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Oil Supply: Global Production

Global crude oil production stagnated in the mid-2000, largely
due to maturing oil fields in major producing countries.

World Oil Production?

r Stagnation
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Sources: Bakker Hughes; and BP,
Piecewise linear trend.
2FSU = former Soviet Union; OPEC = Organization of Petroleum Exporting Countries.
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Model Simulation

Global Integrated Monetary and Fiscal Model (GIMF):
Choice-theoretic dynamic business cycle model frequently
used at the IMF for policy and scenario analyses.

Important features of model:

* Six regions: Oil exporters, US, euro area, Japan, emerging Asia, ROW.

* Each region has a fully specified output and factor market structure that is
calibrated to replicate key national accounts magnitudes.

* Each region has fully specified fiscal and monetary policies, including a
calibration of fiscal accounts to replicate regional characteristics.

* The trade linkages between all regions are modeled in detail, and the relative
strength of trade links is calibrated using international trade data.

* The dynamic behavior of the model has been studied in detail and broadly
replicates empirically observed economic responses to standard shocks.

* Key today: Oil is an additional production input and consumption good.




Global Integrated Monetary and Fiscal Model (GIMF) -
continued

Oil Demand Specification:

* Short-run price elasticity of demand: 0.02. (Extremely low, as in the data.)

* Long-run price elasticity of demand: 0.08. (Extremely low, as in the data.)

* Cost share of oil in production/consumption: 2%-5% (Low, as in the data.).

» Qutput contribution of oil in production/consumption:

- 2%-5% in the baseline (same as cost share).
- 20% - 25% in sensitivity analysis (idea: technology depends on oil).




Global Integrated Monetary and Fiscal Model (GIMF) -
continued

Oil Supply Specification:

* Exhaustible resource: Oil supply is modeled as a mostly exogenous endowment.

* Price elasticity of supply: 0.03. (Extremely low, as in the data.)

e Extraction cost:

- Initially equal to 40% of oil revenue.

- Thereafter growing at real 2% p.a. in the baseline.

- Thereafter growing at real 4% p.a. in sensitivity analysis
(idea: greater scarcity).




Global Integrated Monetary and Fiscal Model (GIMF) -
continued

Fiscal Sector Specification:

* Qil rent = oil revenue minus oil extraction costs.
* Qil rent recipients in oil importers: Mainly the private sector.

* Qil rent recipient in oil exporters:
- 90% goes to the government.
- Government accumulates these funds in a USS oil fund.
- Only 3% per year of this fund is spent.
- Qil price boom therefore causes a huge expansion of the oil fund.
- Consequence: Large increase in world savings + drop in world interest rate.




Baseline Simulation

World Oil Production Growth Rate Declines by
1 Percentage Point Relative to Past Trend




Figure 1: Benchmark Scenario

World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend
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mkumhof
Text Box
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend


World Oil Production
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Figure 1: Benchmark Scenario

OIL SUPPLY AND OIL PRICE
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Text Box
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend

mkumhof
Callout
- Oil price immediately spikes by 60% due to very low demand elasticity. 
- Oil price eventually rises by 200% after 20 years as high prices are required to "destroy demand".

mkumhof
Callout
- Oil supply falls relative to past trend.
- Note that this is not an absolute decline, just a slowdown in production growth.
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OIL SUPPLY AND OIL PRICE
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Text Box
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend

mkumhof
Callout
- Strong increase (1.5% p.a.) in 
oil exporters' domestic consumption and investment demand. 
 
- Reason: Sharply higher income and wealth.

mkumhof
Callout
- Decrease in 
oil exporters' GDP as oil output falls and the real appreciation negatively affects the tradables sector (Dutch disease).
 
- Recovery after 5-10 years as government starts to consume more of the oil fund.

mkumhof
Callout
- Oil exporters' current account improves by 6% of GDP on impact, 10% of GDP in the long run. 
 
- More than 100% of this is due to oil exports, the non-oil trade balance deteriorates significantly.
 
- In other words, oil exporters strongly increase their imports of non-oil commodities. 
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Figure 1: Benchmark Scenario

World Oil Production Growth Declines by 1 Percentage Point

OIL IMPORTERS
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Text Box
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend

mkumhof
Callout
- Oil importers' domestic consumption and investment falls by 0.35%-0.75% p.a.
 
- Reason: Lower income and wealth.

mkumhof
Callout
- Oil importers' GDP also declines, but 2 things help in Asia in the short run:
1. Higher goods exports to oil exporters (strong trade links Asia - oil exporters).
2. Higher investment due to a world interest rate that eventually drops by 100bp.
 
- Why does interest rate fall? Higher world saving due to accumulating oil fund in oil exporters. Remember the 70s/80s.

mkumhof
Callout
- Growth decline is modest at less than 0.25% p.a.
- Reason: Low factor share of oil.
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Text Box
OIL IMPORTERS


Figure 1: Benchmark Scenario
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend
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Text Box
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend

mkumhof
Callout
Immediate, strong current account improvement in oil exporters.

mkumhof
Callout
- Immediate but modest  current account deterioration 
(1 percentage point) in Rest of the World.
 
- Reason for small effect: 
   Low cost share of oil.

mkumhof
Callout
Delayed current account deterioration in Asia.
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Figure 1: Benchmark Scenario
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend

SUMMARY
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Text Box
World Oil Production Growth Declines by 1 Percentage Point Relative to Past Trend

mkumhof
Callout
Lower Growth

mkumhof
Callout
Larger Current Account Imbalances

mkumhof
Text Box
SUMMARY


“Upside” Simulation - Specification

e Same supply shock as in the baseline.

* But easier long-run substitution away from oil:
Long-run price elasticity of demand = 0.29
instead of 0.08.

e Caveat 1: The U.S. DOE “Hirsch Report” (2005)
concludes that substitution away from oil on a
large scale would be extremely costly and
time-consuming (at least 20 years lead time).

e Caveat 2: What if substitution becomes harder
after obvious waste is eliminated?




“Upside” Simulation - Results

* Oil price increases by 100% rather than 200%
after 20 years.

e Current account imbalances are much smaller.
e Qutput drop is less than 1/3 of the baseline.
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Figure 2: Alternative Scenario 1: Greater Substitution away from QOil
Long-Run Price Elasticity of Demand Equals 0.29 instead of 0.08
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mkumhof
Callout
Smaller negative effect on growth.

mkumhof
Callout
Smaller increase in the oil price.

mkumhof
Callout
Smaller current account imbalances.

mkumhof
Text Box
Long-Run Price Elasticity of Demand Equals 0.29 instead of 0.08


“Downside” Simulation | - Specification

 Larger supply shock than in the baseline.
* Reduction in growth rate of oil production
equals 3.8 percentage points instead of 1.

* This implies an absolute decline rate of oil
output of 2% per annum, as suggested by the
more pessimistic studies in the literature.

* It implies an absolute cumulative output
decline of around 33% after 20 years.

* Furthermore: Real extraction costs increase
by 4% p.a. rather than 2% as in the baseline.




“Downside” Simulation | - Results

* Oil price increases by 200% on impact, and by
800% after 20 years.

* This would be unprecedented, and the model
may not adequately capture resulting
nonlinear effects.

e Output declines are approx. 3-4 times larger
than in the baseline. Almost 0.5 pp lower
growth in oil importers.

* Current account deteriorations are approx 3-4
times larger than in the baseline, -6% to -8%
of GDP in oil importers in the long run.




Figure 3: Alternative Scenario 2: Greater Decline in Oil Production
Oil Production Growth Rate 3.8 pp rather than 1.0 pp Below Trend (2% Absolute Decline Rate)
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Text Box
Oil Production Growth Rate 3.8 pp rather than 1.0 pp Below Trend (2% Absolute Decline Rate)

mkumhof
Callout
Output losses are 3-4 times larger than in baseline.

mkumhof
Callout
Changes in domestic consumption & investment very large: <-1%p.a. in oil importers, +7%p.a. in oil exporters.

mkumhof
Callout
Very large curr. account deteriorations in oil importers: <-5% p.a.


“Downside” Simulation Il - Specification

 Same supply shock as in the baseline.
* But the contribution of oil to output growth
equals 20%-25% rather than 2%-5%.

* This is motivated by the work of Ayres, Warr,
Kuemmel, Lindenberger and others, who have
found very high output contributions of energy.

 Modeled as an externality: Benefits of oil
accrue to all production factors, not just to oil.

* Consequence: Negative oil supply shock
resembles a negative productivity shock.




“Downside” Simulation |l - Interpretation

*Traditional argument among economists:
Improved technology has allowed us to
develop more energy sources and to increase
oil output. This is expected to continue.

e Ok up to a point. (Drilling more and in more
places surely also helped.)

* But what if the reverse is far more critical?
Only the availability and growth of oil output
has made many new technologies possible.
With less oil this will not continue.

 Examples: Private-car-related technologies,...




“Downside” Simulation Il - Results

 GDP deteriorates by double the baseline.

* Current account imbalances are not
significantly affected.
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Figure 4: Alternative Scenario 3: Greater Economic Role for Oil
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Text Box
Output Contribution of Oil Equals 20%-25% rather than 2%-5%

mkumhof
Callout
Output losses are twice as large as in the baseline.

mkumhof
Callout
Effect on current accounts is small.


Why Things Could Turn Out Worse Than in the Model

What if there is no massive increase in oil exporters’
private consumption as in the simulations?

What if financial markets do not efficiently intermediate
the flood of savings from oil exporters? Remember the 70s. |

—

What if there is no smooth shift of oil importers’
resources to less oil dependent sectors? Bankruptcies in
vulnerable industries could spread to other sectors
through commercial and financial channels.

What if workers in oil importers resist large real wage cuts? ‘

" VERY IMPORTANT: What if oil exporters reserve an increasing
share of their oil output for domestic use, to forestall unrest?
_ (e.g. through subsidies)




Summary of the Evidence and Simulations

The global oil market has entered a period of increased
scarcity, driven by a combination of strong demand
growth and weak supply growth.

-

—

Gradual and moderate increases in oil scarcity would have
a modest impact on medium-term growth:

* Benchmark(-1pp growth reduction): Output impact is relatively
benign, loss of less than %% of annual growth.

But there is a significant potential for more severe impact:
* Risk that global oil supply slows down more than in baseline.
* Low spare capacity could cause sudden surges in oil prices,
which could trigger global recessions.
* Financial sector risks from surges in global capital flows.
* Qil availability may be much more critical for viability of existing
technological infrastructure than currently acknowledged.




Implications for Desirable Policy Frameworks

e

/' A. Facilitate reallocation towards less oil-dependent sectors

1. Fiscal policies: Switch from increasingly expensive fuel subsidies to
other types of income support, to avoid fiscal stress.

2. Structural policies:

- Oil supply: Predictable investment climate for oil companies.

- Oil demand: Reduction in fuel subsidies can raise price elasticity.

N 4




Implications for Desirable Policy Frameworks -
continued

e T

B. Reduce the worst-case risks of oil scarcity

e  Preemptively reduce oil consumption?

- Taxes on oil use.

- Support for technologies: Energy-saving or alternative energies.
 But need to do cost-benefit analysis first:

- Cost: Short-term reduction of growth.

- Benefit: Impact mitigation if and when scarcity arrives.




Implications for Desirable Policy Frameworks —
continued

~ T

/ C. Make financial sectors more robust to cope with capital flows

\\

1. Global current account imbalances: Surge in capital inflows can be
destabilizing for both debtors and creditors.

2. Financial intermediation: Banks could become vulnerable if they end
up intermediating capital flows that are too large and arrive too fast.

~— > 4
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Oil Demand: Robustness

Higher elasticities in extended sample period.

\

Oil Demand Price and Income Elasticities in the Extended Sample
(Full sample, 1965-2009)

Short-Term Elasticity Long-Term Elasticity
Price Income Price Income
OECD! -0.039 0.704 -0.576 —0.385
[-0.044, —0.033] [0.603, 0.803] [-0.673, —0.489] [-0.567, —0.208]
Non-OECD -0.010 0.741 -0.131 0.589

[-0.015, —0.066] [0.663, 0.818] [-0.196, —0.070] [0.382, 0.777]

L Higher elasticities during periods of high oil prices.

Oil Demand Price and Income Short-Term Elasticities: High versus Low Price
Environments
(Full sample, 1965-2009)

Price Income
. s —0.038 0.649
High Oil Prices -0.070, —0.006] 10,466, 0.3
Low Oil Prices * 0.786

[0.667, 0.904]

Source: IMF staff calculations.

Note: * indicates that the value is not statistically different from zero. Median elasticities and confidence intervals showing 10t and 90t percentile of the distribution in brackets
are estimated by Monte Carlo simulations. Long-term elasticities are calculated using a 20-year horizon.

10ECD = Organization for Economic Cooperation and Development.





