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A SIMULATICHN MODEL FOR RESOURCE POLICY EVALUATION

Regardless of the resource being considered, private sector response
to public resource polieies will normally follow a similar logic. Assuming
competitive markets and a profit maximization objective function for the
private sector, discounted cash flow techniques (appropriately constrained
for public rules and market vigidities) can be used to simulate these
. responses. This paper provides the detailed specification and description
- of a model, incorporating these techniques, which can be used to evaluate
a number of policy questions. pertaining ‘to varlous resources located on
the public domain,

This model has been developed over a four year period, and several
versions have been employed for analytical efforts during this time. A
brief history of the different versions wmay be useful for readers who
have followed the model development, The first version was a discounted
cash flow model which was used for 0CS and oil shale leasing policy
analysis (Kalter, Stevens and Bloom; Kalter, Tyner and Stevens; Stevens
and Kalter). The model calculated installed capacity for all production
time horizons between one year and the economic limit when marginal
costs exceed marginal revenue. All exploration and development occurred
in the first year, Point estimates were used for all variables with no
Monte Carlo simulation. This model version consisted of ninety-seven .
computer source statements, '

. The next model version included new policy options and added Monte
Carlo simulation for price and cost variables. This version was first used
for an analysis of policy options which could he used to stimulate oil
shale production (Kalter and Tyner, Shale 0il, 1975) and for OCS leasing
policy. - (Kalter and Tyner, Contingency lLeasing Options, 1975). Price
guarantee, purchase guarantee, and investment subsidy options were
included. This model contained about six hundred source statements. .

Over an eéight month period, the model was developed into the GENI
version of the generalized resource policy evaluation model which preceded
the current version. This version performed Monte Carlo simulation with
risked variables for the chance of no resource, reserves, prices, invest-
ment cost, and operating cost. Exploration and development were separated
and development was not undertaken if the discovered reserves were
uneconomic or no resources were found. Advance royalty options (Ralter
and Tyner, Advanced Royalty, 1975) were included and a number of new
policy options were added. Capital recovery profit shatre systems and
variasble rate structures for both royalty and profit share were added.

The GEN1 version was asbout thirteen hundred source statements. It was
used for an analysis of 0CS oil leasing policy (Ralter, Tyner and Hughes)
and for other analyses.

It



The description that follows explains the current GENZ version in detail,
New options have been added and the entire model has been reprogranmed using
structured programming to facilitate understanding of the model and to
increase efficiency. All calculations in this version are performed on an
anpual basis, and annual streams for output variables may be obtained, The
GEN?2 version contains about twenty-three hundred gource statements,

This generalized leasing model incorporates a number of factors important
for public policy decisions into a framework of private market behavior.
Economic, geological and engineering considerations.relevant to private
producer decision making are included so that the model may be useful for
quantitatively testing the effects of a wide range of public policy o
alternatives. For example, the model is designed to determine the impacts
of a number of alternative federal policies aimed at: reducing risk for
private sector resource development. A wide range of leasing policy
alternatives are also incorporated into the model so that it may be used to
analyze the effects of alternative leasing strategies.

This paper is designed to provide readevs with .an in depth understanding
of how the model works. ‘It is not written with reference to a specific
resource; rather, a generalized model description is retained which can be
applicable to any resource, Both the fhedtetical and mechanical aspects
are covered in great detail, in order that the reader will understand not
only the rationale behind the relationships modeled but also will comprehend
the means used to translate the theoretical structure into actual equations
and solution procedures. .

Mo&elAlogic and procedures

The model utilizes exogenously supplied estimates of reserves on an
individual or group of leaseholds, along with estimates of the associated
production costs {investment and operating) and market prices: to determine
the after tax net present value of the leasehold. In so doing, the model
determines the productive capacity to be installed on the leasehold and the
length of time that capacity is used. Uncertainty with respect to the key
variables supplied exogenously (reserves, production costs and market a
prices) is incorporated via use 6f Monte Carlo simulation. Net present
value calculations are carried out using discounted cash flow techniques
with exogenously supplied rates of return as discount rates. '

Tnstalled capacity options

Given this basic model logic, several approaches to model solution can
be used, The solution algorithm can be designed to handle installed
capacity (qqo) either endogenously (all possible values for installed
capacity are evaluated) or exogenously {only prespecified capacities are
permitted in the model solution). This distinction, in large part, leads
to the different model algorithms, In the formey situation, equations are.
specified which solve for and optimize installed ‘capacity simultaneously

e

lThe Appendix contains operating instructions plus a complete list of
input variables. ~The -computer code is available from the authors.



with other model outputs, In the latter, the discrete installed capacities
are entered into the model and the optimal capacity among these is determined.
One advantage of this approach is that it permits economies of scale with
respect to installed capacity to be considered in model solutions since
unique cost relationships can be entered with each capacity examined.

Figures 1 and 2 are flow diagrams for the two alternative solution
algorithms., Both approaches have been programmed for model execution.
The model description will follow these two flow diagrams and will separately
describe the solution algorithm with endogenous and exogenous dgs It may be
helpful for the reader to refer back and forth between these two flow
dlagrams and the text, To make the description easier to follow, a list of
all model input variables used in this description is provided in Table 1.
All symbols in the text and future references to variable names will refer
to the variable definitions in Table 1.

‘Time indices

The model relationshins comsist of hoth discrete and continuous time
calculations. Both integral and summation forms are used in the calculations.
Hence, it is necessary to define time variables in both discrete and
continuous terms. Also, for some purposes, the lease life is divided into
. a development and a production period with separate time indices. For

discounting purposes, only one time index is used which originates with
the beginning of the lease,

To avoid confusion, the time variable definitions used in this discussion
are provided in Table 2. The variable tt is used as a discrete time index
for variables such as annual producticn, gq(tt), and yearly initial prices,
Po(tt). The variables t and u are time rate variables used in caleulating
changes in production and prices and in computing the discount factor.

Mean values case

After the variables are read in and stored if necessary, the first step
in the model solution is to run completely through the model once using
mean values for all input variables, This step determines the after tax
net present value (ATNPV) if all mean values are used and converts that value
into a bonus bid payment to be used in subsequent calculations.3 This
conversion is assumed to be linear according to equation (1):

(1) BONUS = Bo + By © AINPV

2However, economies of scale with respect to reserve size can be considered
under both approaches. '

3The amount of the bonus bid 1s necessary for tax calculations. The
use of mean input values to calculate the bonus serves to approximate the
actual value. This can then be used in subsequent calculations where
uncertainty is considered. Optionally, the bonus may also be recalculated
after any number of Monte Carlo iterations for use in subsequent iterations.
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Table l,--Selected Input Varisbles for the Ceneralized Resource Policy Model

Symbol

Definition

Price related:

PO
GP,

1

GP 1

Geologic:
24

B

AGFAC

F

a

Initial price for the primary resource

Initial price for the secondary resource

Mean of the normal distribution for annual price change

(primary resource)

Mean of the normal distribution for annual price change

{secondary resource)

Mean of reserve distribution
Geologic parameter

Factor for calculating the amount of associated gas
or other resource

Length of the initial flat production period (years)

Production decline rate (%)

FEconomic and tax related:

A

Rovalty rate (%)

Severance tax rate (%)
Investment salvageable (%)
Investment tax credit rate (%)
Depletion rate (revenue) (%)
Federal tax rate (%)
Depreciation period (years)
Discount rate (%)

Constant used to calculate B@NUS

Factor used to calculate.B@NUS



Table 1.-~Continued

Symbol Definition

T, Maximum physical lifetime (vears)

Production and cost related:

dp | Instélled capacify (annual)

c Cost per unit of instalied cébacity

ko Operating cost per unit

9 : Annual change in operating cost (%)

L Len?th bf the development period (years)

f Pr0p0rtlon of- investment expended in each year

v Proportion of yearly investment whlch is tangible
RENT Annual rent per acre .

hj o s Factor used to_determine production during buildwup

’perlod (IBP)

Table 2,-=Time Variable Defimitions

Variable . ‘Definition™ o : : ' : ' : ’ Range
t Continuous time inﬁex for the productioﬁ period 0 fo T
tt Discrete time index_ﬁor the prbﬁucﬁion pé#iod 1 to TT
T o End of production? |
TT Last year of -production®
v Céntinuous time index for lease life 0toT
T End ofrthe lease
L Length of development period

Numerically, T always equals TT because production time in years is
set equal to an integer,



where Bé and 31 are input values,? 1If Monte Carlo simulation is not being
used, the mean values produce the model results. In this case, the model
description that follows is only relevant to the use of this single set of
values, o

The exploration phase of
resource developnent

The next step in rhe model solution is to determine the exploration cost
for the lease tract or area in question. For example, gross exploration
costs (BC) are a function of the number of wells to be drilled.per acre,
the number of acres in the tract, and the cost per well as illustrated in
equation (2): : BN '

(2 EC = Wells/acre x acres x dollars/well

A portion (exogenously specified) of exploration expenses {intangibla
investment) can be expensed immediately. S5ince no revenues are produced
during exploration and development, expensed investment and other tax

losses are written off and entered into the tax vector as negative taxes,
Exploration expenses each year minus the savings from tax write~offs are
entered into the after tax value vector as negative values, These vectors
contain the time stream of taxes, after tax value, and other economic output
variables.

In addition to calculating the total net expenses of exploration, the
potential tax write-off available to the company if the lease is not
developed is also calculated at this time. This potential tax write-off
is the bonus payment and the remaining depreciable base of exploration
expenses multiplied by the tax rate. This value is compared later in the
program with the potential present value of the lease if developed to decide
whether or not 1t is advantaceous to develop the lease. . _

Exploration is the last aspect of the model solved outside the Monte
Carlo simulation. At this point, the analysis of uncertain input variables
begins (see Figures 1 and 2). A description of this type of simylation and
of the procedures used for this model follow, I

Incertainty and the “onte Carlo analysis

Once exploration cost is determined, the Monte Carlo simulation begins.

A number of the variables used in this model are considered uncertain and
are subject to Monte Carlo simulation analysis. Any or all of the following
varisbles may be selected randomly in the Monte Carlo simulation:. annual
change in price, contingency factor for investment cost, contingency factor
for operating cost, and the amount of resoutces actually present.. In
addition, the presence or absence of resources is an independently risked
variable, B

bif By and By are set equal to J and 1, respectively,,the bonus will
equal ATMPV, The values of B, and Bj depend on the hidder's risk
preference’fuﬁctiqn,_ IR o P .



For policy analysis, it is important to determine the potential effects
on private decisions of uncertainty with respect to future prices, produc-
tion costs, and reserves. Using the mean (average) values of probability
distributions is inadequate because only outputs resulting from these mean
values are produced. Wo measure of the spread (variance) of potential
outcomes is obtained., In other words, in the absence of some type of
simulation, no measure of the potential riskiness of the final outcome is
derived, TFor policy purposes, it is desirable to learn not only how the
mean output values are affected by various policy options but also how
the variance or range of the outcomes is changed.

For example, suppose two policy options have identical effects on
the means of relevant policy objectives (model outputs), have identical
costs (in whatever terms cost is measured), but have differential effects
on the expected outcome variances. Waturally, the nolicy maker would want
to consider the difference in variance in his poelicy decision. Also,
because of non-linear transformations in some of the model operations, the
simulation results may differ from the analysis using mean input values.
For example, revenus depletion is constrained not to exceed 50 percent of
net income before taxes. This constraint is ome type of non-linear trans-
formation which can cause the simulation means to differ from outputs
using mean input values, Trade-offs between changes in means, differences
in relative cost, and variances must be weighed by the decision makers.

Monte Carlo simulation is one technique for handling the problem of
uncertainty in input values and estimating the variance in potential
outcomes. Rather than using point estimates of uncertain input varisbles
an assumed probability distribution is provided from which samples are
taken to be used as inputs for the analysis, The process of sampling
each variable from its unique probability distribution and performing the
model calculations is repeated many times to produce a range of model
output values. A frequency distribution of these output values can be
derived and the mean and variance of the expected outcomes determined.

In performing this type of simulation, we replace the unknown actual
population of future prices, costs and reserves by an assumed probability
distribution from which samples are drawn. By sampling many times it is
possible to generate many possible combinations of prices, costs, and
reserves that together produce outcomes, each in the appropriate proportion
{(Ring).

Any type of probability distribution may theoretically be specified
for the uncertain variables. TFor thisg analysis we have used the normal,
triangular, and lognormal distributions which are depicted in Figures 3,
4, and 5, respectively. The uncertain variables used in this model and the
type of distribution which is used for each variable are listed in Table 3.

Future Resource Prices

Uncertainty in future resource prices is handled by randomly selecting
the annual change in price each year from a normal distribution with a
specified mean and variance. This vector of sample annual price changes
together with the resource price at the beginning of the lease, P5(l), is
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Figure 3,--Normal Distribution Usad for Annual Price Change and Reserves

Most likely value.

min _ e : max
wvaline A value

Figure 4.~Triangular Distribution
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used to create a vector of initial prices for each year of potential lease
duration, Fauation {3) illustrates this process:

(3 Po(tt + 1) = Po(tt)epl(tt)

P,(tt) is the initial resource price in year tt, Pj(tt) is the rate of
change in price during year tt (from the vector of price change samples),
and Po(tt+l) is the initial resouce price in year (tt+l). This vector of
initial prices for each year and the vector of price changes during each
yvear are used in the model computations to determine gross revenue for each
year of production., Since this procedure is repeated independently for
each Monte Carlo iteration, a separate price distribution emerges for each
year of the production period. Because the annual price change has a
compound effect upon the initial price, the mean and variance of these
annual price distributions would also change through time,

Tf desired, more than one price change distribution may he used in
generating the price change vector. The model allows for as many as four
unique price change distributions to be input for up to four specified time
periods. For example, price could be expected to rise at an annual rate
of 8 vercent for three years, fall at a rate of 3 percent for six years,
remain relatively constant for eight years, and then rise at a rate of 4
nercent through the end of production. Each of the expected price change
values could have a unique variance, so that the variance as well as the
expected value of annual nrice change can vary through time, The price
change vector is created by utilizing the distribution appropriate for each
year in the vector,

It is important to understand that the price change used in this analysis
is the expected price change in excess of general inflation. It is not
the total expected change in price of the resource; rather, it is the
difference hetween the expected change in price of the resource and the
expected general rate of inflation in the economy, This same principle applies
to investment and operating cost factors. Thus, the relative inflation
rate between revenues expected from the resource and cost to obtain the
resource is a derivative of the inputs to the model. Because both cost and
revenue inflation factors are keved to general inflation, relative inflation
between costs and revenues for a particular investment is automatically
accounted for using this procedure (given the subjective distributions
pertaining to the input variables).

Investmant cost contingency factor

Tnvestment costs are uncertain for at least three reasons, and a cost
contingency factor is used to handle this uncertainty. The contingency
factor is a percentage of the estimated investment cost and is selected
from a triangular distribution with an input minimum, maximum, and most
Yikely value,

Cne of the most important reasons for a contingency factor in investment
cost is that inflation in construction costs in recent years has taken place
at a rate higher than the rate of general inflation. Although this experience
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will not necessarily continue, it is uncertain what the rate will be in the
future. Since the construction and start-up period may he five years or more,
the rate of inflation can have a sisnificant effect on total construction
costs. Second, investment costs nay be uncertain because taechnology for
extracting and refinine some resources is relatively new. TFor example, coal
gasification technology and costs are highly uncertain., TUnforeseen engineering
and technical problems could raise investment costs substantially. A third
reason for an investment cost contingency factor is that if facilities of

the tynme and scale required have not been constructed previously, the length
of the development and construction period required cannot be known with
certainty. Changes in the assumed period will have a significant impact on
the present value of investment costs.

As is evident from the discussion of these factors, the distribution of
investment cost uncertainty tends to be one sided, In other words, the risk
is mainly on the hirh side, so the distribution would be expected to be
skewed in that dlrection.( i ‘

Operating_cogt contingency factor

The two factors affecting annual operating costs in the model are 8,
the annual increase in cost per unit, and K,, the initial operating cost
per unit, - For purposes of analysis, & was assumed to be known and constant
throughout the production period, and a triangular distribution of Ky values
was utilized, Uncertainty in initial operating cost arises from the same
sources as investment cost (future relative inflation and unforeseen
techpoloplcal difficulties) nlus uncertainty in the future cost of environ-
mental protection. Since future sovernment regulations are unknown or are
subject to modification, it is difficult to forecast the environmental
control costs which must be borne by the private sector. However, once -
production has bepun with technological problems solved and environmental .
control equivment in place, future changes in operating cost should be
subject to less uncertainty, Therefore, the initial operating cost, Kg,
was asgsumed to be uncertaln with risk mainly on the high side.

In addition to the factors ¥, and &, unit operating costs are also
affected by the rate of decline in production (espvecially for resources like
0i1). Since total operatine costs are determined by the factors described
above, unit operating costs may rise as production falls., This point is
discussed further at a later point in the text. '

Presence or absence of resources

This variable is particularly relevant for oil and natural gas or other
resources for which there is a significant chance that no resource will be
discovered on the lease. . Almost any distribution may be used for the chance
of no resources being present. The distribution mean and standard deviation
are model inputs. Table 4 displays the mean, variance, and characteristies of
a number of distributions which could be used for the chance of no resource
being present, Using the formulae in Table 4, the mean and variance can
be calculated from the distribution parameters and input into the model.

For example, if a triangular distribution is selected, the mean is the
average of the minimum value (a), most likely value (b), and maximum value
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(c) 'as shown in Table 4. The standard deviation is the aquare root of tha
trian?ular dlqtrlbution varlance as calculated using the formulae in Table. 4;

Rather than directly samnlln from the dlstribution ag for the otner
“Monte Carlo variahles, the risk that no resource is present is handiled by
combining the distributions of value with regsources present and value (loss) -
with no resources being found. This step requires the linear comblnation
of the nroduct of randomn variables as showm in equation (4):

(4) V=i X+ (1-1)

where M is the random variable representing the chance that no resource.
will be found, X is the loss from exploratiom, (1 - %) is‘the_variable
representing the chance that resources will be found, and R is the variable
representing the value of the. lease given that resources are present. The
expected value of the value distribution (V) is the sum of the produets of
expected values as showmn in equation (5):

(5) E{V) = E(M) » B(X) +E(1 - 1) « E(R)

where E(W) is the input mean of the chance of no resources heing found
distribution, E(¥) is the exploration loss calculated in the exploration
subroutine, E(1 - W) is the probability that resources will be found, and
E(R) is the mean of the samnle distribution of value calculated from the
Yonte Carlo simulation., In other words, the expected value of a lease is
the probability of no resource heing found multiplied by the value if no
resources are found plus the probability that resources are found multiplied
by the expected value if resources are present. :

The wvariance of the total expected value distribution is some&hat ‘mote
complicated. The random variable sets M and X and N and R are each 1ndependent,
but clearly the two products are not independent because both contain N. Hence,
the products can be taken assuming independence, but the linear combination
must include the covariance term. The resulting wvariance of total expected
‘value is given in equation (&):3

® 2= B2+ of + (1-EM)2F + EMW-E)0F + (FroRof

This term can be further simplified for this analysis because the variance
of ¥ is zero.  Wone of the variables in the exploration calculations are
risked, so a point estimate is calculated (with no variance).. Therefore
eaquation (f) can he reduced to the form shown in eauation (7):

(N 02 = (A-E@M)? ¢ o} + (E@-E))Z - of + UR ' o2

SThe‘authors are indebted to Don Bieniewicz and Mike LeBlanc for their
assistance in calculating the variance.
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Since all the terms on the risht side of equation (7) are either inputs or
are calculated in the simulstion, the variance of total expected value can
be calculated divectly. By using this vrocess, uncertainty regarding. the
presence or absence of resources can be handled outside. the “onte Carlo. .
gimularion yet allowing for maximum flexibility in the input distribution.

If‘resources'are-certain to be found, the mean and variance of the
chance of no resources distribution can be specified as zero. In that .
event ‘equation (7) reduces to the variance when resources are present
(G%} which is the appropriate-valus for total variance.

Amount of reserves

For Some resources, such as oil and natural gas, a major soutce of
uncertainty is the amount of reserves present. For. almost all resources
some degree of uncertainty about thé total gquantity of resources in:.place
exists., * S : : :

Relating to petroleum exploration, a number of researchers have found
that the lognormal distribution provides a good fit for experimental data
on the size of petroleum denosits.. (Uhler and Bradley; U.S. Geolegical
Survey, 19753 Kaufman, 1962), Therefore, the lognormal distribution is
used for the size distribution of petroleum resources and in other situations

where désghed appronriate. . -

For resources which. are not distributed lognormally. (such éslcoal),-the
normal distribution also may be used in the simulation program.: In either
case, the mean, standard deviation and distribution selection are model.
inputs S S

Model degserintion with
wﬁqnte’Carlo gimulaticn -

Once the Monte Carle simulation begins, each of the procedures is repeated
for each iteration“of the simulation, - The results of each iteration are stored
and used ‘to calenlate the mean and other statistics on output variables.

The nunber of Monte Carlo iterations, NLHPP revresents only the number
of iterations for which resources are found. The effective number of
iterations 1is equal to VL{gE divided by one ninus the mean qf-the no resournce
risk distribution. For example, if NL@¢P is two hundred and the mean of
the no resource risk distribution is .5, the effective number of iterations
is ‘four hundred. : - : :

Once the amount of resources on the tract is determined,:the next step .
in the process is to make a random selection of factors to be used in . -
determinine total investment and operating costs. A choice of four methods
is allowed in makine this selection of factors. First, the investment and
operating cost input values may be used without any random component . added.
In this case, random szlection is bypassed. Second, a cost adiustment
factor may be randomly selected from the trianpular cost distributions
supplied for hoth investment and operating costs. Tor both investment and

ht '}

operating cost the minimue adjustment factor, the most likely adjustment
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factor and the maximum adjustment factor are inputs determining the snape
of -the triangular demsity function., Third, the mode (most likely value)
of the triangular distribution may be used directly., Fourth, the. mean: of
the triangular distrlbutxop (the. average of the three vertices} maylbef‘<
selected, ' : =

The cost adjustment factor is then nultiplied by the base cost, and the
result added to the base cost. In essence, the rapdom cost component which
results from the cost adiustment factor is a contingency. The actual amount
of the continpency may be zero (if the base value is used), equal to the
mean or mode of the triangular distribation, or randomly selacted from the
distribution. MNormally, the random selection method is used because contingency
is considered a random component of total cost. Hence, the random selection
method is comsidered to better reflect actual operating conditions,

-The next two steps in the model simulation vary depending upon whether .
installed capacity iz input or determined within the model, If installed
capacity is internally determined, the random factors for investment and
operating costs are immediately used to determine the investment and.
-operating cost values that will be used for each installed capacity., If
“ingtalled capacity is an irput, associated investment and operating cost
" values are also inputs unique to each installed capacity. The same random
factor is applied to each of the investment and operating cost values for
each installed capacity to determine a unidue investment and operating cost.

If installed capacity is an input to the model, that capacity, together
with reserves and other input variables, is used to determine the maximum
production time horizon which can be used given the installed capacity and
the amount of reserves. On the other hand, if installed capacity is solved
within the model, a time horizon is determined internally and the corresponding
{(maximum) 1n5talled capacity is calculated within the model. Since each of
these procedures represent a different solution to the same basic structural
relationship, we will develop that relationship carefully and explain the
correlation between the two procedures,

Economic, engineering and
geologic relationships

Vle begin with the relationship between reserves and production, . Reserve
estimates enter the calculus of profitability both as a basis for the
investment and as a constraint on the production from an investment. The
production constraint is represented in equation (8): :

TT
(8)  =xR> T aqalce)
_tt‘—‘-l

wvhere R ¥epresents the amount of the resources in place, x the recoverable
fraction with a given technology, aq(tt) the amount of annual production,
and TT, the productien time horizon. This equation merely states that the
sum of production throush time can be no preater than the recoverable
nortion of the resource in place (with a given technology). €Given this
constraint, the producer attemnts to select an initial plant capacity which
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will maximize his return through time., In other words, the producer

attempts to select the investment which maximizes his after tax net present .
value of revenue subject to the production congtraint. R

Assume - for. the moment - that production declines exponenéially through
time. Annual production may. then be expressed as a function of initial
installed capacity as in equation (9): o

© - aateryy = [ ate)E e
-1

wvhere q(0) 4 represents initial installed capacity of the ith plant ‘which is
one of a group of possible initial capacities, Uhile this simple relationship
hetwaén installed capacity and annual production may be adequate for- S
resources such as oll after.a period of time, it is not adequate for other -
Yesources or for oil resources during the early production phase. ' A typical-
resource production pattern includes a production build~up neriod during.
which production is increasing each year as installed .capacity 1s coming on
stream followed by a flat production period which continues indefinitely

(as for coal) or is followed by a declining production period as shown in
Figure 6. Under this scenaric, total production during the lease life is
given by equation (10)y: = Co ' S R

T-F

G 7 A o o :
{10) - PROD = g, {—'Z hy (p-B) | + k/ 'qde*atdt.;
L SRR L T —

where the build-up period is the period between year one and year B, the
flat production period is between year B and vear ¥, and the declining:. .
production period (perhaps at a zero rate) is the period from ¥ to T3 T .
heing the production life of the lease as determined helow.? Eaquation (1
eives “the sum of ‘production during each of the thtee phases of production,
Preduction ‘during the build-up period is equal to ‘the sum over the build-up
period of the annual factors, hyy times installed capacity; production during
the flat period is simply the number of vears in which production is
constant times installed capacity; and production during the decline period
is equal to the integral over the number of years production is declining.
necalling from equation (8) that totsal production must be less than oY equal
to recoverable reserves we may now combine equations (8) and (13) to yield

6Tha-integral?for°the decline period. goes from zero to T-F rather than ¥
to T because this integral properly measures the ' sum of vnroduction overlthe
decline period. ' ' oo : ' ‘ -

7The notation, a{o)y¢, is here changed toﬂqd'representing one potential-
investment, but the reader should be aware that the opntimization process

covers all available investment opportunities.
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the relationship between recoverable resources and installed capacity as
in equation {11}):

n *j T~F
1) xR-Rg e 2ap ) ] byt (FB) |+ f age” 2t
i=1 i

By assuming that recoverable reserves are exhausted, we may change
equation (11) from an inequality to an equality and solve for either q, or
T. Equation (12) represents the solution for equation (11) for T which is
used in the case of input Aot

J j=1

1 ;!
(12) T In[ 1+ a(-xR/qy + Be™@+ } hy +F = B_}}} /-a + F

Fquation (13) represents the solution to equation (11) when installed
capacity, dg. is solved within the model:

axR
(13) g =

B
[1 + a(Be™2 + . hj-* F - B)_e-a(T—b)]
4=

Production period constraints

Given that q, and T have been determined either by input or within the
nodel, the production time horizon, T, must be subjected to two constraints
‘before 1t can be emploved. These constraints are the physical and economic
lifetimes of the nroposed investment. The production time horizom for a
initial plant.9 Hor can the production time horizon exceed the time at which
the variable unit cost of producing the product exceeds the revenues per unit
obtained from marketing it. In other words, when the steadily increasing
unit costs of production (assuming a rising 'MC curve) exceed the revenues
per unit of production, production would cease.

The first constraint is simply expressed as an exopenously determined
constrant T < Tp, where Tp equals the maximum physical lifetime of the

8g is a geologice variable applicable to resources like oll which relates
total recovery to the rate of recovery. (The faster the oil is produced, the
lower is total recovery.) If B egquals zero, recoverable reserves, xB, are
greater than or equal to production as defined in equation (18).

91f substantial resources still remained on the leashold beyond the
lifetime of the initial nlant, a new nlant Investment could be initiated.
This situation ceuld he handled by resimulating the leasehold using the
remaining resources and production conditions. An example of this type of
situation is enhanced recovery of oil using tertiary production techniques.
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investment, The second constraint is the limit obtained when marginal cost
equals marginal revenue. Equation (14) states that the economie limit
occurs when operating costs plus taxes exceed or equal revenua minus
royalties =md severance taxes:™

Py (t+L) <% Py (ttL)

Ko + ¢{(1~hms)Poe

- 2(1mr-s)p T 1ED) g [(e¥a)e-aF ]

(L - X - 8)Pye e[(e+a)t-a}?‘]

(14)

Solving equation (14) for the time constraint vields:

)
|
]

/(P ~ 8 ~ a)

(15 Ty g | in[.—t95 - aF ~ PJL
(1=g+bz) (1-A-8) P, |

Wote that this eguation may bhe negative or undefined when the rate of change
in price is greater than or equal to the deeline rate plus the rate of change
in unit operating cost (PyZ6+a). The negative sign occurs because the
marginal revenue~marginal cost curve intersection is in the negative quadrant
to the left of the origin as shown in Figure 7. The correct interpretation
for this negative sipn is that the economic time constraint is infinite,

1074e form of the economic time constraint shovn in equation (14)
corresponds to the operating cost option which makes total operating
cost in each neriod a function of peak production:

at
GnKqe

Thus, unit costs hecome:

et/qoe_a(t“F} = Koe[(9+a)t—aF]

qolpt
The denominator of this equation represents the production rate at point t.
This form for overating cost is appropriate when most of the operating cost
is determined by the fixed imstalled egquipment such as for offshore oil
operations where the pumps, separators, platforms and other equipment must
be operated regardless of the rate of production.

For other resources or in other production situations, total operating
cost may be assumed to be a function of actuwal production:

qOew_a(th) Koeet/doe~a(t~F)

Tuit operating costs in this case become Koeet.

A third ontion programmed into the model is the average of these two
assumptions:

Kg+a)t—aF]] /2

= | v o8t
Tnit cost = {ioe + Koe
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We notr have each of the equations and relationships necessary to determine
the nroduction time horizon. The production time horizon is that T
determined in the model either by equation (12) or through the qg5, T
optimization procedure, subject to the maximum physical lifetime and the
economic lifetime constraint given by equation (15). Hence, the production
_time horizon is the minimum of the resource exhaustion time period, maximum
physical life of the pnlant, or the economic production time conmstraint.
‘Mechanically, these equations are determined slightly differently depending
on whether installed capacity is input or determined by the model as EYplained
above and as outlined in Figures 1 and 2,

Prices g
Tor the first ag~T set to be evaluated in each ‘lonte Carlo iteration,
the next step is to creaté a vector of prices covering each year in. the
. production period. The first step in this process is to generate a vector
of annual price change. Price change values are generated for sixty years
which is the maximum lease life allowed in the model., This vector may be
created by randomly sampling from a normal distribution of price change with
an input mean and standard deviation as explained above. Alternatively the
mean annual price change may be used for each year in the vector,

The next step is to create a vector of prices from the lease time until
the end of production using the initial invput price P, along with the vector
of price chanpes. As described above, the.vector is created by multiplying
the price at the beginning of each year by the exponential price change
during that year to get the price at the beginning of the next year,

Investment costs

Investment for each year of the construction and development period and
the discounted value of total capital investment is calculated next. Total
capital investment is determined by multiplying installed capacity, 4o, by
the investment cost per mnit of installed capaclty, €, as determined in the
cost subroutine for each resource. To determine the discounted value of
total investment, the total investment figure must be multiplied by the
percentage of total investment occuring in each year of the development
period, and the investment value for each year discounted back to the
heginnine of the lease., Both development costs and exploration costs for
each year are summed together and discounted to the begimning of the
lease. In functional form this relationship is expressed in equation (16):

L. _
C(16) PYT = Z (GO o h s fi + E}{_i)/(l_i_r)l"‘._s
“ 11 ' - |

where PVI represeénts the present value of investment, f£j the factor used
to ‘datermine the proportion of 1nvestment in each year of the lag (L), and

11019ar1y, the form chosen for operating cost affects the economic 1ifetime
calculation, Separate economic time constraint solutions are provided for
each of operating cost assumptions. :




24

EX; the exploration expense during each vear of the lag, ~The values for
total annual investment are then used to calculate depreciation streams for
the production period and to calculate expensed investment and investment
tax credit., ' '

Deferred investment |

Tn some situations, a substantial amount of capital investment takes
place during the production period to replace equipment which has worn out.
This investment normally takes place in regular cycles., For example,
trucks used to haul coal may he replaced at regular intervals over the life
of the mine. TFor this model up to three categories of deferred investment
are permitted. ~For each category, the physical lifetime, depreciation
lifetime, amount of deferred capital investment for each cycle, and salvage
value are model inputs. Separate depreciation streams and salvage values
are maintained for each category of deferred investment as well as for that
portien of original investment which is not replaced during the mine life,
The present value of the stream of deferred investment is added to the
initial investment cost (and subtracted from after tax net present value),
Investment tax credit is calculated for each vear of deferred investment.

Depreciation and taxes
The model allows any of the following forms of depreciation to be used:
1. %o depreciation

2. Sum of years' digits (S5YD) depreciation with input depreciation
lifetime (V) | . ,

3. Double declining balance (DDB) with automatic conversion to straight
line (SL) at the appropriate time~-using input depreciation lifetine

4, Straight line using imput depreciation lifetime

5. Unit of production depreciation-~at the same rate .as the resource
is depleted (amnual production/total production) using the production
horizon (T) as depreciation lifetime -

6. SYD with the production horizon as depreciation lifetime
7. SL with the production horizon as depreciation lifetime
8, DDE with the production horizon as depreciation lifetime

According o IRS'regulation, capital investment cannot be depreciated until -
it is placed in service. Therefore, all tangible investment during the
development period is derreciated bepinning with the first year of production.

Tax savings during the exploration and development periods. result from
exnensed (intangible) investment, rental payments during exploration (RENT),
and the investment tax credit (at the beginning of production). Tax savings
during development are entered as negative values in the tax vector (and
consequently as positive values in the after tax value vector).
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Production period calculations

Working capital. is calculated as a fraction of total operating
cost during a year of peak production. Once this calculation is complete,
calculations for the production period begin. Annual and total production,
gross revenue, operating cost, royalty, severance tax, depletion, profit
share or production share, and taxes are calculated,  Because many of the
equations are in integral form, vet many of the values are needed on an
annual basis, integral solutions are obtained over each year of production
and then gsummed over the production period. For example, production is
obtained from Doint zero to the end of year one and then from the beginning
of year one to the end of vear two and so on through the beglnning of the
last vear of nroduction to the end of the last year of production. These
values are then surmed to determine total production., In this way bhoth
annual and total wvalues can be obtained for variables such as production,
profit share, and rovalty. A form of continuous discounting is utilized for
© variables . suech asgross revenue and operating cost,
The methods used to determine annual production in each year of the
- production period are described in detail above. In addition to calculting
_production for the basic resource, nroduction is also calculated for any
~associated resource such as associated gas with petroleum production. The
- ratio of »nroduction between the major resource and the secondary resource
i assumed to he a constant factor., In other words, to determine the
- production of associated natural gas in each period, the production of oil

. is nmultipnlied by the factor (AGFAC) to determine the production of natural

gag, In the equarions that follow, the annual production of the major resource
will be denoted by aq{tt) and nroduction of the secondary resource will be
Adenoted by 0g(tt), .

A number of equations are used in calculatlng the economic variables for
each vear of the production neriod. So that this process may be clearly
understood, the equation for gross revenue is. presented-helow in two forms:

1. The integral form- dlvided into annual neriods

2. The computational form actually used in the model
For simplicity of expoéitiuﬁ,‘tﬁe‘values of T and B are assumed equal to zero.

Hence, equations (17) and (18) represent the two forms of the gross revenue
equation during the period of production decline:l?

1

(17) . 6r .=".--qq(tt}Po(tt)A\/ePltdtﬁ ﬁg(tt)GP (tt) f GP1tae

12pctually P} and GPj are also time indexed variables as explained above,
" but they are written hére in unindexed forn for clarity of exposition. Poltt)
and (Py(tt) represent prices at the beginning of year tt, and qq(tt) and
ge(tt} represent production during year tt.



26

Pyt GP.t

- e 1 -1 g . . 2 1 ~1

(18) GR = qq(tt??o(;t) ( 52 |+ ggFFt>GP9(Ft> lgﬁﬁﬁiffm
\

Caleculation of annual op?ratiﬁp cost (OC) groceeds in the same manney as
shown in equatiom’ (19) -

t:l X v
S AR TS -1 S

(19) 0 = qack, f e%ar = aq K, | &2
| -l | |

where q. may be set equal to- production in year tt, peak production (ao), or
the average of the two. The marginal cost of extracting the second resource
is assumed to be zero, or included in the cost of extracting the primary
resource. '

The model contains three annual vevenue calculations in addition to
the gross revenue calculation in equation {13)., The first net revenue value
(WTREV1) is calculated by subtractine rovalty, operating cost, depreciation,:
severance tax, and rent from gross revenus. In the-next step the depletion
allowance is calculated.  Currently, in the United:3tates only cost depletion
is allowed for oil but for other resources such as coal, revenue depletion,
cost depletion, or the maximmum of the two may be selected. Cost depletion is
allowed on the bonus payment and other lease acquisition costs in proportion
+o the depletion of reserves. The second revenue value is the annual profit
share base (NTREV2). To obtain this value, depletion is subtracted from UIREVI,
The third annual revenue value is taxable income (VTREVE) which is the profit
share hase mlnus nrofit share paymentsg'

After tax income in each year is simply taxable income minus state and
federal taxes. After tax value and other output variables in each year are
discounted using the continuous discounting factor shown in equation. {20):

v
(20) DSC = j e-*rudu - e"ru_e-r(u*_l}
. , s

oml

where v is the index beginning with the lease date.

After tax net present value (ATNPV) is calculated by subtracting the
present value of investment and lease acquisition cost from the discounted
stream of annual after tax values and adding the discounted value of salvage
and working capital. The after tax net present value represents the net
worth of the lease and the residual economic rent to the resource,

Once the after tax net present wvalue is determined for a particular dos
other outpitt variables associated with that ATNPV are stored. The model then
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checks to determine if all do OF T values have been evaluated, ILf not, the
model veturns to the heginning of the 'q,~T loop and repeats the procedure -
outlined above. If all nossible T values or all input q values have been
evaluated, the model then selects the ovtimal qo-T combination for each
Monte Carlo iteration; the optimal set being the one with the highest ATHFV.

This ontimal ATNPV is then compared with the potential tax write-off
caleulated earlier during the exploration phase, If the ATNPV is greater
than the potential tax write-off, the optimal ATNPV value is stored as the
result for this iteration., If the potential tax write-off from not developing
the lease is greater than the potential gain from developing the lease (ATNRV),
. the decision is made not to develop the lease and the exploration less is
entered intoc the after tax net present value register. A zero is entered into
the register for other output variables such as production, production time
.. horizon, profit share, royalty, and tax. This result corresponds to- the real
world situation in which some quantity of resource is discovered during the
exploration phase, but the economics dictate that the quantity is so small that
it is not commerclal and the lease is not developed.

“Monte Carlo results and model outputs

- 14.th the final values of all output variables determined for this Monte
_ arlo iteration, the model then checks to see if all Monte Carlo iterations
specified have heen completed. If not, the model returns to the beginning
of the Monte Carle simulation and repeats the entire process.  If all the
Monte Carlo iterations have been completed, then the mean, standard deviation,
and other statistics on each output variable are calculated., If desired,
histograms can he constructed for after tax net present value (ATNPV) and
reserves, The histograms illustrate the distribution of outpu;_for these two
variables. The distribution of after tax net present value provides the range
of potential‘outcomes and the frequency with which each outcome occurs.

In the above described model, economic rent is' composed of royalty and
profit share payments, tax payments, and the after tax nét present value
. (ATUPV), These rent componerts can be ‘manipulated to determine expected
bidding behavior and associated impacts for various leasing policy alternatives,
For example, in a bonus bidding system with a fixed royalty rate, the ‘expected
bonus Hid 1s a function of after tax net present value,3 The sum of the
bonus bid, royalty income, and taxes is equal to total government revenue.

Policy options

i ‘A numbex of policy ontlons are available for use with the generallzed
;-mollcy evaluation model, This section describes the major options
aad how they are utll:u.zed within the model.

L The first set of options are called loop options in that each requires

f-the model to be run iteratively to solve for the desired output variable.
The. first of these options is termed the delayed development (lag) 1009 and
. deteymines the optimum development time in situations where rising prices

1gActual honus hids are a result of bidding strategies formulated from
game theoretic approaches combined with bidders estimates of lease values.



28

provide an incentive to delay developmént; ‘The othér thrée loop options

involve determining the’ price, profit share, or royalty rate which would equate
after tax net present value to zerc., In addition to"the loop options, a number
of profit share, royalty, and variable rate options are available. Also, several
advance royalty, depletion, and deferred bonus options may be used. . These and
other options are described below. )

belayed development loop

The delayed development loop option is most often used in conjunction with
evaluation of advance royalty policy options. The effectiveness of advance
royalty policies in deterring premature purchasing of leases can be evaluated
by simulating lease development with expectations of vising prices and advance
royalty policies in place. The development delay can be as long as eighteen
vears; hence, the model would be run iteratively with delays ranging from
zero through the maximum delay to determine the year in which after tax net
present value is highest—-which is the year the lease would be developed.
lease delays can also be evaluated without utilizing the loop option by
specifying a fixed length of delay before development of the lease begins,

Other loop 6ptiohé

The price loop is used to determine that price which is just sufficient
to produce the resource at a specified rate of return (discount rate). This
option can be utilized to determine the minimum price to produce given a set
of cost inputs and expected production. One potential leasing nolicy which
ecan be evaluated using this process is price bid leasing. In this approach,
the government would lease resources to the private sector based on sealed
bids of price to produce a specified amount of the resource. This option could
be particularly useful in stimulating development of resources which have not
been produced on a large scale in the past such as gas production from coal
because price tncertainty may be a major factor inhibiting resource development.

The royalty and profit share loops determine the royalty or profit share
rate at which after tax net present value is approximately equal to zero.
These options can be used to determine the royalty or profit share bid for
leasing systems in which the bid variable is the contingency rate. The profit
share hid options can be used with any of the profit share systems which are
included in the model. ' a '

Profit share options

Three different profit share systems have been included in the model. These
are termed the taxable income profit share system, the annuity capital recovery
profit share system, and the fixed capital recovery profit share system. In
the taxsble income profit share system, the profit share base is specified
as taxable income as defined by the United States Internal Revenue Service,

The other two profit share systems allow a'return to capital to be subtracted
from the taxable income base to calculate a revised profit share base. Tor
the annuity capital recovery system, the initial investment plus interest”
during construction is converted to an annuity with a prespecified interest
rate and length of recovery veriod. The value of this annuity is subtracted
from the profit share base in each of the capital recovery years before a
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government profit share is taken, For the fixed capital recovery system, the
initial capital investment is multiplied by some prespecified factor and this
capital recovery amount is subkracted From the taxable income base before anj
profit share is taken., In other words, the capital recovery amount is
craedited against taxable income in the early years of production until the
capital recovery anount is exhausted.’ At that point, the full government
nrofit share is taken until the lease 1s terminated.

Royalty options

Twe different royvalty options nmay be used., Flrst, a fixed rate royalty
system such ag that currently being used by the United States may be specified.
Sacond, a constrained royalty system such as that in use in India and Indonesia
may be selected. This system is more commonly (and accurately) called a
. production sharing system, It allows cost to be recovared from a portion of
the oil produced (which is termed cost oil) with the remainder of the oil
(termed profit oil) divided between the government and the private contractor.
Then this option is specified, input variables needed to define the sysfem
are determined exogenously, including production sharing rates and cost
- Tecovery scthules.

Variable rate options

For both royalty and profit share systems, variable rates (rather than
fixed rates) may be specified, In particular, a variable profit share rate
may be specified with any of the three profit share systems, Variable royalty
rates based on both production and value may be specified. 1In each case a
minimum rate, maximum rate and rate adjustment factor are input. In addition
the value of production, production level, or net income levél for which the
minimum rate applies is also input, The minimum rate applies to production
or income levels up to the prespecified amount, and the rate 1is adjusted ...
according to the adjustment factor up to the maximum rate for levels above
this amount. ‘ :

Advance voyalty

Another xoyalty option which may be specified is advance royalty., Advance
royalty may be calculated in one of three forms: (1) a specific advance royalty
calculated using a rate per unit of resource produced, (2) a specific advance
royalty calculated using the initial resource price and the advance royalty
rate throuphout the life of the lease, and (3) an ad valorem advance rovalty
using the resource price for each year of the lease. The advance royalty rate
nay be the same as or different from the basic royalty rate., The advance royalt
option. involves a complex set of sums of advance royalty payments and basic
royalty payments which are checked apainst each other in the royalty calculation
for each year of the lease. Advance rovalty is payable only through the pre—
specified lease life. The production for advance royalty payments is calculatec
from the presvecified lease life and reserves found on the tract. —

Depletion

Another policy option relates to the method used for depletion. Three
options are allowed for denletion: (1) cost denletion, (2) revenue depletion,
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and (3) the highest of cost or revenue depletion in each year. In addition,
no depletion may be selected. Revenue depletion is curremtly not allowed for
oil and natural gas for major producers but is allowed for coal and other
resoutces, Cost depletion'is calculated for the lease acquisition cost and
the lease bonus. Revenue depletion is caleulated as a percentage of gross
revenue not.to exceed 50 percent of net-income in each vear.

Neferred boﬁué

Another policy option allows for deferred payment of the honus. This option -
changes the absolute value of the bonus hecause the payments are spread out
into the future. For example, suppose the normal initial bonus is estimated
to be.51009,. The absolute value of that bonus paid in five equal installments
{one at -the beginning of the lease and four annual installments) is $1199.08
with five installments of $239.82, Thils conversion of the bonus amount is
made and adjustments are also provided in the depletion calculations to A
compensate for the deferred payment gschedule, The length of the honus deferral
period is an imput. . : ‘ a o -

Other policy:bptiops' ff' 

Another vossible use of the model is to evaluate public and private sector
revenues with different discount rates, The model may he run with the sanme . .
rate used for all calculations or with one rate used for private sector
calculation of. after tax net present value and another rate used in -caleulating
the present value of royalty, profit share, and taxes which are components of
government revenue. e :

Another'option‘which may be 'of interest is the price guarantee, With this
option, the market price is simulated independently and if the price falls
helow a prespecified rate, the government guarantees the price at this
prespecified rate. In other words, the government guarantees o purchase ‘
all production at the prespecified price or to subsidize production to achieve ,
at least that price for all sales. - Both the effects on development of resources
and the cost to the sovernment of this option can be calculated.

Similarly, an investment subsidy option is provided. with this option the
government guaranteas to pay a certain percentage of the investment cost.
Asain, hoth the effects on development and the cost to the public of this
option can be calculated. - : s o

Tor all the policy options and for the normal tax policies not discussed. .
above any rates desired may be specified. Additional volicy options which
involve changes in rates of existing or proposed policies can be evaluated.

For example, the effects of changing the investment tax credit from 10 to 15
percent could be easily evaluated. Similarly, the effects of changing the
royalty rate from .1667 to .3333 could be simulated. ‘

In addition to the above options, a number of options for determining
investment cost, operating cost, installed. capacity and the form in which
output and input variables are to be specified are provided, TFor example,
operating costs may be calculated as a function of installed capacity, annual
production, or the average of the two. ‘ L
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Jutnut options

With respect to outputs, histograms may be specified for after tax net
_present value and reserves. "A number of nrint options are allowed with
- varying degrees of detailu Ammual- output values are printed with the results
 for the mean values case, The model may be rur with or without Monte Carlo
simulation, S ' '

'interna; rate of return )

Instead of using an input discount rate to calculate present values, the -
internal rate of return (IRR) may be calculated. Internal rate of return is
that interest rate which equates the stream of revenues and costs to zero
as shown in equation (21): o ' '

ATVy
1 (r) 0o D)

. . T
@ o=
Foue
where ATV is after tax value in yvear v and r is the internal rate of returnal
For the mean values case, one IRR is calculated, and for the Monte Carlo
simulation, the distribution of IRR is determimed and a histogram produced.

Annual value distributions

Another ocutput ontion which may be selected is annual distributions of
gross revenue, taxable income, taxes, royalty, orofit {or production) share,
and production. For this option, the annual outputs for the optimal installed
capacity are saved for each lionte Carlo iteration. After the simulation is
completed, distributions of the above outvut variables are obtained for each
year of development and productioun.

Model summary

Clearly a wide range of leasing policy options including bonus bidding
systems, royalty systems, profit share systems, the Indian production sharing
system and a number of combinations of these systems and their many variants
may be analyzed with the generalized leasing model. In addition to the wide
range of leasing policy options, a number of other policy options such as
tax policies, price subsidies, purchase guarantees, price supports, investment
subsidies and other policy options designed to increase certainty for private
investors are included in the model. Furthermore, other tax policy, general
policy, or_ leasing policy options can easily be incorporated in the model
framework, 19 Hence, the model is ideally suited for analysis of a wide range

4For some ATV streams, more than one interest rate may solve equation (21).
The model selects the first solution as the IRR, For a more complete discussion
of the internal rate of return see Mishan, pn. 215~57.

e
l)Since the model is well structured with numerous subroutines, additional

policy optlions beyond those deseribed above can be added.
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of government :alternatives dealing with the disposition of publicly owned
natural resources.” " 7 S o

Outputs of the basic model include statistics on the following variahles:
production time horizon, installed capacity, present value of rovalty payments,
present value of depletion, present value of taxes and taxable income, present
value of profit share or production share payments, sroductlon, reserves,
present value of investment and operating cost, after tax net present value,
and the present value of gross revenue. Additional outputs are proviaeé
for specialized leasing or other policy options such as the royalty bidding
gysten, ‘ - . :

The use of Monte Carlo simulation with uncertain variables provides an
additional dimension to government policy analysis. Hot only can the change
in expected value of model outputs be determined when a policy variable is
changed, but also the change in variance of the model outputs can be determined.
The simulation process more closely approximates the decision making procedure
used in the private sector when evaluating potential resource investments.



APPENDIR

This appendix contains operating instructions for the Generallzed
" Resource Policy Evaluation odel, It is designed to provide the basic
information needed to auccessfully utilize the model for resource-
policy analysis,

The computer program was developed at Cornell University on an IBM
375 series computer. It is written in Fortran and employs the EBCDIC
key punch mode. The Drogram may be compiled on both Fortran G and H
compilers. The basic program runs with about 100% of core when compiled
in Fortran ¥ and 110X when compiled in Fortran ¢. In addition.to using
less core, the Fortran H compile runs more efficlently,

Control variables

Lo

‘The control variables determine the options which are used in-
analyzing the data and calculating and printing the reésults, Although‘
the definitions of the control varizbles are provided in the program -
input sequence (see below), it may be helpful to review the meanings
of some of them in wmore detail, The first card contains the nuiber of
cases to be evaluated-~up to 99 cases per run are allowed., A complete
'*set of data cards 1nc1uding the control card must be anluded for each
case.

Print thions

The first control variable determines what output will be prlnted.’
Then Yonte Carlo simulation is not being used, this variable is™ ‘
automatically set at four, the highest (most extensive) print level,

Of course; no output distribution statistics are calculated in this
case; the detailed output for the mean values case is printed,. The
print option may also be set at four with Monte Carlo simulation 1f
~detalled results are desired for each iteration, Mowever, if a high
number of 1terations are specified, this opticon involves a large amount
of printing. The next level of printing (three) omits the results of
each Monte Carlo iteration, but nrints all output statisties for each’
output variable. Level two of printing produces the mean and standard
deviation only of all output variables, and level one produces the mean
and standard deviation of ATVPV only, Detalle of the output which is
printed under each of these options is provided below,

Intg;nal‘ra;e_of return

IDIEC, the discount control variable may be used to specify the
internal rate of return calculation. ¥hen internal rate of return is
calculated, a discount rate nmust still be provided for the installed
capacity (QO) optimization procedures. In other words, the optimal
installed capacity is determined using” the input discount rate (R), and
the unéiscounted stream of values for after tax value are fed into the
internal rate of rveturn calculation. If desired, this process could be
repeated with the internal rate of return from the fivst trial used as

33
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a discount rate to determine if any smgnlflcant difference results in
the optimization procedure. -

Annual output statistiecs

“The IVEC control variable when set equal to one, stores annual oucrputs
for each iteration and calculates statistics on output variables for each
vear of the lease, Recauge this procedure requires a large amount of
core, two versions of the GENZ model are used., The basic version contains
a dufmy subroutine for the vector statistics and can e used only when
IVEC equals. zero.. .GEN2 Fxtended contains the complete IVEC subroutine
and should be. used only when IVEC equals one to minimize cost, The
extended version may be used for both values, however, if computer cost
is not a concern. : :

Deferred investment with produétion change

The INVC equal two option for deferred investment is inoperative in
this model version. It has been provided for future changes which will
allow deferred investment to change the rate of resource recovery and
level of operating cost. | 7

Number of iterations

The GEN2 model allows a maxinum of two hundred Monte Carlo iterations.
These iterations determine the value of a lease gliven that resources are
found, The number of affective iterations is WL@¢P/(1 - DTRSK). If DIRSK
equals zero, the number of iterations is NL@¢P. 1If DIRSK equals .5, the
effective number of iterations is 2¥L¢fP, If a greater number of
iterations are desired, the STAT common areas and the dimension
statements for R, A, and IQ in SETAR, STATIC, and STDMN ‘subroutines would
have to be changed to increase the vector gizes.

Potential problem areas'

As with any complex computer program, there are a number of possible
problems that may be encountered by program users. Three such potential
problem areas are untested ontions, illegal variable values or combina~
tions, and the random numbey generators.

Untesteﬂ optlons

First of all, it should be stressed that, as of this writlng, all
possible options have not been thoroughly tested., The most commonly
used options such as the royalty and profit share system options have
been tested, but others such as the royalty and profit share bid {loop)
ontions have not been thoroughly evaluated..

T1lepal variable x}alﬁe,s
Also, there may be variable values or combinatlons “of values that

will cause the program not to work,. Some of these values have been
determlned and corrections included in the program, For example, the
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program will not accept a discount rate of minus one. The program
changes any minus one input for discount rate to zero, Similarly, if
depreciation is specified (NDEPR > 0), the depreciation lifetime nust
be greater than zero. If depreciation lifetime is input aS-zero,.the
model sets depreciation method (VIDEPR) to zero also,

The input variables for chance of no resource being present should
he set carefully. - This variashble represents .a probability so it must
take a value between zero and one. Hence, the mean of the chance of
no resources distribution must have a value between zeroc and one. The
standard deviation should be calculated directly from the parameters
of the asgumed input distribution. For example, the mean and standard
deviation of an assumed triangular distribution should be calculated
from the distribution parameters (min, mode, and max values). If the
triangular distribution has a nin of 2, mode of .1 and max of ,5, the
mean is 2 and the standard deviation is .11, The triangular distribution
is often ‘chosen becauge it is easily bounded, Other distributions
(especially those for which the variable can take on negative values)
could be more of a problem, For example, if the normal distribution were
used, the standard deviation should bhe small enough that the mean plus
or minug three times the standard deviation falls within the range zero
to one, For example, if the mean is .5, the standard deviation should
be no larger than .16, TFor any-distribution chosen, the input values
should provide a high probability. that any value selected from the
distribution would fall within the range zero to one., Otherwise, the
distribution is conceptually inappropriate. '

Random number generators

Another problem that could arise on non-IBY systems is in the random
number generators. Significant differences can result when the random
number generators used in this program (RANDE. and RANWM) are installed
on non~IBY-systems. If this problem arises,. users should substitute
their owm genarators for those contained in the program. The alternate
generators should be thovoughly tested.. Also, the random number
generators produced biased distributlons when used with some seeds.
Seeds which have produced good results in the past are contained in the
program input sequence. - '

Inputs

The inputs consist of a case card (mumber of cases), control card,
plus eight or nine data cards depending on the options being used.
Variables are arranged by .general topic. The first data card is the
case description vhich is printed at the top of the output heading,

Card 2 contains price varisbles, and card 3 contains geologic inputs.

Tax and econonic variables are contained on card 4. Card 5 contains the
seeds for random number generation. Cost data is included on card 6, and
policy variables on card 7. Card 7o contains input varameters for the
Indian systenm and is used in place of card 7 when this system is being ,
analyzed (MR$YL=2), ;Card 8 contains the data for each installed capacity
(06); and card B8a contains data on deferred investment (used only when

that option is selected)., If installed capacity is deternined endogenously,
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only one, Q, set is vsed, (card 8 plus 8a if deferred 1nvestment is. used)
if 1nstalled capacity is input, a.OD set must be provxded for each
capacity (up to 10). :

For all data and control variables, a hlank is. read as a zero.
Therefore, variables which are not used need not be punchedo . For .
example, when only one.price change dlstrlbution is used, columns
56~80 of card 2 may be left blank,

Qutputs, . C oL :,ﬂl.'A ,;3 .‘.;4_'qu'

As described above, four dlfferent prlnt levels may be specified..
Three of these pertain to the amount of simulation output statisties
which are calculateﬂ and printed, and the fourth speclfies printing
results of each M.C, iteration. This section describes the print for
each iteration and the highest level of print for sxmalatlon statistics,

Headiﬁg

The heading contains input variables for each case. The casa. title .
is printed first followed by the resource name. Control options.and
policy options in use for the case are printed next. Input variables
are printed in the same groupings that were used for card inputs. If
the Indfan system is used, input data for this system is vrinted next. .
Finally, the input data for each installed capacity is printed including
deferred investment input varisble if that option is exercised.

Tteration Drint‘

The first item printed for each 1terat10n is the iteration number
(or mean run heading)., WYext, initial year prices for the primary and
secondary resource (1f QP¢ is grearer than zero) are nrlnted. The
remainder of the iteratiov print is repeated for each installed capac1ty
(whether input or determined endogenously).

The actual print differs for the Indian system and other systems.
In both cases, a series of annual values are printed followed by a summary
of present value results. For the Indian system the following annual
outputs are printed: gross revenue, cost oil, profit oil, foreign tax,
government .share, private share, income tax, and after tax value. For
other systems, . the following annual outpuis.are printed: gross revence,
depletion, depreciation, state severance and income tax, royalty or
profit share payments, net revenue {(taxable 1ncome), federal tax, and
after tax value, TN .

The same‘summary‘fésults are printed forfall-systems'as follows:

RC = investment cost per unit

RKl = operating cost.per unit

TAXY = amount of the potential tax write~off if the lease is not
developed

EXY = exploration expenses (PV)

RIVTC = investment tax credit
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RMTLS = rent payments during exploration (PV)

YLPSS = exploration less (PV)

RCAP = veserves found

UYMAY = magimum economic Llifetime .

A = production decline rate - --

YEAR = lease life for this installed capacity (lap plus production period)

0§ = installed capacity

RNPVLM = royalty payments (PV)

PFSRAT = proflt share rate (for variable mrofit share :vstems, the rate
ulmelwtymw) -

PYDEP = depletion (PV) - 3

TAXINC = taxable income (PV)

TPTAX = total state and federal tax payments (FPV)

ATHMPYV = after tax net present value

PRPD = total production

TRANIV = investnent cost {PV)

TCPST = total investment plus operating cost (PV)

TDEPPD = total depreciation (PV)

SALVG = salvage value

PRFSHR = profit share payments (PV)

#PCH = total operating cost {PV)

gPC = operating cost in the last vear of production

VALUE = gross revenue {(PV)

IT = production time for input installed capacity

FCAP = annuity value for the annuity capital recovery profit share system

Simulation output

Output distribution statistics are calculated for total expected
value and for value given that resources are found. For total expected
value, the mean, standard deviation, and standard error of the mean are
calculated and printed (if desived). Tor value given that resources are
found, these statistics plus the coefficlent of skeuness and coefficient
of kurtosis may he calculated, Total expected value is calculated for
after tax net present value (ATHPV), taxes (PV), royalty (FV), depletion
(PV), profit or production share (PV), reserves, and gross value (rv).
Value if resources are found for these variables includes both cases
in which the resource is developed and situations in which resources are
found bhut no develonment occurs (for economic reasons).

Statistics are also calculated on a number of output variables for
the cases (iteratiomns) in which development occurs. Developnent
gtatistics are calculated on reserves, production, installed capacity
(Do), investment cost per unit of installed capacity (R), operating cost
per unit (¥1),.production time horizon (T), production of the second
resource (such as associated gas), and the present value of operating
cost, investment cost, and taxable income. If ro devalopment occurs,
these statisties are deleted.

Following the above output statistics, the exploration loss is nrinted,
ATHPV and reserve histograms are the last output.
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Conclusion

With these operating instructions, users of the generallzed resource
policy model should encounter little difficulty. However, the model is
not simple; users should thovoughly review the model description before
attempting to utilize it, The authowus are available for consultation
should any problem arise,

The table that follows provides the program input sequence for the -
generalized resource policy model. It contains the card spaces, format,
varisble name, and brief definition for cach varisble used in the
progran.,
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Generalized Resource Policy Model--Program

Input Sequence

(varsion GEN2)

Vafiable

Card
Soaces Format - Hame
Case caré:
1~2 12 NCASE
Control card:
1-2 Iz MPRIWT
3-4 12 LPAVED
foyet

5=6 . T2, . MMRES
7-8 . 12 HHIST
910 12 MPMETH

Data Element
Number of cases

Print and statistics options~—
1=ATHPYV mean and 5.0, only

- 2=mean and 5.0, of all output -

3+all statistics on all output

“‘é=a11 statistics on all output plus

results for each Y.C, iterat§on

Royalty, price, profit share, or lag

‘loopr optiong~-

O=no loops
1=las loop
Z2=price bid loop

. "3=réydliy bid loop
- ‘4=pyofit share bid loop

Resource dode—-—
l=offshore oil
2=pffshore natural gas
3=oll shale

4=coal

S=uranium
G=geothermal
7=onshore oil
8=onshore gas

Histogram options—-

O=none

1=ATNPV distribution only

Z=ATMPY and reserve distributions
3=cumulative and the standard ATNPY

. 4=cumulative and standard for ATNPV and

reserves

Price generation method——
O=miedn price change used
=random selection of annual price change
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:Card Variahle
Spaces Format Name
11-12 12 oM
13-14 12 MM
15-16 12 - XRS
17-18 12 g
19-20 12 " MDEPL
21-22 12 HMRAYL
23-24 12 ¥PFS
25-26 12 KVAR
27-28 12 MADROY

hata Element

Investment cost (contingency) methodw—

 O=mean of contingency distribution

l=random selection
2=most lkely investment cost (mode)
3=base investment cost (contingency=0)

Operating cost contingency methode-—
same as for MCM

Reserve distribution—-
D=lognormal

l=normal

No. of installed capacities to be evaluated--

‘D=variable installed capacity {(Q,)
- 1-10=no. of 4 cards

"Depletion method—-

0=no depletion

l=cost depletion -

2=vevenue deplétion

J=gelect best depletion method each year

Royalty methode—

O=no royalty

l=basic royalty

2=Indian-Indonesian tvne constrained
rovalty

Profit share mathod--
O=no profit share

'1=IRS profit share

2= annuxty capital recovery profit share
3=fixed capital recovery profit share

Vatiable rate controle-
0O=no wariable royalty or profit share

'1=varisble profit share
2=variable royalty-vroduction
“3=variable royalty-value

Advance royalty method-—

O=pno advance royalty

1=Spec1fic advance royalty calculated
using CHT

'V2=specific advance rovalty calculated

using the initial resource price and
the advance royalty rate
3=ad valorem advance royalty



Datra cards:

Card 1 - title card

1-8

Card 2 - price card

1-5
6-~10
11-12
13-14
15-16
17-18

12

24

21-22
23-24

20AL

F5.2
5.2
F2.2
F2,2
F2.2
F2,2

11

Il

12
12

Card Variable
Spaces Format Nane
20-30 12 g
31-32 12 KORL
33-34 12 Ve
3536 12 IDISC -
3738 12 1vEC
39-42 14 TLGPP
43-46 14

MCR

PPO
SPO

P1M(1)
PsSn(l)
sIM(1)
38D()
PP

NP5

(1)
NP (2)
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Data Flement

Bonus method~~ .

D=pormal bonus calculations

“other=deferred bonus years

‘Operating cost control
“D=cost. times 04
“1=cost times PRED

2=cost -times (Q, + PROD)/2

Investnent cost control—e
O=1inoperative
l=deferred investment

‘2=deferred investment with change in-

operating cost and production rate
(enhanced recovery)

Discount control variable--
O=one private discount rate used
l=private and public rates used

. 2=IRR calculated. .

Vector storage controlew
f=no output vectors
l=annual output vectors

Number of Monte Carlo iterations

Wumber of M.C. iterations used for further
bonus ‘approxiration if desired (if MCR=0,
honus after mean run is used)

Case description (blank card may be used)

Initial primary resource price

Initial secondary resource price
Primary resource-price change mean
Primary resource-price change std. dev.
Secondary resource~price change mean

. Secondary resource-price change std. dev.
"Number of primary resource price change

distributions

Humber of secondary resource price change
distributions

End of period for 1lst PIM distribution
End of period for 2nd PIM distribution
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Card Variable
Spacesg Format Name
25-26 12 TP (3)
27-28 12 WP (4)
29-30 12 NS (1)
31-32 12 1S (2)
33-34 12 15 (3)
35-36 12 NS ( 4)
37-38 12 LPMI
39-40 12 18MIM
4145 F5.2  PMIM
46=50 F5.2 SMIN
51-55 75,2 . PSIB
56-57 72,2 PIM(2)
58-59 F2.2 PS(2)
60-61 F2.2  PLM(3)
62-63 ¥2,2 PSD(3)
64-65 ¥2,2 P1M(4)
66~67 F2.2 PSD (4)
68-69 F2.2  S1M(2)
70-7L  F2.2 .- . 5SD(2)
72-73 ¥2.2 S1M(3)
7475 F2.2 SSN(3)
76-77 F2,2 s1(4)
78-79 ' F2.2  SSD(4)
Card 3 = geologic

1_2 F2u2 A -

3-6 T4,2 - BETA

7=-10 F4.3 . AGFAC

11-20  EI0,2  RMEAN
21-30 ‘¥10,2. . BSTID .
31-32 12 . IFLATP
33-34 12 ITMIN
35-36 12 TTVAY

37 T1. . LEXLR.
38=40 F3.3 DTRSE .

Data BElement

Bnd of period for 3rd P1M distribution

tnd of period for 4th PLM distribution
tnd of peried for lst S1M distribution
End of period for 2nd 511 distribution
End of period for 3rd Sl¥ distribution
End of period for 4th S1M distribution
Length of time primary resource ninimum
nrice is valid

Length of time secondary resource minimum
price is valid

Minipum price- for primary resource

- Minimum price for secondary resource

Price subsidy for primary resource

Mean of second primary resource price change
distribution

Std, dev. of second primary resource price

change distribution

Mean of third primary resource price change
distribution
Std. dev. of third primary resource price

. change distribution

Mean of fourth primary resource price change
diseribution

Std, dev, of fourth primary resource price
change. distribution

Mean of second secondary resource price change
distribution

Std, devs of second secondary resource price
change - distribution

Mean of third secondary resource price change
distribution )

Std. dev, of third secondary resource price
change distribution

Mean of fourth secondary resource price change
distribution o

Std. dev. of fourth secondary resource price
change distribution '

Production decline rate
Geologic parameter (oil only)
Associated gas factor

- Mean of resarve distribution

Std. dev. of:reserve distribution
Length of flat production period
Minirum production period

Maximum -production period

Exploration time period ‘

tean chance of no resource being present



Variable

Card

Spaces Format Name
41-43 F3.3 DTSN
44-53 £10,2 ACRES
54~57 F4.3 WELLS
53-69 F3.0 couT
61-63 F3.0 #RUT
64563 ¥5.0 BT

L 69-70 r2,1 SULF
71-73 F3. 1 126

- Th-76 F3.1 ASH

43

Data Element

~5tds dev. for no resources distribution.

Number of acres in lease area

Number of exploratory wells/l000 acres
Height of coal (coal seam thlckness)
Height of overburden

BT content (3TU/pound)

_Sulfur content (%)

Water content (%)
Ash content (%)

Card 4 - tax and economic related

1~2
3

Lt

79
10-12
L 13=15
16-18
19=21
22~24
. 25-27
28-30
31-34
35-44

45-54

12
Il

F3.2
F3.2
F3.2
F3.2
F3.2
73,2

F3.2 .

3.2
¥3.2

KL 2

B1D.2
£, 2

Card 5 - seeds .

1-5

11-15
16-29
21-25

15
15
I5

I5
I5

i
WDEPR

SLYGPC
MEGA
R

/A
PHI
TAYE.
TR
STAXR .
RR
BYAC
RS
BOGM

NPSEED

 MSSEED, .

NCSEED
WESEERT
| MRSERD

Depreciation lifetime

Depreciation method-~

O=no depreciation

l=sum of year's digits (5YD)

2=double declining balance with switch over
to straight line (DDB) ‘

3=straight line (SL).

4=depreciation based on the rate of resource

 depletion (annual prod,/total prod.)

5=5YD with N=production lifetime

6=DDR with N=production lifetime

7=81, with N=productien lifetime

% investment salvagable

Investment tax credit rate

Dlscount rate

Nepletion rate for gross depletion

U.5. tax rate

Foreign tax rate

Severance tax rate

State tax rate

Public sector discount rate

Ponus factor for ATWPV

Initial bonus

Bonus calculation constant

Seed for primary resource price chanoe
9enerat10n such as 15849

-, Seed for secondary resource price change

generation such as 34579

Investment cost seed such as 41687
Operatine cost seed such as 27341

Seed for reserve value generation such as
21851 ;



44’

Card Variable
Spaces Format Yame _ ~ Data ¥lement -

Card 6 - cost related

1-3 F3.2 CMIN . ¥inimum value for investment cost
: L contingency distribution ,
46 F3.2 MAY, - Maximum value for investment cost
o .eontingency distribution .
7-9 F3.2 CMPDE . HMost likely value for investment cost
' contingency distribution :
10-12 3.2 ¥MIN T Minimum value for operatin? .cost contingency
' distribution : -
13-15 F3.2 EMAY Maximum value for operatirg cost contin?ency
distribution .
16-15 F3.2 KHMPDE Most likely value for onerat1n¢ cost
. contingency distribution
19-21 F3.2 THETA Rate of change in operating cost -
22-24 F3.2 WCF ' Working capital factor--multiplied by firvst

yvear's operating cost to determine working
capltal value

25-27 ¥3.2 SURTNV -Investment subsidy--% of investment is
' ' ' : subtracted from investment
28-30 ° F3,2  BYPRCD By~product. credit-~value of production of

additional resources is credited as a
vercent of primary resource price

31-40 ElD,2 FEPYLL Cost ne¥ exploratory well
4145 75,2 RENT . Annual rent per acre
4648 F3.2 FX(1) Proportion of exploration expense occurring
each vear
49-50 F2.2 FXL2) Provortion of exploration expense occurring
each vear :
51-52 F2.2 FX(3) Proportion of exnloratlon expense occurring
o each vear
53-55 F3.2 TX(1) Propertion of exploration expense occurring
N " each year which is tangible
56~53 F3.2 TH(2) Proportion of exploration expense occurring
~ each year which is tangible’
59-61 F3.2 T%(3) Proportion of exploration expense occurring
each vear which is tangible
62 11 LOIM Investment cost control variable (cllmatic
region for 0CS costs)
63~70 FE.0 ADQCST - Lease acquisition cost (excluding the honus)

Card 7 - policy (not used if card 7o is used)

1-4 F4.4 RYYRT  Royalty rate (or minimum royalty rate for
‘ o variable royalty)
5-10 © Fh.6 RPYFAC Factor used to change royalty rate with.
annual production or value levels (variable
royalty)

11-12 2,2 RRTMAX Maximum royalty rate (variable royalty)



Card Variable
Snaces Format Nane
13-22 £10,2  PRADE
2326 2.2 | PESuRY
25-26 F2,2 PRTMAY
27-36 T10.2  PRIFAC
3746 R19.2  DSBASE
4748 F2.2 . RI
49-51 F3. BPT

52 I1 NCAP

53 - 11 LAGR
5455 12 LAGD
5657 12 LLIFE
5860 F3.2 FR
61-63 3.2 CHT
64~65 F3.2  ALAMD
67-69 73,2 CHALME.

45

Data Element

Production (or-value) allowable for ‘ainimum
royalty rate {(variable royalty)

Profit share rate (or minimum proflt saare
rate for variable profit share) ‘
Maximur profit share rate (variable profit
share)

Factor used to change profit share rate
with the level of net annual income

(variable profit share)

Allowable net income level for the minimum

. profit share rate (variable profit share)

Interest rate used for annulty capital
racovery
Capital recovery factor used when a British

type profit share system is employed
‘Capital recovery payback period used with

annuity capital recovery

.Allowable development period {used for
advance rovalty)

Maximur development delay

"'Lease life=—used to calculate required

production level for advance royalty
fraction of total reserves used in calculat-

ing production requirement for advance

royalty

Rate for specific advance royalty ($/ton)
~ Advance royalty rate

Chanpe in advance royalty rate for each

' year production is delayed (LAGR+1)

Card 70 - Indian~-Indonesian syétem (card ig used only when MRYYL equals 2)

1
2~4

5«7
8~10

11-13
1616

17-19

20-22

© .. 26~31 .

3237

I1
F3.2

¥3.2
?3'3

F3.3

F3.3

3.3

NYCT
CSTFAC

RO
PI(1)

PI(2)
PI(3)
PI(4)
PI(5)
PI(5)

PIL(2)
PIL(3)

tMHnimum time for cost recovery (years)
Maximum proportion of cost which may be
. recovered each year

Domestic requirement of profit oil

‘Profit share rates (for private contractor)

for each level of production .
Profit share rates (for private contractor)
for each level of production

. Profit share rates (for nrivate contractor)
.for each level of production .
. Profit share rates (for private contractor)

for each level of production

':Profit share rates (for private contractor)
- for each level of production - -
Profit share rates {for private contractor)

for each level of preduction

" Production level for each rate step

Production level for each rate step



T 46

Card Variahle
Spaces Format Yame. .
38-43 ¥6.0 - PIL(4)
44-49 " TFELO - BPIL(S)
50=-55 . F6.0 FPIL(%)

Card 8 -~ Q5 card (repeated for eaéh‘innut Qs 1f ¥O#=0, one-card only)

1-10

11-16 -

17-21
22-23

24-26-

27-28
29-30
31-32
33~54
35-36
~37-38

30-40

41-43

G4=46

£7-49

50-52

53=55

. 56--53

59-¢&1-

6264

. 65
G6=67

68-69

7071

72-73

®10.2°

F6.2

5.3
12

F.2

¥2,2

F2.2

Fz.z .

Fz.z

¥3,2

F3.2
F3.2°

F3.2

F3.2

I1
F2,2

F2.2

F2.2

3

3

i)
T
™

LBP
BP

BP

Data Element

Production level for each rate step
Production level for each rate step
Production level for each rate step

Installed capacity
Cost per unit of installed capacity
Initial operating cest

‘Fraction of
each year

Fraction of
each year
Fraection of
sach year
Fraction of
each year
Fraction of
gach year

~ Fraction of

each year
Fraction of
each vear

Fraction of
- each year

Fraction of
is tangihle
Fraction of
is tangible

" Praction of
“ds tangible
Fraction of

is tangible
Fraction of
is tangible
Fraction of
is tangible
Fraction of
is tangible
Fraction of

‘is tangible

development
development
developpent
develonment
development
develéﬁmént
development
development
development
deve lopment
development
development
development
development
developnent

development

cost

cost

cost

cost

cost

cost

cost

cost

cost:

cost

cost

cost

cost

cost

cost

cost

;each

Length of the development period

incurred

incurred

incurred

incurred .

incurred

incurred

inecurred

ineurred - ¢

each vear which

each

year whi.ch

each year which

vear which

each year which

each year which

each year which

each year which

Length of production bulld-up period
Fraction of inlitial (peak) production

. each year of build-up perioed

Fraction of initial (peak) production
each year of build-up period
Fraction of initial (peak) production
each year of bhuild-up period

Fraction of initial (peak) production
sach vear of build-up neriod

during
during
during

during



Card
Spaces

Format

Variable
Hame

Data Hlewment

Card 8a - deferraed investment (used only when INVC=1)

1-2

3~4

5-14
15-16
17-18
19=-20
21-30
31-32
33-34
35~36
3745
47-48

I2
T2,0
E10,2
¥2.2

12
F2.0
E10.2
F2.2

I2
F2.0
£10,2
F2.2

TL(l)
ND(1)
pr(l)
5v(1)
ML(2)
m(2)
DR(2)
SV (2)
HL(3)

- ND(3)

nE(3)
8V(3)

Phyvsgical life-category 1
Depreciation life-~category 1
Amount of deferred inv.-category 1
Salvage value(Z)-category 1

same as above-category 2

same as above-category 3



