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Abstract

A rich literature exists about the way to handlen-nenewable natural resources in the context of
classical theory. This article sums up the differapproaches that we could consider when we
calculate the revenue of the owner of a non-rentwvabtural resource in a Sraffian framework. It
clarifies the concepts of differential rent, depaéion of wasting assets, Hotelling rent, and rasta
share of the product, and links this last concafit some empirical facts about non-renewable nhtura
resource extraction industries.
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Sraffa et le revenu du proprietaire d'une
ressource naturelle non-renouvelable: notes sur
un débat sans fin

Yoann Verger
21/04/2017

Résumé

Une riche littérature existe concernant la facon amsidérer les ressources naturelles non-
renouvelables dans la théorie classique. Cetamidume les différentes approaches que nous psuvon
considérer lorsque I'on calcule le revenu d’un pitpire d’'une ressource naturelle non-renouvelable
dans un systeme Sraffien. Il clarifie les conceqés rente différentielle, dépréciation d’'un actif
décroissant, rente d’Hotelling, et rente comme guatdu produit, et lie ce dernier concept avec
quelgues faits empiriques concernant les industeatrayant les ressources naturelles non-
renouvelables.
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1 Introduction

From Parrinello (1983) [15] to Fratini (2016) [4],seemingly never-ending debate runs in the Sraffia
literature about the way to handle non-renewabterahresource in the context of classical theory.
Sraffa scarcely talks about natural resources,afadit the revenue that you can get by owning these
resources, in his book. However, it is interestiagnote that the three basic commodities that are
introduced as an example of an industrial systenchapter IV of his book are iron, coal, and wheat,
i.e. three commodities that needs a direct expioitaof three natural resources to be produced: one
renewable resource, land, for wheat, and two naeweble resources, iron and coal deposits, for iron
and coaft Natural resources are presented by Sraffa as @epaenents for the reproduction of the
economic system, hence the question of their exiosuappears truly important.

This article presents how the revenue of the owheon-renewable natural resources is calculated in
Sraffian framework. The difference between renewalbld non-renewable resources is actually not
straightforward; and one can assume that therelél@uno difference in kind between the revenue of
the owner of a renewable resource and the revehte @wner of a non-renewable resource (section
2). However, natural resources that are non-renlewalay be viewed as wasting assets, and the
guestion of the depreciation of this asset arisestion 3 and 4). Finally, it appears from empirica
facts that the revenue of the owner can be predeagea share of the net product of the company
mandated for the extraction of the natural reso(seetion 5).

2 Differential rent

In chapter XI, Sraffa says that, if the naturabrese is scarce, its owner can get a differentiat.rThe

fact that the natural resource is scarce can omlyden by looking at the conditions of productithe (
equations of production). If one commodity is progd by two distinct processes that use a natural
resource, then a differential rent will arise thety be earned by the owner of the natural resotite.
two distinct processes may use different qualitieshe natural resource, or they may use the same
quality, but with different proportions of the meaof production and labour. The first case gives ri

to the extensive differential rent, the second tagke intensive differential rent.

Sraffa only presents an example with a renewaltieralaresource, land, but he says in the beginning
of the chapter that the owner of a non-renewablerabresource can also earn this kind of revenue:

Natural resources which are used in productionh sag land and mineral deposits, and
which being in short supply enable their owneroldain a rent, can be said to occupy
among means of production a position equivalerih&d of 'non-basics’ among products.
(Sraffa, 1960 [20], § 85).

Thus, starting with the example presented by Siaffas chapter IV, and then adding two processes i
order to express the scarcity of the non-renewabtaral resources only, we could get the following
system:

'He previously introduced the commodity “pig” in gter one.



45t.iron + 60t.coal 4+ 30gr.wheat + f labour — 85t. iron
45t.iron + 60t.coal + 30gr.wheat + f; labour — 95¢. iron
30t.iron + 95t.coal + 60qr.wheat 4+ Zlabour —  225t.coal
20t.iron + 30t.coal + 90gr.wheat + PE labour —  225t. coal
40t.iron + 40t.coal + 200gr.wheat + =3 labour —  480¢r.wheat
180 285 410 il Totals

(1)

The case of the iron industry will lead to the rifean extensive differential rent, as the techaigt
production is the same in both processes. The chsiee coal industry will lead to the rise of
intensive differential rent, as the technique production are different in both processes. In lwathes
the rent may be sized by the owner of the-renewable resources, coal and iron depc

In order to calculate the rents, the price systeay toe written in this way (knowing that for t
intersive rent, the process which is more productive ypet of natural resource should need
capital and labour per unit of output, otherwise tént will be negative

[453-?:'mﬂ =1 E'Dpl."{mf 1 SDPu-}:mrJ' [1 :'T]' 53 W + Piron ore 1 SEP:'PO??
{‘153}17‘0:: T GDIJCOGI + 301-}11-.?1501‘} [1 ) _“- T+ Pironore2 = QSIJEMH
{Sﬂpiron s ngcouE i gﬂp-u.'hea-!) {1 m) + ;_12 T Peoal ore = QEE'pqrom' (2)
[QUfJirari = 30}-’1’:.‘.:&3 -+ Ggpurhea.f :' [1 =T }' EE =+ 30;@. oal ore = uzspcoal
[40;”-."1"0:1 + 40}-’00{.1 + 2[}0puhem (1 :' =4 5') Sw = "lhnpu.hffn

As for the rent on iron ore, the first process @ppdo less profitable than - second one: thus the first
process shall not earn a differential rent, piron ore 1 = 0 (in this particular example, this can
asserted without knowing the prices, but in theegaihcase, a comparison between the level o
different wages if the rate of profits is fixed rincoutside, or the different rates of profits if tvages
are fxed from outside, will help to find the most prtafdle process

3 Depreciation of wasting asset

Kurz and Salvadori (2015 [JBreport that Sraffa, in a draft Production of Commodities by Means of
Commodities from 193, has considered to write a passage, at the eGtiayfter Xl on Land, 8 91, ¢
the fact that wasting assets such as mineral dsmisduld make allowance of depreciation in thees
waythan “live” capital such as machine. The draftréported to be wtten in this way, the first
paragraph being the part included in the book,taadecond paragraph the passage finally del

“Machines of an obsolete type which are still i @ase similar to land in so far as they
employed as means of produci, although not currently produced. The g-rent (if we
may apply Marshall's term in a more restricted sethein he gave it) which is received
those fixed capital items which, having been invacuse in the past, have now be
superseeded but areorth employing for what they can get, is determipeecisely in the
same way as the rent on land. And like land sudolebe instruments have the proper
of nonbasics and are excluded from the composition oStlaedard product. {...

On the othehand, as in the case of other wasting assets @siaghineral deposits) tt
annual depletion must be taken into account, whices rise to as many separate proce
as are the years of the asset’s prospective rddiiyan the same principle as wdone in
Chapter X for ’live’ fixed capital.” Kurz et al., 2015 [1]3 quotation fronrSraffa, 1960 [20],
8 91 and from unpublished Sraffa Papers, folded PY36)

The principle of depreciating fed capital is that, depending on the initial prite, expected li-span,
and the decreasing productivity of the asset, anuancharge is paid for interest and deprecie



during all the expected lifspan (instead of accounting the price of the 1 capital only for the year of
the purchase). The method devised in Chapter Xliwutate this annual charge is to consider the
each period of production during the -span of the asset, an older fixed capital is jgiptioduced
with a different pice, and reused the next year. At the last pemadhing (or only scrap) is jointl
produced. Thus a price appears for each dated éapital, and the subtraction of the price of tlked
capital jointly produced from the price of the fikeapital ised during the period of production gi\
the annual charge to be paid to the producer dfited capital.

In order to know the initial price of a “live” cagl, it is sufficient to know the means of prodoatiand
labor required to produce this asset. One reasatrctiuld explain why Sraffa did not finally inséne
above passage in his book is that, cay to fixed capital, the initial price of wastingsets such ¢
exhaustible resources deposits is not a straigh#ia concept, as such assets are not producedyt
human industryGibson (1984)[5] suggests, however, th#te discovery cost should be taken i
account. For instance, if the owner of the natueaburce has invested some means of productio
labour to find the new mine, he can then sell tgbtito exploit the mine to an extracting company
the annukcharge to be paid to him can be calculated orséimee principle as for ’live’ fixed capite

4 The Hotelling rule

Anotherkind of revenue that frequently appears in the-Ricardian literature is also linked to t
depreciation of the wasting as: the Hotelling ren{Parrinello, 1983; Schefold, 1989; Kurz et al., 1
Kurz et al., 2000; Kurz et al., 2001; Bidard et 2D01; Bidard et al., 2001; Kurz et al., 2009; Ket
al., 2011; Kurz et al., 20151%, 17, 10, 9, 8, 2, 1, 12, 11, 1T he Hotelling rule states that, giv
longterm equilibrium conditions (i.e. equal rate of fiifor all industries), the rentier sells units
his natural exhaustible resource at a price wmcheiases at each perifollowing the rate of profits
so that he can earn the uniform rate of profitthefeconomy on his “conservation” activity. l.ehd
decides during one period of production to selhimgg, the value of his stock of natural resourch

increase at eate equal to the ruling rate of profits from thiriod of production to the next 0?

On this regard, two points must be stressed. Rhit,kind of revenue is a logical consequencehe
assumption that we consider a I-period equilibrium statefahe economy, where it is not possi
for an economic actor to earn less (or more) thenruling rate of profits. Second, to calculate
price of the natural resource, and consequentlyréwenue of its owner at the present perioc
production, itis not enough to know the present conditions ofipation. A bac-stop technology that
will replace the existing wasting asset must bécgated. At the period of exhaustion of the wag
asset, the revenue of its owner will equal theeddhtial rer that will exist between the value of t
commodities produced with the help of its natueslource, and the value of the commaodities prod
by the backstop technology. The revenue of the owner of tharahresource at the present period
be knownby going backward from the period of exhaustiompwimg the Hotelling rule (with yt th
price of the natural resource at period t and wihérm rate of profits)

Y = (1 +7) Y1 (3)

Then it is clear that to calculate this kind ofe@aue, a “photograph” of the mar at one point of time
is not enough. And it is clear that, if the uniforate of profits is not assumed to be the equuibrrate
of profits of an economy in a lo-term position, but rather a “conventional” uniforate of profits

%If he earns less than the ruling rate of profitsitsrconservation industry, he would haveincentive to change its activity
and to sell everything in the present period ofdpiaion. If he earns more than the rate of profissywould have an inctive

to sell nothing in present period of productionu$hthe Hotelling theory states that hest earn exactly the ruling rate of
profits on its conservation activity so that thememy can be in an equilibrium st:



necessary only for the sake of Sraffa’s argumesrigigee for instance for such a point of view Hjcks
1985; Sinha, 2012, 2016 [6, 19, 18]), then theddaghind the Hotelling rule falls into pieces. Tées
two points may explain why Sraffa did not introddkes kind of revenue into his book.

5 Rent as a share of the product

In a recent paper, Fratini (2016) [4] investigata®t as a share of the gross product. He shows inow,
the Sraffian framework, this view of rent can h&pbetter understand the institutions governing the
distribution of the national product (in the liné Adam Smith, Ricardo and Marx), instead of only
considering rent per unit of land. In his numerieghmples, he does not relate the existence ottite
with the existence of a differential rent. Then tkat a a share of the gross product appears tinFra
as a tax (or a tithe) that could ensure a reveputheé owner of the natural resource even if no
differential rent exists for the company extractihg natural resource.

In another paper, Ravagnani (2008) [16] showsith#ie context of oil market in the United Statés o
America, the revenue earned by the owner of theelosits was much more related to conventions
and relations of power with the company that exgrabe deposit than with consideration of the
Hotelling rule:

“We therefore submit for discussion, as a consitraatontribution to the current debate, the vieatth
royalties on exhaustible resources could appragyidie encompassed within the logical structure of
the classical theory of value and distribution apasately determined ‘independent variables’. The
conventional arrangements based on percentagdiesyabuld be accommodated with no difficulty in
the normal positions defined by Sraffa’s equatibpgaking the share of the resource price attribute
to landowners as a ‘given’ coefficient reflectifget(persistent) share paid on average in the actual
economy.” (Ravagnani, 2008) [16]

The study of empirical data (IMF, 2012 [7]) on fiexal regimes imposed on extractive companies by
governments owning exhaustible natural resourcemwshthat parameters that determine the
conventional arrangements on percentage royaltestlze expected differential rent, uncertainty (on
prices, geology, input costs, change in fiscal olitipal regime, exhaustion of the resource),
asymmetric information between the extractive comypand the government, and monopolies (either
on the extraction of the resource or on the ownprshthe resource). Governments have then several
possibilities to collect their share of the produddie different mechanisms listed in IMF (2012) &r¢:
signature and production bonus, royalties (renaashare of product value), corporate or variable
income tax (tax on profits and differential rent®source rent taxes (tax on differential rentsy oné.
income less the average rate of profits), prodacsibaring (rent as a share of the physical product)
state participation (rent received as dividendsamg shareholder), and social investments from the
extractive company (the company pays the rent tgirahe construction of a road or a school, for
instance).

No matter the fiscal regime chosen by the governntika tax rate can be reduced to a share of the ne
product of the extractive industry, the latter lgedefined as the sum of the profits and the diffead
rent earned by the extractive industry. Simulameethods (FARI model, Luca and Puyo, 2016 [14])
and analysis of accounting data shows that therdte on the net produttis between 65 and 85
percent for oil and gas industries, and betweemrth 65 percent for other mining industries (IMF,
2012) [7].

The introduction of the share of the net produca égiven” coefficient change the price systemtha
case of a private company that extracts a natesaurce owned by a State, the net product may be
shared between the State and the private compiamg $haring occurs after the product has beat sol



or if the company does not try to change priceseathe tax is announced, the taxation of the
product has no impact on prices. The price systay e represented in this way, wt the tax rate on
the net product:

‘lspiron 4= Bﬁp:_oa.' 4= 30Pu heat T _'U- tiron1 {—15'}31'1-0:«: + B{mea.r + 3Upwheut.} m
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If the net product is taxed before the produchbisl,sor if the private company tries to avoid tlifeet
of tax by increasing the prices (to see an exaropthis concerning a tax on profits, sDome, 1992
[3]), prices could be impacted. The price system beyeprsented in this wa®

45P;iron + 60Pc0al + 30Pwhear + —w+
(1 + f’_f—l) (45Piron + 60pcoal + 3{:}pwheat ) T = 85Piron
A5Piron + 60pcoat + 30Puwhear + 5 W+
(14 r5222) [(45Piron + 60Peoat + 30Puhear) © P
30Piron + 95Pcoat + 90Puwheat + o5W+
(14 £ ) [(30Piron +95Pcaat + 90Puheat) T + Peoat ore] = 225Peoat
20Piron + 30Pcoat + 60Pwheat + oW+
(14 42222) [(20piron + 30pccat + 60paheat) T +30coat ore] = 225Pcout
(40Piron + 40pcoat + 200pwheat) (1 + 7) + 35w = 480pyheat

P

[ 2]

It is interesting to notice that in the last systehequations, the differential rent is distributsdtirely
to the extractive company. As \are considering only basic commaodities (for a dedin of basic anc
non-basic commodity, segraffa, 1960 [2() § 60), as soon as the tax rate on the net ptddofcany
company increases, all prices and rents will chand the maximum rate of profits will decrease. -
case of the second iron company is an exceptiorth@dncrease of the tax will only lower t

3Only a part of what is effectively produced by fhrévate company is brought to the market. Let ysthatT is the share
of the physical gross product that is taken bygbeernment. The price of the r-renewable resource will then be of 1
following form, if the company tries to earn theform rate of profitsz and to distribute the uniform waw:

Kpo(l+m)+lw+p=Xp.(1-T)

With K the quantity of the input (assuming that therenly @ne input) X the quantity of the output (physical gross prodt
andp the (possible) differential rent. The net produeiny defined as the value of the gross producttlessalue of thi
inputand the value of labour, the share of the net moithat goes to the government is definel

B TXp
T Kppn+ p+TXp.

Then the price system can also be written in thag:
t
Kpo(l+7m)+lw+p+ i (Kppm+p) = Xp:
Or in this way:

t
Kpp + lw+ (l - ﬁ) (Kprm+p) = Xpa



extensive differential rent earned by this compény.

6 Conclusion

This article clarifies the different concepts that must consider when we calculate the revenubeof t
owner of a non-renewable natural resource in di8naframework. For a snapshot point of view, what
matter to calculate prices and revenues are theittmms of production of the commodities that neads
non-renewable natural resource to be producedthendistribution of the net product of the companie
that produced these commodities. From a dynamiot pufi view, what matters is the stocks of the
natural resource, the evolution of demand and taolgies, the possibility of back-stop technologies,
and the change of the institutional framework tasure the distribution of the net product. From a
policy point of view, it is important to understatite real cost of production of the commoditied tha
use non-renewable natural resources, so that taxebe adequately designed depending on the policy
chosen (either recovery of maximum revenue, orntice for private prospecting and exploitation, or
protection of the natural resource, etc.).

The debate about non-renewable resources in thextoof classical theory largely focused on the
Hotelling rule, and more specifically on how toaahte the Hotelling rent. Only recently anotheeli

of thought started to emerge, where the revenubeobwner of the natural resource depends on the
institutions governing the relations between thenemof the natural resource and the company that
extracts the natural resource (Ravagnani, 2008inkra016 [16, 4]). A revenue above uniform prsfit
exists for the extractive company as soon as fsatéferential rent, and this revenue may be skizg

the owner of the natural resource. But empiricahdhow that in many cases a part of the diffeaénti
rent is kept by the extractive company. Hence, ftbenpoint of view taken in section 5, there exisis
“natural law” about who should earn the revenue iognfrom the extraction of a non-renewable
resource, as well as there exists no “natural” megiproperty for such resources (they could be
considered as a common good of humanity, or asi@ $roperty, a community property, etc.). This
line of research, which could be linked with cutréeterodox approaches such as Institutional and
Marxian, seems a promising way to continue thisen@nding debate.

YItis important to notice that the real cost of guotion is not changed by the tax, only the distiidn is changed. This
point is touched upon by Sraffa in one of his urjshled papers:

“Pantaleoni, Saggi, I, 146 n.
(quoted by Jannaccone, 342 n)

Is real cost of production increased by-an-inerdasa the imposition of a specific tax on product? Yseays
Pantaleoni: the cost per unit of wheat is incredasezkactly the same way if 11 hours instead oafé®required to
produced it, or if, having the government taken 18Rthe produce, 10 hours now produce only) 9f a unit. The
reply to Pantaleoni is is then the wheat obtained by the Government pedlwithout cost?

Special case of taxes (tasse di Einaudi) whicHeatied by the State to defray cost incurred in otdecontribute to
the production of the commodity taxed (e.g. taxesymtor cars, affected to road fund, contributetoduce the
services of motor cars).” (unpublished Sraffa Pgpetder D1/13: 6 (17); B.II1.12.xxv)
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