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I. QUALIFICATIONS

0

'Mr;FChernick,'would you please state your name, position,

and office address.
My name is Paul Chernick. I am employed by the

Attorney“General~as a Utility'Rate Analyst}_ My office

‘address is One Ashburton Place, 19th Floor, Boston,

. Massachusetts, 02108.

Please describe briefly your professional education and

experience. .

I received a S.B. degree from the Massachusetts Institute

of Technology in June, 1974 in Civil Engineering and a S.M.

degree from the same school in February, 1978 in Technology
and Policy. I have been elected to memberéhip in the civil
engineering honorary society Chi EéSilon, to‘membership in
the engineering honorary society Tau Beta Pi, and to
associate membership in the research honorary society Sigma

Xi. I am the author of Optimal Pricing for Peak Loads and

Applications to Diverse Conditions, Report 77-1, Technology

and Policy Program, Massachusetts Institute of Technology.
During my graduate education, I was the teaching assistant
for courses in systems analysis, for which I prepared course

notes and taught classes in regression and other topics in -

-modeling.  My resume is attached to the end of this teétimony

as Appendik A.




experience includes:

Ms. Geiler, wbuld you please‘state your name, position, and
office address?
My name 1s Susan C. Geller. I am employed full-time

as ' a utlllty rate analyst in the Utlllty Division of the

4Massachusetts Attorney General s Offlce. My office address

is One Ashburton Place,.l9th Eloor, Boston, Massachusetts,

02108.

. Would you please briefly describe your education and

employment background.
I graduated from Harvard University in June 1974, with

a B.A., magna cum laude, in Economics. In addition, I have

a Master's Degree in Public Policy from the John F. Kennedy
School of Government, Harvard University and I have com-
pleted the course requirements andlpassed the qualifying

examinations for the Ph.D. in Public Policy. My work

1. A summer internship at the Atomic Energy Commission
in 1973 where I colleétéd andAanalyzedidata for the

Nuclear Reactor Safety Study (the "Rasmussen Study");

2. A research assistantship at the Harvard Business School
where,l.halped_p;epare a seminar for busihess'executiVes
and public officials on the problems of producing

electric pdwer fpf New England (summer 1974);
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3. Volunteer consulting for the Region 1 Office of

‘the Environmental Protection Agency (spring 1975);

4. A research assistantship at the Kennedy School of
Government, dealing with .issues of technological

safety (summer 1975).

My resume 1s attached to the end of this testimony as

' Appendix B. ’ .
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IT. RESIDENTIAL TRENDING

Q. Do you héve any comments to make on the method&logy used in
BECO's residential appliance number and housing mix forecasts on
pp. II-20 to_II—GO?
A. Yes, I do. I would like to comment on:
1. the iﬁconéistency in the.cﬁoice of prbjection techniques;
2. the selection of variant_techniques in similar situations,
inadequately justified and often partially disguised, resulting in
inflation of electric use predictions;

3. extrapolation of trends far beyond past experiencé and |
close to physical limits; and |

4, reliance on trends which are not evident in the data.

Q. What comments would you like to make regarding the choice of

projection techniques used in these forecasts?

A. In examining the forecasts, I have iaentified 26 factors which
BECO (or Gilbert) projects for the next decade. Of these, 11 pro-
jections seem to be based on average historical values, another 11
apparently attempt to continue the historicalftrehds, and the re-

maining four are derived from the most recent data (generally 1974

or 1975).

| There.may be valid reasons for selécting a trend, an average,

or most recent data to use in projections. Some speculative examples
may serve to illustrate the factors whicﬁ can determine the choice

of projection technique. It seems reasonable to suppose that sales

of the new micro-electronic home toys will accelerate as performance

improves and prices fall in this rapidly advancing field. The same
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is probably true for solar heating retrofit products for the same
reasons. Penetrationé of these de?ices may be appropriétely pro-—
éga | jected by some form of trending. On the other hand, while the
| short-run ratio of clapboard to brick facing may vary with fluctu-
ations in price and‘fashion, the underlying technolbgy, economics
and social preferences are probably fairly stable and the last
decade's average ratio may be a respectable predictor for the next
decade's average ratio.

‘However, BECO's foreéast does not presént a consistent set‘of
criteria to be used in selecting the projection method for each
of the coefficients used in the housing and appliance forecasts.
Nor is any detailed justification given for the choice of projection
technique for any particular parameter. As Mr. Petrello states in
his testimony in reference to other portions Qf'the forecast, such

ad hoc, unsystematic approaches severeiy limit the reviewability of

the forecast. If the forecast specified the assumptions made about
the nature of the buyers, the sellers, the costs, and the technology
of each appliance on housing type as well as describing the rules
which would be applied to those assumptions to select a projection
methodology, the appropriateness of each step;could be éxamined.
Hence, the sensitivity of the forecasts to'various reasonable changes
*in the assumptions could be determined and crude confidence intervals
cquld be established. In the absence of a conéistent and comprehen-— é

sive analytical framework, the value of these projections in a public

document is limited to the reader's faith in the wisdom and impart-
iality of the authors. 1In the present case, I find little evidence

for either of these characteristics in the preparation of the forecast.
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"Q; Do you perceive any other difficulties in the choice of projec-
tion techniques?

A. Yes, I do. Once a particular projection technique is chosen, the
forecasts frequently apply some inadequately‘documented modification;
In some cases, the average (or lasﬁ year's) figure was gradually‘de—‘
cregsed'to reach a specified value in 1985, without any explanation
of the wéy‘in which the rate of decline was determined; In other '
'cases, the data from.only certain years is selected for avéraging or'
trénding; Neither the amounts by which the parameters are adjusted
in each projected year nor the rationale foi this pattern of’change
is specified. These undocumented and appargntly inconsistent choices
create problems cof reviewability and confidence similar to those
caused by the arbitrary choice of projection teéhniéues, which both
Mr..Petrelld and I have discussed. These choices are also subject to
imposition of the same type of structure and consistency as are the
chqices of technique, if the forecaster desires a reviewable product

subject to confidence estimation.

Q. Please expand on youf earlier statemept that different techniques
have been used in similiar situations, reéulting in inflated electric
use predictions.
A. The élearest examples of this problem are found wheie home and
'apartment penetration rates for théiéame appliance are projectea in
different ways. Specifically, I will discuss electric space and water
heating penetration, which are quite similiar, and central air con-
ditioning penétration.

In the discussions of heat and hot water penetration (pp. II-31

to II-45) there is no discussion of factors (other than past penetration
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aata) that applies differentially to home use and apartment use.
Therefore, since Gilbert apparently beliéves the same forces to
bé actiné, éenetfations for both housing types should be projected
in the same manner. However, for both uses; home penetration pro-

jections are based on the average penetration over the last eight

or nine years, while apartment penétrations are projected based on

‘the data from the most iecent year reported.

The averagé home penetration rates are not much different than

the latest year's penetration rate; the particular choice of projec-

. tion technique for homes for these appliances is less important than

the subjective modification made in the projection. But the latest

- year's data for apartment heat and hot water penetrations are, re-

spectively, 95 per cent and 42 per cent greater than the average

values for those parameters. Thus, with no explicit justification,

BECO or Gilbert has manipulated projection methods for these appli~.
ances so as to produce the greater initial electric penetrations. 5
Even though Gilbert reduces these penetration projecﬁions somewhat

over time, the projected apartment penetrations remain above historicai
averages throughout the forecast period.

Gilbert (or. BECO) . would seem to have had some inkling that this
procedure was éuspect. They attempt the following explanation with
respect to space heating: "With regard to multi-family housing, it
is evident that this segment of the market contiﬁues to utilize el-
ectric heat in greater than 60 per cent of the pfojects.“ (p.II-39).

In fact this is notvevident at all, sincg the penetration exceeded_
60 pér cent only once, in 1975, the year on which the projection was
based.

For water heating, the approach is somewhat different; the fore-

cast avoids mentioning the starting value for the projection. "With
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' respect to new market penetration for apartmehts a_steédy long run
decline is anticipated ahd they (Gilbert) project that by'l985 the
new market penetration rate for electric water heat will be 35 per
cent." (p. II-45). For most parameters, including all seven other
pérametets estimated for space and.water heating, the starting value

is specified, e.g. "new market penetration of electric water heat

\

in homes will decline steadily from the historic average level of

30 per cent to around 21 per cent by 1985." (Ibid.)

The use of the latest year's data for space and water heating

is particularly objectionable because of'the:genesis of the latest

year figures. Over the last few years of tﬁe data set (1971-75),

the estimated numbers of new apartments with electric heat and hot

water stayed roughly cohstant, while the total estimate of new apart-

ments fell sharply. The decrease in the estimate of new apartments

may have been due to either survey problems or economic conditions.
In any case, the penetrations in this period vary inversely with the

estimated number of new apartments. If the number of apartments

built increases, as BECO has forecasted, then these penetrations

would be expected to fall. The penetrations may decrease in any case;

for example, the approximately 2000 unit/yr. all-electric market may

be a limited luxury market.

The central air conditioning projections (II-45 to II-50) are
hiased in a similiar, if more straight-forward, manner. Again, no

argument is made that home and apartment penetration should be

handled differently. Nonetheless, they are projected with completely

dissimilar techniques. Home penetration is projected at the average

~of the last three years of the data set; these three numbers happen

to be the highest values of that parameter in the data set. In
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,contrast, the last three years of the apartment penetrations are

Ithree of the four»ldwest in the data set. The apa:tmént projection

is not based on this average at all, but instead is "trended" up-=

ward in some mysterious way to the highest value since 1966; it is

'implied, but not specified, that this "trend" starts with.the last

year penetration. | |
Thus, iﬁ central air cbnditioping, as in space and water

heating, projection techniques have been arbitrarily tailored to

produce high penetrationé.




%@i’% A

‘a large non-buying population decreased by less than a third is

‘most striking case is the frost-free refrigerator percentage pro-

Q. How has the Forecast engaged in excessive extrapolation?
A. The Forecast projects linearly.increasing penetrations or‘
saturations of several appliances which reportedly have been.
rapidly increasing in popularity over the past decade. Amoﬁg
the statistics which shbw sgrong growth trends in the Forecast's
dat; set are room air conditioner éenetration, frost~free re-
frigerator sales percentage, dishwasher saturation énd color
television‘saturation. Without a mdre thorough examination of
the factors driving consumer decisions,.BECO's projection of
these trends through the next decade is unreliable.

For example, BECO's data indicétes tha£~room air conditioner
penetration increased from 55 percent in 1966 to 68 perceﬁt in 1974.

Therefore, the portion of the new market population which did not

buy room air conditioners decreased approximately 29 per cent in

 that period. Over the next decade, the Forecast projects that

the penetration rate will rise to 85 per cent. The non-buying
fraction of the market is thus predicted to decrease by 53 per

cent from the 1974 level. This means that data gathered while

being extrapolated to predict a decline of over one half in the
current smaller non-buying population. Such a prediction obviously
extends beyond past experience and the bounds of common sense.

?
Even more extreme examples can be found in the Forecast. The |

jection. WNon-frost-free refrigerators lost less than one third of
their market share in BECO's 1969-1975 data series. Yet, that

2r
trend extrapolated to 1985, vredicts that the share will decline(ﬁé“cs
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in the next decade, with 96 percent'of 1985 sales being frost-free.
Continuation of the trend would result in 102 percent frost—-free

sales in 1988; Gilbert arbitrarily stops frost-free sales growth in

1985.

The Forécést laéks the clear andﬂconsistent intellectual scheme
which would be necessary to jﬁstify eithef such far—feaching prbjec—
tioﬂs, or the.modifications required to make the érojections plausible.

This is particularly evident when one considers thé Forecast's
verbal justification for using thése trends. For many appliances,
the Forecast examinés purchase price as a percentage of effective
buying income. For example, for air conditioning the Foreéast states:

Gilbert has compared room air conditioner unit purchase
cost against Effective Buying Income for the Boston Ed-
ison Company retail sales area. as presented in Sales
Management Magazine and have found that between 1970 and
1974 purchase cost of an average room air conditioning
unit has decreased as a percentage of effective buying
income. In 1974, the purchase cost of an average room
air unit was only approximately 1.4 percent of total an-
nual effective buying income. One can conclude, there-
fore, that neither income nor purchase cost should pose
any detriment to the continuation of the historic trend
in new market penetration. (p. II-46).

Several important points are ignored by this argument. First,
appliances are purchased by a range of actual households, not by the
average regional households. Second, for some of BECO's customers,

the cost of a typical air conditioner is much more than 1.4 per cent

of buying income, and increasing; for others, it is less and decreasing.

Third, the most affluent consumers are probably already Euying air
conditioners for new dwelling units, and are so counted in thé hist-~
oric data. Fourth, the current non-buyers, in addition to being poorer
than the present buyers, probably tend to have other reasons for not
buying appliances. Highly mobile renteré, such as students, may be

averse to accumulating numerous heavy possessions. Many people,
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especially inépartments,nmy simply not have room for dishwashers,
clothes washers, dryers, and the like. Locational factors, e.g.,
proximity to a laundromat or a nicé cool lake, may affé;t individuals
demand for such appliances as washer-dryer and air conditioners.
Smaller households would be less iikely to find it wofthwhile to
invest in'many appliances which will always be underutilized by
onlyvone or two people. In short, people of the sort who have not
bought particular appliancés in the past probably have good reasons
not to buy them in the future, even if the cost of the appliances
stays constant or declines somewhat. The Forecast's cost argument
subports penetration estimates at or near historical levels, but not
at much higher levels.

In the case of air conditioning, the Forecast considers a social
factor:

This projection is based upon thé view that air con-
ditioning has become strongly imbedded in the customer's
perceived need for comfort and that this perceived need
will continue unabated throughout the forecast period.

(p. II-46).
This common sense statement, which is based on general experience
rather than specific data, may well be true. If so, it implies
that people who have air conditioners will be iéluctant to part with
them. It may even mean that new customers,.to the extent that they
are liké old customers, will tend‘to buy as nmuch air conditioninq as
do current cusfomeré; But it doés.ggg imply that more people will
purchase more air conditioning. The latter conclusion would require
some more tenuous assumptions, which wouid require éteater support.
Either the cost of air conditié}ng must be projected to decline ér
its perceived value must be projecﬁed to increase, not just "continue

unabated”. The Forecast makes no argument which specifically just-

ifies the éontinuation of the 1966-74 trends for any appliance.
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Apparently, Gilbert recognized the impropriety of extending
the historic trends, since some appliance statistics (such as
freezer and color TV saturation) are projected to increase at less *
than the historic rate. (In the case of color TV, this-is con-
vehient)for the historic straight—iine trend wouldvyield a sat-
ura?ion in excess of 100 peflcent by 1987, which would force the
Forecaét’to estimate the fraction of sets which are second or fhird
sets in a household and to estimate consumption independently for
a household's~first, second and multiple sets). The Forecast does
not explain why theée particular trends were modified nor how the
size of the modification was selected. 1In fact, the projections are
represented as if they were simply continuations of the‘historical
trends. As I discussed earlier, such modifications should be handled
explicitly and consisténtly. |

Finally, 1if careful examination of the mechanisms of consumer
choice and of the probable course of future costs and values did
indicate that appliance ownership will increase, it would be impor-
tant for the Forecast to consider separately the énnual KWH consump-
tion of the units owned by the new kind of marginal owner as the

size and usage of such appliances may be expected to vary from mean

historical data.
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Q. Would you like to expand upon your earlier statement that

‘certain of the trends used in the Forecast are not evident in

the data set?
A. First, I feel it should be noted that virtually any desired

projection can be derived from most data sets by selecting the

.data and the projection technique. As I noted previously, how-

ever, projection methodology should be selected in a clear, an
consistent manner.

In many references to “trend", the Forecast clearly intends

‘the common meaning of "linear least-squares regression with time

as the independent Variable"; the term is used in this sense with
respect to frost-free refrigerator[percentéée (p. II—56),.average
refrigerator size (p. II-45) dishwasher and clothes washer satur-
ations (p. II-57), and room air conditigner'pénétration (p. II-46).
However, in other cases, the "trend" reférred to 1s not the result
of linear regression on the entire data set, at all, nor on any
specified subset; examples include old market penetration of room
and central air conditioning (p. II-49), as well as freezer, black
and white television, and color»televiéion saturation (p. II-57).
If any other projection technigues were appliéd to develop these
latter "trends", the forecast does not discuss them.

The extreme cases of mysterious trending involve central air
conditibning. Apartment new market penetration (p. II-48) shows
a negative time trend, which would project a zero penetration around
1977 énd a negative penetration (whatever that might mean) thereafter.
Yet, the Forecast says that: "the past trend will continue and. re-

sult in a new market penetration of approximately 12 per cent by

1985. . ." (p. II-46).
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In contrast, trending the entire data series given for old
market central air penetration (p. IT-49) results in a 1985 pre-

diction of 1.35 per cent, which is much higher than that used in

the forecast: "they project a continuation of the historic trends

which would result in an old market penetration rate. . .[of] ap-

proximately 0.75 per cent by 1985." (p. II-50).

Gilbert may have modified the historic trend for old market

pénetration to reflect the fact that the trend in the last few»yéars

(1971-1974) has been downward; this very weak treﬁd would predict .59

per cent penetration in 1985. If Gilbert made such a modification

to this trend or any other, or if they used another projection tech-
nique, the forecast should explain what was done and why it was

done for some statistics but not others.

Q. Are there simiiar difficulties in the trending technique§ used
in sections of the forecast other than those concerned wtih housing
hix and appliance number? |

A. There are similar difficulties in the residential elasticity
calculations and in the industrial section. I'Qill shortly discuss
the trending technique used in the elasticity analysis.

It is merely

one of the many deficiencies in that section of the forecast. Mr.
Petrello addresses the industrial forecast projection techniques in
his testimony. I agree with his criticism of the forecast's arbitrary

and vague approach, which is similar to that used for appliance number.

~15~
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IXII. ELASTICITY

Q. Are you familiar with the calculations performed by Gilbert.
Associates for Boston Edison Company concerning residential price
elasticity for electficity, and presénted on pp. Ii-;83 to II-187
of BECO's 1977 forecast? : ' | '

A, 'I am.

Q. Do you have any comments regarding the appropriateness of the

technique utilized?

A. Yes. The approach that Gilbert utilizes is very naive. They

estimate normal consumption on the basis of only three years' data,

which is clearly inadequéte for statistical purposeé. In addition.

to the random annual variations imposed by data handling errors,
weather differences and the vagaries of .huma‘n behavior, many of the :

rate groups considered are so small that the average consumption'may

| vafy radically as large projects of higher than average or lower than
average consuﬁption come on line. For example, the customer number for

~rate C-1 increased by 2650 in 1974. (Forecast, p. II-33). As a

result, the trend for each rate group's totalfconsumption may contain
serious distortions. |

In addition, the analysis is overly simplistic in éssuming that
demand is determined only by the passage of ﬁime and by the current
price of electricity. Gilbert's analysis makes no effort to study
the impact of population, income or weather on electric consumption.
Indeed, given the small data set, it would be very difficult to sort

these factors out.
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’Finaily, the trending of normal use seems to be based on at least
féur different fechniques: avérage growth rate, linear best fit, -
exponential best fit, and inverse best fit. ©No rationale is pre-
sented for the choice of any partigulér ﬁechnique nor does the
Forecast explain why different techniques are used with different
rate classes. Due to the sﬁall'data set, it would seem to be dif-
ficult to distinguish‘between trenaing techniqués on statiétical
grounds. . Nevertheless, Gilbert should have explained the grounds -

-on which they chose the trend for each rate class.
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' Q. Can any useful information be obtained from the approach
utilitized?

A. Once the deficiencies of the method are recognized, it can

be used with minimal investments in data collection and analysis
to indicate whether the residents of BECO service. area appear,

at first glancé and foughly speéking, to respond to electricity
price as have the subjects of more thorough national and>regional
studies. To a certain extent, the distortions in the various
rate groups will tend to average out, allowing some weak infer-

ences to be drawn from the aggregate results.

Q. Is this technique, as executed by Gilbert for this forecast,
properly applied to achieve these limited goalsé

A. It does not appear to be. Gilbert;s.discussion of their
technique refers to prices current in each test year, not to prices
in constant dollars. The real price increase in high—inflation‘
periods, such as 1974—75, is.much less than thé increase in current
dollar price, since the dollars are worth less as.time goes by.
Since BECO's forecast uses a projected rate of electricity price
escalation in constant dollars (p. II-65), it is particularly im-
portant that price elasticity be calculated in constant dollars.

In addition, it is not clear ﬁhat a price elasticity estimated in
current dollars would have any meaning at all in a period of vari-

able inflation.
Q. Have you corrected Gilbert's calculations to account for in-
flation?

A. I have. The correction is quite simple. They report for each
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rate class a value P, which is the percentage current-dollar

price increase from the base year to the test year. Therefore,

with a deflation factor d = CPI in base year

CPI in test yearj

" test year price . _ 100 + P
base year price in current éollars = o0
test year price ., 1,100 + P

. base year price in constant dollars =K= x d;

" 100

% constant-dollar price increase from base to test year = P'(K-1) x 1(

Using the consumer price indices from 1973, 1974, and 1975, .

respectively, for the base year, test year 1 and test year 2, the

deflators are

4. = 133.1
1 7

=
(9
]

.1

—
(8]
08}

d2 =

(]
[e))
=

Applying this

.901

= .826

correction to the example given on p. II-186 for rate

B-020,
P{ = (1.3213 X .901 - 1) X 100 = 19.05
Py = (1.4965 x .826 - 1) X 100 = 23.61

Hence, for test year i, the elasticity e, is

_  -6.25

e =

1 15,05

e, = =9.56
2351

= =-,328

= =~-,405

Thése elasticity coefficients are respectively 69% and 110%

higher than Gilbert

's incorrect results.
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‘"I have recalculated the elasticities for all the rates analyzed

by Gilbert. My results are attached as Table 1. Note that the
average elasticity calculated for the first five rates is about
.33, considerably higher than.thé .2 used in the forecast. For
thé remaining rates, which.Gilbert'considers less subject to

short-run control, the average calculated elasticity is above .16.

Q. Are these corrected elasticity estimates of .33 for easily
controllable use and of .16 for less controllable use reasonable
and useful for the purpose to which they are applied in the fore-

cast?

. A. No, they are not, As Gilbert makes clear in their discussion

(p.411—183, p. II-186), these are short-run elasticities. Whate&er
significance the numbers have applies to only thé consumers' immediate
reaction to a price change. Unlike either cross-sectional studies,
which examine the effects of established differences in price across
space, or sophisticated time‘series studies which directlv estimate
the lagged effects of price changes over time, this "snapshot" ap-
proach to elasticity estimation captures 6nly:those effects which |
are felt in a year or less. For example, the water heating rate
groups (L controlled and L uncontrolled) would not be expected to
quickly adjust to higher rates, since many of the hot water con-
serving actions they might take (water-saving showerheads, water

heat and pipe insulation, etc.) would require some time, labor and
expense. Over a longer period of time, say a decade, both behavioral

patterns and ownership patterns can change much more than they do

in a year or two. Hence, a thorough time-series studies of electric

price elasticity will generally f£ind that long-run elasticity is
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