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ABSTRACT 

In 2016 a joint task was formed to focus on developing a MODSIM-based decision support 

capability for integrated air and missile defence (IAMD) scenario analysis. This paper 

discusses how systems thinking was applied in the development of the Joint Analytical 

Framework (JAF) that enabled a robust and structured approach to underpin a decision 

support capability. 

Systems thinking was applied to develop the JAF to ensure realisation of the benefits of the 

MODSIM-based approach. This paradigm assisted in identifying the essential elements of the 

decision support system. Key needs for the JAF were identified through workshops and a 

process of iteration. The JAF was designed to accommodate full traceability from ‘study 

questions’ through to modelling and simulation to reporting; different levels of abstraction for 

reporting and briefing of results; a consistent suite of artefacts for regular reporting; 

converting real world scenarios into executable scenarios; strict statements of fitness-for-

purpose; and configuration management of a database with international partners. 

Another vital aim is to improve communication by creating a common framework with common 

artefacts to underpin the modelling activities of multilateral agencies and companies. A 

common tool was used between nations, which enabled sharing of model data and 

benchmarking of MODSIM results as part of verification and validation (V&V). However, the 

JAF is described in a manner that is tool agnostic. 

The JAF is outlined graphically in an artefact map detailing the relationship between all 

artefacts, their relationship, and the analysis process. The process extends from identifying the 

study questions and operational scenarios of importance, through to, simulation results and 

briefing documentation. This is then complemented with guides, tools, ICT infrastructure, with 

artefacts defined in more detail in templates. The artefact map demonstrates the traceability 

from questions to results. 

Use of an analytical framework has resulted in improved consistency in the repeatability of 

studies and improved ease of collaboration with international partners. This is attributed to a 

clearly defined structured and process that allows the partners to share a common language. 
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INTRODUCTION 

This paper discusses how systems thinking was applied in the development of a Joint Analytical 

Framework (JAF) that enabled effective modelling and simulation to underpin a sovereign decision 

support capability. This capability is used for the operational analysis of future integrated air and missile 

defence (IAMD) scenarios with the results presented as capability implications of the outcomes of the 

simulations. A JAF has been developed to deliver Modelling and Simulation (MODSIM)-based decision 

support for the operational analysis of a future IAMD capability. 

The need for a decision support capability was driven from a priority task to develop a sovereign 

operational analysis capability enabled through MODSIM of IAMD scenarios for a joint project with a 

major Australian international partner. It was recognised that a MODSIM-based approach would 

provide better decision support over traditional BOGSAT  processes. Traditional processes may 

typically look like table-top exercises (TTX) and even more informal discussions that are open to bias. 

The JAF was designed to ensure decisions were informed by data through processes that are traceable, 

transparent and repeatable. The scope of the task, the design methodology, and the Joint Analytical 

Framework are outlined in this paper. 

SCOPE 

The Australian Department of Defence has committed to working collaboratively with an international 

partner to establish a decision support capability based on MODSIM to explore and analyse IAMD 

architectures. This included focus on development of an analytical framework. This framework provides 

the underpinning architecture of the modelling and simulation process that supports decision making. 

Both partners used a pre-determined “off-the-shelf” tool for the purposes of the study to ensure 

commonality between data and simulation results. 

This paper describes how the JAF was created, how it can be used to conduct scenario modelling, and 

how it can be used to assist defence analysts to: 

• examine and improve understanding of IAMD architectures; 

• develop a basis for future collaboration with international partners; and 

• build a sovereign IAMD MODSIM-based decision support capability. 

A primary aim for the framework is to improve the current capability to perform analysis of IAMD by 

identifying and refining data gathering and processing techniques, introducing rigorous documentation 

and processes, developing tools to support analysis and by providing a consistent set of reporting 

documents.  Another vital aim is to improve communication by creating a common framework with 

common artefacts to underpin the modelling activities of multilateral agencies and companies. 

The international partner worked collaboratively in providing guidance on IAMD, sharing data, defining 

operational scenarios, building models, and configuration managing the database of system data. A 

common tool was used between nations, which enabled sharing of model data and benchmarking of 

MODSIM results as part of verification and validation (V&V). However, the JAF is described in a 

manner that is tool agnostic. 

DESIGN METHODOLOGY 

Systems thinking was utilised to design the JAF. Systems thinking is simply defined as: "a paradigm for 
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understanding systems and their behaviour as an emergent property of the relationships between 

individual parts within a system." This definition is derived from the Systems Engineering Body of 

Knowledge (BoK) by the BKCASE Editorial Board (2019). 

In the instance of establishing a MODSIM capability, the desired emergent behaviour is a system that 

supports decision making (i.e., the capability objective is to inform IAMD architectural decision 

making). The decision making ‘effect’ is the emergence of the relationship between individual parts of 

the capability that includes MODSIM, and other elements. 

The description of the elements and their relationships is as an analytical framework, defined in this 

instance as: “a set of interrelated concepts, methods and artefacts that aim to guide and facilitate sense 

making and understanding in a logical and systematic manner.” 

 

Figure 1. Using systems thinking to develop the analytical framework allowed identification of 

all the necessary elements, inputs, and outputs to support decision making. 

The elements are identified, as part of understanding the problem space, through: 

• hosting workshops with key stakeholders (including users, sponsors and collaborative partners); 

• understanding the key questions that a decision needs to be made upon; 

• determining information technology requirements, including appropriate tools to enable 

modelling; 

• reviewing existing processes and assessing their fitness-for-purpose; 

• identifying availability and fidelity of information and data; and 

• governance and configuration control. 

Investigating the problem space with systems thinking identified unique needs for the JAF by: 

• identifying the purpose of each document and when they should be created in the scenario 

analysis process; 

• specifying the information requirements for each document; 

• identifying the data sources for systems; 
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• presenting the relationships between documents and therefore stages in the framework; 

• assisting in creating a consistent set of deliverables for the scenario analysis; 

• capturing all requirements, data and assumptions; 

• enabling scenarios to exist independently as standalone pieces of work but also within a broader 

context; and, 

• enabling the modelling scenario capability to grow. 

JOINT ANALYTICAL FRAMEWORK 

The final Joint Analytical Framework is captured graphically. A simple map outlining the relationships 

between all artefacts is in Figure 2. 

 

Figure 2. Artefact map of the Joint Analytical Framework. 

Analysis Process 

This section describes the analysis process, outlining the main steps, and the artefacts required and 

produced by each step. It defines when documents are to be produced and how they fit into the process, 

describing the information they capture and how they interrelate with other artefacts. For the purposes 

of describing the analysis process, it is broken down into three-stages: Definition; Modelling and 

Simulation; and Reporting. 

Definition 

The first stage involves understanding and defining the operational scenarios to be analysed. The key 

study directives, strategic guidance and stakeholder needs are used to determine specific questions about 

the IAMD architecture that need to be answered. These questions, recorded in a Master Question List 

(MQL), are used to define the required outputs and what the evaluation criteria should be, including the 
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key Measures of Effectiveness (MoE) and Measures of Performance (MoP). 

All the information about the operational scenario, including background, military context, and system 

information is documented in the Scenario Definition Document (SDD). The system information is the 

IAMD components and architecture, including details of the sensors, effectors, interceptors, threats, and 

networks. The SDD also states the scenario assumptions that underpin the scenario analysis. 

The analysis methodology required to generate these outputs is defined within the Study Plan. This 

outlines the models to build and the experiments to be performed to address the MQL and scenarios 

within the SDD. 

Modelling and simulation 

The modelling and simulation (MODSIM) stage incorporates implementing the Study Plan, collecting 

system data, conducting MODSIM, and producing Visualisations and the Analysis Report, while 

managing the Tool Database and Data Configuration Document. This description does not cover how 

the models are built within the prescribed tool nor how the simulations are run. 

 

Figure 3. Outlining the relationship between artefacts in the Modelling and Simulation phase. 

Source data of the systems of interest is incorporated into a Model Template File, which outlines the 

necessary data required for the tool for each system. This provides a consistent method for collecting 

data from different sources. 

Once the model of the system is built within the tool, the model is added to the Tool Database. Scenarios, 

informed by the Study Plan, are then built from the system models. The Tool Database also stores 

scenarios made of systems and respective locations. The Data Configuration Document (DCD) outlines 

the configuration of the database, including which systems and scenarios are included. The DCD and 

Tool Database are managed by the international partners. 

Simulation Output contains the data from the runs that is post-processed outside of the tool to produce 

visualisations of the analyses that are summarised in the Analysis Report. This report is typically a 

PowerPoint slide-deck. 

Reporting 

The final stage in the analysis process is to synthesise the simulation output into reporting products for 

briefing of different audiences. This requires different levels of abstraction with traceability to the 
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scenario results. 

The Scenario Analysis Report (SAR) is a consolidation of the capability implications arisen from the 

MODSIM results of one particular scenario. 

As one study contains analysis across many scenarios, the Capability Implications Report (CIR) 

summarise the analyses across the all SARs. This is then distilled once again into slides as part of the 

Capability Implications Brief (CIB), which is normally about a 20-minute presentation. 

Note that the Scenario Definition Document is also included here as it describes the context of the 

scenario and has uses for reporting. 

 

Figure 4. Outlining the relationship between artefacts in the Reporting phase. 

BENEFITS AND LESSONS LEARNT 

The following lessons and benefits were identified through the process: 

Improved consistency in the repeatability of studies. Defining a consistent set of artefacts and a 

process allows for consistent products to be produced with each new study. 

Iteration. Development of the JAF required many iterations incorporating lessons learned and needs as 

they emerged. 

Fitness-for-Purpose and Intended Use Statements. The Scenario Analysis Reports and Capability 

Implication Reports strongly outline the fitness-for-purpose and Intended Use of the results and analysis 

within. This outlines succinctly and clearly the limitations of the analysis, which were informed by 

assumptions in the modelling and fidelity of the data. The study should be fit-for-purpose by design and 

this should be captured in the initial definition phase. 

Benchmarking. Working with international partners with a shared Tool Database allowed 

benchmarking of results. Benchmarking is a simple V&V exercise to ensure results are being repeated 

on partner IT systems. 

The broader application of consistent artefacts. Capability and understanding is growing in Defence 

with respect to the benefits of using MODSIM to inform decision making. The artefacts developed 

within this analytical framework have been re-used for other MODSIM and related activities. This is 
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namely the Capability Implications Report that encapsulates the learnings of the study and Scenario 

Definition Documents that are used in other scenario-based analyses. As such an analytical framework, 

allows for an improved likelihood of consistency between the modelling, simulation and analysis across 

partners, as it is simpler for re-use. 

Enhanced collaboration with partners. The analytical framework was extremely useful while working 

with international partners. The JAF clarified quickly and robustly the terminology and methodology 

employed of the collaborative task. 

FUTURE DEVELOPMENT 

Several areas have been identified for future development of the framework to support decision making 

in the capability design process. These include:  

• alignment with existing standards on scenario development that have clear delineation between 

operational scenarios and executable scenarios (for example, SISO 2018); 

• improving the process to identify the master questions and how to derive the Measures of 

Effectiveness and Measures of Performance; and 

• developing modelling outputs to shape and inform future requirements; and, introducing a more 

robust Verification and Validation (V&V) process. 

CONCLUSIONS 

This paper has discussed the development of an analytical framework, derived from systems thinking, 

to address the challenge of establishing a decision support capability. This approach was quickly 

accepted and adopted by all stakeholders. Many advantages of an analytical framework were realised, 

including some additional benefits and lessons.  

In addition to providing a means to improve collaboration on modelling with international defence 

departments the framework has laid a solid foundation for developing a sovereign decision support 

capability. 
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