ECON/SØK 475 International trade

Lecture 7: Economic Geography

Introduction

Economic activity tends to cluster in space. This fact is evident for everybody who thinks about it. In North America, Europe and East Asia economic activity is abundant, while Africa and parts of Asia are economic ‘plain lands’. The same applies for economic activity within continents and also within countries.

Plan for the lecture:

· Some evidence on spatial differences in economic activity

· Some mechanisms in economic geography

· A model of ‘core and periphery’

Literature:

P. Krugman (1991) Geography and Trade

Some evidence

Spatial economics in the world economy.

Countries do about as well as their neighbours in terms of GDP per capita.

Figure 1

Moran Scatterplot of GDP per capita levels, 1990
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The figure shows normalised GDP per capita levels in 104 countries in the world (normalised to vary around zero) on the vertical axis and an inversely distance weighted average of other regions (so that close countries get a higher weight) on the horizontal axis.

Spatial economics in Europe.

Central regions do well, peripheral regions do worse.

Figure 2
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The figure shows GDP per capita levels amongst 112 European regions on the vertical axis and the regions’ market potential on the horizontal axis.

Market potential of region i:  (BNPj/distanceij, i(j

Conclusion:

Rich countries are clustered together apart from poor countries.

Rich European regions have large market potential, poor regions have small market potential. This implies that poor regions are peripheral and rich regions are central.

Why does geography matter? 

The obvious answer is that transaction costs increase with distance. Transactions costs that increase with distance are transportation costs, search costs, costs of time used in transportation and control and management cost.

How does geography matter?

Some mechanisms in economic geography:

A) Knowledge spillovers.

Firms tend to cluster together in order to learn from each other’s knowledge bases. Prime example is Silicon Valley: Many knowledge intensive firms are established there. In order to learn from these firms, new firms enter.

There is some evidence that knowledge spillovers are local in scope. This will be discussed in later lectures.

B) Labour market pooling.

Firms tend to cluster together because there a local thick markets for specialised skilled labour. If firms experience varying sale, it might be better to cluster together because they don’t all experience low and high sale at the same time.

C) Linkages

When there are increasing returns in production, firms want to establish few production sites. When there are transportation costs, firms tend to establish themselves where the markets are large. 

Markets are large where firms choose to establish. Why is this?

A) Firms use each other’s products as intermediates (see Krugman and Venables, 1995).

B) Workers move with firms so that markets grow with the number of firms.

An interesting mechanism

An interesting mechanism of integration and economic peripheries is provided by Krugman (1991).

There is an industry that can locate in a ‘central’ region or a ‘peripheral’ region. There are increasing returns in production, so the industry will prefer to establish in one region. In the ‘central’ region costs are high, but market access is good. In the ‘peripheral’ region costs are low, but market access is less good.

What will happen when transportation costs are reduced?  There are two effects: it facilitates locating production where costs are low (in the periphery), but it also facilitates location production in one location only to realise economies of scale. 

	
	
	
	Transportation costs
	

	
	Production costs
	High
	Medium
	Low

	Centre
	10
	3
	1.5
	0

	Periphery
	8
	8
	4
	0

	Both
	12
	0
	0
	0


Cheaper to produce in the periphery than in the centre because of lower costs. Cheapest to produce in one location because there is economies of scale (12>10>8). 

Production in both regions minimise transportation costs. Production in the centre involves lower transportation costs than in the periphery because the market is larger in the centre. 

If transportation costs are high production will take place in both regions (12<13<16).

If transportation costs are low (zero) production will take place in the periphery.

If transportation costs fall from high to intermediate, production will relocate from the periphery to the centre (10+1.5=11.5 while 8+4=12).

A model of core and periphery

Note that there are some printing errors in appendix A in Krugman (1991).

Assumptions

Assume a country with to regions, East and West.  There are two types of products, agricultural and manufactured goods.

Agricultural production is homogenous, produced under constant returns and perfect competition.

Manufactures consist of differentiated goods, subject to economies of scale and are sold under monopolistic competition.

Utility is given by
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( denotes the budget share of manufactured goods, Cm, so that 1-( denotes the budget share of agricultural goods, Ca. This follows from maximisation of utility under a budgetary constraint (cf. appendix to this lecture or lecture note 4 from Arne Melchior). 

Cm is a CES aggregate of manufactured goods given by
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Ci denotes consumption of variety i of manufactured goods. With the CES-aggregate of consumption of manufactured goods and if there are many varieties, producers of each variety will face an elasticity of demand equal to (minus) ( (cf. lecture note 4 from Arne Melchior). 

There are assumed to be two types of factors of production, specific to each sector.

There are in total 1-( farmers who are immobile and who work in agriculture. Farmers are divided equally between the two regions so that each region has (1-()/2 farmers. 

There are in total ( workers who are mobile and move to the region that offers them the highest wages. 

The assumption that there are ( workers and 1-( farmers (so that their relative numbers are the same as the budgetary share of manufacturing and agricultural goods) is a normalisation that makes their nominal wages equal.

The assumption that workers are mobile and farmers are immobile is important. This is what determines the market size in the model. 

· Each region will have at least a population equal to their agricultural population, (1-()/2. 

· At most one region will have a population equal to their agricultural population plus the total population of workers, (1-()/2+(=(1+()/2. In that case the other region has a population equal to (1-π).

In manufacturing, there are increasing returns to scale. The use of labour to produce xi units of variety i is given by:
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( -denotes fixed costs (in terms of use of labour)

( - denotes marginal costs (in terms of use of labor)

There are transportation costs involved in transporting manufactured goods from one region to another. These costs are modelled as so-called ‘iceberg’ costs. That is, if one unit is sent from East to West, only a fraction, (<1, arrives. Transportation within one region is assumed to be costless.

This modelling technique is frequently used in economic geography and has the advantage that one does not need to model a distinct transport sector. 

On the other hand, transportation of agricultural goods is assumed to be costless. This is a simplification that ensures that the nominal wage rate and the price of agricultural goods are equal in both regions. 

Pricing and competition

In manufacturing, producers face an elasticity of demand equal to (minus) (. Let pi denote the price of variety i and w the wage rate. 

Profit maximisation implies
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and since (=-(dx/dp)(p/x), we have
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That is, the pricing rule involves a constant markup over marginal costs. Prices are equal for all producers so hereafter, the subscript is suppressed. 

There is free entry in the market for manufactured goods, so profits are equal to zero in equilibrium and prices become:
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Note that 5) means that prices are equal to average costs. 

Now insert the expression for prices
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into eq. 5). Use this to obtain the expression for produced quantity per firm:
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Average costs relative to marginal costs is a measure of returns to scale in production. In this model we have:
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Therefore, in this model economies of scale are a function of ( in the sense that ( inversely measures the importance of increasing returns.

Now, if a region has a manufacturing labor force equal to Lm (though keep in mind that each region’s labour force is endogenously determined), its number of firms is given by:
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Is a core-periphery pattern sustainable?

We now ask: Given a situation in which all manufacturing is agglomerated in one region, is this situation an equilibrium? That is, will it be un-profitable for firms to establish production in the de-industrialised regions?

Assume that East is the industrial centre and has all the manufacturing production and that West only has agricultural production. 

As will become clear, there are two ‘centripetal’ forces that contributes to sustain the agglomerated outcome and one ‘centrifugal’ force that countervails it.

The centripetal forces are

· A desire of firms to locate close to the larger market.

· A desire of workers to move to the largest market where manufactured goods are cheaper (since they are not due to transportation costs in the industrialised region). 

The centrifugal force is

· Firms’ incentives to move out to serve the peripheral markets (consumers here are peasants and constitute their own market).

Now, normalise all income in the economy to be equal to one. Therefore income in East, YE, and income in West, YW, sum to one, YE+YW=1. Since ( denotes the share of expenditures used for manufactured goods and all income is wage income, ( denotes total income from manufacturing and 1-( denotes total income from agricultural production. 

In the agglomerated situation, in which all manufacturing production is in East, we have:

8) YE=(1-()/2+(=(1+()/2

9) YW=(1-()/2

Sales per manufacturing firm in East (in the initial situation in which all manufacturing production is in the East) is:

10) SE=(/n

i.e. total manufacturing production divided by the number of firms. 

This includes the transportation costs, which is the part of the transported good that ‘melts’ away during transport, (.

Now, in this situation, is it profitable for any firm to start producing in West? The strategy to answer this question is to derive an expression for sales of a firm that starts production in West and compare this with the sales of an eastern firm.

To start production in West, firms will need to attract workers. In West prices of manufactured goods are 1/(>1 times those in East (due to transportation costs). Therefore the price index will be (-(>1 higher in the West than in the East (cf. the appendix or lecture note 4 from Arne Melchior).

Manufacturing firms in West therefore have to pay a nominal wage that are (-( times the wage in East.

Prices were given in eq. 4) as constant markups over marginal costs:
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Prices charged by western firms will therefore be:
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Above, superscripts W and E denote prices charged and wage paid by firms in West and East, respectively.

Prices faced by consumers differ from the prices charged by producers because of transportation costs.

Consumers in East pay higher prices for western goods by the fraction 1/(>1 so the relative consumer price for western goods in East is
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By the same logic, consumers in West pay higher prices for eastern goods by the same fraction, so the relative price for western goods in the West is
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Above, subscripts W and E denote prices faced by consumers in West and East respectively. 

We now want to derive an expression for sales of firms that establish production in West.

With the preferences assumed, relative consumption of two varieties, say i and j, is given by (cf. appendix or lecture note 4 from Arne Melchior):
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Relative expenditure is therefore
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Therefore the value of sales for a firm that starts production in West is 
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Now, insert for income in East and West from eq. 8) and 9) and for the relative consumer prices from eq. 12) and 13) to obtain:
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Since the sales of eastern firms are (/n, the relative sales of western firms to eastern firms (given the agglomerated point of departure) are:
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Firms charge a constant markup over marginal costs. They will therefore have an operating surplus. This surplus covers the fixed cost (. ( itself is incurred in labor. Remember that workers in West have to be paid a nominal wage that is (-( higher than that in East. 

Therefore, in the situation when all manufacturing production is agglomerated in East, it will be profitable for a firm to start production in West if

SW/SE>(-(>1. 

When this is not the case, agglomeration is a possible equilibrium.

Now, define the variable
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We therefore have the conclusion that

If K>1 – the core-periphery pattern is not a possible equilibrium

If K<1 – the core-periphery pattern is a possible equilibrium

Observe that K is a function of the parameters in the model, K=K((,(,(). 

( denotes the share of manufactured goods in consumption

( denotes the inverse of transportation costs

( denotes inversely the importance of economies of scale in the economy

We now want to investigate the impact on K of changes in these variables. 

A mathematical rule that will be made use of is the following:
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The impact of (
Derivate K with respect to ( to obtain
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Here, the first term is negative since ln(()<0.

The second term is also negative since ((-1<(-((-1)
Therefore, the effect of ( on K is negative.

The higher share of manufacturing in the economy the more likely is a sustainable core-periphery pattern.

There are two reasons for this. The first is that with a higher share of manufacturing in the economy, the wage premium that has to be paid by a firm establishing in West is higher (remember that price index in West is (-( times that in East). The second reason is that the relative size of the core market in East becomes stronger the higher is (.

The impact of (
( denotes the share of manufactured goods that melts away during transportation, so 0<(<1. Increased ( denotes reduced transportation costs or, more widely, economic integration. 

Note the definition of K:
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First: When (=1, there are no transportation costs. In this case K is given by:
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Therefore, when (=1, location is irrelevant.

Second: When ( becomes very small (the case when transportation becomes very costly), K approaches:
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This results follow because (-1+((1+())>0. 

If (1-((1-())<0, K becomes arbitrarily large as ( decreases. 

If (1-((1-())>0, K goes to zero when ( decreases. This is the case when economies of scale are so important or the share of manufactures is so large, that workers have a higher real wage in the region with the higher manufacturing sector even if transportation costs are infinite.

Now derivate K with respect to (:
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The sign of this expression is generally ambiguous. However, for ( close to one, we find:
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In conclusion, therefore, we have:

When ( is small, K is large (when (1-((1-())<0).

When ( is close to 1, K=1

When ( approaches 1, (K/((>0

A graphic representation of how K varies with ( is the following figure:
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Remember that when K<1, the core-periphery pattern is sustainable. Therefore, full agglomeration in the economy becomes possible only for relatively low transportation costs (high ().

The impact of (
Derivate K with respect to (:
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To evaluate eq. 20), compare it with eq. 19):


[image: image30.wmf](

)

(

)

(

)

[

]

s

s

ps

t

p

t

p

t

s

t

sp

t

-

-

-

-

+

-

+

=

¶

¶

1

1

2

1

K

      

)

19

2

K


The first terms in eq. 19) and eq. 20) have opposite signs. Similarly, the second terms have opposite signs. 

Therefore, the effect of ( on K is the opposite of the effect of ( on K.

So if
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If the effect of ( on K is negative, reduced transportation costs reduce K and therefore increase the probability of agglomeration.

If this is the case, increased importance of economies of scale (reduced () also increase the probability of agglomeration.

Conclusion, summary and discussion

Summary

We have presented a model of possible core and periphery patterns in a two regions economy. There are economies of scale in production of manufactured goods and there are transportation costs. Because of economies of scale, there is only one producer of each variety. Because of transportation costs, firms will have a tendency to establish in the largest market. 

In this model a driving force is mobile labour. Workers move to the region in which real wages are the highest. Firms want to establish in the region where market access is best. Market access is best where firms and workers are already located. 

A countervailing force is the incentive to serve distant markets which are populated by ‘landlocked’ farmers.

For specific parameter values, in particular low transportation costs, important economies of scale and a large share of manufacturing goods in the economy, a core-periphery pattern is a possible outcome. 

In this situation, all manufacturing production agglomerates in the core while the periphery becomes de-industrialised.

Possible extensions of the model

There are other models which give similar results. Krugman and Venables (1995) present a model in which firms use each other’s products as factors of production. In this model firms prefer to be located close to each other. Reduced transportation costs may result in agglomeration of industry also in this case.

An important limitation is that the core-periphery model is for two regions only. In some models, more regions are included. In such models, there may be one or more ‘cores’ depending on the parameters of the model. However, it may be difficult to establish which regions become cores after transportation costs are reduced (see Krugman, 1991, ch. 3). 

Policy relevance

We did not carry out welfare analysis. For agricultural workers who are landlocked, real wages increase the lower the price index in their region. Therefore, welfare increases with the size of the manufacturing sector located in their region and with reductions in transportation costs. For the landlocked part of the population welfare first increases, then decreases and thereafter increases with decreased transportation costs in the region that becomes de-industrialised. Welfare increases as long as firms do not start relocation because in this case imported goods become cheaper. When firms start to relocate, welfare shrinks because in this case all manufactured goods are imported. When transportation costs decrease further, agricultural workers gain because their imported goods become cheaper. 

Appendix: The Dixit-Stiglitz framework for demand.

Consumers have a two-tier utility function. The first is a standard Cobb-Douglas utility function for manufactured and agricultural goods. The next tier is a CES function for varieties of manufactured goods:
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Consumers first choose budget shares for manufactured and agricultural goods, respectively, by maximising 1) subject tot their budget constraint:
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P is the price index for manufactured goods and Y denotes income. The price for agricultural goods is normalised to one.


[image: image34.wmf](

)

(

)

Y

C

Y

PC

Y

P

C

PC

P

C

C

P

C

C

C

C

C

L

p

C

C

C

L

Y

C

PC

C

C

L

a

m

m

m

m

a

m

a

a

m

a

a

m

m

a

m

a

m

)

1

(

1

1

1

0

1

0

1

1

1

p

p

p

p

p

p

p

p

l

p

l

p

l

p

p

p

p

p

p

-

=

=

=

-

+

-

=

=

-

®

=

-

-

=

¶

¶

=

-

=

¶

¶

-

+

-

=

-

-

-

-


Having decided on budget shares, the consumers maximise 2) subject to the constraint that expenditures equal the budget share for manufactured goods:


[image: image35.wmf]s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

s

l

l

l

l

s

s

s

s

d

d

l

l

s

s

s

s

d

d

p

l

p

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

÷

÷

ø

ö

ç

ç

è

æ

=

=

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

®

=

ú

û

ù

ê

ë

é

®

=

-

-

ú

û

ù

ê

ë

é

-

=

=

ú

û

ù

ê

ë

é

®

=

-

-

ú

û

ù

ê

ë

é

-

=

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

=

=

ú

û

ù

ê

ë

é

å

å

å

å

å

å

å

å

å

å

j

i

j

i

j

i

j

i

i

i

j

j

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

P

P

C

C

P

P

C

C

P

C

P

C

Cj

L

P

C

P

C

C

L

Y

C

L

Y

C

     

3)

C

C

C

0

1

C

1

C

0

1

C

1

P

-

 

C

P

 

s.t.

  

C

  

max

1

1

1

1

-

i

1

1

1

1

-

i

1

1

1

1

-

i

1

1

1

1

-

i

1

1

1

1

-

i

1

1

1

1

1

-

i

i

1

1

-

i

i

1

1

-

i


Now, from 3) demand for variety i can be written:
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Put the above into eq. 2:
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Solve for Cj to obtain an expression for demand for variety j:
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Eq. 4 is the demand for each variety. When the number of varieties is large, the perceived price elasticity equals –σ. Elasticity of income is equal to 1. 

In the Dixit-Stiglitz demand framework, the price index for manufactured goods is important. Total expenditures on manufactured goods is given by:
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 Now, insert in this equation the demand function for each variety:
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Therefore the expression
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is a valid price index for manufactured goods. Note that the price index is homogenous in individual prices so if all prices increase by a factor (, the price index also increases with the factor (. 

Another way to see this is that the sum of expenses on each varieties should equal the total expenses on manufactured goods:
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Above, we first changed subscripts, then inserted for the individual demand functions and then used the fact that CmP are expenses on manufactured goods. 

In the model presented in the text there was a situation in which all manufacturing production was in the East. In this case the price index in the West for manufactured goods was τ-1>1 higher in the West than in the East. We claimed that for workers to be willing to move to the West, they had to be offered a wage that was τ-π higher than in the East. The reason is that manufactured goods have a budget share equal to π. 

This can be showed as follows. We have 
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Insert these expressions into the utility functions of Eastern and Western consumers, respectively:
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This shows that for equal wages, workers in the West will have a utility that is τπ lower than in the East. For wages to compensate this, wages have to be τ-π higher in the West. 
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		millions		eMP80		GDP(1000)		edgdp80		eMP94		edgdp94

		56.9		5.69E+07		11.8499		11849.9		1.41E+08		30524.9

		117		1.17E+08		7.4989		7498.9		2.82E+08		19206.5

		194		1.94E+08		6.3863		6386.3		4.64E+08		15105.5

		139		1.39E+08		9.2411		9241.1		3.50E+08		20928

		113		1.13E+08		8.4049		8404.9		2.80E+08		21255.9

		151		1.51E+08		7.848635		7848.635		3.69E+08		18185.67

		87.9		8.79E+07		9.807962		9807.962		2.16E+08		23463.02

		192		1.92E+08		9.5492		9549.2		4.70E+08		25305.9

		140		1.40E+08		8.5982		8598.2		3.53E+08		18620.6

		188		1.88E+08		7.677187		7677.187		4.60E+08		16843.82

		51.3		5.13E+07		7.4833		7483.3		1.26E+08		19049

		31		3.10E+07		4.3081		4308.1		7.93E+07		9866.5

		37		3.70E+07		5.494204		5494.204		9.22E+07		12092.85

		49.8		4.98E+07		6.342081		6342.081		1.24E+08		15087.19

		79.7		7.97E+07		5.3986		5398.6		1.99E+08		14120.2

		29.7		2.97E+07		5.7841		5784.1		7.52E+07		15840.1

		63.1		6.31E+07		4.9792		4979.2		1.62E+08		11777.8

		61.5		6.15E+07		4.3099		4309.9		1.60E+08		10667

		42.7		4.27E+07		3.2031		3203.1		1.10E+08		8916.4

		59.7		5.97E+07		5.8746		5874.6		1.47E+08		15491.9

		51		5.10E+07		5.0681		5068.1		1.31E+08		12233.1

		15.4		1.54E+07		6.1426		6142.6		3.92E+07		16235.5

		27.9		2.79E+07		4.0026		4002.6		7.36E+07		9434.9

		40.7		4.07E+07		4.6014		4601.4		1.06E+08		11253

		7.005847		7005847		4.1597		4159.7		1.86E+07		12532.8

		87.5		8.75E+07		11.4781		11478.1		2.03E+08		26875.3

		155		1.55E+08		8.4194		8419.4		3.73E+08		17490.7

		161		1.61E+08		7.7033		7703.3		3.90E+08		15200.1

		129		1.29E+08		8.324		8324		3.15E+08		16790.4

		125		1.25E+08		7.5419		7541.9		3.03E+08		16549.7

		82.1		8.21E+07		6.9991		6999.1		1.98E+08		16190.9

		148		1.48E+08		7.2941		7294.1		3.55E+08		15716.3

		127		1.27E+08		7.0455		7045.5		3.11E+08		14437.2

		135		1.35E+08		7.6043		7604.3		3.28E+08		15616.3

		137		1.37E+08		8.2784		8278.4		3.33E+08		18320.6

		129		1.29E+08		7.7193		7719.3		3.09E+08		16299

		64.8		6.48E+07		7.1091		7109.1		1.56E+08		15573

		49.3		4.93E+07		6.6869		6686.9		1.20E+08		15148.9

		73.4		7.34E+07		6.5128		6512.8		1.77E+08		14659.6

		62.1		6.21E+07		7.3066		7306.6		1.52E+08		15947.4

		81.3		8.13E+07		6.5116		6511.6		1.99E+08		15195.5

		87.1		8.71E+07		6.2726		6272.6		2.11E+08		14468.8

		128		1.28E+08		8.0827		8082.7		3.01E+08		17492.2

		113		1.13E+08		6.5644		6564.4		2.72E+08		14668.4

		99.6		9.96E+07		6.1856		6185.6		2.39E+08		13842

		97.9		9.79E+07		7.8532		7853.2		2.32E+08		15980.9

		14.3		1.43E+07		4.2097		4209.7		3.54E+07		10367.3

		16.9		1.69E+07		4.856742		4856.742		4.26E+07		10980.2

		8.560122		8560122		3.6768		3676.8		2.11E+07		11167

		125		1.25E+08		8.4102		8410.2		2.97E+08		19322.2

		89.3		8.93E+07		9.4337		9433.7		2.12E+08		21779

		101		1.01E+08		8.5507		8550.7		2.47E+08		20497.4

		109		1.09E+08		7.8091		7809.1		2.61E+08		19622.9

		51		5.10E+07		8.2664		8266.4		1.25E+08		19984.4

		120		1.20E+08		9.4306		9430.6		2.87E+08		21296.7

		101		1.01E+08		7.8833		7883.3		2.41E+08		18314.2

		63		6.30E+07		7.3786		7378.6		1.52E+08		16437.5

		88.6		8.86E+07		7.6466		7646.6		2.13E+08		17249.6

		65.4		6.54E+07		7.598		7598		1.55E+08		19809.2

		67.1		6.71E+07		5.9926		5992.6		1.65E+08		14546.2

		51		5.10E+07		4.8078		4807.8		1.26E+08		11409

		42.7		4.27E+07		4.9538		4953.8		1.06E+08		11375.2

		33.7		3.37E+07		4.8579		4857.9		8.30E+07		11699

		47.2		4.72E+07		5.1937		5193.7		1.13E+08		13032.8

		111		1.11E+08		8.125		8125		2.68E+08		28069.3

		92.2		9.22E+07		9.4868		9486.8		2.27E+08		17023.3

		65.7		6.57E+07		7.5133		7513.3		1.58E+08		19372.4

		66.2		6.62E+07		8.5989		8598.9		1.62E+08		19522

		78.5		7.85E+07		8.1204		8120.4		1.94E+08		18189.8

		80.1		8.01E+07		7.2433		7243.3		1.99E+08		17215.8

		89.7		8.97E+07		6.7807		6780.7		2.20E+08		17263.7

		153		1.53E+08		6.3471		6347.1		3.71E+08		15656.6

		32		3.20E+07		3.5908		3590.8		8.04E+07		9734.5

		39.3		3.93E+07		3.3444		3344.4		1.02E+08		9104.5

		17.1		1.71E+07		5.634		5634		4.44E+07		14524.7

		31.5		3.15E+07		3.7329		3732.9		8.36E+07		8888.9

		22.1		2.21E+07		3.9029		3902.9		5.86E+07		12265.1

		67.9		6.79E+07		6.1987		6198.7		1.64E+08		14184.8

		75.6		7.56E+07		6.2803		6280.3		1.84E+08		14561.5

		124		1.24E+08		6.4966		6496.6		3.07E+08		15465.1

		105		1.05E+08		6.5302		6530.2		2.60E+08		16717.2

		86.5		8.65E+07		8.0157		8015.7		2.14E+08		19509.9

		101		1.01E+08		6.3203		6320.3		2.51E+08		15836.5

		116		1.16E+08		6.2747		6274.7		2.89E+08		14956.4

		81.1		8.11E+07		6.5339		6533.9		2.01E+08		14687.9

		76.2		7.62E+07		5.6469		5646.9		1.87E+08		13438.8

		41.3		4.13E+07		6.4447		6444.7		1.00E+08		16277.5

		15.7		1.57E+07		5.1937		5193.7		3.88E+07		13254.5
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