF
TAWS
TDY
UAV
USAFWS

LIST OF ACRONYMS AND ABBREVIATIONS

Air Base

Air Combat Command

Air Education and Training Command
Air Force

Air Force Audit Agency

Air Force Base

Air Force Instruction

Air Force Manual

Air Force Weather

Air Force Weather Strategic Plan and Vision
Air Mobility Command

Bomb Wing

Commander in Chief

Center of Excellence

Combat Weather Team

Forecast Accuracy

False Alarm Rate

Infrared Target Scene Simulation
Major Command

Mission Execution

Mission Execution Forecast

Mission Execution Process

Mission Execution Forecast Accuracy
Mission Execution Forecast False Alarm Rate

Mission Execution Forecast Probability of Detection

Mission Execution Forecast Verification
Meteorology and Oceanography

Naval Postgraduate School
Operational Verification

Operational Weather Limiters Search
Operational Weather Squadron

Pacific Air Forces

Pilot Reports

Positive Mission Contribution
Probability of Detection

Potential Positive Mission Contribution
Planning Weather Forecast

Target Acquisition Weapons Software
Temporary Duty

Unmanned Aerial Vehicle

United States Air Force Weapons School

XV



THIS PAGE INTENTIONALLY LEFT BLANK

XVi



ACKNOWLEDGMENTS

Praise God!! Writing a thesis is not my forte as Col David Smarsh and
Prof Tom Murphree soon found out. However, they both helped me work
through to completion...many thanks!

| truly appreciate the support from the weather personnel at participating
bases: Lt Rob Branham, Lt Jody ‘Chevy’ Chevalier, Maj Corey Hummel, Maj
Robert Leejoice, Capt Christopher Lovett, Lt Jeanne Szczes, and Lt Randi Watt.
You coordinated data collection and many other time-consuming issues which
obviously were huge requirements for this project. | would be happy to return the
favor some day.

To my patient and persistent computer brains, Sharon Prichard and Bruce
Ford, thank you!

Many thanks to my fellow classmates in the NPS meteorology class of
2006, your study sessions and sense of humor made NPS an enjoyable
experience.

Mark, Emily, Caleb, and Katelyn, thanks for always supporting me and
allowing me the time away from you to do “homework”...| LOVE YOU...xo%¥!

Partial support for this research was provided by the Office of Naval
Research (ONR), and the Space and Naval Warfare Systems Command
(SPAWAR).

Xvii



THIS PAGE INTENTIONALLY LEFT BLANK

Xvili



INTRODUCTION

A. BACKGROUND

Accurate weather forecasts are vital to planning and conducting effective
combat operations. Focused quantitative analyses of military weather forecasts
and their operational impacts are essential to ensure high quality weather
support for war fighters. In today’s resource limited and changing environment,
more effective and efficient processes and procedures are essential. Improved
processes, when employed throughout an organization, can save manpower and
resources and enhance mission accomplishment. In this study, we have
analyzed some of the challenges facing Air Force weather (AFW) personnel,
especially the difficulties associated with obtaining operator feedback on mission
execution forecasts (MEFs) that is required of CWTs (AFMAN 15-129). To
address these difficulties, we have developed and tested a system to improve the
feedback process. The system was designed to improve operator feedback to
the CWTs without increasing CWT workloads.

1. War on Terrorism

The United States military has seen many changes in the way business is
done since September 11, 2001, when the United States experienced horrific
attacks by terrorists. In the Air Force Chief of Staff's remarks at the 2005 Air
Force Defense Strategy and Transformation Seminar Series in Washington D.C.
on 9 February 2005, General Moseley indicated there were about 30,000 active,
Guard, and Reserve airmen deployed (Moseley 2005). In an Air Force Policy
Letter Digest article in December 2005, Air Force Secretary Michael W. Wynne
said the Air Force is evolving in response to a new global war on terrorism
(Wynne 2005). Secretary Wynne indicated in this article that the Air Force
deployed more than 300 aircraft and 24,000 airmen in support of the war on

terrorism.

Deploying so many airmen inevitably results in fewer being available to
sustain home station operations. In many situations, this causes home stations

to refocus their operations, which results in many processes and procedures
1



being altered. The new processes and procedures will logically be in the
forefront of a unit’s focus, while previously developed tasks (e.g., required routine
training, administrative and planning requirements) may be given a lower priority.
In the AFW career field, some of the less critical and less easily executed tasks
include the determination of forecast performance metrics and collection of
customer feedback. These tasks generally do not have firm timelines, and many
AFW units lack the expertise to perform them well. However, in a working
environment in which units are faced with increasing deployments and limited
resources, these tasks can make AFW units more effective and efficient. Thus
these tasks become even more essential for achieving overall mission success.
This highlights the need for highly effective and efficient processes that, once
implemented, can improve effectiveness while reducing needed resources.
2. Reengineering Air Force Weather

a. Initiation and Implementation

In addition to deployments, AFW personnel have seen many
internal changes in the way business is done over the last ten years intended to
increase effectiveness while improving war fighter support. In 1997, the Air
Force director of weather (AF/A30-W) implemented a reengineering plan to
realign its force structure at the operational and tactical levels of warfare. The
changes were necessary because manpower cuts, among other factors, caused
AFW to fall below the critical personnel levels necessary to sustain itself
(AFWSPV 2004).

AFW accomplished both a support and a personnel restructuring.
Part of the restructure was to stand up operational weather squadrons (OWSSs)
focused at the operational level of warfare. The OWS took over production of
several tasks from the base weather station, such as terminal aerodrome
forecasts, weather watches, warnings, and advisories. This freed up the combat
weather teams (CWTSs) at military bases to focus on mission-tailored forecasting
for their supported units (AFWSPV 2004). AFW leadership envisioned that by



focusing the base-level weather team on products, such as MEFs, weather
teams would be more likely to become fully integrated into flying operations
(AFAA 2005).

While some units are still trying to fully implement portions of the
restructuring, many have been hindered in doing so by additional taskings and
deployments that have been levied as a result of the war on terrorism. Tasks
such as daily building patrols, terrorism training, 100% identification checks into
many base facilities that had no checks before, evacuation drills, accountability
drills, and simple medical training have inundated an already full schedule. This

has resulted in many personnel and units becoming task saturated.

As noted in a recent Air Force audit (AFAA 2005), the scramble to
keep up with demands placed on CWTs by Air Force instructions and directives
is challenging. Due to these challenges, restructuring has, in some cases, not
achieved its full potential (AFAA 2005).

b. Reengineering Challenges

Although the AF/A30-W reengineering plan was implemented with
extensive guidance, some CWTs are not able to fully implement some aspects of
the vision. After holding positions out of the AFW career field for six years, | re-
entered it in June 2001 by taking a position as the CWT commander at an Air
Force installation supporting fighter aircraft. | had previously read the Air Force
Instructions (AFIs) regarding reengineering and looked forward to stepping into a
new organizational framework. What soon became apparent was that the
concept was challenging to implement, both from a CWT and customer
perspective, due to limited resources, and perhaps resistance to change by some

personnel.

It took me nearly two years as a CWT flight commander to integrate
weather personnel into two of the flying squadrons at my installation. In fact, one
squadron never did allow this during my time as the CWT flight commander.
Integration was only possible when squadron and group leadership were willing

to endure some of the pain involved. Often, when customer leadership changes,

3



so does the integration of the CWT and its weather support. The challenge is to
institutionalize a process so that when leadership changes, weather support does
not. Once weather personnel are integrated into the flying squadrons, it is much
easier to obtain operator feedback. Integration helps customers get to know
CWT personnel, which in turn helps the CWT get customer feedback. The
increase in feedback our weather team gained by integrating our personnel into
the customers’ environment was invaluable. This feedback enabled us to make
some drastic operator-driven changes to our MEFs, which led to improved
weather support to the customer.

Since 2003, the same CWT | led has reverted back to little or no
integration of weather personnel into the flying squadrons. This is, in part, due to
decreased manning because of deployments supporting the war on terrorism.
Because this integration concept might not be possible at many CWTs, our study
developed and tested a system for gaining operator feedback for individual
missions that can be easily adapted to almost any CWT. This system was
designed to help streamline CWT processes and procedures.

3. Air Force Manual 15-129, Air and Space Weather Operations -
Processes and Procedures

CWT operations are outlined in chapter 4 of Air Force Manual 15-129, Air
and Space Weather Operations — Processes and Procedures, 2004 (hereafter
referred to as AFMAN 15-129). This manual applies to all Air Force personnel
and organizations conducting weather operations. Because each CWT has its
own unique mission and responsibilities, the manual gives general guidance on
what needs to be accomplished. Each CWT must tailor its weather products to
its customers in such a manner that it provides environmental information ready
for use by customers in making mission planning and execution decisions. This
support can be provided in a number of ways, but should follow what AFMAN 15-
129 calls the MEF process (MEFP). The purpose of the MEFP is to “temporally
and spatially refine forecast products to provide decision-quality environmental

information for an operational decision-making process” (AFMAN 15-129).



The MEFP is a twelve step process:

1) Determine the what, when, where, who, and how of the primary and
secondary missions.
2) Define weather thresholds.

3) Define products, services, and data types.

4) Coordinate operations.

5) Obtain weather situational awareness.

6) Conduct mission-scale analysis.

7) Predict mission execution weather parameters.
8) Tailor forecast parameters to mission.

9) Disseminate MEF.

10) Conduct mission watch.

11) Update forecast products/information.

12)  Conduct MEF verification.

These 12 steps fall into four phases:

1) planning and coordinating (determined by CWT leadership; steps 1-
4),

2) preparing (steps 5-8)

3) executing (steps 9-10)

4) follow-up (steps 11-12)

The MEFP is a process for continuous assessment and improvement of
weather support. To achieve this improvement, the full process should be
routinely used and its effects regularly assessed. This is especially true when
customer missions change, because then the MEFs, and the steps for evaluating
the MEFs, must also change. In this study, we have focused on the follow-up
phase of the MEFP for aviation support. This is sometimes regarded as the final
phase, but is actually the restart of the first phase, and provides weather
personnel with a foundation on which to build and remodel the MEF.

a. Update Forecast Products/Information

The main goal of step eleven is to improve weather support by
modifying the MEFs based on customer feedback. Customer feedback may
change as customer leadership changes. But the resulting changes to the MEFs
should be relatively small because each CWT should have a weather support
plan in place that outlines the what, when, and how of the CWT’s products and
processes. These plans help stabilize the CWT’s products and processes,

ensure well defined customer support, and make CWT operations more efficient.
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b. Conduct Mission Verification
Step twelve of the MEFP directs CWTs to perform seven tasks
(AFMAN 15-129):

1) Implement systematic procedures to analyze and measure
accuracy/relevancy of environmental services provided to
parent/host unit.

2) Debrief operator. Face-to-face feedback is preferred,;
employ other feedback methods whenever direct feedback
cannot be obtained.

3) Disseminate output from weather debriefs or pilot reports
(PIREPS) to OWSs and other weather team members.

4) Perform technical verification (evaluate forecast skills,
under/over forecast, bias, etc.).

5) Conduct operations verification based on established
“Go/No Go” thresholds.

6) Develop and apply metrics to process improvement. Use
feedback to develop rules of thumb and lessons learned.

7) Accomplish, document, train with, and cross feed forecast
reviews.

The seven tasks for step 12 are all important, but, in practice, they can be
very difficult to complete, especially given the resource limitations described
earlier in this chapter. In this study, we focused on developing and testing a
system to facilitate the completion of four of these tasks: 1, 2, 5, and 6. Our
goals were to create a system that simplified the process of: (1) collecting data
with which to verify forecasts and assess customer performance; (2) collecting
customer feedback data; (3) analyzing forecast and customer performance; (4)
relating forecast and customer performance to determine the operational impacts
of the forecasts; and (5) identifying methods for improving weather support for
customer operations. These five goals directly address tasks 1, 2, 5, and 6.

Implicit in these tasks and goals is the understanding that good forecast
performance (e.g., high forecast accuracy) does not necessarily indicate good
customer performance (e.g., success in completing missions). There are many
ways in which accurate forecasts can fail to provide optimal support for mission
planning and execution (e.g., by failing to provide relevant forecasts or to provide

forecast information in a timely, understandable and readily useable format)



The preferred method to obtain customer feedback is face-to-face
discussion (AFMAN 15-129). However, this is not always possible due to
resource constraints. Further, if a CWT has educated its customers on weather
impacts and the customers know what feedback is needed, then a face-to-face
debrief may not be needed. Whatever the method for collecting customer
feedback, it is important that the feedback comes from the customer and not from
CWT personnel inferring what the customers would say if asked. The system we
developed for this study was designed to collect data directly from aircrews on
the accuracy of the forecasts they received, the success of their missions, the
usefulness and specific impacts of the forecasts on the planning and execution of
their missions, the weather phenomena that were encountered during the
mission, and the impacts of those phenomena on the execution of the mission..

4. Air Force Instruction 15-114, Functional Resource and Weather
Technical Performance Evaluation

Guidance and procedures for measuring and evaluating the operational
effectiveness and technical performance of atmospheric and space
environmental support, collectively termed weather support, is defined in Air
Force Instruction 15-114, Functional Resource and Weather Technical
Performance Evaluation, 2001 (hereafter referred to as AFI 15-114). This 14-
page document defines three categories of forecast assessment:

1) forecast impacts on mission execution determined by operational
verification (OPVER)

2) forecast accuracy determined by aerodrome forecast verification

3) resource protection effectiveness determined by warning/advisory
verification (WARNVER)
a. OPVER

AFI 15-114 calls operational verification of the MEF (MEFVER) the “single
most important mission-oriented, operational effectiveness assessment
requirement for CWTs.” The instruction further explains that this type of OPVER
will be used by the Air Staff to explain AFW capabilities to Department of
Defense and National senior leaders. According to AFI 15-114, “CWTs develop
OPVER criteria through close coordination with operators. CWTs then collect

verification data by debriefing customers and/or analyzing observed versus
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forecast conditions to determine forecast impact on tactical-level mission
effectiveness.” However, most CWTs do not have the resources or expertise to
develop such an OPVER process. Our study is intended to help correct this
problem by streamlining the OPVER process.

b. Automating Readiness and Technical Performance
Metrics

Paragraph two of AFI 15-114 calls for a system that, “automates all
metrics, from data collection, aggregation, to data quality control. The end-state
will be an automated web-based system with the capability to provide ad hoc
analyses and reports (assessments) for all levels of AFW support.” The
instruction also provides guidance on how to proceed until this automation is
realized. The system we have developed in this study automates many of the
steps needed to calculate the required metrics.

5. Air Force Agency Report

The Air Force Audit Agency (AFAA) issued a “Weather Operations
Metrics” report on 27 September 2005 (AFAA 2005), in response to a request
from AF/A30-W, to determine whether or not the Air Force effectively
implemented MEFVER. Specifically, the AFAA was asked to determine if
weather personnel effectively:

1) accomplished mission execution forecast verification

2) included mission operator feedback on weather forecasts in
MEFVERs

3) identified improvement opportunities (AFAA 2005)

There were 19 CWTs reviewed in the audit, three of which also
participated in our research project. The audit was performed during February-
April 2005 using documents dated 13 March 1998 through 17 March 2005. The
audit found that AFIs do not provide standardized procedures for obtaining
mission operator feedback on weather forecasts and do not require operations
personnel to provide formal feedback on weather forecast accuracy and mission
impact. The audit found that low customer feedback rates had a negative impact
on weather teams’ efforts to identify improvement opportunities. Specifically, the
audit mentioned that low response rates from customers hindered data usage

and prevented weather teams from deriving any usable information from
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customer feedback. The audit also indicated that the relevant AFIs did not
provide sufficient guidance or clear procedures for identifying improvement
opportunities within the MEFVER program (AFAA 2005).

The audit team made several recommendations to the Deputy Chief of
Staff, Air and Space Operations (AF/X0O). The recommendations that apply to
this study are to:

1) establish standardized procedures for obtaining mission operator
feedback on weather forecasts

2) direct AF/XOO-W and Air Force Director o