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Abstract  

This Reference Document captures the work completed by the author under the Technical 
Cooperation Program (TTCP) Joint Systems and Analysis (JSA) Group umbrella prior to its 
cancellation. It is an incomplete work that was initially intended to deeply compare different 
high-level costing models and suggest a new strategic costing framework for the TTCP nations. 
As a result it is limited to providing a preliminary comparison of four different high-level costing 
models from four TTCP nations. It also describes the foundation of an approach to high-level 
costing which could be used in the new framework. 
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Résumé  

Ce document de référence contient le travail réalisé par l’auteur dans le cadre du groupe 
d’Analyse des systèmes communs du Programme de coopération technique (PCT) avant sa 
dissolution. Il s’agit d’un travail inachevé qui avait pour but à l’origine de comparer en 
profondeur divers modèles de prévision des coûts stratégiques et de proposer un nouveau cadre en 
la matière. Ce document ne présente, de ce fait, qu’une comparaison préliminaire de quatre 
modèles de coûts issus des pays du PCT. On y trouve également une description de certains 
principes de base pouvant servir à l’élaboration d’un nouveau cadre de prévision des coûts 
stratégiques. 
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1 Introduction 

The Focus Area 4 (FA4) on high-level costing within the Technical Cooperation Program (TTCP) 
Joint Systems and Analysis (JSA) stood up in May 2015. FA4 was established and monitored by 
the Technical Panel 3 (TP 3) as an opportunity for scientific collaboration and cost sharing among 
the TTCP nations towards the development of a generic high-level costing framework. The aim of 
the future strategic costing framework was to help each TTCP nation understand how its costing 
approach compares to those of other nations.  

The work was organized into three phases: In Phase 1, a review of the literature on to high-level 
costing models was conducted, a common taxonomy of terms was developed, and a cost model 
characterization survey was completed. The intent was to follow this with Phase 2, where a 
generic high-level costing framework would be developed and Phase 3, where a substantive 
report on strategic costing would be submitted [1]. In September 2016 and prior to Phase 2, the 
TTCP Principals decided that JSA Group should close. 

The aim of FA4 was to develop a common framework to help individual nations validate and/or 
improve their models and approaches for strategic costing in a Defence environment. Analyzing 
existing models and costing approaches such as Activity-Based Costing (ABC) within the TTCP 
nations was considered as a starting point from which to build a common framework.  

This Reference Document describes what was intended to be the Canadian preliminary 
contribution to TTCP JSA TP 3-FA 4 prior to its cancellation. The document is organized into 
five sections. Following the introduction, Section 2 presents the key characteristics of the 
Canadian costing framework. In Section 3, four costing models within the TTCP nations are 
compared in a structured way. Section 4 describes the foundation of ABC, its assumptions, its 
steps, and its known limitations. Section 5 provides some concluding remarks. 
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2 The Canadian Strategic Cost Model 

To ensure consistency in information provided, Young [2] prepared a list of survey questions to 
be answered for each national costing approach. These questions are provided in Annex A. The 
Canadian answers to these questions are used in this section to portray the Canadian Strategic 
Cost Model (SCM). The Canadian answers are predominantly based on References [3–5] and can 
be found in Reference [6].  

2.1 Utility 

The survey questions related to model utility seek to understand (1) the purpose for which the 
model has been developed; (2) the kinds of questions it is expected to answer; and (3) who the 
model’s main stakeholders are. 

2.1.1 The Purpose for which the Model has been Developed  

The espoused objectives of the SCM are to help shape defence plans and to inform programming, 
investment and budgetary decisions. Within this context the SCM aims to help the Department of 
National Defence (DND) and the Canadian Armed Forces (CAF) create better alignment between 
their costs, activities and outputs in accordance with national objectives.  

When the SCM was developed, it was intended to do the following:  

• Estimate macro-level costs in association with the Defence Policy Statement in 2005/6. 

• Estimate macro-level costs associated with force element groupings for the Defence 
Capability Plan (DCP).  

• Provide a baseline structure for conducting cost/effectiveness analysis with respect to 
different force structures. 

2.1.2 The Kinds of Questions It is Expected to Answer 

The SCM was designed to help answer to the following types of questions:  

• What are the estimated full costs (over time) of adding particular force elements to the force 
structure?  

• What are the macro-level cost implications (over time) of increasing the population of 
military personnel by certain amounts? 

The model has been involved in the assessments of full costs associated with major capital 
acquisitions and the establishment of military personnel size. 

2.1.3 The Main Stakeholders in Connection with the Model 

The main stakeholders for the model are as follows: 
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• Developers—Members of the Strategic Planning Operational Research Team (SPORT), 
within the Centre for Operational Research and Analysis (CORA), which is a subordinate 
organization under Defence Research and Development Canada (DRDC). 

• Maintainers—Staff within the Centre for Costing in Defence (CCD), an organization within 
the Assistant Deputy Minister Finance organization ADM (Fin). 

• Data/Content Owners(s)—Centre for Costing in Defence (CCD). 

• Users—Staff within the Vice Chief of the Defence Staff organization (VCDS). This 
includes staff from the Chief of Force Development (CFD) organisation. Other users are 
staff within the ADM (Fin) and DRDC CORA. 

• Support—User support is provided on an ad-hoc basis by staff from CCD and analysts from 
DRDC CORA.  

2.1.4 The Impact that It has Had 

As a management costing tool, the SCM has been used to:  

• estimate budget demands against budget supply projections during development of the 
2008 version of the Canada First Defence Strategy;  

• calculate expected cost increases due to changes in the cost of resources (e.g., personnel 
costs, materiel related costs); and  

• assess the costs associated with expanding the size of the Canadian Forces from 65K to 75K. 

2.2 Methodology 

2.2.1 Costing Approach 

The SCM estimates long–range costs for planning purposes rather than shorter range costs for 
programming and budgeting. It is a management costing tool and not a financial reporting tool. 
As such, full costs in this model include direct and indirect costs and costs associated with the 
PRICIE components (i.e., Personnel; Research and Development (R&D); Infrastructure and 
Organization; Concepts, Doctrine, and Collective Training; Information Systems; and 
Equipment, Supplies and Services).  

A fundamental aspect of the SCM is its underlying network of cost objects. More specifically, 
input data for the SCM is organized into approximately 300 departmental cost centres and 
400 capital and infrastructure projects. The majority of these objects are organizational entities 
like bases, training schools, equipment maintenance workshops, and military units. These objects 
are related to one another via supported/supporting relationships. The relationships between 
objects in the SCM are characterized by cost attribution rules. The full cost of each object in the 
network is computed by adding its direct expenditures with costs that are attributed to it from 
other objects in the network. 
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2.2.2 Principles  

The SCM rests on the following set of ideas. 

Full absorption costing—The SCM allocates the entire defence budget to force elements with the 
exception of headquarters costs, which are not attributed.  

Input-Output methodology—Inputs are estimated in fixed proportion to the outputs they help 
deliver. Cost attributions remain fixed across time. 

Time horizons—Cost estimates extending to 20 years in the future (and potentially beyond) 
should be estimated. 

Normal vice Special Costs—Only “normal costs” are accounted for, costs associated with 
“special programs” should not be accounted for. 

Manual vice Automatic optimization—The SCM cannot perform constrained optimization. It 
cannot conduct balance of investment analysis.  

Linearity—Costs are assumed to rise in proportion to demand in a linear fashion via attribution 
rules. 

Depreciation—Straight line or stepwise depreciation is applied to capital acquisitions in order to 
amortize certain costs and enable accrual budgeting estimates. 

2.2.3 Data Sources 

To make use of the SCM raw data must be manually extracted from a variety of sources and then 
pieced together—a highly laborious process. The main sources of data for personnel and 
Operating and Maintenance (O&M) expenditures are: 

• The DND Financial and Managerial Accounting System (FMAS)  

• The DND Personnel and O&M Model (DPM) 

• The cost factors manuals  

The main sources of data for future capital projects are: 

• The Capability Investment database 

• The National procurement (NP) database 

The source of data for grants and contributions is: 

• The funding supply database  

2.3 Limitations 

Although useful, the SCM presents the following deficiencies.  
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Input Data—The SCM is not a single software tool that an analyst can run to easily produce a 
standard set of updated results. As stated by Gardner [7], the SCM requires several 
comprehensive data collection and integration efforts in order to create the required data input 
(i.e., direct expenditure information for each object). After loading this input data, cost 
aggregation computations are executed, and then subsequent effort is also required to extract and 
post process cost results. Of these efforts, obtaining and compiling reliable input data has 
continually been a great challenge—and this challenge must be overcome each time the SCM is 
used. 

Summary reports—It is often difficult to extract the costs of some entities from the SCM, even if 
the model captures the information completely. In other words, extracting data from the model 
and using it to develop reports is not always a straightforward task.  

Marginal analysis—The SCM does not do marginal analysis very well. It is useful for assessing 
the full costs of adding an entirely new capability, but it is not as useful when estimates are 
required to assess marginal cost increases or savings that would or could be realized if the force 
structure was incremented or decremented in increments.  

Static Attributions—Cost attribution rules in the SCM are based on computing percentages. The 
proportion of costs accumulated by the entities that a particular object supports has remained 
fixed since the SCM’s original construction. However, as objectives change and new questions 
arise, the granularity/fidelity of the SCM, may or may not remain appropriate.  

Implementation—The SCM is implemented in Microsoft Excel and spans across many linked 
spreadsheets. Data require varying degrees of pre-processing before being implemented as Excel 
spreadsheets and visualizations are not directly produced by the model. Moreover, the 
spreadsheets become very effort-intensive to maintain after years of use. 

Uncertainty—The SCM does not conduct sensitivity analysis or uncertainty analysis. 
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3 Preliminary Comparison of High-Level Costing 
Models within the TTCP Nations 

Four different high-level costing models are compared in this section in terms of utility, 
implementation, and prevalent deficiencies. These models are [8–10]: 

• the Capital Integration Tool (CIT) from New Zealand (NZ),  

• the Preparedness Business Intelligence and Management Audit (PBIMA) from Australia,  

• the Force Structure Cost Model (FSCM) from United Kingdom (UK), and 

• the Strategic Cost Model (SCM) from Canada. 

3.1 Utility 

As stated in Table 1, the NZ CIT is an Excel model that integrate the costs of all current and 
planned capability projects. It provides a consolidated picture and enables sensitivity analysis. 
The Australian PBIMA is a relational database model that calculate the full costs of force 
elements based on cost centres. The UK FSCM is a high level costing tool that is assists the 
British Ministry of Defence (MoD) with an improved financial analytical capability. The 
Canadian SCM provides attributions and cost information that links intermediate outputs such as 
training, infrastructure and materiel support, and R&D, to elements of the force structure.  

Table 1: Model utility. 

Model SCM FSCM PBIMA CIT 

W
hy

 

To estimate macro-level 
costs to support 
capability-based planning 
processes. 

To support high 
level operational 
analysis studies. 

To estimate 
long-term 
force element 
costs.  

To consolidate the 
outputs of the 
Navy, Land, Air 
and Enablers 
models.  

H
ow

 

By constructing a network 
of organizational entities 
like bases and 
supported/supporting 
relationships between 
them. The full cost of each 
entity is computed by 
adding its direct and 
indirect expenditures.  

By mapping costs 
to either direct 
force elements, to 
shared elements 
or to overhead 
elements. Costs 
are split in 
proportion to 
asset values and 
personnel 
quantities.  

Using direct 
and indirect 
(sustainment 
and facilities) 
attribution 
based on cost 
centre. 

By applying the 
system foreign 
exchange rates and 
escalating the value 
up to the expected 
time of 
expenditure. 
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3.2 Implementation 

Table 2 shows that the four models have different levels of maturity varying from two years for 
CIT to more than 14 years for FSCM. The models use different sources of data on personnel, 
infrastructure, support cost, finance, and future capital projects. The four models are implemented 
in Microsoft Excel. This software is used to manipulate the input data, store the model’s content, 
and execute cost computations. It is typical for output to be imported into Excel for purposes of 
post processing, follow-on analysis, and the production of graphs, tables and charts [6]. There is, 
however, ongoing development to improve the user interface and the quality of historical cost 
information. 

Table 2: Model implementation. 

Model SCM FSCM PBIMA CIT 

D
at

a 
S

ou
rc

es
 

The model uses 
different sources 
of data on 
personnel and 
O&M 
expenditures, 
finance, future 
capital projects, 
and grants and 
contributions. 

Equipment 
Procurement Plan,  

Equipment Support 
Plan, Personnel 
quantities, Defence 
Infrastructure, 
Organisation  

The model uses 
different sources 
of data on cost 
centres, 
expenditures, and 
attribution rules.  

Data comes mainly 
from the support 
Cost models. Other 
data sources are 
also used. 

S
of

tw
ar

e 
T

oo
ls

 

Two versions: 
Microsoft Excel 
and Access.  

Inputs are obtained 
in the form of Excel 
Spreadsheets 
requiring pre-
processing before 
being implemented 
into the model. Data 
is usually extracted 
via database queries. 

Data base is SQL 
Server. Data can 
be exported to 
Microsoft Excel.  

This model is built 
in Microsoft Excel. 

M
at

ur
it

y 

The SCM was 
delivered in 
2005 and has 
been slowly 
upgraded since 
then.  

The model has been 
in existence in a 
mature form for 
more than 14 years 
and has been used to 
support a wide range 
of analysis studies 
also strategic force 
structural decisions 

The project started 
in June 2011. 

This model has 
been in existence 
for around two 
years. 
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3.3 Prevalent Deficiencies 

The four models have some limitations which if overcome could significantly enhance their 
functionality, usability and utility. 

• Documentation—The four models do not have adequate documentation on the input data 
and the corresponding cost estimating relationship (CER). A CER is a statistical relationship 
developed between historical costs and program physical & performance characteristics 
[11]. 

• Implementation—The four models are implemented in Microsoft Excel. After several years 
of use the spreadsheet version became overly cumbersome to use and very effort-intensive 
to maintain.  

• Uncertainty analysis—The four models don’t adequately conduct sensitivity or uncertainty 
analysis to see what would happen to the different costs if the major sources of uncertainty 
vary.  

Table 3: Model limitations. 

Model SCM FSCM PBIMA CIT 

D
ef

ic
ie

nc
ie

s 

- Inadequate 
documentation 

- Difficulty to create 
certain summary 
reports 

- Difficulty to 
conduct marginal 
analysis  

- Static Attributions  

- Uncertainty  

- Reliability and 
occasional 
inconsistency of 
data sources 

- Inability to 
generate Whole 
Life Costs  

- High level of 
expertise to update 
the model 

- It is not designed 
for attributable or 
marginal costing. 

- No model for the 
Army 

- Different data 
sources 

 The model is 
reliant on other 
models and there 
is a high level of 
fidelity required 
from those 
sources.  

E
xc

lu
si

on
s 

- The benefits of 
programs.  

- It does not adjust 
attribution 
fractions in 
response to 
organizational 
change.  

- Costs associated 
with special 
programs. 

- Operational costs 

- Commercial 
services 

- Revenue obtained 
from other 
government 
departments or 
from other 
Nations 

-  Activity costs 
(e.g. individual 
exercises) 

- Acquisition costs 

- Future costs 
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4 The Activity-Based Costing Model 

Traditional costing methods derive the total cost of products or services by summing all their 
costs during the production cycle [12]. These methods allocate indirect costs, or overhead costs, 
on the basis of one driver (e.g. direct labour or machine hours). It has been demonstrated that 
these methods are inaccurate and misleading as they may allocate too much cost to one product 
and not enough to another [13]. If indirect costs are allocated to the products using direct labour 
as a single cost driver, for example, traditional cost methods would allocate too much cost to the 
labour intensive products and not enough to the machine-intensive ones. Traditional methods use 
also less cause-and-effect relationships in assigning costs. 

ABC was introduced by Cooper [14] and Cooper and Kaplan [15] to overcome this limitation. It 
measures the cost and performance of process-related activities [16]. ABC estimates indirect costs 
by using activities as a distributor of cost assignment. It shows how activities performed in the 
creation of a product or service actually impact the cost ([12], [17]). ABC deviates from 
traditional costing methods which tend to group costs with less emphasis on causality [18–19]. 
This costing system can also serve as a useful information system to improve productivity and 
support strategic decision-making [13]. 

Table 4 shows some typical differences between ABC and traditional costing methodology [12].  

Table 4: Comparison between ABC and traditional costing methodology. 

 Traditional costing Activity-based costing 

Complexity Straightforward for organizations with one 
product/service  

More technical and time 
consuming 

Orientation Structure-oriented Process-oriented 

Consumption Assumed that cost objects consume 
resources 

Assumed that cost objects 
consume activities 

Allocation  Utilizes volume related allocation  Uses drivers at various levels 

Overheads Allocates overheads first to individual 
departments 

Assigns overheads to each 
activity first 

4.1 Assumptions of ABC  

In contrast to conventional costing systems that depend on consumption of resources by products, 
the ABC model depends on consumption of resources by activities [20]. It is a process-based 
model in which cost of the system is based on costs of individual activities [21]. As such, it 
should be able to explain any variation in costs based on activity consumption. It may be seen as 
an organizational effectiveness framework. Three main assumptions inherent in the ABC model 
are generally stated in the literature [22], and can be presented as follows: 

1. Activities can be identified and measured. 
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2. Activities consume resources. 

3. Products or customers consume activities. 

In a nutshell, the ABC theory states that products/customers generate activities, activities generate 
costs, and therefore costs should be assigned to the products/customers based on the activities [20]. 

4.2 ABC Techniques 

ABC techniques can be separated along methodological lines into two main approaches: 
cost-assignment method and process management view. Each one can be described as a two-stage 
methodology ([20], [23]).  

As shown in Figure 1, in the first stage, the cost-assignment method allocates expenses to 
activities using resources. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Cost-assignment and process management methods—adapted from [13]. 

In the second stage, costs are assigned to cost objects (to what or for whom work is done) 
using activities. This process management view uses cost drivers in the first stage to identify 
what causes work. It uses performance measures in the second stage to show how well work 
is done [13]. 

The use of these cause-and-effect approaches shifts the ABC value from a simple measurement 
indicator to a management decision support system [24]. Combined, these two approaches would 
ensure reducing costs, while improving the strategic position of the organization [22–23]. 

Cost-assignment 

Cost drivers Activities 
Performance 

measures 

Resources 

Cost objects 

Process management 
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4.3 Steps for Implementing ABC System 

As discussed previously, there are three basic phases required to implement a cost-assignment 
system [25]: 

1. Identify resource cost and activity. 

2. Assign resource costs to activities. 

3. Assign activity costs to cost objects. 

More specifically, these phases may be divided into different detailed steps ([19], [21], [26]): 

1. Identify the cost centres (the resources to be used directly for producing the end product). 

2. Analyze indirect costs and calculate their cost driver rates.  

3. Assig resources for each cost centre and determine cost-centre driver rules. 

4. Identify activities for each cost centre.  

5. Find total cost of each activity. 

6. Define activity drivers for each activity. 

7. Estimate marginal cost parametrically. 

8. Prepare management report where the overhead costs are combined with direct costs to show 
how well work is done [19]. 
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5 Limitations of ABC 

Many reservations have been expressed regarding the decision-making relevance of ABC [27] 
and its costly design [28]. Many practitioners and academic researchers have noticed that ABC 
methods too often have yielded less than the desired results [29]. ABC seems to be too long to 
implement, too expensive to build and maintain, and unable to capture the complexity of 
operations [30–31]. Studies of ABC use have reflected this dissatisfaction with the technique. In 
the UK’s largest companies, Activity-based management (ABM) was used 52% in 2005, with an 
associated satisfaction score below the average for all tools used. This relatively low adoption rate 
has been consistently observed in different countries [31]. 

To facilitate in the implementation of an ABC model, Kaplan and Anderson [30] developed a cost 
driver method called time-driven activity-based costing. This method requires less time and 
resources to implement. Its main peculiarity compared to ABC is the use of time equations for 
each activity. As shown in Equation (1), the time ݐ௝ spent on activity j can be estimated as a 
function of the number of units of the corresponding time driver, ݔௗ. ߚ଴ and ߚௗ are the equation 
parameters (or coefficients). 

௝ݐ = ଴ߚ + ௗ. (1)ݔௗߚ

These coefficients can be estimated from historical data or from experience. A time equation may 
have multiple time drivers for each activity [32]. 
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6 Conclusion 

This Reference Document captures what was intended to be the Canadian preliminary 
contribution to TTCP JSA TP 3-FA 4 prior to its cancellation. The information collected in this 
document could be useful when developing any new high-level costing framework, through 
providing a preliminary comparison of four different high-level costing models and describing the 
theoretical foundation of ABC. 

The comparison of the high-level costing models seeks to understand: (1) the purpose for which 
each model has been developed, (2) the kinds of questions it is expected to answer, (3) who the 
main stakeholders in connection with the model are. It also describes the implementation of each 
model in terms of data sources, software tools, and maturity. The comparison identified some 
deficiencies in the four models that need improvement. These deficiencies include (but not 
limited to): 

• Insufficient documentation on the input data and CERs, 

• Effort-intensive implementation, and  

• Inability to adequately conduct sensitivity and uncertainty analyses. 

ABC was suggested by many researchers as a high-level costing approach to put more emphasis 
on causality. This approach estimates indirect costs by using activities as a distributor of cost 
assignment. It deviates from conventional costing methods by measuring the cost and 
performance of process-related activities. However, the conventional ABC takes too long to 
implement and is too expensive to build. To facilitate the implementation of a common strategic 
costing framework within the TTCP nations, it is recommended to use time-driven ABC. This 
approach uses time equations and requires less time and resources to implement. 
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8. [Methodology—Granularity?]—How would you best describe the granularity and degree of 
fidelity of the model? 

9. [Methodology—Analytical Aspects?]—Are there specific aspects of the analytical approach 
of note? How are costs traced? How are costs projected? What kinds of cost drivers are 
considered?  

A.3 Implementation 

1. [Implementation—Software Tools?]—What software tools have been used to implement the 
model? What software is used to store and manipulate input, output and intermediate data? 
What software is used for computational/analytical aspects? What software is used to produce 
visualizations?  

2. [Implementation—Timescale?]—What timescale(s) does the model encapsulate? 

A.4 Limitations 

1. [Limitations—Exclusions?]—What does the model specifically exclude? Are there aspects 
that are purposely outside of the scope of the model? 

2. [Limitations—Deficiencies?]—Are there known deficiencies or areas where improvements to 
the model could be beneficial (considering its overall purpose)? Are there any caveats that are 
often quoted when presenting the model or results from the model? Note: this information 
could be useful when developing of our costing framework and for steering the group’s future 
efforts. 
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List of Symbols/Abbreviations/Acronyms/Initialisms  

ABC Activity-Based Costing 

ADM (Fin) Assistant Deputy Minister Finance  

CAF The Canadian Armed Forces 

CCD The Centre for Costing in Defence 

CFD Chief of Force Development 

CIT Capital Integration Tool 

CORA Centre for Operational Research and Analysis  

DCP Defence Capability Plan 

DND The Department of National National Defence  

DPM DND Personnel and O&M Model 

DRDC Defence Research and Development Canada  

FA Focus Area  

FMAS DND Financial and Managerial Accounting System  

FSCM Force Structure Cost Model 

JSA Joint Systems and Analysis 

NP National Procurement 

NZ New Zealand 

O&M Operating and Maintenance 

PBIMA 

PRICIE 

Preparedness Business Intelligence and Management Audit 

Personnel; Research and Development (R&D); Infrastructure and 
Organization; Concepts, Doctrine, and Collective Training; Information 
Systems; and Equipment, Supplies and Services 

R&D Research and Development 

SCM Strategic Cost Model 

SPORT The Strategic Planning Operational Research Team 

TP3 Technical Panel 

TTCP The Technical Cooperation Program 

UK United Kingdom 

VCDS  Vice Chief of the Defence Staff 
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