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Abstract: Forward-thinking isone of the most enchanting areas in economics.enhil
Malthus and Ricardo agreed on the gloomy visiorthef future, Mill described the
wider stationary state and foresaw it in a morenaigtic way. Space sciences and
improvements in our technology provided us with sidution decades ago, although
economics have not noticed this possible solutibthe classical stationary state until
now. This article incorporates this knowledge imonomics. Calories integrate the
supply of means of production and the demand fameef consumption in one market.
The stationary state could come only if the demBmdmeans of subsistence grows
faster than the supply of means of production. dasing scarcity of free calories
exceeding the minimal required volume of it prewrgnthe malnutrition and death will
push the calorie price up while economy will moesvards the stationary state. But
where to get the land when the very last piecd efdven the deserts — will have been
already cultivated? Increasing scarcity of landngpgossibility for firms to make profit
from producing land. Thus, the classical statiorsage is only an illusion.
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Introduction

More than 200 years ago Thomas Malthus gave life terrifying vision of future full
of hunger, despair and misery. He reacted to tleeyday situation of the nineteenth
century and created a simple principle that dog¢smamt to leave social sciences even
after so many years. Though his principle was inapately erased from economics
by the powerful idea of substitution, it succedgfglurvives or thrives in various areas
of environmentalism.

Economics — like any leading science of its eraffess from strong self-confidence. It
stubbornly ignores other sciences and overestimttesvn tools like substitution. A

magic of substitution may be astonishing but itpé&tty in cases when there is no
substitute at all — like food.
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It seems to be useless to bring the classicabstaty state back to economics again in
times of obesity and European excesses in foodugtimh. No matter how trivial it is to
reconsider the stationary state now, it is onéhefvtery first economic questions stated
that has not been answered yet. Moreover, we emidgr imagination in our days that
provide us plenty of possibilities how to reverske tsad Malthusian future.
Terraformation will be one of them.

The following theoretical text is an attempt toyide a possible solution to the classical
stationary state. | admit it might make an imprassdf a silly solution for economists

who forgot to look far into the future. But lookifigrward shall be an important aspect
of economics should dangers the future may pladeoimt of us be avoided — like the

classical stationary state.

1. The starvation future

What is a stationary state? It is a time of no eryvsmall changes due to some
limitation. More precisely, it is limitation of mea of subsistence imposed to the
growing population. Classical stationary state egpes simple idea. Population cannot
grow indefinitely because the Earth cannot providkefinite means of subsistence for
an infinite population.

1.1 Malthus

The future of malnutrition was outlined by Thomaaltus in his famous “An Essay on
the Principle of Population” (Malthus, 1807). Hesnalso the first economist to even
bring the forward thinking to economic science.

His stationary state described in his book evofues two postulates. First, “That food
is necessary to the existence of man”. Second,t“fifepassion between the sexes is
necessary and will remain nearly in its preseriestéMalthus, 1807)

While we cannot doubt that the first is true, tleeand one is questionable. “Passion
between the sexes” did not change obviously hatribt what Malthus meant. He spoke
about bringing descendants. This is what is dolibdificause this has substantially
changed in developed countries in those two hungeads.

Even though the birth rate has dropped in develapmahtries, the world population
growth remains relatively high and the world popiola grows by 1.2 percent per
annum (UN, 2008). The number seems to be low baitldhg-term implications are
significant. If the same process repeats in dewetppountries, there will be only 9
billion people in the world by 2300. However, ifettbirth rate stays high, as UN
predicts in one scenario, there will be up to 38@ldon people by 2300 (UN, 2004). A
population of this size must be fed. It is possitiat the classical stationary state will
become a major aspect of mainstream economics.again

Malthus, nevertheless, did a crucial mistake -deimand and supply do not match each
other — they do not have a common denominator. &feimand was represented by the
amount of people and misty “means of subsistericafid and “means of production”
were behind the supply. Hence, he describes that&ih in the market that does not
exist. Moreover, he starts his theory right frora gtationary state. His initial situation
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is already a stationary state. More precisely @aitn when means of subsistence and
of production are equalized.

He applies the two ratios of growth of the popwlatiand of subsistence to the
stationary state. Quoting Malthus “Population, whenchecked, increases in a
geometrical ratio. Subsistence increases only iarghmetical ratio” (Malthus, 1807).
It is easy then to plot the future full of miserging these two ratios. He also found the
support for his conclusions in everyday realityhi§ era. Moreover, he completely
neglected the technological growth.

But Malthus’ principles did not disappear even aftgo hundred years. His idea of
linear forecast of contemporary trends is still &dive. How many times did we hear
apocalyptic visions of resource depletion — usuatfiginating outside economics? The
reason of this attractiveness is its simplicitykd@doday’s trend and prolong it to the
future. This approach always ends with depletioresburces.

1.2 Ricardo

The Malthusian future was so tempting that evenid&icardo could not miss it in its
book “On the Principles of Political Economy and xa#@on” (Ricardo, 1821).
Nevertheless, his area of interest was the supphore precisely the “produce of the
earth”. The tool he used was rent.

It is rent that has the power to pull land to tleeremic life of the society. Hence, to
use “original and indestructible powers of the'sait food, in today’s language.

He presented an astonishing analysis that shadtdweeMalthusian one. Ricardo starts
at the beginning and not from the stationary dtkéeMalthus. His detailed explanation
illustrates how increasing rent due to increasimgnand of means of subsistence
involves land, which had not been used in agncaltbefore, to the agricultural
activities. However, less “fruits of nature” ariséh decreasing fertility of such land.

Because land is “limited in quantity”, the fruits gives must be limited, too. After

accepting Malthusian principle of population growthe only logical conclusion for

Ricardo is that the economy moves towards theostaty state! Moreover, he fully

recognized the changing technological level hescéthprovements in agriculture”.

These improvements “are of two kinds: those whitdréase the productive powers of
the land, and those which enable us, by improvimgnoachinery, to obtain its produce
with less labour” (Ricardo, 1821). They could bdlezhthe technological growth and
increasing role of the capital nowadays. Unfortahatit plays minor role in his ideas,

so it cannot reverse the sad future.

He interpreted the stationary state in a gutsiey then Malthus - “the only remedies
are either a reduction of people, or a more ragclmulation of capital” (Ricardo,
1821). However, “the latter is neither very praakile nor very desirable” (Ricardo,
1821).

Ricardo’s way to the stationary state is more sstffdted then Malthus’ but the
conclusion is the same — hunger, misery and poverty
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1.3 Mill

Mill, with no doubts, accepted the very inevitailiof the stationary state in his

“Principles of Political Economy with some of thdipplications to Social Philosophy”

(Mill, 1866). Quoting Mill “It must always be seemore or less distinctly, by political

economists, that the increase of wealth is not Blass: that at the end of what they
term the progressive state lies the stationarg’s@ill, 1866). His thoughts focused

on the stationary state itself rather than on tiecjples of the way towards it.

However, he abandoned the interpretation based isarynand whished — more than
constituted — the interpretation as mental rathanteconomic growth of humanity. He
also adds “It may be a necessary stage in the gge@f civilization” (Mill, 1866). He
determined the then situation of developed countioebe stationary. These countries —
in his opinion — are already in the stationaryedtédlowever, they will not be in the
stationary state even after very, very long tin@nfrnow. But his opinion expresses
quite well the mood and self-confidence elites imaithe nineteenth century.

What has been mentioned above brings up a questidry to even mention Mill in the
stationary state context? Because his stationatg stoes not arise from the limited
means of production of food or limited land onlyttdrom “all” causes of “zero”
growth. The Mill's stationary state becomes expgciad foreseeable after economics
finally realizes that no growth is unlimited (lilkwonomists with at least little technical
background already do or should). If one understdhd crucial differences in various
stationary states then he or she must agree witts Miterpretation of it like the time of
only mental progress and not economic growth.

Thus, Mill ends — very positively — the discussabout the stationary state.

1.4 Modern economics killed the stationary state

The classical stationary state disappeared frommthimstream economics due to two
fatal aspects. The first one was the real developra&economy when technological
growth in agriculture outstripped the growth of tpepulation so much that in the
developed world, the most dangerous murderer otimes is obesity. The second one
was and still is the powerful idea of substitution.

It is impossible not to notice that the Malthusamciple of simple linear forecasts is
very popular especially in other sciences. Econerdimes not perceive the Malthusian
principle as a problem because it already has tisever for non-renewable resources.
Resource economics has developed into perfectienHibtelling’s model (Hotteling,
1931). The perfection is based on two very impdr@spects: backstop resources —
simply said it is another or artificial resourceedss a replacement to original resource;
or completely different technology that may be uasda replacement to the one used
before. Both of them can be defined as substitutisimple replacement of one process
used in a production for another.

Price of a specific resource — or more precisadyrdlative height to the price of a
possible substitute is the tool causing these amanbhis principle applies to backstop
resources and to diverse technology of productsme for example Oren and Powel,
1985).
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The contemporary economics considers the Malthupiarblem to be solved. But
economics solved only the goods production paré @lassical stationary state has not
been solved because contemporary economics beliethe powers of substitution as
blindly as classical political economy did the atess situation behind their windows.
Stanley Jevons has expressed this misleading Efgeciearly: “The same, or nearly the
same, substance is often obtained from two or thoeeces. The constituents of wheat,
barley, oats, and rye are closely similar, if nderitical. Vegetable structures are
composed mainly of the same chemical compound arlyell cases. Animal meat,
again, is of nearly the same composition from wdateanimal derived. There are
endless differences of flavour and quality, busthare often insufficient to prevent one
kind from serving in place of another.” (Jevons798

Why did not we notice that food itself does not daany substitute? How can we
replace food? Can we simply produce it in our faegfrom chemicals or raw materials?
Can we artificially make food for billions of pegd We will always need land and
agriculture to provide the means of subsistence.

There is also a reversed interpretation of theastaty state in modern economics. Not
land — more precisely its fruits — is the limittte population but people are the limit to
products of soil. This reversed point of view iegented by for example Johnson
(2000). It was the farmers who have changed presestEfood production to achieve
larger surpluses of it over farmers’ own food caonption as a consequence of
population growth.

However, such an interpretation of the stationaayesis nothing else but technological
growth in agriculture outstripping the growth ofethpopulation. Moreover, this

interpretation lacks the wide view the classics.hlaaind is a limited resource. Its
limitation naturally passes on the fruits of it. ide, we are back at the classical
stationary state — if there is a limit to agricudtuproduction, the population cannot
grow indefinitely.

The problem stated by Malthus and Ricardo remainsxistence. It receded due to
technological growth in agriculture but the extaitland did not change. On the

contrary — it lessens as the result of its incdrose or chemical pollution. The growing

world population indicates that the stationaryestat hunger and misery may come one
day. And economics? Remains silent.

2. New theory of population growth

Having examined the historic evolution of the statiry state, | shall present to the
reader my own interpretation of the stationaryestatd original conclusions which arise
from this brand new theory that is published fa #ery first time. The model presented
in chapter 3 and 4 provides a very basic economnmicalel for a prospective following
analysis.

To reconsider the stationary state, one must a@ctrucial mistake the classics did -
non-uniform demand and supply. It is true that peajetermine demand for food and
that land determines supply of it. But caloriesthrecommon denominator.

Calories that we are able to produce at our teciyicdl level from disposable land that
is used in agriculture represent a supply of meafnsubsistence. Demand shall be
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represented by the calories that people want ai teeeat in order to satisfy their utility,
or to simply survive in the case they are in tlaighary state already.

The minimal amount of calories one average persast consume per unit of timvill
be referred to as consumption needed,-. The minimal amount of calories the

population must consume in timMenot to suffer from or die of malnutrition can be
easily expressed as

L{tley . 1)
where L(t) is the total population in time.

The area of land that is — for now — not cultivatgdagricultural technology — hence,
fully in the power of nature itself — can still pide calories entirely just by nature. As it
has been already said, land is a limited resounc&arth. Thus, the calories provided
just by nature (i.e. without any human activitygdly on all disposable land can be
referred to as a; . Calories extracted frora; can vary in time due to technological

improvements in agriculture. The total caloriesvided by all disposable land in time
t can be expressed as

Albar (2)
where A(t) is technological level in timé.

Assumption 1: Let us suppose that food, or calories, to be moeeige, is distributed
among the world population equally.

The consumption surplusC{) — or how many people can be fed from currentrazdo
share of one person — is expressed by a fracti¢h)@nd (2):

- Alt)as

" ey

3)

Assumption 2 Let us assume the population and technologicatlléo grow at
constant rates1>0 and g >0

Discounting (3) to the “beginning” of time and etjuny L(O) and A(O) to one yields

(4)

The expression in (4) represents the size of copgamsurplus at any time.

31t is not the aim of this article to investigateetmedical aspects of this but — just to make a
picture — an average person needs approximateQ01c2lories per day to survive, which is
438,000 calories per year (Sarah, 2011).
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2.1 Stationary state

If classical political economy describes the staity state as a moment in time when
population growth is not possible any longer, tliemeans the situation of calories
production and calories consumption is equalizedariother wordscg =1. Moreover,
there cannot be any higher demand for calories ith#ime supply of them. This implies
that cg D(oo ;L]. Substituting one focg in (4) yields

1= elo-mt 31

Cn
c _
EN _ glon)
ar

logcy —logar =(g-n)t

logcy —loga

tp =290 710087 (5)
g-n

where t, is the time when the means of subsistence arel @équéhe means of

production. Moreovert, >0 must be accomplished for the classical statiostate to

come. Becauséogcy —loga; is logically smaller than zero, then algo-n must be
negative. This implies thag <n must be true for the stationary state to come.

Theorem 1 Population growth rate must be higher than the & technological
growth should the stationary state become realha future. In another words, if
technological growth exceeds the population growthre will never be the stationary
state in the future.

Notice that it does not imply that this could nefppen in the real world for a “short”
period of time — two hundred years, for examplee Blernation of times wheg <n ,

and when it is contrariwise explains why the stadiy state had been noticed in the
nineteenth century and why it was forgotten inl&st century.
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2.2 The calorie price

It is a general custom to model the price timeetrairy asp(t)= p(0)e™ , where p(0)

is usually said to be one afdis a positive constant. Doing this in the casa o#lorie
market would not reflect surpluses of calorieshe toncrete time. Thus, the calorie
market and the calorie price would not be interemted. Moreover, this price grows
constantly in time, which contradicts the real erievolution in time (empirical
evidence for real corn or wheat prices for exampl#dohnson, 2002).

The calorie price shall be constructed to fuli# following conditions. First, it shall be
stable — it means marginal fluctuations — in tineéshigh food surpluses. Second, it
shall rise in times of poor harvests and reversghird, it shall continually rise when

the economy moves towards the stationary sta&%:té(<0:ag—9>0 ). Fourth,
lim p(t)=co *

totp

These conditions correspond to the price constiuase

_ y
o) , (6)
) e%a; —eMcy
where y is the price for the very last free calorie exéegdhe minimal calorie level
for the whole population to prevent the malnutritio

The fluctuations of price per calorie in time offhiconsumption surpluses are caused
by fluctuations ina; due to natural disasters. Hence, land provides tzdories
extracted from it, causing lower consumption swspaind growing food price. This
contraction can also be viewed in a way that larith westructed harvest by natural
disaster, or land with poor harvest yields is eaebli from disposable agricultural land
for one period. This has the same consequenceisefaalorie price.

Figure 1 represents the graphical formulation efriew classical stationary state.

* This expresses a simple idea. Imagine a situattoen all food is distributed in the population —
no matter how — in a way that everybody gets anjy. What should be the price of one calorie?

The fourth condition states that infinity just besa one calorie taken and given to somebody else
means death to the person who is selling it. écisially the price one is willing to accept for his
or her own death — abstracting from voluntary sléci

® Proof: The very last available calorie exceedimg minimal requirements to shield the whole

population from malnutrition can be expressed#s; —e™cy =1. Hence, P(t):Lll =
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Figure 1: The different growth rates of means of poduction and of consumption,
the calorie price and the consumption surplus.
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Source: Illustration by the author.

Though the classics could not mathematically exptbeir ideas and though their
demand and supply of means of subsistence and negm®duction did not match
each other, their idea of the stationary state théncontext of the nineteenth century —
was correct after all.

The huge difference that separates us from thsickas imagination. While — as it was
a custom for several centuries — the society hadpamion of its technological level
being at a peak, the truth is we do not know wtirddonceivable technologies are
hidden behind a persistent work of generationsotoeze We grasp ideas of the classics
but we can do much more than that — we can firetdisich their ideas with a possible
solution to eliminate the gloomy vision of hungadamisery from economics once and
for all.
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3. The land production

Imagination and findings of natural sciences hagerbnoticeably different since the
times of Malthus, Ricardo or Mill. Our technologyopides us with more opportunities
than any of the classics could have ever foreseen.

Combining the two we realize that — in the contfxagricultural land — we may not be
limited to land located on the planet Earth onlgoBomics as the leading social science
should incorporate the newest level of knowledgetbkr sciences, too. Hence, it is
necessary to upgrade the classical stationary. state

Process that enable us to produce habitable —atipisulturally exploitable — planets is
called terraformation. It is an aimed and by mamsed activity altering conditions of a
celestial body to support Earth-type life withowing another technological support.
While technological and practical dimensions ofra@armation are satisfactorily
elaborated (see for example Averner and MacEIlr®79]1 or Badescu, 2004) and
terraformation is perceived as inevitable by ndtusaiences (Maccone, 2008),
economics remain silent. The following text intrcda a brand new dimension to
economics and returns the long forward view thesits once had.

3.1 Terraforming firm

Let us assume a firm whose activities focus on bithlle planets production. Its
revenue results from selling area of land on a habitable planet.

Assumption 3 Assume that revenues of the company are madellaygsland, and are
calculated as a multiple of calories provided byureon that land and the calorie price.

Thus

_ _ /4
R=a p=a ) 7
Lp L eg{(aT +aL)_emCN ( )

where a, ° is the total area of land on the newly producexhel, for example “Lantor”
designated a4 . Notice the firm will sell the land after the teformation for the
calorie price that does not corresponcgtp but a; +a, . Newly produced agricultural

land decreases the calorie price as a consequéhagher means of production — hence,
the higher consumption surplus. The proof is vémypte.

® Notice that we speak in the text about an ardaraf but we mean an amount of calories arising
from this area of land naturally just by the protile forces of nature without any intervention of
man. It is because it fully depends on the amotitera only.

" Proof: the profit of the firm in timd is as usuallyn(t): R(t)—C(t). If a purely competitive
firm decided to terraform in a situation (zi(t)ZO and if its expected revenue is based on

E(R{t)) = a,_m, it yields C(t) = E(R(t)). However, its real revenue will be based on
the calorie price after the terraformation. Combini  this yields
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To understand the costs of terraformation, one sie@dnderstand the very process of it.
The biggest problem of most of celestial bodiesagk of water. There is plenty of
water in space but its concentration is low, ant iuisually spread over wide areas.
Water must be delivered to the celestial bodies i succumb to terraformation
“soon”. The rest of the process comprises of “meltiat-the-place activities such as
atmosphere adjustments.

Thus, costs can be divided into autonomous compotteat consists of costs of
technical equipment, raw materials and chemicadspnductive forces and of variable
costs that are used to deliver water in the form-dbr example asteroids — to the
location of designation. Hence

Clt)=Calt)+clt)aw. ®)

where CA(t) are autonomous costs in time q,, is the quantity of water that must be

delivered to the celestial body in order to supfanctional Earth-type ecosystem, and
c(t) are costs of delivering one unit of walevloreover, theq,, is exogenous.

However, terraformation technologies and their £osan be changed due to the
technological growth.

Assumption 4 Let us suppose that there is only one technoddgjrowth rate ¢ ) in
the economy that is applied to the agriculture ab &s to terraformation technologies.

Hence, we can rewrite the (8) as
cft)=Calte o) + e g, ©)

where CA(l) are autonomous costs at the time when terrafoomasi technologically
possible for the first timet(), c(l) are costs of delivering one unit of water at fieet

t;. Technological development decreases costs afftemnation by a ratey per unit of
time. Rearranging (9) yields

_ /4 /4 ; ;
t)=a -a , which ives
n( ) ) e (&r + aL)_ech ) eg[aT _emCN ’
1 1 ) .
t)= - . Hence, nlt)<0 . The firm with such
7t) a"y{egt(a}r +a )-eMcy  ePar —e”tcN] Y

expectations ends up in loss.

8 Notice they are constant at the tiheThere is the closest single spot where wateakiert from
— just for simplicity.

° There is some water at the celestial body alrdddgignated ag),,q). And there is a minimal
amount of water necessary to support Earth-typeystem (,,). Hence,aq, = dmin — dwo -

The firm is not interested in higher amount of wabecause it would increase the costs of
terraformation, and also reduce the as a consequence of increasing level of wateheat t

celestial body.
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Clt)=e® (CA(l)egtl + c(l)egthw): e %C, , (10)

whereC,, are the terraformation costs discounted to theitbeng of time”. These
costs decrease in time due to technological denabop.

Suppose pure competitive firm that will terrafors soon asn(t): 0. This naturally
implies that R(t)=C(t). Hence, if (7) and (10) are equal, we can complgetime
when terraformation will run purely on the comge&tmarket basist( ).

y —a Ot
a — . . ¢ CoL
eva; +e%a -eMcy

_ _ aln-g
a y=Cyar +Cy a_ el )[CNCOL

a -
—CLy ~a; —a, =-e"9kc,
oL

_ ay
n — L
e( g)tCN ar +aL -

oL

(n-g)t+logey = Iog(aT +a -Z#VJ

oL

Iog(aT +a. —aLyJ —logcy
t- = C0L

n-g

(11)

We have all the tools we needed to solve the mystérthe stationary state. If
terraformation takes place earlier than the statiprstate becomes a reality, we can
finally prove the future of misery and hunger falf®rmally stated; <t, must be

fulfilled.

Iog{aT +a, —aLyJ—Ioch
CoL _logcy —logar <0
n-g g-n
Io{aT +a, —ZLV) —logar
oL
<0 12
— (12)

Becausen- g >0 (Theorem 1), then
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Iog(aT +a. —y) <logar
oL

CoL <V. (13)

If (13) holds true, then terraformation will takkage earlier than the classical stationary
state will come about. In other words, the statipnatate will never occur.
Terraformation will therefore overtake the statignstate just by the time equal to (12).

The Figure 2 illustrates how terraformation aci@stof firms will repeatedly avert the
stationary state.

Figure 2.: The consequences of the terraformationrpcess
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Source: Illustration by the author.

Free market can push the gloomy future of misemphéofurther future indefinitely. But
classics could not have known that. It was justdegible for them to look forward and
see this possibility. Nevertheless, economics laaslly answered one of the most

thrilling questions it stated in its long sciengstbry.
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3.2 Firm’s celestial bodies preferences

Space is full of celestial bodies that can be blgtéor terraformation. How will a firm
choose the celestial bodies for terraformation?

Suppose that a firm will be deciding between twiestial bodies (let us designate them
as L and M ). Both of them will be endowed with the same antafragricultural land
after terraformation §, =a,, ). However, the costs of terraformation discouritethe
“beginning of time” will be different. ThusC,,, =aC,_for a #1 anda >0. Let us

further suppose that the firm will choose the d@ébody L for terraformation. Hence,
terraformation ofL will take place earlier than the one bf. Formally expressed
t, —ty <0. Which a does this hold for?

Iog[aT +a —Z'-yj —Iog[aT +ay - ZM yj
<0

oL oM
n-g

From Theorem 1 we already know that g > 0. Hence,

Iog[aT +a, —yJ—Iog(aT +a, - ;,:_y j<0
oL oL

a a
aT+aL__Ly<aT+aL_ LY
C

oL aCo,

a>1 (14)
This implies thatC,, <Cgy -

Theorem 2 If there are two celestial bodies with the sammant of agricultural land
after the possible terraformation but with differé@rraformation costs discounted to
the “beginning of time”, firm chooses the celeshially that is cheaper to terraform.

This result is intuitive. Any economist would adtyanticipate such a result.

Let us suppose that a firm can decide between anbtio celestial bodies — designated
again asL and M . Terraformation costs discounted to the “beginrehgime” will be
the same in this case(Qp =Cg, ). The amounts of agricultural land after the

terraformation will differ in a way thaa,, = fa, for S#1land 8>0. Let us suppose
that the firm will chooseL to terraform earlier tharM . Formally t, -ty <O.
Which S does this hold for?

Iog{aT +a, —gLy) —Iog{aT +ay - ZM y)
<0

oL oM
n-g
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_ Y - _r
|09(a'r +a,_[1 Cor B |09(3=r +,6’a,_(1 Co B -

n-g

The theorem 1 impliea-g > 0.

|09(3T ta (ch_};_]] < |Og(aT + fa, (1—0—};_D

1<f (15)

(15) impliesa, <ay .

Theorem 3 If there are two celestial bodies with the saraeraformation costs
discounted to the “beginning of time” but with @ifént amounts of agricultural land
after possible terraformation, the firm choosedetwaform that celestial body which
will provide smaller amount of agricultural land.

Theorem 3 may seem to be contra-intuitive but thieepfall — constructed in (6) and
more precisely in (7) — will not provide sufficiergvenues to prevent the firm from
ending in loss even though the celestial bddywill supply the market with a larger
amount of agricultural land — hence calories.

In other words, it means that there is always @ dnoprice after terraformation. This
drop is the greater the larger is the amount oflp@noduced land. The fall of the price
will cause a fall of revenues in spite of the féoat the firm will sell more land.

Therefore, the firm could not cover the terraforiratosts in timet .

Conclusions

Forward thinking is one of the most enchanting sii@aeconomics. Every economist
does it from time to time, but very rarely with ts@me conclusions. While Malthus and
Ricardo agreed on the doomsday vision of the futMi#t described a wider stationary
state and foresaw it in a more optimistic way —tthee for mental advancement of all
humankind.

Will this dark future ever come? No, it will notp&ce sciences and improvements in
technology provided us with the solution decades, afthough until now, economics
has not noticed this possible solution of the itad¢stationary.

If an economist limits his or her mind only to whadture has created for us, it is
understandable that they see the limit imposedermpbpulation size. But we live in the
twenty-first century and it is the right time topnove economics to fit in the new era.

First, we have to unify the supply of means of pcithn and the demand for means of
consumption. Calories can integrate both of thenia market. Second, we must allow
the technological improvement do its job over tineet The stationary state will come
only if the demand for means of subsistence grastef than the supply of means of
production.
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Increasing scarcity of free calories exceeding thi@mimal required volume of it
preventing the malnutrition and death will push ¢haéorie price up, while economy will
move towards the stationary state full of miseryoMdng calorie price will increase the
rent of land which will draw another land with stealand smaller fertility into the
economic life of the society — as Ricardo pointaetlso long ago. But where to take the
land when the very last piece of it — even the desewill have been already cultivated?
We will have to produce it.

Third, we must find an economic description of hoempetitive market will solve the

situation by the terraformation. Where the scarstipws up, the possible profits and
opportunities are created. This attracts attentibprivate firms. Hence, the classical
stationary state is only an illusion — always the#gen we look forward but always
moving even further. In truth, it is the never-cambf the stationary state!

Summary

While Malthus and Ricardo agreed on the doomsdsigwiof the future, Mill described
the wider stationary state. The problem stated kgjtiMis and Ricardo remains. It
receded due to technological growth in agricultbrg the extent of land has not
changed. To reconsider the stationary state, onst emoid the crucial mistake the
classics made — non-uniform demand and supply.riéalean integrate both of them in
one market.

We suppose that calories are equally distributedrgmthe world population and
assume that population and technological level gabwonstant rates. The population
growth rate must be higher than the rate of teagioal growth for the stationary state
to become real in the future. The calorie pricellsha constructed to fulfil few
conditions. First, it shall be stable in times afthcalorie surpluses. Second, it shall rise
in times of poor harvests, and vice versa. Thitdshall continually rise when the
economy moves towards the stationary state.

New — terraformational — technologies help us elaté the gloomy vision from

economics once and forever. Assuming a firm thatdpces agricultural land on
celestial bodies and sells it later, growing c&iice opens a possibility for this firm
to be profitable, thus moving the stationary stievard to the future. Theoretical
conclusions are intuitive. The firm chooses “cheapelestial bodies. It also chooses
“smaller” ones due to drops of calorie price afielling the newly produced land.
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