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Comments of the Division of Public Utilities

ATTACHMENTA: Comments on Appendix H, “Risk Assessment
Methodology”

PacifiCorp’s Stochastic Analysis Model

Appendix H describes the Risk Assessment Methodglemployed to
evaluate risks associated with those variablessifeesd asStochastic Risk
variables. These variables include fuel pricesceélic prices, loads, and
hydrogeneration. The model used to evaluate stethaisk is a two-factor
lognormal mean-reversion model. The two factore #re short-run and long-
run variations in the variables, where the shorb-mariables revert to the trend
(or expected value or mean) of the correspondinggloun variable. Both the
short-run and long-run variables are assumed ttofwla lognormal

distribution?!

The specific_discretéime representation of the model, as defined in
equations 1 and 2 of Appendix H of the IRP (pagd)32s*

Var (S)
2

S| :S—1+(L[ _L[—l)+at(Lt—l_S—1)+a-tS£tS_ (1)

L=L,+q- (“i) +otet (2)

where S and L represent the short and long runeetpely (e.g., $is the short-

LIf the random variable Y = InX is normally distnibed with meam: and standard deviation

2
o, then X is said to have a lognormal distributionthvmean e”+%g and variance
g+ _ g+ The lognormal distribution is a right-hand skedeistribution, which has

a left-hand limit of zero:X >0.

2For convenience, we drop the subscript n, whiclpides the stochastic variables: n = fuel
prices, electric prices, etc.
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run value of the stochastic variable in periodd)is the mean reversion
parameter or ratey is the long-run drift or growth parameter,is a volatility

parameter, and is a stochastic error terrh.

To implement the model, values are needed formlean-reversion, drift,

4

and volatility parametersa, 6, andoc.” Values for the long-run parameteisand

o" are “assumed” to be 0.95 and 14.51% respectiVeljhe short-run
parameters: andc® are estimated using an autoregressive (continuaus)t

process with a one period lag (“AR(21)"):
p- P =(1-e7)(P-p)+v
or (3)
p=(l-e’)p+ep,+y,

where “p” is the natural log of the short-run stashic variable (e.g., p = In(fuel

price))’, “e” is the exponential functiony is the mean-reversion parameter, and

v” is an error term’ For convenience, the AR1 model can be written as:

p=a+bp, +v (4)

where the intercept is defined as=(1-e“)p and the slope is defined hse™.

® Further details of the model can be found in ApgenH pages 321-322 of the IRP.

*Values for the error term are found by randomly drawing from a standard natm
distribution using simulation techniques.

®See Appendix H, page 324, of the IRP for an explaon of these values.

® Since the variables are assumed to follow a logmalrdistribution, the natural log of the
variable will follow a normal distribution.

"In Appendix H, page 323, PacifiCorp uses the syimbao represent the error term of the
AR1 process. This should not be confused with émeor terms in Equations 1 and 2 on
page 321 of Appendix H. To avoid confusion, we bawsed the symbol v for the error term
of the AR1 process.
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Under the right conditions estimates of “a” and “Gdn be used to estimate the

mean-reversion parameter and estimates of the error term “v” can be used t

estimates®.
Observations and Comments on PacifiCorp’s StochastiAnalysis Model

Although PacifiCorp does not explain or justifyetlthoice of the discrete
time representation of the stochastic analysis nhodguations 1 and 2 herein or
equations 1 and 2 on page 321 of the IRP repomd,miodel does have some
intuitive appeal. For example, equation one reprgdmg the short-run variable

can be rewritten as:

S=L —(1—a)(u_l—s_l)+[afsf —V"’“(S)} (5)

Equation (5) implies that the value of the shortirstochastic variable in period
t is a function of three factors: the long-run valin period t; the weighted
deviation of the short-run value from its long-rualue in the prior period t-1;
and the net volatility of the variable in period tn other words, the magnitude
of the short-run deviation from the long-run trewdl depend on the magnitude
of that deviation in the prior period plus some amobof inherent variance or
volatility. However, assuming that this interprdten is correct does not
explain or justify its use relative to other spac#tions that may have been
used. Therefore, the Division recommends that @menmission order

PacifiCorp to provide a clear explanation of itsocte.

In equations 1 and 2 of Appendix H, the mean-resvem parameteu, the
drift parameterd, and the volatility parameter carry a time subscript (see
equations 1&2 herein). This implies that each loéde parameters changes from
one period to the next. Itis not clear from theegentation in Appendix H how
this is to be achieved or why these parameters @allange from period to
period or what the impact of this would be on thvenall risk analysis.

-3 -
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Therefore, the Division recommends that the Commissrder PacifiCorp to
provide an explanation of this aspect of the moslgécification and, if

necessary, quantify its impact on the risk analysnsl portfolio valuation.

Referring to the AR1 process (specified hereinegsiation 4 and specified
on page 323 of Appendix H), PacifiCorp states, “Faily (weekly, or other
discrete) time data, the above process was estignaieh OLS regression as an
autoregressive lag 1 period (or AR(1)) equationEmphasis added). The
Division interprets this statement to mean thatioedy least squares (“OLS”)

was applied to the AR1 regression equation:

p=a+bp, +V (6)

This raises several potential problems in that, daé¢he presence of the
lagged dependent variable(() on the right-hand side, OLS may not be an
appropriate technique to estimate this regressigma¢ion. To justify the use of
OLS, the error termvis assumed to be identically and independentlymaliy
distributed with a mean of zero and varianc®e In this context, identically
implies that the variance of;vs the same for every time period t; independently

implies that the errors are not related across @#si
v, ~N(0,0%) Ot and E(vv;)=0 Ot# ] (7)

Additionally, it is assumed that the explanatoryiadle (in this case) is
independent of the error term (i.e., E¢u: ) = 0). If these assumptions are
“true”, then the Gauss-Markov theorem shows tha @LS estimates of “a” and

“b” are, in a statistical sense, the best estimatesse.

However, one or more of these assumptions are glpycviolated when
using lagged dependent variables. In particulag tagged dependent variable
and the error term may be correlated, or the eteams may be correlated across
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time or both. If the assumptions are not met ie thodel, then the OLS
estimates will not be bedt.In cases where the assumptions do not hold, there
are known simple transformations of the model thetd to correct estimates of
“a” and “b.” Therefore, the Division recommendsatithe Commission order
PacifiCorp to detail the procedure used in estimgtthe AR1 process and the
justification for using that procedure (i.e., whsttatistical tests were used to
test the assumptions of the OLS model). Additidpahssuming one or more of
the OLS assumptions is violated, the Division recoends that the Commission
order PacifiCorp to quantify the impact on the esdtes of “a” and “b”, the
subsequent estimates of the mean-reversion parametend the subsequent

impact on the portfolio valuation.

There is another potential problem to considethe estimation of the
AR1 regression equation: economic time series dataften non-stationary.
Under either the OLS or the transformation procetyrit is assumed that the
data is stationary — the variance or covarianceha&f error terms is constant
across time. When using economic time series davayever, it is often the
case that the variance or covariance will changpeaeing on which time
interval is being considered. That this is a pmxnlis implied by PacifiCorp’s
specification of the stochastic analysis model. particular, the volatility

parameters in equations 1 and 2 carry a time sups¢o’ and g ). There are

known tests for non-stationarity and appropriatéiraation techniques if these
tests indicate a problem. Therefore, the Divisre@mommends that PacifiCorp
justify its estimation procedure or quantify thepact of this problem on its

portfolio valuation.

Given appropriate estimates of the AR1 regressgnation, it is possible

to derive an estimate of the mean-reversion pare@amet The AR1 regression

8 In particular the OLS estimates maybe inconsistdriased, or inefficient.
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equation you will recall is specified as:

p=a+bp, +V (8)

whereb=¢e“. Given the appropriate estimate of b, s@ayit appears that the

estimate of the mean-reversion parameter would be:

& =-Inb (9)
However, on page 323 of the IRP report, PacifiCepecifies the estimate as:
a=1-b (10)

It is not clear from the model’s specification arlsequent discussion contained
in Appendix H how this relationship is derived. Wever, in response to an
informal data request, PacifiCorp explains that $omall values ofx, b (=€) is

approximately equal to (1 &) from which equation (10) follows.

PacifiCorp’s estimates of the mean-reversion pagtan,a, are reported in

Appendix H of the IRP report. These estimates banused to back out the

original estimates of bb=1-4. The derived estimates of b can then be used to

re-estimate the mean-reversion parameter accortbngquation (9):4=-Inb. A
comparison of the two alternative estimates of thean-reversion parameter
reveals that PacifiCorp’s approximation (equatid®)) appears to
systematically underestimate the mean reversiorapater. (See Figure 1

below).

Figure 1: Comparison of Estimates of Alpha

® Jon Cassity, PacifiCorp employee, response to éimajuiry, March 20, 2003.
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On average, PacifiCorp’s approximation @is about 5% less than the

alternative estimate. However, a few of the estiesaare more than 20% less

than the alternative specified above. (See Figuteelow).

Figure 2: Distribution of Estimation Differences
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Given the differences in the estimates of the meawversion parameter, the

Division recommends that the Commission order Pi&@ofp to justify its

-7 -



Docket 03-0235-01
Attachment A to

Comments of the Division of Public Utilities

estimation of the mean-reversion parameter or gugrihe impact of an

incorrect estimation on its portfolio valuation.



