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EXECUTIVE SUMMARY

This report is the Air and Space Natural Environment (ASNE) Modeling and Simulation Technical Requirements Analysis (TRA).  The Undersecretary of Defense for Acquisition and Technology (USD(A&T)) designated the Air Force as the Modeling and Simulation Executive Agent (MSEA) for the Air and Space Natural Environment (ASNE).  At the component level, the MSEA is the Air Force Director of Weather (USAF/XOW).  USAF/XOW has, in turn, designated the Air Force Combat Climatology Center Commander (AFCCC/CC) as the Executive Agent for implementing the Air Force A&SNE MSEA responsibilities described in the Department of Defense (DoD) Modeling and Simulation Master Plan (DoD 5000.59-P).  In support of AFCCC, ESC/XRC contracted Abacus Technology Corporation to develop this requirements analysis.

This report discusses the steps taken to catalog the environmental parameters (and their critical values) that significantly impact platforms, sensors, systems, equipment, and personnel.  These objects are associated with missions, operations, tasks, and activities that each major joint M&S program plans to be able to model and subsequently simulate in a training, analytical, or other type of exercise or test.  The actual catalog of environmental impacts is contained in the ASNE Requirements, Standards, and Capabilities Database information system (ASNE RSC Database).  This database compiles the environmental effects on actual military systems, making those real-world environmental sensitivities of weapon systems available for use by simulation developers, exercise planners, and military operations analysts.  Ideally, once fully established, the environmental effects database will be easily accessible, and should be continually updated and maintained.  The database is currently in Microsoft Access format, and is available from the ASNE MSEA.

This report focused on the major DoD M&S programs now in development including the Joint Warfighting System (JWARS), Joint Simulation System (JSIMS), and Joint Modeling and Simulation System (J-MASS), and it also included other major and minor programs as directed by the ASNE MSEA.  The approach taken was to anticipate which warfare objects these simulations might wish to eventually simulate and determine the environmental sensitivities of their real-world analogs.  The environmental sensitivities of the real-world systems should govern the requirements for environmental support for a computer simulation of those objects.
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1.0 Overview

This study documents the environmental and environmental effects requirements for warfare simulations.  Particular emphasis is given to the Joint Simulation System (JSIMS), a constructive training simulation, and the Joint Warfare System (JWARS), a constructive analytical simulation.  The goal is to accurately detail and catalog the environmental parameters which most significantly impact or affect the specified missions, operations, tasks, and activities that these simulation systems plan to model and subsequently simulate in a training exercise or analytical study.  This study is very extensive in the breadth of warfare objects covered.  The study identifies environmental sensitivities for a large number of warfare objects that are likely to be simulated by the military modeling and simulation community.  New simulation or acquisition programs may require that similar information be gathered for systems not included in the present study.  Any such additional warfare objects may easily be added to the electronic database that serves as the basis for  this report.


For the purposes of this study, an assumption is made that any existing or planned "real-world" system is a potential target of some future simulation activity.  Consequently, rather than narrowly focusing attention on the development cycle and early applications of the major joint simulations (JSIMS, JWARS, etc.), this study takes a broader approach.  All currently fielded and planned weapon systems have some environmental sensitivities that may or may not be worthy of considering during a simulation study or exercise.  As part of this task, a database of operational (and planned) military systems and their sensitivities with respect to air and space natural environmental parameters was built for the Air and Space Natural Environment (ASNE) Modeling and Simulation Executive Agent (MSEA).  This report capsulizes the contents of that database and the lessons learned while developing that database.


JSIMS and JWARS will both contain warfare objects within a simulation instance.  The behavior of those objects may be affected by a particular environmental parameter or set of parameters. This change of behavior is an environmental effect.  For example, the presence of (head)winds, an environmental parameter, causes an increase in aircraft fuel consumption, a behavior.  The spanning set of all the environmental parameters that cause relevant environmental effects on all the warfare objects in a simulation instance constitute a significant component of the environmental requirement for that simulation instance.  In order to best represent the environmental needs of a simulation, there are additional requirements levied against those parameters in terms of resolution, timeliness, and other scenario-specific details such as time of year, location, and duration.  These additional requirements are discussed in detail in the Air and Space Natural Environment Modeling and Simulation Baseline Requirements Assessment (ASNEMSBRA) [1].


The methodology used in this study was to research existing documentation to discover environmental sensitivities for existing or planned systems and then assemble a unified database of those systems and their (air and space) environmental sensitivities.  The documents researched were created by subject matter experts and generally describe the "operational" sensitivities of real systems. These documents represent the best available information on environmental sensitivities of combat systems.  However, some environmental sensitivities that are important to simulation users may have been overlooked by the authors or, more likely, the authors include sensitivities that may not be considered essential by simulation users. The source document for each environmental effect is included in the database.

2.0  Summary of Findings
2.1  General Conclusions.  The research done in assembling this report and its supporting database gives rise to the following conclusions:


2.1.1  Weather Parameters.  The most important weather parameters can be identified in a relatively short list.  Prior to embarking on this task, an assessment was made of the importance of many tens of weather parameters to operators.  This list was developed from a combination of the Combat Weather Systems Technical Alternatives Study [4] and the ASNEMSBRA.  Weather sensitivities of operational systems were then cross-referenced against this list.  No additions have yet been made to the original list, however some have proven not to be useful.  The list of parameters found to play a role in documented environmental effects on systems is given below.  In the database accompanying this report, at least some of the parameters listed in Figure 2.1 “cause” a variety of effects on systems.  The effects related to a parameter are described in a brief sentence or two.

air temperature
turbulence intensity
cloud base

pressure
icing intensity
cloud tops

wind direction and speed
precipitation rate
cloud cover

wind surface gusts
precipitation type
cloud amount

moisture
visibility
cloud type

atmospheric stability 

mixing depth
atmospheric stability

inversion height
cloud liquid 

water content


Figure 2-1.  Most Important Atmospheric Parameters

2.1.2  Space Environment Parameters.  The most important space environmental parameters can also be identified in a relatively short list.  The approach used in the Combat Weather Systems Technical Alternatives Study was applied to the space parameters listed in the Weather 2000 study [18] to create a working list of the most important space environment parameters.  Further consultation with the Air Force Research Laboratory Geophysics Directorate (AFRL/GP) resulted in some slight modification of the original list.  Space environmental issues are not yet addressed in the current database.  No user documentation has been found that links a particular piece of military hardware to a specific space parameter.  “Space weather” effects are known to occur, but they are not particularly well documented by the user community.  The reader is directed to Air Force Space Command Pamphlet 15-2 [3] for additional insight.  The systems likely to experience space environmental effects will probably be many fewer in number than for the tropospheric weather case, but they are also more likely to be high-value, space-based systems.  The list of the most important space environmental parameters is given in Fig 2.2.  Again, the list can be expanded or shortened as needs dictate.

Solar wind
geomagnetic field
ionospheric electron 

density profiles

interplanetary 

magnetic field
trapped energetic 

particles (>300 keV)
total electron content transionospheric paths

solar electromagnetic emissions
magnetospheric 

plasma (<300 keV)
ionospheric scintillation

solar energetic 

particles
auroral particle 

precipitation

neutral density

cosmic rays
auroral electrojet



Figure 2-2.  Most Important Space Environment Parameters


2.1.3  A Classification Scheme for Military Systems.  Similar systems tend to have similar environmental sensitivities.  Although tolerance thresholds may be different, similar military systems are often sensitive to the same environmental parameters.  For instance, all helicopters are sensitive to one degree or another to air density (a function of air pressure and temperature).  On the other hand, fixed wing aircraft are much less sensitive to air density, but they are sensitive to cross winds during launch and recovery to varying degrees.  Almost all aircraft have rules to avoid thunderstorms and known episodes of wind shear.  Because systems are often similar to others, an attempt was made to classify objects within the database into meaningful categories.  This taxonomy was driven purely by practical considerations dictated by the nature of the data collected.  The taxonomy (classification scheme) used in the database can easily be changed to fit any taxonomy of military systems that policy, customer feedback, or other additional experience deems more useful.
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Figure 2-3.  Taxonomy of Warfare Objects Used in this Study

2.1.4  Model and Scenario Development.  The two primary M&S customers for environmental sensitivity information are warfare object modelers and simulation scenario developers.  Warfare object developers include those responsible for conceptually modeling the mission space.  A military system being simulated should experience some of the same sensitivities to its synthetic natural environment as the real system would to its actual natural environment.  The rules captured in the environmental effects database give software developers real insight into some of the key interactions between the warfare object they are trying to model and its physical (air and space) environment.  Modelers can use this information to make initial design decisions, although they may have to further augment it with additional subject matter expertise.


The other audience for environmental effects information is the scenario development community.  The fundamental building block of scenarios seems to be military units and their equipment or systems of equipment.  This "military systems" level is the same level of detail at which environmental effects have been captured in this database.  As scenario writers begin describing the units (and thus equipment) that are to be involved in a simulation instance, those items may be cross-referenced against the warfare objects found in the environmental effects database.  The scenario developers can use the database to simultaneously begin building a list of potential environmental effects that must be dealt with during the simulation.  The parameters causing these effects, along with other important criteria (location, time of year, special conditions, etc.) can be used to develop an (air and space) environmental scenario that is physically consistent and fully supports the objectives of that particular simulation instance.


2.1.5  Environmental Support for Modeling and Simulation.  Environmental sensitivities may also used to help identify potential weaknesses in environmental support to the simulation community.  In conjunction with the capabilities portion of the database also being assembled under this tasking for the ASNE MSEA, environmental sensitivities can be used by subject matter experts to determine if shortfalls exist in the capability of the environmental support community to provide support to simulations.  Given a focused context (thread) for a simulation development cycle, an environmental support expert can examine the environmental sensitivities of any military objects in that thread.  Using the query capabilities in the database, the expert can then examine those tools in the environmental support inventory to see which, if any, can be used to deliver the parameters needed to affect the objects' behavior within the context of the simulation.  The environmental support subject matter expert will have to provide estimates of the needed resolution and timeliness, and perhaps additional information as well, to complete his analysis.

2.2  Future Work.  Despite all the environmental effects on systems the present database does document, there are many environmental sensitivities that it does not capture.  As noted previously, user-documented space environmental effects have proven difficult to come by.  Failing the actual discovery of significant (unclassified) user documentation, an actual survey of space systems subject matter experts may need to be accomplished.  This study did not adequately cover the area of naval surface or subsurface warfare, although naval aviation is well-represented.  Unlike space systems, there is probably adequate documentation of these naval systems.  In addition, there are two other important classes of information that need to be added to the database:  threat systems and classified environmental effects.  In both cases, the complex issue of classification will need to be addressed.  The current database is designed for more or less open access, so no special attempt was made to gather classified environmental sensitivities under this task for either friendly or threat systems.  However, some unclassified threat (red) environmental sensitivities were found embedded within documentation for blue systems and are included in the present database.

3.0.  Discussion

3.1  Requirements, Standards, and Capabilities (RSC) Database.  The database of environmental effects on military systems discussed in this report is part of a larger database notionally called the RSC database under the statement of work defining the current task.  Since the standards tracking functionality has been integrated into the capabilities data, the RSC database actually consists of two major parts, capabilities and requirements, as discussed below.  The environmental effects on military systems are the result of the requirements activity under this tasking.


3.1.1  Capabilities.  This portion of the database tracks the environmental support community's ability to provide key environmental data to the modeling and simulation community.  The database contains metadata about many of the models, algorithms, and data being used to provide environmental support to all forms of operations:  military, government, academic, and industry.  A key assumption is that those tools can be reused to support military (and other) modeling and simulation activities.  A key organizing principle of this metadata is: "what environmental parameter does this capability provide?"  The possible answers are defined by the parameter lists given in paragraphs 2.1.1 and 2.1.2.  The parameters are clearly defined within the database to eliminate confusion.  Further, the parameter definitions are currently in the process of being standardized through the Joint Meteorological and Oceanographic (METOC) Conceptual Data Model (JMCDM) program.


3.1.2  Requirements.  The requirements functionality is divided into two sections, a graphical user interface that facilitates querying the database and the object/effects data.  Military systems are tracked down to the platform and, in some cases, subsystem level.  In effect, this portion of the database is a compilation of military systems.  The documented environmental sensitivities of those systems are the key information entered into the database.  These effects are also keyed to the lists of environmental parameters given in paragraphs 2.1.1 and 2.1.2.  This allows using the requirement graphical user interface to cross-check against the capabilities portion of the database to determine if any shortfalls exist in the environmental support community's ability to support modeling and simulation.  Simulation model developers may also access the database by querying for the military system of interest and receiving a breakout of the environmental sensitivities known to impact that system.

The source for these sensitivities is operational doctrine that tends to govern (give rules for) the employment of those systems.  This level of detail may be contrasted with environmental effects at the engineering level.  As an example, at the engineering level, an optical sensor may be sensitive to surface wetting of its lens cover.  At the operational level, a munition or platform that used that sensor may have a rule to the effect "system performance degraded in the presence of visible moisture."  The requirements database effectively tracks environmental sensitivities at the coarser operational level of detail.  Another effort partially funded by the ASNE MSEA, Significant Environmental Effects on Systems (SEES), will capture the finer level of detail.  A list of the systems in the RSC objects and effects database is given at Appendix 1.  The effects compiled for each of the systems in Appendix 1 is not exhaustive, but it does capture environmental effects which have already been proven to be operationally significant.

3.2  Sources of Information.  Many sources of environmental sensitivities were reviewed for inclusion in the environmental effects database.  The following subparagraphs briefly discuss the nature of the documents that provided information for the database:


3.2.1  Integrated Weather Effects Decision Aid (IWEDA) [7].  IWEDA is a software package developed by the Army Research Laboratory's Battlefield Environment Directorate (ARL/BED).  The software is designed to use weather forecast elements to determine whether proposed operations will be adversely affected by any forecasted conditions.  The input to the program is a weather forecast, and the output is a series of color-coded (red, amber, green) indications of the potential impact on operations due to anticipated weather conditions.  The impact on operations is determined from a user selected list of equipment used in the operation.  The software uses some 500 rules to determine the specific environmental degradation that is expected.  These 500-plus rules have been captured in the database being discussed here.  The 500 rules apply to a number of Army and Air Force ground-attack systems.  Additionally, the Air Force input to the IWEDA project was separately analyzed for additional sensitivities.  Some proposed Air Force sensitivities were omitted from the IWEDA rules base, probably because they did not deal directly with ground-attack, but they have been included in the environmental effects database.  The additional Air Force input also covered several special operations activities and equipment not covered in the actual IWEDA rule set.  Original sources (see Appendix 2) used in the compilation of the IWEDA rule set have been maintained in the RSC objects and effects database.

During the course of this study, it was discovered that the Army is expanding the IWEDA project.  The goal of the new program, which began in May 97, is to revalidate the original IWEDA database and expand it from its current size of about 500 rules to around 5500 rules.  This project should be considered a prime source for expanding the content of the RSC database as well.  The project is being managed by the Army Weather Proponency Office at Fort Huachuca, AZ.  Contact information for this office (and others contacted during the course of compiling this database) is located in Appendix 3. 


3.2.2  Battlefield Weather Effects, Army FM 34-81-1 [6].  This 1992 Army manual was the basis for the IWEDA projects rule set along with personal interviews with 1st Cavalry Division personnel who had recently returned from the 1991 Gulf War.  Consequently, little new information was gleaned from this document, though it was useful in clearing up some of the terminology used in the IWEDA rule set.  As an actual publication, it served to provide a doctrinal foundation, or validation, of the IWEDA internal software documentation.


3.2.3  Aircraft Performance Characteristics and Weather Sensitivities, AF Pamphlet 105-34 [2]  This Air Force publication is analogous to the Army manual discussed in the previous paragraph, only much less detailed and complete.  This pamphlet was previously known as Air Weather Service Pamphlet 55-1 before being re-published as AFP 105-34.  This pamphlet is currently being revised and enriched by the Air Force's 88th Weather Squadron at Wright-Patterson Air Force Base, Ohio.  Some of their preliminary work (which includes information from Jane's All the World's Aircraft) was incorporated into the environmental effects database.


3.2.4  Aircraft Technical Orders (Flight Manuals).  As part of this study, the authors conducted research at the Air Force Technical Order Library at Tinker AFB, OK.  The most useful of the myriad technical orders were found to be what are known as the "flight manuals" and "supplemental flight manuals." The Air Force Technical Order library contains all flight and supplemental flight manuals for Air Force aircraft and researching them all proved to be quite labor intensive.  Further, the level of detail in them was not easily captured in the RSC database format.  For instance, computing takeoff roll was clearly dependent upon temperature and wind direction, but there were other ancillary factors embedded into the calculation such as slope and condition of the runway and also the takeoff weight of the aircraft.  It was difficult to capture the relevant operational rules of thumb from all the flight planning considerations that aircraft crews must take into account.  Still, the RSC object and effects database captures the most essential guidance from these documents.  A list of the flight manual and supplemental flight manuals used in compiling the RSC objects and effects database is given in Appendix 2.


3.2.5.  Naval Air Training and Operating Procedures (NATOPS).  The NATOPS manuals are naval functional equivalents to the flight manuals and supplemental fight manuals discussed in paragraph 3.2.4.  The information contained was essentially the same, although the Navy approach to this form of documentation is somewhat different than the Air Force approach.  The Navy documentation is more likely to inform the reader of what has been proven to not work while flying an aircraft, rather than what should be done to fly the aircraft properly.  NATOPS manuals are considered to be “written in blood” because key information contained in them are the direct result of aircraft mishaps.  A list of the NATOPS technical manuals used in compiling the RSC objects and effects database is given in Appendix 2.


3.2.6  Joint Standoff Weapon (JSOW) METOC Support Description and Assessment [12].  This document covers both the environmental sensitivities and the future operational environmental support of a system currently under development.


3.2.7  Environmental Modeling Requirements for Joint Countermine Operational Simulation (JCOS) Maritime Systems and Forces [5].  This report documents "environmental considerations and modeling requirements" for a number of (amphibious) countermine warfare systems that will be simulated within the JCOS simulation systems.  Many of these environmental considerations involve strictly oceanographic or terrain sensitivities and are thus outside the scope of ASNE MSEA concern.  However, this document does note several atmospheric sensitivities for the countermine systems being modeled in JCOS.


3.2.8  Other Documents.  Two other documents were evaluated as potential sources for the objects and effects database, but they were later eliminated from consideration.  These documents contain much useful general information, but they were deemed not system specific enough for inclusion into the database.  As an example, the granularity of the information contained in the RSC database would require that the space environmental effects on Defense Satellite Program (DSP) satellites be documented vice a more general class such as “surveillance satellites” or “geostationary satellites” or the even more general “satellites”.  Perhaps with a redesign of the database to allow environmental effects to be directly related to general classes of objects like satellites or infrared seekers, some of the information in these documents could be included.  Nevertheless, each of the documents in question may be useful to some readers and a brief description of each is given below.



3.2.8.1  Staff Meteorology Weather Sensitivities Handbook, July 1992 [19].  This handbook contains much environmental sensitivity information, albeit at a mostly general engineering level of detail.  The handbook consists of five parts:  environmental sensitivities, key atmospheric elements, climatology and environmental simulation, atmospheric effects on Army operations, and space environmental considerations.



3.2.8.2  Space Environmental Impacts on Department of Defense (DoD) Operations [16]  Both this document and the Air Force Space Command Pamphlet 15-2 of the same title, upon which it is based, share the weakness that for security reasons they seldom call out particular systems, say the Global Positioning System (GPS) satellites or  Defense Satellite Communication Systems (DSCS) satellites, as having a particular environmental sensitivity.  This situation is not unusual when dealing with space-base systems--much about them, including environmental sensitivities, is often classified.  The information contained in these publications is useful, however, as a high-level tutorial on space environmental effects to the model developer not well-versed in military space operations.

3.3  Simulation Systems  The simulation programs discussed below are in early development stages.  It is likely that as development programs, some of their requirements for environmental support are different than if they were fully developed and deployed.  In general, the software engineers and programmers that will be involved in the development of these programs are flexible and can accommodate fluctuations in the availability, quantity, and quality of ASNE information.  In other words, the development cycle may be characterized as having a somewhat fluid set of requirements.  Care must be taken that compromises made in haste (or even deliberately) during development are not unnecessarily formalized in the final design of the system.  A temporary shortfall in environmental support data, tools, or products should not lead to an environmentally crippled final product.

Conversely, the user community that will actually use these simulation systems are less able to adapt to temporarily missing or inadequate capabilities.  Once a system is fielded or nearly so, its environmental support requirements will likely be codified to a certain extent.  Any required changes to the field support of that system will undergo a formal engineering change proposal (ECP)-style process.  Consequently, the underlying environmental support requirements will likely change less often after the system is deployed.  However, specific requirements related to the natural environment for the military operations being simulated (not to the simulation system itself) will routinely change with each scenario used in a study or exercise.

All of the programs discussed in this report are following a spiral development cycle.  A part of the total goal is selected for development during a given time frame.  At the end of that period, progress is reviewed and another part of the project is selected for the next phase of development.  The new phase and any remaining development actions from the previous phase are completed during the next cycle of development.  This process continues on until the entire project is complete.  This approach recognizes that some suboptimal solutions may need to be implemented so as not to hold up progress on the entire project.  However this process allows those solutions to be optimized later during subsequent phases of development.  Experience gained during the initial phases are expected to reduce the amount of rework required during the final phases.  In effect, software developers must learn to walk before they can run.  A sense of the timelines involved for three of these simulation systems (current as of this writing) is given in Table 1.  The reader may wish to refer to this table during the more detailed discussion of each program that follows.
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Table 3-1:  JWARS and JSIMS Development Schedule


3.3.1  Joint Simulation System (JSIMS).  JSIMS is a theater-level training simulation meant to replace the Joint Training Confederation suite of warfare models.  JSIMS is being accomplished using a federated development team whose progress is coordinated by JSIMS Joint Program Office (JPO).  The services and several DoD agencies each control a piece of the required development.  The JPO itself is required to provide the infrastructure and integration so that each of the service pieces can play with the other.  These so-called partner programs include:  the Army's Warfighters’ Simulation (WARSIM) 2000, the Navy's JSIMS-Maritime, the Air Force's NASM,  one or more intelligence simulations,  a Defense Information Systems Agency (DISA) communication simulation, and other assorted programs.  Both the management and technical challenges JSIMS must overcome are immense.  Consequently, this largest of the large simulation systems program is also at the greatest risk of failure.  JSIMS and NASM went on contract in the first half of 1997, while the WARSIM contract was awarded only a year earlier.


The most notable early milestone for environmental support is Build 2, currently scheduled for completion in June 1999.  According to a 22 May 97 briefing given by the JSIMS Program Manager (available at the JSIMS website,  (http://www.jsims.mil/jpo), JSIMS will include "synthetic environment effects (weather, mobility)" at the completion of Build 2.  Given the spiral development process discussed previously, it is likely that this capability will be rather rudimentary.  Also since there are only a few months between the completion of Build 2 and delivery of Version 1, the environmental effects at initial operational capability (IOC) can be expected to remain rudimentary.  Given the history of environmental effects in simulation, it is likely this support would be limited to cloud ceilings and visibility, with mobility merely a function of terrain.  Still, "weather" and "mobility" are open to interpretation and the required ASNE support at JSIMS IOC might be somewhat more involved than the previous statement suggests.  Perhaps the earliest additional requirements definition that can be expected is around mid 1998 when conceptual modeling (see section 3.3.1) begins for Build 2.


The JSIMS Program Office has delegated responsibility for developing the synthetic natural environment to its partner program, WARSIM.  WARSIM is being developed by the Army's Simulation, Training, and Instrumentation Command (STRICOM) in Orlando, Florida, under the direction of the National Simulation Center at Ft Leavenworth, Kansas.  A JSIMS synthetic natural environment working group has been formed to assist WARSIM in that effort.  JSIMS has recently elected to implement a textual database solution for conceptual modeling of the mission space.  The information contained in the environmental effects database discussed in this report should be directly applicable to the JSIMS conceptual modeling effort.


3.3.2  Joint Warfare System (JWARS).  Unlike JSIMS, JWARS is not a federated effort in development, nor in execution.  Instead, it is a monolithic theater-level analysis model meant to support studies of national strategic policies.  Still, as a theater-level model it shares some commonality with JSIMS and a memorandum of agreement (MOA) has been signed to promote some sharing of technology between the two programs.  Unlike JSIMS, JWARS has been through a prototyping process where some technological questions have been asked and answered.


One important concept tried during the JWARS prototype testing was an atmosphere "object."  It is through this object that environmental effects were introduced into the simulations.  Since the atmosphere was an object, the warfare objects could pass messages to and receive them from the atmosphere.  The warfare objects would then change their state variables in response to the message received from the atmosphere object.  (Object-oriented software design dictates that objects be responsible for changing their own states:  an object cannot directly change the state of another.)  This was an important test of a methodology to incorporate dynamic, unscripted environmental effects at simulation runtime.  This object-oriented solution will likely be used by all high-level architecture (HLA) simulations such as those discussed here.  The capability of the prototype should not be overstated because  the environmental effects accounted for in the prototype were very minimal:  a probabilistic line of sight, an elementary deterministic line of sight, and a rudimentary mobility calculation.  Only the probabilistic line of sight depended on the air or space natural environment.


Another important capability demonstrated by the JWARS prototype was the ability to obtain a 4-dimensional gridded data set through the master environmental library and use it as an authoritative basis for runtime calculations.  JWARS was able to get this data through the Master Environmental Library after precoordination with the provider (Naval Research Laboratory).  The Master Environmental Library will automate that labor-intensive precoordination step when it becomes fully operational.


As part of the prototype, a conceptual model of the mission space was also developed (again see section 3.3.1).  It should be an important learning tool for the joint (JSIMS and JWARS) conceptual modeling to be performed under the MOA between the two simulation programs.  The prototype JWARS mission space model treated air and space effects rather unevenly.  It was not clear whether this was done because the effects might complicate the mission space object models or just because the modelers had limited access to subject matter experts.  Both cases foreshadow weaknesses that may be present during the “production” conceptual modeling that is to come.  Conceptual models should be developed without regard to the difficulty of implementing them in software.  This behavior has already started to occur in JSIMS conceptual modeling  In an environmental sense, the question should be: "Is the environmental effect is important?" not  "how hard would this be to do?"  Anecdotal evidence seemed to indicate that in the case of JWARS, it is more likely that the availability of subject matter expertise was the problem.  Environmental effects related to special operations were treated in more detail than other areas.  Not surprisingly, JWARS developers had several former special operations personnel on their staffs.


In order to treat the synthetic natural environment more robustly in the operational JWARS, the JWARS Program Office has, like JSIMS, stood up a synthetic natural environment working group.  The JWARS synthetic natural environment working group also has representation on the JSIMS synthetic natural environment working group.


3.3.3  Joint Modeling and Simulation System (JMASS).  JMASS has an unusual heritage.  It started out as a DoD-level simulation program under the OSD Director of Test and Evaluation (OSD T&E).  The program was transitioned to the Air Force for maintenance and further development.  In it's life as an Air Force program it has gained an identity as service program, not a joint program.  The Air Force has recently received some buy-in from the sister services who have initiated some testing programs to evaluate JMASS suitability for their needs.  No doubt the sister services have done this at the behest of OSD T&E who is taking back the program, and hopes to establish a joint program office in early 1999.  If these plans come about, JMASS will become the primary DoD simulation for acquisition analysis at the engineering level.  As such, it will be expected to perform detailed sensitivity and design trade-off analyses, as well as operational testing and evaluation.  It is not yet clear whether or not JMASS will have a role in system trade-off analyses or cost and operational effectiveness analyses (COEAs).  This latter mission appears to belong strictly to JWARS at this time.


JMASS is unusual for another reason:  it has delivered software, now at version 3.2.  (3.0 was considered the first operational version).  Perhaps because of its heritage, an operational requirements document (ORD) has never been completed for JMASS.  The Air Force is currently trying to remedy that programmatic oversight, and an interim version 4.0 is now being contemplated to meet the requirements of the Air Force ORD that was expected to be finalized by the end of FY97.  Version 5.0 will be the first truly "joint" version and will be delivered sometime after the standup of the joint program office.  As an "Air Force" program JMASS has downscoped its goals, and merely expects to be an engagement-level engineering simulation.  No one can predict what kind of requirements creep JMASS may undergo in the next two rounds of ORD-building (AF and OSD).


Despite not having some of its requirements documentation in order, JMASS has stated some rather explicit and robust requirements for environmental support in its system/segment specification (SSS) [15].  Among the air and space environmental capabilities JMASS calls for are:



a)  a dynamic three dimensional atmospheric model that shows 



mesoscale phenomena for any chosen site, 



b)  atmospheric molecular constituents by altitude, season, and 



geographic location,



c)  molecular absorption database,



d)  vertical profiles, size, composition, and refractive indices of 



various aerosols (aerosol models),



e)  size, distribution, and properties of localized aerosols (clouds, 



fog, smoke),



f)  cloud-free line of sight statistics as a function of geographic 



location, season, and local weather,



g)  size distributions and precipitation rates,



h)  solar and lunar flux in the visible and infrared wavelengths,



i)  mean and variance of wind speed and direction as a function of 



altitude and location, 



j)  signal propagation characteristics in the ionosphere as a function 


of altitude, frequency, region, time of day, and location,



k)  magnetospheric particle fluxes from 1 keV to 10 GeV,



l)  energetic particle fluxes (> 50 MeV) of solar origin along critical 



spacecraft orbits,



m)  X-ray fluxes from the sun at ionospheric altitudes).


As an Air Force program, this rather long list requirements were largely left unfunded, however, they are likely to still be valid when JMASS reinvents itself in the next two years.  What is not known is the future funding levels and hence the schedule for implementing a full JMASS environmental capability.
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A-10
1A-10A-1

940826

A-10


1A-10A-1-1

821130

A-10

B-1
1B-1B-1-1

900719

B-1B


1B-1B-1-1-1

960115

B-1B

B-52
1B-52G-1
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B-52G

C-9
1C-9A-1-1
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C-9A
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1C12A-1
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C-12A


1C12A-1-1
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C-12A
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C-17A


1C-17A-1-1
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C-17A
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C-18A
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C-18A
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1C-130H-1-1

860505

C-130H
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1F-4G-1

771001

F-4G
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1F-5E-1

840801

F-5E
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F-15A


1F-15E-1
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F-15E
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1F-16A-1

950814

F-16A


1F-16A-1-1

941128

F-16A

F-111
1F-111A-1
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F-111A


1F-111F-1

950214

F-111F


1F-111F-1-1
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F-111F


1F-111G-1
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F-111G


1F-111(B)A-1

740726

FB-111A


1F-111(B)A-1-1

751114

FB-111A


1F-111(E)A-1

950608

EB-111A


1F-111(E)A-1-1
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H-1
1H-1(U)N-1

970715
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1H-1(H)H-1
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HH-1H


1H-1(U)F-1

870129

UH-1F/P
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H-3
1H-3(C)E-1

830901

CH-3E


1H-3(H)F-1

820708

HH-3F

H-53
1H-53(C)A-1

890601

CH-53A


1H-53(C)B-1

840801

CH-53B


1H-53(M)J-2

900213

MH-53J

H-60
1H-60(U)-1

940101

UH-60A/UH-60L


1H-60(U)-1

940101

MH-60G


1H-60(U)-1

940101

HH-60G/HH-60L

KC-10
1C-10(K)A-1

900401

KC-135A/DC-10


1C-10(K)A-1-1

900401

KC-135A/DC-10

OV-10
1L-10A-1

860501

OV-10A

VC-25
1C-25(V)A-1

881001

VC-25A


1C-25(V)A-1-1

881001

VC-25A

OBJECT
OBJECT DESIGNATION

NATOPS DESIGNATION
TYPE
DATE








A-6
A-6E TRAM/SWIP/KA-6D

01-85ADF-1
NFM
940701








A-7
A-7E

01-45AAF-1
NFM
870401








AH-1
AH-1W

01-H1AAC-1
NFM
950515








AV-8B(TAV-8B)
AV-8B/TAV-8B

01-AV8BB-NFM-000
NFM
911115








E-2
E-2C

01-E2AAA-1
NFM
940315

E-2
E-2C+

01-E2AAB-1
NFM
940315








E-6A
E-6A

A1-E6AAA-NFM-000
NFM
951215








EA-6A
EA-6A

01-85ADB-1
NFM
910401

EA-6B
EA-6B

01-85ADC-1
NFM
921130








F/A-18
F/A-18A/B/C/D

A1-F18AC-NFM-000
NFM
970115








F-14
F-14A

01-F14AAA-1
NFM
950515

F-14
F-14D

01-F14AAD-1
NFM
920201

F-14
F-14D(supp)

01-F14AAD-1A
SNFM
950515

F-14
F-14B

01-F14AAP-1
NFM
950515








F-18(T)
TF-18A

A1-F18AA-NFM-000
NFM
940105








H-46
H-46D

A1-H46AD-NFM-000
NFM
960315

H-46(C)
CH-46E

A1-H46AE-NFM-000
NFM
960715








P-3
P-3A/B

01-75PAA-1
NFM
930715

P-3
P-3C

01-75PAC-1
NFM
940801

P-3(E)
EP-3E(ARIES II)

01-75PAE-1
NFM
940901

P-3(R)
RP-3D

01-75PAC-111
SNFM
880801








S-3
S-3B

01-S3AAB-1
NFM
931001

S-3(E)
ES-3A

01-S3AAA-1
NFM
870915








SA-2
SA-2G

01-260HCG-1
NFM
950501








T-2
T-2B/C

01-60GAB-1
NFM
961015








T-34
T-34C

01-T34AAC-1
NFM
950301








T-39
T-39D

01-60GBA-1
NFM
750901

(CT-39)
CT-39

01-60GBE-1
NFM
940201








T-44
T-44A

01-T44AAA-1
NFM
950815








T-45
T-45A

A1-T45AB-NFM-000
NFM
941015








TA-4
TA-4F/J

01-40AVD-1
NFM
880801








TA-7
TA-7C/A-7C

01-45AAF-1
NFM
870401








TC-4
TC-4C

01-85TCA-1
NFM
911101








TH-57
TH-57B/C

01-H57BC-1
NFM
920515








V-22(H/V)
HV/CV-22

A1-V22AA-NFM-000
NFM
TBI(no info)








INFO A/A Rflg
A to A Refuel'g

00-80T-110
NM
921001

Air Force

Air Force Weapons Research Lab, Eglin AFB 
Capt Keith Vickers
(904) 882-5960

DSN: 872

Rome Lab, research studies
Capt (Dr) Bob Duncomb
DSN 587-3185

NASM Aircraft modeling
Bill Plummer
(617) 377-6495

WIDA, PL Hanscom AFB

(EOTDA - ERTS)
Capt Dana Madsen
(617) 377-2956/2963 DSN 478

AMC TO Library

Scott AFB IL
Joanne VanMeter, 

HQ AMC/LGF
(618) 256-5787

Scott AFB PDO, TO Mgr
SrA Kroll
DSN 576-5307

88 WS/CC

WPAFB, OH
LtCol Dave Smarsh/ John Lanicci (55-1 to 15-126)
DSN 785-2207

88 WS/WEL
Capt Paul Gehred
DSN 785-1978 x4039

HQ AFMC/DOW

WPAFB, OH
LtCol Willow Cliffswallow

Chf, Aquisition Met
DSN 986-0064

HQ, AWS/DON
CMSgt James Hoy, CMSgt Penny Heinman, MSgt Mercier
256-5731 x 213

Scott AFB PDO/TO mgr
SrA Kroll
(618) 256-5307

Combat Weather Facility

(IWEDA info)
Gene Barnes, GS-13

ebarnes@arl.mil
DSN 579-5349

Hill AFB TO Mgmt section
Bob Ashenback 

OO-ALC/TIEDM

6042 Fir Ave, HAFB 84056-5820
(801) 777-8421/8419

(DSN 775)

Hill AFB TO Mgmt section


Steve Harrop 

Munition Tech Editor

OO-ALC/LIWGM

6034 Dogwood Ave, HAFB 84056
(801) 777-6309

(DSN 775)

(Maverick Opns Supplement, Hughes Acft)

Hill AFB TO Mgmt section


Denise Bishop 

ICBM Equipment Specialist
(801) 777-7336

(DSN 775)

Hill AFB TO Mgmt section


Victor Hamilton 

Munition Equipment Specialist
(801) 777-6773

(DSN 775)

Tinker TO Mgmt Office
Mike Fitzgerald, Chf TO Section

Oklahoma City ALC/TILUB

7851 Arnold St, Ste 201

Tinker AFB, OK  73145-9147
DSN 336-3868/3604

Repository: Doug Harris/Mike Reed - (401) 736-7597

Tinker TO Mgmt Office
John Powell, TO Mgmt Section
DSN 336-2466

Tinker (E-3 TO acct rep)
Rosalie
DSN 336-3126

Warner Robbins TO Mgmt Off

DSN 468-2863/6751

Army

IWEDA, Wht Sands NM
Dave Sauter

dsauter@arl.mil
(505) 678-2078

IWEDA, Wht Sands NM
Dave Knapp
(505) 678-8148

WARSIMS
Maj Tim Metivier

metiviet@leav-emhl.army.mil
(913) 684-8160

Army Weather Proponency Office, Ft Huachuca, AZ
Maj Michael F. Corbett

MSgt Buttner

Mr Szymber
DSN 879-6493

DSN 879-6493

DSN 879-0723

Navy

Navy METOC Officer 

Pax River, Md
CDR Dave Pashkevick 

Air-4.5M
(310)342-0086/0121

DSN: 342

N889J3

Chief of Naval Ops

2000 Navy Pentagon

Wash DC 20350
CDR Stephanie Oram
(703) 604-7766

F: (703) 604-6969

Navy Tactical Support Activity (NTSA), W DC

(NATOPS manuals research)
Dir, NTSA, bldg 200, code57, Wash Navy Yard

CDR John Kuehn, CDR Dave Coggan, LT David Laderer, LT Chad Bretz
(202) 433-5797

DSN: 288

F:  (202) 433-6749

Navy Tactical Support Activity (NTSA), W DC
Dir, NTSA, bldg 200, code57, Wash Navy Yard
(202) 433-6163

DSN: 288

Navy Tactical Support Activity (NTSA), W DC
Cindy Hermes
(202) 433-6748

DSN: 288, F: X-6749

NAVO  (Rp1 & Rp 33)

Stennis, MS
CDR Allen/LCdr Angel Rivera
(601) 688-5087/5037

DSN: 485

NAVO Library

Stennis, MS
Kay Miller/Russ Russell
(601) 688-4016

DSN: 485

NAVO/N72

Stennis, MS
Mark Schneider
(601) 688-5082

DSN: 485

VX-1 (Acft testing unit)

Pax River, Md

(310)342-3224 x7144

DSN: 342

Air Vehicle Design Gp

Pax River, Md
(poss eng studies on acft)
(310)342-7771 x134

DSN: 342

1.  Air and Space Natural Environment Modeling and Simulation Baseline Requirements Assessment (ASNEM&SBRA) (ESC-TR-97-040), 28 October 1996.  A report prepared for Electronics Systems Center, Air Force Material Command, Deputy of Development Plans and Advanced Programs, Hanscom AFB, MA.

2.  Air Force Pamphlet 105-34, 2 September 1992, Aircraft Performance Characteristics and Weather Sensitivities.
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6.  Field Manual 34-81-1, Battlefield Weather Effects, 23 December 1992.  An Army Field Manual prepared for the US Army Intelligence Center, Fort Huachuca, AZ 85613-6000
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10.  Joint Modeling and Simulation System (JMASS), Joint Initial Requirements Document (JIRD), 28 February 1997.  Prepared by the JMASS Program Office, Wright-Patterson AFB, OH.

11.  Joint Simulation System (JSIMS) Program Management Plan (PMP), Draft 1.01, 19 July 1996.  A report prepared by the JSIMS Joint Program Office, 12249 Science Drive, Orlando, FL.

12.  Joint Standoff Weapon Program:  Meteorology and Oceanography Support Description and Assessment,  17 Jun 97 (draft).

13.  Requirements Document for the Joint Warfare System (JWARS), JROC Points of Contact Draft, 13 December 1996.  A report prepared for the Joint Modeling and Simulation Requirements Group, Washington DC.

14.  Scenario Generation for Warfighter’s Simulation (WARSIM) 2000, White Paper, 12 June 1996.  A White Paper report to describe the concept of use and minimum requirements for the scenario generation system for WARSIM 2000; prepared by the National Simulation Center.

15.  System/Segment Specification for the Joint Modeling and Simulation System (J-MASS) Project, Version 3.0 (J-MASS-SSS-3.0), 4 January 1995.  A specification prepared for United States Air Force, Aeronautical Systems Center (ASC//XREM), Wright-Patterson AFB, OH.

16.  Space Environmental Impacts on DoD Operations, a Headquarters Air Weather Service FYI document, February 1997, sourced from Air Force Space Command, Weather and Space Environment Branch, Peterson AFB, CO.

17.  Validation and Submission of Marine Corps Meteorology, Oceanography (METOC) and Mapping, Charting, and Geodesy (MC&G) environmental requirements, 18 January 1996.

18.  Weather 2000 Technical Report 2000 (ESD-TR-84-198), Volumns I and II, 20 September 1984.  A report prepared for Electronics Systems Division, Headquarters, Air Force Systems Command, Hanscom AFB, MA. Vol 1: ADB089621, Vol 2: ADB089779

19.  Wright-Patterson AFB Staff Meteorology Weather Sensitivities Handbook, July 1992.
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