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It is widely believed that rural forest and agricultura

resources in Southern Africa are overused, in the sense that both
bi omass and harvest |levels are significantly below | evel s of

maxi mum sust ai nabl e yield. However, econonic theory suggests
that high interest and time preference rates cause the economc
optimumto coincide with generally-observed patterns. In
addition, low income may be the driving factor behind high
interest and tine preference rates.

In macro-economc terns, Southern Africa may be experiencing a
productivity crisis. This leads to a downward shift in the |abor
demand curve, and an equilibriumresult with undesirably | ow wage
rates, high unit |abor costs, and high and grow ng unenpl oynment.

In this context, the inposition of pollution control costs m ght
wor sen an al ready negative macro-economnic picture. The mechani sm
woul d be a reduction in exports and an increase in inports.

The productivity problem in turn, may be a result of social
factors unique to Southern Africa. |Inprovenent in these social
conditions could resolve nuch of the econom c problem of |ow
productivity. A reviewof the literature on technol ogy transfer
and green technologies offers little basis to presune that new
technol ogi es can alter this picture.

One approach to positive renedies is to exam ne internationa
solutions. Three kinds of potential environmental policies are:

(A) tradeable pollution permts,
(B) leveraged Wirld Bank environmental adjustnment prograns, and

(C international petroleumtaxation and inconme transfer

G ven Southern Africa's unique position as a source of gl oba
i ndustrial raw materials, it should be possible to devel op
policies that simultaneously enhance incone |evels and

envi ronnental protection
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| NTRCDUCT! ON

It is generally recognized that environnental concern is incone
el astic: countries and social groups increase their interest in
environnental quality as their incones rise. This relationship
was enphasi zed by Ruttan (1971), and noted by others (Criacy-
Want rup, 1963; Chapman and Bar ker, 1991).

Crudely put, at popul ation-intensive subsistence levels, rura
househol ds are nore interested in consuning wildlife than in its
protection for the enhancenent of future generations. Urban
househol ds wi t h hi gh unenmpl oynment and | ow wages for those



enpl oyed have no economi c resources to spare for taxation for
public sector activity in water supply or electrification

In 1991 | had considerable opportunity to visit factories and

m nes, comunal areas, "honel ands," squatter canps, and
universities in Zinbabwe and South Africa. The observations and
di scussions originating in that experience have enphasi zed the
significance of the incone-environment |inkage.

In this paper, | amattenpting to understand the interaction

bet ween urban i ncone and rural resource degradation and the
likely inpact of environmental protection on macro econom cs. An
addi tional focus is the kinds of policies that m ght enhance both
material |iving standards and environnmental protection in the
worl d's poorest countries. The policy discussion will include
some consideration of the needed role of technology in offering
solutions, the possible inpact of climte change on environnenta
problens in Southern Africa, and the |inkage between aid and

i ncentives.

In this region, environnmental econom cs nmust be seen in a context
in which the area's extensive wealth of industrial resources
flows to the rest of the world, but econom c decline here has
been general. By referring to Southern Africa, | mean generally
the area from Shaba in Zaire to Cape Town in South Africa. This
area is geologically distinct fromthe rest of Africa and shares
a conmon history of colonial exploitation of mneral resources as
wel |l as a nodern era that enphasizes raw materials export.

URBAN | NCOVE AND RENEWABLE RESOURCE DEGRADATI ON | N RURAL
AGRI CULTURE

Perrings (1989, 1991), dark (1991), and Criacy-Wantrup (1963),
have argued that |ow i ncone causes high discount rates. If this
is correct, it may explain the w dely shared observation that
very poor regions seemto degrade renewabl e resource stocks far
bel ow economi cally optinmal |evels (Chapman 1990, Myo 1991, and
others). Perrings' 1991 review article is an excellent summary
of our current know edge.

A typical picture would show a comercial pasture or forest with
an apparently healthy |level of forest trees or pasture grass.
This woul d adjoin a conmunal area with no visible grass, much
barren ground, few trees or bushes, and goats replacing cattle as
the primary grazing stock.

In the communal area, cash incone would typically be received
fromrelatives working in mnes, factories, and urban areas at

| ow wages. Many residents of communal areas or "honel ands" woul d
be residing there after failing to find steady enpl oynent

el sewhere.



In this situation, credit markets nmay be organi zed for barter as
wel |l as currency, and tinme preference rates and interest rates
may be very high.

Figure 1. Renewabl e Resource Biol ogical G owh

Consider figure 1, representing the biological growh function
The horizontal axis Mrepresents biomass, and K represents the

bi ol ogi cal carrying capacity maxi num H, the vertical axis,
shows the anpbunt that can be harvested annually on a sustainable
basis for any given stock level M Beyond K, crowdi ng and

di sease increase nortality and bring net harvesting Hto negative
val ues.

Hrsy is the conventional maxi mum sustainable yield harvest |evel.
Note that every H on the curve is sustainable, but Hsy is

maxi mum In figure 1, the shaded ellipse represents a typica

| ow | evel of biomass and harvest in a poor rural area.

VWhet her a forest, pasture, wildlife, or fishery, figure 1
represents a degraded resource with imted output. Stock |evel
Mis close to the origin, or extinction of the resource.

An inportant point to make here is that this can be econom cally
optimal for poor rural areas, and that noving bi omass and harvest
levels to the right requires higher incomes and | ower discount
rates.

The basic relationship is expressed in equation 1 and figure 1
The discount rate is i, and the biological growh rate is r. Mec
is the econom c optimum biomass level. K represents the nmaxi mum
total anmount of biomass, K/2 is the biomass |evel w th maximum
harvestabl e, sustainable yield, which is Hrsy in the figure.

Note, in the equation, that if the interest rate is O the
econom ¢ opti mum bi omass Mec becones the sane Mrsy as provides

t he maxi mum sustai nable yield. Equation 1 is derived in the

Appendi X.

Equation 1
K r-i
Mec = -- * ---
2 r
The resource degradation illustrated here does not depend on

excessive private use of a common resource. Figure 1 in fact
assunes that the bi omass is nmanaged as private property, and, if
conmunal |y owned, is managed for maxi mum profit.

Consider a nunerical illustration: a snmall watershed of 500
hectares with a maxi mum wood (or pasture) biomass of 7500 tons
("i.e.,” K= 7500, or 15 tons per hectare). The biol ogica
growm h rate before crowding is 0.5, and the rural interest rate



is 0.4. The maxi mum sustai nable yield would be a Hrsy of 937.5
tons annually at a bi omass stock | evel Mmwy of 3750 tons.

Wth these values, the economically optiml vegetation |evel
(Mec) is a lower 750 tons. The economcally optinmal harvest Hec
is 337.5 tons annually, much | ower than the Hrsy above [note 1].

This follows fromreceived econom c theory (especially dark

1976 and 1990). It has particular relevance to rural areas in
Southern Africa. |If it is correct that i is inversely related to
i ncome and wages, then it is obvious that protecting rura
resources requires higher incomes. Unfortunately, the current
reality in Southern Africa is population growh in excess of
growm h in national income. Thus, for nost people in Southern
Africa, incomes are declining.

It bears repeating that this analysis does not invoke common
property assunptions: here, resource degradation is economcally
| ogi cal where the resource is properly managed for |ong run
profit.

The sane logic applies to a change of owners who face different
interest rates. |nagine one owner is an owner-nmanager in the US
with no debt. This owner sells to a heavily debt-Ieveraged
buyer. The new owner, with a much higher tine discount rate,
wi | | manage harvesting levels very differently than did the first
owner .

In equation 1, note that if i rises to or above r, then Mec = O
extinction is optimal.

i mate change or drought in Southern Africa would manifest
itself through higher tenperatures and | ower precipitation. This
woul d col | apse both biological growh (r) and carrying capacity
(K) in figure 1.

If climate change in Southern Africa occurs in a nmacro-econonic
setting of | ow wages, high unenpl oynent, and high and rising

di scount rates, then it may becone even nore frequent for i to
exceed r, exacerbating an already severe problem

In 1991 and 1992, nuch of Southern Africa experienced continuing
unusual drought. There is, of course, no enpirical evidence that
this is a result of global climte change, but this is the kind
of consequence that may be antici pated.

THE MACRO- ECONOM C EFFECT OF POLLUTI ON CONTRCL

In the previous section, | enphasized the inportance of incone
level in determning the support for environnental protection
In this section, I am considering the macro-econonic effects of

pol lution control on industry.



The industrial pollution controls considered are basically those
wi dely used now in Japan, Western Europe, and North America. For
exanpl e: soot and particulate removal with electrostatic
precipitators, sul phur oxide scrubbing in coal, copper, and oi
refining operations, hazardous waste control, etc.

The general setting is a region in which the average GDP per
capita was $600 in 1985, and is probably | ower today (Chapman
1989). Wiite incones average 10 times Black incones in South
Africa (Magrath 1991), and the ethnic differential is probably
hi gher in other areas in the region

The typical industrial enterprise in the region is oriented
around pol lution-intensive raw materials processing for export.
The usual mning sectoral classification understates the role of
raw materials. This is because much of the economic activity
classified as construction, vehicle manufacture, services, and
post-mine snelting is focused on mning. One detailed analysis
found that 50% of South African GDP originates in raw materials
processing, nost of it for export (Jourdan 1991). For the whol e
regi on, 95% of the value of raw materials is exported (Chapnman
1989).

Wage levels in raw material s processing range from 50c an hour
(in US$) in Zinbabwe to $2 per hour in South Africa.

Al t hough profitability in South Africa has typically been high

it is nowvery |low (Jourdan 1991). 1In the other countries in the
regi on, the parastatal corporations have operated wth
significant | osses in recent years.

The typical parastatal operation | have visited [note 2] has the
foll owi ng characteristics. It is using colonial vintage capita
stock, has no pollution control or worker safety practices, pays
| ow and declining real wages, is over-staffed at the managenent
level, is in debt to international agencies, is |osing noney, and
i s managed to produce forex.

In economic ternms, ny general observation is that economes in
the region confront a knotted problemof |ow productivity, |ow
wages, high unit |abor costs, lowprofit in South Africa, and
maj or financial |osses in the region's other countries [note 3].
In South Africa, the productivity problemis exacerbated by a
deteriorating educational system and apartheid-1inked soci al
hostility (de Beers 1991).

The i nportance of |abor productivity to rural resource
degradation is illustrated by figure 2 on page eight. The upper
right quadrant (figure 2A) shows the potential inpact of higher
productivity on wages and inconme. The declining demand for | abor
as a function of higher real wages is inplicitly defined by the
mar gi nal val ue of |abor productivity. Labor supply has a
positive response to higher real wages. Equilibrium1 (L1W) has
both | ow wages and | ow enploynment. A major productivity shift
noves the demand for |abor curve, and the result is a new

equi libriumw th hi gher wages and enpl oynment (L2W2).



In the upper left section (figure 2B), the new higher real urban
wage |l evel W2 translates into a lower rural interest rate i2

In the lower left section (figure 2C; rotate the figure)

different interest rates translate into different levels of rura
resource degradation. The |level of degradation is defined by the
rati o of the economically optimm bi omass (Mec) to the maxi mum
sustai nable yield biomass (Mrsy). This has been defined by
equation 1. Wth the first productivity curve equilibria, the
Mec/ Mrsy ratio is so low as to be near extinction. The new

hi gher urban | abor productivity |evel causes rural resource use
to inprove by the increase in real wage and the reduction in rea
i nterest.

Moving in the opposite direction fromfigure 2A, figure 2D (bel ow
figure 2A) shows the inconme-elastic nature of the support for
environnental protection. "ENV' is public support for
environnental policies. As inconme (defined as W. in the graph)

ri ses, support rises. What has happened is that higher |abor
productivity in the first panel translates into higher income and
nore support for environmental protection

The expl anati on beconmes nore conplex with the inclusion of per
capita G\P, and the rel ationship between capital investnent and
| abor productivity, but the result doesn't change.

A multiplier approach shows the macro-econom ¢ consequences of

i ntroduci ng broad pollution controls on industry with current | ow
productivity. For the follow ng equation 2, the national incone
ternms are defined in table 1. Environnental enhancenent is
represented by "v". A special termfor international donor aid
is represented by "B". It is clearly appropriate for macro

econom cs in Southern Africa outside South Africa [note 4].

Equation 2

GNP = CON(DPI (T, w(l (v))) + INV(int, G\P,Vv) + GOV
+ EXP(Pe(v)) - MGNP,v) + B(V)

Figure 2 Labor Productivity and Rural Resource Degradation

Envi ronnental inpact "v" appears in five of the six terms. It is
absent from government expenditures (GOV) because | am focusing
on industry. (This is a difficult and potentially controversial
assunption which is discussed again in the concluding section.)
The GNP nmultiplier effect of pollution control can be
qualitatively represented. The termdG\P/dv is the change in G\P
associated with a change in pollution control by industry and

m ni ng.

Equation 3



dG\P

dv

envi ronnent al inpact on | abor productivity*
| abor productivity inpact on wages*
wages effect on di sposabl e personal incone
consunpt i on*

* % )

+ environnental inpact on investnment

+ environnental inpact on export prices*
* export price effect on exports*

- environnental effect on inports*
+ envi ronnental effect on donor aid*

Table 1. Definition of National |Income Accounts and Variables in
Equation 2, Al Dollar Itenms in Real Dollars.

G\P = Gross National Product
CON = Consunption, expenditure by persons
DPI = Di sposabl e Personal |ncone
T = Taxes
w = Wage rate
| = Labor productivity growth
v = Environnental protection effort by industries
NV = I nvest nent expenditure
int = Interest rate
@OV = Governnent expenditure
EXP = Exports
Pe = Price of exports, including exchange rate factors
M= I nports
B = Wrld Bank and international donor aid

It is of crucial inportance to note that the two nost obvious
effects in equation 3 are negative. Export raw materials prices
will rise, reducing exports as other suppliers replace Southern
Africa. Inports will increase because nuch of the equi pment for
Southern Africa's raw materials processing is inported, and this
is likely to be higher for pollution control equipmnent.

The concl usi on seens inescapable that, in the absence of
countervailing policies, significant application of industrial

pol lution controls would reduce GNP and accel erate the decline in
GNP per capita.

It seens to nme that the major inplications for internationa
policy are in two areas. First, new research may devel op the

wi dely sought "green technol ogi es” [note 5] and thereby resol ve
the | abor productivity/environnment dilema. This is the subject
of the next section. Second, donor aid may be essential to
impart a positive |inkage of environnental protection and
economc growh in Southern Africa. This is discussed in the
concl udi ng secti on.



TECHNOLOGY: HOW MJCH HOPE?

As shorthand abbreviation, the macro-econom c situation described
in the preceding anal ysis can be terned a productivity problem
In the follow ng discussion "productivity" is meant to sumari ze
t he knotted problens of |ow productivity, |ow wages, high unit

| abor costs, low or negative profits, declining industrial

enpl oynment, accel erating national and regi onal unenpl oynent,
declining GDP per capita, growi ng rural resource degradation of
fuel wood and pasture, and uncontrolled industrial pollution

The I ow industrial wages arising fromthe productivity problem
exacerbate the rural problens, and depress consuner demand by
i ndustrial workers.

Gven this picture, it was argued above that the inposition of

i ndustrial pollution control costs on the regi on woul d worsen an
al ready negative nacro-econonic setting by raising export prices,
reduci ng export sales, and raising inports of pollution control
equi prent. This would cause a further collapse in GNP per capita
and even hi gher unenpl oynent.

To sonme degree, new technol ogy can solve part of the
growt h/ envi ronnent dil emma by devel opi ng processes that enhance
| abor productivity while reduci ng negative environnmental inpact.

We are already seeing the inpact of induced innovation in many
mar ket s as anal yzed by Ruttan, Runge, and Chapnan and Barker
The prom sing areas include energy efficiency, renewabl e energy,
and bi ot echnol ogy.

This is already occurring in illumnation; new conpact
fluorescent bul bs are nuch nore cost-effective than conventi ona
i ncandescent bul bs in high-incone countries. In aggregate, this

singl e technol ogy can reduce world electricity use and
ener gy- based pollution by 11%[note 6]. But, as was seen in the
above anal ysis of rural resource use, the |low inconme/high tine
preference rate problemis a major obstacle.

The basi c econom c aspects of the new illum nation technol ogy are
longer life, |ower energy, and higher capital cost. The new
conpact fluorescent costs $25 for a bulb w th equival ent
illumnation to a 100 watt incandescent. The new bulb |asts
9,000 hours, about 9 years. This conpares to 1,000 hours, or one
year, for the traditional bulb. But the conventional bulb costs
$1.25. The savings are positive in industrialized countries but
can be negative in devel oping countries. Equation 4 shows the
basic rel ationship for annual savings.

Equation 4
{} indicate superscripts



[1 indicate subscripts

i (1+i){9}
SAV = P * 100 kWh + $1.25 - P * 25 kWh - ---------- * $25
(1+i){9}-1

SAV is savings in $(US) per year, Pis electricity price in
$/Kwh, and i is the interest rate.

For an industrial country with a real interest rate of 12%for
househol ds and P = 15c/ Kwh, the savings is $4.20 per bulb per
year. For a household with 10 bulbs, it would be cost-effective
to borrow $250 to install these new | anps. An additional result
is the reduction in coal use of 34 kil ogranms per year. This
translates into 1 kg less of acid rain and 75 kg | ess of carbon
di oxi de i n the atnosphere.

In owincone areas with high interest rates, i, for exanple, my
equal O. 5, and the household | oses noney. In a devel oping
country, the financial |oss from buying energy efficiency can be
increased if the electricity rates are subsidized, and if
exchange rates are too high (Subsidized electric rates reduce
househol d savings. Artificial exchange rates inflate purchase
costs.).

G ven the |Iinkage between tine discount rates and i ncone, the
i nportance of higher income |evels for environnental protection
i s enphasi zed agai n.

In terms of renewabl e energy cost, new technol ogi es are novi ng
wi t hi n argui ng di stance of conventional power generating sources.
Figure 3 (U.S.DoE, Heaton, Repetto and Sobin 1991) shows costs
per Kwh for actual installations. Solar thermal electricity is
bei ng produced at 12c per Kwh, only 50% above conventional coa
or natural gas sources. Ganted that this is in solar-intensive
Southern California, and that no provision is nade for storage of
daytime solar electricity for night use. It is nevertheless
clear that |arge-scale solar thermal generation is feasible, and
declining in cost. Solar photovoltaic electricity for househol d
use is being devel oped by Southern California Edi son at an
expected cost of 15c/Kwh (Nulty 1991).

In one area, biotechnol ogy has proven spectacul arly successful in
devel oping a cost-effective, environnmental |y benefici al
technol ogy that is applicable to industry in Southern Africa.
This is the biol ogical enhancenent of the fire snelting -
sulfuric acid - solvent extraction cycle in copper manufacture.
This is shown in a sinple schematic formin figure 4.

Twenty years ago nost copper was renoved fromore by severa

hi gh-energy furnace processes and sul fur oxide gas was emtted
into the atnmosphere to formacid rain. This earlier, sinple
process is highly pollution intensive. |In US copper ores, each
ton of product copper would rel ease em ssions formng 3 tons of
acid rain.



Now, sul fur, the forner pollutant, is used in a conplenentary
hydroprocess. Sulfuric acid is renoved fromthe snelter exhaust,
and applied to ore heaps with a bacterial catalyst [note 7]. The
resulting solution is processed to produce copper. In addition
the "flash-snmelter" process enhances pollution control and
reduces fossil energy use by burning the sulfur in the ore as
part of the snelting process.

Figure 3. Electricity Costs for New Generating Capacity
Source: Adapted from United States Departnent of Energy, 1990

Figure 4. Biotechnol ogy Enhances Environnental Protection and
Lowers Costs in Copper Production

Unfortunately, outside of the copper industry, biotechnol ogy and
ot her "green technol ogi es" have devel oped slowy in resource
processing. Debus reports limted biological applications in
gol d and uranium m ni ng, and potential in coal cleaning.

My general conclusion is that new technol ogies are greatly
needed, and the technol ogi cally advanced countries shoul d
consider policy incentives to pronote their use in devel opi ng
country industry.

| NTERNATI ONAL LI NKAGE AND | NCENTI VES

A discussion of policy and |inkage nmust be preceded by a
clarification of inportant environnental areas that may not be
anenable to international policy. First, consider the concept of
environnental protection. In the United States, it enbraces a
broad spectrum of policies fromsewage treatnent and vehicle

pol lution control to species and wi |l derness preservation. It
enconpasses gl obal policies such as African wildlife and whal e
protection, and CFC reduction. It mght be formalistically
defined as the protection of common property national and gl oba
resources with significant external values for the enhancenent of
human heal th and the natural environnent.

In Southern Africa, environmental protection has a different
usage. It focuses on the last part of the spectrum wldlife and
park preservation. This is unfortunate because the najor
environnental problemin the region is clearly contam nation of
human wat er supply by human and ani mal waste. Anot her
significant environnental problemis urban air pollution in
squatter canps and hi gh density urban areas. |In these areas

wi thout electrification, households use fuel wod, charcoal, coal
paraffin, kerosene, and animal waste for cooking, heat, and
light. Consequently, on inversion days, these areas are

subj ected to serious air pollution problens that may be



significantly worsened by nearby powerplants or freeways.

Data i s absent on the extent of contam nated water or

heal th-threatening air pollution. 1In fact, in at |east
one-fourth of the region, it is illegal to discuss or publish
data on pollution levels (President's Council 1991).

One basic policy conclusion is that the governnents of Southern
Africa should be encouraged to establish scientific nonitoring
systenms and publish the results. This is a basic requirenent for
ef fective anal ysis and denocratic deci si on- naki ng.

VWhat is the rest of the world' s legitimate interest in the

Sout hern African environment? Is it a Scandinavian concern if a
South African child dies of diarrhoea fromcontam nated water? Is
it a US concern if acid rain pollution affects national ganme
parks of international stature? Is it a Japanese concern if its
African copper is manufactured by reverboratory furnace workers
given towels instead of respirators for sulfuric acid m st
control ?

I would argue that there are two rel ated reasons why the

i nternational community should be concerned about the
deteriorating environmental situation in Southern Africa. First,
the col onial period devel oped in direct response to the need for
raw materials. In md-1992, African Blacks in the major

i ndustrial center remain unable to vote in their country's

el ections. This colonial |egacy is one reason to consider a
speci al responsibility.

A second reason is the current trade pattern: as noted, 95% of
the region's industrial resources are exported for manufacture

el sewhere. It is increasingly accepted that the costs of
environnental externalities should be internalized in narket
prices. It is ny intention to argue that the internationa

beneficiaries of Southern Africa' s resource wealth should pay for
sonme part of the costs of pollution control in the region's
i ndustry.

There are three types of international policies that | wish to
enphasi ze for ongoi ng consideration. 1In considering these types
of policies, the horrendous rural and nacro-econonic franmeworks
descri bed above shoul d be seen as the realistic context for

i nternational policy.

One nethod of establishing pollution reduction is tradeable
permts. This is visualized npbst easily with respect to em ssion
rights trading as part of an international agreement to control

gr eenhouse gas em ssions. Suppose the agreed goal is to hold
carbon di oxide em ssions to current world levels [note 8]. An

i ncentive system m ght be established centered on deviations from
per capita energy consunption. Wrld fossil energy consunption
per capita is about 60 MBtu (lbid). Assune that each country
above this level nust buy a "right" froma country bel ow t he

| evel .

The US, for exanple, consumes about 300 MBtu per capita. |If each



MBtu in the tradeable permts market sells for $1, the US woul d
be obligated to pay $240 for each of its 250 mllion citizens.
This would be a purchase of $60 billion annually for energy

em ssions rights.

In contrast, the | owinconme econom es use about 13 MBtu per

capita. The governnments representing the 3 billion persons in
this Wrld Bank category [note 9] would receive a total transfer
of $141 billion for the sale of their em ssion rights.

The problem for Southern Africa with this approach is that its
raw materials exports are energy intensive. South Africa's
energy consunption per capita is twice the world' s average, and
Zanbi a uses three times that of the |low income country average.
Essentially, much of Southern Africa's energy use is "enbodi ed”
in raw materials exports.

A second formof international policy mght be terned | everaged
regul ation. The nodel here is the Wirld Bank program for
structural adjustnent. G ven international protocols on mgjor

i ndustrial pollutants, the Bank could devel op a program for

envi ronnent al adj ustnment | oans that provide financing for
purchase, installation, and operation of pollution control

equi prent. There is already precedent with respect to the Bank
program for CFC reduction

In macro-econom c terns, equations 2 and 3 above show that such a
program woul d have a positive multiplier effect on GNP, and coul d
be designed to counterbal ance the negative multipliers.

Simlarly, if the environnental factor "v" creates a positive
macr o-economic "B" in aid flow, then em ssion pernit trading
could pronote econom c growt h and environnental protection

A third formof linkage is taxes and tariffs. El sewhere, | have
advocated a direct international tax on petroleumuse, and its
transfer to devel oping countries for forestation and
environnental research [note 10]. |In terns of adnministrative
sinmplicity, it may be sinpler to organize a tax on internationa
trade in petroleum An incentive for oil exporting countries
woul d be a provision for sonme part of the tax to be retained by
them and the remai nder provided for |inked devel opnent and

envi ronnment prograns.

Wrld oil trade is about 14 billion barrels annually, and world
use is 22 billion barrels (International Energy Annual 1989). A
tax of $5 per barrel of oil traded would create a fund of up to
$70 billion for environmental enhancenent in devel opi ng

countri es.

G ven the conplex interaction between | ow i ncone and environment,
there seens to be considerable need for |inked policies of

pol lution control, financial |everage, and new technol ogy. The
basi c goal for international policy in Southern Africa should be
t he sinultaneous enhancenent of |iving standards and

envi ronnental protection



APPENDI X

Economi ¢ Opti mum for Biol ogi cal Resource Use

First, define Q as the anmount of resource stock that is sold in
addition to the harvesting of growh H the total is S, all three
being in tons per year.

Equation 5
{} indicate superscripts
[1 indicate subscripts

S[t] = Ht] + dt]

The econonic objective is to find both the value of future sales
as well as the current period s sales:

Equation 6
{} indicate superscripts
[1 indicate subscripts

max V = ph[t] + pq[t] + --------
wr.t. Q

The denominator i arises fromthe definition of present value for
a very long or infinite period of discounting:

Equation 7
{} indicate superscripts
[T indicate subscripts

1- (14 ) {-n}

A is constant annual ampunt, i is interest, and nis the tinme
period. If nis infinite, PV = Ai.

Al t hough selling current stock Q enhances current profit, it
reduces future sustainable yield H+1. The basic logistic
harvest function is in equation 8. This defines the growh curve
in figure 1 in the text.

Equation 8

{} indicate superscripts
[1 indicate subscripts

H(M =rM- -----



K

Since the ampbunt of current stock which is sold Q can be as | ow
as zero and as high as the full stock M the objective of

maxi m zing present value V in equation 6 is defined by:

Equation 9
{} indicate superscripts
[1 indicate subscripts
dvit] p p dH[ t =1]
..... = + --- * -2 =0
dgt] i dgt]
Equation 10
{} indicate superscripts
[1 indicate subscripts
dH t +1] dM t +1] 2rM t +1] dM t =1]
....... :r------- - - = - --- - ————-
dgt] K dgt]
Equation 11
{} indicate superscripts
[1 indicate subscripts
dM t +1]
Mt+1] = Mt] - Qt]; ------- = -1
ddt]
Equation 12
{} indicate superscripts
[1 indicate subscripts
dvt] r 2rM t +1]
..... =1 - - 4+ -2 =0
dgt] i i K
Equation 13
{} indicate superscripts
[T indicate subscripts
K (r-i)
Mt+1] = --- -----
2 r

The asterisk Mt+1 denotes the econom c optinmum | evel of biomass,
which is evidently less than Mmsy. |[If Mt also equals the right
hand si de of equation 13, then Qt 0. So equation 13 gives the
val ue for sustainable yield at which selling or accunul ati ng
stock is unprofitable. As noted in the text, if i is greater
than or equal to r, then conplete sale of the full current stock
is optinal



NOTES

1. These figures follow fromthe growth function:
F(M =rM- r*2/K

2. In Zaire, Zinbabwe, South Africa and Zanbi a.

3. Botswana's Angl o-de Beers di anond operations may be a positive
exception.

4. This is a general representation adopted from Branson (1989)
and Gordon (1980). The addition of donor aid and environnent al
economni ¢S as nacro-econoni c variables is mne.

5. In other work I've examined in detail the mcro econom cs of
i nternational pollution control in some industries (Chapman
1991).

6. Assunming that |ighting uses 15% of electricity, and the new
technol ogy reduces three-fourths of this for the same
illum nation.

7. Formally, Thiobacillus ferrooxidans. Debus offers a different
expl anation of the process, but agrees on the environnental and
econom ¢ benefit. Oxide copper ores can generally be | eached at
| ower cost than sul fide copper ores.

8. Even an anbitious goal of stabilizing aggregate carbon dioxide
emi ssions at current levels conmmts the world to a level of
energy use which will cause a 3 degree Cel sius increase each
century (Chapman and Drennen, 1990).

9. Wrld Bank, Tables 1,5

10. Chapman and Drennen.
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