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ABSTRACT: Weather can be a decisive factor in military operations. Numerous examples can be found in history 
when weather conditions pluyed a critical role in determining the outcome of a battle. The impact of weather must, 
therefore, be considered in the planning of missions as well as in its execution. For example, in planning air missions, 
the weather conditions during all phases of the mission (launch, over target, and recovery) need to be considered In- 
cluding weather factors during the “real” world planning process is done as a normal part of the “situational aware- 
ness” process. Including weather factors in simulated planning processes, should - and can - be done as a normal part. 
In this Paper, we discuss how the forecasting of meteorological and oceanic conditions can be incorporated into the - -  
planning process of analytical simulations. 

1. Introduction 
Weather’ can be a decisive factor in military operations. 
Numerous examples can be found in history when weather 
conditions played a critical role in determining the out- 
come of a battle. The impact of weather must, therefore, 
be considered in the planning of missions as well as in its 
execution. For example, in planning air missions, the 
weather conditions during all phases of the mission 
(launch, en route, over target, and recovery) need to be 
considered. 

In analysis and planning applications, a series of alterna- 
tives are prepared for evaluation with the goal of selecting 
a specific Course of Action (COA). The alternatives are 
constructed using data and information that form a per- 
ception of what is and what will be happening. Percep- 
tions of the weather and other environmental factors (e.g. 
terrain, presence of obstacles, etc.) are included in the 
“real” world planning process as a normal part of the 
“situational awareness” process. In terms of the Joint 
planning process, information on the environment is col- 
lected as a part of the preparation of the intelligence esti- 
mate process, as shown in Figure 1. 

In simulated planning processes, weather factors should - 
and can - be included as a normal part of COA generation. 
The purpose of this paper is to discuss how forecasted 
weather can be incorporated into the planning process of 
analytical simulations. We will discuss how forecasted 

’For the purposes of this discussion, the term “weather” 
will include atmospheric, oceanic, and space phenomena. 

weather information can be produced in an analysis simu- 
lation and then discuss how it can be used to support a 
simulation of the planning process. 

2. The Role Of Weather In Planning And 
Analysis 

Information about the weather and environment represents 
another set of data used in the decision-making process. 
Specific areas where environmental information is in- 
cluded in the planning process are: 

Scheduling Air Tasking Orders (ATOs) 0 

0 Ship movements 
0 Deployment of ground forces 
0 

0 

Deployment and use of air and space assets 
Operational assessments of enemy forces capa- 
bilities (e.g. presence of all weather aircraft) 

In analysis simulations, a database of terrain, meteoro- 
logical, and oceanic data would be used to provide the 
“groundtruth” data for the simulated environment, feeding 
the environmental effects models in the simulation, and 
providing the basis for forming the perception of the state 
of the environment. From these perceptions, decisions can 
be made by the simulated decision-makers, whether they 
are human or machine. It is highly likely that numerical 
weather prediction models, like those currently available 
from the Air Force’s Global Weather Center and the 
Navy’s Fleet Numerical Meteorological and Oceano- 
graphic Center, would produce this database. 

mailto:smtplink.dis.anl.gov


This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
tbertof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spt- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, m m -  
menchion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
electronic image products- Images are 
produced from the best available original 
document- 



I 

Conduct Situation 
Updates , +------- 

Perform Principal 
Staff Estimates 

Perform Special 
Staff Estimates I /  Perform Battle 

Staff Estimates 

I’ I ,  

Perform 
Personnel 
Estimate 

Perform Perform 
Intelligence Operational 

Estimate Estimate 
i 

r 1 
Perform Logistics 

Estimate 

I 

Perform Weather 

I 
g: s“r 
PI= 

V 

w 
T 

i 
V 
g: 
SE PI? 
i 

w 

Perform Threat 
Integration 

Figure 1. A Representation of the Steps Involved in Performing Situation Updates During the Joint Planning Process 
Showing the Role of Weather and Environmental Analyses. 

There are two basic approaches that can be used to pro- 
vide weather forecasts in andysis applications. The first 
is to include actual weather forecasts in the master simu- 
lation environment database. Under this approach, the 
provider of the environment data would be tasked to col- 
lect and archive the data calculated at a given time period 
along with the forecasts calculated at that time period. 
For example, if MM90 was used as the model to produce 
data for a simulation, the data associated with a given time 
period and the forecasted conditions 12.24, or more hours 
in the future would be collected and archived. A disad- 
vantage to this approach, however, is that on a normal 
basis the operational forecasts do not extend as far into the 
future as might be desired to support a military operation. 
Also, different hydrodynamic models (oceanic and atmos- 

pheric) may be used in the generation of the master simu- 
lation database and may produce forecasts for different 
time periods. Finally, a given model may not produce 
make forecasts for all of the modeled parameters nor on 
an equal basis. For example, the high-resolution global 
NOGAPS model (360 x 181 cells) being used to provide 
data via the Master Environmental Library produces fore- 
casted parameters at different time periods that can also 
vary by isobar level. 

The second approach would involve using the “ground 
truth” data in the master simulation database as a surro- 
gate source of weather forecasts. Figure 2 gives a sche- 
matic representation of how this can be accomplished. At 
any given time t during the simulation there is a require- 
ment to have a representation of the simulated environ- 



ment that represents the "truth' at that moment. This rep- 
resentation would be used to produce any environmental 
effects in the simulation. Also, any command and control 
processes requiring a perception of the environment 
would use the data in this database to form perceptions 
about the environment. 

The master simulation database would also be used to 
produce the forecasted data at whatever number of times 
in the future required by the simulation. In the example 
shown in Figure 2, it is assumed that forecasted conditions 
are required for 12,24, and 48 hours in the future. 

In the real world, weather forecasts contain uncertainties 
as a result of errors and uncertainties in the measurements 
feeding the models, the approximations used to represent 
the physics, and the numerical methods used in the calcu- 
lations. The uncertainty is manifested in the form of errors 
in the magnitude of the parameters being calculated, the 
spatial positioning of the modeled phenomena, and the 
temporal Occurrence and duration of them. If the master 
simulation environment database includes forecasted con- 
ditions, the uncertainty will be inherent in the forecasts. 
However, if the forecasts are produced during the simula- 
tion, then uncertainty needs to be added to the "forecasts" 
used in the analysis application. 

Simulation 
Environment 

Database 

A number of approaches could be used to produce 
weather forecasts with uncertainty accounted for, but we 
shall examine the four outlined in Table 1. The first would 
be to only apply uncertainty to the magnitudes of the at- 
mospheric and oceanic variables with the spatial and tem- 
poral positioning of the phenomena unchanged relative to 
those in the master environment database. The second 
approach would involve keeping the magnitudes and tem- 
poral positioning unchanged and changing only the spatial 
positions of the phenomena. The third approach would 
involve keeping the magnitudes and spatial positions un- 
changed and varying the temporal occurrences. The final 
approach would be to let all of the parameters vary in 
terms of value, spatial location, and temporal Occurrence. 
In applying the uncertainty, care would have to be taken to 
insure that the resulting data do not violate any logical 
physical relationships such as that between dew point de- 
pression and relative humidity. In order to do this, one 
should differentiate between the key hydrodynamic pa- 
rameters in the environmental representation and those 
that are derivable from these key parameters and then ap- 
ply any uncertainty functions only to the key factors. 
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Figure 2. Schematic Representation of the Generation of "Ground Truth' and Forecast Weather Data. 



Table 1. Summary of the Approaches That Could Be Used to Apply Uncertainty in Weather Forecasts Produced Within 
Analysis Applications. 

APPROACH IMPLICATION 
Only Vary Magnitudes of Weather Parameters No Changes in Where or When Phenom- 

ena Occur 
Locations of Phenomena Change But Not Only Vary Spatial Positions of Weather Phenome- Magnitudes and Temporal 

nnn ...,.. 
Only Vary Temporal Occurrence of Weather Phe- 

nomenon 
Vary Magnitudes of Weather Parameters and Spa- 

tial and Temporal Phenomenon 

Occurrence of Phenomena Changes But 
Not Where or the Magnitudes 

Magnitudes, Spatial Location, and Tempo- 
ral Occurrence Can Change 

Different approaches for applying the uncertainty could 
also be used depending upon how far into the future the 
“forecast” is being made. The degree of uncertainty ap- 
plied to the weather forecast could be variable ranging 
from adding none to simulate a “perfect” forecast to add- 
ing “a lot” to represent a “bad” forecast. The amount a p  
plied during a simulation could also be a dynamic variable 
in the simulation. 

3. The Role Of Context In Forecast Product 
Generation 

The role that the environment plays in a simulation (and 
the real world) is highly context specific and involves 
strong spatial and temporal dependencies. Although the 
numerical prediction models can produce forecasts of the 
model’s parameters, the specific type(s) of forecast prod- 
ucts required in an analysis application will be dependent 
upon the goals of the analysis and the entities involved. 
As an example, high flying reconnaissance aircraft like a 
U-2 or SR-71 will require a different set of aviation fore- 
cast products, such as wind speeds at higher flight levels, 
than those required by more lower flying aircraft like an 
F-16. 

In an analysis simulation involving the forecasting of fu- 
ture battlefield conditions, the context drivers for the types 
of weather forecast products that would be required are: 

The type of mission requiring the informa- 
tion, 

Who in the command and control structure 
will use the information, and 

How far into the future the information is 
being asked for. 

To see how these context factors drive the generation of 
weather forecast products, we’ll use an example, as repre- 
sented in Figure 3, involving an air attack against a spe- 
cific target. 

Assume that a specific target in the master air battle plan 
has been targeted for attack on a certain day by a flight of 
aircraft carrying precision guided munitions (PGMs). 
During the initial generation of the air battle plan, a long 
range weather forecast or climatology might be used by 
the staff responsible for the generation of the master air 
campaign to assess the likelihood that PGMs could be 
used against the target. Once the battle plan has com- 
menced and specific ATOs have begun to be dispersed to 
the air commanders responsible for their execution, more 
detailed and quantifiable information would be required. 
For example, around 96 - 72 hours before the planned 
mission, weather conditions in all of the operational areas 
associated with the mission would begin to be monitored 
for any “NOGO factors that could impact the mission. 
During the 24 hours prior to the scheduled mission, indi- 
vidual wing commanders and flight crews will be given 
their mission and flight briefs containing more detailed 
weather information for their specific portion of the mis- 
sion. Finally, at the time of mission commencement, the 
flight crews will be given their final weather briefings 
containing the current and anticipated weather conditions 
for the duration of the mission. In order to produce these 
different weather forecast products in an analysis simula- 
tion, a weather forecast generator must be included in the 
simulated planning process that can respond to the differ- 
ent command levels. 

4. An Overview Of The Planning Process 
At the highest conceptual level, the Planning Process can 
be reduced to three phases: Collecting Data, Analyzing 
Data, and preparing a Course of Action (COA). Once the 
Planning Process is completed, the action on the COA 
may occur. The OODA Loop -Observe, Orient, Decide, 
and Act - as used by the Marines can summarize the 
Planning Process. 



Comand Level: 
Joint Task Force Commander 
Forecast Product Used: Long- 
Range Weather Forecasts 
Forecast Period: 
- 5-10 Days 
Geographic Area: 
Inter and lntraiheater Areas of 
Operation 

Command Level: 
Air Wing Commander 
Forecast Product Used: 
Short Range Weather Forecasts 
lden tifying G O/N OGO Conditions 
Impacting Scheduled Missions 
Forecast Period: 
24 - 96 Hours 
Geographic Area Covered: 
Theater 

Command Level: Individual 
Flight Crews 
Forecast Product Used: 
Detailed Weather Forecasts 
Forecast Period: 
Prior to and for Duration of 
the Mission 
Geographic Area Covered: 
All Mission Areas (Launch and 
Recovery Areas, En Route, 
Primary and Secondary 
Targets, Refueling Areas, ...) 

Figure 3. A Representation of the Context Driven Nature of the Weather Forecast Products Required to Support Mis- 
sions Showing the Differences in Required Forecast Products at Different Command Levels. 



Figure 4 gives a schematic representation of the OODA 
Loop and the processes that are performed at each part of 
the loop. As implied by the name, the OODA Loop is a 
continuous process in which one OODA Loop can spawn 
another one. In addition, one OODA Loop could contain 
a number of other OODA Loops such as would occur if 
subordinate commanders were preparing reports and rec- 
ommendations for a superior commander. 

Weather forecast products are generated in the “Observe” 
portion of the OODA Loop. This is where all of the data 
necessary to generate the forecast products would be col- 
lected, including the context about the mission requiring 
the forecast products. In a simulation, tools would be re- 
quired to take the various environmental data sources and 
fuse them into a seamless representation relevant to the 
spatial and temporal requirements of the mission. (This 
representation could be different from that in the overall 
simulation “ground truth” representation.) This represen- 
tation would then be analyzed to produce the information 
requested, such as the “weather” over the target area. (If a 
simulation included low level staff representations, such 
as that of a METOC officer, the weather forecasts would 
be produced via a separate OODA Loop process.) 

The ”Orient” box is where the basic forecast products are 
analyzed with respect to the mission requirements, based 
on a set of established criteria, in order to produce a set of 
alternatives for a commander. For example, the forecast 
products could be evaluated relative to the effectiveness 
of PGMs against specific types of targets. The resultant 
set of alternatives would then be presented to the com- 
mander requesting the information. 

5. Producing Context Driven Forecast 

The creation of simulated forecast products can be ac- 
complished by noting that the generation of forecast prod- 
ucts is merely another form of Planning. Instead of esti- 
mating what Course Of Action (COA) an opponent will 
take over time, one is estimating the course of action the 
environment will take over time. This being the case, the 
generation of forecast products can be expressed as a form 
of COA generation. 

Argonne National Laboratory has developed a procedure 
for producing COAs in the Dynamic Information Archi- 
tecture System (DIAS). The procedure uses a generic 
COA Template object in which individual actions are 
combined to achieve a specified goal. Figure 5 shows a 
generic example of how the DIAS COA Template works. 

A given COA begins by performing the first step, or “Ac- 
tion.” At the completion of this initial step, a subsequent 
Action may be begun. At any point in the COA Template, 
new action paths can be initiated depending on the condi- 

Products In Analysis Applications 

tions c that point. The COA generation continues on a 
step-by-step basis until all steps have been completed. An 
Action could also represent the outcome of a set of ex- 
panded “subactions” as noted by the box labeled “Expan- 
sion.” 

Each step will involve the achieving of a specific goal and 
will involve at least one simulation entity. or “Partici- 
pant.” The step will use data or groups of data from the 
various Participants in order to achieve the goal of the 
step. 

Each step in the COA Template will also involve a per- 
ceived duration of simulated time (versus wallclock time) 
which can be a critical factor in determining the quality of 
a COA. One can use the same participants and data 
sources and produce totally different COAs depending on 
whether the analysis is done on a “quick and dirty“ or 
“lengthy and reasoned” basis. The duration of time con- 
sidered represents either the amount of time given to 
complete a task - “Give me three options in one hour!” - 
or it may be the actual amount of time the task takes - 
“Come back when you have three options for me.” 
Figure 6 demonstrates how the Argonne COA Template 
could be used to provide a forecast of the weather over a 
target. In this example, the assumption is that there is a 
need for an estimate of the weather over a target 24 hours 
into the future. The lists of participants and durations 
shown should only be taken as examples. 

The first step, “EvolveEnvironment”, is required to evolve 
the environment 24 hours into the future. The entity par- 
ticipants would include the atmosphere, earth surface, and 
all hydrospheric components. Depending upon how the 
simulation was constructed, this action could be accom- 
plished by using actual forecast products that have been 
precalculated and stored as a part of the master simulation 
database or as a set of internally generated forecast prod- 
ucts that include simulated uncertainty. In either event, the 
end product would be the perceived state of the environ- 
ment 24 hours into the future. 

The second step, “WeatherOverPoint”, would involve an 
analysis of the weather conditions over the target area. 
The participants would again be the atmosphere, earth 
surface, and hydrosphere and a simulated representation 
of a METOC staff. The primary difference between this 
and the previous step is that the step “EvolveEnviron- 
ment” results in a Quantitative assessment of the environ- 
mental state while the step “WeatherOverPoint” involves 
a Qualitative assessment of the environment. For example, 
weather statements of cloud conditions are often couched 
in terms of height categories (high, middle, and low) with 
cloud amounts being expressed in general categories 
(clear, partly sunny, partly cloudy, and overcast.) 
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Figure 4. Schematic Representation of the Planning Process as Described by the OODA Loop. 
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Figure 6. An Example of a Course of Action Template for Determining the Future Weather Over a Target Area. 



..I the real world, the production of weather forecasts in- 
volves considerable subjective interpretation and analysis, 
generally involving a person-in-the-loop. The rules used 
to perform this subjective analysis could be captured and 
implemented in an expert system that could be used to 
represent the role of a human in forecast generation. 
6. Summary 
Weather can be a decision factor in military operations 
and needs to be considered in all aspects of mission exe- 
cution. In analysis applications, data on the current and 
future state of the environment are required in order to 
consider the impact of the environment on the problem 
being simulated. 

Extensive databases of environmental conditions are 
available to provide the data to represent the ground truth 
conditions at a given time, but there are few archived da- 
tabases of forecasted conditions to accompany the ground 
truth data. Or, if they exist, they do not include forecasts 
that extend far enough into the future sufficient for use in 
analysis applications. 

A procedure has been outlined that describes how forecast 
products could be produced in an analysis application us- 
ing the basic database of environmental data. Uncertainty 
functions could then be applied to these data to represent 
the natural uncertainty that are inherent in forecasts. With 
the use of a generic Course of Action Template, these 
forecast products could then be used in simulated Com- 
mand and Control processes in the analysis application. 
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