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Executive Summary

This report explains the development and implementation of a m;thodology for
assessing the economic impacts of large-scale environmental regulations. The
development process began with a literature review surveying channels through which
environmental regulations might influence economic performance. Avenues deemed
suitable were incorporated into a computable general equilibrium (CGE) model of the
California economy. This model is based on the California Department of Finance’s
Dynamic Revenue Analysis Model (DRAM). Modifications to DRAM for the current
project include a revised sectoring scheme that features industries of particular regulatory
interest, revamped data matrices that accommodate this new sectoring scheme, a new air
pollution module, programming options designed to facilitate the simulation of = ~—-
environmental regulations, and enhanced output reporting that highlights income,
production, employment, and price responses to proposed regulatory changes. The new
model, E-DRAM, is implemented, policy experiments are run, and their results are
interpreted.

A brief time-series exploration of state-product, pollution prevention costs, and
pollution follows. In it, vector auto regression (VAR) techniques are used to investigate
the relationship between Gross State Product (GSP), pollution prevention expenditures,
and levels of pollution. Findings suggests that the cost of holding pollution levels
constant increases with GSP and that the cost of pollution control given GSP rise as
ambient pollution levels fall. This line inquiry will be more fruitful as more data

becomes available.

The statements and conclusions in this report are those of the University
and not necessarily those of the California Air Resources Board. The
mention of commercial products, their source, or their use in connection
with material reported herein is not to be construed as actual or implied
endorsement of such products.
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A Computable General Equilibrium Model for Assessing the
Economic Impacts of Large Scale Environmental Regulations

1 Introduction:

Cal/EPA is required by legislative mandate to evaluate the economic effects of its
regulations. That agency is currently facile with partial equilibrium techniques which
rely on the assumption that parts of the economy not directly subject to the regulation in
question are unaffected by that regulation. While suitable for evaluating the economic
effects of minor regulations, these techniques are unsuitable for assessing the economic
impact of large-scale regulations, such as the State Implementation Plan for the federal
Clean Air Act, which can affect the overall size, composition, and competitiveness of the
California economy. Therefore, under agreement no. 98-300 investigators at the "~
University of California, Berkeley have developed and demonstrated the implementation
of a methodology for assessing the economic impact of large-scale environmental
regulations for the Cal EPA/Air Resources Board (ARB).

Computable General Equilibrium (CGE) models are the preferred tools for
simultaneously modeling multiple economic relationships and tracing their combined
responses to large-scale economic shocks such as broad tax and regulatory changes.
Having worked intimately with the California Department of Finance (DOF) to construct
the Dynamic Revenue Analysis Model (DRAM), a CGE of the California Economy used
for fiscal analysis of pending tax bills, the Berkeley investigators chose this model as the
basis for E-DRAM—a CGE suitable for Cal/EPA’s use. Like DRAM, this new model is
tailor-made for California and extremely refined. It describes the relationships between
California producers, California consumers, government, and rest of the world. E-
DRAM also features an entirely new air pollution module.

Before modifying DRAM for current purposes, the literature on relationships
between environmental regulation and economic performance was studied. One product
of this investigation is a literature review that summarizes work considering the influence
of environmental regulation on phenomena as diverse as technological innovation,

investment, trade, and worker as well as firm location decisions. Appendix A provides a



summary of this literature review. Insights from the literature also guided construction of
E-DRAM and aid interpretation of policy experiment results.
The new model, E-DRAM, is different from DRAM in three respects. First, it

features a new industrial aggregation scheme designed to highlight sectors of particular

regulatory interest to ARB. More specifically, DRAM’s 28 industrial classifications have

been expanded to thirty, with new gasoline-powered engine and consumer chemical
sectors added at the suggestion of ARB. Second, the model’s underlying data matrices
that organize production, consumption, and government data have been modified to
support the revised industrial aggregation scheme. Third, an air pollution module that
enables E-DRAM to track industry-specific emissions of seven critical air pollutants has
been added. Copies of the E-DRAM code and associated input files can be found in
Appendices B and C1-C4 respectively. | : -
The remainder of this report elaborates on the model development work outlined
above. It also gives a detailed account of how to implement various regulatory scenarios

in E-DRAM, complete with sample policy experiments and an interpretation of their

results.

2 Model Development:

The construction of E-DRAM and an understanding of its policy implications are

enlightened by a review of some relevant literature.

2.1 Literature Review:

An investigation of the channels through which environmental regulations may
affect the economy was undertaken at the outset of this contract. The product of this
research was a literature review.! To summarize briefly, there is ongoing debate over the
influence of environmental regulations on rates of technological innovation, types and
flows of private investment and trade, and the location decisions of workers and firms.
Given that evidence concerning the existence and size of such influences is mixed, and
considering the challenges posed by fully integrating such effects into a model as
sophisticated as DRAM, these phenomena have not been explicitly modeled as direct

functions of environmental regulation in E-DRAM. A major strength of CGEs, however,

'See Appendix A



is the implicit account they take of such phenomena. In E-DRAM, regulations that
directly raise costs of production and/or prices in an industry can indirectly discourage
both investment in and exports by that target industry as well as industries that rely on
that sector for productive inputs. Investment in affected industries is curtailed via lower
returns to capital while exports are discouraged by higher terms of trade (the ratio of
domestic to woﬂd brices). Additionally, higher costs and prices discourage firms and

workers from locating in the regulated area.

2.2 From DRAM to E-DRAM:

E-DRAM is a modified version of DRAM. Following a brief description of the base
model, features specific to E-DRAM are discussed below.
2.2.1 DRAM:

DOF and Professor Peter Berck developed DRAM in compliance with California
Senate Bill 1837 enacted in August of 1994. DRAM is used for performing dynamic
revenue analysis of proposed legislation having significant revenue impacts. The model
is dynamic in the sense that it is designed to capture the rational responses of economic
agents to policy changes. DRAM is written in GAMS (General Algebraic Modeling
System) programming language, publicly available, and currently maintained by the
DOF. DOF is responsible for making the model represent conditions in California for the
most recent year for which data are available. DRAM, extremely rich and calibrated to
beyond the fifth significant digit, is a very powerful tool.

In its first incarnation, DRAM consisted of over 1,000 equations designed to capture
the interactions between 28 California industrial groupings (sectors), 10 household types
(classified by income level), and 36 government sectors (8 federal, 21 state, and 8 local),
and the rest of the world (ROW). Each of the 28 industrial sectors accounts for roughly 4
percent of the firms in the state. Of these 28, 26 are producers; the remaining two are
transportation and retail. The productive sectors create value added by combining factors
of production: intermediate goods, rented capital, and hired labor. Intermediate goods, in
turn, are made by other productive sectors. Households supply capital and labor. The

federal, state and local government sectors tax and spend. Trade in factor markets and



migration of households link Califomié with the rest of the world. While refinements to
the model are ongoing, the structure described here remains basically the same.’
2.2.2 E-DRAM:

In order to be used f(l)r analyzing the economic impacts of large scale environmental
regulations, DRAM has been converted into E-DRAM, an environmentally priented
version of the base model that features a revised industrial sectoring schéﬁé, modified
data matrices, and a new industrial air pollution emissions module.
2.2.2.1 Revised Industrial Aggregation Scheme:

DRAM’s 28 industrial sectors have been expanded to 30 in E-DRAM. The new
sectors, cited by ARB as industries of particular regulatory interest, are producers of
consumer chemicals (CONCH) and gasoline powered engines (ENGIN). The former is a
subdivision of DRAM’s broader éhemicals (CHEM) sector, while the latter is compesed
of pieces from both DRAM’s aerospace (AEROS) and other manufacturing (OTHMA)
sectors. More specifically, the new CONCH sector is comprised of industries classified
by SIC codes 284 and 285 (BEA Industry Numbers 29.0201-30.0000) and includes
producers of soaps, detergents, toilet preparations, and surface coatings. The new
ENGIN sector is comprised of SIC codes 351-353 (BEA Industry Numbers 43.0100-
45.0200) and contains producers of gas-powered engines and machinery, e.g.
motorcycles and snowmobiles, classified as OTHMA in DRAM. The new ENGIN sector
also contains SIC codes 3724 and 3764 (BEA Industrial Number 60.2000) covering
aircraft and missile engines ;espectively, which are both classified as AEROS in DRAM.
The revised industrial aggregation scheme outlined here is just one example of how the
sectors explicitly tracked by E-DRAM can be manipulated. Any large industry targeted
for major new regulation can be isolated in a similar fashion.
2.2.2.2 Modified Data Matrices:

Using a sectoring scheme different from that maintained by DOF requires
rebuilding the social accounting matrix (SAM), capital coefficients matrix (CCM), and a
few other data matrices (contained in the MSC file) that supply input to the model.

Briefly, the SAM organizes data on the relationship between industries, households,

% An example of ongoing refinement is DOF’s current work to further disaggregate industrial sectors
(toward the 2-digit SIC code level).

* See Appendix E for the complete mapping between BEA numbers and E-DRAM sectors.



factors (capital and labor), and government. The CCM contains coefficients governing
how investments made by one industry are spent on other industries. Matrices in the
MSC file store other key information; e.g. tax data, consumption function parameters,
and trade elasticities.*
2.2.2.3 New Air Pollution Module:

A major feature of E-DRAM is the incorporation of industry-specific air pollution
data. ARB supplied a raw data file of 1998 emissions forecasts based on their 1996
Emissions Inventory Report. The raw data file consisted of 55, 962 records, each
containing the average daily emission of a particular air pollutant (TOG, CO, NOx, SOx,
"~ or PM)5 from a particular source listed by emissions inventory code (EIC) and type
(stationary point, stationary area, area-wide/non-point, motor vehicles, other mobile, or
natural source). A mapping was then created from EICs to E-DRAM sectors.® Next;
records were aggregated by industry and pollutant. Each industry’s emissions of each
pollutant were subsequently divided by that industry’s base level output. The final result
is a matrix of industry-specific emission intensities for each of seven critical air
pollutants.” The inclusion of this module allows total as well as industry-specific

emissions for each critical pollutant to be tracked under various policy scenarios.

2.3 Calibration:

Before using an applied CGE model, calibration must be verified. Specifically, the
model should be run to ensure that its solution replicates current conditions. Fortunately,
DRAM is very well calibrated — the initial solve replicates the base data beyond the fifth

significant digit. With the above modifications made, E-DRAM remains well calibrated.

* See Appendix D for step-by-step instructions on modifying the SAM and other input data matrices for a
new sectoring scheme.[For a complete description of how DRAM (and thus E-DRAM) works, the reader is
referred to the DQF publication Dynamic Revenue Analysis for California, Summer 1996, by P. Berck. E.
Golan, and B. Smith with J. Barnhart and A. Dabalen. This publication contains an overview of the model,
a description of data requirements and organization, and an equation by equation explanation of the GAMS
code. A copy of this comprehensive manual is enclosed and can also be accessed via
www.dof.ca.gov/html/fs_data/dyna-rev/dynrev.html.]

> Additionally, ROG and PM10 emissions are derivable from record-specific information on the fraction of
TOG, that is ROG, and PM that is PM10.

% Emissions designated as emanating from households and natural sources were not mapped. All emissions
from mobile sources were assigned to the transportation sector.

" Data handling for this process was done using SAS. Relevant code and intermediate data files are
available upon request. See Appendix C4 for the final pollution matrix.
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Although some initial solution values differ from the base data at the third and fourth

significant digits, no discrepancy is greater than 0.4% and most are much less.

3 Impleinenting Regulatory Scenarios:
All regulations can be thought of as some combination of price and input

requirement changes (generally increases). Given information on how much a proposed
regulation is to change price, intermediate, or capital requirements in a target industry, E-
DRAM can siinulate the effects of this regulation on the CA economy. To facilitate this,
new regulatory parameters have been added to the model. Adjusting one set of these new
parameters simulates a regulatory price increase, adjusting another set simulates input
requirement changes. A third set of parameters address trade considerations and a fourth
set handle required investment. Each type of implementation is explained below.

3.1.1 A Price Increase: | o

One common method of simulating regulations is to model them as price
increases. Sales taxes are an obvious example. Regulations predicted to raise product
prices by x% are also good candidates.

In DRAM, the before-tax price of industry I goods are P(I). The after-tax prices
are P(D*(1+TAUQX(I)). In E-DRAM, parameters REG5(I) and REG6(I) have been
added such that after-tax, regulation-inclusive prices are expressed as
P(D*(1+TAUQX(D+REG6(D)*(1+REG5(I)). In the base/no-regulation case, both
REGS5(I) and REGS5(I) are set to zero. To simulate a regulation that increases after-tax
prices by x%, REGS5(]) is set to x/100; to simulate a regulation that increases pre-tax
prices x%, REG6(]) is set to x/100.® Such implementations trigger price increases that
have the standard (negative) effect on demand, with the caveat that neither producers nor
government receive the x% markup. Conceptually and operationally, they are equivalent
to a sales tax with receipts that do not get spent. See Section 3.2.1.1 for an example.
3.1.2 An Increase in Intermédiate Requirements:

A second way to simulate regulations is to model them as increased intermediate
requirements. Each industrial sector in E-DRAM is implicitly characterized by a
production function that relates output to factor (capital and labor) and intermediate

inputs. These relationships can be modified to mimic the effect of regulations requiring



increased intermediate input use by target industries in the following manner. Industry
I’s demand for intermediates from industry J per unity of output is governed by
parameter-products REG1(I,))*AD(LJ). AD(L,J) are input-output coefficients calculated
from primary data contained in the SAM. In E-DRAM, these coefficients can be scaled
directly by changing the new parameter REG1(I,J) from its default setting of unity.
Setting REG1(‘industry I label’, J) = 1.1 for example, simulates a 10% increase in all
intermediates required to produce one unit of good I. Specifying AD(‘industry I label’,
‘industry J label’) = 1.1, in contrast, simulates a regulation requiring industry I to use
10% more of industrial good J (e.g. pollution control products) only in making a unit of
output. See Section 3.2.1.2 for an example.

3.1.3 Required Investment:

Proposed regulations may also be conceived in terms of the investment required
by target industries to comply. Investment cannot be forced (since firms can drop out of
the industry rather than comply)—only induced via the rate of return on investment.
Modeling “required” investment in E-DRAM can be done in two alternate fashions.

First, a regulation requiring investment equivalent to an x% increase in capital
stock can be modeled as a one-time x% reduction in the existing capital stock (“bomb”
scenario).” This makes sense if the imposition of a regulation is thought of as the
immediate elimination of x% of the base capital stock by virtue of requiring its dedication
to regulatory compliance rather than the production of saleable output. Alternately, a
regulation requiring x% investment can be modeled a prescription that out of each dollar
spent on capital investment (past, present, and future), x cents are dedicated to regulatory
compliance and 100 minus x cents are dedicated to the production of saleable output
(“effective capital stock” scenario). This makes sense if you think in terms of ongoing
effective (productive) capital stock. The distinction between the “bomb” and “effective
capital stock” scenarios can be seen more clearly by referring to the desired capital stock

equation in E-DRAM that has been reproduced immediately below.

* 4.3 DESIRED CAPITAL STOCK
KS(I) =E= REG13(I) * KSO(I) * ( RCCAPITI)/ ROCCAPIT’]) ) ** ETAKD) - (1 - REG12(I))* KSO(D);

8 For example, to simulate in 30% increase the pre-tax price of good I, REG5(]) is set to 0.30.
® All investment must be stated in percentage of capital stock terms due to data limitations dictating that
capital stocks in the model be imputed from payments to capital rather than expressed in actual dollar units.
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Requiring X% additional investment translates into setting REG13(I) = (1-x) under
“bomb” scenario, or alternately setting REG12(I) = x under the “effective capital stock”
scenario. See section 3.2.2.1 for further details.

3.14 Trade Considerations:

However regulations are modeled, their implications for trade should be
considered. The methods discussed above effé&ively raise the relative (to world)
domestic price of goods produced by the regulated sector. Exports naturally fall as a
result — a response captured in E-DRAM by the sensitivity of exports to terms of trade.*°
The response of imports (M(I)) is not so straightforward however. To model this
response, two questions must be answered. First, what percentage (REG3(I)) of base
imports (MO(I)) will meet the new regulations? Second, will the import price elasticity
(ETAM(I)) fall as a result foreign producers having to alter their product for sale in-the
regulated market? Industry I imports are governed in E-DRAM by the following

equation:

* 3.02 IMPORT SUPPLY

ETAM(I)
- * PD(I)
M(I) = REG3(I) MO(I)*[P 0(1)]

REG3(I) and ETAM(]) are set to 1 and 1.5 respectively by default. They can be altered
at the policy analyst’s discretion. Setting Reg3(I) less than one means that all else (i.e.
reiative prices) equal, imports drop below their base level MO(I). This is reasonable if
gbods not meeting the new regulatory requirement(s) are not imported. Dropping
ETAM()) reduces the sensitivity of imports to relative prices. It is plausible that relative
domestic price increases triggered by increased regulatory compliance costs will not

attract imports to the degree that demand-driven price increases do.

10 See equation 3.01 in E-DRAM GAMS code. In that equation, exports are sensitive to domestic (CA)
price, which is raised by environmental regulation. Implicit in this approach is the assumption that
producers in California sell the same product at home and outside the state. Relaxing this assumption
would entail changing equation 3.01 such that exports are sensitive to a price other than domestic price
(perhaps a somewhat lower price reflecting the lower production cost of non-compliant goods).

11
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3.2 Policy Experiments:

Two policy experiments suggested by ARB were the regulation of architectural
coatings and reformulated gasoline. Although specific regulatory proposals were not
provided, examples have been generated for illustrative purposes.

3.2.1 Architectural Coatings:

ARB is considering lowering the VOC content limit for the coating category of
industrial maintenance. This regulation is projected to raise the cost of architectural
coatings by 10-20%. Architectural coatings comprise approximately 37% of paints and
allied products (SIC code 285/BEA Industrial Number 30.0000), which in turn comprise
roughly 26% of E-DRAM’s consumer chemicals (CONCH) sector. The preferred way to
model this regulation is as a 1.45%'' increase in intermediate goods required to produce a
unit of consumer chemicals, coupled with a reduction in the sensitivity of imports-to.-
domestic consumer chemical prices that essentially leaves the level of imports in that
sector unchanged. Modeled in this way, E-DRAM predicts that the VOC regulation
under consideration will have a negligible impact on the California economy. Output and
employment in the state’s consumer chemical sector may drop by roughly $8 million
(1%) and 184 jobs (1%) respectively. Statewide, aggregate real personal income may fall
by rough $40 million (0.005%) and approximately 300 (0.002% of) jobs could be lost.'?
Additional scenarios have been implemented in order to analyze the sensitivity of these
results to various model specifications.
3.2.1.1 Experiment 1: A Straight Price Increase:

This regulation was first modeled as a straight 15% price increase in SIC 285,
which translates into a 1.443% increase in the price of consumer chemicals.* Based on
the GAMS code modifications discussed in Section 3.1.1, a policy experiment designed
to analyze the economic impacts of such a price increase is accomplished by inserting the
following annotated line of code then resolving E-DRAM.

* EXPERIMENT 1: INCREASE PRICE OF CONSUMER CHEMICALS BY 1.443 %
REGS5(‘CONCH’) = (0.37)*(0.26)*(0.15);

1 See footnote 20.
12 See column seven of Table 7 for further results.

B (0.15)%(0.37)*(0.26) = 0.01443 .
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SOLVE EDRAM MINIMIMIZING SPI USING NLP; .

Before discussing the results of experiment 1, a brief discussion of how results for
all policy scenarios will be presented throughout this report is in order. For each policy
experiment run, E-DRAM is programmed to print the solution values of a standard
battery of statewide and industry specific variable in table format. Each column of these
tables corresponds to a paﬁicuia£ expériment/model run. The first row of each table
contains labels for each experiment reported in that table [e.g. the label for experiment 1
is CONCH1]. The second and third rows report model and solver status respectively
[entries in these rows should confirm that the model has found a (locally) optimal
solution for the experiment in question]. Next come the rows reporting statewide and
target industry economic indicators. First to be reported is “CA PERSONAL INCOME”,
the total real income of all state residents. This and all subsequent variables are reported
first in levels then absolute and percentage change from their initial model run (labeled
TODAY) values. Next a normalized measure of statewide consumer prices,
“CONSUMER PRICE INDEX (BASE=1)" is reported, followed by the number of
families residing in the state, “POPULATION (MILLION FAMILIES)”. Then comes a
normalized indicator of California wage level, “WAGE INDEX (BASE=1)". Millions of
jobs in the state, “LABOR DEMAND (MILLIONS)” is listed next. Following these
indicators comes a normalized weighted average 6f the rate of return on investment
statewide, “RETURN TO K INDEX (BASE=100)", and an imputation of overall capital
stock reported in billions of dollars, “CAPITAL STOCK ($100 BILLION). The last
statewide economic indicator reported for each experiment is “GROSS PRIVATE
INVESTMENT” which is calculated as the amount required to maintain existing
industrial capital stocks in the face of depreciation.

Following statewide indicators, vital statistics for the industry targeted by the
experimental regulation are reported. Again, levels are reported first, followed by
absolute and percent changes from the initial (TODAY) solutions. The first thing
reported is sector output measured in billions of dollars, “OUTPUT ($BILLION)”. Next

1 Solving the model as a maximization or minimization of any of the variables should yield the same
result; minimizing state personal income (SPI) using a non-linear programming algorithm (NLP) is the
method employed here. Such solve statement must be invoked after coding each new policy experiment.
but will not be referenced explicitly in this report again.
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comes imputed capital stock measured in hundreds of billions of dollars, “CAPITAL
($100 BILLION)”, followed by millions of jobs in that particular sector, “JOBS
(MILLIONS)”. A normalized price of that sector’s goods is reported next as “PRICE
(BASE=1)". Then the value of imports of that sector variety in billions of dollars,
“IMPORTS ($BILLION)”, is given. Last to be reported is a normalized measure of the
cost of capital/return on investment in the target industry, “CAPITAL RENTAL RATE
(BASE=100)". '

Now full attention can be turned to the results of experiment 1 listed in column 3
(labeled CONCHI1) of Table 1.B Looking first at the consumer chemical sector, we see
that price rises, but by less than the amount implemented. The static increase (1.44%) is
militated against by both the downward slope of consumer demand (i.e. quantity
demanded falls as price rises) and an inward shift in that demand (i.e. quantity demanded
falls at every price). This latter effect would be missed in a partial equilibrium analysis,
but is picked up in E-DRAM. Notice that statewide real income, employment, the
aggregate consumer price index, capital stock, and the return to capital fall slightly — all
signs of general economic contraction.'® Although the price of consumer chemicals rises
only slightly in this experiment, output in that sector drops significantly. As a result of
the price wedge introduced by regulation, the industry ends up employing roughly 16%
less capital and 17% (2,900) fewer workers. Output of consumer chemicals drops by
nearly 17% (almost $130 million) as well.'” The elasticities of consumer chemical
employment and output with respect to general equilibrium (static/regulatory) price are

both thus nearly —36 (-12)."® Worker displacement in the consumer chemicals sector

15 The full output of this and other experiments can be found in the GAMS results (RES) files. This output
is captured via a long string of code not included here, but that can be seen in the program code
immediately following the annotation * SAVE SOLUTION VALUES which appears after each
experimental run.

1 Not surprisingly the economy-wide changes predicted by the model under this (and subsequent)
scenario(s) are very small and well within the error bounds of the model. While quantitative result should
not be used to convey a false sense of precision, they are in line with qualitative results consistent with
economic theory

' These figures as well as all other change and percentage change numbers in the following results tables
measure change between current and initial (TODAY)) model runs, not changes between current and
immediately preceding model runs.

18 These sector responses are implausibly high. Such results may driven by the relatively small size of the
consumer chemical sector relative to other industries in the model, i.e. the regulation in question may be
too small to be effectively assessed using E-DRAM. This shortcoming may be corrected in forthcoming
versions of DRAM where industrial sectors are disaggregated to roughly the 2-digit SIC level.
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creates a bit of slack in the labor market, which slightly deflates economy-wide wages,
thus allowing other sectors to hire more labor. Predicted statewide income and
employment losses (roughly $160 million and 1,000 jobs respectively) are thus minimal;
their implied elasticities with respect to the price of consumer chemicals are negligible as
expected.’”

3.2.1.2 Eﬁ(bé;imqht 2: An Increase in Intermediate Input Requirements:

The regulation simulated immediately above can also be modeled as an
approximately 1.45% across-the-board increase in intermediates required for the
production of consumer chemicals.”® This second specification is preferable on the
grounds that it incorporates the stimulus of spending induced by regulatory compliance.
While target industry costs increase, those additional costs are spent on intermediate
inputs supplied by other sectors. Capturing these secondary effects is a particular. _ _
strength of CGE models such as E-DRAM. As discussed in Section 3.1.2, a policy
experiment along these lines is implemented with the code below.

* EXPERIMENT 2: INCREASE INTERMED. REQS. IN THE CONCH SECTOR BY 1.443 %
REGS(‘CONCH’) = 0;
REG1(I, ‘CONCH’) = 1 + (0.37)*(0.26)*(0.15)/0.922185;

Select results of this policy experiment are listed in column 4 (labeled CONCH2)
of Table 1. As indicated there, the economic burden of this scenario is somewhat less
than that imposed by the straight price hike. In this case, the price of consumer chemicals
rises slightly more and output falls a bit less than in experiment 1 because consumer
demand shifts back less. That sector’s overall elasticity of output and employment with
respect to general equilibrium (static/regulatory) price are now —31 (-11) rather than -36.
New spending on intermediates mitigates the general economic contraction. Notice how
California personal income, aggregate consumer price index, capital stock, return to

capital, and statewide employment fall even less than previously.

** Throughout, results should be taken as indication of the rough order of magnitude and direction of effects
to be expected. A false sense of precision should not be conveyed, especially where numerical results fail
within the error bounds of the model — which they often do (e.g. the statewide income and employment
numbers cited here).

» Intermediates must be increased by 1.44%/0.922185 = 1.45% to trigger a static price increase of 1.44%
[the denominator is the share of cost of intermediates in the price of CONCH].

2 Note: It is necessary to undo model changes by resetting modified parameters to their default setting
between policy experiment unless you want such changes to carry over.
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Table 1: Architectural Coatings Experiments

model run
Experiment description
MODEL
SOLVER
CA economy

CA PERSONAL INCOME ($BILLION)

CHANGE CA PERS. INC.

% CHANGE CA PERS. INC.

CONSUMER PRICE INDEX (BASE=1)

CHANGE AGGREGATE CPI

% CHANGE AGGREGATE CPI

POPULATION (MILLION FAMILIES)

CHANGE POPULATION

% CHANGE POPULATION

WAGE INDEX (BASE = 100)

CHANGE WAGE INDEX

% CHANGE WAGE INDEX

LABOR DEMAND (MILLIONS)

CHANGE LABOR DEMAND

% CHNGE LABOR DEMAND

RETURN TO K INDEX (BASE=100)

CHNAGE RETURN TO CAPITAL INDEX

% CHANGE RETURN TO CAPITAL INDEX

CAPITAL STOCK ($100 BILLION)

CHANGE CAPITAL STOCK

% CHANGE CAPITAL STOCK

GROSS PRIV. INVESTMENT($BILLION)

CHNGE. GROSS PRIV INVESTMENT

% CHANGE GROSS PRIV. INVESTMENT
CONCH sector

OUTPUT ($BILLION)

CHANGE OUTPUT

% CHANGE OUTPUT

CAPITAL ($100 BILLION)

CHANGE CAPITAL

% CHANGE CAPITAL

JOBS (MILLIONS)

CHANGE JOBS

% CHANGE JOBS

PRICE (BASE=1)

CHANGE PRICE

% CHANGE PRICE

IMPORTS ($BILLION)

CHANGE IMPORTS

% CHANGE IMPORTS

CAPITAL RENTAL RATE (BASE=100)

CNANGE CAPITAL RENTAL RATE

% CHANGE CAPITAL RENTAL RATE

TODAY

initial solve &
calibration
check

LOC OPT
OPTIMAL

891.55414
-0.136282
-0.000153

0.999929
-0.000071
-0.000071

23.140787
-0.000549
-0.000024

99.973381
-0.026619
-0.000266
14.045159
-0.000746
-0.000053
99.989198
-0.000802
-0.000008
14.541822
-0.002212
-0.000152
68.618983

-0.01044
-0.000152

0.767794
-0.000263
-0.000343

0.014567
-0.000007
-0.000477

0.017023
-0.000005
-0.000283

0.999995
-0.000005
-0.000005

2.395456
-0.000088
-0.000037

0.02122
-0.000021
-0.000977
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CONCH1

1.443% price
increase

LOC OPT
OPTIMAL

891.395596
-0.158545
-0.000178

0.999736
-0.000194
-0.000194

23.140307
-0.00048
-0.000021
99.919886
-0.053495
-0.000535
14.044133
-0.001026
-0.000073
99.997692
-0.001506
-0.000015
14.536671
-0.005151
-0.000354
68.504678
-0.024305
-0.000354

0.638636
-0.129158
-0.16822
0.012174
-0.002393
-0.164265
0.014122
-0.002901
-0.170404
1.004733
0.004738
0.004738
2.488635
0.093179
0.038898
0.014688
-0.006531
-0.307786

CONCH2

increase
intermediate
requirements

LOC OPT
OPTIMAL

891.40875
-0.145391
-0.000163

0.999757
-0.000173

-0.000173

23.140339
-0.000448
-0.000019

99.925055
-0.048326
-0.000483
14.044198
-0.000962
-0.000068

99.997836
-0.001362
-0.000014

14.53714

-0.004682
-0.000322

68.5968¢1

-0.022092
-0.000322

0.64624
-0.121554
-0.158316

0.012313
-0.002254
-0.154755

0.014295
-0.002729
-0.160283

1.005107

0.005113

0.005113

2.495128

0.099673

0.041609

0.015033
-0.006186
-0.291542



3.2.1.3 Experiments 3 - 7: Trade Considerations (Import Elasticity):
As discussed in Section 3.1.4, regulators may want to consider trade implications

when assessing the economic impact of domestic regulations. There are two ways to do
this in E-DRAM. One is to adjust parameter ETAM(I) governing the elasticity of
regulated sector I imports with respect to the California (“domestic™) price of that good.
Irifporté may be less sensitive to regulation [vs. demand] induced California price
increases because the cost of producing compliant products is likely to be just as high for
out-of-state producers as for in-state ones. Experiments 3 — 6 (labeled CONCH2T1 — to
CONCH2T4) in Table 2 are identical to the thus far preferred specification for regulation
of architectural coatings (labeled CONCH?2), except that the ETAM(‘CONCH”)
parameter is progressively ratcheted down from its default of 1.5 to 0.5 in increments of
0.25. In experiment 7 (labeled CONCH2T4.5%), the preferred specification, .
ETAM(‘CONCH) is reduced to zero, effectively eliminating any increase in imports due
to the new regulation. Results from this scenario suggest that output and employment in
the state’s consumer chemical sector may drop by roughly $8 billion (1%) and 184 jobs
(1%) respectively as a result of the new regulation considered. Statewide, aggregate real
personal income may fall by rough $40 million (0.005%) and approximately 300
(0.002% of) jobs could be lost.

Not surprisingly, what we see from this set of experiments is that as
ETAM(*CONCH’) — the elasticity of imports of consumer chemicals with respect to the
California price of consumer chemicals — falls, the adverse effects of regulation shrink.
Domestic output and employment in the target sector rise toward their initial level,
imports in that sector fall back toward their initial level, and prices in that sector creep
upward as ETAM is adjusted downward in the face of environmental regulation. E-
DRAM suggests elasticities of domestic output (employment) in the consumer chemical
sector with respect to ETAM of — 0.19 (-0.21), -0.15 (-0.15), -0.11 (-0.11), and -0.8
(-0.8) at initial values of ETAM of 1.5, 1.25, 1.0, and 0.75 respectively. Looking at
statewide indicators, as ETAM drops, personal income, the consumer price index, labor

demand, capital stocks, and the return to capital all rises back towards their initial levels.
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Table 2: Architectural Coatings Experiments — Sensitivity to Import Elasticity
CONCH2T1 CONCH2T2 CONCH2T3

mode! run CONCH2
increase
intermediate
description requirements
MODEL LOC OPT
SOLVER OPTIMAL
CA PERSONAL INCOME ($BILLION) 891.40875
CHANGE CA PERS. INC. -0.145391
% CHANGE CA PERS. INC. -0.000163
CONSUMER PRICE INDEX (BASE=1) 0.999757
CHANGE AGGREGATE CPI -0.000173
% CHANGE AGGREGATE CPI -0.000173
POPULATION (MILLION FAMILIES) 23.140339
CHANGE POPULATION -0.000448
% CHANGE POPULATION -0.000019
WAGE INDEX (BASE = 100) 99.925055
CHANGE WAGE INDEX -0.048326
% CHANGE WAGE INDEX -0.000483
LABOR DEMAND (MILLIONS) 14.044198
CHANGE LABOR DEMAND -0.000962
% CHNGE LABOR DEMAND -0.000068
RETURN TO K INDEX (BASE=100) 99.997836
CHNAGE RETURN TO CAPITAL INDEX -0.001362
% CHANGE RETURN TO CAPITAL INDEX -0.000014
CAPITAL STOCK ($100 BILLION) 14.53714
CHANGE CAPITAL STOCK ‘ -0.004682
% CHANGE CAPITAL STOCK -0.000322
GROSS PRIV. INVESTMENT($BILLION) 68.596891
CHNGE. GROSS PRIV INVESTMENT -0.022092
% CHANGE GROSS PRIV. INVESTMENT -0.000322
CONCH
OUTPUT ($BILLION) 0.64624
CHANGE OUTPUT -0.121554
% CHANGE OUTPUT -0.158316
CAPITAL ($100 BILLION) 0.012313
CHANGE CAPITAL -0.002254
% CHANGE CAPITAL -0.154755
JOBS (MILLIONS) 0.014295
CHANGE JOBS -0.002729
% CHANGE JOBS -0.160283
PRICE (BASE=1) 1.005107
CHANGE PRICE 0.005113
% CHANGE PRICE 0.005113
IMPORTS ($BILLION) 2.495128
CHANGE IMPORTS 0.099673
% CHANGE IMPORTS 0.041609
CAPITAL RENTAL RATE (BASE=100) 0.015033
CNANGE CAPITAL RENTAL RATE -0.006186
% CHANGE CAPITAL RENTAL RATE -0.291542

* indicates preferred specification

CONCH2 &
ETAM=1.25

LOC OPT
OPTIMAL
891.42751
-0.126632
-0.000142
0.999788
-0.000141
-0.000141
23.140385
-0.000402
-0.000017
99.93202
-0.040461
-0.000405
14.044316
-0.000844
-0.00006
99.998038
-0.001161
-0.000012
14.53787
-0.003952
-0.000272
68.600333
-0.01865
-0.000272

0.666499
-0.101295
-0.13193
0.012689
-0.001878
-0.128921
0.014749
-0.002274
-0.133594
1.005227
0.005232
0.005232
2.477333
0.081877
0.03418
0.01599
-0.005229
-0.246439
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CONCH2 &
ETAM=1.0

LOC OPT
OPTIMAL
891.44572
-0.108416
-0.000122
0.999818
-0.000111
-0.000111
23.140429
-0.000358
-0.000015
99.940552
-0.032829
-0.000328
14.04443
-0.000729
-0.000052
99.998236
-0.000962
-0.00001
14.538578
-0.003245
-0.000223
68.603672
-0.015311
-0.000223

0.686151
-0.081643
-0.106335

0.013054
-0.001513
-0.103877

0.01519
-0.001833
-0.107695

1.00534

0.005345

0.005345

2.46007

0.064615

0.026974

0.016947
-0.004273
-0.201355

CONCH2 &
ETAM=0.75

LOC OPT
OPTIMAL
891.46344
-0.090697
-0.000102
0.999848
-0.000082
-0.000082
23.140471
-0.000316
-0.000014
99.947972
--0.025409
-0.000254
14.044542
-0.000618
-0.000044
99.998431
-0.000767
-0.000008
14.539265
-0.002557
-0.000176
68.606917
-0.012066
-0.000176

0.705248
-0.062546
-0.081462

0.013408
-0.001159
-0.079556

0.015618
-0.001405
-0.082518

1.005448

0.005454

0.005454

2.443297

0.047841

0.019972

0.017903
-0.003316
-0.156288

CONCH2T4 CONCH2T4.5*

CONCH2 &
ETAM=0.5

LOC OPT
OPTIMAL
891.48071
-0.073436
-0.000082
0.999876
-0.000053
-0.000053
23.140513
-0.000274
-0.000012
99.955196

-0.018185 -

-0.000182
14.044651
-0.000509
-0.000036
99.998623
-0.000575
-0.000006
14.539934
-0.001888
-0.00013
68.610074
-0.008909
-0.00013

0.723833
-0.043961
-0.057256

0.013753
-0.000814
-0.055902

0.016036
-0.000987
-0.058006

1.005552

0.005557

0.005557

2.426973

0.031517

0.013157

0.018859

-0.00236
-0.111238

CONCH2 &
ETAM=0.0

LOC OPT
OPTIMAL
891.51398
-0.040156
-0.000045
0.999931
0.000002
0.000002
23.140594
-0.000194
-0.000008
99.969113
- -0.004268
-0.000043
14.04486
-0.000299
-0.000021
99.998998
-0.0002
-0.000002
14.541223
-0.0006
-0.000041
68.616153
-0.00283
-0.000041

0.759619
-0.008175
-0.010647

0.014416
-0.000151
-0.010394

0.01684
-0.000184
-0.010787

1.005746

0.005751

0.005751

2.395544

0.000088

0.000037

0.02077
-0.00045
-0.021192


https://ETAM=0.75
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3.2.1.4 Experiments 8 —- 11: Trade Considerations (Base Import Reduction)

The second way to capture trade effects in E-DRAM is by adjusting the parameter
. REG3(I). As discussed in Section 3.1.4, this parameter effectively curtails the base level of
sector I imports. A compelling reason to do this when trying to assess the economic impact
of domestic environmental regulation is out of consideration that a certain percent of base
level imports may not meet the new regulatory féqﬁiréments. This situation may persist if
California is not a significant enough market for out of state producers to bring their
product into compliance with California regulations. For experiments 8 — 11 (labeled
CONCH2TS — CONCH2T8) in Table 3, REG3(‘CONCH?’) is reduced from its default
setting of unity to 0.9, 0.8, 0.6, and 0.4 successively. Results indicate that the elasticities of
output and employment in the consumer chemical sector with respect to REG3(‘CONCH”)
are roughly -2.8, -1.9, and -0.9 at initial values of REG3 of 0.9, 0.8, and 0.6 respectively.

Comparing results in Table 3 with those in Table 2, it becomes apparent that the
model is more sensitive to changes in the initial level of imports brought about by altering
parameter REG3 than to changes in import elasticity governed by parameter ETAM. This
makes intuitive sense—lowering ETAM discourages imports at the margin, whereas
lowering REG3 reduces their base level. Experiments 8 through 11 suggest that if domestic
environmental regulations do significantly curtail imports (e.g. due to non-compliance),
such regulations essentially boil down to domestic content rules which may stimulate the

domestic economy in the intermediate run.
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Table 3: Architectural Coatings Experiments — Sensitivity to Base Import Reductions

model run TODAY CONCH2T5 CONCH2T6 CONCH2T7 CONCH2T8
description CONCH2 & CONCH2& CONCH2& CONGH2 &
REG3=09 REG3=0.8 REG3=0.6 REG3=0.4
MODEL LOCOPT LOCOPT LOCOPT LOCOPT LOCOPT
SOLVER OPTIMAL OPTIMAL OPTIMAL  OPTIMAL  OPTIMAL
CA PERSONAL INCOME ($BILLION) 891.55414 891.68646  891.9611 89250746 893.05327
CHANGE CA PERS. INC. -0.136282 013232 0406955  0.953316  1.499132
% CHANGE CA PERS. INC. -0.000153  0.000148  0.000456  0.001069  0.001681
CONSUMER PRICE INDEX (BASE=1) 0.099929  1.000216  1.000666  1.001554  1.002432
CHANGE AGGREGATE CPI -0.000071  0.000287  0.000737  0.001624  0.002503
% CHANGE AGGREGATE CPI -0.000071  0.000287  0.000737  0.001624  0.002503
POPULATION (MILLION FAMILIES) 23140787 23141012 23.141684 23.143031 23.144389
CHANGE POPULATION -0.000549  0.000225  0.000897  0.002244  0.003602
% CHANGE POPULATION -0.000024  0.00001  0.000038  0.000097  0.000156
WAGE INDEX (BASE = 100) 99.973381  100.04104 100.15501  100.3803  100.60405
CHANGE WAGE INDEX -0.026619  0.067658  0.181624  0.406916  0.630666
% CHANGE WAGE INDEX -0.000266  0.000677  0.001817  0.00407  0.006308
LABOR DEMAND (MILLIONS) 14.045159  14.045947 14.047679 14.051126  14.05457 -
CHANGE LABOR DEMAND -0.000746  0.000788  0.002519  0.005967  0.009411
% CHNGE LABOR DEMAND -0.000053  0.000056  0.000179  0.000425  0.00067
RETURN TO K INDEX (BASE=100) 99.999198  100.00104 100.00456  100.0123  100.02071
CHNAGE RETURN TO CAPITAL INDEX -0.000802  0.001841  0.005366  0.013101  0.021511
% CHANGE RETURN TO CAPITAL INDEX ~ -0.000008 ~ 0.000018  0.000054  0.000131  0.000215
CAPITAL STOCK ($100 BILLION) 14541822  14.547864 14558344 1457894  14.599279
CHANGE CAPITAL STOCK -0.002212  0.006042 0016522  0.037118  0.057457
% CHANGE CAPITAL STOCK -0.000152  0.000416 0001186  0.002552  0.003951
GROSS PRIV. INVESTMENT($BILLION) 68.618983 68.647495 68.696944 68.794131  68.890106
CHNGE. GROSS PRIV INVESTMENT -0.01044 0028512 0077961  0.175148 0271122
% CHANGE GROSS PRIV. INVESTMENT ~ -0.000152  0.000416  0.001136  0.002552  0.003951
CONCH
OUTPUT ($BILLION) 0767794 0044189  1.235532  1.808271  2.373691
CHANGE OUTPUT -0.000263  0.176395  0.467738  1.040477  1.605897
% CHANGE OUTPUT -0.000343 0229742 0609197  1.355151  2.091574
CAPITAL ($100 BILLION) 0.014567  0.017824  0.023176  0.033625  0.043878
CHANGE CAPITAL -0.000007  0.003257  0.008609  0.019057  0.029311
% CHANGE CAPITAL -0.000477 0223593 059096  1.308255  2.012156
JOBS (MILLIONS) 0.017023  0.020992  0.027568  0.040543  0.053395
CHANGE JOBS -0.000005  0.003969  0.010544 002352  0.036372
% CHANGE JOBS -0.000283 0233169  0.619416  1.381626  2.136625
PRICE (BASE=1) 0.999995  1.006656  1.007839  1.009533  1.010645
CHANGE PRICE -0.000005  0.006661  0.007845  0.009538  0.01065
% CHANGE PRICE -0.000005  0.006661  0.007845  0.009539  0.01065
DOMESTIC PRICE 0.999975  1.023823  1.021241  1.017668  1.015192
IMPORTS ($BILLION) 2.305456 223349  1.977819 1475586  0.980136
CHANGE IMPORTS -0.000088  -0.161966  -0.417636  -0.91987  -1.41532
% CHANGE IMPORTS -0.000037  -0.067614  -0.174345  -0.384006  -0.590835
CAPITAL RENTAL RATE (BASE=100) 0.02122 0032092  0.054972  0.117888  0.203439
CNANGE CAPITAL RENTAL RATE -0.000021  0.010872  0.033752  0.096668  0.18222
% CHANGE CAPITAL RENTAL RATE -0.000977 0512361  1.500608  4.55561  8.587352
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3.2.2 Reformulated Gasoline:

ARB is also considering new Phase III regulations for reformulated gasoline. Such
regulations will require the petroleum industry to change inputs to production and/or retrofit
refineries. Although a preliminary draft of such regulations has been made publicly
available, no firm cost esti;;}?tes have been generated. In the preferred scenario for this
regulation, the effective capital sfock shrinks by 9.4 percent, operating costs rise (via
increased intermediate requirements) by 1.1 percent, and the elasticity of imports with
respect to domestic price is falls to zero. Given this parameterization, E-DRAM predicts
that Phase III regulations could reduce output and employment in the state’s petroleum
industry by approximately $274 million (1%) and 231 jobs (1%). For California as a
whole, the regulations may reduce real personal income by roughly $404 million (0.05%)
and employment by 3,389 jobs (0.02%). : i
3.2.2.1 Experiments 12 - 14: Increase Investment:

A rough assessment of Phase III regulations might characterize the new standards in
terms of increased annual expenditure by the petroleum industry and assume that all these
expenditures go toward more intermediate good purchases. Experiment 12 (labeled
PETROL1) in Table 4 below takes this basic approach, assuming that compliance with Phase
III regulations will require $523 million in before-tax additional annual operating costs by
the petroleum industry.” Modeling such expenditure as across-the-board increase in
intermediates is accomplished by setting REG1(‘PETRO’) to 1.024.2*** The code to run
this experiment appears immediately below.

* EXPERIMENT 12: INCR. ANNUAL OPERATING COSTS (VIA INTERMEDIATES) BY $523M
REG1(I,,CONCH’) = 1.0;
ETAM(CCONCH) = 1.5;
REG1(I,PETRO’) = 1.024;
A second way to mode] the requirements of Phase III regulations entails
distinguishing between compliance investment and operating costs. Assume the regulations

require $1 billion of investment by the petroleum industry and an additional $228 million in

22 Taxes are already incorporated into the model.
2 See section 3.1.2 for details on how to specify a non-uniform increase in input requirements.
 Dollar expenditure increases are translated into percentage increases in intermediate requirements by

dividing those dollar increase by the sum of industry I purchases over industry J goods as recorded in the
SAM.
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annual operating costs. This can be interpreted as 9.4 percént of existing capital stock
being diverted from refining to compliance activity and an across-the-board 1.1 percent
increase in spending on intermediate inputs.26 This approach corresponds to the “bomb”
scenario discussed in Section 3.1.3. It is executed using the code below. Corresponding
results are reported in column 4 (labeled PETRO2) of Table 4.

* EXPERIMENT 13: ELIM. .906 OF PETRO SECTOR K STOCK & INCR. * INTERMEDS. BY 0.011

REG1(I,PETRO’) = 1.011;
REG12(PETRO’) = 0.906;%

The third and most appealing method of modeling Phase III regulation also involves
distinguishing between compliance investment and operating costs. This approach,
corresponding to the “effective capital” rather than the “bomb” interpretation discussed in
Section 3.1.3, differs from the previous scenario only in its treatment of the investment
component of compliance costs. Rather than thinking required investment as a one-time
erosion of the base capital stock, we now model the regulation as diverting 0.094 of every
dollar invested from productive to compliance purposes. This interpretation is implemented
with the code below. Results are reported in column 5 (labeled PETRO3) of Table 4.

* EXPERIMENT 14: MAKE K STOCK OF PETRO SECTOR 0.906 AS EFFECTIVE
. & INCR. INTERMEDS. BY 0.011

REGI2(PETRO) =1;
REG13(PETRO") = 0.906;

%5 $228 million, a pre-tax figure, is used because intermediates are bought at pre-tax prices. Tax credits for
purchasers and tax revenue debit for sellers are all handled within the model.

*The 9.4 percent figure is derived by dividing $1 million by the capital stock of the CA petroleum industry
(this latter number is reported as $10.6 billion in the 1997 Census of Manufacturing as $10.6). Operating

costs have been converted to percentage increase in intermediate good expenditures as described in footnote
24.

211 -0.906 = 0.094 = 9.4%—See equation 4.3 in Section 3.1.3.
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Table 4: Reformulated Gasoline Experiments

mode! run

description

MODEL

SOLVER .

CA PERSONAL INCOME ($BILLION)

CHANGE CA PERS. INC.

% CHANGE CA PERS. INC.

CONSUMER PRICE INDEX (BASE=1)

CHANGE AGGREGATE CPI

% CHANGE AGGREGATE CPI

POPULATION (MILLION FAMILIES)

CHANGE POPULATION

% CHANGE POPULATION

WAGE INDEX (BASE = 100)

CHANGE WAGE INDEX

% CHANGE WAGE INDEX

LABOR DEMAND (MILLIONS)

CHANGE LABOR DEMAND

% CHNGE LABOR DEMAND

RETURN TO K INDEX (BASE=100)

CHNAGE RETURN TO CAPITAL INDEX

% CHANGE RETURN TO CAPITAL INDEX

CAPITAL STOCK ($100 BILLION)

CHANGE CAPITAL STOCK

% CHANGE CAPITAL STOCK

GROSS PRIV. INVESTMENT($BILLION)

CHNGE. GROSS PRIV INVESTMENT

% CHANGE GROSS PRIV. INVESTMENT
PETRO

OUTPUT ($BILLION)

CHANGE OUTPUT

% CHANGE OUTPUT

CAPITAL ($100 BILLION)

CHANGE CAPITAL

% CHANGE CAPITAL

JOBS (MILLIONS)

CHANGE JOBS

% CHANGE JOBS

PRICE (BASE=1)

CHANGE PRICE

% CHANGE PRICE

IMPORTS ($BILLION)

CHANGE IMPORTS

% CHANGE IMPORTS

CAPITAL RENTAL RATE (BASE=100)

CNANGE CAPITAL RENTAL RATE

% CHANGE CAPITAL RENTAL RATE

TODAY

LOC OPT
OPTIMAL
891.55414
-0.136282
-0.000153
0.999929
-0.000071
-0.000071
23.140787
-0.000549
-0.000024
99.973381
-0.026619
-0.000266
14.045159
-0.000746
-0.000053
99.999198
-0.000802
-0.000008
14.541822
-0.002212
-0.000152
68.618983
-0.01044
-0.000152

23.979113
-0.001325
-0.000055

0.026176
-0.000006
-0.000218

0.021983

0
-0.000014

0.999955
-0.000045
-0.000045

0.562809

-0.00004
-0.00007

0.068517
-0.000031
-0.000447
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PETRO1
Incr. operating

PETRO2
Elim. 0.094 of K

costs by 0.024 stock & incr. opp.

LOC OPT
OPTIMAL
890.66685
-0.887291
-0.000995
1.000203
0.000274
0.000274
23.135833
-0.004854
-0.000214
99.90706
-0.066321
-0.000663
14.037822
-0.007337
-0.000522
99.995493
-0.003706
-0.000037
14.528717
-0.013105
-0.000801
68.557143
-0.06184
-0.000901

23.374819
-0.604294
-0.025201

0.025526
-0.00065
-0.024833
0.021426
-0.000557
-0.025321
1.023045
0.02309
0.023091
0.583314
0.020505
0.036433
0.065075
-0.003443
-0.050245

costs by 0.011

LOC OPT
OPTIMAL
891.14265
-0.411488
-0.000462
1.000055
0.000126
0.000126
23.138491
-0.002296
-0.000099
99.942502
-0.030879
-0.000309
14.04176
-0.0034
-0.000242
99.997963
-0.001235
-0.000012
14.535616
-0.006207
- -0.000427
68.589696
-0.029287
-0.000427

23.695619
-0.283494
-0.011823

0.025801
-0.000375
-0.014333

0.021741
-0.000241
-0.010984

1.01063

0.010675

0.010675

0.572248

0.009438

0.01677

0.066823
-0.001694
-0.024728

PETRO3

Make K stock
only 0.906 as
effective & incr.
opp. cost by .11
LOC OPT

OPTIMAL
891.14235
-0.41179
-0.000462
1.000055
0.000126
0.000126
23.13849
-0.002297
-0.000099
99.942475
-0.030906
-0.000309
14.041757
-0.003402
-0.000242
99.998002
-0.001196
-0.000012
14.535601
-0.006221
-0.000428
68.589626
-0.029357
-0.000428

23.685405
-0.283708
-0.011831

0.025795
-0.000381
-0.014565

0.021743

-0.00024
-0.010918

1.010637

0.010682

0.010683

0.572254

0.009445

0.016782

0.066816
-0.001701
-0.024829



Comparing and contrasting results from policy simulations 12 through 14 yield the
following insights. First, comparing the outcome of experiment 12 (PETRO1) with those
of experiment 13 (PETRO?2), it appears that regulations raising annual operating costs are
more detrimental to the economy than those requiring capital investment. Second, |
comparing experiments 13 and 14 (PETRO3) implies that if capital investments are to be
made, it may be better to require that they be made all at once rather than on a continual,
incremental basis.

Looking more closely at results from experiments 12 and 13, we see that nearly all
the increase in operating costs are passed through to increases in the final price of
petroleum (both costs and price rise nearly 2.4% and 1.1% in experiments 12 and 13
respectively.) Experiment 12 suggests elasticities of output and employment in the
petroleum industry with respect to price (and the cost of intermediates) of roughly —1.2%
Changes in statewide economic indicators with respect to price change in the petroleum
sector are insignificant.

Experiment 14 lends itself to the intuitive interpretation that 9.4% each dollar
invested in the petroleum industry is dedicated to regulatory compliance, leaving 90.6% for
the production of saleable output. This “effective capital” setup is preferable to the one-
time investment/“bomb” setup because in the former, dollars spent on compliance scale up
(or down) with industry size and are an ongoing concern.

Using this specification, E-DRAM predicts that Phase III reformulated gasoline
regulations as currently parameterized can be expected to reduce output and employme}lt in
the California petroleum industry by approximately 1% each. This translates into roughly
$284 million less product and 240 fewer jobs. Regulation will lower the rate of return on
capital invested in that industry by about 2.5%, which in turn will lead to about a 1.5%
reduction in the industry’s capital stock. Prices in the sector can be expected to rise roughly
1%. Statewide, the consumer price index may rise, real personal income may fall, and

some jobs may be lost, but the relative size of these changes will be miniscule. Overall, the

% These results are much more plausible than the elasticities derived in experiments 1 and 2 in Sections
3.2.1.1 and 3.2.1.2 respectively, both involving the relatively tiny consumer chemicals sector. Note: the
petroleum industry is much more similar in size to other industrial sectors in the mode! than the consumer
chemical sector is.
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impacts of Phase III reformulated gas regulations on the California economy will be
negligible.
3.2.2.2 Experiments 15 —19: Trade Considerations Again

One final battery of tests are run to determine how sensitive results from the preferred
specification of Phase III reformulated gas experiment (PETRO3) are to trade
-considerations. As in Section 3.2.1.3, the import elasticity of the sector being regulated is
progressively reduced from its default setting of 1.5 to 0.5 in increments of 0.25—then
finally to zero.”” Looking at the results listed in Table 5, it is obvious that such
considerations mitigate the adverse economic impacts of regulation, but only slight, due to
the low base level of imports in that sector. Experiment 19, labeled PETRO3T4.5* is the
preferred scenario for modeling Phase III reformulated gasoline regulations. It combines
the appealing features of experiment 14 (PETRO3) with an import elasticity e
parameterization [ETAM(‘PETRO’)=0.0] that keeps imports right around pre-regulation
levels. Under this scenario, E-DRAM predicts that Phase III regulations could reduce
output and employment in the state’s petroleum industry by approximately $274 billion
(1%) and 231 jobs (1%). For California as a whole, the regulations may reduce real
personal income by roughly $404 million (0.05%) and employment by 3,389 jobs (0.02%).

% Experiments testing the sensitivity of results with respect to changes in parameter REG3 governing the base
level of imports are not conducted because petroleum is largely refined in state. What are imported are raw
inputs, which do not change significantly with regulation.
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Table 5: Reformulated Gasoline Experiments — Sensitivity to Import Elasticity

model run
description

MODEL

SOLVER

CA PERSONAL INCOME ($BILLION)

CHANGE CA PERS. INC.

% CHANGE CA PERS. INC.

CONSUMER PRICE INDEX (BASE=1)

CHANGE AGGREGATE CPI

% CHANGE AGGREGATE CPI

POPULATION (MILLION FAMILIES)

CHANGE POPULATION

% CHANGE POPULATION

WAGE INDEX (BASE = 100)

CHANGE WAGE INDEX

% CHANGE WAGE INDEX

LABOR DEMAND (MILLIONS)

CHANGE LABOR DEMAND

% CHNGE LABOR DEMAND

RETURN TO K INDEX (BASE=100)

CHNAGE RETURN TO CAPITAL INDEX

% CHANGE RETURN TO CAPITAL INDEX

CAPITAL STOCK ($100 BILLION)

CHANGE CAPITAL STOCK

% CHANGE CAPITAL STOCK

GROSS PRIV. INVESTMENT($BILLION)

CHNGE. GROSS PRIV INVESTMENT

% CHANGE GROSS PRIV. INVESTMENT
PETRO

OUTPUT ($BILLION)

CHANGE OUTPUT

% CHANGE OUTPUT

CAPITAL ($100 BILLION)

CHANGE CAPITAL

% CHANGE CAPITAL

JOBS (MILLIONS)

CHANGE JOBS

% CHANGE JOBS

PRICE (BASE=1)

CHANGE PRICE

% CHANGE PRICE

IMPORTS ($BILLION)

CHANGE IMPORTS

% CHANGE IMPORTS

CAPITAL RENTAL RATE (BASE=100)

CNANGE CAPITAL RENTAL RATE

% CHANGE CAPITAL RENTAL RATE

* indicates preferred scenario

PETRO3

Make K
stock only
0.906 as
effective &
incr. opp.
cost by .11
LOC OPT

OPTIMAL
891.14235
-0.41179
-0.000462
1.000055
0.000126
0.000126
23.13849
-0.002297
-0.000099
99.942475
-0.030906
-0.000309
14.041757
-0.003402
-0.000242
99.998002
-0.001196
-0.000012
14.535601
-0.006221
-0.000428
68.589626
-0.029357
-0.000428

23.695405
-0.283708
-0.011831

0.025785
-0.000381
-0.014565

0.021743

-0.00024
-0.010918

1.010637

0.010682

0.010683

0.572254

0.009445

0.016782

0.066816
-0.001701
-0.024829
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PETRO3T1
ETAM=1.25

LOC OPT
OPTIMAL
891.14368
-0.410465
-0.00046
1.000056
0.000127
0.000127
23.138494
-0.002293
-0.000099
99.942733
-0.030648
-0.000307
14.041759
-0.0034
-0.000242
99.998015
-0.001183
-0.000012
14.535645
-0.006177
-0.000425
68.589834
-0.029149
-0.000425

23.697064
-0.282049
-0.011762

0.025797
-0.000379
-0.014497

0.021744
-0.000238
-0.010849

1.01064

0.010685

0.010685

0.570677

0.007867

0.013979

0.066826
-0.001692

-0.02469

PETRO3T2
ETAM=1

LOC OPT
OPTIMAL
891.145
-0.409144
-0.000459
1.000057
0.000128
0.000128
23.138499
-0.002288
-0.000099
99.94299
-0.030391
-0.000304
14.041762
-0.003398
-0.000242
99.998028
-0.00117
-0.000012
14.535689
-0.006133
-0.000422
68.590041
-0.028942
-0.000422

23.698719
-0.280393
-0.011693

0.025798
-0.000378
-0.014428

0.021746
-0.000237
-0.010779

1.010642

0.010687

0.010687

0.569103

0.006294

0.011183

0.066835
-0.001682
-0.024552

PETRO3T3
ETAM=0.75

LOC OPT
OPTIMAL
891.14631
. -0.407826
-0.000457
1.000058
0.000129
0.000129
23.138504
-0.002283
-0.000099
99.943247
-0.030135
~ -0.000301
14.041764
-0.003395
-0.000242
99.99804
-0.001158
-0.000012
14.535733
-0.00609
-0.000419
68.590248
-0.028735
-0.000419

23.70037
-0.278742
*-0.011624
0.0258
-0.000376
-0.01436
0.021747
-0.000235
-0.01071
1.010644
0.010689
0.01069
0.567534
0.004724
0.008394
0.066845
-0.001673
-0.024413

PETRO3T4 PETRO3T4.5*

ETAM=0.5

LOC OPT
OPTIMAL
891.14763
-0.406512
-0.000456
1.000059
0.00013
0.00013
28.138508
-0.002279
-0.000098
99.943503
-0.029879
-0.000299"
14.041766
-0.003393
-0.000242
99.998053
-0.001145
-0.000011
14.535776
-0.006046
-0.000416
68.590454
-0.028529
-0.000416

23.702017
-0.277096
-0.011556

0.025802
-0.000374
-0.014292

0.021749
-0.000234
-0.010641

1.010647

0.010692

0.010692

0.565958

0.003159

0.005612

0.066854
-0.001663
-0.024276

ETAM=0.0

LOC OPT
OPTIMAL
891.15025
-0.403893
-0.000453
1.000061
0.000132
0.000132
23.138518
-0.002269
-0.000098
99.944012
-0.029369
-0.000294
14.041771
-0.003389
-0.000241
99.998078
-0.00112
-0.000011
14.535863
-0.005959
-0.00041
68.590865
-0.028118
-0.00041

23.705298
-0.273815
-0.011419

0.025805
-0.000371
-0.014157

0.021752
-0.000231
-0.010504

1.010651

0.010696

0.010697

0.562849

0.00004
0.00007

0.066873
-0.001644
-0.024001


https://ETAM=0.75
https://ETAM=1.25

3.2.3 A Comparison of Architectural Coating and Reformulated Gasoline

Experiments

E-DRAM predicts that new reformulated gasoline regulations will have a larger
impact on the California economy than proposals to lower the VOC content limit for certain
architectural coatings. A comparison of preferred scenarios CONCH2T4.5* in Table 2 and
PETRO3T4.5* in Table 5 suggests that tﬁe former will have roughly ten times the adverse
effect on California personal income and employment as the latter. This makes intuitive
sense when one considers that the petroleum industry is much larger that the consumer
chemical industry statewide. Industry specific results, in contrast, indicate that lowering
VOC limits and Phase III gasoline standards can be expected to reduce output and
employment in their respective regulated sectors by roughly 1%. Contrasting results across
experiments CONCH2T1-CONCH2T4.5* vs. PETRO2T1-PETRO2T4.5* highlights-the
importance of trade considerations. Imports account for a much larger share of output in
the consumer chemical industry than the in petroleum refining industry (roughly 76% and
2% respectively). Regulations that simply raise fhe cost of domestic vs. foreign production
have larger adverse impacts on more trade intensive sectors. As discussed in Sections 3.1.4
and 3.2.1.3 however, domestic regulation may reduce impoits as a result of compliance
issues. E-DRAM is thus behaving logically when it predicts that trade considerations (i.e.
reducing the elasticity of imports with respect to domestic relative to world price from 1.5
to 0.5) dampen the adverse economic impacts of regulations aimed at the import laden
consumer chemical sector much more than they mitigate the predicted negative economic

effects of regulations targeting the domestically dominated petroleum refining industry.

4 Conclusions:
In Accordance with Agreement 98-300, investigators at the University of California,

Berkeley have developed and demonstrated the implementation of E-DRAM—a
computable general equilibrium model suitable for Cal EPA/Air Resources Board’s use in
assessing the economic impacts of large-scale environmental regulations. This report
outlines features of that model developed to allow policy analysts to parameterize
regulations as some combination of price, cost, and investment requirements for target
industries. It also demonstrates the implementation of several such policy experiments and

suggests how to interpret their results.
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As arefined, well-calibrated CGE, E-DRAM is able to impart some sense of the
economy-wide implications of proposed environmental regulations missed by partial-
equilibrium analyses. In most cases, general equilibrium adjustments dampen the sector-
specific impacts of proposed regulations and the types of policies being considered seldom
significantly affect the California economy as a whole. Those using E-DRAM should keep
in mind, however, that the model reports equilibrium results. Initial reactions to regulation
and adjustment to a new equilibrium take time. During that time, sector-specific change
may not seem trivial to those directly involved.

Two lines of research for improving E-DRAM are worth special mention. First, the
extent to which trade flows react to environmental regulation has not been well studied.
Results of such research will shed light on how much adjustment of trade-related
parameters [REG3 — base import reduction, and ETAM - import elasticity with respeet to
domestic price in E-DRAM] is appropriate when attempting to assess the economic impacts
of domestic environmental regulation. Second, the new air pollution module could be more
fully integrated into the model. This can be done quite easily by further parameterizing

regulations in terms of the pollution (intensity) reduction they are expected to bring about.
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A Time Series Exploration of State Product, Pollution
Prevention Costs, and Pollution

Introduction

In both theory and in the data there is a relationship between Gross State Product (GSP), the
expenditures on pollution prevention capital (CAP), the operating costs of pollution
prevention equipment (OP) and the level of pollution presént (OZONE). The theoretical
nature of the relationship is that of a restricted cost function. The cost of preventing
pollution is a function of the level of output and the amount of pollution, as well as the
prices of the major inputs, labor and capital. The data are as yet too sparse to support this

level of generality, though some conclusions can be supported.

Data

There are three sources for this study. The Gross State Product is from the Department of
Finance. The operating and capital costs are from current industrial reports, Pollution
Abatement Costs and Expenditures, series MA200. These data only go back to 1973 and
data for 1987 was not collected. In the regressions, the 1987 value is linearly interpolated
from the adjacent years. The regressions use total cost (COST) which is the sum of real
operating costs plus 11% of the value of the capital stock. The capital stock variable was
formed by estimating the initial capital stock of pollution control equipment to be 20 times
the 1973 investment and assuming a depreciation rate of 5%. Pollution data is from ARB
and is the days above 1 hour ozone NAAQS. The data is from South Coast. An alternative,
but shorter series for ozone is described below. Though there is not a perfect match
between the pollution data and the économic data, the need for a long consistent series
dictates the use of South Coast, rather than statewide data. The data were all used after a
natural log transformation and the monetary data was deflated by the GDP deflator with a
1992=100 base. The number of data points available is too few to estimate a very general

model with any confidence. The passage of time will obviously change this situation.
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Estimation

The model is estimated with cointegrated vector auto regression (VAR). Cointegrated
VARs are regressions of the first difference of the variables on their levels and lagged value
of the first differences. The estimation process limits the inclusion of the lagged values ofl
variables to particular linear combinations of the variables. Those linear combinations are
cointegrating relationships and define the long run relationships among the variables. Tests
involving these cointegrating relationships provide evidence on the relations among

pollution, pollution abatement costs and GSP.
Following Engle and Granger (1987) the VAR model is written in error correction form as:

() Ayi= 0 + 1Ay + - + T1AY ek + Iy + &,

where y. is a column three-vector of the variables included in the study at time t, y, ="
(COST, GSP, OZONE). A indicates the first difference of variables (e.g., Ay; = ¥t - yi.1).
The I'; are matrices of parameters of the t-times lagged difference of y. ¥ are the
corresponding parameters. ¢ is a vector of constant terms. € is a vector of mean zero

errors. And IT is a parameter matrix containing information about the cointegrating vectors.

The parameters of (1) are estimated in a three-step statistical analysis. First, the number of
lagged difference terms to be included in the estimated equation is determined. One lagged
difference (the minimum) was included because each lagged difference uses 3 degrees of

freedom and there are only 22 observations on each variable.

Second, the rank of the cointegrating spaces in the models was determined. Preliminary
testing using augmented Dickey-Fuller tests strongly suggested that all the time series are
integrated of order one. There are two ways in which multiple I(1) variables can be made
stationary. First differencing all variables will make them stationary. It is also possible that
some linear combination or combinations of the variables will be stationary. For instance,
if pollution is proportional to GSP, at least in the long run, then pollution less the constant
of proportionality times GSP would be stationary. That is, the two variables do not drift
apart over time. Linear combinations of I(1) variables that are stationary are called

cointegrating relationships. The number of linearly independent cointegrating
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relationships, 1, is found by cointegration tests. Following Johansen and Juselius (1990),
the hypothesis of cointegration of rank r among the p (in this case three) series is the

hypothesis that the rank of ITis r:

@) | Hiy(r): I = of’

where o and 3 are pxr (and rxp) matrices of full rank. The elements of y; are cointegrated
when the rank r of the matrix IT is greater than zero but less than the number of endogenous
variables, p. In this formulation P is the matrix of coefficients for r stationary cointegrating
relationships f3’y:, which are interpreted as stationary relations among nonstationary
variables. It is known that y(t) tends toward the cointegrating space; as t becomes large,
y(t) satisfies each of the cointegrating relationships O= 3’y,. This is the sense in which
cointegration gives long run relationships among variables. The rates at which the variables
y adjust toward the cointegrating space is given by o. Some variables may adjust quickly

while others may not change at all.

Johansen and Juselius (1990)derive two useful tests for the hypothesis of r cointegrating
vectors. The first is a likelihood ratio test for the reduced rank of IT hypothesis calied the
Trace statistic. The null hypothests is: Hy: rank (IT) <1 (or, equivalently, that the system has
p-T unit roots) versus the alternative that the rank is greater than r. An alternative, called the
maximum eigenvalue test, computes the Amax Statistic, and is based on the ratio of th\e‘
likelihood of Hi(r) to Hy(r+1). The null hypothesis is that the rank of I is r or less while
the alternate is r+1 or less.. The asymptotic distributions of the rank and trace test statistics
are nonstandard, and depend on deterministic components included in the model.
Practically, determination of the cointegration rank is an iterative process where one starts
with the hypothesis of r=0 cointegrating vectors. If this test is rejected by either test at the
.90 significance level, the test is repeated for r =1, 2, ..., p-1 cointegrating vectors.

Otherwise the first accepted rank was the reported estimate.

A coinegrating rank of zero was rejected in favor of a rank of one, while a rank of one was
not rejected in favor of a rank of two. The L-Max test rejects a cointegrating rank of zero in

favor of a greater rank while the Trace test is close to rejection. Both tests reject a
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cointegrating rank greater than one. Therefore we analyzed the system with the

cointegrating rank set to one.

A rank of one means that there is one long run relationship among the variables. That

relationship is expected because output increases pollution while expenditure decreases it.

The relationship is

3) In(COST) = .490 In(GSP) - 0.242 In(OZONE).

The signs in this relationship are as expected. An increase in State product, pollution
constant, increases the cost of pollution control. A one percent increase in GSP increases
pollution control costs by only %2 percent. An increase in pollution, GSP constant,
decreases the cost of pollution control. A reduction of the ozone level from .16 ppm to .12
ppm, for instance (a 25% decrease) would increase control costs by about 7%. While there
is certainly a relationship of this type in the data, long run exclusion tests show that it is not
possible to reject, at the 10% level, the exclusion of either pollution or GSP from the
relationship. The relation between OZONE and the other two variables is known with

particularly little precision.

Third, the nature of the adjustment was investigated by running a test for weak exogeneity.
The test was for GSP to be weakly exogenous, which would mean that the other two
variables in the system would do all the adjusting to equilibrium. That was rejected.

Therefore OZONE and COST help determine the GSP.

For completeness, the IT matrix was:

IT Matrix COSTR GSPR OZONE
COST -0.734* 0.360* -0.178*
GSP -0.339* 0.166* -0.082*
OZONE -0.586 0.287 -0.142

where an * indicates the coefficient is asymptotically different from zero at the 95% level

and yR is a model] of the single lagged dependent variable matrix, I'; and a constant term.

Lagged Variables COST GSP OZONE
COST 0.250 0.712 -0.016
GSP 0.243 0.437 0.062
OZONE 1.317 -1.186 -0.246

(none significant)
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The constant terms were.

op 1.734*
GSP 817*
OZONE 1.377

An Alternative Series

We also carried out the analysis using a shorter, but consistently measured time series. The
series used was the mean of the highest 20 of the basinwide daily maximum ozone
concentrations in each year. The series is only used from 1978 to 1994 for two reasons.
First, the earlier years did not use the standard ultra-violet absorbtion method, which is
superior to the older Potassium Iodide colorimetric method. The older method is biased
compared to the UV method. Second, some key sites did not begin operation until 1978.
Examples include Azusa, Burbank, and Reseda. Glendora, a major site throughout the
1980’s did not begin operations until 1981. Nevertheless, the 1978 to 1998 period is

appropriate.

Using the 1978-1994 sample, the trace and L-max tests both reject no cointegration and fail
to reject 1 (1 or more) cointegrating relationship, so the rank of wis set to 1. The

cointegrating vector is:

Cointegrating Vector

Variable COSTR GSPR | LOZONE
Coefficient 1.000 -0.719 | -0.630
asymptotic t 8 34° 3.3

This estimated equation has no significance for the variable for cost and the wrong sign for
the variable ozone. Increasing ozone concentrations should be associated with lower, not
higher costs. In this equation the higher quality of the ozone data seems to have been
overcome by the sensitivity of the analysis to a shorter series length. It is also possible that

the 3 year moving average form of the ozone variable is superior as a predictor of cost.

This completes the description of the model
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Conclusion

This paper demonstrates that it is (just barely) feasible to estimate a time series model
including pollution, the costs of pollution control, and GSP. There is certainly a
cointegrating relation among these three series, though it is difficult to estimate the
contribution of pollution to that relation with any precision. Similarly, the short-run
dynamics, particularly those determining OZONE, are not known with precision. Since

OZONE is a decision variable, this last point is not disturbing.

The equations do not allow for drift in the cointegrating space. Drift would account for a
switch from pollution intensive to "green" activities in GSP. The choice of GSP is also
arbitrary. It excludes the benefits of cleaner air. A broader measure of welfare including

air quality could lead to standards increasing welfare, rather than standards decreasing GSP.

As the data series available for time series modeling becomes longer, these techniques will
provide increasingly accurate measurements of the effect of regulation on GSP and other

variables of interest, like employment.
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APPENDIX A: LITERATURE REVIEW
for
A Methodology for Assessing the Economic Impacts of Large

Scale Environmental Regulations

1 Introduction

The nature of the relationship between environmental regulation and economic welfare is
inherently complex. The popular notion that environmental protection and economic health
are fundamentally incompatible goals is widely regarded as overly simplistic. While it is
true that environmental regulations impose static costs on regulated firms, this is not the
whole story. The dynamic effects and broader welfare implications of environmental
regulation must also be considered. What are the benefits stricter environmental
regulations? How do environmental regulations influence innovation and the investment
decisions of firms? How much of a factor is the stringency of environmental
regulation/quality in firms’/people’s location decisions? How are these relationships
changing over time? The investigation of these and related questions in several strands of

the professional economic literature is reviewed below.

1.1 National models

Many studies investigate the aggregate relationship between environmental regulation and
economy performance. A good example of such work is Boyd and Uri (1990) which
provides a useful estimate of clean air costs at the national level. It uses a Shoven and
Whalley calibration-type computable general equilibrium model (CGE) to estimate the cost
of complying with President George Bush’s Clean Air Plan proposal of 1989.%° The
proposal included cutting SO, emissions by 50%, attaining existing health standards for
ozone and carbon monoxide nationwide, and cutting the release of suspected carcinogenic
toxic compounds by 75-90%. The model consists of twelve production sectors, thirteen

consuming sectors, six household categories classified by income, a government sector, and
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rest of world (ROW). Experimental runs based on government-generated estimates of the
various price and tax hikes necessary to induce compliance compare costs under both
command-and-control and tax inducement scenarios. Under the regulation scheme, they
estimate production dropping by .096 percent, consumer prices rising by .244 percent, and
an aggregate utility loss of 0.347 percent. Under the market tax scenario, output falls by
0.075 percent and aggregate utility losses totaling 0.12 percent are “almost completely

offset by increases in government revenue.” (Ibid., p. 1177)

Jorgenson and Wilcoxen (1990) investigates the coincidence of laggard economic growth
and the “advent of environmental regulation” in the U.S. over the period 1973 to 1985. As
motivation, they cite that the average annual growth rate over that period was 2.5 percent as
compared to 3.7 percent from 1947 to 1973.>' To facilitate their analysis, the authors
construct a simulation model with 35 industries (one being government) and a consﬁ—r;iér
sector. Production equations utilize econometrically estimated input-substitution
parameters to allow regulation-induced substitution between inputs to occur as realistically
as possible. Consumers have perfect foresight. Estimates of the cost of environmental
regulation are computed via simulations that subtract out industry-reported operating and
investment costs of compliance as well as motor vehicle emissions control costs. The
elimination of such costs frees up capital for productive investments. Not surprisingly, the
relatively capital intensive, “dirty” industries benefit most in these simulations. Results of
the study indicate that between 1973 and 1985 environmental regulations created an annual
growth rate drag of .191% that reduced the level of GNP by 2.59%.>? The authors up front
admonition that they “have not accounted for consumption benefits resulting from
environmental cleanup or production benefits associated with pollution abatement” (Ibid.,

p. 314) should be kept in mind.

Hazilla and Kopp (1990) stresses the importance of using social welfare measures rather

than private compliance costs and dynamic general equilibrium models rather than static

At the time, this proposal was serving as the basis for draft amendments to the Clean Air Act.

3Not only does the more recent period coincide with increased oil prices that the authors fairly point out, but
their basis of comparison includes the post war boom years.

32The overall growth drag estimate breaks down as follows: operating costs slowed annual growth by .034%,
start-up plant investment requirements dragged it down another .074%, investments required to retrofit
existing plants cut an additional .026%, and motor vehicle emissions regulations slowed it another .051%.
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partial equilibrium ones when conducting cost benefit analysis. Using a Hudson-Jorgenson
econometric (vs. Shoven and Whalley calibration) type general equilibrium model Hazilla
and Kopp estimate the compensating variation of federal air and water pollution control
regulations in 1975 to be $6.8 billion vs. EPA’s private cost estimate of $14.1 billion. The
authors cumulative cost estimate for 1981to 1990 is $977 billion as compared to EPA’
$648 billion. Their results demonstrate that general equilibrium social costs can be below
or above private costs. They also highlight that the former increases relative to the latter
over time because regulation-induced price increases raise the cost of consumption relative
to leisure. This in turn slows the rates of savings and thus investment and growth. Capital
intensive and relatively “dirty” industries, i.e. eléctric utilities, motor vehicles, crude
petroleum and natural gas, primary metals, and chemicals and allied products suffer direct
productivity losses, price increases, and 6utput reductions. These effects ripple through to
other industries in the form' of higher factor prices. Hazilla and Kopp end with the
suggestion that the intertemporal general equilibrium framework be expanded to

incorporate benefit estimation.

Boyd, Krutilla and Viscusi (1995) explicitly incorporates the benefit side of CO, reductions
in a computable general equilibrium model of energy taxation. Drawing on cost-benefit
and regulatory analyses coordinated by the U.S. Environmental Protection Agency (EPA),
the authors estimate average total damage per unit of pollution. These estimates assume a
linear damage function and include harm from auto emissions, particulate matter, sulfur
oxides, ozone depletion, and visibility loss caused by coal, oil and natural gas energy
sources. Upon aggregation, these estimates produce low, medium, and high estimates of
total environmental damages from fossil fuel consumption in the U.S. of 0.2, 2.0, and 4.0
percent of GNP respectively. These exogenous estimates of damage by source are then
used in conjunction with a policy simulation taxing fuels (domestic and imported) in
proportion to their carbon content. The simulation framework is a CGE model with
fourteen production, six household, a government and foreign sectors.”® The model is run
twice with alternate assumptions about the degree of substitutability (low vs. high) between

intermediate goods (including energy) and the three primary factors of production (land,

 The authors make a strong case for using general over partial equilibrium analyses. The former capture
market/price impacts that latter, often in the form of “bottoms up” engineering cost estimates, ignore.

37



labor, and capital). Throughout, the authors maintain the assumption that carbon tax

revenues will not be used to lower other taxes.

The upshot of Boyd, Krutilla and Viscusi (1995) is that once associated damages are taken
into account, energy is underpriced. The degree to which this is the case is more sensitive
to damage than substitution estimates although the latter markedly reduce the non-linearity
of the welfare cost of compliance curve. Assuming low substitution, the optimal (no-
regrets, i.e. zero welfare change) reductions in CO, emissions are about 5 (8), 12 (20), and
15 (27) percent for low, medium, and high damage estimates respectively; corresponding
tax rates are 20 (33), 46 (75), and 57 (97) on coal.’ 4 Imposing optimal taxes under the LS
scenario, welfare levels rise by $1.1billion, $8.8 billion (0.2 percent), and $21.1 billion
(0.47 percent), again depending on which damage estimates are used Under the hlgh
substitution (HS) scenario, costs of achieving any given reductlon are lower and the -
benefits are higher due to substitution away from coal. The optimal (no-regrets) use
reductions are 11 (21), 29, 38 (64) percent with corresponding tax rates between 24 (37)
and 70 (117) percent. Depending on the damage estimates used, optimal taxes under the HS
scenario increase welfare by $2.1billion, $24.1 billion (0.54 percent), and $59.3 billion
(1.32 percent). According to the latter (HS) simulation, the cost of reducing CO, emissions
by 50 percent is approximately $62 billion, or 1.4 percent of national welfare. According to
the authors, previous models incorporating market effects commonly put costs of the same
at 1 to 3 percent of GNP and the mean welfare cost across nine studies completed as of

1991 was around 3.5 percent.

1.2 Competitiveness Considerations

Concerns about domestic economic growth are inextricably tied to those about international
competitiveness. Jaffe et. al. (1995) provides a good summary of the links between
environmental regulation and the competitiveness of U.S. manufacturing industries.
Reviewing the relevant literatures, they find that environmental regulation has no
significant effect on net exports. Although international trade patterns suggest the

migration of “dirty” industries to less developed countries, there is little evidence that this

3 Corresponding tax levels for oil and natural gas are set in proportion to their carbon content relative to coal,
amounting to 53 and 26 percent of the coal tax level respectively.
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can be attributed to their relatively lax regulatory regimes rather than their progression
through standard stages of development. Similarly, data on foreign direct investment does
not indicate significant capital flight due to environmental regulation. Labor costs, market
access and presence of established industrial bases are overriding considerations for

companies investing abroad.

Studies reviewed in Jaffe et. al. (1995) do, however, tend to suggest that excessive
environmental regulation can have negative productivity effects.’ 5 It is within this context
that the comparative cost-effectiveness of market based incentives vise-a-vise performance
or technology standards is stressed. Concerning the Porter hypothesis, which posits that
environmental regulation may actually spur growth via innovation, Jaffe et. al. feel that
speculation and anecdotai support outweighs hard empirical evidence to date. Among its
overall conclusions, Jaffe et. al. (1995) states that, “Overall there is relatively little evidence
to support the hypothesis that environmental regulations have had a large adverse effect on
competitiveness, however that elusive term is defined.” (Ibid., p. 157) The authors, like
most of those cited in Section 2.1 above also admit they have not considered the welfare
benefits of environmental regulation and point out that “pollution control can reduce labor

costs and enhance competitiveness in some locations under certain conditions.” (Ibid., p.
158)

Stephan (1995) appafently captures just such a competitiveness effect by building dynamic
CCE in with vertically aggregated production. What this feature does is make capital
stocks evolves incrementally rather adjust instantaneously. Technology change is thus
sluggish and path dependent. Other aspects of the model are sparser; there are three regions
(Northern Europe, Southern Europe and ROW including the U.S. and Japan) each of which
uses labor along with capital and environmental services to produce its own distinct
commodity for production and/or trade. The model begins in 1973 and has six periods. The
initial period is seven years; the rest are five years each. Baseline assumes no change in
environmental regulations and annual growth rates for ROW/Northern Europe/Southern
Europe of approximate 4.5/3.0/1.5 percent. A second scenario requires that from 1980 on,

end-of-pipe emissions be cut 95 percent.

35 Biorn et. al. (1998) cites additional studies with similar conclusions.
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Without specifying further how the three regions’ economies differ, Stephan reports that
under the emissions reduction scenario, Northern Europe’s GNP grows faster while GNP in
the other two regions grows slightly slower than in the base case. He explains as follows.
In the short run, Northern Europe imports inputs and goods, (de facto exporting enﬁssions)
because they can’t meet environmental regulations quick enough otherwise. In the
medium-to-long run, as investment in abatement technology (that is more efficient that end
of pipe reduction) comes on line, environmental compliance costs actually fall below what

they are in the base case. The results of this study hinging on the relative

2 Mechanisms by which Environmental Regulations Effect the Economy and
Competitiveness

2.1 Innovation

As discussed above, what has become know as the Porter hypothesis [Porter 1991, Porter
and van der Linde (1995)] asserts that stricter environmental regulation induces firms to
innovate, i.e. come up with new, cleaner and perhaps even cheaper methods of production.
By extension, countries with stricter regulations can become net exporters of the induced
environmental technologies. Porter and van der Linde (1995) like Jaffe et. al. (1995), stress

the attractiveness of market incentives over emissions targets over technology standards.

Jaffe and Palmer (1997) criticize the ambiguity of the Porter hypothesis, showing how it is
open to alternately “narrow”, “weak”, and “strong” interpretations. According to Jaffe-and
Palmer, the narrow interpretation is simply that particular types of environmental
regulation, i.e. those that emphasize outcomes over processes induce innovation. The weak
interpretation is that firms constrained by environmental regulation must do things
differently and therefore innovate. The strong interpretation is that such innovation leads to
increased profits. [Jaffe and Palmer point out the theoretical impossibility of a constrained
optimum being greater than an unconstrained one; referencing Schmalensee (1994), they
stress that the true opportunity cost of R&D funds dedicated to environmental compliance

may be their diversion from more profitable R&D projects.]

Implying that the Porter hypothesis is too vague to test formally, Jaffe and Palmer (1997)

sets out to summarize statistical evidence concerning the relationship between pollution
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control expenditure and innovative activity in U.S. The study’s conclusions are mixed: it
finds a positive, statistically significant relationship between relevant compliance costs and
R&D expenditure but no statistically significant relationship between the former and
ﬁatents issued.*® In light of: i) its own results, ii) those of Lanjouw and Mody (1993)
indicating a positive relationship between environmental compliance costs and related
patents internationally, and iii) those of other studiee indicating that environmental
regulations are detrimental to productivity, Jaffe and Palmer (1997) leaves the definitive
relationship between productivity and (R&D inducing) environmental regulations an open

question.37

Heavily influenced by the engineering literature’s recognition that the best hope for
pollution reduction is improved technology, Carraro and Galeotti (1997) investigate the
effects of subsidizing R&D versus technology adoption. Relevaﬁt policy simulatioﬁe—él-re
run using WARM (world assessment of resource management), an econometric general
equilibrium model for the European Union and its member countries. Two noteworthy
features of WARM are that it explicitly models technological progress and the amount of
emissions generated by various economic activities (predominantly production and
consumption involving fossil fuels). The results of Carraro and Galeotti’s simulations
indicate that subsidizing environmentally friendly R&D or technology adoption — both
policies designed to stimulate technological progress directly — can achieve environmental

protection while improving economic growth and competitiveness over the base case.”®

2.2 Investment

Gray and Shadbegian (1998) investigates possible linkages between environmental
regulation and firms’ investment decisions. Using data on the U.S. paper industry from

1972 to 1990, the authors find three things. First, plants in states with tougher

38 Scott (1997) presents corroborating evidence of the first point, finding that Title III of the Clean Air Act, by
signaling the government’s commitment to evolving standards, induced increases related R&D expenditures
by large firms engage in Schumpeterian R&D rivalry.

37 In related work, Jaffe and Stavins (1995) develops a framework for measuring the degree to which alternate
environmental policy instruments induce technology dispersion. In empirical application, they find that
subsidizing technology adoption is superior to both Pigouvian taxes and regulatory standards.

3% In the simulations, it mattered little whether revenues to fund the subsidies raised through direct or indirect
taxation.
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environmental standards use cleaner technologies. Further, mills in states with tougher air
(water) regulations avoid the most air (water) polluting technologies. Second, there is small,
marginally significant negative correlation between state’s environmental regulatory
stringency and investment in mills in that state. Third, abatement investment crowds out
productive investment. Although mill investment is lumpy overall, i.e. abatement
investment and productive investment tend to be made together to minimize production
stoppage, the former significantly ‘crowds out’ the latter. This effect is strongest within
firms, indicating that companies with multiple mills tend to shift investment toward ‘low-
abatement-cost’ plants.*® Beladi and Frasca (1996) presents a corroborating model in which

foreign capital flows out of the country that tightens environmental standard.

2.3 Location Decisions

According to Jaffe et. al. (1995) the bulk of research on domestic firms echoes the findings
of work international firms discussed above, indicating that the relative stringency of states’
environmental regulations has little to no significant influence of on plant location
decisions. Studies not covered in Jaffe et. al. (1995) present more mixed results. Deily and
Gray (1991) reports that U.S. steel mills facing stricter air pollution enforcement are more
likely to close.*” Henderson (1996) indicates that polluting industries in the U.S. tend to
migrate from nonattainment (polluted) to attainment (initially less polluted) areas in
attempts to avoid regulatory scrutiny. Gray (1997) finds a significant negative relationship
between the stringency of a state’s environmental regulations and the opening of new plants
in that state. In contrast, the results of Biorn et. al. (1998) show that Swedish
establishments under strict environmental regulation are one-third less likely to close than
establishments that are not. Unable to explain their results, Biorn et. al. suggest the Porter

hypothesis as partial rationalization.

As mentioned in Jaffe et. al. (1995) there are plausible links between environmental quality

and lower labor costs and/or higher firm productivity. Arguments along the latter line, i.e.

3 Regressing productive investment on abatement investment with (without) firm dummies indicates 188-(99)
percent crowding out. Regressing total investment on abatement investment also indicate that abatement
spending lowers productive spending more than one-for-one.

0 The same study also contends that regulatory enforcement action is less probable against mills that are
likely to close and/or are major local employers
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that environmental quality may be a direct, positive input to I?Peen largely
confined to theoretical discussion [see Roback (1982), Mathes)] and are

generally overshadowed by empirical studies of the negative then

F environmental regulation and productivity discussed in greateli‘here is
strong theoretical and empirical evidence, however, that peopléaccept lower

wages in order to live in “nicer”, healthier environments — the grawn to

such areas [see Roback (1982), Henderson (1982)]. Firms seelych workers
_' and capitalize on lower labor costs may be drawn to high amenj] [see Knapp
oo and Graves (1989), Gottlieb (1995)].

3 Policy and Modelling Issues

3.1 Choice of Policy Instruments

Much of the literature on the economic costs of environmental psses the need
for flexible regulation. Market-based incentives like a pollutiongred to rigid

emissions or technology standards on strict efficiency grounds. leanup firms
that can do so cheaply while allowing emissions (at a price) by fth cleanup is

too costly. The main deficiency of price-based environmental reywever, are

that they cannot guarantee given quantities of emissions (reductiqrds provide
more precise quantity regulation, but inefficiently require uniforne by all firms,
regardless of cost structure. If regulators have little information and

compliance costs are likely to be variable and/or highly nonlineared by Boyd,

\ Krutilla and Viscust 1995)], price based regulation is preferred. Vion damages

| are more uncertain and likely to exhibit severe threshold effects [al in Stephan
(1995)], quantity standards look more attractive.*! Theoretically, trmit schemes
offer an attractive mix of quantity control and price flexibility; in fough, they can

be tricky to implement.

There are other policy instruments to consider as well. Although the on direct

technology subsidies is relatively scant to date, the work of Carrarootti (1997)

I See Weitzman (1974) for the classic presentation of price vs. quantity theory.
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discussed above looks promising. There also seems to be a growing interest in information
based compliance schemes. U.S. EPA programs such as the toxic release inventory (TRI)
that simply requires firms to make their polluting activities publicly known seem to be

inducing at least some firms to clean up their acts [see Cohen (1997)].

3.2 The double dividend question

In most policy simulations of environmental regulation, some form of pollution tax is the
policy instrument of choice. This immediately raises the issue of what is to be done with
the revenues raised from such a tax. Boyd, Krutilla and Viscusi (1995) explicitly assumes
that revenue generated from carbon taxation is just added to the government’s budget. The
authors acknowledge that this simplification makes their benefit estimates conservative.
Boyd and Uri (1990), like most other studies, makes the same assumption implicitly and
without similar acknowledgement. Overlooking the so-called double dividend of eco-taxes
misses one of their most attractive properties though — that revenues raised by addressing
one market failure can be used to reduce distortionary taxes (or subsidies) elsewhere. This
point is discussed most recently by de Mooij and Bovenberg (1998) and Mabey and Nixon
(1997). Edwards (1996) provides an empirical example. His simulation predicting that
cutting CO, emissions by 20 percent in Japan could cost as little as 0.1 percent of GNP
hinges critically on new carbon taxes replacing current subsidies to domestic coal. Pireddu
and Dufournaud (1996) entertains the possibility of incorporating eco-taxes in Italy that

could reduce energy consumption without raising taxes overall.

3.3 Substitution effects

Another important consideration in modeling the economic impacts of environmental
regulations is the degree of flexibility in production and consumption. On the production
side, the ease with which regulated inputs (e.g. carbon heavy energy or “dirty” intermediate
goods) can be replaced with additional labor and/or other forms of capital will largely
determine how costly regulations turn out to be. This is precisely why Boyd, Krutilla and
Viscusi (1995) run alternate simulations based on low and high degrees of input

substitution. On the consumption side, the degree to which people are willing to substitute
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relatively “clean” goods and services for regulated ones will influence the composition of

aggregate output as noted by Boyd and Uri (1990).

Thinking hard about substitutability in production and consumption naturally leads to
consideration of dynamics and adjustment cost. Substitutability in production processes is
a function of technology. Substitutability in consumption is a matter of taste. Both
technology and tastes change over time; assumptions (implicit or explicit) about the speed

at which they do so will have large impacts on calculations of the money and welfare costs

of environmental regulation.

4 Conclusions

The literature on the relationship between environmental regulation and economic welfare
is long and diverse. What we have attempted here is a summary of its major conclusions
and an explanation of the considerations that tend do drive these results. That
environmental regulations impose direct costs on firms in a static context is intuitive and
well understood. The benefits of environmental regulation are harder to systematically
catalogue and quantify. Dynamic and indirect relationships between environmental
regulation and economic vperformance are even more difficult to capture fully. Linkages
between environmental regulation and innovation, investment, and location decisions
appear critical. How and how quickly production technology and consumer tastes change
are fundamentally relevant policy questions with few solid answers. Those attempting to
systematically model the long-term effects of major environmental regulations should keep

all of these issues in mind.
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APPENDIX B: E-DRAM CODE

$TITLE DYNAMIC REVENUE ANALYSIS MODEL - edram999
$ONTEXT
INDEX TO MODEL SECTIONS

1. OVERALL SETTINGS FOR GAMS AND OUTPUT FILE
1.1 CONTROLS PLACED ON OUTPUT GENERATION
1.2 SET UP FILE FOR SOLUTION VALUES

2. SET DEFINITION
2.1 EXPLICIT SET DECLARATION
2.2 ALIASES

3. PARAMETERS AND EXOGENOUS VARIABLES
3.1 SOCIAL ACCOUNTING MATRIX, CAPITAL COEFFICIENT MATRIX AND PARAMETERS
3.2 PARAMETER DECLARATION
3.3 CALCULATIONS OF PARAMETERS AND INITIAL VALUES

4. VARIABLES
4.1 VARIABLE DECLARATION
4.2 INITIALIZATION OF VARIABLES
4.3 REMOVING TRACE NUMBERS FOR COMPUTATIONAL PURPOSES s—
4.4 SETTING COMPUTATIONALLY USEFUL BOUNDS ON VARIABLES (TO HELP THE SOLVER)

5. PRE-MODEL CHECK OF PARAMETERS AND INITIAL VALUES OF VARIABLES
5.1 PRINTING CALCULATED PARAMETERS AND EXOGENOUS VARIABLES
5.2 SAVING INITIAL VALUES FOR VARIABLES

6. EQUATIONS

6.1 EQUATION DECLARATION

6.2 EQUATION ASSIGNMENT
6.2.1 HOUSEHOLDS
6.2.2 PRODUCERS
6.2.3 TRADE
6.2.4 INVESTMENT
6.2.5 LABOR SUPPLY AND MIGRATION
6.2.6 HOUSEHOLD INCOME TAXATION
6.2.7 GOVERNMENT
6.2.8 MODEL CLOSURE

6.2.9 MODEL CLOSURE USING FIXED VALUES (COMPUTATIONALLY MORE EFFICIENT THAN EQDATIONS)
6.2.10 POLLUTION

7. SOLVE AND OUTPUT PREPARATION
7.1 MODEL FORMULATION
7.2 TAX EXPERIMENT LOOP
7.3 PUT RESULTS INTO OUTPUT FILE

SOFFTEXT
*

* 1. OVERALL SETTINGS FOR GAMS AND OUTPUT FILE

*

* 1.1 CONTROLS PLACED ON OUTPUT GENERATION

*

$OFFSYMLIST OFFSYMXREF

* OPTIONS SYSOUT=OFF, SOLPRINT=OFF, LIMROW=0, LIMCOL=0;

*

* 1.2 SET UP FILE FOR SOLUTION VALUES

*

* FILE RES /arbtest] RES/;
FILE RES /arbtest2. RES/;
* FILE RES /arbtest3.RES/;
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RES.PW = 300; RES.ND =6; RES LW = 13;
RES.NW = 13; RES.LJ = 1; PUT RES;

*

* 2. SET DEFINITION

*

*2.1 EXPLICIT SET DECLARATION
*

SETS Z ALL ACCOUNTS IN SOCIAL ACCOUNTING MATRIX /

AGRIC INDUSTRY AGRICULTURE

ENMIN INDUSTRY ENERGY MINING

OTHPR INDUSTRY OTHER PRIMARY

CONST INDUSTRY CONSTRUCTION

FOODS INDUSTRY FOOD MANUFACTURING

TOBAC INDUSTRY ALCOHOL TOBACCO AND HORSERACING
APPAR INDUSTRY APPAREL

MFRCO INDUSTRY CONSTRUCTION ORIENTED MANUFACTURING
PAPER INDUSTRY PAPER PRINTING PUBLISHING

CHEMS INDUSTRY CHEMICALS RUBBER PLASTICS

CONCH INDUSTRY CONSUMER CHEMICALS

PETRO INDUSTRY PETROLEUM

ELECT INDUSTRY ELECTRONIC TECHNOLOGY

AEROS INDUSTRY AEROSPACE

MOTOR INDUSTRY MOTOR VEHICLES

ENGIN INDUSTRY COMBUSTION ENGINES

OTHMA INDUSTRY OTHER MANUFACTURING

TRANS INDUSTRY TRANSPORTATION

COMMU INDUSTRY COMMUNICATION

UTILI INDUSTRY UTILITIES

WHOLE INDUSTRY WHOLESALE

RETAI INDUSTRY RETAIL

BANKS INDUSTRY BANKS AND OTHER CREDIT INSTITUTIONS
INSUR INDUSTRY INSURANCE

REALE INDUSTRY REAL ESTATE

OFIRE INDUSTRY OTHER FINANCE INSURANCE AND REAL ESTATE
BSERV INDUSTRY BUSINESS SERVICES

HEALT INDUSTRY HEALTH

ENTER INDUSTRY ENTERTAINMENT

OSERV INDUSTRY OTHER SERVICES

LABOR INDUSTRY FACTOR LABOR

CAPIT INDUSTRY FACTOR ALL OTHER FACTORS COMBINED AS CAPITAL
CFOOD COMMODITY FOOD AND BEVERAGE

CHOME COMMODITY SHELTER

CFUEL COMMODITY FUEL AND UTILITIES

CFURN COMMODITY HOUSEHOLD FURNISHING AND OPERATION
CCLTH COMMODITY APPAREL AND ITS UPKEEP

CTRNS COMMODITY TRANSPORTATION

CMEDS COMMODITY MEDICAL CARE

CAMUS COMMODITY ENTERTAINMENT

COTHR COMMODITY OTHER GOODS AND SERVICES

HOUSO HOUSEHOLD 0.0 PERCENT MARGINAL CA PIT

HOUS1 HOUSEHOLD 1.0 PERCENT MARGINAL CA PIT

HOUS2 HOUSEHOLD 2.0 PERCENT MARGINAL CA PIT

HOUS4 HOUSEHOLD 4.0 PERCENT MARGINAL CA PIT

HOUS6 HOUSEHOLD 6.0 PERCENT MARGINAL CA PIT

HOUS8 HOUSEHOLD 8.0 PERCENT MARGINAL CA PIT

HOUS9 HOUSEHOLD 9.3 PERCENT MARGINAL CA PIT UNDER 200K
HOUSH HOUSEHOLD 9.3 PERCENT MARGINAL CA PIT OVER 200K
INVES INVESTMENT

FTSOC GOVERNMENT FEDERAL TAX  SOCIAL SECURITY
FTPIT GOVERNMENT FEDERAL TAX PERSONAL INCOME TAX
FTPRO GOVERNMENT FEDERAL TAX  PROFITS

FTDUT GOVERNMENT FEDERAL TAX DUTY

FTMSC GOVERNMENT FEDERAL TAX  MISCELLANEOUS
CTHHS GOVERNMENT CALIFORNIA TAX  VARIOUS HOUSEHOLD TAXES
CTBOZ GOVERNMENT CALIFORNIA TAX  ALCOHOL TAXES
CTCIG GOVERNMENT CALIFORNIA TAX  CIGARETTE TAXES
CTHOR GOVERNMENT CALIFORNIA TAX HORSE RACING
CTEST GOVERNMENT CALIFORNIA TAX  ESTATE TAXES
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CTTRL GOVERNMENT CALIFORNIA TAX  TRAILER FEES

CTLIC GOVERNMENT CALIFORNIA TAX MOTOR VEHICLE LICENSE FEES

CTIDIE GOVERNMENT CALIFORNIA TAX  DIESEL FUEL TAXES

CTREG GOVERNMENT CALIFORNIA TAX MOTOR VEHICLE REGISTRATION FEES
CTMSC GOVERNMENT CALIFORNIA TAX MISCELLANEOUS

CTINS GOVERNMENT CALIFORNIA TAX  INSURANCE GROSS PREMIUM TAX
CTGAS GOVERNMENT CALIFORNIA TAX  GASOLINE FUEL TAXES '
CTSAU GOVERNMENT CALIFORNIA TAX  SALES AND USE TAXES

CTBAC GOVERNMENT CALIFORNIA TAX
CTLAB GOVERNMENT CALIFORNIA TAX

BANK AND CORPORATION TAX
LABOR TAXES UI AND WORKERS COMP

CTPIT GOVERNMENT CALIFORNIA TAX PERSONAL INCOME TAX
CTRGU GOVERNMENT CALIFORNIA TAX REGULATORY LICENSES AND FEES
CTSVC GOVERNMENT CALIFORNIA TAX  SERVICES TO THE PUBLIC

CTPAM GOVERNMENT CALIFORNIA TAX

USE OF PROPERTY AND MONEY

CGENF GOVERNMENT CALIFORNIA GENERAL FUND

LTPRP GOVERNMENT LOCAL TAX PROPERTY

LTSAU GOVERNMENT LOCAL TAX  SALES AND USE

LTFMS GOVERNMENT LOCAL TAX MISCELLANEOUS ON FIRMS

LTHHS GOVERNMENT LOCAL TAX MISCELLANEOUS ON HOUSEHOLDS

LTMSC GOVERNMENT LOCAL TAX MISCELLANEOUS ON FIRMS AND HOUSEHOLDS

FSDEF GOVERNMENT FEDERAL SPENDING DEFENSE

FSNON GOVERNMENT FEDERAL SPENDING NON DEFENSE

CSTRA GOVERNMENT CALIFORNIA SPENDING TRANSPORTATION

CSCOR GOVERNMENT CALIFORNIA SPENDING CORRECTIONS

CSK14 GOVERNMENT CALIFORNIA SPENDING K TO 14 EDUCATION ’

CSUNI GOVERNMENT CALIFORNIA SPENDING UNIVERSITIES : Cor—-
CSWEL GOVERNMENT CALIFORNIA SPENDING WELFARE

CSHTH GOVERNMENT CALIFORNIA SPENDING HEALTH

CSOTH GOVERNMENT CALIFORNIA SPENDING OTHER

LSTRA GOVERNMENT LOCAL

SPENDING TRANSPORTATION

LSCOR GOVERNMENT LOCAL  SPENDING CORRECTIONS
LSK14 GOVERNMENT LOCAL  SPENDING K TO 14 EDUCATION
LSWEL GOVERNMENT LOCAL  SPENDING WELFARE

LSHTH GOVERNMENT LOCAL  SPENDING HEALTH

LSOTH GOVERNMENT LOCAL  SPENDING OTHER

ROW REST OF WORLD/

C(Z) COMPOSITE COMMODITIES /CFOOD, CHOME, CFUEL, CFURN, CCLTH, CTRNS, CMEDS, CAMUS, COTHR /
F(Zy FACTORS / LABOR, CAPIT/
G(Z) GOVERNMENTS / FTSOC, FTPIT, FTPRO, FTDUT, FIMSC, CTHHS, CTBOZ, CTCIG, CTHOR, CTEST,
CTTRL, CTLIC, CTDIE, CTREG, CTMSC, CTINS, CTGAS, CTSAU, CTBAC, CTLAB,
CTPIT, CTRGU, CTSVC, CTPAM, CGENF, LTPRP, LTSAU, LTFMS, LTHHS, LTMSC,
FSDEF, FSNON, CSTRA, CSCOR, CSK14, CSUNI, CSWEL, CSHTH, CSCTH, LSTRA,
LSCOR, LSK14, LSWEL, LSHTH, LSOTH /
GC(G) CALIFORNIA SPENDING  /CSTRA, CSCOR, CSK14, CSUNI, CSWEL, CSHTH, CSOTH /

GED(G) EDUCATION UNITS / CSK14, CSUNI, LSK14/

GI(G) LOCAL GOVERNMENT UNITS /LSTRA, LSCOR, LSK14, LSWEL, LSHTH, LSOTH /

GN(G) ENDOGENOUS GOVERNMENTS /CSTRA, CSCOR, CSK14, CSUNI, CSWEL, CSHTH, CSOTH,
LSTRA, LSCOR, LSK14, LSWEL, LSHTH, LSOTH /

GX(G) EXOGENOUS GOVERNMENTS /FSDEF, FSNON/

GS(G) SALES OR EXCISE TAXES /FIMSC, CTBOZ, CTCIG, CTHOR, CTTRL, CTLIC, CTDIE, CTREG, CTMSC, CTINS,
CTGAS, CTSAU, CTRGU, CTPAM, LTPRP, LTSAU, LTFMS, LTMSC/

GF(G) FACTOR TAXES / FTSOC, FTPRO, CTBAC, CTLAB /

GI(G) INCOME TAX UNITS / FTPIT, CTPIT, LTPRP/

GH(G) HOUSEHOLD TAX UNITS /FIMSC, CTHHS, CTEST, CTRGU, CTSVC, LTHHS, LTMSC/

GNS(G) INFRASTRUCTURE GOV'TS /CSTRA, CSCOR, CSWEL, CSHTH, CSOTH, LSTRA, LSCOR, LSWEL, LSHTH,
LSOTH/
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GW(G) TRANSFER PAYMENTS / FTSOC, FSNON, CTLAB, LSWEL, LSHTH /

GSF(G) CA SPECIAL FUNDS UNITS /CTHHS, CTBOZ, CTCIG, CTHOR, CTLIC, CTDIE, CTREG, CTMSC, CTINS,
CTGAS,

CTSAU, CTRGU, CTSVC, CTPAM /

GT(G) TAXUNITS / FTSOC, FTPIT, FTPRO, FTDUT, FTMSC, CTHHS, CTBOZ, CTCIG, CTHOR, CTEST,
CTTRL, CTLIC, CTDIE, CTREG, CTMSC, CTINS, CTGAS, CTSAU, CTBAC, CTLAB,
CTPIT, CTRGU, CTSVC, CTPAM, LTPRP, LTSAU, LTFMS, LTHHS, LTMSC/

H(Z) HOUSEHOLDS : .-: /HQUSO0, HOUS1, HOUS2, HOUS4, HOUS6, HOUS8, HOUS9, HOUSH /

I(Z) INDUSTRY SECTORS / AGRIC, ENMIN, OTHPR, CONST, FOODS, TOBAC, APPAR, MFRCO, PAPER, CHEMS,

CONCH,

PETRO, ELECT, AEROS, MOTOR, ENGIN, OTHMA, TRANS, COMMU, UTLLI, WHOLE, RETAI
BANKS, INSUR, REALE, OFIRE, BSERV, HEALT, ENTER, OSERV/

PSO  POLLUTION SOURCES OTHER THAN INDUSTRY / HH, NATR, MISC/

PE POLLUTANTS EMITTED  /ROG, PM10, TOG, CO, NOX, SOX, PM/

* T EXP. LOOP /BASE, TODAY, CONCH1, CONCH2, CONCH2T1, CONCH2T2, CONCH2T3, CONCH2T4,
* CONCH2T5, CONCH2T6, CONCH2T7, CONCH2T8 /
T EXP. LOOP / BASE, TODAY, PETRO1, PETRO2, PETRO3, PETRO3TI, PETRO3T2, PETRO3T3,
PETRO3T4/ : —
* T EXP. LOOP / BASE, TODAY, CONCH2T4, PETRO3T4 /

R1H REPORT 1 FOR STATE /SPI 'CA PERSONAL INCOME ($BILLION) °,
D1SPI '"CHANGE CA PERS. INC. ’

»

D2SPI % CHANGE CA PERS. INC. ,

CPI ’CONSUMER PRICE INDEX (BASE=1) ’,
D1CPI 'CHANGE AGGREGATE CPI )

D2CPI "% CHANGE AGGREGATE CPI ',
POP 'POPULATION (MILLION FAMILIES) °,
D1POP 'CHANGE POPULATION ",
D2POP % CHANGE POPULATION ’
W 'WAGE INDEX (BASE = 100) 'y

DIW 'CHANGE WAGE INDEX ),

»

D2W % CHANGE WAGE INDEX ,

>

LD 'LABOR DEMAND (MILLIONS) )

>

DILD '‘CHANGE LABOR DEMAND ’,
D2LD % CHNGE LABOR DEMAND ’,

DEPR ECONOMYWIDE DEPRECIATION RATE
R RETURN TO K INDEX (BASE=100)
DIR ’'CHNAGE RETURN TO CAPITAL INDEX °,
D2R % CHANGE RETURN TO CAPITAL INDEX’,
KD 'CAPITAL STOCK ($100 BILLION)
DIKD ‘CHANGE CAPITAL STOCK ',
D2KD % CHANGE CAPITAL STOCK '
GN  °GROSS PRIV. INVESTMENT($BILLION)’,
DIGN °'CHNGE. GROSS PRIV INVESTMENT
D2GN % CHANGE GROSS PRIV. INVESTMENT ’,
BAC 'BANK AND CORP TAX REVENUE
PIT 'PERSONAL INCOME TAX REVENUE
SAU 'SALES AND USE TAX REVENUE
GFREV 'GENERAL FUND REVENUE ($BILLION) ’,
SFREV 'SPECIAL FUND REVENUE ($BILLION) ’,
DGF °‘CHANGE IN GENERAL FUND ,

DSF 'CHANGE IN SPECIAL FUND ',
GFSAV 'GENERAL FUND BALANCE ($BILLION) ’,
D1GFSAV'CHANGE GENERAL FUND BALANCE
D2GFSAV'% CHANGE GENERAL FUND BALANCE °,
STATIC 'STATIC REVENUE ESTIMATE ($BILN) ’,
DDRE ($B)DOLLARS DYNAMIC REV. EFFECT ’,
PDRE % DYNAMIC REVENUE EFFECT ’,
PROP98 PROP 98 TRANSFER TO K14 EDUC($BY,
MIC 'MANUFACT. INVEST. CREDIT ($B) 7

R2H  REPORT 2 FOR STATUS /M-STAT, S-STAT/
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R3H  REPORT 3 FOR SECTORS /IGT TRANSFERS FROM GF ’,
GOVS '‘GOVT SAVINGS
Y ’INCOMES 7

R4H  REPORT 4 FOR INDUSTRIES /DS "OUTPUT ($BILLION) ’,
DIDS "CHANGE OUTPUT B
D2DS % CHANGE OUTPUT ’
FDK ‘CAPITAL ($100 BILLION) ’,
DIFDK '‘CHANGE CAPITAL ’,
D2FDK % CHANGE CAPITAL s
FDL 'JOBS (MILLIONS) ’,
D1FDL ‘CHANGE JOBS ',
D2FDL % CHANGE JOBS ’

P PRICE (BASE=1) ',

DI1P 'CHANGE PRICE ’,
D2P "% CHANGE PRICE ’,
PVA 'PRICE VALUE ADDED ’,

DI1PVA 'CHANGE PVA )
D2PVA “%CHANGE PVA s

PD 'DOMESTIC PRICE ’,

M TMPORTS ($BILLION) ’,

DIM 'CHANGE IMPORTS ’,

D2M % CHANGE IMPORTS ’

RRL TABOR RENTAL RATE (BASE=100) °,

DIRRL 'CHANGE LABOR RENTAL RATE ’,
D2RRL %CHANGE LABOR RENTALRATE
RRK 'CAPITAL RENTAL RATE (BASE=100) ’,

DIRRK 'CNANGE CAPITAL RENTAL RATE

»

D2RRK ‘% CHANGE CAPITAL RENTAL RATE 7

R5H  REPORT 5 FOR 1 EMISSIONS / PIIO TONS/DAY/OUTPUT($BN) ',
DIRTI  TONS/DAY ’,
DIDIRTI ’'CHANGE TONS/DAY ’,
D2DIRTI % CHANGE TONS/DAY 7/

R6H  REPORT 6 FOR HOUSEHOLDS /YD 'DISPOSABLE INCOME (STHOUSAND) °,
D1YD °‘CHANGE DISPOSABLE INCOME
D2YD % CHANGE DISPOSABLE INCOME-
YDR 'REAL DISPOSABLE INCOME ($THSND)’,
DI1YDR 'CHANGE REAL DISPOSABLE INCOME °,
D2YDR % CHANGE REAL DISPOSABLE INCOME",
Y 'GROSS INCOME ($THOUSAND)
DY ’'CHANGE GROSS INCOME B
D2Y % CHANGE GROSS INCOME B
YR TREAL GROSS INCOME ($STHOUSAND) °,
D1YR 'CHANGE REAL GROSS INCOME
D2YR *% CHANGE REAL GROSS INCOME
CPIH 'CONSUMER PRICE INDEX (BASE=1) ’,
DICPIH 'CHANGE CONSUMER PRICE INDEX

)

D2CPIH "% CHANGE CONSUMER PRICE INDEX 7/

R7H REPORT 7 FOR TOTAL EMISSIONS /POLN POLLUTION LEVEL (TONS/DAY)
DIPOLN 'CHANGE POLLUTION LEVEL ),

>

D2POLN % CHANGE POLLUTION LEVEL 7

MS LABELS FOR MODEL STATUS /01 *OPTIMAL GLOB’,
02’LOCOPT
03’ UNBOUNDED’,
04’ INFES GLOBAL’,
05 INFES LOCAL’,
06 *INTER INFEAS’,
07 *INTER NON-OP’,
08 *INTEG SOLVE,,
09 ’INTER NONINT’,
10 "INTEG INFES’,
11’ UNUSED’,
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12 ’ERROR UNKNWI:J B
13 *ERROR NOSOLNY

SS  LABELS FOR SOLVER STATUS/01°  OPTIMAL,
02’ ITERATIONS’
03’ RESOURCES;,
04 *TERM SOLVER',
05’ VALERR LIMIT’,
06> UNKNOWN’,
07° NOT USED’,

08 *ERROR PREPRO’,
09 "ERROR SETUP’,
10 ’ERROR SOLVER;,
11 ’ERROR INTERN’,
12 *ERROR POSTPR’,
13 ’ERROR SYSTEMY;

*
* 2.2 ALIASES

*

ALIAS (L)), L11), (Z,Z1), (F,F1), (G,G1), (GLGI1), (GS,GS1), (H,H1),¢1);

*
* 3, PARAMETERS AND EXOGENOQUS VARIABLES
*

* 3.1 SOCIAL ACCOUNTING MATRIX, CAPITAL COEFFICIENT MAITERS

*

$INCLUDE e-sam3.prn
$INCLUDE E-CCM4.pm
$INCLUDE E-MSC.pm
$SINCLUDE pollute.prn

*

* 3.2 PARAMETER DECLARATION

*

SCALARS

ADA DOF CHANGE IN AVERAGE DAILY ATTENDANCE /1
DEPR DOF DEPRECIATION RATE;

PARAMETERS
* PARAMETERS CALCULATED FROM SOCIAL ACCOUNTING MATRI

A(Z,Z1) IMPLAN INPUT OUTPUT COEFFICIENTS

AD(Z,21) IMPLAN DOMESTIC INPUT QUTPUT COEFFICIENTS

AG(Z,G) IMPLAN GOVERNMENT SPENDING SHARES OF NET IN:

ALPHA(FI) IMPLAN FACTOR SHARE EXPONENTS IN PRODUCTIC

ALPHAO(C,H) DOF CONSTANT IN LA-AIDS CONSUMPTION FUNC
ALPHACG(1,G) DOF GOVERNMENT CONSUMPTION SHARES OF C
ALPHAFG(F,G) DOF GOVERNMENT SHARES OF FACTOR RENTAL

FITC(F,G) DOF ALLOCATION OF ITC TO FACTORS

IGTD(G.G1) DOF TYPES OF INTER GOVERNMENTAL TRANSFER!

SIGMAH(H) DOF AVERAGE PROPENSITY TO SAVE

TAUFR(GF,Z) DOF FACTOR TAXES

TAUFX(G.,F,2) DOF EXPERIMENTAL FACTOR TAXES

TAUFH(G,F) DOF EMPLOYEE PORTION OF FACTOR TAXES

TAUH(GH) DOF HOUSEHOLD TAXES OTHER THAN PIT

TAUM(G,) DOF IMPORT DUTY RATES

TAUQ(G,I) DOF INITIAL SALES TAX RATES

TAUQX(G,) DOF EXPERIMENTAL SALES TAX RATES

TAXS(G,Gl) DOF TAXDESTINATION SHARES £ VARIABLE
KAPPA(GNS) DOF POLICY WEIGHTS OF GOV'T SPENDING FOR INCTURE SCAL
TEST(T) DOF EXPERIMENT PARAMETER

* ELASTICITIES AND TAX PARAMETERS
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ETAE( UCB EXPORT ELASTICITIES WITH RESPECT TO DOMESTIC PRICE
ETAGS() UCB PRODUCTION ELASTICITIES WITH RESPECT TO INFRASTRUCTURE SPENDING
ETAED(H) DOF SENSIVITIY OF MIGRATION TO PUBLIC EDUCATION SPENDING
ETAKI) UCB INVESTMENT SUPPLY ELASTICITY

ETAM() UCB IMPORT ELASTICITIES WITH RESPECT TO DOMESTIC PRICE
ETARA(H) UCB L SUPPLY ELASTICITY WITH RESPECT TO AVERAGE WAGE
ETAPIT(H) UCB L SUPPLY ELASTICITY WITH RESPECT TO TAXES

ETAYD(H) UCB RESPONSIVENESS OF INMIGRATION TO AFTER TAX EARNINGS
ETAU(H) UCB RESPONSIVENESS OF INMIGRATION TO UNEMPLOYMENT
ETATP(H) UCB HOUSEHOLD RESPONSE TO TRANSFER PAYMENTS

ITCX(Z.Z1) DOF INVESTMENT TAX CREDIT SHARE ALLOWED

JOBCOR CALC CORRECTION FACTOR BETWEEN HOUSEHOLDS AND JOBS
MTR(G,H) DOF MARGINAL TAX RATES

NRPG(H) UCB NATURAL RATE OF POPULATION GROWTH

PHI(I,C) DOF SHARES OF CONSUMPTION COMMODITIES

SIGMA(I) UCB ELASTICITY OF FACTOR SUBSTITUTION

TAXBASE(G,H) DOF BASE TAX AMOUNTS

TAXBM(GH) DOF TAX BRACKET MINIMUM

TAXCVC(G,H) DOF TAX CONSTANT TO CORRECT TO OBSERVED TAXES
TAXOD(G,H) DOF TAX OTHER DEDUCTIONS PER RETURN

TAXPIGH) DOF TAX PERCENT ITEMIZING

TAXSD(G,H) DOF TAX STANDARD DEDUCTIONS PER RETURN

* INITIAL POLLUTION LEVELS

ROG(PSO) ARB REACTIVE ORGANIC GASES -
PM10(PSO) ARB PM WITH AERODYNAMIC DIAMETER OF 10 MICRMETERS OR LESS
TOG(PSO) ARB TOTAL ORGANIC GASES

CO(PSO) ARB CARBON MONOXIDE

NOX(PSO) ARB NITROGEN OXIDES

SOX(PSO) ARB SULFUR OXIDES

PM(PSO) ARB PARTICULATE MATTER

* POLLUTION MEASURES

PT(ILPE) ARB POLLUTION TOTALS BY INDUSTRY AND POLLUTANT
PTO(PSO,PE) ARB POLLUTINO TOTALS BY OTHER SOURCE AND POLLUTANT
PIO(LPE) CALC POLLUTION INTENSITIES BY INDUSTRY AND POLLUTANT
PIHHO(PE) CALC POLLUTION INTENSITY OF HOUSEHOULDS BY POLLUTANT

* REGULATORY PARAMETERS

REGI(LJ) UCB SCALING OF INTERMEDIATE DEMAND
REG2(I) UCB SCALING OF WORLD PRICE
REG3(I) UCB SCALING FOR IMPORTS

REG5(I) UCB REGULATORY PRICE INCREASE (AFTER TAX)
REG6(I) UCB REGULATORY PRICE INCREASE (BEFORE TAX)

REGI12(I) UCB REGULATORY CAPITAL STOCK ADJUSTMENT
REGI13(I) UCB REGULATORY EFFECTIVE CAPITAL STOCK ADJUSTMENT

* ARRAYS BUILT TO REPORT RESULTS TO SEPARATE FILE

RI(RIH,T) REPORT SCALAR VARIABLES

R2(R2ZH,T) REPORT SOLVER AND MODEL STATUS VALUES

R3(R3H,Z,T) REPORT SECTORAL VARIABLES

R4(R4H,I,T) REPORT ECONOMIC VARIABLES FOR INDUSTRIAL SOURCES
R5(R5H,LPE,T) REPORT POLLUTION VARIABLES FOR INDUSTRIAL SOURCES
R6(R6H,H,T) REPORT INCOME AND PRICE INDEX FOR HOUSEHOLDS
R7(R7H,PE,T) REPORT POLLUTION VARIABLES FOR CA ECONOMY

* INITIAL VALUES OF ENDOGENOUS VARIABLES

AGIO(H) DOF NOMINAL PER HOUSEHOLD ADJUSTED GROSS INCOME FOR PIT PURPOSES
CG0(1,G) DOF REAL GOVERNMENT CONSUMPTION

CHO() IMPLAN REAL PRIVATE CONSUMPTION

CNO(D IMPLAN REAL INVESTMENT BY SECTOR OF SOURCE

CSO(C,H) DOF SHARE HOUSEHOLD CONSUMPTION SHARES

CPIO(H) CALC PRICE CONSUMER PRICE INDICES
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CXoD IMPLAN REAL EXPORT CONSUMPTION

DDO(Z) CALC REAL. DOMESTIC DEMAND

DS0(Z) CALC REAL DOMESTIC SUPPLY QUANTITIES

EO(D CALC REAL INFRASTRUCTURE SCALE VARIABLE FOR PRODUCTION FUNCTIONS
FDO(F,Z) IMPLAN REAL FACTOR DEMAND

GSTO CALC REAL TOTAL GOVERNMENT SPENDING INCLUDING FACTOR RENTALS
GSEDO CALC REAL TOTAL STATE AND LOCAL EDUCATION SPENDING
HHO(H) DOF HHDS NUMBER OF HOUSEHOLDS

HNO(H) DOF HHDS NUMBER OF NONWORKING HOUSEHOLDS

HWO(H) DOF HHDS NUMBER OF WORKING HOUSEHOLDS

IGTO(G,G1) DOF NOMINAL INTER GOVERNMENTAL TRANSFERS

ITCO(D DOF NOMINAL INVESTMENT TAX CREDIT

KSO() CALC REAL CAPITAL STOCK

Mo®) IMPLAN REAL IMPORTS

MIO(H) DOF REAL IN MIGRATION

MOOH) DOF REAL OUT MIGRATION

NOD CALC REAL GROSS INVESTMENT BY SECTOR OF DESTINATION
NKIO CALC NOMINAL NET CAPITAL INFLOW

PO(Z) CALC PRICE AGGREGATE PRICES

PDO(D) CALC PRICE DOMESTIC PRICES

PITO(GH) DOF NOMINAL TAX PER WORKING HOUSEHOLD

PVAG(I) CALC PRICE VALUE ADDED PRICES

PWO(D CALC PRICE EXOGENOUS PRICES IN EXTERNAL MARKETS

Q0(Z) DOF REAL SOCIAL ACCOUNTING MATRIX TOTALS

RO(F,Z) IMPLAN PRICE INITIAL SECTORAL RENTAL RATE FOR FACTOR
RAO(F) IMPLAN AVERAGE RENTAL RATES FOR FACTORS

RRO(F,) DOF PRICE RENTAL RATES INCLUDING TAXES

S0(Z) DOF NOMINAL SAVINGS

SPI0 CALC NOMINAL STATE PERSONAL INCOME

TPO(H,G) DOF NOMINAL PER ELIGIBLE HOUSEHOLD TRANSFER PAYMENTS
Vo IMPLAN REAL INTERMEDIATE DEMAND

YDOH) CALC NOMINAL AFTER TAX TOTAL HOUSEHOLD INCOMES
YO0(Z) CALC NOMINAL HOUSEHOLD AND GOVERNMENT INCOMES
TAXCRED(GLH) TAX CREDIT FOR EXPERIMENTS

DIRTI(LPE) ARB POLLUTION BY INDUSTRY AND POLLUTANT
DIRTHHO(PE) ARB POLLUTION BY HOUSEHOLDS BY POLLUTANT;

*

* 3.3 CALCULATIONS OF PARAMETERS AND INITIAL VALUES

*

* SENSITIVITY OF MIGRATION TO PUBLIC EDUCATION SPENDING
ETAED(HOUSOQ) =0.5;
ETAED(HOUS1) =0.5;
ETAED(HOUS2) =0.5;
ETAED(HOUS4’) = 0.4;
ETAED(HOUS6’) =0.3;
ETAED(HOUSS8) =0.2;
ETAED(HOUS9) =0.1;
ETAED(HOUSH) =0.1;

* POLICY WEIGHTS OF INFRASTRUCURE SPENDING
KAPPA(GNS) = 1;

* FOR SENSITIVITY ANALYSIS EXPERIMENTS
TAXCRED(GLH) = 0;

* INVESTMENT SUPPLY ELASTICITY IMPOSED
ETAI() =20;
ETAICTOBAC) = 0;
* THE FOLLOWING SIX STEPS COMPRISE A SYSTEMATIC WAY TO BUILD A LARGE MATRIX ( IGTD(G,G) ) THAT
CONTROLS INTER-GOVERNMENTAL TRANSFERS
* THE ALTERNATIVE WOULD BE TO INPUT EACH NUMBER IN A 35x35 MATRIX

* STEP 1: 1 = ENDOGENOUS (ALTHOUGH MANY OF THESE ARE RESET IN THE NEXT STEPS)
IGTD(G,GT) = 1;

* STEP 2: 2 = EXOGENOUS
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IGTD(G, FSNON") =2;

IGTD(G, CGENF) =2;

IGTD(GC,CSOTH) = 2;
IGTD(GL, LSOTH?) = 2;
IGTD(GL.GC) =2;

* STEP 3: 3 = CA BUDGET BALANCING AND PROP 98 TRANSFERS
IGTD(GC,CGENF) =3;
IGTD(LSK14’’CGENF) = 3;

* STEP 4: 4 = FOR EXOGENOUS TRANSFER PAYMENTS
IGTD(CLSHTH’,FSNON’) = 4;
IGTD(CLSHTH',)CGENF) = 4;
IGTD(LSWEL’,FSNON’) = 4;
IGTD(CLSWEL'’,CGENF’) = 4;

* STEP 5: 0 = NOT ALLOWED FOR PAYMENTS BY GOVT SPENDING UNITS TO FACTOR TAXES EXCLUDED
IGTD(GF.GX) = 0;
IGTD(GF,GN) = 0;

* STEP 6: 0 = NOT ALLOWED IF NOT IN ORIGINAL SAM (SEE MODEL CLOSURE)
IGTD(G,G1)$( NOT SAM(G,G1) ) = 0;

* CALCULATE COLUMN AND ROW TOTALS OF SAM TO COMPARE FOR BALANCE

* THIS IS REDUNDANT IF THE SAM IS OK, BUT USEFUL IN CALIBRATION
QO(Z) = SUM(Z1,SAM(Z.Z1) %; : ——
Q0(Z) = SUM(Z1,SAM(Z1,2) );

* READ IN ELASTICITY AND OTHER KEY PARAMETERS
ETAE(D =MISC(LETAE);
ETAGS() =0.1;
ETAM({) =MISC(LETAMY;
SIGMA(I) = MISC(, SIGMA) ;
RO(CAPIT’,]) = MISC(I, RO") * 100;
ETARA(H) =MISCH(H, ETARAY);
ETAPIT(H) =MISCH(H, ETAPIT?;
ETATP(H) = MISCH(H, ETATPY);
ETAYD(H) =MISCH(H,ETAYD);
NRPG(H) = MISCH(H, NRPGY;
ETAU(H) =MISCH(H, ETAUY);
TAXBASE(G,H) = MISCG(G,H, TAXBASEY);
TAXBM(GH) = MISCG(G,H, TAXBM?;
TAXSD(GH) =MISCG(G,H, TAXSDY;
TAXOD(GH) =MISCG(G,H, TAXODY);
TAXPKGH) =MISCG(GH, TAXPD);
TAXCVC(GH) =MISCG(G,H, TAXCVCY;
MTR(GH) =MISCG(G,H, MTRY;

* READ IN REGULATORY PARAMETER
REGI(L)) =1;
REGAD) =1;
REG3() =1;
*REG4K(D) =
*REGAL() =
REGS() =0;
REG6() =0
*REGTK() =
*REGIL() =
* REGS(D)
* REGO(D) ;
* CROWD() =0;
* REGIO(F,) =0;
*REGII(F) =1
REGI2Z() =1
REGI3() =1;

1;
L;

* CALCULATE SALES AND EXCISE TAX RATES FROM SAM INFORMATION

TAUQ(GS,I) = SAM(GS,I) / ( SUM{J, SAM(LJ) ) + SUM(C, SAM(LC) ) + SUM(G, SAM(L,G) ) + SAM(I,;INVES) - SUM(GS1,

SAM(GS1.D)));
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* THEN SET EXPERIMENTAL TAX RATES EQUAL TO INITIAL TAX RATES
TAUQX(GS.]) = TAUQ(GS.D;

* DUTY, FACTOR AND HOUSEHOLD TAXES
TAUM(CFTDUT’,]) = SAM(FTDUT’,) / SAMCROW’,I);
TAUF(GF,F,D$(SAM(F,)) AND TAUFF(GF,F)) = SAM(GF,I) / SAM(F,I);
TAUF(GEF,G)$(SAM(F,G) AND TAUFF(GF,F)) = SAM(GF,G) / SAM(F,G);
TAUEX(GF,E.Z) = TAUF(GFF,Z);
TAUFH(GF,)$TAUFF(GF.F) = SAM(GF,F) / SUM(Z, SAM(Z F);

* SET DISTRIBUTION SHARES FOR ENDOGENOUS TAX TRANSFERS
TAXS(G,GT)$( SUM(G1, SAM(G1,GT) ) - SUM(GF, SAM(GF,GT) ) ) = SAM(G,GT) / ( SUM(GI, SAM(G1,GT) ) - SUM(GF,
SAM(GF,GT) ) );

* SET INITIAL INTER GOVERNMENTAL TRANSFERS
IGTO(G,G1) = SAM(G,G1);
IGTO(GF,G) = 0;

* SET INITIAL PRICES TO UNITY
PWO(D =1/ (1 +SUM(G, TAUM@G,D)));

POZ) =1;
PDOD) =1;
CPIO(H) = I;

* NUMBER OF HOUSEHOLDS AND INITIAL TRANSFER PAYMENTS : ——
HHOH) = MISCH(H, HHO);
HWO(H) = MISCH(H, HWO0’);
HNO(H) = HHO(H) - HWO(H);
TPOH,GW)$TPC(H,GW) = SAM(H,GW) / (HNO(H) * TPC(H,GW) );

* FACTOR RENTALS
JOBCOR = SUM(H, HWO(H) ) / SUM(Z, MISC(Z,JOBS" );
RO(CAPIT’,G) = ;
ROCLABOR’,l) = SAMCLABOR',I) / MISC(I, JOBS);
RO(CLABOR’,G)$MISC(G,TOBS" = SAM(CLABOR’,G) / MISC(G, JOBS;
FDOCLABOR’,]) = MISC(I, JOBSY;
FDOCCAPIT’J) = SAM(CAPIT"J) / ROCCAPIT’,I);
FDO(LABOR’,G) = MISC(G, JOBS?);
FDO(CAPIT’,G) = SAM(CAPIT’,G) / ROCCAPIT’,G);
KSO(I) = FDO(CAPIT’,]);

* SHARES FOUND IN THE SOCIAL ACCOUNTING MATRIX DATA
A(Z,Z1) = SAM(Z,Z1) / QO(Z1);
AG(L,G)$(SUM({J, SAM(J,G) ) + SUM(F, SAM(F,G) ) + SUM(GF, SAM(GE,G) ) )
= SAM(,G)/ (SUM{J, SAM(J,3) ) + SUM(F, SAM(F,G) ) + SUM(GF, SAM(GF,G) ) );
AG(F,G)$(SUM(, SAM(L,G) ) + SUM(F1, SAM(F1,G) ) + SUM(GF, SAM(GE,.G) ) )
= SAM(F,G) / ( SUM(, SAM(L,G) ) + SUM(F1, SAM(F1,G) ) + SUM(GF, SAM(GF,G)) );

* INITIAL MACRO VARIABLES: EXPORTS, IMPORTS, INTERMEDIATES, CONSUMPTION, GOVERNMENT,
DEPRECIATION, INVESTMENT, DEMAND, SUPPLY

CX0() =SAM(LROW’);

MO =SAM(ROW’I)/PWO();

Vo) =SUM(, SAM(LTY) /(1 + SUM(GS, TAUQ(GS.))) ):

CHO(I) =SUM(C, SAM(LC) /(1 +SUM(GS, TAUQ(GS.]))));

CGO(L,G) = SAM(I,G) / PO(T) / (1 + SUM(GS, TAUQ(GS,D ) );

DEPR  =SUM(], SAM(I,INVES’) )/ SUM(, KS0() );

NO() =KS0() * DEPR;

CNO(I) =SUM®J, CCM(LJ) * NOJ) )/ PO(D) / (1 + SUM(GS, TAUQ(GS,I) ) );

DDO(I) =CHO(I) + SUM(G, CGO(L,G) ) + CNO(I) + VO(I);

DSOI) = DD + CXO0() - MO(D;

* PRODUCTION DATA
AD(LJ]) =SAM(LJ)/ PO(T) / (1 + SUM(GS, TAUQ(GS,I) ) } / DS0Q);
ALPHACG(I,GNS) = CGO(I,GNS) / SUM(J, CGO(J,GNS) j;
ALPHAFG(F,GNS) = FDO(F,GNS) / SUM(F1, FDO(F1,GNS) );
PVAO(D) =PDO(D) - SUM(J, AD(,I) * PO(J) * (1 + SUM(GS, TAUQ(GS. ) )) );

RAO(F) =1;
EO(D =1;
GSTO = SUM(GNS, KAPPA(GNS) * ( SUM(J, ALPHACG({J,GNS) * CGO(J,GNS) * PO(J) )
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+ SUM(F, ALPHAFG(F,GNS) * FDO(F,GNS) * RO(F,GNS) * RAO(F) )) );

* POLLUTION DATA
PT(LPE)  =POLNI(LPE);
PTO(PSO,PE) = POLN2(PSO,PE);
PIO(LPE) = PT(LPE)DSO();
PHHO(PE) = SUM(H,HHO(H))/PTOCHI’,PE);

* MISCELLANEOUS INITIAL DATA
NKI0  =SAM(INVES’, ROW");
YOF) =QO(F)
YOH) =SUM(F, SAMH,F)),
AMF  =SAM.F)/ HWOH) / YO(F);
TAUH(GH,H) = SAM(GH,H) / HHO(H);
SOH) = SAMCINVES’H);
YDOH) =SUM(C, SAM(C,H) ) + SO(H);
YO(G) =SUM(Z, SAM(G,Z) ) - SUM(GI, IGTO(G,G1) };
AGIO(H) = SUM(F, OMEGA(F) * SAM(LF) ) / HWO(H);
SO(G) =SAM(INVES’G);
SPI0 = SUM(H, YO(H) ) + SUM((H,GW), TPO(H,GW) * HNO(H) * TPC(H,GW) );
PITO(GLH) = SAM(GLH) / HWO(H);
MIO(H) = HHO(H) * 0.09;
MOO(H) = HHO(H) * 0.09;

* INVESTMENT TAX CREDIT AND CORRECTION TO GROSS CA PROFITS TAXES

FITC(F,G) =0;
FITC(CAPIT’,CTBAC) =1;
ITCO() = SUM(J, NO(}) * CCM(3,D) / ( 1 + SUM(GS, TAUQ(GS,)) ) ) * ITCE(1.]) );

TAUF(CTBAC’,CAPIT’]) =( SAM(CTBAC’]) + ITCO(I) ) / SAM('CAPIT",I);
TAUFX(CTBAC',CAPIT’]) = TAUF(CTBAC’,'CAPIT’,I);

* CES PRODUCTION FUNCTION CALIBRATION
ALPHA(F,]) = ( SAM(F,) + SUM(GF, TAUFF(GF,F) * SAM(GE,D) ) )/ ( SUM(F1, SAM(F1,I) )+ SUM(GF, SAM(GF,D) ) );
RRO(E) =RO(F,D) * RAO(F) * ( 1 + SUM(GF, TAUFX(GF,E,]) ) ) - SUM(GF, FITC(F,GF) * ITCO(l) )/ FDO(E.I);

* INITIAL CALIBRATION OF CONSUMPTION FUNCTIONS
SIGMAH(H) = SAM(INVES’H) / YDO(H);
CSO(CH)  =SAM(C,H)/ SUM(C1, SAM(CLH) );
BETA(CFUEL’) = BETA(CFUEL)) - SUM(C1, BETA(C) );
ALPHAO(C,H) =CSO(C,H) - BETA(C) * LOG( YDO(H) * ( 1 - SIGMAH(H) ) );
PHILC) =SAM(C)/SUM(, SAMU,C) );
LOOP(C, LOOP(C1$( ORD(C1) GT ORD(C) ), LAMBDA(C,C1) = LAMBDA(C1,C) ) );
LAMBDA(C,C) = LAMBDA(C,C) - SUM(C1, LAMBDA(C1,C) );

* INITIAL GOVERNMENT SPENDING ON PUBLIC EDUCATION
GSEDO = SUM(GED, SUM(G, IGTO(GED,G) ) );

*

* 4, VARIABLES
*

* 4.1 VARIABLE DECLARATION

*

VARIABLES

AGI(H) THOUSAND DOLLARS AVERAGE AGI FOR PIT PURPOSES

CG(1,G) BILLION DOLLARS PUBLIC CONSUMPTION

CH({I) BILLION DOLLARS PRIVATE CONSUMPTION

CN(I) BILLION DOLLARS GROSS INVESTMENT BY SECTOR OF SOURCE

CPI(H) PRICE INDEX 1 CONSUMER PRICE INDEX

CS(C,H) SHARES TOTAL 1 CONSUMPTION SHARES OF YD LESS SAVINGS

CX(I) BILLION DOLLARS EXPORT DEMAND

DD(I) BILLION DOLLARS DOMESTIC DEMAND

DIRTI(LPE) UNKNOWN TOTAL POLLUTION

DIRTHH(PE) UNKNOWN TOTOL HOUSEHOLD POLLUTION

DS(I) BILLION DOLLARS DOMESTIC SUPPLY

E(D NUMBER INFRASTRUCTURE SCALE VARIBALE IN PRODUCTION FUNCTIONS
FD(F,Z) BILLION DOLLARS SECTORAL FACTOR DEMAND

GST BILLION DOLLARS TOTAL GOVERNMENT SPENDING INCLUDING FACTOR RENTALS
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GSED BILLION DOLLARS TOTAL GOVERNMENT SPENDING ON EDUCATION

HH(H) MILLIONS NUMBER OF HOUSEHOLDS
HNH) MILLIONS NUMBER OF NONWORKING HOUSEHOLDS
HW(H) MILLIONS NUMBER OF WORKING HOUSEHOLDS

IGT(G,G1) BILLION DOLLARS INTER GOVERNMENTAL TRANSFERS

ITC(I) BILLION DOLLARS INVESTMENT TAX CREDIT AMOUNT

KS(I) 100 BILLION DOLLARS CAPITAL STOCK

M@ BILLION DOLLARS IMPORTS

N() BILLION DOLLARS GROSS INVESTMENT BY SECTOR OF DESTINATION
NKI  BILLION DOLLARS NET CAPITAL INFLOW

P(Z) PRICE AGGREGATE DOMESTIC PRICE PAID BY PURCHASERS
PD{) PRICE DOMESTIC PRICE RECEIVED BY SUPPLIERS

PIT(G,H) THOUSAND DOLLARS PER HOUSEHOLD INCOME TAXES

PVA(I) PRICE VALUE ADDED PRICE

RA(F) PRICE ECONOMY WIDE SCALAR RENTAL RATES OF FACTORS
R(F,Z) PRICE SECTORAL RENTAL RATES

RR(F,Z) PRICE RENTAL RATES INCLUDING TAXES

S(Z) BILLION DOLLARS SAVINGS

SPI  BILLION DOLLARS STATE PERSONAL INCOME

TP(H,G) THOUSAND DOLLARS GOVERNMENT TRANSFER PAYMENTS
V(@) BILLION DOLLARS INTERMEDIATE GOODS

Y(Z) BILLION DOLLARS GROSS INCOMES

YD(H) BILLION DOLLARS AFTER TAX TOTAL HOUSEHOLD INCOMES

DIRTKLPE)
DIRTHH(PE);

*

* 4.2 INITIALIZATION OF VARIABLES

*

PL(Z) =PO(Z); PDL(I) =PDOJ): PVALQD =PVAOJ; RALF) =RAOF);

RL(FZ) =ROFZ); CPLL(H) =CPIO(H); DSI) =DS00; DDL{) =DDO®);

VLI =VoI; FD.I(FZ) =FDOFZ), HHLMH) =HHOH);, HNIL(H) =HNOH);
HW.L(H) =HWOMH); KSLI =KSOI; CNL(I =CNOD; NLI =NOD;

CXLMD =CXO0(); ML{I =MOD; NKLL =NKI; TP.L(H,G) = TPO(HG);

YL(Z) =Y0Z);  YDLH) =YDOH);, PITLGH) =PITAGH);, IGT.L(G,GI)=IGTOG,G):
CHL(MD =CHOQ); CGLIG) =CGOIG); SLZ) =50(Z);  SPLL =SPID;

ITCL() =ITCO(N); AGLL(H) =AGIO(H); RR.I(E]) =RROFD; CS.L(CH) =CSOCH);
ELOD)  =E(D; GSTL  =GSTO; GSED.L = GSEDO;

DIRTLL(1,PE) = DSO(I)*PHO(LPE);
DIRTHH.L(PE) = SUM(H,HHO(H))*PIHHO(PE),

*

* 4.3 REMOVING TRACE NUMBERS FOR COMPUTATIONAL PURPOSES

%

P.L(Z)$(ABS(P.L(Z)) LT 0.00000001) =0; PD.I(D$(ABS(PD.L()) LT 0.00000001) = 0;
PVALDS$ABS(PVAL() LT 0.00000001)=0; RAL(FS(ABS(RA.L(F)) LT 0.00000001) = 0;
RUFZ$ABS(RL(F,Z) LT 0.00000001)=0; CPLL(H)$(ABS(CPLL(H)) LT 0.00000001) =0;
DS.LID$(ABS(DS.L(D) LT 0.00000001)=0; DD.LMDS$ABSMDD.LM) LT 0.00000001) = 0;
E.L(D$(ABS(E.L(D) LT 0.00000001)=0;  V.L(DS(ABS(V.L(I)) LT 0.00000001) = 0;
FD.L(F,Z)$(ABS(FD.L(F,Z)) LT 0.00000001)=0; GST.L$(ABS(GST.L) LT 0.00000001) = 0;
HHL(H)S(ABS(HH.L(H)) LT 0.00000001)=0; HN.LGDS(ABS(HN.L(H)) LT 0.00000001) = 0;
HW.LH)$ABS(HW.L(H)) LT 0.00000001)=0; KS.L(DS(ABS(KS.L() LT 0.00000001) = 0;
CN.L(DS(ABS(CN.L(I)) LT 0.00000001) =0; N.L(DS(ABS(N.L(I)) LT 0.00000001) = 0;
CX.L(D$(ABS(CX.L()) LT 0.00000001)=0; M.L(D$S(ABSM.L(D)) LT 0.00000001) = 0;
NKILL$(ABS(NKI.L) LT 0.00000001) =0; TP.L(H,G)$(ABS(TP.L(H,G)) LT 0.00000001) = 0;
Y.L(Z)$(ABS(Y.L(Z)) LT 0.00000001)=0; YD.I(H)$(ABS(YD.L(H)) LT 0.00000001) = 0;
PIT.L(G,H)$(ABS(PIT.L(G,H)) LT 0.00000001)=0; IGT.L(G,G1)$(ABS(GT.L(G,G1)) LT 0.00000001) = 0;
CHL($(ABS(CHL(I)) LT 0.00000001)=0; CG.L(LG)$(ABS(CG.L(LG)) LT 0.00000001) = 0;
S.L(Z)$(ABS(S.L(Z)) LT 0.00000001) =0; SPLL$(ABS(SPLL) LT 0.00000001) = 0;
AGLL(H)$(ABS(AGLL(H)) LT 0.00000001) = 0;

*
* 4.3 SETTING COMPUTATIONALLY USEFUL BOUNDS ON VARIABLES (TO HELP THE SOLVER)

*

AGLLO(H) =AGIO(H) /1000; AGLUP(H) =AGIO(H) * 1000;
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* CGLO(LG) =CG.ILLG) /1000; CG.UP(G) =CG.LIG) *1000;
CHLO() =CHL() /1000; CHUP() =CHL() * 1000;
CNLO®M =0;

CPLLO(H) =CPLL(H) /1000; CPLUP(H) =CPLL(H) * 1000;
CS.LO(CH) =CSO(CH) /1000; CS.UP(CH) =1 ;
CXLO() =CXL() /1000; CXUPD) =CXL{D *1000;
DD.LO() =DDL{) /1000; DD.UP() =DD.L() * 1000;
DSLO() =DSL{) /1000; DS.UP) =DS.L( *1000;
ELO®M =0; EUPQ) =ELD * 2

FD.LO(F,Z) =FD.L(F,Z) /1000; FD.UP(F,Z) =FD.(F,Z) * 1000;
GSTLO =GSTL /1000; GSTUP =GSTL *1000;
HHLO(H) =HHL@EH) /1000; HLUP(H) =HHL(H) *1000;
HNLO(H) =HNL(H) /1000; HNUPH) =HNLMH) *1000;
HW.LOH) =HW.L(H) /1000; HW.UPH) =HWL(H) *1000;

* IGT.LO(G,G1) = IGT.L(G,G1) / 1000; IGT.UP(G,G1) = IGT.L(G,G1) * 1000;
*ITC.LO() =ITC.L() /1000; ITCUPD) =ITC.ILD) *1000;
KS.LO(®) =KS.L(I) /1000; KSUPD) =KS.L(I) * 1000
MLO() =ML /1000; MUPD) =ML *1000;
NLOM =0;

* NKI -- SIGN CAN CHANGE, THUS BOUNDS ARE INAPPROPRIATE
PLOZ) =PL(Z) /1000; PUP(Z) =PL(Z) * 1000;
PD.LO() =PDIL() /1000; PD.UPD) =PD.L() * 1000;

* PIT.LO(GLH) = 0;

*PVALO®D) =PVAL() /1000; PVAUPQ) =PVAL({) * 1000;
RLOFD =RLED /2 ; RUPFD =RLED *2;

RALO(F) =RAL(F) /1000; RAUP(F) =RALF) * 1000;

* § .- SIGN CAN CHANGE, THUS BOUNDS ARE INAPPROPRIATE
TP.LOM,G) =TP.L(H,G) /1000; TP.UP(H,G) =TP.L(HG) * 1000;
VLO(M =V.LIO /1000; VUPD =V.LA * 1000;

YLOZ) =YLZ) /1000; YUP(Z) =Y.L(Z) *1000;
YDLOMH) =YDLH) /1000; YD.UP(H) =YDLH) * 1000;
RRLO(F) =RR.I(F] /1000; RRUP(F) =RRL(F]I) *1000;

*

* 5. PRE-MODEL CHECK OF PARAMETERS AND INITIAL VALUES OF VARIABLES

*

* 5.1 PRINTING CALCULATED PARAMETERS AND EXOGENOUS VARIABLES

*

* DISPLAY DEPR, JOBCOR, FD0O, TAUM, TAUF, TAUFH, ALPHA, ALPHACG, ALPHAFG, CGO, FDO, GSTO0, RO, RRO,
* AG, AD, A, ALPHA, SIGMA, CS0, ALPHAO, SIGMAH, LAMBDA, PO,

*

* 5.2 SAVING INITIAL VALUES FOR VARIABLES

*

R1(BAC’,BASE) = Y.L(CTBACY;

R1(PIT, BASE) = Y.LCCTPITY);

R1(SAUBASE) =Y.L(CTSAUY);

R1(GFREV’ BASE) = Y.L(CGENF") + SUM(G, IGT.L(CGENF’G) );
RICSFREV’, BASE) = SUM(GSF, Y.L(GSF) - IGT.L{CGENF,GSF) );
RI(STATIC’, BASE)) = 0;

R1(DGF,BASE) =0;

RI(DSF,BASE) =0;

RI(DDRE’BASE) =0;

RI(PDRE,BASE) =0;

R1(SPI,;BASE) =SPLL;

RI(DISPY,BASE) =0;

R1(D2SPI,BASE) =0;

RI(CPI,;BASE) = SUM(H, CPLL(H)*HH.L(HY/SUM(H1, HH.L(H1)));
R1(DICPI,BASE) =0;

R1(D2CPT, BASE) =0;

RICGNBASE) = SUM(, N.L(D) );

RI(DIGN’BASE) =0,

R1(D2GN"BASE) =0;

RI(POP’ BASE) = SUM(H, HH.L(H) );

RICDIPOP’, BASE) =0;

R1(D2POP’,BASE) =0,

RICW,BASE) =RA.LCLABOR’)/RAO(CLABOR) * 100;
R1(DIW’BASE) =0;
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RI(D2W’,BASE) =0;

R1(DEPR’ BASE) =DEPR;

RI(R,BASE) =SUM(, R.LCCAPIT’T) * KS.L(D) ) / SUM(], ROCCAPIT’]) * KS.L(D) ) * 100;
R1(DIR’,BASE) =0;

R1(D2R’BASE) =0;

RI(LD,BASE) =SUM(Z, FD.L(LABORZ));
R1(DILD’BASE) =0;

R1(D2LD’,BASE) =0;

RICKD,BASE) = SUM(Z, FD.L(CAPIT’Z));
RI(D1KD’, BASE) =0;

R1(D2KD’,BASE) =0;

RI(GFSAV’BASE) = S.LCCGENF);
R1(D1GFSAV’, BASE) =0;
R1(D2GFSAV’,BASE) =0;

RICMIC’, BASE) = SUM(, ITC.L(D);
R1(PROP98’ BASE) = IGT.L(LSK14’ CGENF?);

R3(IGT’,G,BASE)  =IGT.L(G,CGENFY;
R3('GOVS’,G,BASE) =S.L(G);
R3('Y’H,BASE) =YD.L(H);
R3(CY’G,BASE)  =Y.(G);

R4(DS’I’BASE)  =DS.I(I:
R4(DIDS’L'BASE) =0;
R4(D2DS’L'BASE) =0;
R4(CFDL’,I'BASE)  =FD.L(LABOR’D);
R4(DIFDL, BASE) =0;
R4(D2FDL’BASE) =0;
R4(FDK’'BASE) = FD.L('CAPIT’D);
R4(DIFDK’ BASE) =0;
R4(D2FDK’ 1, BASE) =0;
R4(PL’BASE)  =P.L(I);
R4(DIP’LBASE) =0;
R4(D2P'LBASE) =0;
R4(PVA’LBASE) =PVA.L(D;
R4(DIPVA’L'BASE) =0;
R4(D2PVA’L'BASE) =0;
R4(PD’LBASE) = PD.L(I);
RACM’LBASE)  =M.L(I);

R4(DIM’L BASE) =0:
R4(D2M'L'BASE) =0,

R4(RRL’ BASE)  =R.L(CLABOR’IROCLABOR’D * 100;
R4(RRK’JBASE)  =RL(CAPIT]) * KS.L(I) / ROCCAPIT’,]) * KS.L(I) * 100;
R4(DIRRL’LBASE) = 0;
R4(D2RRL’IBASE) =0;
R4(DIRRK’I'BASE) =0;
R4(D2RRK'],BASE) = 0;

R5(PIIO’,LPE, BASE") = PIIO(LPE);
R5(DIRTI,LPE, BASE’) = DIRTL.L(I,PE);
RSCDIDIRTILPE,BASE) =0;
R5CD2DIRTI'LPE,BASE) =0

R6CYD’H,BASE) = YD.L(HYHH.L(H);
R6(D1YD’H,BASE’) = 0;

R6('D2YD’H, BASE’) = 0;

R6(CYDR’H, BASE) = YD.L(H)YHH.L(H)/CPLL(H);
R6(D1YDR'H, BASE’) = 0;

R6('D2YDR’H, BASE’) = 0;

R6(CYR H,BASE) =Y.L(HYHH.L(H)/CPLL(H);
R6(D1YRH,BASE) = 0;

R6(D2YR’H, BASE) = 0;

R6CYH,BASE) =Y.L(HYHH.L(H);

R6(D1Y’ H,BASE) =0;

R6(D2Y’H,BASE’) = 0;

R6(CCPIH’H, BASE) = CPLL(H);
R6(DICPIH’H,BASE) =0;

R6(D2CPIH’H, BASE) = 0;

R7(POLN’PE,BASE) = SUM(, DIRTLL(LPE));
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R7(D1POLN’PE,BASE) =0;
R7(D2POLN’,PE,BASE) =0;

*

* 6. EQUATIONS
*

* 6.1 EQUATION DECLARATION
*®

EQUATIONS

* HOUSEHOLDS
CPIEQ(H) 1.01 CONSUMER PRICE INDICES
YEQH) 1.02 HOUSEHOLD GROSS INCOME
YDEQ(H) 1.03 HOUSEHOLD DISPOSABLE INCOME
CSEQ(C,H) 1.04 HOUSEHOLD CONSUMPTION SHARES
CHEQ(D 1.05 TOTAL CONSUMPTION OF GOODS AND SERVICES
CCPEQ(C) 1.06 COMPOSITE COMMODITY PRICES
SHEQ(H)  1.07 HOUSEHOLD SAVINGS

* PRODUCERS
PVAEQ() 2.01 VALUE ADDED PRICE
PCEQ(@) = 2.02 COST FUNCTION
GSTEQ  2.03 TOTAL STATE GOVERNMENT SPENDING
EEQ()  2.04 INFRASTRUCTURE SCALE VARIABLE
RREQ(F,]) 2.05 RENTAL RATES INCLUDING TAXES
FDEQ(F.) 2.06 FACTOR DEMAND
VEQ(D  2.07 DEMAND FOR INTERMEDIATE GOODS BY SOURCE
YFEQ(F)  2.08 FACTOR INCOME

* TRADE
XEQ(®) 3.01 EXPORT DEMAND
MEQ(D 3.02 IMPORT SUPPLY
PEQ(D) 3.03 AVERAGE PRICE FACED BY DOMESTIC CONSUMPTION
NKIEQ 3.04 NET CAPITAL INFLOW

* INVESTMENT
NEQ(D 4.01 INVESTMENT BY SECTOR OF DESTINATION
CNEQ{) 4.02 INVESTMENT BY SECTOR OF SOURCE
KSEQ(I)  4.03 DESIRED CAPITAL STOCK
ITCEQ() 4.04 INVESTMENT TAX CREDIT EARNED

* LABOR SUPPLY AND MIGRATION
LSEQ(H)  5.01 LABOR SUPPLY
POPEQ(H) 5.02 MIGRATION
ANEQ(H)  5.03 NUMBER OF NON-WORKING HOUSEHOLDS

* HOUSEHOLD INCOME TAXATION
AGIEQH) 6.01 ADJUSTED GROSS INCOMES
PITEQ(GLH) 6.02 INCOME TAXES

* GOVERNMENT
YGEQ(G)  7.01 GOVERNMENT TAX INCOMES
CGNEQ(LGN) 7.02 ENDOGENOUS GOVERNMENT CONSUMPTION
GENEQ(F,GN) 7.03 ENDOGENOUS GOVERNMENT FACTOR RENTALS
CGXEQ(LGX) 7.04 EXOGENOUS GOVERNMENT CONSUMPTION
GFXEQ(F,GX) 7.05 EXOGENOUS GOVERNMENT FACTOR RENTALS
TDEQ(G,GT) 7.06 DISTRIBUTION OF TAX REVENUES TO SPENDING DESTINATIONS
TPGTEQ(GW,G1) 7.07 IGT FOR TRANSFER PAYMENTS
GFBALEQ  7.08 BALANCE OF GENERAL FUND TO WELFARE PAYMENTS
GSEQ(G)  7.09 GOVERNMENT SAVINGS

*PROP98  7.10 PROPOSITION 98 TRANSFER FOR EDUCATION -- TEST 2
PROP98  7.11 PROPOSITION 98 TRANSFER FOR EDUCATION -- TEST 3
GSEDEQ  7.12 EDUCATION SPENDING

* MODEL CLOSURE
SPIEQ 8.01 ARTIFICIAL OBJECTIVE FUNCTION -- TOTAL STATE PERSONAL INCOMES
LMEQ 8.02 LABOR MARKET EQUILIBRIUM
KMEQ()  8.03 CAPITAL MARKETS EQUILIBRIUM
GMEQ(I) 8.04 GOODS AND SERVICES MARKETS EQUILIBRIUM
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DDEQ(D  8.05 DOMESTIC DEMAND DEFINITION

* POLLUTION
DIRTIEQ(LPE)
DIRTHHEQ(PE);

* FOR REFERENCE PURPOSES THE FOLLOWING ARE LISTED ALONG WITH EQUATIONS, ALTHOUGH THE GAMS
SPECIFICATION OF FIXING VARIABLES TO LEVELS A
* WAS USED FOR ITS COMPUTATIONAL PROPERTIES

9.01 FIX PIT FOR NON INCOME TAX UNITS TO ZERO

9.02 FIX INTER GOVERNMENTAL TRANSFERS TO ZERO IF NOT IN ORIGINAL SAM

9.03 FIX EXOGENOUS INTERGOVERNMENTAL TRANSFERS

9.04 FIX GOVERNMENT DEMAND FOR GOODS AND SERVICES TO ZERO IF NOT IN ORIGINAL DATA
9.05 FIX GOVERNMENT DEMAND FOR FACTORS TO ZERO IF NOT IN ORIGINAL DATA

9.06 FIX INTER SECTORAL WAGE DIFFERENTIALS

9.07 FIX GOVERNMENT RENTAL RATE FOR CAPITAL TO INITIAL LEVEL

9.08 FIX ECONOMY WIDE SCALAR FOR CAPITAL

9.09 FIX EXOGENOUS TRANSFER PAYMENT LEVELS

9.10 FIX TRANSFER PAYMENTS TO ZERO IF NOT IN ORIGINAL DATA

* O K K X F X X ¥ ¥

*

* 6.2 EQUATION ASSIGNMENT
*

*

* 6.2.1 HOUSEHOLDS

*

* 1.01 CONSUMER PRICE INDICES

CPIEQ(H).. LOG( CPI(H) ) =E= SUM(C, CS(C,H) * LOG(P(C)) );
* 1.02 HOUSEHOLD GROSS INCOME

YEQ(H).. Y(H) =E= SUM(F, A(H,F) * HW(H) / SUM(H1, AHL,F) * HW(H1) )* Y(F) * (1 - SUM(G, TAUFH(G,F))) );
* 1.03 HOUSEHOLD DISPOSABLE INCOME

YDEQ(H).. YD(H) =E= Y(H) - SUM(GI, PIT(GLH) ) * HW(H) - SUM(G, TAUH(G,H) * HH(H) ) + SUM(G, TP(H,G) * HN(H) *
TPCH,G) );

* 1.04 HOUSEHOLD CONSUMPTION SHARES

CSEQ(C.H).. CS(C,H) =E= ALPHAQ(C,H) + SUM(C1, LAMBDA(CI1,C) * LOG( P(C1) ) ) + BETA(C) ¥ LOG ( YD(H) * ( 1 -
SIGMAH(H) ) / CPKH) );

* 1.05 TOTAL CONSUMPTION OF GOODS AND SERVICES BY HOUSEHOLDS

CHEQ(D.. CH(T) =E= SUM(C, PHI(L,C) * SUM(H, CS(C,H) * ( YD(H) - S(H) ) ) ) / ( P(D) * ( 1 + SUM(GS, TAUQX(GS,) ) +
REG6(I) ) *(1 + REG5(D) ) );

* 1.06 COMPOSITE COMMODITY PRICES

CCPEQ(C).. P(C) =E= SUM(], PHI(L,C) * P(I) * (1 + SUM(GS, TAUQX(GS.I) )+ REG6(Y) )*(1 + REG5(I) ) ) / SUM(, PHI(,C) *
PO(D) * (1 + SUM(GS, TAUQ(GS,D) ) )*(1 + REG5(D) ) );

* 1.07 HOUSEHOLD SAVINGS

SHEQ(H).. S(H) =E= SIGMAHH) * YD(H);

E3

* 6.2.2 PRODUCERS
*

* 2.01 VALUE ADDED PRICE
PVAEQ(I).. PVA(I) =E= PD() - SUM(J, AD(J,.D*REG1(J,I) * P(J) * (1 + SUM(GS, TAUQX(GS,J) ) + REG6(I) )) *(1 + REG5(]) );

* 2.02 UNIT COST FUNCTION
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PCEQ()).. PVA(D) =E= 1/ E(I) * PVAO(I) * SUM(F, ALPHA(F,D) * (RR(F,]) / RRO(F,]) ) ** (1 - SIGMA() ) ) ** (1 /(1 - SIGMA(D
)35

* 2.03 TOTAL GOVERNMENT SPENDING (CONSUMPTION SPENDING AND FACTOR RENTAL)

GSTEQ.. GST =E= SUM(GNS, KAPPA(GNS) * ( SUM(J, ALPHACG(J,GNS) * CG(J,GNS) * PO(J) ) + SUM(F, ALPHAFG(F,GNS)
* FD(F,GNS) * RO(F,GNS) * RAO(F) )) );

* 2,04 INFRASTRUCTURE VARIABLE

EEQ(D... E(T) =E= E0(I) * ( GST/ GSTO ) ** ETAGS();
* 2,05 RENTAL RATES INCLUDING TAXES

RREQ(E.]).. RR(E,J) =E= R(FJ) * RA(F) * ( 1 + SUM(GF, TAUFX(GFF,l) ) ) - SUM(GF, FITC(F,GF) * ITC(l) ) / FD(F,D);
* 2, 06K FACTOR DEMAND

FDEQ(E]).. FD(F,T) =E= E(I) * FDO(E,D) * DS(I) / DSO(I) * ( ( RRO(F,]) * PVA(D) ) / (RR(E,) * PVAO() ) ) ** SIGMA(I);
* 2.06L. LABOR FACTOR DEMAND

* FDLEQ(F,1).. FD(LABOR',I) =E= E() * REG41(I) * (FDOCLABOR’,]) + REG7L(D)) * DS(I) / DSO(D) * ( ( RROCLABOR’]) * PVA(D)
)Y/ (RRCLABOR’,I) * PVAO(I) ) ) ** SIGMA(I);

*2.07 DEMAND FOR INTERMEDIATE GOODS BY SOURCE
VEQ(D.. V(I) =E= SUM({J, AD(LI*REG1(LI) * DS{) );
*2.08 FACTOR INCOME

YFEQ(F).. Y(F) =E= SUM(Z, R(F,Z) * RA(F) * FD(F,Z) );

*

*6.2.3 TRADE

*

*3.01 EXPORT DEMAND
XEQ(D).. CX(@) =E= CX0(D * ( PD(I) / PDO(I) ) ** ETAE();
*3.02 IMPORT SUPPLY
MEQ(D.. M(I) =E= REG3(I)*MO() * (PD(I) / PDO(D) ) ** ETAM(Y);
*3.03 AVERAGE PRICE FACED BY DOMESTIC CONSUMPTION
PEQ(D).. P(I) =E= ( (DS®) - CX(D) ) * PDA) + M() * REG2(H)*PWO(D) * (1 + SUM(G, TAUM(G,D) )) ) / ( DS(T) - CX(I) + M(I) ):
*3.04 NET CAPITAL INFLOW

NKIEQ.. NKI =E= SUM({, M(I) * PW0() ) - SUM(], CX(D * PD(l) );

*

*6.2.4 INVESTMENT

*®

*4.01 INVESTMENT BY SECTOR OF DESTINATION

NEQ(D).. N(I) =E= KS(I) * DEPR;
*4.02 INVESTMENT BY SECTOR OF SOURCE

CNEQ(D.. P(D) * (1 + SUM(GS, TAUQX(GS,I) ) +REG6() y*(1 + REG5(I) ) * CN(I) =E= SUM(J, CCM(L)) * N(J) );
* 4.03 DESIRED CAPITAL STOCK

KSEQ(D).. KS(I) =E= REG13(}) * KSO(I) * (R(CAPIT ) / ROCCAPIT’I) )} ** ETAI(I) - (1 - REG12(D)* KSO(I);
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!
1
i
* 4,04 INVESTMENT TAX CREDIT EARNED ?
i
ITCEQQ).. ITC(D) <E= SUM(J, N() * CCM(.D / (1 + SUM(GS, TAU} REGSM) * TTCE

b

H

ank

RSP LSttt

*6.2.5 LABOR SUPPLY AND MIGRATION
*

*5.01 LABOR SUPPLY

: ACH
LSEQ(H).. HW(H) / HH(H) =E= HWO(H) / HHO(H) *((RA(’LABOR’)KH)/CPIO(H)))** ETARA®D
- * ( SUM(GL PIT(GLH) ) / SUM(GI, PITO(GL
Fig * ( SUM(G, TP(H,G) / CPKH) ) / SUM(G; TETATP(H);

* 5.02 MIGRATION

*k
» POPEQ(H).. HH(H) =E= HHO(H) * NRPG(H) + MIO(H) * ( ( YD(H) / Higgiy ) / ( CPIED / CPIOGD))
: ETAYD(H)

* ((HN(H) / HH(H) ) / ( HNO(H) / HHO(H) )

* ( GSED / GSEDO ) ** ETAED(H) 0

- MOOGH) * ( ( YDO(H) / HHOH) ) / ( YD(H) / HHp) ) ) ** ETAYDC
* ( (HNO(H) / HHOGHD) ) / ( HN(H) / HH(H) )
* ( GSED / GSEDO ) ** ETAED(H);

* 5.03 NUMBER OF NON-WORKING HOUSEHOLDS

ANEQ(H).. HN(H) =E= HH(H) - HW(H);

*

* 6.2.6 HOUSEHOLD INCOME TAXATION

*

* 6.01 ADJUSTED GROSS INCOMES

AGIEQ(H).. AGI(H) =E= SUM(F, AGLP) * HW(H) / SUM(H1, AGHLE) * AP * V(P * (1-SUMG:
TAUFH(G,F)) ) )/ HW(H);

* 6,02 INCOME TAXES
Gl
PITEQ(GLH).. PIT(GLH) =E= ( TAXBASE(GLH) + ( AGI(H) - TAXBM(GI) - ( TAXOD(GLH) + SUMC
ATAX(GIL,GD) * PIT(GILH) ) ) * TAXPI(GLH) )
* MTR(GLH) ) * TAXCVC(GLH) - TAXCRED(GLH) ;

*

*6.2.7 GOVERNMENT

%

*7.01 GOVERNMENT TAX INCOMES

YGEQ(G).. Y(G) =B= SUM((LJ), TAUQX(G.) * P(D) * AD(LJ) * DS(J))  TAUM(G,D * M * PWOm)
+SUMA, TAUQX(G,D) * CH( * P(D) +SUM(I, * CN@*PMD) Fi) * FDED)
+ SUM((GL,]), TAUQX(G,) * CG(L,G1) * P(I) ) + SUMGF.D) * RA(F) R(F,
+ SUM((F.G1), TAUFX(G.E.G1) * RA(F) * R(F,G1) * FD(F,G1) ) TAUFH(GP) * Y())
+SUM(H, PIT(G,H) * HW(H)) +SUM(H, HHD))
+ SAM(G, INVES") - SUM((LF), FITC4

* 7.02 ENDOGENOUS GOVERNMENT CONSUMPTION

CONEQ(LGN).. () * ( 1 + SUM(GS, TAUQX(GS,D) ) + REG6(I) ) *(1 + REGN) N) + Y(GN) %3
=E= AG(LGN) * ( SUM(G, IGT(GN,G) - IGT(G,GN) ) - SUM(H, TP(H) * TPC(HLGN) ) - SOGN)
* 7.03 ENDOGENOUS GOVERNMENT FACTOR RENTALS

GFNEQ(F,GN).. FD(F,GN) * R(F,GN) * RA(F)

Y(GN)
=E= AG(E,GN) * ( SUM(G, IGT(GN,G) - IGT(G,GN) ) - SUM(H, TPA(H) * TPC(H,GN) ) - SOGN)

%

* 7.04 EXOGENOUS GOVERNMENT CONSUMPTION
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CGXEQ(LGX).. P() * (1 + SUM(GS, TAUQX(GS,]) ) + REG6(I) )*(1 + REG5() ) * CG(I,GX) =E=PO(I) * (1 + SUM(GS,
TAUQ(GS,]) )) * CGO(L,GX);

* 7.05 EXOGENOUS GOVERNMENT FACTOR RENTALS
GFXEQ(F,GX).. FD(F,GX) * R(F,GX) * RA(F) =E= FDO(F,GX) * RO(F,GX) * RAO(F);
*7.06 DISTRIBUTION OF TAX REVENUES TO SPENDING DESTINATIONS
TDEQ(G,GT)$(IGTD(G,GT) EQ 1).. IGT(G,GT) =E= TAXS(G,GT) * Y(GT),
*7.07 DISTRIBUTION FROM SOURCES OF TRANSFER PAYMENTS

TPGTEQ(GW,G1)$(IGTD(GW,G1) EQ 4).. IGT(GW,G1) =E= IGTO(GW,G1) + SUM(H, HN(H) * TP(H,GW) * TPC(H,GW) )
- SUM(H, HNO(H) * TPO(H,GW) * TPC(H,GW) );

* 7,08 BALANCE OF GENERAL FUND SPREAD EVENLY AMONGST GENERAL FUND UNITS

GFBALEQ(GC).. IGT(GC,'CGENF’) =E= ( Y(CGENF) + SUM(G, IGT(CGENF’,G) ) - SUM(GL, IGT(GL,'CGENF) ) - SOCCGENF)

)
* SAM(GC,'CGENF) / SUM(GC1, SAM(GC1,'CGENF) );

*7.09 GOVERNMENT SAVINGS

GSEQ(G).. S(G) =E= Y(G) + SUM(GI, IGT(G,G1) - IGT(G1,G) ) - SUM(H, TP(H,G) * HN(H) * TPC(H,G) )
- SUM(, CG(LG) * P(I) * ( 1+ SUM(GS, TAUQX(GS,I) ) + REG6(D) )*(1 + REG5(D ) ) S
- SUM(F, FD(F,G) * R(F,G) * RA(F) * (1 + SUM(GF, TAUFX(GF,F,G))) );
*7.10 PROPOSITION 98 TRANSFER FOR EDUCATION -- TEST 2

* PROP98.. IGT(LSK14’, ’CGENF)

* =E= IGTO(LSK14",CGENF’) * ADA
* * ( SUM(H, Y(H) + SUM(G, TP(H,G) * HN(H) * TPC(H,G)) )/ SUM(H, HH(H) ))
* / ( SUM(H, YO(H) + SUM(G, TPO(H,G) * HNO(H) * TPC(H,G) ) ) / SUM(H, HHO(H) ) );

*7.11 PROPOSITION 98 TRANSFER FOR EDUCATION -- TEST 3

PROP98.. IGT(LSK14’,CGENF)
=E=IGTO(CLSK14’CGENF) * ADA
* (( YCCGENF) + SUM(G, IGT(CCGENF’,G) ))/SUMH, HH(H) ))
! (( YOCCGENF) + SUM(G, IGTO(CGENF’,G) ) ) / SUM(H, HHO(H) ) );

*7.12 PUBLIC EDUCATION SPENDING

GSEDEQ.. GSED =E= SUM(GED, SUM(G, IGT(GED,G) ) );

*

* 6.2.8 MODEL CLOSURE

*

* 8.01 ARTIFICIAL OBJECTIVE FUNCTION -- TOTAL STATE PERSONAL INCOMES
SPIEQ.. SPI=E= SUMH, ( Y(H) + SUM(G, TP(H,G) * HN(H) * TPC(H,G) ) ) / CPI(H) );
* 8.02 LABOR MARKET EQUILIBRIUM
LMEQ.. SUM(H, HW(H) ) =E= SUM(Z, FD(LABOR’,Z) ) * JOBCOR;
* 8.03 CAPITAL MARKETS EQUILIBRIUM
KMEQ(D).. KS(I) =E= FD(CAPIT"I);
* 8.04 GOODS AND SERVICES MARKETS EQUILIBRIUM
GMEQ(]).. DS(I) =E= DD(}) + CX(I) - M(I);
* 8,05 DOMESTIC DEMAND DEFINITION

DDEQ(D).. DD(I) =E= V(1) + CH(I) + SUM(G, CG(1,G) ) + CN(D);
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*

* 6.2.9 MODEL CLOSURE USING FIXED VALUES (COMPUTATIONALLY MORE EFFICIENT THAN EQUATIONS)

*

*9.01 FIX PIT FOR NON INCOME TAX UNITS TO ZERO
PIT.EX(G,H)$(NOT GI(G)) = 0;

*9.02 FIX INTER GOVERNMENTAL TRANSFERS TO ZERO IF NOT IN ORIGINAL SAM
IGT.FX(G,G1)$(NOT IGTD(G,G1)) = 0;

*9.03 FIX EXOGENOUS INTERGOVERNMENTAL TRANSFERS
IGT.FX(G,G1)$(IGTD(G,G1) EQ 2) = IGT0(G,G1);

*9.04 FIX GOVERNMENT DEMAND FOR GOODS AND SERVICES TO ZERO IF NOT IN ORIGINAL DATA
CG.FX(1L,G)$(NOT SAM(1,G) ) = 0;

*9.05 FIX GOVERNMENT DEMAND FOR FACTORS TO ZERO IF NOT IN ORIGINAL DATA
FD.FX(F,G)$(NOT SAM(F,G) ) = 0;

*9.06 FIX INTER SECTORAL WAGE DIFFERENTIALS
R.FX(LABOR'’Z) = ROCLABOR’,Z);

* 9.07 FIX GOVERNMENT RENTAL RATE FOR CAPITAL TO INITIAL LEVEL
R.FX(CAPIT’,G) = ROCCAPIT",G);

*9.08 FIX ECONOMY WIDE SCALAR FOR CAPITAL
RA.FX('CAPIT’) = RAO(CCAPIT");

*9.09 FIX EXOGENOUS TRANSFER PAYMENT LEVELS
TP.FX(H,GW) = TPO(H,GW);

* 9.10 FIX TRANSFER PAYMENTS TO ZERO IF NOT IN ORIGINAL DATA

TP.EX(H,G)$(NOT TPO(H.G)) = 0;
*

*6.2.10 POLLUTION
*

*10.1 POLLUTION FROM INDUSTRIAL SOURCES
DIRTIEQ(LPE).. DIRTKLPE) =E= DS(I}*PIIO(L,PE);
*10.2 POLLUTION FROM HOUSEHOLDS

DIRTHHEQ(PE).. DIRTHH(PE) =E= SUM(H,HH(H))*PIHHO(PE),

*

*7. SOLVE AND OUTPUT PREPARATION

*

*7.1 MODEL FORMULATION

*

MODEL edram999 /ALL/,

*

*7.2 TAX EXPERIMENT LOOP

*

* BASE SOLVE: REPLICATION OF CURRENT ECONOMY

SOLVE edram999 MINIMIZING SP1 USING NLP;
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* SAVE SOLUTION VALUES FOR BASE SOLUTION (SHOULD MATCH INITIAL DATA)

RI(BAC, TODAY) =Y.L(CTBAC);
R1(PIT, TODAY) = Y.LCCTPITY;
RI(SAU’, TODAY) = Y.L(CTSAUY);
R1(GFREV’, TODAY’) = Y.L(CGENF) + SUM(G, IGT.L(CGENF,G) };
RI(SFREV’ TODAY?) = SUM(GSF, Y.L(GSF) - IGT.L(CGENF,GSF) );
R1(STATIC’ TODAY") = 0; :
RI(DGF, TODAY) =RI(GFREV’ TODAY’)- R1(GFREV’, BASEY;
RI(DSF, TODAY) =RI1(SFREV’, TODAY’) - R1('SFREV’ BASE);
R1(DDRE’, TODAY?) = R1(DGF, TODAY" + R1(DSF, TODAY? - RI(STATIC’, TODAY?;
R1(PDRE’ TODAY)$RI(STATIC’ TODAY") = R1(DDRE’, TODAY") / R1(STATIC’ TODAY") * 100;
R1(SPI, TODAY) =SPLL;
R1(DISPI, TODAY’) = SPLL - RI(SPT,BASE);
R1(D2SPI, TODAY" = (SPLL - R1(SPT, BASE))/R1(‘'SPI’,;BASEY;
RI(CPT, TODAY) = SUM(H, CPLL(H)*HH.L(HYSUM(H1, HH.L(H1)));
R1(DICPI, TODAY’) = SUM(H, CPL.L(HY*HH.L(H)/SUM(H1, HH.L(H1))) - RICCPT, BASE);
R1(D2CPT, TODAY) = (SUM(H, CPLL(H)*HH.L(HY/SUM(H1, HH.L(H1))) - RI(CPI’, BASE)}YR1('CPI, BASEY;
R1(GN’,TODAY) =SUM(, N.(D );
RI(DIGN TODAY) =SUM( N.L(D ) - RICGN’,BASE);
RI(D2GN’, TODAY) = (SUM(, N.L()) - R1(GN’ BASE))/R1(GN’,BASE?;
R1(POP’ TODAY") =SUM, HH.L(H) );
R1(D1POP’, TODAY") = SUM(H, HH.L(H) ) - RI(POP’ BASE);
R1(D2POP’, TODAY") = (SUM(H, HH.L(H) ) - R1(POP’, BASE))/R1(POP’,BASE);
RI(W’ TODAY) =RA.L(CLABOR)/RAOCLABOR"* 100; . o
RI(DIW’TODAY) =RAL(LABOR)/RAO(LABOR’) * 100 - RI(W’, BASE);
RI(D2W’, TODAY) =(RA.L(LABOR)/RAOCLABOR’ * 100 - R1(W’ BASE)Y/R1('W’ BASE);
R1(DEPR, TODAY") =DEPR;
RI(R,TODAY) = SUM(, R.LCCAPIT,]) * KS.L(I) } / SUM(L, ROCCAPIT’I) * KS.I1(I) ) * 100;
RI(DIR, TODAY) =SUM(, R.LCCAPIT,I) * KS.L(D) ) / SUM(I, ROCCAPIT’]) * KS.L(I) ) * 100 - R1(R’ BASE);
RI(DZR’TODAY) = (SUM(, R.LCCAPIT’I) * KS.1(I) ) / SUM(I, ROCCAPIT",]) * KS.L(D) ) * 100 -
RI(R’ BASE))/R1(R’ BASEY;
RI(LD’ TODAY) =SUM(Z FD.L(LABOR’Z));
R1(DILD" TODAY) =SUM(Z FD.L(CLABOR’Z)) - R1(LD’ BASE);
R1(D2LD" TODAY") =(SUM(Z, FD.L(CLABOR’Z) ) - RI(LD’ BASE))R1(LD" BASE?;
RI(KD’, TODAY) =SUM(Z FD.L(CAPIT’Z) );
RI(DIKD’ TODAY) =SUM(Z FD.L(CAPIT"Z)) - R1I(KD’ BASE?;
R1(D2KD’, TODAY) = (SUM(Z, FD.LCCAPIT’Z) ) - R1(KD’,BASE))/R1(KD’ BASE?;
RI('GFSAV’, TODAY") = S.L(CGENF;
R1(D1GFSAV’ TODAY')= S.L(CGENF) - RI'GFSAV’, BASEY;
RI(D2GFSAV’, TODAY")= (S.L(CGENF) - RI(GFSAV’, BASE))/R1('GFSAV’, BASE");
RICMIC, TODAY) = SUM(, ITC.L(D );
R1(PROP98’ TODAY") = IGT.L(LSK14’,CGENFY);

R2('M-STAT’, TODAY’) = edram999.MODELSTAT;
R2(’S-STAT’, " TODAY’) = edram999.SOLVESTAT;

R3(IGT’,G, TODAY") = IGT.L(G,CGENFY);
R3('GOVS’,G, TODAY") = S.L(G);

R3(Y’H, TODAY) =Y.L(H);

R3(Y’,G, TODAY) =Y.L(G);

R4(DS’ I, TODAY") =DS.LA);

R4(FDL''TODAY") =FD.L{LABOR’,});
R4(’P’,1, TODAY") =P.L();

R4(PD’ TODAY) =PD.I(I);

R4('M’L, TODAY") =M.L();

R4(DIDS’ TODAY) =DS.L(I) - R4(DS’ 1 BASEY;

R4(D2DS’IL TODAY) = (DS.L() - R4(DS’, 1, BASE))/R4(DS’,'BASEY;
RA(DIFDL’L, TODAY) =FD.L(LABOR’]) - R4(FDL’ L BASE);

R4(D2FDL’], TODAY) = (FD.L(LABOR’]) - R4(FDL’1, BASE))/R4(FDL’ ], BASEY;
R4(CFDK’, TODAY)  =FD.L(CAPIT’]I);

R4(DIFDK’I, TODAY) = FD.L(CAPIT’]) - RA(CFDK’], BASE);

R4(D2FDK’, TODAY) = (FD.L(CAPIT’,]) - R4(FDK’,1, BASE))YR4(FDK’,, BASEY);
R4(CPVA’L'TODAY) =PVAL(;

RA(DIPVA’L TODAY) =PVAL()-R4(PVA’L BASE);

R4(D2PVA’L'TODAY) =(PVA.L(I) - RA(PVA’ L BASE))/R4(PVA’L BASE);
R4(D1P, TODAY)  =P.I(I)- R4(P’L'BASEY);

R4(D2P’, TODAY) = (P.L(D - R4(P’, BASE)VR4(P’ 1 BASEY;
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R4(DIM’LTODAY)  =M.L(I) - R4(M’L BASE);

R4(D2M’LTODAY) = (M.L(D) - RAM L BASE)YR4(M’, L BASE;

RA(RRK’L TODAY)  =R.L(CAPIT’]) * KS.L(I) / ROCCAPIT’,]) * KS.L(I) * 100;

R4(RRL’L TODAY)  =R.L(LABOR’])/ROCLABOR’]) * 100;

R4(DIRRL’L TODAY) = RL(LABOR’I)/ROCLABOR’,]) * 100 - R4'RRL’L BASE);

R4(D2RRL’L TODAY) = (RL(LABOR’D/RO(CLABOR’]) * 100 - R4(RRL’L, BASE))/R4(RRL’ | BASEY;

R4(DIRRK’L TODAY) =R.L{CAPIT’,]) * KS.L(I) / ROCCAPIT’) * KS.() * 100 - RA(RRK’ BASE); .
R4(D2RRK’,L'TODAY) =R.L{CAPIT’]) * KS.(I) / ROCCAPIT’D) * KS.L(I} * 100 - R4(CRRK’L BASE))/R4(RRK’], BASE);

R5(PIIO,LPE, TODAY") =PI(IPE);
RS(DIRTT,LPE, TODAY’) = DIRTLL(LPE);

R6(CYD’H, TODAY) =YD LMH)YHHL(H);

R6CY’H, TODAY) =Y.L(HYHH.L(H);

R6CYDR’H, TODAY) = YD.L(HYHH.L(H)/CPLL(H);

R6CYR’H, TODAY) =Y.L(HYHH.L(HY/CPLL(H);

R6(CPIH’H, TODAY") =CPLL(H);

R6(D1YD’H, TODAY") =YD.L(H)YHH.L(H) - R6(CYD’H, BASE);

R6(D2YD’,H, TODAY") = (YD.L(HYHH.L(H) - R6CYD’H, BASE))/R6('YD’H,BASE);
R6(D1Y’H, TODAY) =Y.L(HYHH.L(H)-R6('Y’H, BASE);

R6(D2Y’ H, TODAY’) = (Y L(HYHH.L(H) - R6('Y’H,BASE))/R6(’Y’H, BASE;
R6(D1YDR’H, TODAY") = YD.L{HYHH.L(H)/CPLL(H) - R6(CYDR’H, BASE?;

R6(D2YDR’H, TODAY") = (YD.L(HYHH.L(H)/CPL.L(H) - R6CYDR’H, BASE))/R6('YDR’H, BASEY),
R6(D1YR’H, TODAY) =Y.L(HYHH.L(H)Y/CPLL(H) - R6('YR H,BASE’);

R6(D2YR’H, TODAY") = (Y.LHYHH.L(H)YCPLL(H) - R6(YR’H,BASE))/R6('YR’H ’BASE’),
R6('D1CPIH’H, TODAY’) = CPLL(H) - R6(CPIH’H, BASE);

R6('D1CPIH’ H, TODAY") = (CPLL(H) - R6(CPIH’ H, BASE)Y/R6('CPIH’ H, BASE);

R7(POLN’PE, TODAY") = SUM(, DIRTLL(LPE));
R7(D1POLN’PE, TODAY" = SUM(], DIRTLL(LPE)) - R7(POLN’,PE, BASE’);
R7(D2POLN’,PE, TODAY") = (SUM(I, DIRTLL(LPE)) - R7(POLN’,PE, BASE))/R7(POLN’,PE, BASE);

$SONTEXT
* EXPERIMENT 1: INCREASE PRICE OF CONSUMER CHEMICALS BY 1.443%

REG5('CONCH) = (0.37)*(0.26)*(0.15);
SOLVE edram999 MINIMIZING SP1 USING NLP;
* SAVE SOLUTION VALUES

R1(BAC’,)CONCH!") =Y.I(CTBAC);

RI(PIT’,’CONCHI1) =Y.LCCTPIT"),

R1(CSAU’CONCHI) =Y.IL({CTSAUY;

RICGFREV’ CONCHY!") = Y.L{CGENF) + SUM(G, IGT.L(CGENF’G) );

RI1(SFREV’CONCHI1") = SUM(GSF, Y.I(GSF) - IGT.LC'CGENF’,GSF) );

RI(STATIC’CONCHI1) = 0;

R1(DGF,’CONCH!) =RI1(GFREV’CONCH!’) - R1(GFREV’, TODAY?;

RI(DSF,CONCH1) =RI(CSFREV’’CONCHLI") - R1(SFREV’, TODAY");

R1(DDRE’’CONCH1) =RI1(DGF,’CONCHY!’) + RI(DSF,"CONCHL!’) - R1("STATIC’CONCH1%;

RI(PDRE’CONCH1)$R1('STATIC’’CONCH1) = R1(DDRE’,'CONCH1!’) / R1(STATIC’’CONCH]1’) * 100;

R1(SPI'’CONCH1) =SPLL;

R1(D1SPT,’CONCHI’) =SPLL - R1(SPI, TODAY),

R1(D2SPI',’CONCH!") =(SPLL - R1('SPI’,’TODAY?))/R1(’SPI’,’ TODAY");

RI1(CCPTICONCH1) = SUM(H, CP1.L(H)*HH.L(H)/SUM(H1, HH.L(H1)));

R1(DICPI,’CONCH1") = SUM(H, CPLL(Hy*HH.L(H)/SUM(H1, HH.L(H1))) - RI(CPI''TODAY";

R1(D2CPY,CONCHI1%) =(SUMH, CP1L.LH)*HH.L(H)/SUM(H1, HH.L{H1))) - RI(CPI’,’ TODAY"))/R1('CPI', TODAY");

RI1CGN’CONCH1) =SUM({, N.L());

RI(DIGN’CONCHI’) =SUM(] N.I{I) ) - RI('GN’, TODAY?;

RI1(D2GN’CONCHI1) = (SUM(, N.I(I) ) - RI('GN’, TODAY))/R1('GN’, TODAY");

R1(POP’’CONCH!) =SUM(H, HH.L(H) );

RI(DI1POP’’CONCH1") =SUM(H, HH.L(H) ) - R1(’POP’, TODAY");

R1(D2POP’'CONCH1") = (SUM(H, HH.L(H)) - R1(POP’, TODAY"))/R1(POP’, TODAY";

RI1CW’CONCH1) =RA.LCLABOR’)/RAO(LABOR * 100;

RI(DIW’CONCHI1) =RA.L(LABOR’)/RAO(CLABOR * 100 - RI(W’, TODAY";

R1(D2W’CONCHI") =(RA.LCLABOR’)/RAOCLABOR * 100 - RI{W’, TODAY)Y/RI(W’ TODAY?;

RICRCONCHI) = SUM( R.LCCAPIT’I) * KS.L(I) ) / SUM(I, ROCCAPIT,I) * KS.I(D) ) * 100;

RI(DIR’CONCH1) =SUM(, R.LCCAPIT’I) * KS.I(I) ) / SUM(J, ROCCAPIT,I) * KS.L(I} ) * 100 - R1(R’, TODAY?,

RI(D2R’’CONCHI) = (SUM(, R.L(CAPIT’]) * KS.I(I) ) / SUM(, ROCCAPIT"I) * KS.L(I) ) * 100 -
RI1(R, TODAY))Y/R1(R’ TODAY?,
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RI(LD’)CONCH1) =SUM(Z, FD.L(LABOR’Z));

R1(DILDCONCH1) =SUM(Z, FD.L(LABOR’Z)) - RI(LD’ TODAY?;
RI1(D2LD’,CONCH1) = (SUM(Z, FD.L(CLABOR’Z) ) - RI(LD’, TODAY))/R1(LD’, TODAY";
RI(KD’’CONCH1) = SUM(Z, FD.L('CAPIT’Z) );

R1(DIKD’'CONCHI) = SUM(Z, FD.L(CAPIT",Z) ) - RI(KD’, TODAY?;
R1(D2KD’,CONCH1) = (SUM(Z, FD.L(CAPIT"Z) ) - R1(CKD’, TODAY")/R1(KD’, TODAY";
RI(GFSAV'’CONCH1’) = S.L(CGENF);

R1(D1GFSAV’, CONCH1"= S.L(CGENF) - RI(GFSAV’, TODAY?;

RI(D2GFSAV’, CONCH1)= (S.L(CGENF) - RI(GFSAV’, TODAY"))/R1(GFSAV’ TODAY;
R1(MIC’,CONCH1?) = SUM(, ITC.L(D) );

R1(PROP98’ CONCHI1" = IGT.L(LSK14’,CGENFY;

R2(M-STAT’ ’CONCHYI’) = edram999. MODELSTAT;
R2(’S-STAT’,)CONCH1’) = edram999.SOLVESTAT;

R3(IGT’,G,'CONCH1) = IGT.L(G, CGENF);
R3('GOVS’,G,CONCHI") = $.1(G);
R3(Y’H,CONCHI) = Y.L(H);
R3(Y’,G,CONCHI)} =Y.LG);

RA(DS’,’CONCHY’) = DS.L(I);
R4(FDL’,],,CONCH1) =FD.L(LABOR’]I);

R4A(P’,]’CONCHI") =P.L(D);
R4(PD’'CONCHI") =PD.L(I);
R4(M’ ] ’CONCHYI’) =M.L(I);

R4(D1DS’I’CONCH1) =DS.L() - R4(DS’ I, TODAY"); ’ v
R4(D2DS’L’CONCH1) = (DS.L(I) - R4(DS’,TODAY"))/R4(DS’ L TODAY?;
R4(DIFDLI’CONCH1) =FD.L(LABOR’]) - R4(FDL’ 1, ,TODAY");
R4(D2FDL’I’CONCH1) = (FD.L{LABOR’]) - R4(FDL'I, TODAY"))/R4(FDL’ I, TODAY");
R4(FDK’,J,,CONCHY") =FD.LCCAPIT");
R4(DIFDK’I,CONCH1)  =FD.L(CAPIT’]) - R4(FDK'I, TODAY");
R4(D2FDK’I’CONCH1) = (FD.L(CAPIT’]) - R4(FDK’ I, TODAY"))/R4(FDK’, TODAY?;
R4(DIPI'CONCH1)  =P.L() - R4(P’ 1 TODAY?;
R4(D2P’CONCH1)  =(P.L(D - R4(P’ I, TODAY"))/R4(P’ L, TODAY");
R4(DIM’L’CONCH1) =M.L(D) - R4(M’ ;' TODAY?);
R4(D2M’'CONCH1) = M.L(]) - R4(M’ L' TODAY"))/R4(M’ ], TODAY?);
R4(RRK’,J,’,CONCHI") =R.LCCAPIT"]) * KS.L(I) / RO(CCAPIT’,]) * KS.I(I) * 100;
R4(RRL’],',CONCHLI") = R.LCLABOR’]) / ROCLABOR",D) * 100;
R4(DIRRL’I’CONCH1) = R.IL(LABOR’D/RO(CLABOR’I) * 100 - R4(RRL’L, TODAY?;
R4(D2RRL’I’CONCH1) = (R.L{LABOR’I)/ROCLABOR’]) * 100 - R4(RRL’ L, TODAY"))/R4(RRL’ I, TODAY");
R4(DIRRK’J;’CONCH1) =R.L(CAPIT’]) * KS.I(I) / ROCCAPIT’I) * KS.L(I) * 100 - R4(RRK’ I, TODAY");
R4(D2RRK’’CONCH1") =(R.L(CAPIT’]) * KS.I(I) / ROCCAPIT’]) * KS.I(I) * 100 -

R4(RRK'’ TODAY"))/R4(RRK’,], TODAY’);

R5(PIIO,LPE,'CONCH1") = PIO(LPE);
R5S(DIRTI,L,PE,",CONCH1’) = DIRTLL(I,PE);

R6(YD’H,CONCHI") = YD.L(H)/HH.L(H);

R6(Y’H,CONCH1) = Y.L(HYHH.L(H);

R6(YDR’H,CONCH1) = YD.L(HYHH.L(H)/CPLL(H);

R6CYR’H,CONCH1) = Y.L(HY/HH.L(H)/CPLL(H);

R6('CPIH’H,'CONCH1") = CPLL(H);

R6(D1YD’H,CONCHI) = YD.L(HYHH.L(H) - R6(YD’H, TODAY?;

R6(D2YD’H,CONCHI) = (YD.L(HYHH.LH) - R6CYD’H, TODAY))/R6('YD’H, TODAY?;
R6(D1Y’H,CONCH1) =Y.L(HYHH.L(H) - R6(Y’H, TODAY";

R6(D2Y’H /CONCHI) = (Y.L(HYHH.L(H) - R6(Y"H, TODAY)/R6('Y" H, TODAY";
R6(DIYDR’H,’CONCH1) = YD.L(HYHH.L(H)/CPLL(H) - R6(YDR’H, TODAY";
R6(D2YDR’H,'CONCH1?) = (YD.L(HYHH.L(H)/CPLL(H) - R6(YDR’H, TODAY"))/R6('YDR’,H, TODAY");
R6(D1YR’H,'CONCH1") = Y.L(HYHH L(H)Y/CPLL(H) - R6(CYR’H, TODAY";

R6(D2YR’H, CONCH1) = (Y.L(H)/HH.L(H)/CPLL(H) - R6(YR’H, TODAY’)Y/R6('YR"H, TODAY?;
R6(DICPIH’H,"CONCH1") = CPLL(H) - R6(CPIH’H, TODAY?);

R6(D1CPIH’H,'CONCHI’) = (CPLL(H) - R6(CPIH’H, TODAY"))/R6(CPIH’ H, TODAY?;

R7(CPOLN’PE,’CONCH1") = SUM(, DIRTLL(L,PE));
R7(D1POLN’PE,’,CONCH1") = SUM(], DIRTLL(LPE)) - R7(POLN’,PE, TODAY");
R7(D2POLN’,PE,"CONCHI") =(SUM(, DIRTLL(L,PE)) - R7(POLN’PE, TODAY"))/R7(POLN’,PE, TODAY";

* EXPERIMENT 2: INCREASE INTERMED. REQS. OF CONCH SECTOR S.T. STATIC PRICE OF THAT SECTOR RISES BY
1.443 PERCENT
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REG5(CONCH) =0;
REG1(I,’CONCH) = 1 +(0.37)*(0.26)*(0.15)/0.922185;
SOLVE edram999 MINIMIZING SPI1 USING NLP;

* SAVE SOLUTION VALUES

RI(BAC',CONCH2) =Y.L(CTBAC);
R1(PIT’)CONCH2) = Y.L(CTPITY);
R1(SAU’,CONCH2) =Y.L(CTSAUY; 7 -
R1('GFREV’,CONCH2) = Y.L('CGENF) + SUM(G, IGT.L(CGENF’G) );
R1(SFREV’,CONCH?2) = SUM(GSF, Y.L(GSF) - IGT.LCCGENF,GSF) );
R1(STATIC’, CONCH?2") = 0;
R1(DGF,CONCH2) =RI1('GFREV’ ,CONCH2" - RI(GFREV’, TODAY";
R1(DSF,’CONCH?2) =R1(’SFREV’,CONCH2') - RI(SFREV’, TODAY;
R1(DDRE’,CONCH2) =R1(DGF,CONCH2) + R1I(DSF, CONCH2) - RI(STATIC’ CONCH2);
R1(PDRE, CONCH2)$R1(’STATIC’ CONCH?2) = R1(DDRE’'CONCH2) / R1('STATIC’,CONCH2) * 100;
R1('SPT,’CONCH?2) =SPLL;
R1(DISPI,CONCH?2) = SPLL-RI(SPI,TODAY?Y,
R1(D2SPT,'CONCH2) = (SPLL - R1('SPI; TODAY)/RI(SPT, TODAY;
RI(CPY,'CONCH2) =SUM(H, CPLL(H)*HH.L(H)/SUM(H1, HH.L(H1)));
R1(D1CPF,CONCH2") = SUM(H, CPLL(H)*HH.L(H)/SUM(H1, HH.L(H1))) - RI('CPT, TODAY";
R1(D2CPI,CONCH?2) = (SUM(H, CPLL(H)*HH.L(HYSUM(H1, HH.L(H1))) - R1(CPT, TODAY))/R1('CPT, TODAY";
RI(GN’CONCH2) =SUM(, N.L(D) );
RI(DIGN’CONCH2) =SUM( N.L(J) ) - RI(GN’, TODAY?);
R1(D2GN’CONCH?2) = (SUM(, N.L(D) ) - RI(GN’, TODAY))/R1('GN’, TODAY");
R1(POP’CONCH2) =SUM(H, HH.L(H) );
R1(DIPOP’'CONCH?2") = SUM(H, HH.L(H) ) - R1(POP’, TODAY?;
R1(D2POP’,CONCH?2") = (SUM(H, HH.L(H) ) - R1(POP’ TODAY’))/R1(POP’, TODAY?;
RICW’/CONCH2) =RAL(CLABOR’)/RAOCLABOR’) * 100;
RI(DIW’’CONCH2) =RA.L(LABOR’/RAO(LABOR) * 100 - RI(W’, TODAY?;
R1(D2W’ CONCH2) = (RA.LCLABOR)/ RAOCLABOR * 100 - R1('W’ TODAY))/R1(W’ TODAY";
RI(R,CONCH2) = SUM(I, R.LCCAPIT’I) * KS.L(I) ) / SUM(I, ROCCAPIT’ D) * KS.L(I) ) * 100;
R1(DIR’CONCH2) =SUM(L R.LCCAPIT’]) * KS.L(D) ) / SUM(I, ROCCAPIT’,D) * KS.L(I) ) * 100 - Ri(R’ TODAY?;
RI(D2R’CONCH2) = (SUM(], R.LCCAPIT’]) * KS.L(I) ) / SUM(L, ROCCAPIT’) * KS.L(I) ) * 100 -
RI(R’,TODAY))/R1(R, TODAY";
R1(LD,’CONCH2) =SUM(Z FD.L(LABOR’Z));
R1(DILD’CONCH2) =SUM(Z, FD.L(LABOR’Z)) - R1(LD’ TODAY?;
R1(D2LD’,CONCH?2") = (SUM(Z, FD.L(LABOR’Z) ) - R1(LD’ TODAY))YR1(LD’ TODAY?;
RI(KD’ CONCH2) = SUM(Z, FD.L(CAPIT’,Z) );
RI(DIKD’CONCH2") =SUM(Z, FD.L('CAPIT’Z) ) - RI(KD’, TODAY;
RI1(D2KD’,CONCH2) = (SUM(Z, FD.L(CAPIT’,Z) ) - RI(KD’, TODAY))/R1(KD’ TODAY?;
R1(GFSAV''CONCH?2) = S.L(CGENFY;
R1(DIGFSAV’’CONCH2)= S.L(CGENF’) - RICGFSAV’, TODAY?);
R1(D2GFSAV’, CONCH2)= (S.L(CGENF) - R1(GFSAV’, TODAY))YR1('GFSAV’, TODAY?;
RI(MIC’’CONCH2) = SUM(L ITC.L(D) );
RI(PROP98’ CONCH?)) = IGT.L(LSK14’ CGENFY;

R2(M-STAT’,)CONCH2’) = edram999. MODELSTAT;
R2(’S-STAT’ CONCH2’) = edram999.SOLVESTAT;

R3(IGT’,G, CONCH?’) = IGT.L(G, CGENF);
R3('GOVS’,G,CONCH?) = 5.L(G);
R3(Y’H,CONCH2) =Y.L(H);
R3(Y’,G,CONCH2) =Y.L(G);

R4(DS’1’"CONCH?2) =DS.I(D);
R4(FDL’,ICONCH?2") =FD.L(CLABOR’,D);

R4(P’I,CONCH2) =P.L(I);
R4(’PD’,1,CONCH2) = PD.L(I);
R4(M’,],CONCH2) =M.LJ);

R4(DIDS’1’CONCH2) = DS.ILI) - R4(DS’L ' TODAY’);

R4(D2DS’J’CONCH2)  =(DS.L(I) - R4('DS’ ], TODAY"))/R4('DS’, I, TODAY’);
R4(DI1FDL’I’'CONCH2) =FD.L{LABOR’]) - R4(FDL’]1, TODAY’);
R4(D2FDL’,],,CONCH?2) = (FD.LCLABOR’]) - R4(FDL'I, TODAY"))/R4(FDL’]I, TODAY");
R4(’FDK’,]'CONCH?2) =FD.L(CAPIT’]);

R4('DI1FDK’ICONCH2) =FD.LCCAPIT’)) - R4(FDK' I, TODAY’);
R4(D2FDK’J,CONCH2) = (FD.L(CAPIT) - R4(FDK’,], TODAY))/R4(FDK’, I, TODAY?;
R4(DIPCONCH2)  =P.L(I) - R4(P’ I, TODAY");
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RA(D2P’L'CONCH2)  =(P.L() - R4(P’ L, TODAY))R4(P’ L TODAY?);
R4(DIM’I'CONCH2) =M.L() - R4(M’] TODAY?);
R4(D2M’L’CONCH2) = M.L(D) - R4(M’ ], TODAY"))/R4(M’], TODAY?);
R4(RRK’,1,;,CONCH2) =R.IL(CCAPIT’]) * KS.L(I) / ROCCAPIT")) * KS.1(I) * 100;
R4(RRL’I,;CONCH2) =R.LCLABOR’,) / ROCLABOR’,]) * 100;
R4(DIRRL,I'CONCH2) = R.L(LABOR’I)/RO(LABOR’]) * 100 - R4(RRL’I,TODAY?);
R4(D2RRL,I'CONCH2) = (R.L(LABOR’I)/RO(CLABOR’]) * 100 - R4(RRL’I,TODAY"))/R4('RRL’], TODAY");,
R4(DIRRK','CONCH2) =R.L(CAPIT’]) * KS.I(D) /ROCCAPIT’]) * KS.L(I) * 100 - R4(RRK’ I, TODAY";
R4(D2RRK’L'CONCH?2) =(R.L(CAPIT’]) * KS.L{I) /ROCCAPIT"I) * KS.I(I) * 100 -

R4(RRK’ L TODAY?))/R4('RRK’ I, TODAY");

R5(PI0’,LPE,'CONCH2) = PHO(LPE);
R5(DIRTI’,LPE,"CONCH2) = DIRTLL(LPE);

R6(YD’H,CONCH2) = YD.LMHYHH.L(H);

R6(Y’H,CONCH?2) = Y.L(HYHH.L(H);

R6('YDR’H,CONCH2) = YD.L(H)/HH L(HY/CPLL(H);

R6(CYR’H,CONCH?) = Y.L(HYHH.L(H)/CPLL(H);

R6('CPIH’H,'CONCH2) = CPLL(H);

R6(P1YD',H,CONCH?2) = YD.L(HYHH.L(H) - R6(YD’H, TODAY";

R6(D2YD’H,CONCH?2) = (YD.L(H/HH.L(H) - R6CYD’H, TODAY)YR6(YD’H, TODAY";
R6(DIY’H,CONCH2) =Y.L(HYHH.L(H) - R6(Y’H, TODAY?;

R6(D2Y’H,CONCH2) = (Y.L(HYHH.L(H) - R6CY"H, TODAY)YR6(Y"H, TODAY;
R6(D1YDR’H,'CONCH2) = YD.L(HYHH.L(H)/CPLL(H) - R6(YDR’H, TODAY?;

R6('D2YDR’H, CONCH?2") = (YD.L(H)/HH.L(H)/CPLL(H) - R6(YDR’H, TODAY))/R6(YDR’ H, TODAY?;
R6(D1YR’H,CONCH?) =Y.(HYHH.L(H)/CPLL(H) - R6('YR’H, TODAY?); : e
R6(D2YR’H,'CONCH2) = (Y.L(HYHH.L(H)/CPLL(H) - R6(YR’H, TODAY))R6(YR’H, TODAY?;
R6(DICPH’H, CONCH?2) = CPLL(H) - R6(CPIH’H, TODAY?;

R6('D1CPIH’H,'CONCH?’) = (CPLL(H) - R6(CPIH’H, TODAY"))/R6(CPIH’H, TODAY);

R7(POLN’,PE,' CONCH2") =SUM(, DIRTLL(LPE));
R7(D1POLN’,PE,"CONCH2’) = SUM(], DIRTLL(L,PE)) - R7(POLN’,PE, TODAY);
R7(D2POLN’PE,CONCH2) = (SUM(L DIRTLL(LPE)) - R7(POLN’,PE, TODAY"))/R7(POLN’PE," TODAY";

* EXPERIMENT 3: SAME AS EXP. 2, BUT NOW DECREASE IMPORT ELASTICITY TO 1.25 (FROM DEFAULT OF 1.5)

ETAM(CCONCH) = 1.25;
SOLVE edram999 MINIMIZING SPI USING NLP;
* SAVE SOLUTION VALUES

R1(BACCONCH2T!) =Y.L(CTBACY;

RI(PIT’CONCH2T1) =Y.L(CTPITY);

RI(SAUCONCH2T1) =Y.L(CTSAUY;

R1(GFREV’,CONCH2T1) =Y.L(CGENF) + SUM(G, IGT.L(CGENF’G) );

R1(SFREV’,CONCH2T1") = SUM(GSF, Y.L(GSF) - IGT.L{CGENF,GSF) );

R1(STATIC’CONCH2T1) = 0;

R1(DGF,CONCH2T1) =RI(GFREV’ CONCH2T1) - R1(GFREV’ TODAY";

R1(DSF,CONCH2T1) =RI(SFREV’ CONCH2T1’) - RICSFREV’,TODAY?;

R1(DDRE’,'CONCH2T1) =R1(DGF,CONCH2T1’) + RI(DSF,CONCH2T1’) - R1(STATIC’, CONCH2T1");
R1(PDRE’,CONCH2T1)$R1(STATIC’ CONCH2T1) = R1(DDRE’ CONCH2T1) / R1(STATIC’, CONCH2T1" * 100;
RICSPICONCH2T1) =SPLL;

R1(D1SPI,;CONCH2T1) = SPLL - RI(SPT, TODAY?);

R1(D2SPY,CONCH2T1) = (SPLL - R1('SPI,; TODAY))R1(SPI’, TODAY?);

R1(CPI;CONCH2T1) = SUM(H, CPLL(H)*HH.L(H)/SUM(H1, HHL.LHL));

R1(DI1CPI;,yCONCH2T1) = SUM(H, CPLL(H)*HH.L(H)/SUM(H]1, HH.L(H1))) - R1(CPI, TODAY?);
R1(D2CPY,;CONCH2T1) = (SUM(H, CPLL(H)*HH.L(HYSUM(H1, HH.L(H1))) - RI(CPI, TODAY))/R1(CPI, TODAY?;
R1(GN’CONCH2T1) = SUM(, N.L(I) );

R1(DIGN’,CONCH2T1) =SUM(, N.L(I) ) - RI(GN’, TODAY?);

R1(D2GN’,CONCH2T1) = (SUM(, N.L(J) ) - RI(GN’, TODAY"))/R1{GN’, TODAY?);

RI(POP’,CONCH2T1) =SUM(H, HH.L(H));

R1(D1POP’,;CONCH2T1?) = SUM(H, HH.L(H) ) - R1(POP’ TODAY?;

R1('D2POP’,CONCH2T1") = (SUM(H, HH.L(H) ) - RI(POP’, TODAY))Y/R1(POP’ TODAY?;

R1(W’ CONCH2T1)  =RA.L(LABOR’)/RAOCLABOR’) * 100;

RI(D1W’ CONCH2T1) =RA.L(LABOR)/RAOCLABOR’ * 100 - R1(W’ TODAY?);

R1(D2W’ CONCH2T1) = (RA L(LABOR’/RAOCLABOR’) * 100 - RICW’, TODAY))/R1('W’ TODAY?;
R1(R,CONCH2T1) = SUM(J, R.LCCAPIT’]) * KS.L(I) )/ SUM(, RO(CAPIT’,I) * KS.L(D) ) * 100;
R1(DIR’'CONCH2T1) = SUM(, R.LCCAPIT’]) * KS.L(I) ) / SUM(L, ROCCAPIT’,]) * KS.L(I) } * 100 - R1(R’, TODAY");
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R1(D2R’,'CONCH2T1) = (SUM(, R.LCCAPITJ) * KS.L(I) ) / SUM(I, ROCCAPIT"]) * KS.L(I) ) * 100 -
R1(R’ TODAY))R1(R’, TODAY?,

RICLD,’CONCH2T1) =SUM(Z, FD.L(LABOR’Z));

R1(DILD’,)CONCH2T1) =SUM(Z, FD.L(LABOR’Z) ) - R1(LD’, TODAY’);

R1(D2LD’)CONCH2TI) =(SUM(Z, FD.L('LABOR’Z)) - R1(LD’ TODAY"))/R1(LD’, TODAY";

R1(KD’CONCH2T1) =SUM(Z, FD.L('CAPIT’Z) );

RI(D1KD’’CONCH2T1) =SUM(Z, FD.L(CAPIT"Z) ) - R1(’KD’, TODAY’);

R1(D2KD’’CONCH2T1) =(SUM(Z, FD.L(CAPIT’,Z) ) - R1(KD’, TODAY"))/R1(KD’,TODAY?);

RI1(CGFSAV’CONCH2TY’) = S.L{CGENF),

R1(DIGFSAV’’CONCH2T1’)= S.LCCGENF) - R1(GFSAV’, TODAY’,

R1(D2GFSAV’CONCH2T1")= (S.L(CGENF) - R1(GFSAV’, TODAY"))/R1(GFSAV’, TODAY?);,

R1(MICCONCH2T!) =SUM(, ITC.L(D) );

R1(PROPS8’,’CONCH2T1’) = IGT.L(LSK14’,'CGENF);

R2(M-STAT’,CONCH2T1’) = edram999.MODELSTAT;
R2(’S-STAT’’CONCH2T1’) = edram999.SOLVESTAT;

R3(1GT’,G,'CONCH2T!") = IGT.I(G,'CGENF";
R3('GOVS’,G,'CONCH2T1") = S.I(G);
R3(Y’H,’CONCH2T1) =Y.L(H);
R3(’Y’,G,CONCH2T1) =Y.L(G);

R4('DS’ I CONCH2T1") =DS.1(I);
R4(FDL’J,’CONCH2T1") =FD.L(LABOR’D);

R4(P’L'CONCH2T1)  =P.L();
R4(PD'I'CONCH2T1)  =PD.(I:; -
RACM’I'CONCH2T1)  =M.L();

R4(DIDS’I'CONCH2T1) =DS.I(I) - R4(DS’ I TODAYY);
R4(D2DS’’CONCH2T1) = (DS.I(]) - R4(DS’ ], TODAY))/R4(DS’ I, TODAY");
R4(DIFDL'I,'CONCH2T1) =FD.L(LABOR’]) - R4(’FDL’ [ TODAY";
R4(D2FDL’I’CONCH2T1) = (FD.L(LABOR’I) - R4(FDL’], TODAY"))/R4(FDL"1, TODAY?;
R4(FDK’,],'CONCH2T1") =FD.L(CAPIT’,I);
R4(DIFDK’I’CONCH2T1) =FD.LCCAPIT’]) - R4(FDK’], TODAY";
R4(D2FDK’I,',CONCH2T1) = (FD.LCCAPIT’)) - R4(FDK'I, TODAY"))/R4(FDK’,], TODAY?),
R4(DIP’I'CONCH2T1)  =P.L(I) - R4(P’ I, TODAY’),
R4(D2P’I’CONCH2T1)  =(P.I(D) - R4(P’ 1, TODAY"))YR4(P’ I, TODAY?;
R4(DIM’]’CONCH2T1)  =M.I(D) - R4(M' L TODAY?);
R4(D2M’L'CONCH2T1) = (M.L({) - R4(M’ ], TODAY"))/R4(M’ L, TODAY");
R4(RRK’,I’CONCH2T1’) =R.LCCAPIT’,) * KS.L(I) / ROCCAPIT’]) * KS.L(I) * 100;
R4(RRL’],’CONCH2T1) =RIL{LABOR’I)/ ROCLABOR’D) * 100;
R4(DIRRL’],’CONCH2T1) = RIALABOR’D)/ROCLABOR’]) * 100 - R4(RRL’ I, TODAY");
R4(D2RRL’],'CONCH2T1) = (RILLABOR’I)/RO(CLABOR’) * 100 - R4(RRL’ I, TODAY"))/R4(RRL’ . TODAY?;
R4('DIRRK’'CONCH2T1) =R.L(CAPIT’ D) * KS.I(I) / ROCCAPIT"I) * KS.I{I) * 100 - R4(RRK’ I, TODAY";,
R4(D2RRK’],'CONCH2T1) =(R.LCCAPIT’]) * KS.L(I) / ROCCAPIT’I) * KS.I(I) * 100 -

R4(RRK',I, TODAY"))/R4(RRK’ ], TODAY’);

R5(PIO°,LPE,'CONCH2T1") =PIO(LPE);
R5(DIRTT,LPE,"CONCH2T1’) = DIRTLL(LPE);

R6(CYD’H,CONCH2T!) = YD.L(H)/HH.L(H);

R6(Y’H CONCH2T1) = Y.L(HYHH.L(H);

R6(YDR’H,"CONCH2T1) = YD.L(HYHH.L(H)/CPLL(H);

R6(CYR’H,CONCH2T1) =Y .LHYHH.LH)/CPLLH);

R6(CPIH’H,'CONCH2T1) = CPLL(H);

R6(D1YD’H,CONCH2T1) = YD.L(HYHH.L(H) - R6(YD"H, TODAY?);

R6(D2YD’H,CONCH2T1") = (YD.L(HYHH.L(H) - R6CYD’H, TODAY)VR6(YD’ H, TODAY";
R6('D1Y’H,CONCH2T1) = Y.L(HYHH.L(H) - R6(Y’H, TODAY";

R6(D2Y’H,CONCH2T1) = (Y.L(HYHH.L(H) - R6(Y’H, TODAY))/R6(Y"H, TODAY?);
R6(D1YDR’H, CONCH2T1) = YD.L(HYHH.L(HY/CPLL(H) - R6(YDR’H, TODAY?);
RG(D2YDR’H,'CONCH2T1) = (YD.L(H)YHH.L(H)Y/CPLL(H) - R6('YDR"H, TODAY))/R6(YDR’H, TODAY";
R6(DIYR’H,'CONCH2T1) = Y.L(HYHH.L(H)Y/CPLL(H) - R6CYR’H, TODAY");
R6('D2YR’H,CONCH2T1) = (Y.L(HYHH.L(HYCPLL(H) - R6CYR’H, TODAY))YR6(YR’H, TODAY";
R6(D1CPIH’H,'CONCH2T1) = CPLL(H) - R6(CPIH’,H, TODAY?);

R6('DICPIH’H,'CONCH2T1") = (CPLL(H) - R6(CPIH’H, TODAY"))/R6(CPIH’,H, TODAY");

R7(CPOLN’,PE,CONCH2T1) =SUM(, DIRTLL(LPE));
R7(DI1POLN’PE,"CONCH2T1’) = SUM(], DIRTLL(L,PE)) - R7(POLN’PE, TODAY");
R7(D2POLN’,PE,’,CONCH2T1) =(SUM(, DIRTLL(LPE)) - R7(POLN’PE,' TODAY"))/R7(POLN’PE, TODAY");

* EXPERIMENT 4: SAME AS EXP. 2, BUT NOW DECREASE IMPORT ELASTICITY TO 1.0
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ETAM(CONCH) =1.0;
SOLVE edram999 MINIMIZING SPI USING NLP;
* SAVE SOLUTION VALUES

RI(BAC,'CONCH2T2) = Y.I(CTBACY);
RI(PIT’CONCH2T2) = Y.I(CTPIT;
RI(SAU’'CONCH2T2) =Y.L(CTSAUY;
R1(GFREV’,CONCH2T2) = Y.L{'CGENF) + SUM(G, IGT.L(CGENF'G) );
RI(CSFREV’,CONCH2T2) = SUM(GSF, Y.L(GSF) - IGT.L(CGENF’,GSF) );
R1(STATIC’ CONCH2T2) = 0;
RI(DGF,CONCH2T2) =RI1(GFREV’,;CONCH2T?’) - R1'GFREV’, TODAY?;
R1(DSF,CONCH2T2) = RI1(’SFREV’,CONCH2T2) - RI(CSFREV’, TODAY?);
R1(DDRE’,CONCH2T2) =R1(DGF,CONCH2T2) + R1(DSF,CONCH2T?2) - R1(STATIC’ CONCH2T2%;
R1(PDRE’, CONCH2T2)$R1(’STATIC’'CONCH2T?2) = R1(DDRE’, CONCH2T2") / R1(’STATIC’ CONCH2T2) * 100;
RI(SPI,’CONCH2T2) =SPLL;
R1(DISPI,CONCH2T?) =SPLL - RI('SPI, TODAY?;
R1(D2SPI’,’CONCH2T?") = (SPLL - R1(SPI’,; TODAY"))Y/R1(’SPI, TODAY?;
RI(CPT,'CONCH2T2) = SUM(H, CPLL(Hy*HH.L(H)/SUM(H1, HH.L(H1))):
R1(D1CPI’;CONCH2T2") = SUM(H, CPLL(H)*HH.L(HY/SUM(H1, HH.L(H1))) - RI(CPY, TODAY?;
R1(D2CPI,CONCH2T2) = (SUM(H, CPLL(H)*HH.L(HY/SUM(H1, HH.L(H1))) - RI(CPI,; TODAY"))Y/R1('CPI, TODAY?;
RI(CGN’’CONCH2T2) =SUM( N.L(D) );
R1(D1GN’ CONCH2T?2) =SUM(L N.L(I) ) - R1(GN’, TODAY?;
R1(D2GN’ CONCH2T?2) = (SUM(L N.L(I) ) - RI'GN’, TODAY))/R1(GN’ TODAY"; S —
R1(POP’’CONCH2T2) =SUMH, HH.L(H) );
R1(D1POP’,CONCH2T2) =SUM(H, HH.L(H) ) - RI(POP’, TODAY?;
R1(D2POP’;CONCH2T?’) = (SUM(H, HH.L(H) ) - R1(POP’, TODAY))/R1(POP’, TODAY?);
RI1(W’’CONCH2T2) =RAL(LABOR’/RAOCLABOR’) * 100;
R1(D1W’ CONCH2T2) =RAL(LABOR’)/RAO(LABOR’ * 100 - R1('W’, TODAY");
R1(D2W’’CONCH2T2) =(RA.LCLABOR)/RAOCLABOR * 100 - R1('W’, TODAY’)Y/R1('W’, TODAY";
RI(R,CONCH2T2) = SUM(, R.LCCAPIT’]) * KS.L(I) ) / SUM(I, ROCCAPIT’I) * KS.L(I) ) * 100;
RI1(DIR’CONCH2T2) =SUM(, R.L(CAPIT’]) * KS.L(I) ) / SUM(L ROCCAPIT’]) * KS.L(I) ) * 100 - R1(R’, TODAY?;
RI(D2R’'CONCH2T2) = (SUM(L, R.LCCAPIT"]) * KS.L(I) ) / SUM(L, ROCCAPIT’,I) * KS.L(I) ) * 100 -
R1(R’, TODAY"))/R1(R’ TODAY?;
R1(LD’’CONCH2T2) = SUM(Z, FD.L(CLABOR’Z) );
RI(DILD’,CONCH2T2) =SUM(Z, FD.L(CLABOR’Z)) - R1(LD’, TODAY?;
R1(D2LD’,CONCH2T2) = (SUM(Z, FD.L(LABOR’Z)) - R1(LD’, TODAY))/R1(LD’, TODAY);
RI(KD’, CONCH2T2) = SUM(Z, FD.L(CAPIT’Z) );
R1(DIKD’'CONCH2T2) = SUM(Z, FD.L(CAPIT’,Z) ) - R1(KD’ TODAY";
RI(D2KD’,CONCH2T2) = (SUM(Z, FD.L(CAPIT’Z) ) - R1(KD’, TODAY"))/R1(KD’, TODAY";
R1(GFSAV’ CONCH2T?2) =S.L{CGENFY);
R1(D1GFSAV’,CONCH2T2)= S.L(CGENF) - RICGFSAV’, TODAY?;
R1(D2GFSAV’, CONCH2T2")= (S.L(CGENF) - R1(GFSAV’, TODAY))/R1(GFSAV’ TODAY";
R1(MIC’CONCH2T2) = SUM(, ITC.L(D) );
RI1(PROP98’ CONCH2T?) = IGT.L(LSK14’, CGENFY;

R2(M-STAT’ CONCH2T2’) = edram999. MODELSTAT;
R2(’S-STAT’ CONCH2T2’) = edram999.SOLVESTAT;

R3(IGT’,G,'CONCH2T2") =IGT.IL(G,’CGENF);
R3(°GOVS’,G,'CONCH2T2) = S.1(G);
R3(CY’H,’CONCH2T2) =Y.L(H);
R3(Y’,G,’CONCH2T2) =Y.L(G);

" R4(DS’I,;,CONCH2T2’) =DS.1(D);
R4(FDL’,I,;CONCH2T2") =FD.L(LABOR’,);

R4(P’I'CONCH2T2)  =P.L();
R4(PD’LCONCH2T2) = PD.L(D);
R4(M’L'CONCH2T2)  =M.L();

R4(DIDS’L'CONCH2T2)  =DS.L(I) - R4(DS’, TODAY?);

R4(D2DS’'CONCH2T2) = (DS.L(I) - R4(DS’, L, TODAY)YR4(DS’,, TODAY;
R4(DIFDL’L',CONCH2T2) = FD.LCLABOR’,]) - R4CFDL’ TODAY?;
R4(D2FDL’L,CONCH2T2) = (FD.LCLABOR’]) - R4(FDL’], TODAY))/R4(FDL’ |, TODAY;
R4(CFDK’'CONCH2T2) = FD.L(CAPIT’I);

R4(DIFDK’,L'CONCH2T2) = FD.LCCAPIT’]) - RA(FDK’ TODAY";
R4(D2FDK’]CONCH2T2) = (FD.L(CAPIT")) - R4CFDK’,, TODAY)y/R4(FDK’I, TODAY");
R4(DIP,)CONCH2T2)  =P.I(I) - R4(P’, L TODAY?);

R4(D2P’L,CONCH2T2) = (P.L(]) - R4(P"I, TODAY))/R4(P’ 1, TODAY?;
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R4(DIM’L'CONCH2T2)  =M.L(I) - R4(M’ TODAY?);
RA(D2ZML'CONCH2T2) = (M.L(D) - R4(M’L, TODAY)YR4(M,L TODAY?);
R4(RRK’L'CONCH2T2)  =R.L(CAPIT’]) * KS.L(I) / ROCCAPIT’]) * KS.L() * 100;
R4(RRL,L;,CONCH2T2)  =RL(LABOR’])/ROCLABOR’]) * 100;
R4(DIRRLL'CONCH2T2) = RL(LABOR’D)/ROCLABOR’]) * 100 - R4(RRL’], TODAY?;
R4(D2RRL’L'CONCH2T2) = (RL(LABOR’]I)/RO(LABOR’]) * 100 - RA(RRL’ TODAY"))/R4(RRL’L, TODAY?);
R4(DIRRK’,L'CONCH2T2) =R.LCCAPIT’D) * KS.L(I) / ROCCAPIT’]) * KS.L(D * 100 - RA(RRK’ L TODAY?;
R4(D2RRK’,L'CONCH2T2) =(R.L(CAPIT’I) * KS.L(I) / ROCCAPIT’T) * KS.L(I) * 100 -

RA(RRK’], TODAY))R4(RRK’L TODAY";

R5(PIIO’LPE,'CONCH2T2) = PHIO(LPE);
RS(DIRTI,LPE,'CONCH2T2) = DIRTLL(LPE),

R6(CYD’H,CONCH2T2) = YD.L(H)Y/HH.L(H);

R6(Y’H,CONCH2T2) =Y L(HYHH L(H);

R6(CYDR’H,'CONCH2T2) = YD.L(H)Y/HH.L(H)/CPLL(H);

R6(YR’H,CONCH2T2) = Y.L(H)Y/HH.L(H)Y/CPLL(H);

R6(CPIH’,H,'CONCH2T?2) = CPLL(H);

R6(D1YD’H,CONCH2T2) = YD.L(HYHH.L(H) - R6('YD’H, TODAY";

R6(D2YD’H,CONCH2T2) = (YD.L(H/HH.L(H) - R6(YD’H, TODAY))/R6('YD’H, TODAY?;
R6(D1Y’H,CONCH2T2) = Y.L(HYHH.L(H) - R6(Y’H, TODAY?);

R6(D2Y’H,CONCH2T2) = (Y.L(HYHH.L(H) - R6(Y"H, TODAY))YR6('Y’H, TODAY?Y);
R6(D1YDR’H,'CONCH2T?2) = YD.L(H)YHH.L(H)/CPLL(H) - R6(CYDR’H, TODAY?;

R6(D2YDR’H, CONCH2T2) = (YD.L(HYHH.L(H)/CPLL(H) - R6(CYDR’H, TODAY)/R6(YDR’H, TODAY";
R6(D1YR’H,CONCH2T2) = Y.L(HYHH.L(HY/CPLL(H) - R6(YR’H, TODAY?;
R6(D2YR’H,'CONCH2T2) = (Y.L(H)/HH.L(H)/CPLL(H) - R6CYR’H, TODAY )/R6('YR’H, TODAY";
R6(D1CPIH’H,'CONCH2T2’) = CPLL(H) - R6(CPIH’H," TODAY);

R6(D1CPIH’H,'CONCH2T2) = (CPLL(H) - R6(CPII,H, TODAY ))/R6('CPIH’H, TODAY?;

R7CPOLN’PE,’CONCH2T2) =SUM(, DIRTLI(LPE));
R7(DIPOLN’,PECONCH2T2) = SUM(], DIRTLL(I,PE)) - R7(POLN’,PE, TODAY);
R7(D2POLN’,PE, CONCH2T2’) = (SUM(], DIRTLI(LPE)) - R7(POLN’,PE, TODAY")/R7('POLN’ PE, TODAY"),

* EXPERIMENT 5: SAME AS EXP. 2, BUT NOW DECREASE IMPORT ELASTICITY TO 0.75
ETAM(CONCH) =0.75;
SOLVE edram999 MINIMIZING SPI USING NLP;

* SAVE SOLUTION VALUES

R1(BAC’,CONCH2T3) = Y.L(CTBACY;
RI1(PIT,)CONCH2T3) =Y.LCCTPIT?);
RI(CSAUCONCH2T3) =Y.L(CTSAUY);
R1(CGFREV’CONCH2T3’) = Y.I{'CGENF’) + SUM(G, IGT.L(CGENF’G) );
R1(CSFREV’,’CONCH2T3") = SUM(GSF, Y.L{GSF) - IGT.L('CGENF’,GSF) );
RI(CSTATIC,)CONCH2T3’) = 0;
R1(DGF,’CONCH2T3") =RI(GFREV’’CONCH2T3’) - RI(GFREV’, TODAY?;
R1(DSF,’CONCH2T3) =RI1(SFREV’,’CONCH2T3’) - RI('SFREV’ TODAY?;
R1(DDRE’CONCH2T3) =RI1(DGF,’CONCH2T3’) + R1(DSF,CONCH2T3’) - RI1('STATIC’,CONCH2T3;
R1(PDRE’,’CONCH2T3")$R1('STATIC’,CONCH2T3’) = R1('DDRE’,CONCH2T3") / R1('STATIC’,)CONCH2T3’) * 100;
R1(SPT,)CONCH2T3) =SPLL;
RI(D1SPI,'CONCH2T3") = SPLL - R1('SPI, TODAY’);
R1('D2SPI’,’CONCH2T3") = (SPLL - RI(SPI’,;’TODAY"))/R1(SPI, TODAY");
RICCPI'CONCH2T3) = SUM(H, CPLL(H)*HH.L(H)/'SUM(H1, HH.L(H1)));
R1(D1CPI’)CONCH2T3") =SUM(H, CPLL(H)*HH.L(HYSUM(H1, HH.L(H1))) - R1(CPI’, TODAY?;
R1(D2CPI'’CONCH2T3) = (SUMH, CPLL(H)*HH.L(H)/SUM(H1, HH.L(H1))) - R1{CPI, TODAY"))R1('CPI’, TODAY";
R1(CGN’CONCH2T3) = SUM(I, N.L(I) );
RI(DIGN’CONCH2T3) =SUM(, N.L(J) ) - RICGN’, TODAY?,
R1(D2GN’,CONCH2T3) =(SUM(, N.L(]) ) - RICGN’, TODAY"))/R1(’GN’, TODAY";
RICPOP’’CONCH2T3") =SUMC(H, HH.I(H));
R1(D1POP’CONCH2T3’) = SUM(H, HH.L(H) ) - RI(POP’, TODAY";
R1(D2POP’, CONCH2T3’) = (SUM(H, HH.L(H) ) - R1(POP’, TODAY"))/R1(POP’, TODAY";
R1(W’CONCH2T3) =RA.L(LABOR’)/RAO(LABOR" * 100;
R1(DIW’’CONCH2T3) =RA.LCLABOR’)/RAOCLABOR’ * 100 - R1('W’,TODAY");
RICD2W’CONCH2T3) =(RA.LCLABOR’)/RAO(CLABOR" * 100 - RI(W’, TODAY))/R1('W’, TODAY’);
RI(R,VCONCH2T3) = SUM(, R.LCCAPIT’,]) * KS.I(D) ) / SUM(L ROCCAPIT’I) * KS.I(I) ) * 100;
RI(DIR’CONCH2T3) = SUM(, R.LCCAPIT"I) * KS.I1(I) ) / SUM(], ROCCAPIT"I) * KS.L(I) ) * 100 - R1(R’, TODAY";
RI(D2R’CONCH2T3) =(SUM(], R.LCCAPIT"]I) * KS.1(I) ) / SUM(, ROCCAPIT"I) * KS.L() ) * 100 -
RI(R’, TODAY))Y/RI(R’, TODAY’);
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R1(LD''CONCH2T3) = SUM(Z, FD.L(CLABOR’Z) );

RI1(DILD’'CONCH2T3) =SUM(Z, FD.L(LABOR’Z) ) - R1(LD’, TODAY);
R1(D2LD’’CONCH2T3) = (SUM(Z, FD.L(LABOR’Z) ) - R1(LD’, TODAY))/R1(1D’, TODAY";
R1(KD’,CONCH2T3) =SUM(Z, FD.L(CAPIT’Z) );

R1(D1KD’,)CONCH2T3) = SUM(Z, FD.L(CAPIT’,Z) ) - R1(KD’ TODAY);
RI(D2KD’,’CONCH2T3) = (SUM(Z, FD.L('CAPIT’Z) ) - R1(KD’ TODAY)YR1(KD’, TODAY;
R1('GFSAV’,CONCH2T3") =S.L('CGENF);

R1(D1GFSAV’,,CONCH2T3)= S.L(CGENF) - R1(GFSAV’, TODAY?;
R1('D2GFSAV’,CONCH2T3)= (S.L(CGENF) - RI'GFSAV’, TODAY )R 1(GFSAV’, TODAY’);
RI(MIC’'CONCH2T3) = SUM(, ITC.L(D ):;

RI1(PROP98’ CONCH2T3) = IGT.L(LSK14’, CGENF?;

R2(M-STAT’ CONCH2T3’) = edram999 MODELSTAT;
R2(’S-STAT’’CONCH2T3’) = edram999.SOLVESTAT;

R3(IGT’,G,"CONCH2T3’) = IGT.L(G,'CGENF);,
R3('GOVS’,G,'CONCH2T3’) = S.L(G);
R3CY’H,’CONCH2T3) =Y.L(H);
R3(Y'G,’CONCH2T3) =Y.I(G);

R4(DS’I’CONCH2T3") =DS.I(D);
R4(FDL’,],CONCH2T3) =FD.L(LABOR’,D);

R4(P’LCONCH2T3)  =P.L(D;
R4(PD’'CONCH2T3)  =PD.L(I);
R4(M’L'CONCH2T3)  =M.L();

RA(DIDS’'CONCH2T3) = DS.ID) - R4(DS’ L TODAY?;
R4(D2DS’ICONCH2T3) = (DS.L(I) - R4(DS’], TODAY))/R4(DS’L, TODAY?;
R4(DIFDL’]'CONCH2T3)  =FD.L(LABOR’]) - R4(CFDL’I, TODAY?;
R4(D2FDL’L'CONCH2T3) = (FD.L(LABOR’I) - R4(FDL’1, TODAY"))RA(FDL L, TODAY?;
R4(CFDK’]'CONCH2T3) = FD.L(CAPIT’D);
R4(DIFDK’];CONCH2T3) = FD.L(CAPIT’I) - R4(FDK’], TODAY";
R4('D2FDK’ I CONCH2T3) = (FD.L(CAPIT’]) - R4(FDK’, ], TODAY))/R4(FDK’ ], TODAY?;
R4(DIP’I'CONCH2T3)  =P.L(l)- R4(P L TODAY?;
R4(D2P’'CONCH2T3) = (P.L(I) - R4(P’ L, TODAY))/R4(P’, TODAY?;
R4(DIM’J'CONCH2T3)  =M.L() - RACM’ ], TODAY?);
R4(D2M’J CONCH2T3) = (M.L(I) - R4(M’ ], TODAY))/R4(M’L, TODAY?);
R4(RRK’]'CONCH2T3)  =R.L(CAPIT’]) * KS.L(I) / ROCCAPIT’I) * KS.L(I) * 100;
R4(RRL,L,CONCH2T3)  =RL(LABOR’I)/ROCLABOR’]) * 100;
R4(DIRRL’'CONCH2T3) = R.L(LABOR’I)/ROCLABOR’,]) * 100 - R4(RRL’], TODAY?;
R4(D2RRL’'CONCH2T3) = (RL(LABOR’])/ROCLABOR’]) * 100 - R4CRRL',, TODAY)R4(RRL’], TODAY";
R4(DIRRK’I’CONCH2T3) =R.L(CAPIT’]) * KS.L(I) / ROCCAPIT’]) * KS.L(I) * 100 - R4(RRK’, TODAY?:;
R4('D2RRK’,]'CONCH2T3) =(R.L(CAPIT]) * KS.L(I) / ROCCAPIT’]) * KS.L(I) * 100 -

R4(RRKI, TODAY)/R4(RRK’], TODAY?);

R5(PHO’,LPE,"CONCH2T3") = PIIO(LPE);
RS(DIRTT,LPE, CONCH2T3’) = DIRTLL(LPE);

R6(YD’H,CONCH2T3) = YD.L(HyHH.L(H);

R6(Y’H,'CONCH2T3) = Y.L(H)Y/HH.L(H);

R6('YDR’H,"CONCH2T3) = YD.L(H/HH.L(HYCPLL(H);

R6(CYR’H,CONCH2T3) = Y.L(H)/HH.L(H)/CPLL(H);

R6('CPIH’H,CONCH2T3) = CPLL(H);

R6(D1YD’,H,CONCH2T3") = YD.L(H/HH.L(H) - R6(YD’ H, TODAY";

R6(D2YD’H,CONCH2T3?) = (YD.L(HYHH.L(H) - R6CYD’H, TODAY)YR6(YD’ H, TODAY);
R6(D1Y’H, CONCH2T3) = Y.L(HYHH.L(H) - R6('Y’ H, TODAY?;

R6(D2Y’H,CONCH2T3) =(Y.L(HYHH.L(H) - R6(CY’H, TODAY")YR6(Y’H, TODAY?);
R6(D1YDR’H, CONCH2T3") = YD.L(H/HH.L(HYCPLL(H) - R6(YDR’H, TODAY?;
R6(D2YDR’H,'CONCH2T3") = (YD.L(H)Y/HH.L(H)/CPLL(H) - R6CYDR’H, TODAY")/R6('YDR’H, TODAY";
R6(D1YR’H,CONCH2T3) = Y.L(HYHH.L(HYCPLL(H) - R6CYR’H, TODAY?);

R6('D2YR’H, CONCH2T3) = (Y.L(HYHH.L(HY/CPLL(H) - R6(CYR’H, TODAY))/R6('YR’H, TODAY?;
R6('D1CPIH’H, CONCH2T3") = CPLL(H) - R6(CPIH’H, TODAY?;

R6(DICPIH’,H, CONCH2T3") = (CPLL(H) - R6(CPIH’H, TODAY"))/R6(CPIH’,H, TODAY");

R7(CPOLN’,PE,CONCH2T3) =SUM(, DIRTLI(LPE));

R7(D1POLN’,PE,"CONCH2T3’) = SUM(, DIRTLL(L,PE)) - R7(POLN’,PE, TODAY;

R7(D2POLN’,PE,,CONCH2T3’) =(SUM(, DIRTLL(LPE)) - R7(POLN’PE, TODAY"))/R7(POLN’PE, TODAY";
* EXPERIMENT 6: SAME AS EXP. 2, BUT NOW DECREASE IMPORT ELASTICITY TO 0.5

ETAM('CONCH) = 0.5;
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SOLVE edram999 MINIMIZING SPI USING NLP;
* SAVE SOLUTION VALUES

RI(BAC,CONCH2T4) = Y.L(CTBACY;
RI(PIT’’CONCH2T4) = Y.L(CTPIT?;
RI(SAU’CONCH2T4) =Y.L(CTSAU;
R1(GFREV’,CONCH2T4) = Y.1{CGENF) + SUM(G, IGT.L(CGENF’G) );
RI(CSFREV’ CONCH2T4) = SUM(GSF, Y.L(GSF) - IGT.L(CGENF',GSF) );
RI(STATIC’,CONCH2T4) = 0;
R1(DGF,CONCH2T4) =RI1(GFREV’ CONCH2T4’) - RI'GFREV’, TODAY";
R1(DSF,CONCH2T4) = RI1(SFREV’,CONCH2T4’) - R1(SFREV’, TODAY?;
R1(DDRE’ ,CONCH2T4) = R1('DGF,CONCH2T4) + R1(DSF,CONCH2T4’) - RI(STATIC’)CONCH2T4);
R1(PDRE’,CONCH2T4)$R1('STATIC’ CONCH2T4) = R1(DDRE’,,CONCH2T4") / R1(STATIC’,CONCH2T4") * 100;
R1(SPI’,;CONCH2T4) =SPLL;
RI1(D1SPI,;CONCH2T4) = SPLL - R1(SPT, TODAY?;
R1(D2SPI’,CONCH2T4’) = (SPLL - R1(SPI’, TODAY"))/R1(‘'SPT, TODAY?);
R1(CPI’;’CONCH2T4) = SUM(H, CPLL(H)*HH.L(HYSUM(H1, HH.L(H1)));
R1(D1CPT, CONCH2T4") = SUM(H, CPLL(H)*HH.L(HYSUM(H1, HH.L(H1))) - RI(CPT, TODAY?;
R1(D2CPT,CONCH2T4) = (SUM(H, CPLL(H)*HH.L(H)//SUM(H1, HH.L(H1))) - R1(CPI', TODAY"))/R1('CPT’, TODAY?);
RICGN’CONCH2T4) = SUM(L N.XD) );
RI(DIGN’ CONCH2T4) = SUM(L N.L() ) - R1'GN’, TODAY?;
R1(D2GN’ CONCH2T4) = (SUM(, N.L(I) ) - RICGN’, TODAY))/R1('GN’, TODAY);
R1(POP’’CONCH2T4) =SUM(H, HH.L(H) );
RI(D1POP’, CONCH2T4) = SUM(H, HH.L(H) ) - R1(POP’, TODAY?;
R1('D2POP’,CONCH2T4) = (SUM(H, HH.L(H) ) - R1(POP’, TODAY"))/R1(’POP’, TODAY’),
R1(W’ CONCH2T4) =RA.LCLABOR’)/RAO(CLABOR’ * 100;
RI(DI1W’ CONCH2T4) =RAL(LABOR’)/RAOCLABOR) * 100 - RI(W’, TODAY?;
R1(D2W’,)CONCH2T4) = (RA.LCLABOR’)/RAO(LABOR) * 100 - R1(W’, TODAY))/R1(W’ TODAY?);
RI(RCONCH2T4) = SUM(, R.LCCAPIT’I) * KS.L(I) ) / SUM(, ROCCAPIT’I) * KS.L(I) ) * 100;
RI(DIR’,CONCH2T4) = SUM(L R.LCCAPIT’I) * KS.L(I) )/ SUM(L RO(CAPIT’]) * KS.L(I) ) * 100 - RL(R’, TODAY?;
R1(D2R’ CONCH2T4) = (SUM(, R.LCCAPIT’,I) * KS.L(I) ) / SUM(I, ROCCAPIT’,]) * KS.L(I) ) * 100 -
RI(R’ TODAY))/R1(R’ TODAY?);
RI(LD’’CONCH2T4) = SUM(Z, FD.L(LABOR’Z) );
RI(DILD’ CONCH2T4) =SUM(Z, FD.L(LABOR’Z) ) - RI(LD’ TODAY?;
R1('D2LD’’CONCH2T4) = (SUM(Z, FD.L(LABOR’Z) ) - R1(LD’, TODAY)YR1(LD’, TODAY?;
R1(KD’ CONCH2T4) =SUM(Z, FD.L(CAPIT’,Z) };
R1{D1KD’ CONCH2T4) = SUM(Z, FD.L(CAPIT"Z) ) - R1(KD’, TODAY?;
R1(D2KD’)CONCH2T4) = (SUM(Z, FD.L(CAPIT"Z) ) - R1CKD’, TODAY))/R1(KD’ TODAY?;
R1(GFSAV’,CONCH2T4) =S.L(CGENF);
R1(D1GFSAV’,CONCH2T4’)= S L(CGENF’) - RI'GFSAV’, TODAY";
R1(D2GFSAV’,CONCH2T4)= (S.LCCGENF) - R1(GESAV’, TODAY))/R1('GFSAV’, TODAY?;
RI(MIC’,CONCH2T4) = SUM(L ITC.L() );
R1(PROP98’ CONCH2T4" = IGT.L(LSK14" CGENF?;

R2(M-STAT’CONCH2T4’) = edram999.MODELSTAT;
R2(’S-STAT’,’CONCH2T4’) = edram999.SOLVESTAT;

R3(IGT",G,CONCH2T4") = IGT.I(G,'CGENFY);
R3(GOVS’,G,’CONCH2T4’) = S.L(G);
R3(Y’H,CONCH2T4) =Y.L(H);
R3(’Y’,G,’CONCH2T4) =Y.L(G);

R4('DS’1,'CONCH2T4) =DS.L{);
R4(FDL’I,',CONCH2T4") =FD.L(LABOR’D);

R4(P’'CONCH2T4)  =P.L();
R4(PD’],CONCH2T4)  =PD.L(D);
R4(M’L'CONCH2T4)  =M.L();

R4('D1DS’1,'CONCH2T4) =DS.I() - R4(DS’ ], TODAY");

R4('D2DS’I’CONCH2T4)  =(DS.L(I) - R4(DS’I,TODAY"))/R4('DS’ I, TODAY");
R4(D1FDL’I,’CONCH2T4) =FD.L(LABOR’]) - R4(FDL’I, TODAY’);
R4(D2FDL’L,’CONCH2T4) = (FD.LCLABOR'I) - R4(FDL’ I, ' TODAY"))/R4(FDL’ I, TODAY");
R4(FDK’,1,'CONCH2T4") =FD.L(CAPIT"]);

R4('D1FDK’],;,CONCH2T4)  =FD.L(CAPIT’}) - R4(FDK’], TODAY’);
R4(D2FDK’],',CONCH2T4’) = (FD.L(CAPIT"]) - R4(FDK’, I TODAY"))R4(FDK’ I, TODAY;
R4(D1PL,’CONCH2T4)  =P.1L(I) - R4(P’1, TODAY’);

R4(D2P’ICONCH2T4) = (P.L(I) - R4(P’I'TODAY))/R4(P’ I, TODAY);
R4(DIM’L’CONCH2T4) =M.I() - R4(M’ L TODAY’);

R4(D2M’I,;CONCH2T4) = (M.L(I) - R4(M’ L TODAY))/R4(M’], TODAY?;,
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R4(RRK’,L'CONCH2T4)  =R.L(CCAPIT’]) * KS.L(I) / ROCCAPIT’]) * KS.L(D) * 100;
R4(RRL’LCONCH2T4)  =R.L(LABOR’])/RO(CLABOR’]) * 100;
R4(DIRRL’'CONCH2T4) = R.L(LABOR’I)/ ROCLABOR’] * 100 - R4RRL’|, TODAY?;
R4(D2RRL’I’CONCH2T4) = (R.L(LABOR’I)/ROCLABOR’]) * 100 - R4(RRL’L TODAY"))/R4(RRL’L, TODAY?;
R4(DIRRK’L'CONCH2T4) =R LCCAPIT']) * KS.L(I) / ROCCAPIT’]) * KS.L() * 100 - R4(CRRK’], TODAY";
R4(D2RRK’,'CONCH2T4) =(R.LCCAPIT’]) * KS.L(I) / ROCCAPIT’,I) * KS.L(T) * 100 -

R4(RRK’], TODAY))/R4(RRK’L TODAY?;

R5(PII0,LPE,'CONCH2T4’) = PIIO(LPE);
R5(DIRTII,PE, CONCH2T4’) = DIRTLI(LPE);

R6(YD’H,)CONCH2T4) = YD.L(HYHH.L(H);

R6('Y’H,CONCH2T4) = Y.L(H)/HH.L(H);

R6('YDR’H,CONCH2T4) = YD.L(HY/HH.L(H)/CPLL(H);

R6(YR’H, CONCH2T4) = Y.L(H)/HH.L(H)/CPLL(H);

R6(CPIH’ H,'CONCH2T4) = CPLL(H);

R6(D1YD’H,CONCH2T4) = YD.L(HYHH.L(H) - R6('YD’H, TODAY";

R6(D2YD’H,/CONCH2T4) = (YD.L(HYHH.L(H) - R6(YD’H, TODAY)YR6(YD’H, TODAY");
R6(D1Y’H, CONCH2T4) = Y.L(HYHH.L(H) - R6(Y’H, TODAY?;

R6(D2Y’H,CONCH2T4) = (Y.L(HYHH.L(H) - R6('Y"H, TODAY"))/R6('Y’H, TODAY?;
R6(DIYDR’H, CONCH2T4") = YD.L(H)/HH.L(H)/CPLL(H) - R6(YDR’H, TODAY?;

R6(D2YDR’H, CONCH2T4?) = (YD.L(HYHH.L(H)/CPLL(H) - R6(YDR’H, TODAY’))/R6('YDR’H, TODAY";
R6(D1YR’H,CONCH2T4) = Y.L(H)Y/HH.L(H)/CPLL(H) - R6(YR’H, TODAY);
R6(D2YR’H,'CONCH2T4) = (Y.L(HYHH.L(H)/CPLL(H) - R6(YR’H, TODAY))/R6('YR’H, TODAY?;
R6(DICPIH’H,'CONCH2T4’) = CPLL(H) - R6(CPIH’H, TODAY";

R6(D1CPIH’H,'CONCH2T4’) = (CPLL(H) - R6(CPIH’H, TODAY))/R6('CPIH’ H, TODAY?;

R7(POLN’,PE,'CONCH2T4) =SUM(], DIRTLL(LPE));
R7(D1POLN’,PE, CONCH2T4") = SUM(], DIRTLL(LPE)) - R7(POLN’,PE, TODAY?;
R7(D2POLN’,PE, CONCH2T4") = (SUM(, DIRTLL(LPE)) - R7(POLN’PE, TODAY"))/R7(POLN’,PE, TODAY?),

* EXPERIMENT 8: SAME AS EXP. 2, BUT NOW DECREASE BASE IMPORTS BY 10%

ETAM(CONCH) =1.5;
REG3(CONCH") =0.9;

SOLVE edram999 MINIMIZING SPI USING NLP;
* SAVE SOLUTION VALUES

RI(BAC,CONCH2TS) =Y.L(CTBACY;
R1(PIT"CONCH2TS) = Y.L(CCTPIT?;
RI(CSAU’,’CONCH2TS) =Y.L(CTSAUY;
R1(GFREV’ CONCH2T5) = Y.L(CGENF’) + SUM(G, IGT.L{’CGENF’G) );
R1(SFREV’CONCH2TS’) = SUM(GSF, Y.L(GSF) - IGT.L{'CGENF',GSF) );
R1(STATIC’CONCH2T5’) = 0; :
R1(DGF,’CONCH2T5) = RI1('GFREV’, CONCH2T5’) - RI('GFREV’, TODAY");
R1(DSF,’CONCH2T5") =RI1(SFREV’,’CONCH2TS’) - RI('SFREV’, ' TODAY");
R1(DDRE’ CONCH2T5) =R1(DGF’,CONCH2T5’) + R1('DSF,)CONCH2T5’) - RI('STATIC’CONCH2T5),
RI1(PDRE’’CONCH2T5)$R1('STATIC,’CONCH2T5’) = R1(DDRE’,CONCH2T5’) / R1(STATIC’ CONCH2T5") * 100;
R1(SPT,CONCH2T5) =SPLL;
R1(D1SPI',’"CONCH2TS) = SPLL - RI(SPI, TODAY),
R1(D2SPI'’'CONCH2TS?) = (SPLL - R1(SPI,’ TODAY))/R1(SPI, TODAY);
R1(CCPI’CONCH2TS) = SUM(H, CPLL(H)*HH.L(H)/SUM(H1, HH.L(H1)));
RI1(D1CPT,)CONCH2TS’) = SUM(H, CPLL(H)*HH.L(H)/SUM(H1, HH.L(H1))) - R1('CPI',’ TODAY;
R1(D2CPI',’CONCH2T5") = (SUM(H, CPLL(H)*HH.L(H)Y/SUM(H1, HH.L(H1))) - R1(CPI’, TODAY"))/R1(’CPI’,; TODAY";
RICGN’, CONCH2TS) =SUM(, N.I(D) ),
RI1(D1GN’CONCH2T5) = SUM(], N.L(I) ) - RICGN’, TODAY);
RI(D2GN’’CONCH2TS) =(SUM(, N.IL{I) ) - R1(GN’,” TODAY))/R1('GN’, TODAY");
R1(POP’’CONCH2TS) =SUM(H, HH.L(H) );
R1(D1POP’CONCH2TS") = SUM(H, HH.L(H) ) - RI(POP’, TODAY?;
R1(D2POP’’CONCH2TS)) = (SUM(H, HH.L{H) ) - R1(POP’, TODAY"))/R1(’POP’, TODAY";
RI(W’ CONCH2T5) =RAL(LABOR’)/RAQCLABOR) * 100;
RI1(DIW’CONCH2TS) =RA.L(LABOR’)/RAO(CLABOR’ * 100 - R1(W’ TODAY",
RI(D2W’CONCH2T5) =(RA.LCLABOR)/RAOCLABOR’) * 100 - RI(W’, TODAY))/R1('W’, TODAY";
RI(R,’CONCH2TS) = SUM(, R.LCCAPIT’I) * KS.L(I) ) / SUM(I, ROCCAPIT",I) * KS.L(I) ) * 100;
RI(DIR’CONCH2TS) =SUM(, R.LCCAPIT D) * KS.L(D) ) / SUM(I, ROCCAPIT’) * KS.L(I) ) * 100 - R1{R’, " TODAY?;
RI(D2R’,CONCH2TS) = (SUM(], R.LCCAPIT’,I) * KS.L(I) ) / SUM(I, ROCCAPIT’,I) * KS.I(I) ) * 100 -
R1(R’, TODAY))RI(R’, TODAY";
RI(CLDCONCH2TS) =SUM(Z, FD.I{LABOR"Z));
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