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* Review the pop quiz
— Reserves
— Sustainability

 DICE Model

— Summary of main points
— Details
— Critiques



 Briefly Describe the behavior of world ol
reserves, and reserve/production ratios over the
past 50 years. What does this suggest about
the ability of these measures to signal
Impending exhaustion? Explain with reference
to the definition.

* Definition Reserves are defined as the known
amount of a (mineral) resource that can be
profitably recovered.

* Problems with this definition? This means that
new technology, new discoveries, higher prices
for the resource, all lead to an expansion in
reserves. So you must take them lightly,
els_([j)ecially considering their history. See Tony's
slide.



Reserves/Produ

Year Reserves ction
1950 86 22
1955 190 33
1960 298 37
1965 348 30
1972 667 35
1990 887 47
2000 1000 ~50

2007 1317.4



Detaill on Reserves

 The OPEC countries decided in 1985 to link their
production quotas to their reserves. What then
seemed wise provoked important increases of
the estimates; in order to increase their
production rights. This also permits the ability to
obtain bigger loans at lower interest rates. This
IS a suspected reason for the reserves rise of
Iraq in 1983, then at war with Iran. The following
Is In billions of barrels



OPEC Reserves (billions)

‘ear Abu Dhab Dubai Iran Iraq Kuwait Saudi Arabia Venezuel:
1980 28 14 58 31 65.4 163.35 17.87
1981 29 1.4 57.5 30 65.9 165 17.95
1982 30.6 1.27 57 29.7 64.48 164.6 20.3
1983 30.51 1.44 55.31 41 64.23 162.4 21.5
1984 30.4 1.44 51 43 63.9 166 24.85
1985 30.5 1.44 48.5 44.5 90 169 25.85
1986 31 1.4 47.88 4411 89.77 168.8 25.59
1987 31 1.35 48.8 47.1 91.92 166.57 25
1988 92.21 4 92.85 100 91.92 166.98 56.3
1989 92.2 4 92.85 100 91.92 169.97 58.08
1990 92.2 4 93 100 95 258 959
1991 92.2 4 93 100 94 258 959
1992 92.2 4 93 100,00 94,00 258 62.7
2004 92.2 4 132 115 99 259 78

2007 ? ? 136.3 115 101.5 262.3 80



OPEC oddity

« The table suggests that, firstly, the OPEC countries
declare that the discovery of new fields, year after year,
replaces exactly or near exactly the quantities produced,
because the declared reserves do not vary a lot from
one year to the other. For example, Saudi Arabia
extracted 9.55 million barrels per day in 2005, i.e. 3.4
billion barrels a year. Yet, their stated reserves do not
decline, implying that they discover previously unknown
reserves of exactly this amount, year after year. Abu
Dhabi, in the UAE, declares exactly 92.2 billion barrels
since 1988, but in 16 years, 14 billion barrels were
extracted.



OPEC oddity

* Also, there is much competition between
states. For example, Kuwait gave to
themselves 90 billion barrels of reserves in
1985, the year of the reserves link. Abu
Dhabi and Iran responded with slightly
higher numbers, to guarantee similar
production quotas. Iraq replied with around
100. Apparently, with all this amount of
inflation, Saudi Arabia was forced to reply,
two years later, with its own revision.



Sustainability

« Define sustainability. Can an economy be
sustainable if a nonrenewable resource is
consumed? What is the condition required for
sustainability in this case?

* Definition. The ability of each future generation
to be as well of as its predecessors, that is, to be
endowed with whatever it takes to produce a
given standard of living (which might be defined
by consumption, or more broadly by utility).



« Can we be sustainable and still use up a
resource? Yes. If we find substitutes for it and
can replace its lost value with other things
productive.

* The specific condition is to replace the value of

what is lost, or
A'R U K

* Mu is the shadow price of capital, or the rental
rate. Its what people pay for a unit of capital over
the course of a year. We must have an equal
offset, and it is buying capital goods that are
productive for us. Gross simplifications of course



Suppose this is not true for all R, i.e., suppose some
elements of the natural capital stock can not be substituted.
Then either sustainability is not possible, or sustainability
requires that the economy maintain a stock, perhaps the
existing stock, of the non-substitutable natural capital.

Of course we don’t really have a good idea which stocks
are essential. And so by using up certain resources, we
may be dooming ourselves to a lower std of living in the
future, it is not clear.

An important note: There is no maximization going on
here. It may be the case that there are many sustainable
paths, and most of those are not the “best”.

We are also talking about sustainabillity in total. As in our
entire consumption. Note that we can be “unsustainable” in
oil but sustainable overall. There is (probably) no need to
pass on oil to the future.



Weak Sust

* Weak sustainability is advocated by the
Hartwick Rule, which states that as long
as TOTAL capital stays constant,
sustainable development can be achieved.
As long as the diminishing natural capital
stocks are being substituted by gains in
the man-made stock, total capital will stay
constant and the current level of
consumption can continue.




Strong Sust

« Strong sustainability holds the view that
natural capital and man-made capital are
only complementary at best. In order for
sustainable development to be achieved,
natural capital has to be kept constant
independently from man-made capital.



* According to Hartwick-Solow rule of sustainability,
how much should the present generation save and
iInvest to maintain a constant value of capital?

— A Invest the market value (P) of the extracted resource in
flow market in instruments that return at the rate of
discount (r) over time.

— B Invest the rental value ( Q) of the in-situ or naturally
occurring resource that has been extracted in
instruments that return at the rate of discount (r) over
time.

— C Invest the marginal extraction cost (MEC) of resources
in instruments that return at the rate of discount (r) over
time.

— D None of the above



 "|s sustainability an obligation to leave the world
as we found it in detail?" What is the best
answer from economists' perspective?

— A Yes, we are obliged to leave the world as we found
it in detalil.

— B No, we are not obliged to leave the world as we
found it in detail. We can use its resources for the
most benefit of the present generation.

— C We can use the natural resources of the world, but
we are obliged to replace the used-up resources with
other resources of equal value.

— D We can use the natural resources of the world,
but we are obliged to ensure that we do not bring
down the stock of critical resources below their
safe minimum standard and that we replace the
used-up resources with other resources of equal

value.



« Which best describes the theoretical argument of Slade
(1982) to explain her empirical findings on the time trend
of prices of natural resource commodities?

— A Price of a resource would increase over time with progressive
physical depletion of its reserve.

— B Price of a resource would decrease over time with
improvements in the technology of extraction.

— C In the initial years the price would rise because the rate of
physical depletion of reserve would exceed the rate of growth of
technology, but in later years the price falls because the rate of
growth of technology would exceed the rate of physical
depletion.

— D In the initial years the price would fall because the rate of
growth of technology would exceed the rate of physical
depletion of reserve, but in later years the price would rise
because the rate of physical depletion would exceed the
rate of growth of technology.



Slade paper

* The decline in the grade of ore eventually
dominates the improvement in technology.



Tony's conclusions

* Time series of resource prices are good
indicators of trends in scarcity, including
anticipated future scarcity (through the
royalty component of price) -- though not a
good test of simple optimal depletion
theory (because of shocks to the system
such as new discoveries, technical
change, and fluctuations in aggregate
demand).



« Some people seem to believe that the recent period
of surge in oil prices is a reflection of depletion of ol
reserves and rising physical scarcity of energy.
What optimistic argument can you put forward
against this belief?

— A The recent oll prices have not yet reached the
historical peak.

— B Oil prices reflect the price control behavior of OPEC.

— C In the past and also recently oil prices tended to have
surged at the times of wars and speculative activities in
the oil market.

— D All of the above suggest that oil prices have not
necessarily risen due to depletion of oil reserves.



DICE--To quickly summarize

Goal is to maximize utility from now into the future

Utility is a function of consumption, and Nordhaus
chooses a specific form to make the problem tractable

We must choose what to consume today or invest.
Investing is good for growth later.

Climate models tell us that our increasing output will
yield more emissions over time which raises
temperatures

Increasing temperatures affect GWP through his
damage equation

We must account for CO2 damages and pay for
mitigation if it makes sense to do so.



DICE

* The point is to simulate the economy and
damages from CO2 over time to arrive at what
we should do today in terms of controlling
emissions.

« Max discounted sum of future utilities, subject to
what choices?

— Consumption —what we care about (allegedly)

— Emissions controls—by what percent to reduce
emissions compared to the uncontrolled level
specified by the model

— Investment—affects the capital stock and in turn,
affects output, which contributes to consumption or
iInvestment.



* Note that population and the interest rate
(among other things) are EXOGENOUS—
meaning that they are set from outside the
model. Utility/consumption, however,
determined within the model—
endogenous.

* Problems with exogenous variables?



Emmissions affects...

* As the economy grows, so do emissions.
Emissions are problematic—they
contribute to the stock of GHGs. Stock is
not solely aggregated emissions as some
are reduced through other sinks. This
leads to temp increases, which hurts the
economy. How?



« The next link in the chain is the impact of climate change on
human and natural systems.

. An early
discussion is contained in Schelling (1983), EPA summarized
a number of studies (1989), and | put those studies into the
context of the national-income accounts in Nordhaus (1991Db).
The overall assessment of the cost of greenhouse warming in
the U.S. was that the net economic damage from a 3°C
warming is of national income for
the United States in terms of those variables could be
quantified. This figure is clearly incomplete, for it neglects a
number of areas that are either inadequately studied or
inherently unquantifiable. As a

of total U.S. output to allow for
these unmeasured and unquantifiable factors. Making
adjustments for output composition in different countries, |
further raised the estimated impact to
for all countries. In addition, there is evidence that the impact
iIncreases nonlinearly as the temperature increases, and we
assume that the relationship is



* We can control damage by choosing Mu, the
fraction of emissions to control, but that is costly.
Both Mu and emissions affect output thru the
omega term—a fractional reduction in output
because of the output lost from damages and lost
to paying the costs of reducing emissions.
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« So If we control nothing, TC=0. Suppose
d(t)/Q(t) = 10%. Then this figure is 90.9%
(1/(1+.1)), cutting output by approx 10%. Not
sure why he chooses to use this more
complicated method of reducing damages.
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 Then because these mode
estimate econometrically, t

s are difficult to
ney calibrate it

to 1965 75 85 and get it “to
and then run simulations in
looking at what the optimal

erably close”
to the future,
outcome Is—

basically when it makes sense to cut
emissions, and by how much, considering
there is a cost to doing so and a benefit to

doing so.



* The results are summarized in Tony's
slides and basically say that the optimal
model gives us $271 billion dollars more
compared to doing nothing.

? calculate the carbon tax? The price of carbon is implicit in the model as a
ratio of shadow prices. Increasing one unit of carbon emissions gives us
additional utility, and increasing consumption does as well. The ratio of
these is the carbon price—the implicit price per unit of consumption.



Critiques
« Carbon cycle arguments, emissions intensity

parameter, catastrophic events—see Tony’s
slides.

« Basically, adjusting the rho term and the sigma
term make a big difference—in that the optimal
policy is to stabilize 20% below 1990 levels

* Rho is the pure rate of time preference. The
other term represents that we care less about
more consumption if we are richer.

T = [+ d(



Critiques contd

* You can pick apart any equation,

especially those that assume trends...or
don't.

* |f we do pay money to reduce output, it
increase the TC term and decreases
output.
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TC/GNP
Percent Loss of World Output resulting from
percent reduction in emissions

A 50% reduction in emmissions vields a 1% drop
in world qutput
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TC = .0686*u(t)*2.887
Tony mentions effect of 100% control being 7%--way too low.
Nordhaus doesn’t mention this part of the curve




Cost function constant?

* In fact, it seems that investing in emissions
control technology may be beneficial to
some degree and should be partly
included as some investment. There is no
learning in the abatement sector. Over
time, it would make sense if this cost
function were reduced—by adding an
exogenous scale factor maybe.



