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OVverview.

m [Ssues WIth risk measures
m Coherent measures of risk

B Relevance to resource adeguacy andithe
metrics the Resource Adegquacy: Technical
Committee Is discussing




Metrics

B FOCUS 0N ECONOMIC KISk
— Regional planning model
— More general
— Relation to coherent measures ofi risk

= Relate to resource adeguacy
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Metrics

m| Central tendency.

— GIves the decision maker a sense off Where the more
likely outcomes;lie

— Because It Is determined by likelihood enly, the median
mIght be better than average or expected value

m Risk
— Many potential candidates
— Measure of likelthood and severity ofi bad outcomes,

rather than of predictability

» A measure should not penalize a plan because the plan
produces less predictable, but strictly better outcomes

» It can be less expensive to reduce only the severity and
likelihood of bad outcomes
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Likelihood (Probability)

Risk and Expected Cost
Assoclated With A Plan

Avg Cost

!

Risk = average of
costs> 90%0o threshold

A
( \
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Power Cost (NPV 2004 $M)-> |
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Risk Paradoxes

m Case 1: We choose standard deviation for
economic risk measurement.

Issue: Plan B produces a more
predictable outcome, as measured
by standard deviation, but all of the
outcomes are worse than those
associlated with Plan A. This risk
metric assigns more risk to Plan A
than to Plan B.

Likelihood (Probability)

A B

Typically, however, a decision

maker Is looking at cost, too, and Power Cost (NPV 2004 $M)->
could discriminate between these
cases.
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Risk Paradoxes

m Case 2: \WWe choose standard deviation for
economic risk measurement.

Issue: Two plans produce quite
distinct distributions for cost
outcomes. For one of the plans, the

outcomes are much worse under

certain circumstances than for the J_._.H HHE H
other plan Power Cost (NPV 2004 $M)->

il e,

0000 12500 15000 17500 20000 22500 23000 27300 30000 32500
Power Cost (NPV 2004 $M)->

Likelihood (Probability)

T T T T 11
i |

However, the distributions have
Identical mean and standard
deviation. The risk measure can
not discriminate between the plans.

Likelihood (Probability)
[ [ )
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Risk Paradoxes

m Case 3: We choeoese LOLP for assessing|the
engineering reliability’ of two power: systems.

— |ssue: VWe have twoisystems, both meeting a
load off 150MW.  The first consists of one 200
MW power plant, forced outage rate (FOR) of
8%. The second system Is two 100 MWW power
plants, FOR also 8%.

— We know Intuitively that portfolio diversity of
resources should result in a more reliable system.
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Risk Paradoxes

m Case 3: We choeoese LOLP for assessing|the
engineering reliability: of twoe pewer Systems.

System 1 (one 200 MW plant)
Probability System Generation Unserved
down 0.0800 =FOR_1 0 150

up 0.9200 =(1-FOR_1) 200 0

1.0000

System 2 (two 100 MW plants)
Probability System Generation Unserved
(down, down) 0.0064 =FOR_17"2 0 150
(down, up) 0.0736 =FOR_1*(1-FOR_1) 100 50 15.36%
(up, down) 0.0736 =(1-FOR_1)*FOR_1 100 50
(up, up) 0.8464 =(1-FOR_1)"2 200 0
1.0000
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Risk Paradoxes

m| Case 3t We choose LOLP for assessing tne
engineering| reliability of twoe: pewer: systems.

The LOLP of the single
unit Is lower than that fior
the diversified system.
\What Is going on here?
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Risk Paradoxes

m Case 4: We chooese Value at Risk (VaR)
10 measure the economic risks assoclated
WIth merging two: power systems.

—\We lelieve that the diversity of the merged
systems should result in less risk.
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Risk Paradoxes

m \/aR Is an estimate: of the: level ofi 1oss 0 a
portfelierwhich IS expected to be eqgualed or
exceeded withia given, smallf probalility.

— A guantile associated with
the “bad tail” of a
distribution (e.g., 85M
percentile)

— A time period (e.g.,
overnight)

— A reference point (e.g.,
today’s value of the
portfolio)
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RISK Paradoxes
Future X1 Xo X11+Xo
1 0.00 0.00 0.00
m ASSUmME a 2 0.00 0.00 0.00
ref'fergnce poInt 3 0.00 0.00 0.00
OIF ZETO 4 0.00 0.00 0.00
- r WO vrlJIJeJ or 5 0.00 0.00 0.00

of 0.00 and a
loss of 1.00

m [en futures
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Issues

m [[hese risk measures eitner Ignore or do not
adeqguately: refiect the value ofi the outcemes.

m| Diversification means good and had outcomes
offisettingone anether. Unless the magnitude of
bad outcomes IS captured, the value of diversity Is
not captured.

m |[fwe are concerned about bad outcomes and about
diversification, therefore, we need to incorporate
more Information about the bad outcomes than do
guantile measures like LOLP and VaR, or
dispersion measures, like standard deviation.
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Unsenrved Energy.

System 1 (one 200 MW plant)  System

Probability Generation Unserved
down 0.0800 0 150
up 0.9200 200 0

1.0000

System 2 (two 100 MW plants) System

Probability Generation Unserved
(down, down) 0.0064 0 150
(down, up) 0.0736 100 50
(up, down) 0.0736 100 50
(up, up) 0.8464 200 0

1.0000
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OVverview.

m [Ssues WIth risk measures
—— 8 Coherent measures of risk

B Relevance to resource adeguacy andithe
metrics the Resource Adeugacy: Technical
Committee Is discussing




Coherent Measures of Risk

m [ 1999, Philippe Artzner, Universite [_ouls

Pasteur, Strashourg; Freddy: Delbaen,
Eldgenjfessische Trechnische IHoechschule, Zureh;

Jean-Mare Eber, Societe Generale, Paris; and
David Heath, Carnegie Mellon University,
Pittsburgh, Pennsylvania, published Co/erent
Measures of Risk (Math. Finance 9 (1999), no. 3,

203-22.8) OF hitp:/fwww.math.ethz.ch/~delbaen/ftp/preprints/CoherentMF.pdf

m Addressing problems with VVaR

m Developed a system of desirable properties for
financial and economic risk measures

Coherent Risk Measures



Desirable Properties Eor
a RISk VIetrie p

Subadditivity — For all randemi eutcomes (lesses) X and Y,
POXEY) = p(X)Hp(Y)
Monetonicity — Ifi X < Y for each future, then
p(X) = p(Y)
Positive Homogeneity — For all A = 0 and random outcome X
p(AX) = Ap(X)
Translation Invariance — For all random outcomes X and
constants o

p(X+a) = p(X) + a

Coherent Risk Measures



The Vieaning ol Ceherence

B Subadditivity p(X+Y) < p(OX)Fp(Y): & MEKTEr
does not create extra risk.

m Monotonicity p(X) = p(Y) : Ifi all the outcomes
assoclated with a planiare worse, the plan
can not be less risky

m Homogeneity p(AX) = Ap(X) :a limit case of
Subadditivity, representing what happens
when there Is precisely no diversification
effect.

Coherent Risk Measures



The Vieaning ol Ceherence

u Transiation invariance p(X+o) = pX) + o : assures
that elements ofi plan that have: certain Cost
properly infiuence the value ofi the risk measure.

m Note

— Translation invariance andl Homogeneity assure that the
metric properly rank plans by risk.

— Translation invariance reguires that the risk measure
have the same units (denomination) as the outcomes.

Coherent Risk Measures Conserve



RISk I the Regienal Plan

m [[he Counciliconsidered several altermative

CONErent measures of risk, such as CVaR;
the average ofi outcomes anove some. risk
threshola

m [hey settled on TailVaR,,, In part because it
IS easier to explain and can be used to make
statements about probabilities

Coherent Risk Measures



Likelihood (Probability)

Risk and Expected Cost
Assoclated With A Plan

Avg Cost

!

Risk = average of
costs> 90%0o threshold

A
( \
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Impoertance of Multiple

Perspectives on Risk

Tran\/aR90

CVaR20000

Standardl Deviation

\V/aR90

O0th Quintile

|_oss of Load Probability (LOLP)
Resource - Load Balance

Incremental Cost Variation

Average Power Cost Variation (Rate Impact)
Maximum Incremental Cost Increase
Exposure to \WWholesale Market Prices
Imports and Exports

"Power 2
Cos_er :



OVverview.

m [Ssues WIth risk measures
m Coherent measures of risk

——u Relevance to resource adeguacy’ and the
metrics the Resource Adeguacy: Technical
Commaittee Is discussing




Comparing Risk Measures

How does all this relate to the work or the RATC?

m LOLP; Unserved energy, and resernve mangin
are Indirect economic risk measures

— Develop these by considering costs of not
meeting load

m [ hey do not, however, the cost of meeting
load.




Advantages ol Regienal
Econemic Risk Vieasures

m Viere general

m [Viere sensitive to Imminent Inadequacy/

— Plans produced by the regional moedel passed the |LOILLP.
and UE tests

m Reflect how: utilities actually plan, I.e., Incorporate
Economics

m | ead to resource choices that do not increase risks
other than fallure to meet load

— e.g., SCCTs can Increase natural gas price risk



PDisadvantages off Regienai
Econemic Risk Vieasures

B Reguire more information and effort to compute

m| Reguires information that tends to e
commercially sensitive, suchias contract
Infermation

m | ead to resource cholces

— If utilities do not like to be told sow much to build, they
will dislike being told what to build

m [Lack of regional consensus on What economic risk
means, how to model it, and how to measure It



Conclusions

B ECONOMIC ISk measures are better than
COLR, UE, and reserve margin measures
for individualf utrlities, but not (yet)
practical for the region

m Michael’s preference Is UE > LOLP >
eserve margin
— UE captures diversity

— Reserve margin I1s only a rule-of-thumb for
obtaining a given level of UE, LOLP, or
economic performance
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V@R

95% one-day V@R

Frequency Distribution




Al LIST Off LOSS SCENAKIOS
Scenario X1 X5 Xi+Xo Xz=2*X; Xy=X;+1
1 1.00 0.00 1.00 2.00 2.00
2 2.00 0.00 2.00 4.00 3.00
3 3.00 0.00 3.00 6.00 4.00
4 4.00 1.00 5.00 8.00 5.00
5 3.00 2.00 5.00 6.00 4.00

Define a measure of risk p(X) = Maximum{X.

slide 31
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Scenario X1 X5 X1+ Xo Xz=2*X] Xp=X1+1
1 1.00 0.00 1.00 2.00 2.00
2 2.00 0.00 2.00 4.00 3.00
3 3.00 0.00 3.00 6.00 4.00
4 4.00 1.00 5.00 8.00 5.00
5 3.00 2.00 5.00 6.00 4.00

p(X+Y) < p(X)+p(Y)

e B/ Power and
1 _\Cf)ns(l?r\/atlo



ViGN GLeNICILY,

Scenario X1 X5 Xi+Xo Xz=2*X; Xy =X;+1
1 1.00 0.00 1.00 2.00 2.00
2 2.00 0.00 2.00 4.00 3.00
3 3.00 0.00 3.00 6.00 4.00
4 4.00 1.00 5.00 8.00 5.00
5 3.00 2.00 5.00 6.00 4.00
6 2.00 3.00 5.00 4.00 3.00

If X <Y for each scenario, then p(X) <
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POSILIVE! IHGMOYERNEILY:

Scenario X3 X5 X1+tXo Xz=2*X; Xp=X1+1
1 1.00 0.00 1.00 2.00 2.00
2 2.00 0.00 2.00 4.00 3.00
3 3.00 0.00 3.00 6.00 4.00
4 4.00 1.00 5.00 8.00 5.00
5 3.00 2.00 5.00 6.00 4.00

For all L > 0 and random loss X, p
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Translation Invariance

Scenario X1 X5 X1+t Xo X3=2*X1 Xyu=X;+1
1 1.00 0.00 1.00 2.00 2.00
2 2.00 0.00 2.00 4.00 3.00
3 3.00 0.00 3.00 6.00 4.00
4 4.00 1.00 5.00 8.00 5.00
5 3.00 2.00 5.00 6.00 4.00

For all random Iosses X and constants a
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Stanaara JevJstJJm
VIOIALES| MONOLONICILY:

Scenario X1 X5
1 1.00 5.00

2

3 :

4 4.00 5.00
S
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Metric space and Distance

B d(p,q) 1S the “distance” between elements p
andlg In'a set If

= d(p,q)=0
— d(p,q)=d(q,p)
= d(p,q)= d(p,r)+d(r.q), Tor all r




Nermed space and Nemrm

m || .||l is the “norm?” onianielement p in a set
Ij

~ |llap || =led || 21}

= |lp+al [zl +1[2]|. for allig

= Note: for this to make sense, p must have
value n the complex numbers
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