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ABSTRACT

In this paper, we consider,the case of a resource-exporting country

that invests part of its resource earnings in the international capital

market. We can show that the recycling of Hotelling rents introduces an

incentive to supply more resources today and thus alleviates the resource

shortage for the present generation. But the other side of the coin is

that scarcities in the future will be more severe, that quantities

extracted will decline more rapidly, that exhaustion will occur at an

earlier date and that the price of the natural resource will rise

faster. The paper also shows that the introduction of a capital market

with a given interest rate separates the problem of optimal consumption

and the optimal intertemporal supply of natural resources.



The Intertemporal Supply of Natural Resources and the Recycling

of Hotelling Rents. The Case of the Saudis

Horst Siebert

The Hotelling rule (1931) of intertemporal supply behavior is derived

for a competitive supplier of natural resources in a partial equilibrium

framework where the !recycling of the Hotelling rents is not further j? • ••

considered. This model of a profit maximizing firm cannot be used for

the explanation of the intertemporal supply behavior of a resource :

exporting country if that country uses part of its resource earnings for

portfolio or real investment in the international capital market. In.... \

this paper, we analyze the intertemporal supply behavior of a resource .

exporter when the recycling of resource earnings is explicitly taken into.

consideration. We will compare a situation in which the Hotelling rents L.

are not recycled with the case where resource earnings are reinvested.

The basic proposition is: A resource-exporting country that uses

part of its earnings from natural resources to build up financial capital

will have an incentive to supply more resources today and thus alleviate

the resource shortage for the present generation. But the other side of

the coin logically is that the country becomes less dependent on resource

earnings in the future and will have a smaller incentive to extract

resources in future periods. Although the price of the resource will be

lower initially, the price will rise faster and exhaustion occurs at an

earlier date.

The price setting and the supply behavior of the OPEC countries has

been analyzed in a number of models, for instance by Cremer and Weitzman

(1976), Hnyilicza and Pindyck (1976), and Pindyck (1976; 1981). The
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recycling of petro-dollars is partly addressed by Schmalensee (1976) and

explicitly analyzed by Calvo and Findlay .(197,8). They, however, neglect,

the "exhaustibility of oil" (p. 524). In a more recent paper, Hoel

(1981) has introduced the accumulation of financial wealth by a resource

extracting monopolist and applied his results to ithe OPEC case. In ; -:?

contrast to Hoel, this paper is more specifically tailored to analyzing,,, i

the incidence of recycling, i.e. to the comparison of the recycling with }

the non-recycling scenario. We explicitly introduce demand behavior, ... ;

market equilibrium in the resource market and balance of payment

considerations. . ;: • .. . .'/U

Tlie. assumptions of the model are presented in Section 1. •. The ;•

necessary conditions for a welfare maximum of the resource exporting ;

country without recycling are discussed in Section 2. In Section 3,. .

recycling is explicitly introduced. The two cases are compared in

Section 4. Finally," some potential extensions are indicated. . ,,

1. Assumptions

A country owns a stock of natural resources K . It sells qt units of

resources in the world market at price pt. The change in the stock of the

nonrenewable resources is given by

Rt = - qt _ • (1) .

In each period, the country imports a consumption good D at the price n..

Let the prices p and IT be denoted in foreign currency. If no capital

exports or imports take place, the balance of payment restraint in

foreign currency is defined as

pq - *D > 0 (2)



This restraint can also be interpreted as the budget restraint for the .

resource-exporting country. : V :

Alternatively, we will assume that the country can buy financial ;": i!

assets in the world'capital market; initially, its financial assets are •;", •v/v:;''

zero. The assets Vt yield an interest rate r. Let the assets be ' ..

expressed in terms of foreign currency. Resources can be extractea • ..

without costs. Then the country's income Yt in foreign currency is '•W;'1

d e f i n e d a s ' • : ;'•':'••'

Yt = P t V + r Vt „ -.. - :;,;...•••

where p̂ q*. represent the Hotelling rents. The change in the stock .of the

financial assets is given by . . : .

Vt = Ptqt
 + rVt - nDt ' (2a)

Equation 2a can also be interpreted as the balance of payments where the

right side contains the net balance of the current account, i.e., trade

plus services (interest payments), and the left side indicates capital

movements. V > 0 indicates the accumulation of financial capital and

capital exports; V < 0 denotes the reduction of financial capital or

capital imports. The resource exporting country nas a concave welfare

function, : .
ownr)

W « W(D) with W D > 0, W D D < 0 and n(D) - - - ^ > 0, (3)

where n(D) defines the elasticity of the marginal utility function. The

country maximizes its welfare from consumption over time (0,oe>) where

future welfare is discounted with the country's given time preference

rate 6.
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Demand behavior of the importing country with is given

q = f(p) with fp < 0 and e q p = fp "£• < 0. (4)

Demand will become zero, when p = p, i.e., f(p) = 0 .
• • • • • . . • / " '

Markets or an auctioneer will set resource prices in such a way that

quantities supplied are equal to quantities demanded in each period and

over all periods (stock equilibrium). Specifically, the initial price p

of the resource has to be set in such a way tnat supply equals demand

over all periods. Whereas the auctioneer or the markets, including a set

of perfect future markets, set the equilibrium prices, the resource

exporting country takes the resource price as given and does not

anticipate demand. Thus, the resource exporting country determines its

supply for a given set of prices. If at a given set of price's markets ao

not clear, the auctioneer will call out a new set of prices until ' .

equilibrium prices are founa.

Finally, we assume that the initial price tr0 of commodity 0 and its \

change over time, nt, are exogenously given. .

2. Ext.ract|on__wi_th_out_ Recycli ng .

As a frame of reference we first analyze the case in which no'

recycling occurs. The optimization probien is

Max = J e~6tW(D)dt (5)

0

s . t . (1) and (2 ) .

The Hamiltonian H and the Lagrangian L are defined as

H = W(Q) + x(.-q) . • (5a)
L = H + P(pq - nD) ' (5b)
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We have the following necessary conditions for a welfare maximum

•f{j = WD - PIT = 0: ==> W D = pi, (5c)

— = - x + P p = 0 ==> x = ppL :

X = 6X - j*- ^=> X = 5

|^ = pq - nD ^ 0 P ~ = 0 (5f) , _;.v.

The Lagrangian multiplier p is the shadow price of one unit of foreign • ^..-f-%.:

exchange earnings. We assume in this section that the balance of trade ( *i>

is in equilibrium so that p > 0. From equations 5d and 5e, the .

percentage change in p is given by . , . ,., •>,;••(

P = 6 - p . ( 6 ) > •- '

Consider the case « < p in which the resource price rises faster than

the time preference. In a closed economy this means that it is not

worthwhile to extract the resource. For an open economy, equation 6 '..'••'!

requires for 6 < p that the shadow price of one unit of foreign currency ..;

earned, expressed in current value, falls over time. This case may arise

if the price of the imported commodity falls heavily. In the following

we rule out this case assuming « > "p which is the usual condition given

for extraction to take place. This assumption implies that p increases . • '

over time.

Consider the case « < $ in which the marginal contribution of one

unit of foreign currency earned to the objective function rises faster

than the time preference. Then, with given prices, it would be optimal

to hold foreign currency for the next period. We have, however, required

that the trade balance be in equilibrium. Consequently, 6 < "p can only
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occur if the price of the natural resource falls over time (compare

equation 6). In order to exclude this possibility, we must assume that

6 > •p. For similar reasons, we assume that the price of the imported

commodity does not surpass the time preference so that we have.

6 > P, 3, «. (6a)

The assumption <s > 'p implies that p > 0.

Differentiating'.equation 5c with respect to time and substituting

equation 6 we have '••••.=

D - .^jjp (« - P O ) (6b)

For consumption to decline ic is sufficient that .

6 + v > p = = > D < 0 -'•'.' ' ( 6 c )

For K = 0, this is the usual condition for extracting resources.1 If '

I? > 0, the costs of waiting do not only include the; time preference but

also the price rise of the imported commodity.

Define t = p/ir as the terms of trade of the resource exporting

country. Then equation 6c may be rewritten as

6 > p - n = t ==> $ < 0. ' (6d)

i.e., consumption will decline over time if the time preference is larger

than the change (improvement) in the terms of trade. Given condition

(6c), the decline of consumption will be more pronounced the larger the

t.;,;,;. preference rate 6, i.e., the higher is the original consumption

level, the smaller the.price rise of the natural resource and the larger

tr'i. price rise of the imported commodity.

Equal ion 5b may also be rewritten as

;: = 6 + n0
 + * . . "" (6e)



_ 7 _ ' • • ' ' " • • • ; " - ' \ \

which defines an optimality condition resembling the RamsSy rule irt

models of optimal economic growth (Dasguptavand Heal, 1979; p. 297). The1

left side of equation 6d denotes the benefit of letting one unitf6f a

resource sit in the1ground for one period. The right side indicates' the

costs of waiting, is + nD is the consumption rate-of discbunt .(Dasgtipta,

1978, p. 7). Adding price, the change of the importea commodity defines :

the consumption rate of discount for a resource exporting country. !*• • ,

Alternatively, equation 6e may be rewritten as . :"«'

t - 3 - " 3 - 6 +!n8 - (6f)•-'•; -

This equation requires tnat the consumption rate of discount, K C , the*

costs of waiting, must be equal to the improvement in the terms of trade,

i.e., the benefits of waiting.

For given n, the optimality condition 6& is not sufficient to

determine both D and p. To specify a solution we need additional

equations. From the demand equation we have

q - E q pP. ' (7)

Differentiating equation 2 with respect to time yields

p + q = n + D (8)

which requires equilibrium in the trade balance, the three equations bb,

7 and 8 contain the variables q, 0, and $. We have

+ eqp)

For an elastic demand of the resource importing country, the

denominator of equation 9 is always positive. For prices to rise it is

sufficient that 1 > n. Then, the denominator wi11 be positive even if

demand of the resource importing country is inelastic. The elasticity of

the marginal utility function n can be interpreted as the demand or
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import elasticity of the resource exporting country. This follows from

condition 5c which implicitly defines a demand function D = D(w, p). Let

en = D £. Assuming p as constant we have e n = — < 0.
DTT n D • . O n n •

Consequently, a high elasticity of demand of the resource exporting. .

country for commodity D is-sufficient, for prices of the natural resources

to rise. This condition implies that the, resource exporting country1'can

easily reduce its demand for commodity D;;,consequently, it can also v

adjust the supply of natural resources since,;it does not need foreign

exchange earnings very badly. We see that; in this model the supply of ,, .<

natural resources thus is directly linked to the demand of the, • > .. >*

consumption good. . . .

The price rise will be stronger, the nigher the time preference, the

less elastic is the demand of the resource importing countryTor natural

resources and the more elastic is the demand of the resource exporting

country for the consumption good D. From equation 7 q will fall .over. .,;

time, and from equation 6b D will fall. With quantities being reduced, '.:••- ..

the elasticities :e q p amd cDTt willchange. Assuming a linear demand 7; . •

function, demand of the resource importing country will become more

elastic. This makes for a smaller price rise. At the same time, n may

rise and the elasticity of the resource exporting country with respect to :

0 will- fall. This again reduces the price rise. The price will approach

the value p where demand becomes zero. From the transversal ity condition ;- -.•

/.;c h a v e - . • • ' '

<s~6iA(T)q(T) = e~6TW(D) •• (10)

:e con rule out the case that the present value of the shadow price .

>.iV) = 0 because this would imply that P 0 P 0 = 0 so tnat either the ,-

not scarce or foreign earnings have no positive value in theClll'ji !_C i is



initial period. Also q(T) = f(])) = 0 since p~ is reached. With the

present value of the shadow price x(T) being positive, and with q(T) « 0,

D must be zero in terminal time T. From equation 5c it follows that with

rising p and n, W Q w i n r i s e from period to period and thus terminal

time will be infinite. .

In Figure 1, the optimality conditions of each period are

illustrated. Assume that n is constant. For given p, consumption is

determined by equation 5c or by the marginal utility schedule in the

upper quadrant of Figure 1. Once D is specified, with p given and the

price p being set by the market, the supply of natural resources is also

determined. In the lower quadrant of Figure 1, let tg a = W p . With D

specified and tg a given, the quantity supplied q = Dn/p is also

specified. The straight line OB denotes the budget restraint of the

resource exporting country, i.e., its trade balance.

With rising p, W Q increases and the quantity consumed declines, i.e.,

the country works its way up the marginal utility schedule. At the same

time, n/p declines with rising p, tg a becomes smaller, and the supply is

reduced . Note that in this model, the supply of natural resources

is linked to the consumption behavior.

In Figure 2, the time path of tne resource price is shown (path i).

In Figure 2b, we assume a given demand behavior in each period. Markets

or che auctioneer set the equilibrium price p and the price will rise in

such a way that markets are cleared in each period and over total time.

In drawing the time path it nas been assumed that both demand

elasticities will become larger over time in absolute terms so that the

price rise is reduced.
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3. The Recycling of Hotel!ing Rents

We now analyze how these results are affected when the resource

exporting country can recycle the Hotelling rents and can accumulate

foreign capital. In the maximization problem we now have to introduce

equation 2b instead of equation 2. Then the Hamiltonian is

H = W(D) + x(-q) + p(pq - ,D + rV) (11)

We have the following conditions for a welfare maximum '

UJ - WQ - pir = 0 ==> WQ = prr . (Ha)

|~ = - X + pp = 0 ==> X = pp ';... (lib)

6X - Uf = > X = 6 (lie)

3H A •

P = fip - -Ty ==•> P = 5 - r (lid)

Quantities consumed of commodity D continue to be determined by the'

marginal utility schedule, i.e., equation 5c holds. However,

differentiating equation lib with respect to time and inserting equations

lie and lid, gives for the change in price

'p - r (12)

The change in price of the natural resource is completely determined by

the interest rate. Since r is assumed to be given by the world capital

market, the rate of change in the price is given. With given "p, the rate

of extraction is also determined (compare equation 7). Tne time profile

of extraction is completely independent from the time profile of

consumption. This confirms the well-known result that in the presence of

perfect capital markets, production (extraction) and consumption

decisions are separated (Fisher 1930, Schmalensee 1976, Hoel 1981).
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Differentiating equation l la with respect to time and inserting

equation 12 we have' '

- n .

so that a rising or a constant price of the imported commodity D and.6; >

2

r are sufficient conditions for consumption to decline.

Assume that the;resource exporting country does not hold financial

assets initially so that VQ = o . For the accumulation of financial

capital it is sufficient that in each period • • • • ' -. • ':

pq > nD or P/TT > D/q (14.)

where p/* denotes the terms of trade as given by the price system.

Condition 14 requires a positive trade balance. Alternatively, it can be

interpreted as a comparative advantage of the resource exporting country

with respect to the natural resource if where p/ir is the world market

price and D/q is interpreted as the real price of one unit of the

resource in terms of the consumption good D for the resource exporting

country. "
In Figure 1, consider a single period for which prices p, n and p are

4 • ' • •

given . Then q > DWp requires that a larger amount of resources is

exported than is called for by the balance of trade. Whereas the balance

of trade mandates the export of quantity D*A, tne accumulation of capita.1

commands additional exports AC.

Assuming VQ = 0 initially, a sufficient condition for the

accumulation of capital is that .
a(pq)at at > ° . < 1 5>

so that

S> r(1 + e q p ) + n " [ 6 " r + "{1 - " » > ° - • < 1 5 a >
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Ceteris paribus, financial capital w i n i... built un, the T-,'> :

inelastic is the demand of the resource importing couii . e the more

elastic is the demand of the resource country for its imports, i.e., the ,....v

lower n and the higher e , and tne higher the time preference with respect

to the interest rate, <s > r.- This last condition implies that initially

more weight is put on consumption, but that over time the consumption

level is reduced." Equation 15a can be rewritten as '• ••.'••.':• f: • -'%

r ( i + £ q p • cbit) - eDn(6 - $(i + i/eqp) > o . ; - (15b) / - > \

If demand of the resource exporting country is elastic, it is sufficient : ,

for accumulation to occur that tne Marshal1-Lerner condition for the : ,

normal reaction of the trade balance of the resource importing country, is .,

violated. This means that a low demand elasticity of the resource ....

importing country is sufficient for the accumulation of financial

capital. From the transversal ity condition we have that . . .-,.;,

e"6T. x(T)f(p)•= e"6T LW(D) + p(pf(p) - rl) + rV)] (16)

[he present value of the shadow price \(T) for period T must be greater

than zero since the. present value vfor the shadow price must be equal for

all periods and a present value shadow price of zero implies no

intertemporal scarcity. Since q(T) •= f(p) •= 0, we must have in terminal

time T

W[D(T)] - p|>D(T) - rV(T)J = 0 (16a)

Extraction has stopped, i.e., q(T) = 0, but consumption continues,

i.e., D(T) > 0 with nD(T) > rV(T). The country uses its assets to. pay

for the imports of commodity D.
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Note that T is re|achedirr?finite lime; however, p cannot reacn '

in f in i ty in f i n i t e time soXtHat with i given, we must have from equation

5c thatop ; > Wjj(O) >; Pixonse^uenily, D > 0. sSircc W(D) > 0, rV y'«D is
• • .• ' J : • • ' • • ' v ' ' ^ ' - . • • • ' „ t

j

excluded, so that ,V >|~0-;is0 hoi*possible. AtteV 1 , the country coes not

accumulatefinancial iassetiv; Also{ the country "does'not perpetuate a"

situation D(T) > 0 and V = 0.. Such a situation clearly Violates tne

transversality conditions since W[D(T)] > 0 does not permit rl/ »',»{)awitfi
V = 0. However, a situation -

V » rV - HD < 0 ! : .'^ ''•'' .;. '•••• (ibb)

can be maintained aft^r T.. ; According to equation 1,6b, for given r and * ,

V declines, and D must be reduced. . 0 i s steereu bŷ  eq.uation l l a with

rV
* (lob)

Of course, in a scenario of r is ing import prices ir, the financial stock

melts away more quickly over time. For t > T, the transversality

conditions confirm the separation of tne supply of natural resources and

the demand for the consumption good.

Thus, the accumulation of financial capital servesvas a cushion for

t?e resource exporting country. The accumulation of f inancial capital

separates the problem of optimal consumption and the optimal supply of

rdturai resources. Consumption ;can continue after extraction has stopped.

Vote that our modejl-.is a part ial equi l ibru in , approach and that a

t••."cu.rt-ion V < 0 implies the existence of some other act iv i t ies in t W -

iiujscriaiized countries so that they can continue to produce consumption

oood D without importing the natural resource q.
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4- The Incidence of Recycling

If recycling is explicitly introduced, the problems of optimal

consumption over time and the optimal supply of natural resources are

separated. The price rise, of the natural resource is completely ":

determined by the given rate of interest so that extraction decisions are

independent from consumption decisions of the resource exporting -

country. Comparing equations 9 and 12, the price of the natural: resource.

will rise faster in the recycling case if . '

Condition also is obtained by rewriting equation 15a which is sufficient

for the accumulation of capital to occur. Thus we have: If recycling

takes place, the price of the resource rises faster. Moreover we know

that the price rise is constant.

R >v
Call "ft the price r ise in the recycl ing case and denote as p the

Rprice r ise in the case without recyc l ing . Let p and p represent the

i n i t i a l pr ices. Then a faster price increase in the recycl ing case

implies that in the recycl ing case the i n i t i a l price must be lower, i . e . ,

t>R > p ==> pjj < Po U 7 a )

This is due to stock equilibrium. Assume that the "p is greater than p

and let p > p contrary to equation 17a. Then, in the recycling case,

a smaller quantity is demanded in the initial period, and, due to the

higher price rise, in all other periods. The resource would not be

jxhausted when p is reached. Consequently, such a time path for p in the

recycling case is not possible, i.e., path 2 in Figure 2 is not

permitted. The initial price must be lower in the recycling case. The
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time p -path (path 3) must intersect the p-path (path 2). Extinction

occurs at an earlier date.

We can summarize as follows: The recycling of Hotelling rents

represents an incentive to supply more natural resources initially.

Recycling introduces a bias in the time profile of extraction in favor of

the present generation. Thus, it alleviates scarcity today. The other

side of the coin is, however, that the price is rising faster, that

extraction in future periods will be smaller, scarcity will be greater in

the future and extraction will occur at an earlier date. In this model,

the recycling of the Hotelling rents buys time for the non-OPEC nations

for substitution, innovation and other adaptions. If these adjustments

will not take place, recycling will aggravate scarcities.

5. Potential Extensions

The model presented can be extended in several directions. Instead

of welfare maximization, other stretegies of the resource exporter can be

assumed such as maintaining a given constant permanent real income,

determining the highest possible constant consumption path (Hoel 1981),

fostering economic development at home (Schmalensee 1976) or maximizing

wealth in foreign assets under income restraints (Calvo and Findlay 1978).

It can be assumed that the supply behavior of a large natural

resource exporter can squeeze the rate of return in the resource

importing countries as is suggested by the macroeconomic evidence in the

seventies. Then the induced effect of supply oehavior on the rate of

return will have a feedback on the supply behavior (Hoel 1981).
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Furthermore, it would be interesting to discuss the recycling of

Hotelling rents in the context of an international resource cartel

(Pindyck 1978, 1981) and under conditions of uncertainty (Pindyck 1980)

with respect to demand, or alternative technologies. Finally, government

interventions such as import, taxes could be introduced (Siebert 1981).
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