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1. Properties of the Mathematical Solution
1.1. Solution Methodology

The NEMS Macroeconomic Activity Module (MAM) tested here was used to generate the
Annuai "Ehergy Outlook 1994 (AEO94). MAM is a response surface model, not a structural |
model, composed of fh,rée submodules: ._ the National Submodule, the Interindustry Submodule,
a;nd the ﬁegionﬂ Submodule. The National Submodule and the Interindustry Submodule are |
response surface épproximatioﬁs of two larger, propﬁet;'try econometric models that have been
developed and maintained by McGraw-Hill/Data Resources, Incorporéted (DRI), namely, the .
DRI U.S. Quarterly and Interindustry Models, respectively. The Regional Submodule of the
MAM is composed of a set qf.shares that vary by Census division, combined with an algorithm
to share the national level results of the National and Inierindustry Submodules out to the Census
division level of detail for thbse variables that are required by other modules of the NEMS
system. The regional shares used to generate the AE094 were developed by sirﬁulating the DRI
Regional Model, a proprietary econometric model that has been developed and maintained by
DRI in conjunction with the U.S. Quarterly and Interindustry Models. The response surface
equations and regional shares used to devc?lop thé MAM forecasts for the AEO94 are designed to
accept a range 6f inputs and generate their corresponding solution values; The res‘ponse surface |
model is a macroeconomic feedback model that responds to changeé in energy prices,
sfaeciﬁcally the wholesale purchaséd fuel price index. The user is given a macroeconomic .
baseline and when energy prices change, the MAM estimates the energy price impact and
calculdtes a new macroeconomic solution!. Since MAM is a response srtrfa;:e model, and nota
,structu_r_hl model, the validation of MAM involves testing MAM's performance compared to the -

* full structural DRI'miodel's performance under conﬁparable scenarios. The validatioﬁ of the full

The report titled, Model Documentation Report: Macroeconomic Activity Module of the National
Energy Modeling System (NEMS), Final Report, prepared by Decision Analysis Corporation of
Virginia, Contract No. DE-AC01-92EI21946, Task 93-060, March 31, 1994, provides a detailed
description of the process by which MAM arrives at its solution. ‘

Energy Information Adminis}xaﬁon
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’ DRI model is documented in the report, Documentation of the DRI Model of the U.S. Economy,
DOE/EIA-M061, December, 1993. | '
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1.2. Theoretical Considerations

Domain of Module Solution

" The MAMisa sequential structured algorithm in the followmg sense: the National Submodule

is solved first, and the results of the National Submodule are passed to the Interindustry
Submodule as inputs. The subset of results of both submodules that are required at the Census
division level of disaggregation are then passed to the Regional Submodule, and the
corresponding regional shares are applied to generate Census divisioh level results. Because ot_‘
the direct solution aigorithm, and because all of the ﬁinetions iri the MAM are continuous and
differentiable in the domain of applicability of the model, the model always convergesto
produce a unique solution. The solution domain is all real values for-the solution variables as
ﬁmctlons of macroeconomic driver variables, buildings sector economic activity measures, and
industrial sector variables at the required levels of detail, either national or Census division. As
described in the main documentation of this module?, some of the inputs to. the MAM may be
correlated, such as certain macroeconomic activity variables, and if inconsistent pairs of such

inputs or negative prices are chosen, then the model may produce anomalous results.

Module Stablllty

A frequently employed method of model assessment 1s to investigate output response to a variety
of different input data and parameter assumptions. The structure of the model should be such
that the output responds in a manner that reflects the underlying physical and behaworal tenets of

the model. This implies that reasonable changes in inputs do not cause catastrophle model

*results that would indicate a structural flaw in the model design.

As described previously; MAM ifs a response surface approximation to the DRI U.S. Quarterly
and Interindustry Models. Coﬁsequently, sensitivity eaees of the MAM are designed to measure

2, Model Documentation Report: M, acroeconomic Activity Module of the National Energy
Modeling System (NEMS), Final Report. Prepared by Decision Analysis Corporation of Virginia,
. Contract No. DE-AC01-92E121946, Task 93-060, March 31, 1994.
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the degree to which MAM scenario results mirror cofnpérable scenario results generated using
the full DRI models, in addit\iori to verifying the absence of catastrophic behavior described
above; Meaningful scenario design fécuses upon the performance as a function of a key driver
" variable of the MAM: the wholesale purchased fuel price index, WPIOS which is composed :
using pnce mformatwn for the fuel classes of electnclty, natural gas; fuel oil and coal; gasolme
and oil in the MAM. The meth cdoleaical d sign for the scenarios, and the scenano

assumptions for tlus-analy51s, are dlscussed in the next section of this report.

nergy Information Admmlstrauon
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2. NEMS MAM Empirical Basis

This section presents the scenario design methodology and empirical bhsis for the sensitivity
analysie of the MAM. Five scenarios are presentect in which WPIO5 is varied by systematically .
modifying the Real World Oil Price. The MAM is calculated.usihg WPIOS as the energy price
variable that triggers macroeconomic feedback. To assess the degree to which MAM .

‘ performance approﬁrhgltes the DRI model results, the same percentage change in WPIOS from
the base values are effectively used as inputs to both the DRI and MAM simulations. It must be
emphasized that the forecasts presented in this volume are designed only to teet the MAM, and
do not necessarily represent the official Department of Energy or Energy Information
Administration forecasts. These forecasts are uséd only for examining the responsivehess of the

/

NEMS MAM under a variety of input assumptions. o

2.1. Scenario Design Methodology -

The previous section of this report describes the relationship between the. DRI full models antl )
the MAM, emphasmng the need to design scenarios that contain parallel assumptions for the
DRI full models and the MAM The assumptions that define the ﬁve scenarios are summanzed
in Table 1. '

In order to develop DRI and MAM scenario results, the world oil price (in real terms)
assumptlons described in Table 1 were first iraplemented in the DRI model input files beginning
with the year 1993 (the first forecast year), and the DRI full models were then executed. The’
ehanges in V;’PIOS corresponding to the real world oil price changes were then incorporated into
the MAM. The MAM was executed next, and the forecast values generated through this

exercise are comparable to the corresponding values-projected by the DRI full models.
;A

Energy Information Admiinistration
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 Table 1.. DRI Real World Oii Price Assumptions to Generate
Corresponding MAM WPI05 Assumptions

|| Scenario Title ' Scenario Assumptions - ' _—l—l ‘
1. Repeat Historical 1. Trends in real world oil prices from the most recent 20-
: ' World 0il Priee T . year historical periog_are repeated for the forecast. This
“ Path | " ' scenario rneasures model p‘erfomragce under period§ of
increasing prices and decreasing b&ces.
2. .Annual Energy -2 Real world oil priee i§ set to the AEO High Oil Price
r a Outlook (AEO) o case for the forecast period. This SCenario measures
- High Oil Price. model perforrnance under'a high price sc,enario‘and tests
l ’ the bounds corresponding to the published AEO oase.
: “ 3.  Annual Energy 3. Real world oil price is set to the AEO Low Oil Price
- Outlook (AEO) case for ’d;e forecast period.. ‘This scenario measures
Low Oil Price | " model performance under a low price scenario and;tests

the bounds corresponding to the published AEO case.

4. Immediate 20% |4 For the entire forecast period of 1993-2010, real world

" Increase in World ' oil price is increased by 20% over the baselme This
Oil Price o scenario measures model performance under sustarned

higher pmce levels compared to the baseline.

5. °  Ramped 18% 15 Thrs scerrario‘irrrp_lements a gradual decrease in pﬁces,
. Declinein World ~ reaching 18% below base case levels by the year 2010.
Oil Price ‘ | ‘ " In other words, in the x* year of the forecast, real world

~ oil price is x% lower under thrs scenano than under the
baseline. As a result, in the year 2010 whrch is the 18"

year of the forecast, real world 011 pnce is 18% lower

than the baselme 2010 real world orl price value.

Energy lnformauon Admmlstratlon
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2.2. Relevant Output Variables for Scenario Ana.lysis

The output variables of greatest relevance to scenario comparisons are provided in Table 2.

Table 2. DRI and MAM Model Outputs for Scenario Comparison

" Gross DOIoestic Product measured in 1987 dollars GDP8—;I-3 ‘}'E

" Disposable Income measured in 1987 dollars. YD87 . "

' “ Unit Sales of Automobiles, Domestic SQTRCARSDOM “
Consumer Price Index CPI " . ‘
Utility Bond Interest Rate . RMPUAANS |

A .Unemployment Rate o ‘ , | RUC '

Summary forecast results for the relevant output variables are proﬁded and fnterpreted in
bhapter 3 of this report. Chapter 3 also compares the results obtained using the DRI full model
with the MAM: respor_xse surfaee* results. fercentage changes within and across scenarios are
computed where applicable, and absolute diﬁ’erences are compufed. for the interest rate and
unemployment rate variables. Foreca’sted energy prices under all scenarios are provided for
reference and to facilitate price impact calculations. Detailed tables containing the above hsted
mformatxon are provided in Tables A-1 through A-12in the Appendix to this report. ‘

o3 The calculated sum of the components of Gross Domesnc Product (denoted GDPSUM in the
MAM code) is used where applicable. Otherwise, Gross Domestic Product measured in constant
$1987 is used (denoted by GDP87 in the DRI code). The two measures are conceptually 1dentlcal.

Energy Information Administration :
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3. Scenario Analysis

3.1. Expectations.for Scenario Analysis

The analysis is composed of two stages. First, MAM results are evaluated from the standpoint of -
ensuring that the fo'reb,asts'respond to input variable changes and reflect the underlying physical
~ and behavioral tenets of the modet Second, because the MAM is a response surface '

approx1mat10n of the DRI U.S. Quarterly and. Intenndustry Models, MAM outputs are compared

to results generated under an analogous scenario executed using the full DRI model.

The output variables most relevant to scenario cornparisons are provided in Tahle 2of Chapter 2
"in this report. It is expected that under various world oil ﬁrice' scenarios, these output variables
will change in a manner that is consistent with macroeconomic theory. A basic discussion of’
expected impacts with fespect to each of the output variables of interest is presented in the
‘sections below. ThlS dlscussmn can be skipped by users familiar with the macroeconomic

-

treatment of 011 pnce variations.

Gross Domestlc Product (GDP)
, .011 price fluctuations are a key driver of GDP. Econom1c theory postulates an inverse
relatlonshlp between world oil pnces and growth in. GDP in an expanding economy. Several
| reasons support thls relationship. For illustrative purposes, assume that oil pnces increase.
Because the U.S. imports nearly one-half of i 1ts oil supplies, more payments must be. made to.
foreign’ supphers when prices increase. In addition, the only industry in the U.S. that beneﬁts
from oil price increases is the "upstream" oil industry and telated service providers. In_ all other
industries, an increase in oil prices results in increased costs for their goods.” If this‘increase is |
passed on to' consumers, demand for these goods will decrease (accordmg to the principles of

 market supply and demand) thus slowmg down the growth of the economy In all recent past oil

Energy lnfonnauon Administration .
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crises, economic growth has been slowed by the increase in prices.

Disposable Income (YD87) _
Tlre relationship between disposable income and oil prices is very similar to the relationship
between GDP and oil pnces When oil prices risé, production costs for a wide range of goods
increase, since oil is an important factor of production in the economy. Rising production costs -
are generally passed on to consumers in the form of higher retail prices, so that real disposable
income declines. The opposite effect occurs when oil prices decrease. Real disposable income

- rises because consumers are able to purchase the same amount of energjr and goods for a smaller’
percentage of their dlsposable income. Thus, they may use some of the’rremainlng disposable
income to purchase other goods, which increases the rate of growth in the economy. This

increased rate of growth in turn increases disposable income.

- Unit Sales of Automoblles, Domestic (SQTRCARSDOM)
The economic prmcrple of complementary goods postulates that a rise in the price of a good
results in a reduction in the quantlty demanded of a complementary good. In the case of world
 oil price and domestic automobiles, a rise in world oil price is almost always accompanied by a

rise in retail- motor gasoline prices, with potential impacts on domestic automobile sales.

Consumer Price Index (CPJ)

- Macroeconomic theory postulates a direct relationship between oil price increases and the CPIL.
The CPI is a measure of the average pnce of commodrtres commonly bought by households. If
oil prices rise, the CPI also rises, since oxl and related energy prices are included as a part of the
market-basket of consumer goods used to measure consumer price movements. Because oil and
related-energy products are a component of the CPI, increases in oil prices increase the CPI. In
addition; because nearly all sectors of the economy use oil as an input, the price of most other
goods will also increase in response to increases in the cost of energy. These secondary-effects

~will also contribute to the CPI increase when oil prices rise. ’ I

Energy Information Administration
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Ut:llty Bond Interest Rate (RMPUAANS)

The utility bond interest rate varies with oil prices in a manner r similar to the CPL. This is.
because the CPI is often used as a méasure of the mﬂatrona.ry pressure in the economy. If the ‘
. CPI increases, mﬂatron istheni mcreasmg Th15 increase in inflation causes interest rates to rise.
A similar relatxonsh1p exists between decreases in orl prices and decreases in interest rates.

Decreases in oil pnces will cause the  utility bond interest rate to fall due to an easing of
.' inflationary préssures. In the case of severe oil price mcreases the utlllty bond interest rate may

be pushed up even further.

Unemployment Rate (RUC) : ) o

A direct relationship between the unemployment rate and world oil pnces is postulated in
traditional macroeconomrc theory 'An increase in world oil prices is expected to resultin a rise
in the unemployment rate, and a decrease in world oil prices is expected to decrease the
unemployment rate. When oil prices mcrease, consumers have less money to spend on other
goods. Thrs causes a short-term contraction m the economy whrch slows GNP and increases

unemployment.

Energy Information Administration .
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3.2. Historical World Qil Price Séenarib

As described in Table 1, the Historica.l World Oil Price path scenario repeats world oil price
trends from the most recent 20-year hist;)rical_period for the forecasted values of world oil price.
This scenario measures the performance of MAM within periods of price fluctuation. The
scenario also tests the robustness of the MAM,; over the past 20 years, world oil prices have
shown more volatility than émy other cash commodity. Real worlci oil prices in this scenario
range from a low of $l‘3.82>per barrel to a high of $66.'.;’4' per barrel. The \:/alues used for world
oil prices in this scenario and the resulting model outputs are shown in Tables A-1 and A-3 of the

appendix to this report.

First Set of Comparisons: MAM Histoﬁcal World Oil Price Scenario vs. MAM
Base Scenario ‘ ‘ : '

. Flgures 1 through 3 illustrate the changes in the relevant MAM output vanables in relation to the
| changes in world oil pnce As evident from these graphs, changes in the output variables are
consistent with the macroeconomic theories described prev10usly in this section of the report.
GDP decreases correspondmgly as oil pnces increase from reference case values. In quantitative
terms, WPIOS5 is increased by 82% in 1995, and GDP is 1.41% lower them in the reference case.
The percent increase from the reference case for the eil pnce index reaches its peak at 270%
hjgh‘er than the reference case, m the year 2002. This vincrease.: causes the GDP to be 5.92%
lower than the forecast in the reference case. In all forecast _yea.fs, cha.ng;es in personal income

Loe

track closely to changes in GDP as expected.

Encrgy Information Administration .
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-Figure‘1. MAM Base Comipared to MAM Histqrical World Oil Price
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Figure 2.A MAM Base Compared to MAM Historical World Oil Price

Scenario
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As the reference case real world oil price increases over the period of 1993-2002, the CPI is
. shghtly hlgher than the reference case CPI values Srmllarly, as the orl pnce decreases over the
period of 2003-2010, the CPI also decreases. The utility bond interest rate follows a path similar
to the CPI As the real world oil price mcreases above the reference value, the utility bond
mterest rate also increases. In the later years of the forecast (post-2003), utility bond interest rate
' changes do—not trac the real world 011 price as closely Asan example, by the year 2007, WPIO5
has fallen from 1ts peak of 164% above the reference forecast to 15% above the reference
: forecast. During 1 tlus same period, the utility bond mterest rate actually rises from 1.17% to

1.62% above the reference case forecast. .

N Fmally, the unemployment rate moves d1rectly with changes in'WPI05. Increases in  oil prices
' exert upward pressure on the inflation rate, and decreases exert downward pressure on the

* inflation rate, in the forecast as expected.

. Energy Information Administration
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Figure 3. MAM Base Compared to MAM Historical World Oil Price

Scenario
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Second Set of Comparisc;ns: MAM Historical World Oil Price Scenario vs. DRI
Historical World Oil Price Scenario

In the historical world oil price path scenario, the world oil price is vaned from a low of 13.7%
. below the reference case to a-high of 270% above the reference case. Over this range, the key
outputs of the NEMS MAM differ by 3.25%.or less from the outputs of the full DRI model.
‘When the world oil pnce is resmcted within 100% of the reference case value, the values of the
'MAM and the DRI forecasts.are no more than 1.3% apart for the same key variables. This range
is similar to the differences betweenMAM and DRI in the reference case. In summary, MAM
’produces results that closely ruirror DRI full raodel results under the historical world oil price
path scenario. Figures 4 through 9 compare the MAM scenario results to the DRI scenario
results for the key output variables listed in Table 2 of this report.

1

* Energy Information Administration
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Figure 4. Historical World Oil Price S;Senério: Percent Change in

Constant $1987 Gross Domestic Product
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Fugure 5. Historical World O|| Prlce Scenarlo Percent Change in

Constant $1987 Dlsposable Income

YD87 Percent Change from Base
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. Figure 6. His.torical“ World Oil Price Scenério: Percent Chan'ge in Unit
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Flgure 7. Historical World Oil Prlce Scenarlo Percent Change |n

" Consumer Price Index
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Figure 8. Historical World Oil Price Scenario: Absolute Change in
Utility Bond Rate /
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Figure 9. Historical World Oil Price Scenario: Absolute Change in

 Unemployment Rate
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3.3. AEO94 High World Oil Price Scenario

As described in Table 1, the AEO94 High World Oil Price scenario is driven by world oil prices
that are above thé baseline forecast case. Real world oil prices in this scenario range from a low
of $13.96 per barrel to a high,of $28.23 per barrel, and rise steadil)'r throughouf the forecast
period. The baseline world oil price varies from a low of $14.61 per barrel to a high of $23 42
per barrel, also rising t%uoughout the forecast period. The time series of forecasted werld oil -

prices for both the baseline and the alternate case are provided in Tables A-2 and A-5 of the

| appendix to this report.

First Set of Comparisons: MAM AEOQ4 High World Oil Price Scenario vs. MAM
Base Scenario \ ' ‘

Figures 10 through 12 illus'trate/the, changes from the baseline in the relevant MAM output
variables, relafed to the changes in world oil price. Figures 10 through 12 illustrate that changes
in the output variabfés. are consistent with the macroeconomic theories dﬂscusspd earlier in this

report. GDP rises less quickly than under the baseline scenario, as oil prices increase steadily

"above reference case values. In quantitative terms, WPI05 is increased by 4.5% in 2010, and

GDP is 0.41% lower than in the reference case. In all forecast years, changes in personal income

track closely to changes in GDP as expected.

Energy Information Administration
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I : Figure 410. MAM Base Compared to MAM 'AEO094 High World Oil Price

- Scenario
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Figure 11. MAM Base Compared to MAM AEO94 High World Oil Price

Scenario
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- Thechanges i 1n CPl, utlhty bond interest rate and unemployment rate also correspond to the

* . changes that are to be expected based on macroeconomic theory. As the reference case WPI05

. mcreases over the forecast, the CPI is slightly h1gher than the reference case CPI values. The -

utility bond interest rate rises over the period of 1993-1998 in both the baseline and the
alternative scenarios, and falls slightly for most years beyond 1998 in the forecast. Asis the case
with the CPI the ut111ty bond rate is shghtly higher under the high world oil price scenario ,
compared to the baselme values.

The unemployment rate is slightly higher under the higll world oil price scenario, compared to
.the base case. This result is due to the upward pressure that is exerted on inflation rates within

periods of high oil prices such as those sustained throughout this alternative case.

R Energy Information Administration ,
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Figure 12. MAM Base Corﬁpared to MAM AEO94 High World Oil Price

Scenario
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;Second Set of Comparlsons JMAM AE094 High World Oil Pnce Scenario vs. DRI

AE094 High World Oll Price Scenario
Under the high world 011 price scenario, the key outputs of the NEMS MAM differ by 1.61% or

less from the outputs of the full DRI model. This range is similar to the differences between
MAM and DRI in the reference case. In summary, MAM produces results that closely mirror
DRI full model results under the AEO94 High World Oil Price scenano Figures 13 through 18
" compare the MAM qunano results to the DRI scenario results for the key output variables hgted
inTable2 of thisteport. . - -
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Figure 13. AE094 High World 0|I Price Scenano Percent Change i in

Constant $1987 Gross Domestlc Product
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Figure 14. AEO94 High World Oil Price Scenario; Percent Change in
Constant $1 987 Dlsposable Income
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Figure 15. AEO94 High World Oil Price Scenario: Percent Change in

Unit Sales

of Domestic Automobiles
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Flgure 16. AEO94 ngh World Oil Prlce Scenario: Percent Change in

Consumer Prlce Index
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Figure 17. AEO94 Hi.gh World Oil Price Scenario: Absolute Change in

Utility Bond Rate-
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Figure 18. AEO94 High World Oil Price Scenario: Absolute Change in
" . Unemployment Rate o | ‘
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3.4. AEO94 Low World Oil Price Scenario -

As described in Table 1, the AEO%4 LO\‘{V World Oil Price scenario is driven by world oil prices
that are belorx; the baseline forecast case. F orecasted world oil prices fluctuate non-
monotonically in this scenario, ranging from $12.22 per barrel to $16.68 per barrel. As stated
previously, the baseline real world oil pnce varies from a low of $14. 61 per barrel to a hrgh of
$23.42 per barrel, nsmg steadily throughout the forecast period. The time senes ot forecasfed
world oil prices for both the baseline and the alternate case are provided in Tables A-2and A-7.

of the appendix to this report

First Set of Comparisons: MAM AEO94 Low World Oil Price Scenario vs. MAM
Base Scenario | r '

‘Figures 19 through 21 illustrate the changes from the basolino in the relevant MAM oufput
variabies reloted to the chdnges in world oil price. Figures 19 through 21 illustrate that changes
in the output variables are consistent with the macroeconomic theories discussed earlier in this
report. GDP rises more _qulckly than under the baseline scenano, under sustained periods of oil
prices lower than the reference case values. In quantitative terms, WPIO5 under the AEO94 Low
World Oil Price scenario is 22.7% lower than the reference forecast in ‘2010, and GDP is 0.47%
higher than in the reference case. In all _forecast years, changes in personal income track closely

to changes in GDP as expected.

<
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Flgure 19. MAM Base Compared to MAM AE094 Low World 0|| Pnce

Scenano '
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. Figure 20. MAM Base Compared'to MAM AEO94 Low World Oil Price

Scenario
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As WPIOS i increases more slowly unider the Low World 011 Price scenario compared to the
baseline, the CPI is con51stent1y lower-than the reference case CPI values. The utility bond

| interest rate rises over the period of. 1993 1998 in both the baseline. and the alternative scenarios,

and falls shghtly for most years beyond 1998 i in the forecast. Asis the case with the CPI, the

utlhty bond rate is notably ‘lower under the low oil price scenario compared to the baseline

. /
values.

The unempleyn-nent rate is lower under the low world oil price scenario, compared to the base

case. This result is due to the lack of pressure on inflation rates within periods of low oil prices

such as those sustained throughout this alternative case.
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Model Dcveloper’s Appendix to the NEMS Macroeconomic Activity Module Documcntatlon Report

\

38



Figure 21. MAM Base Compared to MAM AEO94 Low World Oil Price

Scenario
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Second Set of Compansons MAM AE094 Low World OII Prlce Scenario vs. DRI
AE094 Low World Oil Price Scenario - '

Under the- low world oil pnce scenario, the key outputs of the NEMS MAM differ by 2.15% or’
less from the outputs of the full DRI model. This range is similar to the differences between
MAM and DRI in tﬁ’e reference case and the alternative cases presented to this point. In /

" summary, MAM produces results that closely mirror DRI full model results under the AE094
Low World Oil Price scéné.rib. Figures 22 through 27 co&npare the MAM scenario results to the
DRI scenario results f;)r the key output \;ariables listed in Table 2 of this report. ‘
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Figure 22. AEO94 Low World O’il Price Scenario;: Percent Change in

Constant $1987 Gross Domestic Product
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Flgure 23. AE094 Low World Oil Prlce Scenano Percent Change in

' Constant $1 987 Disposable Income
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Figure 24. AEO94 Low World Oil Price Scenario: Percent Change in

Unit Sales of Domestic Automobiles.
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Figure 25. AE094 Low World O|I Prrce Scenatrio: Percent Change in

- Consumer Prlce Index
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" Figure 26. AE094 Low World Oil Prlce Scenario: Absolute Change in
" Utility Bond Rate . \ . ,
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Figure 27. AEOS4 Low World Oil Price Scenario: Absolute Change in

Unemployment Rafe
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3.5. Immediate Increase World Oil Price Scenal;io

As described in Table 1, the Immediate Increase'World Qil Price scenario utilizes a world oil
price series tﬁat is adjusted upwards by 20% over the baéeline value fer all forecast years. This
scenano measures the performance of MAM within a speclﬁed bound of price variability
compared to the base case. Real world oil prices in thlS scenario range from a ‘low of $17. 54 per
barrel to a ‘high of $28.11 per barrel, and rise steadily w1thm these bounds throughout the
forecast. As stated previously, the baseline world oil price varies from a low of $14.61 per barrel
to a high of $23.42 per barrel, also rising steadily throughout the forecast period. The tirﬁe series
of forecasted world oil prices for both the baseline and the alternate case are providéd in Tables |

A-2 and A-9 of the appendix to this repdrt.

First Set of Comparisons: MAM Immediate Increase World Oil Price Scenario vs.
MAM Base Scenario '

Figures 28 through 30 illustrate the changes from the baseline in the relevant MAM output
variables, related to the changés in world oil price. Figures 28 through 30 illustrate that changes
in the output variables are consistent with the macréeconomic theories discussed earlier in this
report. Asin ﬁe AEO094 High World Qil Price scenario, GDP rises more slowly under the
higher world oil prices than under the baseline scenario. In'quantitative terms, ﬁe 20%
difference between the alternative angl base case world oil prices under this scenario results in a
2010 value for GDP that is 0.28% lower than the reference case value. In all forecast years,
changes in personal income track closely to changes in GDP as expected. Figurés A-1and A-2
in the Appendix to this report illﬁstrates the annual estimates of elasticity with respe<t to real

world oil price for the GDP and personal income variables under this, scenario.
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Figure 28. MAM Base Compared to MAM Immediate Increase World

Oil Price Scenario
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| Figure 29. MAM Base Compared to MAM lmmgdiate Increase World

Qil Price Scenario
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~

Asthe ;eal world oil price increases more quickiy under the Immediate Increase Wor‘lci Oil Price

scenario compared to the baseline, the CPlis coﬁsistently .above the refgrenée case CPI valﬁes.
The utility bond i;lteres‘t rate ﬁse§ over the period of 1993-1998 in both the baseline and the

‘ alternative écenaﬁos, and falls_slightly for most years beyond 1998 in the forecast. As is the case

with the CPI, the utility bond rate is highér under the immediate increase scenario compared to

the baseline values.

As is the case with the' AEO% ngh World Oil Price scenario, uhemploym;nt rates sre
,conlsistently higher under the Immediate Increase World Oil Price scénario, compared to the base
case. This result is again partly explained by the upward préjssqre exerted upon iﬁﬂatipn rates

within periods of high oil prices such as those sustained throughout this alternative case.
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Figure 30. MAM Base Compared to MAM Immediate Increase World

Oil Price Scenario
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N

Second Set.of Comparisons: MAM Immediate Increase World Oil Price Scenario
vs. DRI Immediate Increase World Oil Price Scenario

Under the increased oil price scenario, the key outputs of the NEMS MAM differ by 0. 83% or
less from the outputs of the full DRI model. This range is well w1thm the maximum percent
differences between MAM and DRI in all cases presented to this pomt In summary, MAM
produces results that closely mirror DRI full model results under the Immediate Increase World
Oil Price scenario. Flgures 31 through 36 compare the MAM scenario fesults to the DRI
scenario results for the key output vanables listed in Table 2 of this report.
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Figure 31. Immediate Increase World Oil Price Scenario: Percent

Change in Constant $1987 Gross Domestic Product
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'Fighre 32. Immediate lncréasé World Oil.Price Scenario: Percent .

Change in '"Constanf $1987 Disposable Income
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Flgure 33. Immediate Increase World Oil Price Scenalrlo Percent

" Change in Unlt Sales of Domestlc Automoblles
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Figure 34. Immediate Increase World Oil Price Scenario: Percent

. Change in Consumer Price Index
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Figure 35. Immediate Increase World Oil-Price Scenario: Absolute
Change in Utility Bond Rate
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Figure 36. Immedlate Increase World Oil Price Scenarlo Absolute

. Change in Unemployment Rate
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3.6. Ramped Decline World Oil Price Sc‘:enarié )

As described in Table 1, the Ramj)e;d Decline World Oil Price scenario qtiliies a world oil price
series that is x% below the éorresponding baseline value for real world oil price in year x of the
forecast périod. This scenario évaluates the responsiveness of the MAM under a user-specfﬁed
path of increasing divergence from base-case real world oil price projections. Réai world oil
prices in this scenario range from a low of $14.36 per barrel to a high of $19.21 per barrel, and
fluctuate within these l')opmds, experiencing periods of rising prices and periods of falling prices
over the forecast horizon. As stated previously, the baseline real world oil price varies from a -
low of $14.61 per barrel to a high of $23.42 per barrel, énd rises steadilj throughout the forecast
period. The time series of forecasted world oil prices for both the baselire and the alternate case

‘are provided in Tables A-2 and A-11 of the appendix to this report.

First Set of Compansons. MAM Ramped Decline World Oil Frice Scenario vs.
MAM Base Scenano

Figures 37 through 39 1llustrate the changes from the baseline in the relevant MAM output
variables, related to the changes in real vyorld oil price. Figures 37 through 39 illustrate that
changes in-the output QariaBles are consistent with the macroeconomic theories discussed earlier
in this report As in the AEO94 Low World Oil Price scenario, GDP rises more quickly under
the lower world oil prices than under the baseline scenano In quantitative terms, the 18%
difference between the alternative and base case world 0_11 pnces unde; this scenario resultsin a
2010 value fqr GDP that is 0.36% higher than the reference case value. In all forecas;t years,

changes in bersonai income track closely to changes in GDP as expected.
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Figure 37. MAM Base Compared to MAM Ramped Decline World Oil

Price Scenario
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Figure 38. MAM Base Compared to MAM Ramped Decline World Cil

Price Scenario

Percent Change frbm Base

-0.6% S
08% 4ttt ey
1993 1995 1997 1999 2001 2003 2005 2007 2009
-x- GDP87 >. -m- YD&7
-8 SQTRCARSDOM =~ CPI
Energy Information A&ministraﬁon ) 61

‘Mode! Developer's Appendix to the NEMS Macroeconomic Activity Module Documentation Report




As the real world oil price increases' more slowl}" under thé“Ramped Decline'World Oil Price
scenario compared to the baselme, the CPI is generally slightly below the reference case CP1
values. The utlhty bond interest rate rises over the penod of 1993-1998 i in both the baselme and
the alternatlve scenanos, and falls shghtly for most years beyond 1998 in the forecast. Asis the
case with the CPI the utility bond rate is lower under the ramped decline scenario compared to

the baseline values ‘ : : , -

As is the case with thé AE094 Low World Oil Price scenario, uneinployment rétes are
consistently lower under the Ramped Decline World Oil Price scenano compa:ed to the base
case. Thls result is again partly explamed by the lack of pressure on inflation rates within

periods of low oil prices such as those sustained throughout this altematlve case.

’
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Figure 39. MAM Base Compared to MAM Ramped Decline World Qil

Price Scenario
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| Secohd Set of Compérfsons:' MAM Ramped Decline World Oil Price Scenario.vs..
DRI Ramped Decline World Oil Price Scenario “ |

Under the ramped decline scenario, the key outputs of the NEMS MAM differ by 1.84% or less
from the outputs of the full DRI model This range is comparable to the percent differences |
between MAM and DRI in all cases presented to this point. In summary, MAM produces results
that closely’ erIOI' DRI full model results under the Ramped Declme World Oil Price scenario.
Figures 40 through 45 compare the MAM scenano results to the DRI scenano results for the key
output variables listed in Table 2 of this report. '

1
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Figure 40. Ramped Decline World Oil Price Scenaric: Percent

Change in Constant $1987 Grbss/ Domestic Product
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" Flgure 41 Ramped Declme World Oil Price Scenaruo Percent

- Change in Constant $1 987 Dlsposable Income
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Figure 42. Ramped Decline World Oil Price Scenario: Percent

-Change in Unit Sales of Domestic Automobiles -
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Flgure 43.- Ramped Decllne World 0l| Prlce Scenario: Percent

Change in Consumer Price Index
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Figure 44. Ramped Decline World Oil Price Scenario: Absolute
Change in Utility Bond Rate |
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Flgure 45, Ramped Declme World Oil Pnce Scenarlo Absolute

Change in Unemployment Rate
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| Figure A-2. YD87 Elasticity Estimates
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Table A-1. Base Case for Historical World Oil Price Scenario
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Table A-2. Base Case: Except Historical World Oil Price
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Table A-3. Historical World Oil Price Scenario
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Table A-4. Historical World Oil Price Scenario Supplement
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Table A-5. AEO94 High World Oil Price Scenario
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Table A-6. AEO94 High World Oil Price Scenario Supplement
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Table A-7. AEOS4 Low World Oil Price Scenario
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Table A-10. Real World Oil Price Immedidte Increase Supplement’
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Table A-11. Real World Oil P’r_icefRarxnped Decline
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Table A-12. Real World Oil Price Ramped Decline Supplement
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