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Crafting strategies for sustainable natural resource use involves
the application of economically competitive natural resource
materials and energy-using technologies in the economy.  As
we have seen, market prices may give a misleading framework
for the adoption of sustainable choices, and may require the
use of public sector intervention to correct for various forms of
market failure.  In this session, we draw on some research
devoted to various aspects of natural resource use to illustrate
how economic analysis can be used to shape public policy
alternatives.

We begin with some data that characterize the use and impacts
of natural resources in Ethiopia as well as some international
comparisons on natural resource use and climate change. As
shown below, using a cross-section of countries, Africa displays
a predicted rise in aggregate energy intensity as urbanization
proceeds and real per capita GDP levels increase



While energy intensities may fall as per capita incomes increase, given
variable rates of depreciation for energy-using capital stocks,
environmental emissions may increase at variable rates, thus posing
risks to environmental sustainability and continued economic growth in
the face of prospective climate change.

While environmental emissions in developing regions such as Africa do
not begin to approach the levels found in industrialized countries, or in
newly emerging economies such as China and India, adopting measures
to contain emissions can have a significant impact on longer term growth
prospects.

Much of the predicted shift in energy intensities and environmental
emissions derives from a shift away from traditional renewable natural
resources to exhaustible natural resources.  However, this pattern is not
foreordained except by the role of relative prices, and a shift to advanced
renewable energy technologies may forestall some of the more adverse
environmental impacts from a shift to traditional exhaustible energy and
natural resource extraction technologies.



We can sense the risks of the natural resource shift in terms of the
declining share of traditional wood energy in overall energy
consumption in developing economies.  The figure below illustrates
how this transition has tended to occur in Sub-Saharan Africa.



Ethiopia is typical in its reliance on traditional wood energy for much of
its consumption of energy. As per capita income increases, there is
growing demand for traditional wood resources, and which also results
in an increase in the demand for electrical energy.  Ethiopia has,
however, significant hydropower potential that can meet the future
growth of electricity demand for some time.



Ethiopia’s natural resource production and consumption consists  of
agricultural activity, along with the extraction of energy and materials
from natural resources, notably forestry and hydropower.  Erratic rainfall
patterns, along with relatively low levels of per capita GDP, leave
substantial parts of the population vulnerable to food shortages as long
as productivity rates do not match population growth rates.



Climate variation in Ethiopia places periodic stress on the food production
and distribution system.  Much of this stems from erratic rainfall patterns
that produce periodic droughts. Moreoever, while rainfall cycles vary,
there is a long-term secular trend that reflects in part the impact of global
climate change.  Without changes in agricultural technology, rainfed
agriculture may face limits as to how to maintain productivity growth in the
face of expanding population levels.



Climatologists, using historical data, have derived frequency estimates of
past drought episodes in Ethiopia and from which, other things equal,
future drought episodes are predicted.



Natural disasters can be costly, not just in terms of today’s economic
environment, but also in terms of prospective future events.



Managing natural resources in a sustainable pattern must address not
only agricultural production and consumption, but also alternative
technologies that can permit sustainable economic growth.  To do so
requires an economic perspective on the pricing of natural resources and
on the technologies that use them in the economy.



For agriculture, it means forecasting production and consumption patterns
consistent with various estimates of population growth, and from which
food shortfalls may arise.  Those shortfalls can be met in the short term by
imported food aid, but over the long run, the question is whether Ethiopia
can increase productivity to levels that would sustain domestic
consumption patterns consistent with global nutritional standards such as
those put forth by FAO and other agencies.



Food import dependence from erratic rainfall and agricultural yields poses
problematic questions regarding the economic efficiency and equity of
using agricultural subsidies.



In addition to agriculture, sustainable use of natural resources also
involves the adoption of economically competitive technologies that can
mitigate the environmental emissions effects from significant shifts to
exhaustible fossil fuels as well as to provide sufficient end use natural
resources that can support sustainable economic growth.  For a country
such as Ethiopia, this means looking at the extent to which hydro, wind,
and geothermal natural resources, for example, can provide sufficient
levels of energy to permit sustainable increases in per capita real GDP.



Beyond water for use in agriculture, by consumption of potable supplies in
the general population, and by fishing, water also can be used to generate
electricity. Ethiopia’s hydropower potential is indicated in the following
datasets.



One major effort to develop hydropower is the Blue Nile plan.  Details of
this plan are spelled out below.



Economic estimates provide comparative data on which the Blue Nile
hydro projects have been assessed.



Engineering and economic studies have shown that while hydropower can
be economical, by using purely market prices, it may not be as competitive
as some alternative natural resource technologies.  One constraint is the
low capacity factors of given projects due to erratic rainfall and storage
conditions.



Wind energy is one alternative to a singular expansion of hydropower
capacity in Ethiopia.  Low capacity factors for hydropower are but one
consideration in the appeal of wind energy technology.  Others are noted
below.  One is the savings in reservoir water levels afforded by wind energy
substitution.



Wind energy is one alternative to a singular expansion of hydropower
capacity in Ethiopia.  Low capacity factors for hydropower are but one
consideration in the appeal of wind energy technology.  Others are noted
below.  One is the savings in reservoir water levels afforded by wind energy
substitution.



Below are data on wind energy sites identified by Ethiopia Electric Power.
They include estimates the prospective environmental impacts beyond the
water saving already noted.



Ashegoda and Harena offer some of the most promising sites.



Economic analysis seems to support the choice of these sites.



Ethiopia also has geothermal electricity generating potential.  Feasibility
studies point to another natural resource that can be used to displace
prospective use of hydropower, or more importantly, fossil fuel generating
plants.



Beyond these technologies, Ethiopia faces in the short run continuing
pressure on wood natural resources to meet the demand for household
energy and building materials.  There are two ways to address the chronic
problem of deforestation.  One is in terms of improving the size and yields
of natural forest growth - this involves continuing research on species
health and yields, as well as efforts to expand property rights to produce
wood pricing valuations consistent with sustainable use.



Another approach is to consider ways to conserve wood resources.  This
can occur through reductions in wastage rates in building materials,
recycling scrap wood into plywood or particle board products, among
others.  In terms of wood energy use, since most consumption is for
household energy use, the feasibility of wood energy stove technologies
can make a significant difference.  Open fire thermodynamic efficiencies
are quite small, no more than on the order of 2 to 3 percent per unit of
usable end use energy.  Brick and metal stoves can increase these
efficiencies up to 10-20 percent, representing a substantial savings in
gross wood energy consumption.  We demonstrate here an evaluation of
such technologies based on field testing in Botswana.



Some results from the Botswana Renewable Energy Technology Study:



Another application is in terms of alternative water supply technologies for
agriculture.  We illustrate here some comparisons based on diesel, solar,
and wind technologies for the Sudan. In this study, domestic fuel subsidies
created a bias in favor of diesel over wind and solar alternatives.

The subsidy derived in part from a parallel foreign exchange market as
well as from an explicit controlled price subsidy directly to agricultural
users of diesel fuel. Part of this bias stems from the relatively low capital
cost of diesel engines in comparison to the higher capital costs of wind
and solar technologies.



For the Sudan,at least, even though it has made significant discoveries of
crude oil, the efficiency with which this is used depends in part on the
distortions introduced by foreign exchange rate decisions and on explicit
subsidies to the agricultural sector.



As we have seen, creating conditions for sustainable use of natural
resources depends in part on the role of property rights in establishing
prices at competitive levels consistent with prevailing opportunity costs.
We illustrate here a way of assessing the economic importance of
institutions, notably the significance of aggregate country risk in general,
and through its determinants, the importance of property rights and
judicial independence in achieving sustainable rates of growth.  While
not specifically directed at natural resource use, because traditional
natural resource use is affected by conditions of market failure arising
from common property regimes, how a country chooses to define,
uphold, and allocate property rights may have a critical bearing on
sustainable natural resource use.  The following sections derive from a
paper published in 2008 (LeBel)



An institutional model illustrates the various determinants and their
relative contributions to aggregate country risk.



A nested regression model illustrates the sequential impact of various
institutional determinants on risk and the level of PPP real per capita
GDP.  From this we can calibrate the present value of one unit changes
on institutional variables in affecting the level of risk and thus the level of
per capita income.


