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[image: image2.emf]Holonomy and Fiscal Space

• No direct relation exists between Money 

Supply and Commodity Price

• If the relationship can be described by a 

Phase Rule, then the space of Money 

Supply - Commodity Price is curved

• If the Space can be shown to be curved, 

then the relationship can be better 

understood.


	While it stands to reason that increasing the number of dollars in circulation will just deflate the value of an individual dollar and cause prices to rise, the relationship between money supply and commodity price doesn’t obey any such stricture.

Adler wants to show that the space of money Supply - Commodity Price has underlying curvature.  His book uses the curvature to describe ‘Energy Integrals’ and other relationships that he believes are caused by this curvature.

In order to show that the space is curved, he shows that the relationship is described by a Phase Rule, which means that traveling along a path causes holonomy, a characteristic of travel on curved surfaces.
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[image: image4.emf]1. Money Supply and 

Commodity Price


	M2 is a measure of the total Money in the Economy.  It includes currency, checkable demand deposits, savings, and other time deposits.

The Consumer Price Index (CPI) is a measure of the average change in prices over time in a market basket of goods and services.
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	M2 Money Supply, data taken from U.S. Census Bureau and Federal Reserve. 

 (Graph X410 - 419, Bicentennial Edition - Historical Statistics of the United States - Colonial Times to 1970)
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	P(t), the Consumer Price Index, is “a measure of the average change in prices over time in a market basket of goods and services.”  The year 1967 is taken to be the base year, and calibrated at 100.

Data from http://minneapolisfed.org/Research/data/us/calc/hist1800.cfm
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	No clear relation exists between Money Supply and Commodity Prices, yet some form of correlation is evident.
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	According to Adler, no relation dc/dt=F(t,dm/dt) exists.

While changes in money supply show a fairly clear positive influence on changes in money supply, the influence turns out to not be direct. 

Adler shows that the relation is characterized by a phase rule.
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(A Brief Explanation)


	Holonomy is an angular change resulting from travel along a closed path on a curved surface.

Holonomy necessitates the use of a phase rule to describe a relationship; depending on the phase, the dependent variable may react in different ways to the explanatory one.

If a Phase rule describes the relationship between Money Supply and Commodity Price, then the space imposes holonomy.

The implication is that trajectory depends on history and position – that is, where you go depends on how you got where you are.
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• The “loop” in the graph 

of Money Supply and 

Commodity Price 

means that the 

economy had the same 

(Price, Money) 

coordinates twice, and 

moved in two different 

directions.
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• Consider a Triangle 

whose sides are on 

great circles of a 

sphere.

• The three vertices are 

all right angles


	Adler claims that the commodity price - money supply space has nonzero curvature.  Travel on curved spaces induces holonomy – if you move in a loop and get back to where you started, you will be facing a different direction.
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• Draw a vector (here in 

yellow), on the surface 

of the sphere.


	Holonomy is when motion along a closed curve on a surface creates a change.  This phenomenon is the reason a phase rule is needed to describe the relationship between commodity price and money supply.  Depending on the phase of the economy, the changes in commodity price resulting from a change in money supply differ.
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• As you parallel 

transport the vector to 

the second vertex, it 

remains parallel to the 

first side and 

perpendicular to the 

second.


	There are proofs given that the commodity - money space has nonzero curvature, and that every path taken by the commodity price/money supply function is a Geodesic - that is, the shortest possible path between two points.

Parallel Transport is “a way to transport vectors along smooth curves, in such a way that they stay "parallel" with respect to the given connection.” (http://www.answers.com/topic/parallel-transport)
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• As the vector moves to 

the third vertex, it 

remains perpendicular 

to the second side, so 

it’s parallel to the 

third.


	The amount of Holonomy - that is, the angle you’re displaced is the integral along the path of the curvature of the space.  

Here, since the sphere has curvature 1, the area enclosed is equal to the angle of difference.  (the whole sphere is 4π and the triangle formed by three geodesics is 1/8 of it, so the angle is π/2)
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• Now as it moves back 

to the first vertex it 

remains parallel to the 

third side, so it ends 

up perpendicular to 

the first, rotated 90 

degrees from its 

original orientation.


	There aren’t really any closed paths in the Money Supply – Commodity Price space, since economies don’t travel backwards in time.  The idea of moving back to the same point a second time “…can, however be made real, by implicit use of the periodicity of the oscillator G(t) and of the function F(t).”  
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H

0

: dm/dt behaves according to the Phase Rule


	In order to show holonomy, Adler has to create a phase rule that explains how changes in money supply affect commodity prices.

He does this by introducing an ideal Commodity Price curve, which has perfect periodicity.  The ideal commodity price curve and the ideal money supply line determine the phase of the relation.  The effect a change in money supply has on commodity price differs when they are in phase and when they are out of phase.
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	 c(t) - Log-scaled WPI.  It looks almost periodic for a while, but then it sort of takes off around 1950. 
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	Adler maps the timeline onto a 55 year cycle.  The period from 1840 to 1995 is taken to be one period of the ideal curve, G(t).  He maps time onto a circle so that paths in the Economic Space can be closed loops.
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[image: image19.emf]With c(t) the logarithm of commodity prices at time t, G(t) is 

defined to be a measure of c(t)’s deviation from periodicity.  The 

years 1840-1895 are taken as the base.

If t is between 1785 and 1840 then G(t) = c(t+55)

If t is between 1840 and 1895 then G(t) = c(t)

If t is between 1895 and 1950 then G(t) = c(t-55)

If t is between 1950 and 1980 then G(t) = c(t-110)

G(t) is called ASCENDING is t is congruent modulo 55 to a year 

in the interval from 1840 to 1864.

G(t) - The Ideal Commodity Supply Curve
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dG/dt > 0 and dm/dt > dM/dt then dc/dt = dG/dt

dG/dt > 0 and dm/dt = dM/dt then dc/dt = dG/dt

dG/dt > 0 and dm/dt < dM/dt then *

dG/dt = 0 and dm/dt > dM/dt then dc/dt = dG/dt

dG/dt = 0 and dm/dt = dM/dt then dc/dt = dG/dt

dG/dt = 0 and dm/dt < dM/dt then *

dG/dt < 0 and dm/dt > dM/dt then dc/dt = F(t) dm/dt

dG/dt < 0 and dm/dt = dM/dt then dc/dt = dG/dt

dG/dt < 0 and dm/dt < dM/dt then dc/dt = dG/dt


	* - The only recorded interval where the Money Supply is increasing faster than its long term trend while dG/dt is rising is between 1950 and 1962.
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	m(t) - Log-Scaled Money Supply

M(t) - Long Term Trend of m(t)
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	dM/dt = .0238
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	Adler gives this table of phases, which does not correspond to the values of dm/dt which I found.

*- one year has been added or dropped wherever an asterisk appears.  All dates are therefore accurate to within one year.”

** - The paper was rejected from publication in 1978, so no dates beyond this could have been available.  G(t)’s period, however, continues from 1950 to 2005.
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1860, 1864, 1870-1872, 1880-1883, 

1886-1887, 1889-1890, 1892, 1895-

1896, 1907-1908

OUT IN 1909*, 1911-1912

IN OUT 1915*, 1920, 1923, 1925
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Adler’s Analysis My Analysis Year

Table of Discrepancies


	Dr. Adler’s Money Supply figures are not included I his work.  He says, “Money supply is taken to be transaction funds, an aggregate that coincides with M1 until 1978 but that must be broadened after 1978 to include M1B as well as the liabilities of those money-market funds that afford check-writing privileges.”

I was unable to locate accurate historical figures for M1 before 1915, and so had to make do with M2.

Furthermore, the CPI figures I found don’t agree with his tables of values either.
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• H

0

: The Phase Relation Holds.

• H

A

: The Phase Relation Does Not Hold.

• If G(t) and M(t) are In Phase, then dc/dt = dG/dt

• (dc/dt-dG/dt=



)
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A
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• If G(t) and M(t) are Not In Phase, then dc/dt = F(t) dm/dt where

F(t) is between 0 and 1.

• (0 < dc/dt / dm/dt < 1 -> dc/dt / dm/dt= 


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• Ho: 0 < 
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• H

A
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	Test Stat: 

If G(t) and m(t) are Out of Phase, Test Stat = dc/dt / dm/dt (Set to 0 if dm/dt=0)

If G(t) and m(t) are In Phase, Test Stat = dc/dt - dG/dt
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	The Error :

if In Phase

 0 if Out of Phase and  < 1

 1-  if Out of Phase and  > 1

In 1957, the CPI climbs from 81.4 to 84.3, while the Money Supply only increased from 136.02 to 136.75

In 1864, the CPI jumps from 37 to 4, but the Money Supply only goes from 1.01 to 1.06
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	Agreement is when Adler’s stated phase corresponds to the phase I found.  Disagreement is the contrary.  I assume the discrepancies arise from the use of different data.  Adler, frustratingly, does not include a table of values for his Money Supply figures.
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0.00054

0.74035

* 60 out of 93 disagreements are judged out of phase, which may explain the 

poor predictive values,

Variance

Total

0.38726

Phase Standard Deviation

. 
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. 
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. 

0.6223
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**- The Mean Squared Distance from Linearly Predicted Value seems analogous 

to Variance for variables which differ from a line instead of a mean.

0.0442
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Nonlinearity**

Statistic

Linear Deviance***

0.0995

0.2102

*** - Linear Deviance is here taken to mean the square root of Nonlinearity –

analogous to the standard deviation.


	MSE = E[(B-b)*(B-b)]=((error)2)
MSE (In Phase) = [( - 0) 2]*1/n (n=84)

MSE (Out of Phase 1) = [() 2],  < 0 (n=15)

MSE (Out of Phase 2) = [(1- ) 2],  > 1 (n=13)

MSE (Out of Phase 3) = 0, 0 <  < 1 (n=64)

MSE (Out of Phase) = MSE (OOP1) + MSE (OOP2)/15 + 13 + 64
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While the predicted values of dc/dt fit best during the periods 

when the economy is in phase, the values for out of phase 

periods don’t even match the accuracy of a simple linear 

prediction.

However, out of the 176 years, only 13 times does the error, 

squared, exceed the product of the Linear Deviations of Money 

Supply and Commodity Price.
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Dm/dt vs dc/dt



According to Adler, no relation dc/dt=F(t,dm/dt) exists.



While changes in money supply show a fairly clear positive influence on changes in money supply, the influence turns out to not be direct. 



Adler shows that the relation is characterized by a phase rule.
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1. Money Supply and Commodity Price



M2 is a measure of the total Money in the Economy.  It includes currency, checkable demand deposits, savings, and other time deposits.



The Consumer Price Index (CPI) is a measure of the average change in prices over time in a market basket of goods and services.
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Holonomy and Fiscal Space

		No direct relation exists between Money Supply and Commodity Price

		If the relationship can be described by a Phase Rule, then the space of Money Supply - Commodity Price is curved

		If the Space can be shown to be curved, then the relationship can be better understood.





While it stands to reason that increasing the number of dollars in circulation will just deflate the value of an individual dollar and cause prices to rise, the relationship between money supply and commodity price doesn’t obey any such stricture.

Adler wants to show that the space of money Supply - Commodity Price has underlying curvature.  His book uses the curvature to describe ‘Energy Integrals’ and other relationships that he believes are caused by this curvature.

In order to show that the space is curved, he shows that the relationship is described by a Phase Rule, which means that traveling along a path causes holonomy, a characteristic of travel on curved surfaces.
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Annual Average Consumer Price Index



P(t), the Consumer Price Index, is “a measure of the average change in prices over time in a market basket of goods and services.”  The year 1967 is taken to be the base year, and calibrated at 100.



Data from http://minneapolisfed.org/Research/data/us/calc/hist1800.cfm
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US Money Supply (In Billions)



M2 Money Supply, data taken from U.S. Census Bureau and Federal Reserve. 

 (Graph X410 - 419, Bicentennial Edition - Historical Statistics of the United States - Colonial Times to 1970)
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Money Supply (M2) vs Commodity Price



No clear relation exists between Money Supply and Commodity Prices, yet some form of correlation is evident.
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3. The Phase Rule

H0: dm/dt behaves according to the Phase Rule



In order to show holonomy, Adler has to create a phase rule that explains how changes in money supply affect commodity prices.



He does this by introducing an ideal Commodity Price curve, which has perfect periodicity.  The ideal commodity price curve and the ideal money supply line determine the phase of the relation.  The effect a change in money supply has on commodity price differs when they are in phase and when they are out of phase.
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Holonomy 2

		Draw a vector (here in yellow), on the surface of the sphere.





Holonomy is when motion along a closed curve on a surface creates a change.  This phenomenon is the reason a phase rule is needed to describe the relationship between commodity price and money supply.  Depending on the phase of the economy, the changes in commodity price resulting from a change in money supply differ.
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Evidence of Holonomy

		The “loop” in the graph of Money Supply and Commodity Price means that the economy had the same (Price, Money) coordinates twice, and moved in two different directions.
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2. Holonomy

(A Brief Explanation)



Holonomy is an angular change resulting from travel along a closed path on a curved surface.

Holonomy necessitates the use of a phase rule to describe a relationship; depending on the phase, the dependent variable may react in different ways to the explanatory one.

If a Phase rule describes the relationship between Money Supply and Commodity Price, then the space imposes holonomy.

The implication is that trajectory depends on history and position – that is, where you go depends on how you got where you are.
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Holonomy 1

		Consider a Triangle whose sides are on great circles of a sphere.

		The three vertices are all right angles





Adler claims that the commodity price - money supply space has nonzero curvature.  Travel on curved spaces induces holonomy – if you move in a loop and get back to where you started, you will be facing a different direction.
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Holonomy 4

		As the vector moves to the third vertex, it remains perpendicular to the second side, so it’s parallel to the third.





The amount of Holonomy - that is, the angle you’re displaced is the integral along the path of the curvature of the space.  



Here, since the sphere has curvature 1, the area enclosed is equal to the angle of difference.  (the whole sphere is 4π and the triangle formed by three geodesics is 1/8 of it, so the angle is π/2)






















_1176109712.ppt


Holonomy 3

		As you parallel transport the vector to the second vertex, it remains parallel to the first side and perpendicular to the second.





There are proofs given that the commodity - money space has nonzero curvature, and that every path taken by the commodity price/money supply function is a Geodesic - that is, the shortest possible path between two points.



Parallel Transport is “a way to transport vectors along smooth curves, in such a way that they stay "parallel" with respect to the given connection.” (http://www.answers.com/topic/parallel-transport)
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Holonomy 5

		Now as it moves back to the first vertex it remains parallel to the third side, so it ends up perpendicular to the first, rotated 90 degrees from its original orientation.





There aren’t really any closed paths in the Money Supply – Commodity Price space, since economies don’t travel backwards in time.  The idea of moving back to the same point a second time “…can, however be made real, by implicit use of the periodicity of the oscillator G(t) and of the function F(t).”  
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Phase Rule



dG/dt > 0 and dm/dt > dM/dt then dc/dt = dG/dt

dG/dt > 0 and dm/dt = dM/dt then dc/dt = dG/dt

dG/dt > 0 and dm/dt < dM/dt then *



dG/dt = 0 and dm/dt > dM/dt then dc/dt = dG/dt

dG/dt = 0 and dm/dt = dM/dt then dc/dt = dG/dt

dG/dt = 0 and dm/dt < dM/dt then *



dG/dt < 0 and dm/dt > dM/dt then dc/dt = F(t) dm/dt

dG/dt < 0 and dm/dt = dM/dt then dc/dt = dG/dt

dG/dt < 0 and dm/dt < dM/dt then dc/dt = dG/dt



* - The only recorded interval where the Money Supply is increasing faster than its long term trend while dG/dt is rising is between 1950 and 1962.
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Periodicity Modulo 55



Adler maps the timeline onto a 55 year cycle.  The period from 1840 to 1995 is taken to be one period of the ideal curve, G(t).  He maps time onto a circle so that paths in the Economic Space can be closed loops.
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Log-Scaled Commodity Price





 c(t) - Log-scaled WPI.  It looks almost periodic for a while, but then it sort of takes off around 1950. 
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With c(t) the logarithm of commodity prices at time t, G(t) is defined to be a measure of c(t)’s deviation from periodicity.  The years 1840-1895 are taken as the base.



If t is between 1785 and 1840 then G(t) = c(t+55)

If t is between 1840 and 1895 then G(t) = c(t)

If t is between 1895 and 1950 then G(t) = c(t-55)

If t is between 1950 and 1980 then G(t) = c(t-110)



G(t) is called ASCENDING is t is congruent modulo 55 to a year in the interval from 1840 to 1864.



G(t) - The Ideal Commodity Supply Curve
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Table of Discrepancies

		Year		My Analysis		Adler’s Analysis

		1976		IN		OUT

		1963*-1967, 1970, 1974		OUT		IN

		1937-1938, 1947-1949, 1952, 1958, 		IN		OUT

		1915*, 1920, 1923, 1925		OUT		IN

		1909*, 1911-1912		IN		OUT

		1860, 1864, 1870-1872, 1880-1883, 1886-1887, 1889-1890, 1892, 1895-1896, 1907-1908		OUT		IN





























Dr. Adler’s Money Supply figures are not included I his work.  He says, “Money supply is taken to be transaction funds, an aggregate that coincides with M1 until 1978 but that must be broadened after 1978 to include M1B as well as the liabilities of those money-market funds that afford check-writing privileges.”



I was unable to locate accurate historical figures for M1 before 1915, and so had to make do with M2.



Furthermore, the CPI figures I found don’t agree with his tables of values either.
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Change in log-scaled Money



dM/dt = .0238
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Log-Scaled Money Supply







m(t) - Log-Scaled Money Supply

M(t) - Long Term Trend of m(t)
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Phases by Year

		1860-1865		G(t) Ascending and m(t) ascending		In Phase

		1865-1870		G(t) Declining and m(t) declining		In Phase

		1870-1887		G(t) Declining and m(t) neutral		In Phase

		1887-1895		G(t) Declining and m(t) declining		In Phase

		1895-1908*		G(t) Ascending and m(t) ascending		In Phase

		1908-1915		G(t) Ascending and m(t) declining		Out of Phase

		1915-1920		G(t) Ascending and m(t) ascending		In Phase

		1921-1933		G(t) Declining and m(t) declining		In Phase

		1933-1950*		G(t) Declining and m(t) ascending		Out of Phase

		1950-1963*		G(t) Declining and m(t) declining		Out of Phase

		1963-1975		G(t) Ascending and m(t) neutral		In Phase

		1976-**		G(t) Declining and m(t) ascending		Out of Phase







































Adler gives this table of phases, which does not correspond to the values of dm/dt which I found.



*- one year has been added or dropped wherever an asterisk appears.  All dates are therefore accurate to within one year.”





** - The paper was rejected from publication in 1978, so no dates beyond this could have been available.  G(t)’s period, however, continues from 1950 to 2005.
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Errors  by Agreement



Agreement is when Adler’s stated phase corresponds to the phase I found.  Disagreement is the contrary.  I assume the discrepancies arise from the use of different data.  Adler, frustratingly, does not include a table of values for his Money Supply figures.
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Test Statistic



Test Stat: 

If G(t) and m(t) are Out of Phase, Test Stat = dc/dt / dm/dt (Set to 0 if dm/dt=0)

If G(t) and m(t) are In Phase, Test Stat = dc/dt - dG/dt
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4. Hypothesis

		H0: The Phase Relation Holds.

		HA: The Phase Relation Does Not Hold.





		If G(t) and M(t) are In Phase, then dc/dt = dG/dt

		(dc/dt-dG/dt=)

		Ho:  = 0 

		HA:  ≠ 0

		If G(t) and M(t) are Not In Phase, then dc/dt = F(t) dm/dt where F(t) is between 0 and 1.

		(0 < dc/dt / dm/dt < 1 -> dc/dt / dm/dt= )

		Ho: 0 <  < 1

		HA:  > 1
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Error by Phase



The Error :

		if In Phase

		 0 if Out of Phase and  < 1

		 1-  if Out of Phase and  > 1



		In 1957, the CPI climbs from 81.4 to 84.3, while the Money Supply only increased from 136.02 to 136.75

		In 1864, the CPI jumps from 37 to 4, but the Money Supply only goes from 1.01 to 1.06
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Linear Prediction of Log Scaled Commodity Price
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Linear Prediction of Log Scaled Money Supply
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Error and Variance



In Phase

Out of Phase*

0.00054

0.74035

* 60 out of 93 disagreements are judged out of phase, which may explain the poor predictive values,

Variance

Total

0.38726

Phase

Standard Deviation

. 0.02323

. 0.86043

. 0.6223

 Money Supply

Commodity Price

**- The Mean Squared Distance from Linearly Predicted Value seems analogous to Variance for variables which differ from a line instead of a mean.

0.0442

0.0099

Nonlinearity**

Statistic

Linear Deviance***

0.0995

0.2102

*** - Linear Deviance is here taken to mean the square root of Nonlinearity – analogous to the standard deviation.



MSE = E[(B-b)*(B-b)]=((error)2)

MSE (In Phase) = [( - 0) 2]*1/n (n=84)

MSE (Out of Phase 1) = [() 2],  < 0 (n=15)

MSE (Out of Phase 2) = [(1- ) 2],  > 1 (n=13)

MSE (Out of Phase 3) = 0, 0 <  < 1 (n=64)

MSE (Out of Phase) = MSE (OOP1) + MSE (OOP2)/15 + 13 + 64
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5. Conclusion







While the predicted values of dc/dt fit best during the periods when the economy is in phase, the values for out of phase periods don’t even match the accuracy of a simple linear prediction.



However, out of the 176 years, only 13 times does the error, squared, exceed the product of the Linear Deviations of Money Supply and Commodity Price.








