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1 RPM FUTURE DISTRIBUTION
SIMULATION

RPM uses several statistical modeling approaches to generate a distribution of forecast time series

from a set of reference forecasts. The distribution of forecasts is then used to assess the risk of

different potential “futures”.

Note: this document is intended to act as a compact reference for the RPM dispatch methodology.
To get a much more exhaustive description of the methodology and the intent see appendices L and

P in the 5" Power Plan.
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1.1 RISK MODELS
1.1.1 RPM Load Risk Model

The RPM load model modifies a reference forecast that is input into the model. Let dg;,.(t) be the
forecast for flat (aMW) electric load at time (or period) t. Then the forecast for future or game i is

modified by three terms. The first is

P, = e®FeFit aL/zo*EL,i(yt—J’o)+aQ/zoz*SQ,i(J/c-J/o)z
where y, = year at time t; ar, a;, and a, are parameters; and &g; ~ £,; ~ &9, ~ N(0,1), that is they
are independent standard normal random variables. The second is

Sti = eI{Qt=1 or3}laci

where I; ; is the indicator or identity function and g, = quarter at time t and 74, ;~N(0,.05) is a

normal random variable. The third is

Joi = el{ﬁi< Yt=Yo<Bi+ “’i}gi_l{ﬁﬁ W< YE-Yo<Bi+ mi+e§i}§i/y
=

where B; ~ Unif(0,21.25) and w; ~ Unif(2,5) and ¢&; ~ Unif(—.1,.08) and y is a scaling factor.

Given these three terms, the load risk for future i at time t, Dpyq:(t, 1) IS
Dp1ae(t,1) = Ppi* Sei* Jei * dpiae(t)

Similarly the reference forecast for the weather-normalized load dy,y(t) at time t for future i is

modified as

Dy (t,0) = Py *Sei*Jei* dyn(t)

The values used in the 6™ plan for the parameters in this model were ap = 0, a; = %* 3,ap=0

andy = 1.

1.1.2 RPM Natural Gas Price Risk Model

The RPM natural gas price model modifies a reference forecast that in input into the model. Let g(t)

be the forecast at time t. The forecast for future i is modified by three terms. The first is
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P = e®FOr i+ @101 (Ve—Yo)+aqBoi(Ve—Yo)®
where Y: = year at time t; ar, ar and

ag are parameters; and
Op; ~ 01,; ~ 0¢,; ~ Triangular(—1,0,1), that is they are independent triangular random variables.
The second is
Sii = el{qtzz or4}Tti
where I;  is the indicator or identity function and g, = quarter at time t and t,;~N(0,.3) is a normal

random variable. The third takes several factors that define start and end times where a “jump”
factor is applied. For the factors take

¢s,1 = ,Bi,l
Ni1
ba1=—
Wi 1

N1 .
Gra=—2evin

i1

P52 = P51+ Pa1+ Pr1t+Bi2

Then the third term is given by

I w;j—I wiilYj
Jei =| |e (05,1<vt-v0<5 00} (05 400 j<ve-vo<0s + 0 01} YT
Jj

Where n;; are parameters, f;; ~ Unif(0,7.5), B, ~ Unif(1,5), and w;; ~ Unif(0,.7) and y; are
scaling factors. Given these three terms, the natural gas price for future i at time t is

G(t,0) = Pri*Seix]eixg(t)

ni'z = 75 and ]/1 = ]/2 = 10

The values used in the sixth plan for these parameters were ap =.175, a;, = .98, ap = .8, nj; =
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1.1.3 RPM Carbon Tax Risk Model

The RPM carbon tax risk model uses a few parameters to estimate a CO2 tax for the model.
C(ti) = Iigssy * min(l’ u; * Si/l) * q

where s;~LogN (18, 16) represents the first period in which the tax is applied and u;~Unif(0,1) and

q and [ are parameters.

In the 6™ plan, ¢ = 100 and | = 14.24.

1.1.4  RPM Electricity Price Risk Model

The RPM electricity price model modifies a reference forecast that in input into the model. Let

mon(t) be the on-peak electricity price forecast and msf(t) be the off-peak electricity price forecast

at time t. The forecast for future i is modified by two terms. The first is

P = eFOF,i+ aL05,; Ve—Yo)+agbq,i(Ve—Yo)?

where Y: = year at time t; ag, ar and ag are parameters; and
Op; ~ 01, ~ 0¢,; ~ Triangular(—1,0,1), that is they are independent triangular random variables.
The second takes several factors that define start and end times where a “jump” factor is applied.

For the factors take

¢s,1 = .Bi,l
Ni1
ba1=—
Wi 1

¢r,1 = 1 e®it

1,1

P52 = P51+ Pa1+ Pr1t+Bi2

Then the second term is given by
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Jei = 1_[el{¢s.j<yt—y°<¢s.j+¢d.j}wi'j o540, < ve-vo<ts jroq b, U0V
J
Where n;; are parameters, B;, ~ Unif(0,20), B;, ~ Unif(4,9), and w;; ~ Unif(0,2.5) and y; are

scaling factors.

The third term scales the distribution according to the forecasts of gas g;, load d, and hydro h;. It
also uses a systematic sampling of hydro H,; as well as the risk model outputs for the natural gas

price G;; and the load D, ;.

G ;P eP2DeitpsHe;

B;; =
bt geP1 eP2dttpsht

Where p; are parameters. Given these three terms and the carbon tax price C(t,i), the on-peak

electricity price for the east zone for future i at time t is

Mon(t,0) = Pry* By Joi* mon(t) + C(L, 1) * 2000

and the off-peak electricity price for the east zone for future i at time t is

Mopp(t, i) = Pej* Bey* Jei*mopp(t) + C(E,0) * 2000

where k is a parameter representing the CO2 emissions associated with market power.

The values used in the sixth plan for these parameters were ap =.175, a;, = .98, ap = .8, nj; =

Ni2=3, y1 =y, = 10, p; = .44, p, = 0000438, p; = —.0000134 and k = 1053

1.1.5 RPM REC Risk Model

The RPM REC risk model maodifies a reference forecast that is input into the model. It is similar to

the other risk models. The forecast, r,, for future i is modified by two terms. The first is

P, = e®rérit aperi(Ve—Yo)+ageq,i(Ve—vo)?

where y, = year at time t; ap, a; and a, are parameters; and &g; ~ &,,; ~ £9,; ~ N(0, .15), that is

they are independent normal random variables. The second is

— o Tti
St = e’
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where 1,.;~N(0,.15) is a normal random variable. Given these two terms, the REC price for future i

attime t, R ;, is
Rei = Ppi*Sei*my
The values used in the 6" plan for the parameters in this model were ay = .3, a;, = 0 and ay = 0.

1.1.6 RPM PTC Risk Model

The RPM PTC risk model uses a few parameters and modifies the carbon tax risk model. That is,

given a baseline PTC of b the PTC for future i at time t is

B(t, 1) = [Iicn<beiaqh + Ipek<cei<psy (b *j — C(&, )] * Iirap)
where k and j are parameters and p~Triangular(0,20,85).

In the 6™ plan the value for the parameters were b = 9.9, k = .5 and j = 1.5.

@ nwcouncil.org/7thplan 8



1.2 FUTURES FUNCTIONS
1.2.1 Load

With the above risk model there are four risk-informed load time series that are calculated for use in
RPM. The flat electric load forecast and the weather normalized load forecast both for on-peak and

off-peak periods.
The flat electric on-peak load at time t for future i for is
DFlat,On(tv i) = DFlat(tv i) * kOn(t)

where ky,(t) is a forecast multiplier based on the ratio of the on-peak load to the flat load. Similarly

the flat electric off-peak load at time t for future i is
Driatorf(t,1) = Dpiae (6, 1) * kops(t)
where kqf(t) is a forecast multiplier based on the ratio of the off-peak load to the flat load.
The weather-normalized on-peak load at time t for future i is
Dyi,on(t, 1) = Dy (L, 1) * kon(t)
and the weather-normalized off-peak load at time t for future i is
Dyi,on(t, 1) = Dy (t, D) * kogp(E)

1.2.2 Natural Gas

With the above risk model there are two risk-informed natural gas time series that are calculated for
use in the RPM. The natural gas prices for the west zone and the natural gas prices for the east

zone. The price for the west zone is simply the price calculated by the risk model that is
The price for the east zone is

Gg(t, i) = max (v,G(t, i) —u(t))
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where v is a parameter representing the minimum price for natural gas and u(t) is a forecast of the

difference in price between the east and the west zones.

1.2.3 Electricity Price

With the above risk model there are four risk-informed electricity market price time series. Two are

from the east zone and are given above, that is for on-peak
MEgaston(t, D) = Mon(t,0)
And for off-peak in the east zone
Mgastorr (1) = Mogss(t, 1)

For the west zone there is an adder for both on-peak and off-peak, Wy, (t) and Wy (t) respectively.

That is, for the west zone the on-peak electricity price is
Myest,on(t, 1) = Mon(t, 1) + Won(t)
And for the west zone the off-peak electricity price is
Myrestorr (6, 0) = Mosr(t, 1) + Woss ()

1.2.4 Hydro Generation

The hydro generation time series is a function of the 80 water years. RPM is setup to select a
random water year and then proceed sequentially from that water year through the 20 year run time.
That is, if hyese0n(q) is the hydro generation for quarter q of the historic record, 1 < q < 80 * 4 for
the 80 water years. And hyese0r(@)s heast,on(q) @nd hggse 055 (q) are defined similarly, then the time

series for on-peak hydro generation for future i at time t is
Hyest,on(t, 1) = hwest,on( + 1)
where j~DiscreteUnif (1,80 * 4 — 3). Similarly
Hyestorf (£ 1) = Ryestorr (G + )
Hgast,on (6, 0) = hgaseon(U + £)

HEast,Off t 0= hEast,Ofo +t)
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2 ESTIMATING PARAMETERS FOR RPM

RPM has many parameters that drive the model results as well as inputs. These parameters are
based on a variety of sources including forecasts, historic data and expert input. This section

documents the process of estimating these parameters.
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2.1 LOAD MODEL

The primary component used for scaling the load model is of the form

a a
Pt' — e“FsF,H‘ L/zo*gL,i(J/t—J/o)+ Q/zoz*SQ,i(J/c—J/o)z
1

If you consider that the random variables ez ; ~ €,; ~ £9; ~ N(0,1) do not depend on time then this

eguation can be seen as only depending on time through the year of the simulation. The load
forecast for the 7" plan has a high, medium and low forecast. To get this risk model to have a
spread based on that forecast, regression is used. That is, if H;, M; and L, are the high, medium and

low load forecasts respective then use regression to find a, b and c in

In(He/My) = a+ by —yo) + c(yr —¥0)* + €

Use the same procedure for In(L;/M;). This can be done as if the random variables are fixed values
because they do not depend on time. Take an average or weighted average of the variables to get a
single parameter because the model assumes log-symmetry. The problem is how to alter these

values to give the desired range.

While it may be possible to use a more complicated model with multiplicative errors, the easier thing
is to recognize that in simple regression there is normally error around the estimation of the
coefficients. If we assume that the distribution for b has zero expectation, we can take the value

from the regression to be a measure of the spread. Now since ¢, ; ~ N(0,1)

aL/ZO * EL,i ~ N(O, aL/zo)

We want a value where the probability of exceeding it is .85, which is the probability associated with

the high load forecast. Since we have normality
Pr[aL/ZO xep; < aL/ZO xzgs | = .85
Thus we set
b= aL/zo * Zgs5
Which implies
a, = 2Ob/Z.85
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So taking b from the regression above it is possible to construct an estimate for a; with a specified

probability of exceeding a range.

The same method applies to the values for a and ¢ above. This allows for RPM to be directly tied to

the range implied by the load forecast.

The seasonal component adds some variability based on the quarter. The factor only depends on

the quarter since it is of the form
St,i = eth,i

The best way to accomplish this is to estimate seasonality based on the historic volatility. Because
of the DSIs we need to adjust history to avoid carrying forward volatility that would not occur in the
future. If we assume the seasonal factor is not intended to shape, then we know the expectation for

each quarter should be zero. Thus

ln(St,l-) = th,i

where is a normal distribution with zero expectation. So taking the adjusted history first normalize
each quarter by the annual average and then normalize the resulting shapes by the average
quarterly shape. That creates a sample similar to S; ; which can be used to estimate the standard

deviation for each quarter.

@ nwcouncil.org/7thplan 13



	1 RPM FUTURE DISTRIBUTION SIMULATION
	1.1 RISK MODELS
	1.1.1 RPM Load Risk Model
	1.1.2 RPM Natural Gas Price Risk Model
	1.1.3 RPM Carbon Tax Risk Model
	1.1.4 RPM Electricity Price Risk Model
	1.1.5 RPM REC Risk Model
	1.1.6 RPM PTC Risk Model

	1.2 FUTURES FUNCTIONS
	1.2.1 Load
	1.2.2 Natural Gas
	1.2.3 Electricity Price
	1.2.4 Hydro Generation


	2 ESTIMATING PARAMETERS FOR RPM
	2.1 LOAD MODEL


