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The Question asked

“The CSA Research Programme has been challenged recently to justify the value it
delivers at the portfolio level. Most of the methods in use (case studies and feedback
surveys) operate at the project level and cannot be aggregated. They are also
retrospective when what is also needed is a tool that enables the current portfolio to
be valued in order that decisions can be taken about future additions to the portfolio
and thus optimise the commitment of further public money.

An internal Dstl study has identified Real Options Analysis (ROA) as providing a viable
econometric component of an evaluation method that has the potential to allow
research options to be valued and aggregated. The approach is novel within the MOD
and to reduce risk, a pilot study is proposed using a large segment of the Research
Programme to test the viability of the approach.”

Hence our overall objective is using ROA to quantify the benefit
of individual Research Projects and, ultimately, overall
Programme for Justification and prioritisation.
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= The MOD’s Science and Technology (S&T) programme, is owned by the MOD’s
Chief Scientific Advisor (CSA), and is funded with an annual budget of
approximately £450m.

= The S&T programme is underpinned by a Defence S&T Plan that ensures MOD’s
research provides a breadth of support for all MOD’s strategic objectives and
Military Tasks, these are listed below*.

= Defending the UK and its overseas territories,

= Providing strategic intelligence,

= Providing nuclear deterrence,

= Supporting civil emergency organisations in times of crisis,

= Defending our interests by projecting power strategically and through expeditionary
interventions,

= Providing a defence contribution to UK influence,
= Providing security for stabilisation.

*MOD Defence Science & Technology Plan 2014 — 2015
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= Within the plan are a number of objectives that the S&T programme must
achieve:

= To continue essential investment in S&T as a key element of MOD’s overall
capability, maintaining operational advantage and freedom of action in critical
areas, including the Strategic Deterrent, Chemical and Biological Defence,
countermeasures for counter-terrorism and sustain levels of investment to maintain
credibility in critical international research collaboration.

= Ensure the technical means to counter evolving threats.

= Ensure an effective balance between research focused on long-term needs of
capability and immediate application of expertise on today’s battlefield.

= Achieve an effective balance in programmes and maintain flexibility to adapt to the
unexpected.

*MOD Defence Science & Technology Plan 2014 — 2015
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What is Real OptionsAnalysis (ROA)? Polaris

I”

" Focuses on “Real” physical assets rather than financial assets

= The right to take a decision at one or more points in the future
unlike traditional discounted cash flow approaches (NPV)

= |mportant in projects sequential in nature where uncertainty is
resolved over time

= NOT an equation or set of equations

= Practical application to real life projects presents some serious
difficulties that have hindered its success.
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« Abandon Abandonment Option

= Defer G

= Expand/Contract smmi;iﬂ:

= Upgrade Remain Open

= Acquire incrementally Hema'"ﬂp snm.;.m
G={500d ﬁl.bﬂ'll.'lnl'l

B=Bad
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=  Most examples of use of ROA have been in the Pharmaceutical Industry.

" |n most studies the value of the option reflects the profit from successful

commercial exploitation

= The value of the underlying asset is equal to the overall profit expected from a

contract to develop an end product.

= The greater is the volatility in the value of the underlying asset, the greater the

value of the option.

= For financial options where the underlying asset is traded on the market on a

continuous basis, there is no problem with availability of data.
= For real options a proxy measure of volatility is the variance in the share price.

= For defence this is not appropriate
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= Risk free interest rate (rf) - Need to determine the correct rate. Use HMT Discount
rate?

= Time until expiration (t) — Maturity date and type of option. Deadline for research
or time until another company has similar products/ideas?

= Value of the underlying asset (S) — This is the crux of the matter. Present value of
the cash flows of the project excluding initial investment?

= Project volatility (o) — this is the volatility of the asset value- this is usually
determined through the performance of previous projects or in financial terms a
sample of a particular type of stock and then calculating their standard deviation
through monte carlo simulation for example.

= Exercise (strike) Price (X) — this is complex when there is no market for the option
or its underlying asset. What capital investment is to be made?
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Calculating the optionalue using Black-Scholes

Each number in the table gives Black-Scholes value of a European call option, expressed
the value of a European call for as a percentage of underlying asset value.
specified values of NPVq and o\/%,
as a percentage of §, the value of NPVq
project assets. 080 082 084 086 088|090 092 094 096 098 1.00 102 104 106 108
Example: 005 {00 00 00 00 00 |00 01 03 06 12|20 31 45 60 75
Suppose S = 5100 070 {00 01 02 03 05 |08 12 17 23 31 |40 50 61 73 86
X =$105 005 |05 07 10 13 17 |22 28 35 42 51 |60 70 80 91 102
t=1year 020 |15 19 23 28 34 |40 47 54 62 7180 89 99 109 119
rr = 5%
f 025 |28 33 39 45 52 |58 66 7 82 91|99 109 118 128 137
o = 50% per year . -
030 |44 50 57 63 70 |78 86 94 102 111 (119 128 137 146 156
then NPVg = 1.0
35 | 62 68 75 2 90 |98 106 114 122 130 (139 148 156 165 174

and o/T = 0.50.
040 | BO 8.7 0.4 102 110 (117 125 134 I4.2| 150 |159 167 175 184 19.2

045 |99 106 114 122 129 (137 145 153 162 170 [178 186 194 203 211

134 142 149 157 165 173 181 18.920.5 213 221 229

055 (138 146 154 161 169 (177 185 193 200 209 217 224

ozt
e
L
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The table gives a value of 19.7%.
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Interpretation: =
Viewed I ontion. th 060 {158 166 174 181 189 [197 205 213 220 228 (236 243 251 258 266
iewed as a call option, the

project has a value of: 065 (178 186 193 201 209 (217 225 232 240 247 (253 262 270 277 284

Call value = 0.197 x $100 = $19.70. 070 {198 206 213 221 229 (236 244 252 259 266 |274 281 288 295 302

Compare this to its conventional 075 |218 225 233 241 248 (256 263 271 278 285 292 299 306 313 320

NPV:

NPV = 5 — x 080 (237 245 253 260 268 [275 283 290 297 304 (311 318 324 331 338
- $100 — $105 085 |257 265 272 280 287 |294 302 309 316 322 (329 336 342 349 355

090 (277 284 292 299 306 (313 320 327 334 341 (347 354 360 366 373

— 5_5

Assumptions: Volatility and option price are fixed
Practical Solutions to Complex Problems 10 www.polarisconsulting.co.uk



Presented at the 20l 6 International Training Symposium: www.iceaaonline.com/bristol2016

| attice methoc Polaris

COMNSULTING

Magnitude of rise or fall depends on volatility

Success Collect
Probability Payoff
0,65
Success 530,000,000
" Launch
Prnotlxgglllty Product
-$3,000,000
Develop Failure Abandon
Product Probability Project
0,35
-$1,500,000 $0
Failure Abandon
Probability Project
0,45
$0
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» Used to understand the impact of risk and uncertainty in project

management
* The model itself contains uncertainty due to future estimates
= Can tell you how likely the possible outcomes are

= Arandom value is selected for each of the tasks, based on the

range of estimates.

* The result of the model is recorded and the process is repeated

thousands of times using different random values.
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Total time estimate is 14 months based on three estimates only in
table below:

Task Time Estumate
Job 1 5 Months

Job 2 4 Months

Job 3 5 Months
Total 14 Months

Based on experience, expertise or historical information estimate minimum and
maximum expected

Task Minimum Most Likely Maximum
Job 1 4 Months 5 Months 7 Months
Job 2 3 Months 4 Months 6 Months
Job 3 4 Months 5 Months 6 Months
Total 11 Months 14 Months 19 Months
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Simulation run 500 times
Shows the likelihood of a particular result

Initial estimate was 14 months results indicate 18
months

1.5 ]
Time Number of Times (Out of 500)  |Percent of Total (Rounded) 12.0
12Months |1 0% zz =
.0 M
—1
[3Months |31 6% 135 ——
‘ 14.0 | : |

14 Months {171 34% 145 ] . ——
15Months {394 79% 180, i i 1 L

15.5 : : j : |
16 Months ~ |482 96% 6.0 | ; ; ] ; =
17Months {499 100% °° | f f f f '

17.0 : : : :
1§ Months {500 100% 0% 20% 40% 60% 80% 100%
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pproaches to measuring Value o

Stakeholder Perspective- aggregated through Multi Criteria

Decision Analysis
Econometric — based on value of the contract +throughlife costs

Mitigation of Threat — value the threat ( probability X

consequence)
Meeting the requirement — value the requirement

Utility function e.g. some defence equivalent of QALYs

This remains the most challenging element of using
ROA
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= Testing increasing volatility -the higher is volatility the greater the
ROA measure of benefit (though with Boundary Value approach
increased uncertainty surrounding whole life cost of the capability
means higher ROA value- ROA value of research inversely related
to the precision of CAAS’s forecasting estimates.)

= Varying the length of time to maturity reduces the present value of
the benefits and also (by a much smaller amount) the present value
of the costs. Impact on the ROA measure more complex: same
impact on the NPV of benefits and costs but offsetting gain through
having the option to commit or not to commit.

» Changing the Risk Free Rate from 3.5% to 5% in real terms halves
the NPV measure whilst reducing the Real Options value by only
two sevenths by altering the alternative investment in a risk free
return.

» ROA measure is substantially larger than NPV measure of value
because it depends upon the level of volatility, the greater the
volatility the bigger the ROA value.
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Three alternative software packages were identified and analysed.

= Super Lattice Solver (SLS)- flexible and easy to use but too restrictive for
valuing defence research programs

= Crystal Ball (CB) - not explicitly intended for ROA and any model would
have to be created within the program to do this

= Foresight Real Options Model (FROM)- specifically deals with ROA
applied to multi-phase research projects of the kind outlined in the
statement of requirements and could be adapted for defence

Recommendation was made to adapt the FROM tool. This recommendation
was taken up and Polaris made the relevant updates, including adding a
Monte-Carlo module to estimate R&D costs and timings.
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Conclusions Polaris

* The Real Options measure higher than the NPV
calculation due to scope to avoid commitment to
later stages of R&D & acquisition of the capability.

" |t presumes R&D gives you the right, but not the
commitment, to acquire future defence capabilities.
(For commercial R&D this does apply; less clear
with defence R&D.)

* Need for an objective measure of defence output
(paradoxical results in the quantitative assessment

from use of the “Boundary Value” approach.
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