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Capture Ratio
This exhibit sets out the algebraic structure of the “capture ratio” metric underlying
PSE’s proposed wind and demand variability adjustments. It demonstrates three
propositions. First, the capture ratio is, by algebraic identity, one plus a normalized
covariance between hourly volumes and hourly prices, a relationship that holds for any
numbers whatsoever. Second, the interpretation of the metric offered in PSE’s direct
testimony does not follow from that identity, and a simple counterexample shows it is
false as stated. Third, because the relationships PSE demonstrated in discovery are
definitional identities, they establish nothing about the metric’s reliability as a forecasting

tool.

Definition and the Covariance Identity

Consider a single month containing H hours. Let q; denote a resource’s output in hour h
(MWh) and p;, the market price in hour h ($/MWh). Define monthly output Q = Y}, g5,
the simple average price p = %Z n Pn, and average hourly output g = Q/H.
PSE defines the capture ratio as the resource’s hourly revenue divided by the value implied
by monthly volume at the monthly average price:!
_ 2nqn Pn

Qp

Decompose each price into the monthly average plus a deviation, p, = p + (pr, — P),

CR

and substitute into the numerator:

th ph=ﬁth+th (ph—ﬁ)=Qﬁ+th (pn — D)
h h h h

Because the price deviations sum to zero, Y., (p, — p) = 0, the quantity g Y5, (py, — D) =

0 may be subtracted from the final term without changing its value:
D 4w on =P =) @~ D @a—p) = H-Cov(qp)
h h

where Cov(q, p) is the covariance between hourly output and hourly price over the

month. Dividing by Qp = Hqp yields the identity:

! Mueller, Exh. BDM-IT at 38:12-18.
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Cov(g,
CR=1+$p)

Assuming g and p are positive, it follows immediately that CR < 1 if and only if
Cov(q,p) <0, and CR > 1 if and only if Cov(q,p) > 0.

The division by gp is the normalization: it converts the covariance, whose magnitude
depends on the scale of the resource and the level of prices, into a dimensionless quantity
comparable across facilities, months, and years. Writing the covariance as the correlation
between output and price times their standard deviations gives the equivalent
decomposition CR — 1 =p - CV4 - CV), where p is the correlation between hourly output
and hourly price and CVy and CV), are their coefficients of variation (standard deviation
divided by mean). Unlike a correlation coefficient, the capture ratio’s distance from 1.0 is
not bounded: it scales with the variability of the price series, so a few hours with extreme
price deviations can move the ratio substantially, the property developed in the

counterexample below.

Equivalently, rearranging the definition shows that the capture ratio is the generation-
weighted average price divided by the simple average price:
_ Cran rn)/Q

p

Assuming positive total output and a positive monthly average price, a ratio below 1.0

CR

means only that the output-weighted average of the selected hourly price series is below
its simple hourly average. Covariance here is the population covariance over the H hours
(divisor H). The identity applies to actual, forecast, or invented observations; it is not an

empirical finding about wind, demand, or power markets.

What the Identity Does Not Establish

PSE states that a ratio below 1.0 “indicates that the resource generates more when prices
are lower than average and less when prices are higher than average.”? In discovery, PSE

similarly said that this “can only occur” if output is “disproportionately concentrated.”

2 Mueller, Exh. BDM-1T at 38:18-39:2.
3 Earle, Exh. RLE-15 (PSE Responses to Data Requests Concerning Power Costs)(containing PSE Resp. to
Public Counsel Data Request No. 265).
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As informal shorthand for negative covariance, the statement is unobjectionable. As a
claim about total output, average hourly output, or a monotonic inverse relationship, it

does not follow from the identity.

To see why, partition the month’s hours into the set L of hours with prices below the

monthly average and the set U of hours with prices above it. The covariance condition

Z% lpn — 2l > Z% (prn —P)

heL heu

CR < 1 is equivalent to:

That is, negative covariance compares generation weighted by the magnitude of each
hour’s price deviation. It does not compare the unweighted generation totals ); g, and
Y.v 9n- The weighted inequality does not reduce to a comparison of raw generation totals
without additional restrictions, for example, equal price-deviation magnitudes on the two
sides of the mean. When a small number of hours exhibit extreme prices, the weighted

and unweighted comparisons can point in opposite directions.

A Counterexample

Table 1 presents a four-hour example. Prices are $0, $2, $4, and $6 per MWh, so the
average price is $3. Output is 4, 1, 6, and 1 MWh.

Table 1: Counterexample: capture ratio below 1.0 with most output in above-average-price

hours
Hour Price ($/MWh) Output (MWh) Revenue ($) | Price vs. average
1 0 4 0 | Below (—$3)
2 2 1 2 | Below (—S1)
3 4 6 24 | Above (+S1)
4 6 1 6 | Above (+$3)
Total avg. 3 12 32

The capture ratio is CR = 32/(12 x 3) = 32/36 = 0.889, below 1.0, and the covariance

is negative (4(—3) + 1(—1) + 6(1) + 1(3) = —4 < 0). Yet the resource generates 7

MWh, more than half of its output, in hours with above-average prices, and only 5 MWh

in the two below-average-price hours. Read merely as shorthand for negative price-output

covariance, PSE’s statement is unobjectionable. Read literally to imply greater total
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output, greater average hourly output, or a monotonic output-price relationship in below-

average-price hours, however, it does not follow from the capture-ratio identity.

The example is stylized, but the mechanism is not. In wind-heavy markets, extreme low
prices can concentrate in high-wind hours; on the demand side, a ratio above 1.0 can be
produced almost entirely by a small number of extreme high-price hours. The capture
ratio can be highly sensitive to a small number of hours with large price deviations,
especially when those hours also carry substantial volume. This is consistent with the
year-to-year instability observed in PSE’s own backcast, where the retail demand capture
ratio moved from 110.5% in 2024, a year containing the January 2024 extreme cold
event, to 102.3% in 2025,* and the associated combined wind and demand dollar impacts

moved from $158.9 million to $34.3 million.>

The dollar consequence of outlier domination is amplified by the way the metric is
priced. Rearranging the definition, actual hourly revenue, Y.;, g5, pn, equals CR - Q - p, so
the adjustment converts into dollars only the gap between the ratio and 1.0. For demand,
the dollar adjustment = Q x p x (CR — 1). PSE’s workpapers apply exactly this
arithmetic. In the 2025 backcast, each month’s demand adjustment equals the month’s
volume, multiplied by the month’s average price, multiplied by the excess of the month’s
demand risk factor over one.® Because dollars scale with the gap rather than the ratio, a
ratio that looks accurate to “one point” can badly misstate the charge. The 2025 backcast
shows both effects at once: the updated method produced an annual demand risk factor of

103.3%, one point above the realized ratio of 102.3%, yet a 42% overstatement of the

4 Earle, Exh. RLE-15 (PSE Responses to Data Requests Concerning Power Costs)(containing PSE Resp. to
Staff Data Request No. 259 at 3, Table 2).

5 Id. at 2, Table 1 (2024: wind fleet $39,743,187 plus retail demand $119,171,459; 2025: wind fleet
$14,717,133 plus retail demand $19,618,262).

¢ Earle, Exh. RLE-15 (PSE Responses to Data Requests Concerning Power Costs), PSE Response to
WUTC Staff Data Request No. 259, Attachment A, “2025 alt var cost” tab, Load block: monthly volumes
at row 45, monthly demand risk factors at cells F46—Q46 (January—December 2025), and monthly
adjustment dollars at row 47.
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priced gap,” and charged $39.5 million against the $19.6 million PSE reports as the

“actual” 2025 demand variability cost, roughly twice PSE’s own reported figure.®

PSE’s Algebraic Demonstrations Establish Only the Definition

When asked in discovery to demonstrate the directional claims made for the capture ratio,
PSE responded with algebraic derivations.” Those derivations are versions of the identity
derived above: they unpack the definition of the metric and confirm its mechanical
relationship to the covariance of the inputs. As shown above, that relationship holds for
any numbers. It is therefore incapable of establishing the propositions actually in dispute
in this proceeding, namely:

« that a capture ratio averaged over a seven-year historical window is an accurate
predictor of the covariance that will prevail during the rate years 2027 through
2029;

» that pricing the entire gap between historical and model-implied ratios at market
prices, as though every megawatt-hour of timing mismatch were passively settled
at market measures the cost a portfolio actually incurs, when the portfolio in fact
responds to variability through dispatch; and

*  that a monthly summary statistic dominated by a small number of extreme hours
provides a stable basis for a nine-figure annual rate adjustment.

None of these propositions is algebraic. Each is an empirical claim about markets and

about PSE’s portfolio, and each is tested, and contradicted, by the scenario analysis PSE

" Id., Table 2 (reporting 102.3%; the unrounded 2025 demand capture ratio is 1.023334, from Attachment
B, “Monthly summary” tab: $860,371,745 + $840,753,483). The backcast gap is 1.0331799 — 1 =3.318
points; the realized gap is 1.023334 — 1 =2.333 points; the overstatement of the priced gap is 3.318 + 2.333
= 1.42. Holding the backcast’s volume and average price constant, pricing the realized gap yields
$39,534,987 x (2.333 + 3.318) = $27.8 million. The gap overstatement and the roughly-twice dollar
comparison in the text are arithmetically consistent: $39,534,987 + $19,618,262 =2.02 = 1.42 x 1.42,
where the second factor reflects the difference between the backcast’s price and volume basis and realized
2025 conditions (Attachment B, “Monthly summary” tab).

8 Id. The $39,534,987 demand adjustment is at Attachment A, cell B47, produced by the annual demand
risk factor of 1.0332 at cell B46 (“2025 forecast w/ updated method” column) applied to the 22,406,162
MWh at cell B45; the “2025 approved forecast” column contains no demand risk factor (cell C46), so the
backcast priced the full gap between the risk factor and 1.0. The $19,618,262 figure is reported in Table 1
of the same response and derived at Attachment B, “Monthly summary” tab, as the actual value of 2025
retail demand at hourly prices ($860,371,745) less its value at monthly average prices ($840,753,483), the
same gap arithmetic applied retrospectively to actual 2025 data.

% Earle, Exh. RLE-15 (PSE Responses to Data Requests Concerning Power Costs) (containing PSE Resps.
to Public Counsel Data Request Nos. 265 and 266).
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performed at Public Counsel’s request, which measured the same class of cost within
PSE’s production cost model at approximately $18.7 million against the $117.2 million

adjustment in PSE’s filed forecast.
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