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Tools for Economic Decisions

Expected value (odotusarvo)

Present value (nykyarvo)

Decision trees (paatdospuut)

Sensitivity analysis (herkkyysanalyysi)
Value of information

Certainty equivalent (varmuusekvivalentti)

Real options (reaalioptiot)
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Cost types
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Decision Analysis

» What is the objective, how are results measured?
» What are the relevant facts?

» What are the relevant choices and their consequences?

So you’ve found the best alternative course of action.
Additional questions:

» How sensitive is the “best decision” to uncertainty in information
and assumptions?

» [s it worth getting more information?

» What could be the unintended consequences?
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Decision Trees

Elements
1. Decision nodes (paatésnoodi)

2. Outcomes (tulema) as branches
3. Payoffs (tulos) are final values of the objective

4. Chance nodes (satunnaisnoodi), probability for each branch

Decision tree is a method for analyzing decisions (strategic or not)
» State assumptions, clarify existing alternatives

» Force quantification of uncertainty
» Facilitate communication between decision-makers

» Encourage sensitivity analysis

Solved with backward induction
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Decision Trees: Example

“You’ve been sued” N $ mio

SO
©
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Decision Trees: Example

5\ $ mio

“You've been sued” O
-1

N\
EV = 0.5(-1) + 0.5(-
EV = 0.2(-2)+0.8(-5

=25 %f?f\ -2
=_44 \M

Calculate EV at chance nodes, choose best EV at decision nodes
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Decision Trees: Example assumptions

“You've been sued”

Plaintiff offers to settle for $2m

Legal costs $1m per court

Probability of winning at lower court 50%

Win and pay no damages, Lose and pay $3m to plaintiff

Loser can appeal to higher court (but plaintiff wouldn’t)

vV v v. v v Y

Appeal has 20% probability of winning
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Decision Trees: Example payoffs

“You've been sued”

Payoffs for each possible outcome ($m)

» Go to court, Win: —1

» Go to court, Lose, Appeal, Win: —1 —1 = -2

» (Go to court, Lose, Appeal, Lose: —1 —1 -3 = -5
» Go to court, Lose, Accept: —1 —3 = —4

» Settle: —2
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Decision Trees: Example with payoff details

“You’ve been sued” \ $m
%
O -1

e

\QTL\ 1-3-1+3=-2

Legal
costs: -1 Legtal_ ’
2 {opn_  COSts:- Damages
S
S /, cancelled: +3
O o
@) ) %
Damages: -3 -1-3-1=-
Co € Dfo(/ @tO/
: Sey Lo . _
Settlement: -2 1‘/@,77 1-3=24
"2

Final payoff is the sum of all costs and benefits along the branch
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Decision Trees: Another example

3G Auctions:

The sunk cost fallacy

K = 3G investment cost

C = Price for the 3G license

0 Assumption K = 100
Assumption K = 40
S 460 - C
&% 500 - K—C
QP L8 400-C \]eg\.
Ca \0 400 - C
(\0@‘\ 460 - C
3
600 \ DOn ’t ’n
\Q.‘a Vest -C
Sy, 10-C
e,
Ve -C lnvest 50 -K-C
Q1. Effect of C Bs
on investment 0, 5(]1 eCOnomy -90-C
decision? 0 10-C
_ EVp,=250-0.5K-C >
Q2. Maximum S~ _c
price that an EVp,y=200-C
operator EV. =9235_C
should pay? buy
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Sensitivity analysis

How much does our objective value (e.g. EV) change if an
assumption is wrong?

How much can an assumption be wrong before the optimal
decision would change?

Baseline assumptions: parameter values in the main case

» Replace the baseline value with a parameter, such as “p” or “x
» Solve the optimal decision as a function of the parameter

» |In what range can parameter vary for baseline decision to be
optimal
(many parameters: region of parameter space instead of range)
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Sensitivity analysis: Example

What if our assumptions are wrong?

Suppose the true win probability is p
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Sensitivity analysis: Example
\Q\ $-Ti0

e

EV=p(-1)+ (1 -p)(-4)
=3p—-4

S@ff/e

What if our assumptions are wrong?

Suppose the true win probability is p

Better to settle if 3p—-4< -2 p<2/3

13/60

Aalto University }
School of Business Marko Tervio Fall 2024
[ | Intermediate Microeconomics Tools



Value of Information

What is the impact the information is expected to have on the value

of optimal decision?
Value of information = difference between expected value with and

without the information.

Information has no economic value if it cannot affect any decision
(unless “nice-to-know” is posited as an objective)

Example “you’ve been sued” continued:

- How valuable would it be to know the winner of the lower court
case in advance?

- What about the appeal court case?
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Value of Information: Example

“You’ve been sued” Payoff before cost of expert $ mio
. iy N -1
Is it worth hiring an expert? \QYD
>

For simplicity, let’s -2.5

assume the expert makes

perfect predictions 0\}(\ Lose n -4
Y aCcept[ 0.5,
60
0y e Settle N
oot
Wwin
{0 coutt 5 -1
“, GO
S o, S
Cry eltle
-2
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Value of Information: Example

“You've been sued” $ mio
: .. -1
Is it worth hiring an expert? \Q?’\
&
-2.9 D
) L -4
) Ose
-2 ('90

o . 2
M Settle

Cost of hiring expert: “X”

Hire expertif-1.5 - X > -2
& X<05
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Decision Tree: Simplify by pruning

“You've been sued” 00> $ mio
e .
2.5
Y L -4

N Ose

0 ang

¥ ACcept[ 0.5
OO
S
A
-2

Trees can be pruned by removing branches we’ll never end up in
Irrelevance based on sensitivity analysis or a judgment call
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Decision Tree: Simplify by merging chance nodes

Successive chance nodes can be merged for a simpler tree
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Reminder: Expected Value (EV)

Expected value can reflect randomness or our lack of information

Discrete outcomes /i = 1, ..., N with probabilities p; and values V;

EV=pVi+pVo+---+pnVn

Example: two outcomes
Success: V4 =100, p;y = 0.8
Failure: Vo = —20, po = 0.2

EV = 0.8 x 100 + 0.2 x (—20) = 76
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Reminder: Expected Value (EV)

Continuous outcome V distributed such that Pr(V < v) = F(v)

EV:/vf(v)dv

where f(v) = OF(v)/0dv is the PDF and F(v) the CDF of V

Example: uniform distribution V € [—10, 30]
(

0 v < —10
F(v) = som5g) = “53° v € (—10,30)
1 v > 30

f(v) = 1/40if v € [-10, 30], else f(v) = 0

30 2 30% — (—10)?
EV = Tav=]" L= =10
/10 V4O = 1080[V] 80
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Reminder: Discounting, NPV

Discounting is the inverse of compound interest
Deposit €X at rate of r per compounding period — after t
periods you have €X(1 + r)!

Net Present Value (NPV) criterion: A project is worth doing if it has
NPV positive, i.e., if it yields a higher return than is the cost of
capital

00 Xt
NPV =
t=0
where X; is net income in period t

Opportunity cost of capital could be forgone return to funds in
alternative use, or cost of borrowing

21/60
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Reminder: Discounting, NPV

Example: Current cost of a project €1000, gives income €1200 5
years from now. Alternative is to deposit €1000 in risk-free
account at 3%. Which is better?

1 12
000 2 1000 + 1035.13 = 35.13 > 0

NPV — _
(1.03)0 " (1.03)5

If you deposit 1000€ on the risk-free account, in 5 years you have
1000(1.03)°> = 1159.27 < 1200

Units of NPV are in current year Euros. This is more useful than “5
years from now Euros”, but calculations in either units will always
support the same decision
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Discounting: Perpetuity

Discount rate r

Discount factor B := -

T+
NPV = X + BXi + B?Xp + B3 X3 + - - -

If X; = X in every year, starting in one year (t = 1), “to perpetuity”

NPV = BX + B°X + B*X + --- || multiply both sides by (1 — B)
(1 — B)NPV = BX+B°X + B*X +---—B(BX + B°X + B°X 4 --- )=
B
NPV = ——X
1—-B
1
e X
NPV = X ==
- f
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Reminder: Present value

Example: At r = 4%, the PV of receiving 100€ every year starting
today, is 100 4+ 100/0.04 = 2600€

Example: Borrow at r = 8% to invest in project with these flows:

Year | Earnings Costs Net Income
0 0 400 -400
1 300 100 200
2 300 0 300
3 200 300 -100
4 200 50 150

_ 200 300 100 150 _
NPV__4OO+W+W_W+W_7326
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User cost of capital

What is the opportunity cost of a durable good during one year?
Required data:
- Discount rate r
- Value of good now Vj
- Resale value in one year V;
Vi

User cost during the next year is Vo —

Example. Own a laptop with current value Vy = 1200<,
expected resale value next year V4 = 500€, r = 6%.

User cost i.e. opportunity cost of capital “tied into” the laptop is
1200 — 500/1.06 ~ 728€.

Consider the buy-or-rent decision in a competitive market

Aalto University
School of Business Marko Tervio

Intermediate Microeconomics

25/60
Fall 2024
Tools



Risk preferences

In economics a “gamble” or a “lottery” is a combination of mutually
exclusive outcomes, each with a payoff (value) and a probability.
With n outcomes the gamble is L=({vq, Vo, ..., VoL {p1, P2, ..., Pn})
where probabilities p; sum to one.

Example: A genie offers you the following coin flip gamble.
({€1m,0}, {0.5,0.5})

So EV = €500k. Would you prefer a sure thing €499k to the
gamble? If so, you are risk averse.

The lowest certain value that you find at least as good as the
uncertain gamble is your certainty equivalent (CE) for the gamble.

CE depends both on the gamble and individual preferences

, , Aalto University ) 26/60
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Certainty Equivalent

Consider a gamble with some EV. Different people will typically
have different CE

» Risk averse preferences CE < EV
» Risk neutral preferences CE = EV
» Risk loving (risk seeking) preferences CE > EV

» A person with a smaller CE for the same gamble is more risk
averse

Risk premium = EV — CE is the reservation value for a perfect
Insurance against the risk in the gamble

How to find out the CE? What is your CE for the genie gamble?

27/60
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Risk preferences in a decision tree

0
‘\'\(\\les\
o®
100
n
l/eSf
Medium [0.3] 4
For example
CE = 5 for Ann 100
CE = -3 for Bob )

EV =0.4x1004+0.3 x 104+ 0.3 x (—100) = 10
CE varies by person. For the most risk-averse CE < 0 and this project is not worth it.
What would be this CE for an infinitely risk-averse or risk-loving person?
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Utility functions, risk preferences

Bernoulli’s utility function (1738) U maps wealth to utility
Risk aversion = concavity of U

Expected utility EU = p; U(V1) + pQU(Vg) + - 'an(Vn)

Of alternative gambles, one with highest EU is most preferable
Units of EU are meaningless, units of CE from values v

U(CE) = p1U(v1) + p2U(v2) + - - - paU( V)

Example: St. Petersburg paradox

L={251 275} =({1,2,4,8,...},{1/2,1/4,1/8,1/16,...})
EV =

If U(v) = log(v) then CE = 2

If U(v) = +/v then CE ~ 2.91
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https://plato.stanford.edu/entries/paradox-stpetersburg

Risk preferences, behavioral issues

» Wealth effect on risk-taking

What happens to risk aversion in u(W + v) as W grows?
xu' (x)
- U(x)

CRRA utility: u(x|p) = X521 = RRA = p > 0

lim,—,1 u(x|p) = log(x)

Relative risk aversion p(x) =

» Gambler’s fallacy
» Ambiguity aversion

» Loss aversion (Prospect theory)
Utility function kinks around “a reference point”

» Framing
» Importance of learning and experience
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Real options
If you face a now-or-never decision you have no real options

Real option is the ability to change a decision at a later date
e.g. option to invest or divest later

Option value of experimentation from the option to undo/ignore the
result of the experiment

Sometimes a real option is obtained at a cost. Value of real option
gives the right reservation price

Example 1. Option to wait (Acme Ltd)

Example 2. Option value of experimentation (Sahko Oy)

Financial option: right to buy or sell an asset later at a pre-specified price

,, Aalto University i 31/60
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Option to wait: Example

Acme Ltd could launch a new gadget, if it invests €1m

The gadget would generate expected profit of €400k, starting a
year later, for three years, at which point this gadget type will
becomes obsolete. Acme faces capital cost is 5%

After one year Acme would have a more accurate picture of
revenue for this type of gadget

- Good scenario, Pr = 0.5, €700k

- Bad scenario, Pr = 0.5, €100k
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Option to wait: Example

Invest now: Xo = —1000, X1 — X2 — X3 = 400

NPV = —1000 + {32 + <05 + 0% = 89.3

Wait: Xo = 0, X1 = —1000, Xo = X3 > 400

Wait + good news:

—1000 700 700 __
NPV = <1830 4 78, + 0% — 287.3

Wait + bad news:

—1000 100 100 __
NPV = <1800 4+ 108 + {13 = —775.3

—> don't invest if bad news, so actually NPV =0

33/60
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Option value of waiting: Acme Ltd

89.3
A 287.3
("7)
\0\\ \0\'66\
<
6600(\0
0 J
0.5x287.3 0 a 287.3 Dontfnv
X est 0
o =1436
7
vest 7753
Bag
ec
[0.57 Nomy,
0 OO/;:
f/}?
)
S/ 0

Option to wait is valuable: 143.6 — 89.3 = 54.3
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Option value of experimentation: Example

Sahko Oy has for long purchased a key component from Oldie Inc
Profits are €1m per year, r = 10%.

Alternative supplier Newbie Inc could be better or worse than Oldie
Profits would be (X + 1)€m or (X — 1)€m per year, equally likely

Sahkd can choose the supplier for one year at a time. By trying
Newbie as the supplier even once Sahko would find out whether it
IS better or worse than Oldie.

How good should Newbie be in expectation (X) for Sahko to try it?

Aalto University ) 35/60
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Option value of experimentation: Example

How well will Sahkdé Oy under alternative decisions?
Expected NPV (€m)

Stick with Oldie:
PVog=Bx1+Bx1+Bx1+---]=1=10

Try Newbie:

Newbie better, profits X + 1 forever [Pr = 0.5]

PVoews = BX (X+1)+ B x (X +1)+ B x (X +1)+---] =
X1 = 10(X + 1)

Newbie worse, profits X — 1 once, then switch to Oldie [Pr = 0.5]
PVnew-:BX(X—1)—|—BZ><1—|—BS><1_|_...]:
Bx (X —14 PVyg)=(X+9)/1.1=0.909X +8.18

36/60
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Option value of experimentation: Example

In expectation the value of trying Newbie is

PVneW :O.SPVnew+ _|_ O.SPVneW_
=0.5 x 10(X + 1) + 0.5 x (0.909X + 8.18)
=9.1 +5.45X

Experimentation is valuable if

PVnew >'DVoId
9.1 +545X >10
X >0.17

Newbie is worse than Oldie in expectation, but worth trying
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Option value of experimentation

Sahko Ltd: To try new supplier or not? Discount rate r = 0.10
Payoffs in PV
&
O
&2 =10
O .
N WO\©
e
) S{\G\g\N\m\\\ (X+1)/r = 10(X+1)
N
W Go
% R Sacy
7 Q© o
g, (ON & (X+1+1/n)/(1+1) =

0.909*X + 9.09

N
e — (X-1)Ir = 10(X-1)

o,
Ol (X-1+1/r)(1+1) =
0.909*X + 8.18
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Option value of experimentation

Sahkd Ltd: To try new supplier or not? Discount rate r = 0.10
Payoffs in PV

Suppose X = 1

(X+1)/r = 10(X+1) =20

(X+1+1/r)/(1+1) =
0.909*X + 9.09

= 10.90
(X-1)Ir = 10(X-1)

=0

(X-1+1/r)/(1+r) =
0.909*X + 8.18 = 9.09

With X = 1 the option to experiment is valuable: 14.5 — 10 = 4.5

39/60
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Option value of experimentation

Trying an alternative with lower expected value can be valuable

Experimentation—trying Newbie for a year—produced valuable
information because Sahko Oy had the option to return to use
Oldie Inc

Option value is increasing in risk

Suppose that Newbie were even riskier, so that profits in good and
bad case were X + 2 and X — 2. What would now be the minimum
X required for experimentation to be valuable?

Answer: -0.67

,, Aalto University 40/60
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Decision analysis: key skills

A

Construct decision tree from a verbal description of a situation,
assumptions, data

Calculate comparable objective values across outcomes:
expected value, net present value

Conduct sensitivity analysis to uncertain assumptions

Calculate value of additional information (upper bound from value
of perfect forecast)

Understand the value of options to delay or undo decisions
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Economies of Scale
What is the relation of average costs and level of output?

AC(q) =TC(q)/q

» Decreasing Returns to Scale (DRS) aka diseconomies of scale
0AC(q)/0q > 0 +— MC(q) > AC(q)

» Constant Returns to Scale (CRS)
0AC(q)/0q = 0 +— MC(q) = AC(q)

» Increasing Returns to Scale (IRS)
0AC(q)/0q < 0 +— MC(q) < AC(q)

Economies of scale vs shifts in cost curve
- Tech progress shifts TC down

- Changes in input prices shift TC

- IRS vs learning-by-doing

42/60
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Economies of Scale

What happens to total cost, when output increased by factor k > 1

» DRS: TC(kq) > kTC(q)
> CRS: TC(kq) = KTC(q)
» IRS: TC(kq) < KTC(q)

Similarly: what happens to total output, when the quantity of all
iInputs are multiplied by same factor k > 1 (“all”’ is tricky)

Aalto University i 43/60
School of Business Marko Tervio Fall 2024

Intermediate Microeconomics Tools



Constant Returns to Scale: Example

TC(q) =29 = AC(q) = 2,MC(q) =2

44/60
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Decreasing Returns to Scale: Example

120
100?—
805—
605—

40F

20F

TC(q) = v/¢* = AC(q) = vq,MC(q) = §va
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Increasing Returns to Scale: Example

10f

TC(q) =20 + g = AC(q) = 2 +1,MC(q) = 1
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First IRS, then DRS: Example

C
C 301
300;— o
250F :
i 201
200F :
151
150 i
: 10f
100:" :
S0} i
- ' ' ' ' - Q
g=5 10 15 20 25
TC =mm-- FC — AC — MC
TC(q) =10+ 29+ 2¢> = AC(q) =2+ 12 + 2q,MC(q) =2+ £q
AC minimized where AC(q) = MC(q) = q:=5, AC(q) =6
“Minimum efficient scale”
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Lumpy costs

Increased capacity often comes in “lumps”.

Example: a firm can build any number of identical factories, each
with the factory-level cost function

TC;(q) = 50 + 10q, if g < 20

where factory-specific fixed cost is 50 and capacity is 20.

To exceed g = 20 the firm needs to pay for a second factory, to
exceed g = 40 a third factory, etc.

48/60
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Lumpy costs: Example

1000}
800}

600}

400}

200f

20 40 60 80 20 40 60 80

— TC

TC(q) = 50[ 5] + 10q. AC(q) = 251+ 10
where the ceiling function | x| shows the number of factories.
MC is not defined at the points where another factory is added.
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Economies of Scope

aka Synergies

|s total cost of production lower if different goods are produced in
one firm (or establishment)

TC(qg1,92) < TC1(g1) + TC2(g2)

Good reason for mergers and spin-offs

Examples: Chicken and eggs, cable TV and broadband,
department store/mall?

Organizational economies and diseconomies of scope,
limits to firm size
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Shared overhead

Fixed cost aka overhead

A firm with multiple products, operations, orders... may need to
“allocate” its fixed costs across those parts for accounting
purposes. This allocation should not affect real decisions.

Hierarchies of shared overheads
Example:
Company, Factory, Department, Machine, Product, Order

Aalto University 51/60
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Shared overhead between orders

Shared overhead and average cost pricing

One machine dedicated to one part:
FC = 120 paid once per time-period, for any quantity > 0
MC =2.0

1. Suppose we have only one order, for 100 units.
At what price should we accept the order?

Answer: if P > AC(100)
P > (120 + 2 x 100)/100 = 3.2

e.g. if we can get P = 3.5, profits are 100 x (3.5 — 3.2) = 30

,, Aalto University 52/60
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Shared overhead between orders

2. Suppose we know we’ll produce the 100 unit order anyway.
Then a chance comes to fill another (independent) order of 50
units. What is the lowest price at which this order is profitable?

Correct answer: if P > MC = 2.0

Common wrong answer: if
P> AC(150) = (120 + 2 x 150)/150 = 2.8

Why should we accept the second order at P' = 2.5?

Profit if we don’t accept = 3.5 x 100 — (120 +2 x 100) = 30
Profit if we accept = (3.5 x 100+2.5x50) — (120+2 x 150) = 55

The additional profitis (P — MC) x 50 = (2.5 — 2) x 50 = 25

Requiring all orders to cover “their share” of FC reduces profit!
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Shared overhead between orders

Why do we calculate economic costs? To inform our decisions of
what to do.

Different orders are usually not really “first” orders and “seconds.”

What do we do when we know that we can get two orders per year,
call them order a and order b?

3. Suppose the prices we could get are some P,, Pp.
Order sizes are fixed at 100 for a and 50 for b.
Costs are still FC = 120, MC = 2.

At what combination of prices should we accept one or both deals?
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One product, two deals Order a: 100 units

At what prices should we operate? Order b: 50 units

A : FC=120,MC =2

AC(150) = (120 + 150*2)/150 = 2.8

P

a

4.2 We are at least breaking even with this

machine if P_,*100 + P,*50 = 150*2.8
& P,24.2-05P,

2.8

2 28 8.4 Py
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One product, two deals Order a: 100 units

Order b: 50 units
A ! FC =120, MC =2

P Z
a | AC(150) = (120 + 150*2)/150 = 2.8
| 1. Avoid any deals with P < MC!
4.2 2. If you're going to produce, then
i accept all deals with P>MC!
We are at least breaking even with this
machine if P, >4.2 - 0.5*P,
28 | A U
Accept both deals
2 E
i >
2 28 84 Py
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One product, two deals
Profit from accepting both deals

Order a: 100 units
Order b: 50 units

undAer 3 scenarios of prices FC =120, MC =2
P, g AC(150) = (120 + 150*2)/150 = 2.8
Scenario I: P,=3.2, P,=3.0
4.2 Profit = 100*3.2 + 560*3.0 — 150*2.8 = 50
\ | / Scenario II: P,= 3.2, P,= 2.4
o ! O
T Profit=100"3.2 + 50"2.4 — 150"2.8 = 20
28 | N
! Scenario lll: P,=3.2, P,=1.9
2 < Profit = 100*3.2 + 50*1.9 — 150*2.8 = -5
i >
2 28 8.4 Py
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One product, two deals Order a: 100 units
What about the possibility to accept one Order b: 50 units

deal only?
Y > . FC = 120, MC = 2
P s
a 8 ; AC separately for each
|
T AC, = (120 + 100*2)/100 = 3.2
T _ * _
45 5 | AC, = (120 + 50*2)/50 = 4.4
O i I
\Q\E | ' We are at least breaking even with only
3.2 TN -~ deal iif P, 2 AC
28 [ | N e
Accept no deal i Accept both deals
2 : f‘ — -
: !
1 -
' i
: i
: - >
2 28 4.4 Pb
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Costs and pricing

AC crucial for decision to produce at all
Profits are positive +— P > AC

MC crucial for decision how much to produce and how to price

The AC/MC rule of overhead:
On average, all orders have to cover the AC — or we should not
produce at all. Individual orders only need to cover the MC.

If we produce, and face potential orders at take-it-or-leave-it prices
P;, we should accept those with P; > MC.

Extra reading: Parable of Red and Blue Pens by Ben Hermalin:
https://faculty.haas.berkeley.edu/hermalin/parable.pdf
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https://faculty.haas.berkeley.edu/hermalin/parable.pdf

Cost types

Economic costs are those that should be taken into account in
decision-making: they affect welfare and they can be affected

» Fixed vs variable costs

» Sunk costs
http://comics.wata.fi/dilbert/dilbert-05-02-2018.qgif

» Opportunity cost vs accounting costs

Cost type often depends on time horizon

60/60

Aalto University
School of Business Marko Tervio Fall 2024
[ | Intermediate Microeconomics Tools


http://comics.wata.fi/dilbert/dilbert-05-02-2018.gif

	Costs

