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Abstract:10
This paper reports on a larger scale econometric study of the sign of the relationship between11
average growth and growth volatility of GDP per capita. At equilibrium, the negativity or the12
positivity of the relationship between endogenous growth and business cycles volatility is13
linked to the movements (left or right side) of (PPF). Tests have focused on cross-generation14
and cross-country evidence on the link between growth and volatility. If production15
possibilities frontier movements’ trend is to the left side, countries with higher standard16
deviation of growth should have their growth adversely affected if at the same time they lose17
their comparative advantages.  Thus international trade elasticity after a production18
possibilities frontier movement (ei) determines the sign of the relationship between growth19
and volatility. If (ei -1) < 0, the sign is negative and positive if (ei – 1) > 0. From the20
theoretical point of view, a new multidimensional trade and optimal growth mechanisms have21
been presented.22

23
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1- INTRODUCTION28
Several studies argue that countries with high average growth would also have high variance in growth29
rate. Black (1987) and Mirman (1971) have explained why growth/volatility relationship should be30
positive. Black (1987) has argued that countries may have a choice between high-variance, high-31
expected- returns technologies and low-variance, low- expected- returns technologies. For32
Mirman(1971), if there is a precautionary motive for saving, then higher volatility should lead to a33
higher saving rate, and hence a higher investment rate which is positively linked to growth; the34
relationship between growth and volatility in these conditions should be positive. Ramey and Ramey35
(1991, 1995, 2012) use a sample of developing countries in their studies and argued that volatility can36
lead to lower mean output if firms find themselves producing at suboptimal levels ex post. Even37
though they concluded that if lower current output affects the accumulation of resources, then growth38
is adversely affected, their study is focused essentially on econometric tests ignoring a fundamental39
part of volatility mechanism analysis in terms of resources management.40

Volatility is allied to risk in that it provides a measure of possible variation or41
movement in a particular economic variable or some function of that variable such as a42
growth rate”. It usually occurs measured on the observed realization of a random variable43
over some historical period. This is referred to a realized volatility to distinguish it to the44
implicit volatility calculated from the Black Scholes formula for the price of European call45
option on a stock. The realized volatility or volatility is commonly measured by a standard46
deviation based on the history of an economic variable. In this paper we deal with either47
implicit or explicit reference to an underlying probability distribution for the variables in48
concern. In these two kinds of volatility,disequilibria of trade tend to set national and49
generationalProduction Possibilities Frontiers (PPFs) in a permanent movement. Terms of50
trade volatility is perhaps the most widely used measure of external shocks.51
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52
The disturbances in the (PPF) due to differences in the change of production factors’ supply- in53

the average growth volatility seems to have an important impact on growth volatility. Defining a54
country’s technology as a combination of unskilled labor, skilled labor and capital efficiencies, Caselli55
and Coleman (2000) found a negative cross-country correlation between efficiency of unskilled labor56
and efficiencies of skilled labor and capital. They interpret that link as the proof of the existence of a57
World Technology Frontier (WTF) in which increases in the efficiency of unskilled labor are obtained58
at the cost of declines in the efficiency of skilled labor and capital. The same negative association59
exists between natural resources’ efficiency and unnatural resources’ efficiency, both in60
intergenerational and international trade. Consequently, if intergenerational and international leveling61
out of goods and factors prices is not realized, the change in the supply of goods and factors is62
unbalanced, inducing generations and nations PPF ‘s movements, the key cause of fluctuations. With63
the Solow’s growth model based on a constant saving rate, the movements in the (PPF) are impossible64
(Pareto efficiency criterion).  In such a model, there is no economic volatility (constant growth rate).65
To understand how trade is the major vector of resources allocation and economic volatility, the study66
of how the overall efficiency or total factor productivity determines countries’ or generations’67
comparative advantages, is essential. Caselli and Coleman (2000) have shown how the optimal choice68
of technology depends on the country’s endowment of skilled and unskilled labor and how barriers to69
technology adoption are crucial. Thus, a weak resources allocation always generates shocks that affect70
growth path.71
The key causes of the link between growth and volatility should be found, instead, in the movements72

of the (PPF) and their interactions with international and intergenerational trade.Subsequently, it is73
important to revisit the factors generating growth model in order to find its sources of fluctuations.74
The Neoclassical growth theory is essentially based on supply side while Chumpeterian’s growth75
theory is from the demand side. But we should admit that all the factors who cause economic growth,76
put the (PPF) in a sort of movement in a way that the directions taken by these movements in each77
country and/or generation interact with international or intergenerational trade to determine economic78
volatility. Thus, in fact, (PPF) are in a permanent movement, balancing from the left to the right side79
and vice versa. The direction of the movements depends on productive resources allocation. The level80
of resources could rise or drop and the production technologies or the intergenerational marginal rate81
of substitution of resources could change. If, only differences in the change of countries/generations’82
resources can lead to a change in the comparative advantages and international/intergenerational trade83
configuration, the sign of the relationship between growth and volatility would be affected by these84
movements and their interactions with international and intergenerational trade. For King et al (1988),85
a temporary disturbance to (PPF) can have permanent effects on the path of the output growth. The86
importance and the nature of these effects depend on the types of the disturbances. Thus, a higher87
variability in the production factors’ supply should be a source of higher variability of the production88
level due to a great disturbance in the (PPF). To understand the role of the differences in the89
productive resources quantities’ change and technological progress interactions with trade, we90
introduce the notion of “natural resources exchange against unnatural resources between generations”91
that is until now ignored in economics but which can highly disturb the (PPF). In the existing literature92
there is no rigorous formulation of how intergenerational free trade interacts with the international free93
trade to determine general macrodynamic equilibrium in terms of optimal growth. Optimal allocation94
of economic resources should lead to optimal growth and sustainable development. However, none of95
the studies has established a link between successive generations’ behavior, current prices and96
economic volatility. As we can see, studies of economic volatility have made great progress in the past97
20 years but, there remains much to be learned about the determinants of long-run productivity growth98
and its links with business-cycles. Previous studies on economic volatility do not integrate the99
movements of the (PPF), intergenerational trade effects and their interactions with economic growth.100
Does the trend of countries and generations’ PPF  movements around the (WTF) determine the101
sign of the relationship between growth and volatility?102
The reminder of the paper is presented as follows: section 1 presents the introduction; the second103
section deals with background; Section3 deals with the model setup: Equilibrium approach to the104
international free trade and cross-country volatility (model first component); Equilibrium105
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approach to Intergenerational free trade and cross-generation volatility (model second106
component); multidimensional trade and the empirical evidence of the sign of the link between107
volatility and growth (model ); Section 4 presents the solution: Cross-country empirical evidence108
on the equilibrium approach to the international free trade and economic volatility (model first109
component);  Intergenerational trade empirical evidence (the test of model second component)110
and theevidence on multidimensional suboptimal trade and the sign of the link between growth111
and volatility (or the test of model); the fifth section presents the paper’s conclusions.112

113
In the traditional economic theory, growth is supposed to play no role in economic volatility;114

however, three papers presented in the early 1980’s changed the understanding of that important issue.115
Nelson and Plosser (1982) find that the movements in the GNP tend to be permanent. Kydland and116
Prescott (1983) uncover skills for analyzing economic volatility and integrating growth and volatility117
(fluctuations).Lucas (1987) shows that the possible returns from understanding business-cycles are118
trivial compared to these from understanding growth assuming that growth and business cycle119
volatility are unrelated (the standard dichotomy in macroeconomics).120

-121
2- The Literature reviews122

123
According toRagchaasuren (2006), the models that follow Shumpeter (1942), where the124
mechanism is based on “creative destruction” show a positive relationship between growth125
and volatility. For example, in Aghion and Saint-Paul (1998a, b), productivity change is126
assumed to be the result of purposeful (internal) learning through deliberate actions which127
substitute for production activities. Under such circumstances, the resources allocated to128
productivity improving activities are a convex function of the state of the economy and hence129
the average productivity increases as volatility increases. On the other hand, the models that130
follow Arrow (1962), where the mechanism of technological change takes the form of131
“learning by-doing” show that the relationship between growth and volatility tends often(but132
not always) to be negative. For example, in Martin and Rogers (1997, 2000), changes in133
productivity take place through serendipitous (external) learning through non-deliberate134
actions which are the complements to production activities. In this case, the factor through135
which expertise, knowledge and skills are acquired and disseminated is a concave function of136
the shocks, so that increased volatility decreases growth. By incorporating the above two137
conflicting mechanisms for endogenous technological change, Blackburn and Galindev (2003)138
show that any shock can have a permanent effect on output if it changes the amount on which139
productivity improvements depend. For Aghion and Howith (1998), Dinopoulos and140
Thompson (1998), Jones (1995), Kortum (1997), Peretto (1998), Segerstrom (1998) and141
Young (1998) there exists a positive linkage between productivity growth rate and the share of142
R&D in GDP. For example Black (1987) argues that countries may have a choice between143
high-variance, high expected returns technologies because countries with high average growth144
will also have high variance. Conversely, Bernanke (1983), Pindyck (1991), Aizenman and145
Marion (1993), Ramey and Ramey (1991, 1995) argued that there is a negative association146
between productivity growth rate and the share of R&D in output. If lower current output147
affects resources’ accumulation, then growth is adversely affected. For example, the148
theoretical analysis suggests that, if there is irreversibility in investment, then an increasing149
volatility can lead to lower investment Bernanke (1983), Pindyck (1991), etc.). See Ramey150
(2012) who investigated that increases in government spending stimulate private activity. She151
found that in most cases private spending falls significantly in response to an increase in152
government spending. See also Bean (1990), Fatas (2000), King et al. (1988), Jones et al.153
(1999) for permanent effects of temporary real shocks, and Stadler (1990), Pelloni (1997),154
Blackburn (1999) and Blackburn and Pelloni (2004) for permanent effects of temporary155
nominal shocks. See also Caballero and Hammour (1994) for a related contribution on this156
subject (Blackburn (1999) for a contrasting result in this approach. Relationship between157
growth and volatility is more likely to be positive (negative) if technological change is158
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predominantly driven by internal (external) learning. In contrast to the above, some models in159
which knowledge is created under the assumption of learning-by-doing suggest alternative160
relationships between growth and volatility. According to De Hek (1999) and Smith (1996),161
the relationship between long-term growth and short-term cyclical volatility depends on the162
household’s attitude towards risk as measured by the curvature of the utility function.163
Specifically, the more (less) risk-averse is an agent, the more likely it is that increased164
uncertainty will have a positive (negative) effect on long-run growth. Jones et al. (1999)165
consider the same issue in a different framework in which growth is the result of constant166
returns to reproducible factors – physical and human capital – that are purely rival (and not167
due to the accumulation of non-rival knowledge via learning-by-doing) and reaches the result168
the same as above. Blackburn and Pelloni (2004) investigates the correlation between the169
growth and the volatility and find that this link depends on the nature of the shocks under the170
assumption of an imperfect labor market. Long-run growth is positively correlated with the171
volatility of the real shocks and negatively correlated with the volatility of the nominal shocks.172

All the resources (natural and non-natural) allocation through suboptimal and “optimal” choices (trade173
relationships) is the key responsible of the nature of the relationship between growth and volatility. As174
each country can exchange goods and services with other countries, each generation exchanges also175
resources (natural and non-natural) with other generations. This latter exchange can be optimal or176
suboptimal at the image of international interdependences and - as in the nature nothing is created and177
nothing is lost- each generation (country) generates effects (shocks) on other generations (countries) in178
a permanent way so that each generation or country’s production possibilities frontier is continually179
moving around the whole world frontier which is fix. These movements affect the generations and180
countries’ trade through the comparative advantages gained or lost. As trade intensity is internationally181
reducing with the distance, each generation exchange with other generations reduces with timely182
distance.183

184
The relationship between optimal growth and successive generations’ behavior has been185

studied by economists. Samuelson (1958) comes out with a trade model allowing for exogenous186
endowments of non-storable and consumption goods. There is no trade between young and old187
generations. In these models the presence of a storable and non-consumable good, money, allows for188
inter-generation trade. The young sells part of their endowments of goods to the old and receive189
money. When they become old the next period, they will exchange money with the young and receive190
in return the consumable goods. He concluded that this kind of exchange can improve the welfare of191
all the generations. Thus, the baseline of the overlapping generations’ model with two-period is set by192
Samuelson (1958) and Diamond (1965).193
Allais (1947) has proposed a similar model he called “overlapping generations“. In this model, the194

economy includes one competitive production sector using two factors of production, capital and195
labor. In each period, the goods produced can be consumed or stored as a capital which will be used in196
production process the next period. The young supply a unit of labor and receive a wage in terms of197
goods produced. They consume part of their savings, and constitute the stock of capital for the next198
period. When they become old, they consume their income, the capital income which is the remaining199
of their contribution to production process. There is no intergenerational trade but the participation of200
the young in the production process as workers and the old as capital holders. The economic201
equilibrium is determined and the young can rationally anticipate their saving rent, which is the202
marginal productivity of capital in the next period. The model of overlapping generations is useful in203
analyzing possibilities like individual training choice and the role of human capital in the economic204
growth (Azariadis and Drazen (1990) , Michel (1993), McCandless and Wallace (1991),and De La205
Croix and Michel (2002).206
Even though the neoclassical growth model goes back to Ramsey (1928) or Von Neuman (1935), the207
recent versions are closely related to the analysis of the optimal growth by David Cass (1965) and208
Koopman (1960, 1965). Ramsey (1928), assuming that the population is constant, considered that209
global output is a function of capital and labor, consumers utility admits a superior final limit. He210
established the well-known Keynes-Ramsey rule of optimal saving which characterizes the steady211
state optimal consumption. Rawls (1974), in his study of optimal growth, gives the same weight to212
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each generation by fixing a fair saving rate. But, it is now generally accepted that the implementation213
of Rawls criterion for successive generations constitutes a growth limitation.214

215
3- The Theoretical models216

217
3.1- The model first component: Equilibrium approach to the international free218

trade and cross-country volatility219
3.1.1- Foundations and hypothesis220

The generations are unrelated so that overlapping generation’s hypothesis does not rule221
(intergenerational autarky condition). Each country has its initial endowments (at the beginning of the222
analysis) which are composed of natural resources and unnatural resources. Natural resources (all the223
physical environment) and unnatural resources (the other resources) are the factors of production of224
the economy. Each country has its own comparative advantages. Through these conditions, we can set225
the following analysis which is based on the common neoclassical understanding.226

3.1.2- International drivers and cross-country volatility227
3.1.2.1- International interdependencies sensitivity228

The neoclassical (HO) model (1933) says: The goods that the production is intensive in abundant229
factor of production and a weak proportion of scarce factor of production are exported and the goods230
that the production demands the reverse proportions of the same factors are imported…231
Let us consider two countries, for instance, the USA and China, two factors of production, natural232
resources and unnatural resources, and two goods wheat, and DVDs; (see Fig 1). The free trade233
production is W and the consumption and world equilibrium is noted X. At point X a perfect234
equilibrium of production and consumption of the two countries is realized. Each country improves its235
utility when passing from a lower indifference curve to the upper one. At that point, produced and236
consumed quantities by all the countries are determined.237
When a country chooses another initial production different from W, it is no more possible for238
this country and the world to reach the equilibrium point which is X on this graph 1. Since then,239
the country and the world are engaged in a great potential volatility which is varying with the240
distance separating the effective free trade production (Wi) to the optimal initial free trade241
production and with the sensitivity of the international interdependencies. Since then, the242
country PPF is moving around the (WTF). The derived growth is not optimal (graph 5). The243
international volatility function can be described by the following relation:244
(Xf – X) = f(Wf – W, ө’) (1)245
ө’ is the international sensitivity factor. Volatility becomes explosive (through other countries) if246
the international interdependencies are very sensitive. On this matter see Hsieh and Klenow247
(2009), Klenow (2012) who,using micro data on manufacturing establishments to quantify the248
potential extent of misallocation in China and India compared to the U.S, show that resource249
misallocation can lower aggregate total factor productivity (TFP) and growth.250

3.1.2.2-International free trade as cross-country volatility drivers251
Obstacles to trade are very diverse. The simple absence of taxes or non-tariff barriers is not sufficient252
to realize an international  free trade. An international free trade is the situation in which there are253
optimal relationships between all the components of the country, on the one hand, and between all the254
countries, on the other hand. SenPioneer studies show that consumption opportunities depend on many255
socioeconomic factors to which some groups are submitted. All kinds of disequilibrium or256
impediments act are barriers to trade.257

The general equilibrium is tightly linked to the existence of various complementary parties258
(countries). In the Walrasian equilibrium we have:259 ( − ) + ( − ) = 0excess demand for USA (3)260 ( − ) + ( − ) = 0excess demand for China (4)261
(Pb/Pd) is international trade equilibrium price. Pb: wheat price, Pd: DVD price.262

263
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= ( )( ) ( ) ( ) ( ) ( )( ) ( ) i ≠ j (5)264
Gij (t) represents country i’s real per capita consumption of country j’s factors; Pi(t) is the price of265
factor I, and Li(t) is the size of the population in country i, each at time t.266
Next define aij (where 0≤aij ≤ 1) as a constant representing the share of country j’s accessible natural267
resources that can actually be consumed by country i as part of its own unnatural resources. According268
to Abramovitz’s social capability (1986), aij determines the potential of a country to consume existing269
technologies. Relatively to these definitions, the accumulation of unnatural resources in country I may270
be written as271
Hi(t) = Φ[Σaijwij(t)Hj(t) ] + (Φ –δH)Hi(t)                                                              (6)272
Where Φ and δH represent the common productivity parameter and rate of depreciation of unnatural273
resources stock (obsolescence or otherwise), and it is assumed that Φ ≥ δH> 0274
Country Gi’s measure of exchange with country Gj, wij is:275
Wij = aij + aji πi/πj, i≠j (7)276
If, as I supposed it here, each country maintains multilateral trade balance at every point in time, we277
have:278
Li(t) ΣPj(t)cij(t) = ΣPi(t)Lj(t)cji(t)       i≠j πi is a function of âij = [ ] (8)279
where tij: tariff of country I on imports from country j, :280
Taking into account the country i dynamic behavior, the specification of equation (6) gives H(t) = Φ.281
H(t)282
Where H(t)  = H1(t), …, Hj(t) and283

284
285
286

Φ –δH Φ a12w12 … Φa1jw1j287
Φ=                   .288

.289

.290
Φaj1wj1 Φaj2wj2 … Φ –δH291

292
The international exchange matrix can, then,  be written:293

w11 w12 ………….…w170294
w21 w22...…………..w270295

.296
Gij =          .                                      .297

.                                      .298
.299

w701 w702 …………….w7070300
301
302
303
304
305
306

The international matrix of prices is directly derived307
P11 P12 ………….…P170308
P21 P22...…………..P270309

. .310
Pij =            . .311

. .312
P701 P702 …………….P7070313

314
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The study of international leveling out of goods and factors prices enables us to understand cross-315
country volatility mechanism.316
We can also represent the situation of international free trade equilibrium through a system of iso-317
product curve for each good as a dual program.318 = + (9)319
Subject to:320 = ( , )

321
Umwheat/ wheat price = UmDVD/ DVD price. (10)322
Wheat price: Pb and DVD price: Pd323
Um: marginal utility.324
The USA is well endowed in natural resources and China in unnatural resources. At the beginning of325
the international trade, the USA will export wheat (indirectly the natural resources), product with high326
intensity of natural resources) and will import the DVD (indirectly the unnatural resources), product327
with high proportion of unnatural resources) from China with international or international equilibrium328
price of 2b/d (2 units of wheat for 1 unit of DVD) for example). This result indicates that the price of329
wheat has increased in USA compared to the autarky which was 3b/d. (3 units of wheat for 1 unit of330
DVD).331
The same international trade price shows that the price of DVD has decreased in the USA. The332
symmetric adjustment will take place in China, where Pb decreases and Pd augments. In the USA the333
wheat production augments and DVD production decreases. The natural resource’s demand will334
increase causing its price increasing. The proportion of natural resources in wheat production will335
decrease and the proportion of unnatural resources in the production of wheat will increase.  In the336
USA, the changing in the factors prices will modify production technique. The technique will be337
Unnatural resources intensive. In China, it is the reverse case. The technique will be intensive in338
natural resources whose price is decreasing.339
So in the USA, w/r augments and in China w/r decreases. At the general international equilibrium, we340
will have all prices leveling out because its changes are symmetrically reverse from a country to341
another.342
For the production functions with constant output, the minimum cost is a linear function of343
 of tf, depends on w et r344
Then:345 ( , , ) = . And = ( , )r) (11)346 = = ( , )for the DVD and (12)347 = ( , )for the wheat.348 = ( , )b) And = ( , )where = ℎ ). (13)349
This relationship is identical in the two countries. We deduce that the prices of goods and services350
leveling out take place in a corresponding manner of the prices of factors leveling out in all the351
countries. That is why I conclude that there is a convergence towards a constant rate of equilibrium352
growth in the case where the stocks of unnatural resources and the natural resources are superior to353
their equilibrium level.354
3.2- The model second component: Equilibrium approach to Intergenerational free trade and355
cross-generation volatility356
3.2.1- Foundations and hypothesis357

We are in a world of overlapping generations (or intergenerational trade) and there is no358
international trade so that each country operates in autarky conditions. Each generation has its initial359
endowments (at the beginning of the analysis) which are composed of natural resources and unnatural360
resources. Natural resources (all the physical environment) and unnatural resources (other resources)361
are the factors of production of the economy. Each generation has its own comparative advantages.362
Through these conditions, we can set the following analysis which is based on the common363
neoclassical understanding.364
3.2.2- Intergenerational drivers and cross-generation volatility365
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Let us consider two generations of a given country: the current generation (Gc) and the future366
generation (Gf). The two generations are separated by such a long time that the ordinary tradable367
goods cannot be stocked. The two generations have a nation’s status, so that we have a succession of368
nations in the same country. It is clear that each generation or nation has different initial endowments369
which are interdependent. If we suppose that all the generations of that country are co-owners of the370
resources of the natural country estimated to W, and if each generation life expectancy at birth is 100371
years, the country’s life expectancy at birth is 7,000 years for 70 generations. Each generation initial372
endowment is equal to W/70.373
During its time of life, the beginning nation (generation) should use its W/70 of natural resources and374
borrow natural resources from the following generations in different proportions wi. So the first375
generation total natural resources at the beginning of the first period are equal to376 + (14)377
With Σwij the debt of the first generation borrowed to the followings. The second generation’s total378
resources at the beginning of the second period is given by::379 − + +⋯+ ) (15)380
(k12 is what the first generation reimburses to the second in terms of unnatural resources). k12 should381

be equal to w12.     k12 is the first generation’s exports towards the second generation.  W12 is the first382
generation’s import from the second generation. The final generation total resources are equal to:383 − + = = ∗ + (16)384

The first generation will use its total natural resources to build the country (roads, schools, hospitals,385
airports, capital, research and development etc.) and to produce goods and services for its386
consumption. At the end of these 100 years, the second generation and the followings will have in co-387
ownership:388 − [ + (1 − )] (17)389
β : the self-consumption ratio (consumption by income unit) ; δ : the ratio of remaining natural390
resources and unnatural resources (a part of resources to be  reimbursed to the following generations).391
At the start of 101st year of the life of this country, we have as the remaining resources [(1 −392 )(1 − )] (18)393
The second generation natural and unnatural resources are [(1 − )(1 − )]. This generation will394
proceed like the first one and at the end of its life, the remaining resources is given by the following395
relation:396 [(1 − )(1 − )] − [(1 − )(1 − )][ + (1 − )] = [(1 − )(1 − )] which are the397
resources of the third generation.398
At the start of 201st year of the life of this country, we have as remaining resources399 [(1 − )(1 − )] (19)400
We notice that the new resources follow a law of geometric progression with (1-β)(1-δ) as the gain.401
The new resources at Nth generation are [(1 − )(1 − )] (20)402
The total amount of new resources is equal to the sum of geometrical progression with a gain inferior403
to 1. . We know that, that sum admits as limit the following expression:404 [( )( )] = [ ( )] = (21)405

The optimal growth multiplier is: [ ( )] (22)406
At the end of the first generation, we have two kinds of resources: the remaining natural resources and407
the remaining of unnatural resources. Unnatural resources are a sum of very different factors of408
production like techniques, know-how, capital, infrastructures, socioeconomic environment etc.409 = ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) i ≠ j (23)410
Gij (t) represents generation i’s real per capita consumption of generation j’s factors; P i(t) is the price411
of factor I, and Li(t) is the size of the population in generation i, each at time t.412
Next define aij (where 0≤aij ≤ 1) as a constant representing the share of generation j’s accessible413
natural resources that can actually be consumed by generation i as part of its own unnatural resources.414
According to Abramovitz’s social capability (1986), aij determines the potential of a generation to415
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consume existing technologies. Relatively to these definitions, the accumulation of unnatural416
resources in generation I may be written as417
Hi(t) = Φ[Σaijwij(t)Hj(t) ] + (Φ –δH)Hi(t) (24)418
Where Φ and δH represent the common productivity parameter and rate of depreciation of unnatural419
resources stock (obsolescence or otherwise), and it is assumed that Φ ≥ δH> 0420
Generation Gi’s measure of exchange with generation Gj, wij is:421
Wij = aij + aji πi/πj, i≠j                                                                                         (25)422
If, as I supposed it here, each generation maintains multilateral trade balance at every point in time, we423
have:424
Li(t) ΣPj(t)cij(t) = ΣPi(t)Lj(t)cji(t)       i≠j πi is a function of âij = [ ] (26)425
where tij: tariff of generation I on imports from generation j, :426
Taking into account the generation i dynamic behavior, the specification of equation (27) gives H(t) =427
Φ. H(t)428
Where H(t)  = H1(t), …, Hj(t) and429

430
431
432

Φ –δH Φ a12w12 … Φa1jw1j433
Φ=                   .434

.435

.436
Φaj1wj1 Φaj2wj2 … Φ –δH437

438
The intergenerational exchange matrix can, then, be written:439

w11 w12 ………….…w170440
w21 w22...…………..w270441

.442
Gij =              .                                      .443

.                                       .444
.445

w701 w702 …………….w7070446
447
448
449
450

The intergenerational matrix of prices is directly derived451
P11 P12 ………….…P170452

P21 P22...…………..P270453
.454

Pij =              .                                      .455
.                                       .456

.457
P701 P702 …………….P7070458

459
The study of intergenerational leveling out of goods and factors prices permit to understand cross-460
generation volatility mechanism.461
3.2.3- Analyzing intergenerational drivers and cross-generation volatility462
3.2.3.1- Sensitivity of intergenerational interdependencies463
The sensitivity of intergenerational interdependencies can be analyzed as the effectiveness of the464
intergenerational free exchange and the extent to which that exchange affects the prices in each465
generation. The intergenerational exchange description enables us to appreciate prices changes and466
their intergenerational transmission.467
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The natural resources, at the beginning, are to be divided equally among the 70 generations. The468
remaining of unnatural resources is the property of the preceding generation that could be viewed as469
the compensation of the natural resources used by this generation, but belonging to the following470
generations. It becomes clear that each generation consumes part of the resources of the following471
generations and reimburses that consumption with its remaining unnatural resources. This denotes a472
clear process of factors of production trade between generations. The goods and services are indirectly473
exchanged through factor's trade. This process of substitution enables us to postulate a transformation474
curve or the production possibilities frontier for each generation, the autarky prices or its comparative475
advantages. Each generation has its own endowments of natural and unnatural resources. It is possible476
for a generation to make arbitrage between the resources to export and those to import. If a generation477
chooses to consume more natural resources (imports) it means that it accepts to produce more478
unnatural resources for the next generations (exports) and vice versa. According to the generation’s479
demand for each good and service, we will have different comparatives advantages.  Each generation480
is then considered as a different nation exchanging with others. If we consider two factors of481
production (natural resources and unnatural resources), two generations (G1 and G2) and two goods482
(wheat and DVD), one should admit that there is a process of factors of production substitution483
between generations. The following generations lend to the preceding their part of the natural484
resources and receive in return the remaining unnatural resources abandoned by the first ones at the485
end of their life. Indirectly, the following and the preceding generations exchange goods and services.486
The following generations sell indirectly to the preceding generations goods and services that they487
would have produced with their parts of natural resources if they could appear at these preceding488
generations periods of life in exchange of the goods and services that the preceding generations would489
have produced with their remaining unnatural resources during the time of the following generations if490
they could live at that time. It is, therefore, possible to apply the neoclassical model of international491
exchange and our theory of intergenerational free trade should be written as follows: The factors of492
production not intensively used in the production of the goods and services which exist in abundance493
in a generation are « exported » to another generation in exchange for the factors of production used494
intensively in the production of the goods and services which should be scarce in that generation. It is495
indirectly the goods and services weakly consumed that are exported from a generation to another,496
whereas the goods and services highly consumed are « imported from other generations». ». The497
following generations would have had an abundance of goods and services which intensively use the498
natural resources, if at their life time they could have had simultaneously as many natural resources as499
possible and the present abundance of unnatural resources. Similarly, the present generation should500
have had an abundance of goods and services which intensively use unnatural resources if they could501
have had at their disposal as much as the following generations in addition to the present abundance of502
natural resources. The exports and the imports are really the intergenerational trade. In other terms, the503
following generations are selling natural resources intensive in the production of wheat, for example,504
or are indirectly selling wheat to the current generation in exchange for unnatural resources intensive505
in DVD production at the end of their life or indirectly the DVD. The DVD did not exist during the506
eighties, but preceding generations sold them to the current generations indirectly by legating them the507
inputs of the technologies or know-how necessary for their production.508
But, contrary to neoclassical international trade model, we make the hypothesis that only the factors of509
production are tradable. The final goods are not storable.510
In order to illustrate our intergenerational exchange model, let's consider the Edgeworth box511
The beginning allocation is W and the final is noted X. At point X a perfect equilibrium of production512
and consumption of the two generations is realized. Each generation improves its utility when passing513
from a lower indifference curve to the upper. At that point, produced and consumed quantities by all514
the generations (by pairs of two) are determined.515
When a generation chooses another initial allocation different from W (disturbance to516
intergenerational production possibilities), it is no more possible for this generation to reach the517
equilibrium point which is X on this graph 2. Since then, the generation and the related country518
are engaged in a great potential volatility which is varying with the distance separating the519
effective initial allocation (Wi) to the optimal initial allocation and with the sensitivity of the520
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interdependencies. Since then, the generation PPF is moving around the (WTF). The derived521
growth is not optimal (graph 5). Volatility function can be described by the following relation:522 − ) = ( − , . (28)523
ө is the intergenerational interdependencies sensitivity factor. That volatility becomes explosive524
(through other countries and generations) if the interdependencies are very sensitive.525
3.2.3.2- Cross-generation volatility526
On each market (capital, goods etc.), the volatility drivers are the prices and their flexibility. Let527
consider a general equilibrium case:528 ( − ) + ( − ) = 0excess demand for current generation                  (29)529 − + − = 0excess demand for the following generation       (30)530
(Pr/Pa) is intergenerational trade equilibrium price.531
When the intergenerational trade equilibrium price is known, we can build a program of cost532
minimization under production constraint like:533 = + (31)534
Subject to:535 = ( , )
We can, for example, establish iso-product unitary curves on one hand and iso-cost curve on the other536
hand. The solution of this program enables us to determine the optimal production corresponding to a537
minimum cost. This equilibrium is obtained at the tangency point of the unit iso-product curve and the538
lowest possible iso-cost curve; This point gives the intergenerational terms of trade leveling out and539
equivalency of the values of the goods and the factors exchanged. At that intergenerational540
equilibrium, the following relations can be identified:541
Umwheat/ wheat price = UmDVD/ DVD price. (32)542
We can also represent the situation of intergenerational free trade equilibrium through a system of iso-543
product curve for each good as a dual program;544
The current generation of France is well endowed in unnatural resources and the following generations545
in natural resources. At the beginning of intergenerational trade, “Current France” will export546
unnatural resources (indirectly the DVD, product with high intensity of unnatural resources) and will547
import the natural resources (indirectly the wheat, product with high proportion of natural resources)548
from the “Future France” with intergenerational equilibrium price of 3r/t for example. This result549
indicates that the price for unnatural resources has been augmented compared to the autarky which550
was 2r/t.551
The same intergenerational trade price shows that the price for natural resources has been reduced in552
the “Current France”. The symmetric adjustment will take place in the “Future France”, where P t553
decreases and Pr augments. In the “Current France”, the proportion of natural resources in wheat554
production will increase and the proportion of unnatural resources in the production of wheat will555
decrease.  In the “Current France”, the changing in the factors prices will modify production556
technique. The technique will be composed of more natural resources and less unnatural resources. In557
the “Future France”, it's the reverse case. The techniques will be intensive in unnatural resources558
whose price is decreasing. The substitution of natural resources to unnatural resources in wheat559
production causes the reduction of wheat price in « Current France ». A symmetric analysis indicates560
that the DVD price will decrease   and the wheat price will increase in Future France. So in the561
“Current France”, Pd/Pm augments and in the “Future France “ Pd/Pm decreases. At the general562
intergenerational equilibrium, we will have all prices leveling out because their change is563
symmetrically reverse from a period to another.  The intergenerational factors of production’s trade564
reduce the prices of rare factors of each period and enable the production of goods and services565
particularly consumed in the period. The reduction of period goods and services prices causes566
intergenerational trade earnings both for consumers and producers of the period.567
For the production functions with constant output, the minimum cost is a linear function of  of tf,568
depends on w et r. Then:569 ( , , ) = . et = ( , ) (33)570
In perfect competition, the profit maximization demands that the selling price Pat should be equal to571
the marginal cost. This means that:572
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= = ( , ) for the DVD and (34)573 = ( , )for the wheat.574 = ( , ) and = ( , ) where = ℎ (35)575
This relation is identical in the two generations. We deduce that the prices of goods and services576
level out in a corresponding way to the prices of factors leveling out in all the generations. That577
is why we conclude that there is a convergence towards a constant rate of equilibrium growth in578
the case where the stocks of “work” or unnatural resources and the natural resources are579
superior to their equilibrium level.580

581
4- Methodology582

Modern stochastic endogenous growth theory is used to study theoretically the relationship583
between long-term growth and short-term volatility. Nelson and Plosser (1982) have shown that the584
movements in the GNP tend to be permanent. Then F. Kydland and E. Prescott (1983) offered new585
skills for analyzing economic volatility and integrating growth and volatility (fluctuations). They have586
shown that macroeconomic time series are better characterized as non-stationary integrated processes587
rather than stationary processes around a deterministic trend. The finding of this theory is that the588
literature suggests that this relationship is ambiguous as well. This depends onthe structure of the589
models considered, the assumptions made about themechanisms generating endogenous technological590
change, and the values ofthe parameters assumed.591

In order to capture country choices effects (shocks) on other countries, I will study the592
movements of production possibilities frontier around the whole world frontier or the optimum level.593
These movements determine the countries trade through comparative advantages gained or lost.594
Levine Renelt control variables which define PPF enable to calculate international trade595
elasticity (ei – 1). The international trade elasticity is the absolute variation of international trade596
due to changes in the PPF and comparative advantages. In addition, in other regressions, my597
dummy variables are defined as shocks effects on production frontiers and subsequently are598
proxies to effects on international trade. If production possibilities frontier movements’ trend is to599
the left side, countries with higher standard deviation of growth should have their growth adversely600
affected if at the same time they lose their comparative advantages. Thus, international trade elasticity601
after a production possibilities frontier movement (ei) determines the sign of the relationship between602
growth and volatility. If (ei -1) < 0, the sign is negative and positive if (ei – 1) > 0 (Fig 1). Suboptimal603
choices should cause shocks. Overconsumption of natural resources by a country not integrally604
compensated by an equivalent measure of unnatural resources during some periods of 5 years (trend)605
moves PPF to the left side. Sub-consumption of natural resources not integrally compensated by an606
equivalent measure of unnatural resources moves PPF to the right side and the relationship between607
growth and volatility is positive.608
In order to test the first component model (how the changes in production factors’ supply affect609
international trade and growth volatility), I choose two sample countries to study these relationships:610
The first sample contains 25 OECD countries observed from 1980 to 2010. In the second sample, I611
will study the same relationship with 108 developing countries for the same period of time (1980-612
2010). The number of observations in the first sample is 588 and 3240 for the second. The reason of613
this choice is that each group of countries has intra-group similar production technologies. All the data614
are from the World Development Indicators.615

616
4.1- The methodology617
4.1.1- Intergenerational leveling out of prices of goods and factors test618

The question is: Do two generations of a nation separated by a very long period (100.200 .619
1000 . … years ) exchange goods and services ? We have already shown in our theoretical model that620
this kind of trade is real. For a nation with regular long run statistics of physical and social621
environment, the test is possible. We can calculate the quantities of factors of production for each622
generation or its generational comparative advantages, the quantities of goods and services exchanged,623
the autarky and intergenerational free trade prices and trade earnings. But for a nation in which such624
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statistics are not available it is possible to extrapolate by attributing the statistics of a similar nation625
(dimensions) and separated by centuries of civilizations. One is the future of another and vice versa.626
This assumption is based on the theory of economic convergence to a stationary situation. It means627
that different nations will present similar characteristics at different stages of their development.628
By using a simple data analysis (PCA), the coordinates of two generations on two axis enable to629
calculate what generation i exchanges with generation j and what this generation receives in return630
from generation j. This instrument is particularly efficient for that kind of analysis; A major631
component in Statistical Data Analysis is a group of very correlated variables. The major component is632
a new variable composed of other variables and has the role of instrumental (transformed) variable. In633
my model the factors of production (natural resources and unnatural resources) are really the groups of634
the factors of production. It is clear that a factor of production can appear as a major component in635
Data Analysis or an axis recall natural resources. The natural resources are composed of natural636
endowments like land, mineral resources and all physical environment. The unnatural resources are the637
elements of socioeconomic environment like capital, knowledge, infrastructures, output, etc.638
When a Statistical Data Analysis is conducted efficiently each axis represents one of the factors of639
production of my model. In my Statistical Data Analysis each generation is considered as a nation640
with its own coordinates on the axis. Thus the differentiation of the axis's coordinates represents the641
measures of what a generation exchanges with another generation. For example when I run Data642
Analysis based on statistics of 1990 on a sample of generations (G1. G2. …), I observe that a643
generation performance increases on one factor of production or axis and decreases on the other. The644
increase on an axis is the resources exportation of G1 to G2 and the decrease is a resource importation645
of G1from generation G2. The coordinates of G2 on axis 1 (unnatural resources) are the supply of646
unnatural resources due to G1 that this generation exports to G2.The coordinates of G2 on axis 2647
(natural resources),which indicate a decrease, are the remaining natural resources after G1 has used its648
part and a part due to G2 or to the following generations. This part due to other generations is the G1649
natural resources importations. So the difference between the coordinates on the same axis for a650
generation or country is the quantity of factor of production exchanged by the generation to receive in651
return a quantity of factor of production determined by the coordinates differentiation of the same652
generation on another axis. The ratio of exchanged quantities determines the TRS (Technical rate of653
substitution) between factors of production and its prices. When autarkic prices are known it is654
possible to appreciate if this resources exchange leads to intergenerational leveling out of prices of655
factors and goods or not.656

657
658

4.1.2- Cross-generation volatility test659
For the second component (how changes in production factors supply affect intergenerational trade), I660
will first consider France through five generations of 50 years with 10 witnesses. In the second case, I661
mix France five generations with the remaining of 124 countries considered as current generations.662

663
4.1.3- Multidimensional trade and the empirical evidence of the sign of the link between664
volatility and growth665
4.1.3.1- The multidimensional trade model666
4.1.3.1.1- Equilibrium667
In a multidimensional trade model, the first component interacts with the second component. Then, the668
relationships between intergenerational trade and international trade appear like the movements that669
are propagating vertically (through generations) and horizontally (current generations or the nations).670
We are in a world of overlapping generations and international free trade. It is clear that such671
movements are interfering to create a recursive, triangular or causal systems.672
Let’s start with the expressions of separate movements:673 ( ) = cos( − ) (36)674
for international trade.675 ( ) = cos( − ) (37)676
For intergenerational trade.677
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If these two flows have the same rhythm but different generation weights the macro-dynamic678
equilibrium is determined through the calculation of the multidimensional trade with the following679
relation:680 ( ) = ( ) + ( ) = cos( − ) for the multidimensional trade                        (38)681
If I develop (27), I obtain:682 cos cos + sin sin = cos cosφ + sin sin +683 cos cosφ + sin sin (39)684
Solving simultaneously:685 cos cos = cos cos + cos cos (40)686 M sin sin = sin sin + sin sin φ2 (41)687
It comes:688 cos = cos + cos (42)689 M sin = sin + sin ( (43)690
Then we calculate the amplitude of the multidimensional trade as follows:691 ( + ) = ( + ) + ( + ) + 2 (cos cos +692 sin sin (44)693 = + + 2 cos( − )(45)694

If the multidimensional trade is horizontal (φ1 = φ2)695
696

I have: = ( + )(46).697
In this case, I have a constructive multidimensional trade, because the multidimensional trade698

increases.699
But, if the multidimensional trade is vertical with different generation’s weight (φ1 = φ2 + π), I obtain:700 = ( − ) (47)701
Here the multidimensional trade is destructive as it decreases.702

Between the two extremes the multidimensional trade is varying with cos(φ1- φ2) or the cosinus of703
generation’s weight difference.704
I calculate a generation’s weight by dividing member by member the preceding equations:705 = (48)706
Finally, the multidimensional trade expression is :707 = + + 2 cos( − ) cos − (49)708

709
4.1.3.1.2- The multidimensional trade interdependencies and growth710
Let’s now consider this framework of simultaneous relations:711
S1t = β10 + δ11X1t +δ12X2t +µ1t (50)712
G2t = β20 + β21S1t+δ21X1t +δ22X2t + µ2t (51)713
M3t = β30 + β31S1t +β32G2t+δ31X1t + δ32X2t+ µ3t (52)714
Because of the interdependencies between the international and intergenerational trade, I postulate the715
simultaneous equations where, the S’s, G’s, M’s and the X’s are respectively, the endogenous and the716
exogenous variables. I know that trade externalities are such that cov (µ1t, µ2t) = cov(µ1t, µ3t) = cov µ2t,717
µ3t) =0. As I am in presence of the same period trade externalities in different equations, I assume that718
the µ are uncorrelated (the zero contemporaneous correlation):719
µ1 S720

721
µ2 G                                 (X1, X2)722

723
µ3 M724

725
726

I state that the condition of a recursive competitive equilibrium or a constant growth rate is set by cov727
(µ1t, µ2t) = cov(µ1t, µ3t) = cov µ2t, µ3t) =0728
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When I consider the first equation, we see that it contains only the exogenous variables on the right-729
side and because of the assumption of the non-correlation with trade externalities µ1, this equation730
satisfies the critical assumption of a constant and optimal growth rate.731
Next, consider the second equation which contains the endogenous variable S1t as an explanatory732
variable along with non-stochastic X’s. Now the same critical constant growth rate is also satisfied733
because S1t and734
µ2t are uncorrelated. Is this so? I answer yes, because, in fact,µ1 which affects S1t is by assumption735
uncorrelated with µ2. In this model S1t is a predetermined variable insofar as G2t is concerned. In the736
same reasoning, we argue that the critical constant growth rate is satisfied for the third equation737
because both S1t and Y2t are uncorrelated with µ3.738

Thus, in this recursive system the growth rate is constant in each equation separately.739
Currently, we do not have an interference equation problem in this situation. From the structure of740
such systems, it is clear that there is no interdependency among the endogenous variables. Thus S1t741
affects G2t, but G2t does not affect S1t. Similarly, S1t and G2tinfluence M3t without in turn, being742
affected by M3t. We conclude that in such a system, each equation exhibits a unilateral causal743
dependencies and assures to all economies and generations the same and constant optimal growth rate.744

745
4.1.3.1.3- The dichotomy between growth and business-cycles746
In my theoretical model, the multidimensional trade expression is:747 = + + 2 cos( − ) cos − sin + sincos + cos
This equation expresses the interferences of the two components (international trade and748
intergenerational trade) of the macro dynamic equilibrium, (Fig 1). I interpret that equation as a749
(WTF) which increases in the efficiency of natural resources are obtained at the cost of declines in the750
efficiency of unnatural resources. Solow growth model based on a constant saving rate implies that the751
movements in and of the (PPF) cannot occur (Pareto efficiency criterion). In such a model, there is no752
economic volatility (constant growth rate). When a country or a generation chooses suboptimal753
initial allocation different from W (disturbance to intergenerational/international (PPF), it is no754
more possible for this country or generation to reach the equilibrium point which is X on this755
graph 1 or 2. Since then, the country or generation is engaged in a great potential volatility756
which is varying with the distance separating the effective initial allocation (Wi) to the optimal757
initial allocation and with the sensitivity of the interdependencies.758

The model, with its great emphasis on theoretical skills, introduces new types of economic agents (the759
generations) and the importance of optimal choices as the intergenerational and international760
interdependencies drivers. First, my models enhance the importance of intergenerational choices in761
growth programs related to economic volatility.762

The second important property of these models is that the equilibrium and the stability of the economy763
are determined on the  one hand by the macro dynamic and international interdependencies and on the764
other hand by the state of international and intergenerational interests or needs, and society’s optimal765
resources allocation.766

The third property developed in the present models is the canonical relationship between767
intergenerational and international equilibrium. The two dimensions are closely linked; it is not768
possible to have one without the other. All the disequilibria in an economy (unemployment, budget769
deficits, internal and external disequilibrium and economic volatility) are the result of non-coincidence770
of intergenerational and international equilibriums. The three properties above are very important in771
the understanding of the current economic volatility and they provide solutions to problems that affect772
economies and globalization. The findings of this study may put some light on the process of773
sustainable development and optimal growth and may also ensure a long run economic stability.774

775
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5- SOLUTION776
5.1- The model first component test: Cross-country empirical evidence on the equilibrium777
approach to the international free trade and economic volatility778
5.1.1- Cross-sectional variation in volatility779
In this section, I test the relationship between growth and volatility. Thus, we will follow Ramey and780
Ramey’s four steps procedure (1995): First we study the relationship between growth and volatility781
through a very simple model. In the following steps, I introduce conditioning variables in order to782
determine the robustness of the link. Two kinds of volatility will be studied: volatility of growth and783
volatility of innovations to growth. I will so measure the impact of each type of volatility on average784
growth rate. The role of investment will be studied as well. In developing countries, international785
trade is supposed to be the mean growth (grgdp) key factor (75-90%) so that in my tests on786
developing countries, movements in (grgdp) are proxies to international trade movements. In787
these circumstances, Levine renelt control variables 1) the average investment fraction of GDP ;788
2) the log of the initial GDP per capita ; 3) initial human capita ; and 4) the average growth of789
the population which define (PPF) enable to calculate international trade elasticity (ei – 1). In790
addition, in other regressions, my dummy variables are defined as shocks effects on production791
frontiers and subsequently are proxies to effects on international trade.792
But, it is important to prevent that at this level of the exercise, the relationship between growth793

and volatility is the first component of the whole relationship because international trade794
interferes with intergenerational trade in the context of a multidimensional trade.795
5.1.1.1- The test: first step796
We choose to study these relationships on two samples of countries: The first sample is composed of797
25 OECD countries observed from 1980 to 2010. We study the same relationship in the second sample798
including 108 developing countries for the same period (1980-2010). All the regressions in this paper799
refer to the period (1980-2010). The reason of this choice is that each group of countries is assumed to800
have similar production technologies. All the data are from the World Development Indicators.801
5.1.1.1.1- Testing the relationship between Mean and volatility of growth802
At this first step, it is important to examine the basic nature of the cross-country relationship between803
growth and volatility.  At this end, I calculate the mean and the standard deviation of per capita annual804
growth rates for each country. The result of regression of mean growth (grgdp) on the standard805
deviation of growth (vol) for 108-country sample from 1980 to 2010 is in the tables 1a, 1b and 1c.806
In the first 108-country sample, the relationship is positive and statistically significant but, in the807
second 25 OECD-country sample, I find a negative relationship. In Ramey and Ramey’s study (1995)808
the coefficients were negative for the first sample and positive for the second sample. In my case, I809
deduce that countries with higher year-volatility in growth rates tend to have higher growth rate in810
developing countries and lower growth rates in OECD countries. These results are not surprising when811
we consider the great stagnation and instability which has characterised the second sample during the812
period 1980-2010. But, in the case of the first sample, the nature of technologies indicates that growth813
sources are different. Thus, it becomes useful to introduce other important characteristics of these814
economies in order to see the evolution of the relationship shown by the regressions previously.815
The models to be studied are :816 = + + (1a)817
εit σ²i)                           (1b)818
i = 1, ...,I     t= 1, ..., T819
grgdpi :the growth rate of output per capita for country i in year t (the log difference)820
σi :the standard deviation of the residuals, εit ; εit is the deviation of growth from the value predicted821
based on Xit variables, which are different across countries but not across time822
Xit :the vector of control variables823
Θ : the vector of coefficients, common across countries824

denotes the link between growth and volatility and is the most important parameter to be examined.825
The vector of control variables, X proposed by Levine and Renelt (1992) is a set of the most important826
variables for cross-country growth analysis. They are a large set of commonly employed variables.827
These variables play the most important role in (PPF)’ movements. They are defined as 1) the average828
investment fraction of GDP ; 2) the log of the initial GDP per capita ; 3) initial human capita ; and 4)829
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the average growth of the population. In 108-country sample, the human capital is taken as the average830
years of schooling for individuals in the total population over 25 years of age and the percentage of the831
relevant population in secondary schools for the 25 OECD-country sample. Thus, for this model, I will832
use a Maximum likelihood procedure on panel data strongly balanced. The number of observations for833
108-country sample is 3240 and 630 for the other sample which becomes a 21-country in this834
specification.835
The regression’s results are presented in the Tables 2a and 2b.836
In this specification the coefficients of the regressions of mean growth on volatility in the two samples837
have the same negative signs which are respectively (-0.618) and (-0.295) for the first and the second838
samples and are statistically significant at more than 1% significance level.. The introduction of839
control variables has improved the significance of the relationship between mean growth and volatility840
which appear now with the same negative sign. These variables have strengthened the negative841
relationship that link mean growth to volatility in the  OECD sample and reversed the sign for 108-842
country sample relatively to the first basic specification. The relation examined becomes economically843
significant and expresses the commonly accepted theory that countries with higher year- volatility in844
growth rates tend to have lower growth rates in each country.845
. In this model we can see that international trade elasticity after a production possibilities846
frontier movement (ei) determines the negative sign of the relationship between growth and847
volatility ( ei -1 < 0). See table 2a (bis) and table 2b(bis). Grgdp or international trade elasticity848
(ei) is negatively correlated to the movements’ trend of national PPF defined by (gdppccp, inv,849
h_c, aapgr).850

Even though the key control variable is initial GDP per capita, I observe that average851
investment share of GDP appears in this model with a negative coefficient in both samples, but the852
relationship becomes normal when I regress mean growth on the control variables without growth853
variance (vol). We should conclude that, contrary to Ramey and Ramey’s study, the volatility produce854
an adverse effect on the relationship between growth and investment. Thus, other studies show that the855
negative relationship between mean growth and volatility exists despite average investment fraction of856
GDP is omitted so that there seems to be no systematic effect of controlling for investment.857

If the United States is chosen as comparison country the statistics estimated indicate that there858
is substantial variation in the volatility across country and the relation studied is formally negative.859
5.1.1.1.2- Testing the relationship between innovation variance and growth860

In order to examine the uncertainty in the relationship between growth and volatility, we861
consider the above model and change the content of control variables. These variables are of two862
kinds: the measures of variables at the beginning of the sample and the forecasting863
- variables measured at the beginning of the sample864
1) Inv :The investment fraction of GDP in the initial year of the sample ;865
2) aapgr : the growth rate of the population in the first two years of the sample866
- Forecasting variables :867
1) Two lags of log level of GDP per capita868
2) A time trend869
3) A time trend squared870
4) Four seasonal dummy variables (Q1t, Q2t, Q3 and DOtt) whose role is to capture specific871
effects. When a country choice is suboptimal, its production possibilities frontier is in movement.872
Under these conditions the seasonal dummy variables which are defined below and Arch/Garch873
method permit to link the movements of (PPF) and their interactions with international trade,874
growth rate and volatility.875
Following Hendry’s method (1974), we use the combination of trend and seasonal dummy variables to876
model specific effects. In order to model these trend, seasonal and special effects, define new variables877
as follows:878

Q1t = {-1 for 1980-94, 0 otherwise879
Q2t = { 1 for 1994-2000, 0 otherwise880
Q3t = {-2 for 2000-2010, 0 otherwise881

T = t = 1, 2, 3, ..., 30882
DT1t = Q1.T , DT2t = Q2t . T , DT3t = Q3t. T883
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DOt={1 for 1987(1) and 1998(1) ; -1 for 1987 (2) and 1998(2) and 0 otherwise.884
The variables Q1t, Q2t and Q3t are seasonal dummy variables. As the estimated model will include an885
intercept term and the joint presence of all four dummy variables and an intercept term would make886
the estimation procedure break down. The variable T is a time trend. The variables DT1t, DT2t, DT3t887
allow for multiplicative seasonality where the absolute value of the seasonal effect changes over888
time depending on our estimations of PPF movements and their interactions with international889
trade. Thus international trade elasticity after a production possibilities frontier movement (ei)890
should determine the sign of the relationship between growth and volatility. If ei -1 < 0, the sign891
should be negative and positive if ei – 1 > 0.892

Thus the consecutive values of DT1t are -1, 0, 0 ;  DT2t are 0, 1, 0 ; DT3t are 0, 0, -2893
The equation to be estimated is :894 = + + − 2 + + + + + − 2 + 1+ 2 + 3 + + 1 + 2 + 3 + +
The results of this regression are given in tables 3a and 3b.895
In this new framework, it is clear that the relationship between the mean growth and innovation896
volatility is also negative, indicating that countries with higher innovation volatility will have lower897
mean growth rates.  Our results confirm the studies of Ramey and Ramey. Using two samples 24-898
OECD and 92-country sample from 1950 to 1988 and 1960 to 1985 respectively Ramey and Ramey899
growth rates on a group of explanatory variables in which we find the standard deviation of output900
growth. They find that the standard deviation of output growth has a significant negative effect on901
mean growth.902
. In this model we can see that international trade elasticity after a production possibilities903
frontier movement (ei) determines the negative sign of the relationship between growth and904
volatility ( ei -1 < 0). See table 2a (bis), table 3a(bis), table 3b(bis). Grgdp or international trade905
elasticity (ei) is negatively correlated to the movements’ trend of national PPF defined by906
(gdppccp, inv, h_c, aapgr).907
But, two problems remain pendant. The initial investment share of GDP and human capital, defined908

as the level of employment for 21 OECD-country sample and as the average years of schooling for909
individuals in the total population over age 25 for the first sample, are negatively correlated to the910
mean growth.  When I regress the same equation without volatility, the signs of these variables911
become positive and significant as we can see.912
grgdpit = 0 .0034053inv  + 0.0034703 aapgr+0 .9999967hc -0.0021678   gdppccp+….913

I conclude that high volatility is negatively associated to investment and human capital914
(unemployment increases) in 21-OECD sample and school drop outs in the first sample.915
4.1.1.1.3- Testing the robustness of country-specific control for growth volatility916
The question here is: does the inclusion of different country-specific control variables affect the nature917
of the relationships tested above? In order to investigate that, we are going to extract all the control918
variables which were statistically significant in volatility regression through time and countries919
(countries) and see the impact of these variables in new time and country-fixed effects models. This is920
done by the introduction of dummy variables for each country. At this end, we estimate the country921
specific forecasting equations for government-spending growth as follows:922
Govexp = f(two lags of the log level of GDP per capita, two lags of the log level of government923
spending per capita, a quadratic time  trend, four dummy variables and a constant term)924

Then by testing the relationship between the variances of the innovations in the growth925
equations and the squared forecast residuals of the government spending equation, we will obtain the926
measure of volatility which depends on time and countries. It is therefore easy to be definitely fixed on927
the sign of the relation that links volatility to growth.928
The equations estimated are:929 = + + (1a)930
εit῀N(0, σ²it) vol²it= a0 + a1 û²it (1b)931

grgdpit: the growth rate of output, volit : the standard deviation of residuals, X ;the932
vector of control variables and û²it : the square of estimated residual for country i in period t from933
government –spending forecasting equations.934

The regression results are presented in tables 4a-4h.935
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This regression gives us the forecast residuals of government spending. Then by regressing the936
variances of the innovations in growth on the squared forecast residuals of the government-spending937
(i.e vol²it= a0 + a1 û²it ), we will obtain the measure of volatility as function of both time and938
countries if the relationship estimated is statistically significant. The next and final step is to test if we939
have a positive or negative relationship between growth and volatility by introducing in other940
regressions time and countries fixed effects.941
The estimation of the following equation vol²it= a0 + a1 û²it gives:942
We see that the relationship is negative but the coefficient is not strictly different from zero. If943
we consider that this relationship exists, we have the measure of volatility that depends on time944
and countries. Then our final regressions should show the panel variation in volatility.945
These regressions in tables 4c and 4d show that volatility is negatively linked to output growth946
and variances of the growth innovations are related to the squared innovations in government947
spending. But the relation between government expenditures and the government volatility of948
output is positive.949

These regressions confirm the previous negative relationship between growth and volatility950
with variables statistically significant. Thus, the presence of country or time fixed effects do not951
change the nature and the robustness of the relationship between the two key variables in this study952
(growth and volatility).953
In this case, we can see that international trade elasticity after a production possibilities frontier954
movement (ei) determines the positive sign of the relationship between growth and government955
expenditure volatility ( ei -1 < 0). See table 4a (bis). d2_gdppccp or international trade elasticity956
(ei) is positively correlated to the movements’ trend of national PPF defined by ( inv, h_c, aapgr957
innovar).958

959
5.2- Second component: Intergenerational trade empirical evidence960
5.2.1- Test with a simple statistical data analysis961
We have to apply the conclusions of the pure theory of international trade (presence of comparative962
advantages or proportions of factors, the international tradable goods leveling out of prices, trade963
earnings) to a model of intergenerational free trade.964
5.2.1.1-Computing intergenerational leveling out of prices of goods and factors through965
Statistical Data Analysis966

Let us consider 22 African and European countries and two kinds of variables (natural967
resources and unnatural resources). The natural resources variables are: 1) Arable surface area968
(SUPTA).a Wooded surface area (SUPTB).3) Resources of renewable water. 4) Mineral resources969
(CRESMIN). Unnatural resources variables are represented by: 1) GNP/capita (PIBRT). 2)970
Urbanization rate (TUR). 3) Green House Effect Emissions (INDICE SERR). 4) Pure water971
consumption (WATERCONSUMP). 5) Inhabitants number per physician (NH/M) . 6) Life972
Expectancy at birth (ESPER). 7).The scientific diploma (ND). 8) Number of years of education973
(NAE). 9) Scientific and technicians number (NS).974
5.2.1.2- The results975
On the components matrix and on coefficients of components matrix. Axis 1 represents the unnatural976
resources supply whereas Axis 2 is the supply measure of natural resources.977

Let make two generations coordinates differentiation on one of the axis (Switzerland1880 and978
Switzerland1990). We obtain unnatural resources quantity exported by Switzerland1880 (axis 1). The979
coordinates differentiation on axis 2 for Switzerland1880 and Switzerland1990 gives the quantity of980
natural resources imported by Switzerland1880. It now comes to evidence that Switzerland1880 has981
exported unnatural resources to Switzerland1990 and imported natural resources from Switzerland1990.982
This means that Switzerland1990 is ready to accept that its part of natural resources can be used by983
Switzerland1880 generation and to receive in return the rights to unnatural resources generated by984
Switzerland1880 to be supplied in 1990.985
This exchange in order to correspond to an optimal growth should be a dual program cost986
minimization under production constraints (see relation 12) or a primal program utility maximization987
under cost constraint relatively to (10) and (11).988
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According to (14-16).one should choose a point on the isoquant associated with the lowest possible989
iso-cost curb. That is the tangency condition. This point of tangency determines intergenerational990
equilibrium prices. To calculate these prices one can write :991 ( ∗. ∗)ΔΚ + ( ∗. ∗)ΔΚ = 0 (44)992

This relation expresses the fact that on a factorial component any factor of production negative993
variation must be integrally compensated by a positive variation on the other factorial component in994
order to maintain the same level of production like a variation of (∆K. ∆R).In (45) replacing the995
marginal productivity by factors prices it comes : w∆K + r∆R  = 0    From what we extract:996 = − = ( ∗. ∗)( ∗. ∗) = ( ∗ ∗) (45)997
The technical substitution rate is determined by the exportation/importation ratio   (the ratio of factors998
price).999

According to what precedes Switzerland1880 has exported towards Switzerland1990 and1000
imported natural resources from Switzerland1990. The ratio of export and import determines the1001
intergenerational technical rate of substitution between the two factors and the equilibrium prices. On1002
the factorial axis we have :1003 ΔΚ = 1.21418 − (−0.28219) = 1.49637for axis 11004 Δ = 0.00123 − (−1.07981) = 1.088104 2ΔΔΚ = 1.0881041.49637 = 0.7271624
And as = − = −0.7271624 for which the absolute value represents the intergenerational1005
unnatural resources price in terms of natural factors.1006

The intergenerational unnatural resources price in terms of natural resources should rule both1007
in Switzerland1880 and Switzerland1990 in order to enable inter-intergenerational optimal growth. This is1008
intergenerational factors and goods prices leveling out.1009

The autarky prices of the generations are calculated as follows:  ( )1880 gives the autarky price1010

of Switzerland1880 whereas ( )1990 determines Switzerland1990 autarky prices. Their values are1011
respectively 3.82653531 and 0.00101303.1012
As intergenerational trade equilibrium price is within autarky interval of prices we deduce on the one1013
hand that this kind of exchange is profitable to the generations and. on the other hand that the1014
intergenerational prices leveling out is possible and should causes the optimal growth through all the1015
generations. This conclusion should hold only if each generation is realizing its international1016
maximization of the utility which depends on international free trade.1017

5.2.2- The empirical evidence with Edgeworth box1018

Let consider three generations of France of 25 years: 1965- 1990 or G1. 1990 – 2015 or G2 and 2015-1019
2040 or G3. Each of the three generations produces and trade two factors of production: natural and1020
unnatural resources.1021
We have the following factors of production and exchange description:1022
Suppose that the current factors of production are exchanged against \future factors of production1023
between the generations. France's intergenerational tradable resources could be determined as follows:1024
G2 produces 60 000 billions Euros GNP value in France in 2015.. This GNP is divided in 40 0001025
billions Euros of natural resources and 20 000 billions Euros of unnatural resources1026
Exchange description:1027
Between G2 and G3 : G2 supplies €60 000 billions of unnatural resources to G3 and receive €40 0001028
billions of natural resources1029
Between G1and G2 : G1 supplies €20 000 billions of unnatural resources to G2 and receives €20 0001030
billions of natural resources.1031
France intergenerational factors of production trade equilibrium should be determined as follows :1032
Generation G1.with its 54 million of inhabitants has a comparative advantage in the production of1033
maize because of the abundance of natural resources; In trading unnatural resources for current natural1034
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resources in return we indirectly exchange wheat for DVD more easy to produce with G2 generation1035
because of the future abundance of unnatural resources. Social goods (health. freedom.1036
unemployment. education. inflation. knowledge and technology.GNP per capita capital) and the stock1037
of unnatural resources legated by G1 to G2 are determined by material and immaterial investment that1038
are represented the intermediate consumptions in terms of natural resources.1039

As France's stationary population should be 61 millions in 2000.the stationary generation with1040
a high density of population will have less natural resources but more unnatural resources to produce1041
complex goods which are difficult to produce now.1042
This optimal management of natural and unnatural resources should induce efficiency in the1043
management of consumable goods (actual and future) and should assure the intergenerational universe1044
sustainability.1045
5.2.3- Cross-generation volatility evidence1046
For the second component (how changes in production factors supply affect intergenerational trade), I1047
will first consider France through five generations of 50 years with 10 witness generations. In the1048
second case, I mix France five generations with the remaining of 124 countries considered as current1049
generations. For the results, see table 5a and table 5b. The relationship between growth and volatility,1050
under overlapping generations hypothesis, is positive, confirming Mirman conclusion “ if there is a1051
precautionary motive for saving, then higher volatility should lead to a higher saving rate, and hence a1052
higher investment rate which is positively linked to growth”. But, in this case, generation PPF1053
movements’ trend is indeterminate, because two control variables are positively linked to growth rate1054
and two other control variables are negatively linked to growth rate (table 5a bis). It is possible that the1055
relationship between growth and cross-generation volatility would be positive if I consider control1056
variables with their weight (t-stat). In that case we should expect to meet very often over-optimal1057
growth than suboptimal growth because the first generations tend to mortgage the capacities of future1058
generations (absence of intergenerational leveling out of prices of goods and factors).1059

1060
5.3- The model: Evidence on multidimensional suboptimal trade and the sign of the link between1061
growth and volatility1062

In order to study the relationship between growth and volatility in the context of1063
multidimensional trade, I will follow three steps: 1) In the first case, I consider France through five1064
generations of 50 years with 10 witness generations; 2) In the second case I mix France five1065
generations with the remaining of 124 countries; 3) I will mix France five generations with the1066
remaining of 124 countries and observe the sign of the relationship between growth rate and growth1067
volatility and with control variables.1068
This first step shows that the intergenerational relationship between mean growth and volatility is1069
positive but not statistically significant.1070

1. The second step: mixing France five generations with current countries corresponds to the1071
reality of macrodynamic trade. Each country is currently trading both intergenerationally and1072
internationally (Fig 1). The results of that regression are presented in the following table.1073

In that case, the relation is negative but not statistically significant.1074
2. The third step1075

We mix five generations in France with the remaining of 124 countries and observe the relationship1076
between growth rate and growth volatility with the control variables. The regression results are in1077
tables 5a-5c.1078

In this case the relationship is negative and statistically significant and closely linked to the1079
neoclassical theory. In this model we can see that multidimensional trade elasticity after a1080
production possibilities frontier movement (ei) determines the negative sign of the relationship1081
between growth and volatility ( ei -1 < 0). See table 5a (bis). Grgdp or multidimensional trade1082
elasticity (ei) is negatively correlated to the movements’ trend of nation and generation PPF1083
defined by (gdppccp, inv, h_c, aapgr).1084

6- CONCLUSIONS1085
This paper has reported on a larger scale econometric study of the sign of the relationship between1086
average growth and growth volatility of GDP per capita as the results of the disturbance to production1087
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possibilities’ interactions with intergenerational free trade, international free, trade and the1088
multidimensional trade. In the equilibrium, the sign of the relation between endogenous growth and1089
business cycles volatility is linked to the movements (left or right side) of production possibilities;1090
some countries are under the optimal choice side and others are above this critical point of natural and1091
unnatural resources optimal management. Tests have focused on cross-generation and cross-country1092
evidence on the link between growth and volatility. If production possibilities frontier movements’1093
trend is in the left side (lower values of Levine and Renelt control variables) countries with higher1094
standard deviation of growth shall have their growth adversely affected if at the same time they loose1095
their comparative advantages. The sign is positive in other cases. Thus international trade elasticity1096
after a production possibilities frontier movement (ei) determines the sign of the relationship between1097
growth and volatility. If ei -1 < 0, the sign is negative and positive if ei – 1 > 01098

With regards to theory, a new optimal growth mechanism (based on multidimensional trade)1099
has been presented. The stability (volatility) is the consequence of intergenerational and international1100
interdependencies’ optimality (inefficiency). Disturbance to sustainable growth mechanism is the main1101
factor of economic volatility. The study concludes that the sustainable growth generated through the1102
optimal growth, is a general dynamic Walrasian equilibrium or the paretian optimum. Thus, the1103
volatility is the consequence of the disturbance to production possibilities or the disturbance to1104
sustainable development process.1105

In an equilibrium, the negativity or the positivity of the relationship between endogenous1106
growth and business cycles volatility is linked to the relation in instability function on Edgeworth box.1107
Some countries may be under the optimal choice side and others on above this critical point of natural1108
and unnatural resources optimal management.1109

Another limitation of endogenous growth literature is that it neglects the implications of the1110
interactions of the main economic process described in the multidimensional trade for economic1111
stability. The rhythm of growth processes developed in these models can be very different from one1112
period to another and the orthogonally of these processes can lead to explosive states in terms of1113
economic volatility.1114

In this sense our models on the one hand help to understand the negativity or the positivity of1115
the relationship between growth and volatility and on the other hand our fourth model appears as an1116
explanation of the current economic volatility helps to prevent the great disturbances in economic1117
potential stability and growth.1118

According to the neoclassical model, the economic stability is closely linked to the optimal1119
growth. In a world characterized by strong and sensitive economic interdependencies, instability1120
becomes permanent if each disequilibrium in a country or in a generation is easily transmitted to other1121
economies or generations. By the same way the general equilibrium determined by the1122
interdependencies optimality (resources optimal allocation through generations and nations) is the1123
main factor of the stability. It becomes now more and more clear that all the choices in the world are1124
intergenerationally and internationally interdependent and their impact on economic volatility is1125
evident. The decisions in a given country/generation affect the stability of other countries/generations.1126
Hence the optimal growth and the stability occur only when the economy is on its frontier of the1127
production possibilities or is in a general equilibrium. The general equilibrium is the expression of the1128
intergenerational and international interdependencies optimality. This situation which is the natural1129
characteristic of the economy means that all the advantageous exchanges have been done and all the1130
economic agents are completely satisfied (Paretian equilibrium criterion).1131
It comes that the international equilibrium even though cannot be solely obtained (without1132
intergenerational condition) because of the interferences are the result of the global optimal resources1133
allocation. But it is important to say that this condition cannot be realized in a limited country because1134
each resource’s productivity increases with its free circulation in the whole world. Similarly the macro1135
dynamic equilibrium depends on both intergenerational and international resources optimal allocation.1136
According to these conditions an economy could not reach an optimal growth and the stability without1137
taking into account the past, current and the future generations’ interests. This analysis shows two key1138
elements of the sustainability: the international and intergenerational equilibrium. The two elements1139
lead to the sustainable development or the general equilibrium.1140

1141
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Relationship between mean growth and volatility,1320
with Levin-Renelt control variables (see Figures and tables file)1321

13221323
Table 1b : The sign of the link between growth and volatility with a sample 108 countries1324
Variable Definition Coefficient T-stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Intercept

F(1, 106) = 0,66
R- squared = 0,0204

R-adjusted =0,003

- Ecart-type du taux de
croissance
(fluctuations)

Constantet

0.039

0.012

0.810

3.54

0.048

0.003

-0.0568

0.0053

0.136

0.0188

1325
1326
1327
1328

Table 1c : The sign of the link between mean growth and volatility with a sample 108 countries1329
(endonnées de panel)1330

1331
Variable Definition Coefficient T- Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Intercept

Log likelihood=4493,291

- Ecart-type du taux de
croissance
(fluctuations)

Constante

-0.544

0.0342

-56.55

33.18

0.0096

0.0010

-0.5629

0.03225

-0.5252

0.0362

1332
Tableau 1d : The sign of the link between growth and volatility with a sample 25 developed countries1333

1334
1335

Variable Definition Coefficient T-stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Intercept

F(1, 106) = 0,48
R- squared = 0,0204
AdjR-squared=0,0222
Log likelihood=4493,291

- Ecart-type du taux de
croissance
(fluctuations)

Constante

-0.0048

0.0274

-0.69

2.84

0.0069

0.0096

-0.0192

0.00742

0.0095

0.0473

1336
1337

The image part w ith relationship ID rId100 was not found in the file.
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1338
2 step étape ; introduction of  Levin and Renelt. control variables1339
The models to test are in the following form:1340
grgdpit = λvoli + θXit +εit (1a)1341
εit N(0, σ2i) (1b)1342
i = 1, ...,I t= 1, ..., T1343
grgdpi average annual growth in GDP / head for country i and year t (obtained in1344
taking the differences of logarithm).1345
σi: is the standard deviation of the residues, εit; εit is the standard deviation of growth obtained from predicted values based on Xit variables. Xit variables differ1346
from one country to another1347
, From one year to another. Xit: is the vector of the control variables Θ: is the vector of the coefficients common to the countries of the sample; λ denotes the1348
relationship between growth and volatility and is the most important parameter in this specification. The vector of control variables, X proposed by R. Levine and1349
R. Renelt (1992) are the most important variables for the analysis of the growth of the countries. These variables are defined as follows: 1) "inv" Share of average1350
investment in GDP; 2) (gdppccp): the logarithmof the GNP / initial head (at the beginning of the period); 3) hc or hc-residue when hc is purged of the difference1351
between observed and predicted values obtained using a partial regression of hc on other control variables; aapgr: average growth rate of the population. In the1352
sample of 108 countries, human capital is the average number of years of schooling of individuals in the population aged 25 and over. But in OECD countries,1353
human capital is the secondary enrollment rate as a percentage of the relevant age group. For regressions, we will use the maximum likelihood method on panel1354
data. The number of observations for the sample at 108 countries is 3240 and 630 for the sample of 25 developed countries.1355
Table 2 : Relationship between the mean growth and the volatility with Levin-Renelt control variables.1356
Table 2a :The sample of 108  countries1357

1358
1359
1360
1361
1362
1363
1364

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Gdppccp

Inv

aapgr

hc_residu

Intercept
Log likelihood=4624,73
Prob>chi2(5)= 0,000
Prob>chi2(5)= 0,000

- Fluctuations de la
croissance du PNB/tête
-PNB/tête initial

-part des
investissementsdans le
PNB
-Taux de
croissanceannuelmoyen
de la population
-Capital humain initial
-Constante

0.6189

-0.003847

0.0012

-0.002511

0.003233

0.0342

-76 ?89

-9 .69

32.09

-9.3

1.85

15.78

0.0080

0.00039

0.00038

0.00027

0.00017

0.0021

-0.6347

-0.0046

0.001151

0.00304

-0.00019

0.029

-0.6032

-0.003068

0.0013012

-0.001982

0.00666

0.03846

1365
1366
1367

Table 2b : The sample of 25  countries1368
1369
1370

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Gdppccp

Inv

aapgr

hc_residu

Intercept
Log likelihood=677,85

- Fluctuations de la
croissance du PNB/tête
-PNB/tête initial
-part des
investissementsdans le
PNB
-Taux de
croissanceannuelmoyen
de la population
-Capital humain initial
-Constante

-0.2956

-0.03305

0.00027

-0.03507

0.04960
0.1069

-23.97

-4.77

0.64

-18.05

11.20
3.47

0.01233

0.006932

0.00042

0.00194

0.004429
0.03077

-0.3197

-0.04664

0.0005637

0.03887

-0.04092
0.04658

-0.2714

-0.01946

0.0011147

-0.031264

0.05828
0.167234

1371
1372

Step 3: Test of the relationship between innovation variance and growth1373
In order to examine the stochastic part of the relationship between growth and investment, we take the above model while changing the content of the1374
control variables. Thus, we have two types of variables: the measure of variables at the beginning of the period and the predictors X. The variables to be taken1375
into account in this new specification are:1376
- Variables measured at the beginning of the period 1) Inv: the average share of investment in GDP at the beginning of the period; - aapgr: the average annual1377
growth rate of the population at the beginning of the period.1378
- Predicted variables:1379
1) GDP per capita delayed by two periods1380
2) The trend of time1381
3) The trend of time squared1382
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4) Four dummy seasonal variables (Q1t, Q2t, Q3t and DOt) whose role is to capture the specific effects. These variables are defined below.1383
Table 3a: Sample of 21 OECD panel data countries (see book (see Dynamics of trade and volatility)1384
Table 3b: The 108 country sample and panel data regression (see Dynamics of trade and volatility1385 = + + − 2 + + + + + − 2 + 1 + 2 + 3 + + 1 + 2+ 3 + +

1386
1387
1388
1389

Table 3: Relationship between average growth and volatility of innovations1390
Step 4: Test the robustness of country-specific control of growth volatility1391
The question here is: Does the introduction of different countries with specific effects affect the nature of the relationship tested here? In order to make this1392
investigation, we will extract all the control variables that are statistically significant in the regression of volatility in terms of time and country and observe the1393
impact of these variables on the new fixed-effects models in the time and space (country). This is done by introducing dummy variables for each country. To this1394
end, we estimate country-specific equations for growth in government expenditures as follows:1395
Govexp = f (Log of GDP / head lagged by 2 periods, government expenditure log per capita1396
Delayed by 2 periods, a quadratic time trend, 4 dummy variables and a constant term)1397
The equations to be estimated have the following form:1398
grgdpit = λvolit + θXit +εit (1a)1399
εit῀N(0, σ2it) vol2it= a0 + a1 u2it (1b)1400

1401
1402

Table 3a: 21 OECD country- sample panel regression1403
1404
1405

Variable Definition Coefficient T- Stats. Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Gdppccp

Inv

hc_residu

aapgr

gdplag2

q1t

q2t

q3t

dot
trend

t-sqrd
Intercept

Log likelihood=-657,57
Prob>chi2= 0,000

Ecart type de la
croissance(volatilité de la
croissance)
-Log du PNB/tête Initial
-Part de
l’investissementmoyendans
le PNB
-Capital moyen initial

-Taux de
croissanceannuelmoyen de
la population
-Log du PNB/tête retardé
de 2 périodes
-Variables factices
saisonnières

‘’

-Trend du temps

-Trend du temps au carré
Constante

-0.2634

5.092

-0.016

-0.00007

0.08225

-5.036

-0.1294

-0.060

0.0645

-0.0436

-0.0111

0.00088
-0.1309

-18.49

19.55

-14.83

0.87

14.47

-19.59

-6.81

-4.09

9.61

-4.07

-7.74

14.00
-4.19

0.1424

0.2604

0.0010

0.00009

0.0056

0.2571

0.019

0.01469

0.0067

0.0107

0.00144

0.00006
0.03123

-0.291

4.58

-0.018

-0.0000

0.071

-5.54

-0.166

-0.088

0.051

-0.064

-0.013

0.000
-0.192

-0.235

5.60

-0.013

0.000

0.093

-4.53

-0.092

-0.031

0 ;077

-0.022

-0.083

0.001
-0.069

1406
Table 3b: 108-country sample panel regression1407

1408
Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Gdppccp

Inv

hc_residu

aapgr

gdplag2

- Fluctuations de la
croissance du PNB/tête
-PNB/tête initial

-part des
investissementsdans le
PNB

-Capital humain initial

-Taux de
croissanceannuelmoyen
de la population
-log du PNB/tête initial
retardé de 2 périodes
-Variables factices
saisonnières

-0.0363

1.263

0.0000

-0.0026

-1.262
-0.0014

0.0000

-4.35

285.12

2.49

-1.81

10.35
-286.02

-6.57

0.0083

0.0044

0.0000

0.0001

0.0002
0.0044

0.0002

-0.052

1.254

0.0000

0.0005

0.0021
-1.27

-0.0018

-0.019

1.271

-0.000

0.000

0.0032
-1.25

-0.000
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q1t

q2t

q3t

dot

trend

t-sqrd

Intercept

Log likelihood=-6257,18
Prob>chi2= 0,000

Constante

0.1222

-0.0034

-0.0028

-0.0012

0.132

-0.016

-

2.37

4.05

-1.31

-2.35

-0.89

3.5

0.0000

0.0030

0.0026

0.0011

0.0013

0.0037

0.0000

0.0063

-0.0086

-0.0051

-0.0038

0.0058

0.0000

0.018

0.0017

-0.000

0.0014

0.0206

1409
1410
1411
1412

Table 4a : Regression of governmental expensive on the the Levin-Renelt control variables (world technologye frontier) and dummy control variables1413
1414

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

loggdplag2

govexplag2

trend

q1t

q2t
q3t
dot

Intercept
Log likelihood=-

1517,92

- log du PNB/tête initial
retardé de 2 périodes
-log du dépensesgouvern
/tête initial retardé de 2
périodes

-Trend quadratique du
temps
-Variables saisonnières
factices

‘’
‘’
‘’

Constante

-0.064

0.957

0.223

-2.684

-0.831

0.513
0.75
-1.897

-0.47

107.94

6.14

-3.85

-1.65

2.15
2.03
1.319

0.136

0.0088

0.0364

0.697

0.503

0.2388
0.37
1.319

-0.3323

0.94

0.152

-4.05

-1.818

0.045
0.0274
-4.484

0.203

0.974

0.2955

-1.317

0.1559

0.9818
1.4788
0.6897

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max
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govexp

Vol1

Gdppccp

Inv

h-c

aapgr

loggdplag2

trend

t-sqrd

_Cons

Log likelihood=-775,99
Prob>chi2= 0,000

-Croissance des
dépensesgouvernementales

-Fluctuations dues aux
dépensesgouvernementales

-Log -PNB/tête initial
-part des
investissementsdans le
PNB
-Capital humain initial
-Taux de
croissanceannuelmoyen de
la population

-log du PNB/tête initial
retardé de 2 périodes

-Variables factices
saisonnières
t-sqrd

Constante

Log likelihood=-775,99
Prob>chi2= 0,000

-0.4083

-2.224

0.0296

-0.0023

0.0414

2.1778

-0.0331

0.0007

-0.0802

-50.37

-2.45

11.21

-4.37

2.02

2.41

-4.17

3.18

-0.79

0.0081

0.9077

0.0026

0.00054

0.0204

0.903

0.0079

000224

0.1020

-0.424

-4.003

0.0244

-0.0034

0.0012

0.406

-0.487

0.0001

-0.280

-0.392

-0.445

0.034

-0.0013

0.0816

3.949

-0.0175

0.0011

0.1197

1415
The estimation of the following relation  vol²it= a0 + a1 û²it gives:1416
Table 4b : Regression of the standard deviation of innovations on the square of standard deviation of residuals of the equation of the governmental expensive1417

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol2

Residu2

Random-effect GLS
regression
R-sq : 0,0026

Ecart-type des
innovations

Carré des résiduséquation
des
dépensesgouvernementales

0.000045

3 .2829

-1.31

2.14

0.000034

1.5342

-0.00001

0.275

0.00002

6.289

1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436

Table 4c: Regression  of the rate of governmental expensive (govexp)  on the trend of resources (control variable contributing to WTF)  and on the dummy1437
variables and on 4 time trend variables and the  LOG of GDP of 2 periods lag1438

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max
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Volgov

Gdppccp

Inv

h-c

aapgr

loggdplag2

trend

t-square

_Cons

Log likelihood=-1824,3
Prob>chi2= 0,000

-Croissance des
dépensesgouvernementales

-Fluctuations dues aux
dépensesgouvernementales

-Log -PNB/tête initial

-part des
investissementsdans le
PNB

-Capital humain initial

-Taux de
croissanceannuelmoyen de
la population

-log du PNB/tête initial
retardé de 2 périodes
-Variables factices
saisonnières
-Constante

6.484

-48.53

-0.261

-0.057

-5.554

48.125

-0.1422

0.0047

37.75

348.09

-8.0

-10.62

-22.17

-22.13

7.97

-2.24

2.70

39.29

0.018

6.05

0.024

0.0025

0.25

6.041

0.063

0.0017

0.961

6.44

-60.42

-0.31

-0.062

-6.045

36.284

-0.266

0.0013

35.87

6.52

-36.64

-0.21

-0.052

-5.06

59.96

-0.0177

0.0082

39.64

1439
1440
1441
1442
1443

Table 4d : : Regression  of the rate of  per capita growth on the trend of resources (control variable contributing to WTF)  and on the dummy variables and on the1444
fixed effects of countries1445

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

grgdp

Vol1

Gdppccp
Inv

h-c

aapgr

q1t
q2t
q3t
dot

loggdplag2

Intercept

Log likelihood=-739,27
Prob>chi2= 0,000

-Taux de croissance du
PNB/tête
- Ecart-type du taux de
croissance
--PNB/tête initial
-part des
investissementsdans le
PNB
-Capital humain initial
-Taux de
croissanceannuelmoyen
de la population
-Variables factices
saisonnières

‘’
‘’

- log du PNB/tête initial
retardé de 2 périodes
Constante

-0.4706

-2.4613

0.0234

-0.00227

0.0305

-0.2364

-0.1853
0.04517
-0.3703
2.4219

-0 .2399

-94.26

-14.27

26.64

-21.44

4.69

-6.9

-5.42
2.61
-1.42
14.18

-5.58

0.0049

0.1724

0.00088

0.000106

0.0065

0.0342

0.03418
0.0173
0.02602
0.1707

0.0429

-0.48

-2.79

0.0217

-0.0024

0.0177

-0.3035

-0.2523
0.1119
-0.088
2.087

-0.3241

-0.460

-2.123

0.025

-0.002

0.043

-0.169

-0.118
0.079
0.013
2.756

-0.155

1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
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1463
1464

Table 4e: Regression  of the rate of governmental expensive (govexp)  on the trend of resources (control variable contributing to WTF) and on the dummy1465
variables with countries fixed effects1466

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

govexp

Volgov

Govexplag2

Gdppccp

Inv
h-c

aapgr

q1t
q2t
q3t
dot

loggdplag2
_Cons

Log likelihood=-
1465.637
Prob>chi2= 0,000

-Croissance des
dépensesgouvernementales

-Fluctuations dues aux
dépensesgouvernementales

-Log des
dépensesgouvernementales/tête
retardé de 2 périodes

-PNB/tête initial
-part des investissementsdans
le PNB
-Capital humain initial
-Taux de
croissanceannuelmoyen de la
population
-Variables factices saisonnières

‘’
‘’
‘
- log du PNB/tête initial
retardé de 2 périodes
Constante

1.43

0.8312

-106.20

0.01598

-0.010

-0.528

-0.3201

-0.0554
-0.0076
-0.888
106.5

3.50

26.95

96.22

-22.64

0.63

-5.39

-4.32

-0.52

-0.10
-0.03
-4.29
22.76

3.41

0.0532

0.00863

4.69

0.0253

0.00189

0.116

0.6147

0.568
0.2931
0.2071
4.6788

1.028

1.329

0.814

-115.40

-0.0336

-0.0139

-0.7572

-1.5251

-1.169
-0.5822
-1.2949
97.33

1.4928

1.5381

0.8482

-97.01

0.0656

-0.0064

-0.2988

0.8848

1.0584
0.567
-0.4827
115.67

5.524

1467
1468

Table 4f: Regression  of the rate of governmental expensive (govexp)  on the trend of resources (control variable contributing to WTF)  and on the dummy1469
variables with countries and time fixed effects1470

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

govexp

Volgov

Govexplag2

Gdppccp

Inv

h-c

aapgr

q1t

q2t

q3t

dot

loggdplag2
_Cons

Log likelihood=-
1465.637
Prob>chi2= 0,000

Croissance des
dépensesgouvernementales

Fluctuations dues aux
dépensesgouvernementales

Log des
dépensesgouvernementales/tête
retardé de 2 périodes

-PNB/tête initial

-part des investissementsdans
le PNB

Capital humain initial

-Taux de
croissanceannuelmoyen de la
population

Variables factices saisonnières

‘’

‘’

‘
- log du PNB/tête initial retardé
de 2 périodes
Constante

-0.4633

-0.00024

-3.794

0.0219

-0.00229

0.04497

-0.08047

-0.2913

0.0306

0.01267

3.7438

0.03296

-0.00113

-0.2373

-62.91

-14.98

-19.65

25.65

-17.17

9.04

-1.91

-6.88

1.43

1.13

19.45

18.37

-23.10

-4.95

0.0073

0.00001

0.1930

0.00085

0.00012

0.00497

0.0421

0.04231

0.0214

0.1122

0.1924

0.00179

0.00004

0.04795

-0.4777

-0.0002

-4.1724

0.02029

-0.0024

0.03521

-0.1631

-0.3742

-0.0114

-0.0093

3.3666

0.02944

-0.0012

-0.3313

-0.4489

-0.0002

-3.415

0.02364

-0.0019

0.0547

0.0022

-0.2083

0.0727

0.03466

4.1209

0.0364

-0.0010

-0.1433
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1471
1472
1473
1474

Table 4g: Regression  of the rate per capita growth on the trend of resources (control variable contributing to WTF)  and on the dummy variables with countries1475
and time fixed effects1476

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

grgdp

Vol1

Govexplag2

Gdppccp

Inv

h-c

aapgr

q1t

q2t

q3t

dot

loggdplag2

trend
t-sqrd

_Cons
Log likelihood=--

691.47
Prob>chi2= 0,000

Taux de croissance du
revenu/tête

-Ecart-type du taux de
croissance(fluctuations)

Log des
dépensesgouvernementales/tête

-log PNB/tête Initial

-part de
l’investissementmoyendans le
PNB

Capital humain initial

-Taux de
croissanceannuelmoyen de la
population

Variables factices saisonnières

‘’

‘’

‘’

-log du PNB/tête initial retardé
de 2 périodes

Trend du temps

Trend du temps au carré

Constante

25.32

107.94

-23.72

11.87

-2.60

-5.50

-0.01

-0.12

-0.68

-0.39

23.76

-4.52

3.3

4.39

0.0492

0.0079

5.145

0.026

0.0021

0.1912

0.8377

0.6883

0.3048

0.2857

5.1379

0.06774

0.0021

1.443

1.1498

0.8456

-132.15

-0.0023

-0.0096

-1.4275

-1.6543

-1.2691

-0.8051

-0.6718

112.03

-0.4387

0.0028

3.5109

1.342

0.8769

-111.98

0.1009

-0.0013

-0.6776

1.6295

1.4291

0.3898

0.4483

132.17

-0.1732

0.1122

9.1694

1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
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1513
1514
1515
1516
1517
1518

Table 4h: Regression  of the rate of governmental expensive (govexp)  on the trend of resources (control variable contributing to WTF) and on the dummy1519
variables with countries and time fixed effects.1520

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

govexp

Volgov

Govexplag2

Gdppccp

Inv

h-c

aapgr

q1t

q2t

q3t

dot

loggdplag2

trend
t-sqrd
_Cons

Log likelihood=-
1465.54
Prob>chi2= 0,000

Croissance des
dépensesgouvernementales

Fluctuations dues aux
dépensesgouvernementales

Log des
dépensesgouvernementales/tête
retardé de 2 périodes

-PNB/tête initial

-part des investissementsdans
le PNB

Capital humain initial

-Taux de
croissanceannuelmoyen de la
population

Variables factices saisonnières

‘’

‘’

‘’
- log du PNB/tête initial
retardé de 2 périodes
Trend du temps
Trend du temps au carré
Constante

1.246

0.861

-122.07

0.0492

-0.005

-1.052

-0.0123

0.08000

-0.2076

-0.1117

122.101

-0.3060
0.007
6.34

25.32

107.94

-23.72

11.87

-2.60

-5.50

-0.01

-0.12

-0.68

-0.39

23.76

-4.52
3.3
4.39

0.0492

0.0079

5.145

0.026

0.0021

0.1912

0.8377

0.6883

0.3048

0.2857

5.1379

0.06774
0.0021
1.443

1.1498

0.8456

-132.15

-0.0023
-0.0096

-1.4275

-1.6543

-1.2691

-0.8051

-0.6718

112.03

-0.4387
0.0028
3.5109

1.342

0.8769

-111.98

0.1009
-0.0013

-0.6776

1.6295

1.4291

0.3898

0.4483

132.17

-0.1732
0.1122
9.1694

1st step1521
Table 5a: Mean growth and growth volatility with a sample of 8 France  generations (1800-2000)1522

Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

_Cons
Log likelihood=531.59
Prob>chi2= 0,000

Std Dev. De la vol de la
croissance)
Intercept

0.0125969

0.0159509

0.98

2.81

0.012909

0.0056704

-0.012

0.0048

0.0378

0.02706

Table 5b: Mean growth and growth volatility with a sample of 8 France  generations (1800-2000) with Levin-Renelt control variables1523
Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Gdppccp

Inv

hc

aapgr

-Volatilité de la croissance)

-log GDP initial par tête

-Part de
l’investissementmoyendans
le  GDP

-Taux de
croissancemoyenne de la
population

-Capital humainmoyen

0.02892

-0.0040

0.00128

-0.00652

1.25

-0.51

2.27

-1.63

0.02312

0.0078

0.00056

0.00401

-0.0164

-0.0193

0.00017

-0.0143

0.07424

0.01134

0.00238

0.00133
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Intercept

Log likelihood=543,46

-Constante
-0.0132

0.0678

-1.95

1.56

0.00679

0.0433

-0.0265

-0.0172

0.00008

0.1528

1524
1525
1526

Table 5c: Test of Mean growth and growth volatility with a sample of 108 countries and its  generations (multidimensional trade)1527
Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Intercept
F(1. 127)=0.01
R-squared :0.0001
Adj R-squared= -0.0078

Std Dev. De la volatilité
de la croissance)

Constante

0.0125969

0.0159509

0.98

2.81

0.012909

0.0056704

-0.012

0.0048

0.0378

0.02706

1528
Table 5d:1529
Test of Mean growth and growth volatility with a sample of  8 generations of France trading with all the generations of the 2 samples.1530

1531
Variable Definition Coefficient T-Stats Std. Dev. [95%Conf.Interval] min [95%Conf.Interval]max

Vol

Gdppccp

Inv

hc

aapgr

Intercept
Log likelihood=543,46

-Volatilité de la croissance)
-log PIB initial par tête
-Part de
l’investissementmoyendans
le  PIB
-Capital humainmoyen
-Taux de
croissancemoyenne de la
population
Constante

-0.3836

-0.0027

0.0009

-0.002121

-0.0015

0.03519

-186.22

-8.84

27.06

-15.92

-6.45

17.02

0.00206

0.0003

0.00003

0.00013

0.00023

0.0020

-0.3876

-0.0033

0.00084

-0.00238

-0.00199

0.0311

-0.379

-0.0021

0.00097

-0.0018

-0.0010

0.0392

1532
1533
1534
1535
1536

1537

1538

1539

1540

1541

1542

1543

1544
1545

Fig1: Impacts on growth of World and Intergenerational PPF’ s movements1546
1547

DVD



36

1548

1549

1550

1551

1552

1553

C11554

I11555

i1556

1557

1558

1559

1560

1561

1562

1563

1564

1565

1566

1567

1568

1569

1570
1571

1572

1573

Nations  and generations PPF
movements trend  under the
world PPF with or without
Engel effects : The relationship
between growth and volatility
is negative. At optimal level,
thereis no fluctuation

WHEAT

DVD

WHEAT

WHEAT

WHEAT

S1

D1

S2

D2

D3

S3

S1

D1

D2

Price
D3

S3

S1
S1

C1

S2

Price with Engel  effects

Price

Price with Engel  effects

C2

C3
C2

C3

grgdp
The image part w ith relationship ID rId105 was not

grgdp
The image part w ith relationship ID rId104 was not

grgdp
The image part w ith relationship ID rId106 was not

grgdp
The image part w ith relationship ID rId103 was not

grgdp
The image part w ith relationship ID rId102 was not

grgdp
The image part w ith relationship ID rId101 was not

Price

Price

Grgdp : optimal growthGrgdp : suboptimal growth Grgdp : overoptimal growth

Nations and generations PPF movements trend
above the world PPF with or without Engel
effects : The relationship between growth and
volatility is positive. At optimal levelthereis no
fluctuation

ΔYi ΔYi

CHINA : G*c, G*fUSA : Gc, Gf

PPF(1)

PPF(0)

PPF(0)

PPF(1)


