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Kinematics

”Kinematics is the study of the geometry of motion; it 
deals with the mathematical description of motion in 
terms of position, velocity, and acceleration. 
Kinematics serves as a prelude to dynamics, which 
studies force as the cause of changes in motion.”
Ohanian, H.C. Physics, 2nd Ed. (1989) p. 25.

Part 1: Analysis of economic production 
and its growth



• A change in production in an n-sector economy consists of 
n one-dimensional changes occurring simultaneously.

• We describe this process by a vector function illustrating the 
motion of an ideal particle with no size and no internal 
structure.

• This ideal particle represented by a point in the n-space of 
accumulated sectoral productions illustrates the position of 
the economy at a particular moment of time. Accumulated 
production values in the coordinate axes guarantee that the 
economy moves forward in the n-space with time, and it 
corresponds to (accumulated) lengths in coordinate axes in 
physics when modelling the motion of particles.

• Our data is current annual values and annual values at 2000 
prices (= volumes) from 9 sectors in Finland at 1975-2002.

Economic kinematics



The data contains 9 sectors in Finland at 1975-2002:
1 = A (Agriculture, forestry and hunting) + B (Fishing),
2 = C (Mining and quarrying) + D (Manufacturing) + 

E (Electricity, gas, and water supply), 
3 = F (Construction), 
4 = G (Trade, repair of motor vehicles and household goods) 

+ H (Hotels and restaurants), 
5 = I (Transport, storage and communication),
6 = J (Financial intermediation and insurance), 
7 = K (Real estate and business activities), 
8 = L (Administration, compuls. social secur.) + M(Education),
9 = N (Health and social work) + O (Other community, 
social and personal services) + P (Household service activities) 
- Financial intermediation services indirectly measured. 
These sectors cover the whole Finnish production.
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Figure 1. The three-dimensional accumulated production 
structure in Finland in value terms at 1975-2002
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The coordinate system is the following of accumulated 
production values of n sectors:

( ),)(...,),()( 1 tQtQt n=X'
( ).)('...,),(')( 1 tQtQt n='X'

Qi(s) has unit €/year and thus ∫Qi(s)ds has unit € forall i.
At time t, the position vector of the ”point economy” is:

with the following velocity and acceleration vectors:



The speed of the economy can be measured by the 
following two norms with unit €/year of vector X’(t):
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where y = year, and

because Qi(t)>0.
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• From the vector-function describing the position of an 
economy, we calculate scalar quantities that measure the 
aggregate speed of the ”point economy” in the n-space of 
accumulated productions in nominal and real terms.
• The velocity of the ”point economy” is a vector quantity, 
and all norms of the velocity vector are scalar measures for 
the speed of the ”point economy”.
• speed is the Euclidean norm of the velocity vector of the 
”point economy”, and Gross Domestic Product (GDP) is its 
absolute value norm. Thus a change in speed and a change 
in GDP both measure the growth of the economy.
• We can identify the speed and change of speed of an 
economy with its flow of production and its growth.

Conclusions 1:



Figure 2a. Three-dimensional 
fitted accumulated production 
values in Finland at 1975-2002
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Figure 2b. Three-dimensional actual 
and fitted accumulated production 
values in Finland at 1975-2002



In Figure 2a, the following estimated coordinate 
functions were applied:
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where subindex 1 refers to primary, 2 to secondary 
production and 3 to services, and t is time.
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The following coordinate functions were estimated for 
accumulated production volumes (values at 2000 prices): 

where subindex 1 refers to primary, 2 to secondary 
production and 3 to services, and t is time.



Var. Estimate T-stat.
1 -2001.4 -4.2
t 4544.8 60.6
t2 -15.3 -6.1
Eq. 1 R2=0.999 F=25704

Var. Estimate T-stat.
1 894.3 0.3
t 17389.0 38.4
t2 322.7 21.3
Eq. 2 R2=0.999 F=30140

Var. Estimate T-stat.
1 -12021.8 -2.3
t 34675.5 41.4
t2 640.8 22.9
Eq. 3 R2=0.999 F=34984

The statistical properties 
of the estimated models 
for accumulated sectoral 
production volumes
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Figures 3a,b,c. Actual and 
fitted accumulated production 
volumes in primary (up left) 
and secondary production (up 
right), and in services in 
Finland at 1975-2002

Models for accumulated sectoral production volumes:



The estimated models for volumes are of the form:
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Because Qi’(t) with unit €/year2 is the acceleration of  
the value of production, we can interpret the constants 
ci in terms of the following Newtonian formulation: 

.2)('2)( iiiii ctQandtcbtQ =+=i.e.

Assuming Fi to be constant, the estimated constant ci is 
the ratio of force Fi and inertial mass mi divided by 2, i.e.

).2/( iii mFc =



• Because the inertial factors mi are nonnegative, the force 
acting upon production has been negative in primary 
production, and positive in secondary production and in 
services.

• The force/mass –ratio has been the greatest in services. 

•The estimated non-zero accelerations for sectoral 
productions are in conflict with the neoclassical theory that 
assumes firms to produce always the optimal amounts. 

• The model fits well in the data and can be used in 
forecasting future development.

Conclusions 2:
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The GDP and speed -measures in value terms at level 
and difference forms measured from 9 sectors

5 10 15 20 25

20000

40000

60000

80000

100000

120000

5 10 15 20 25
-2000

2000

4000

6000

8000

Figure 5. Levels of GDP
and speed in value terms 

Figure 6. Differenced GDP
and speed in value terms
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The GDP and speed -measures in volume terms at level 
and difference forms measured from 9 sectors



GDPn speedn GDPr speedr

GDPn 1
speedn 0.999 1
GDPr 0.985 0.986 1
speedr 0.987 0.999 0.997 1

Correlations between the production measures

Subscript n refers to nominal and r to real data.



GDPn speedn GDPr speedr

GDPn 1
speedn 0.950 1
GDPr 0.852 0.833 1
speedr 0.852 0.871 0.978 1

Correlations between the growth measures

Subscript n refers to nominal and r to real data.



The structure of production is described as:
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and our measure v for structural change measures the 
change in this structure by the norm of the velocity 
vector V’(t) as:
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Part 2:Analysis of structural change



We measure the nonlinearity in the expansion of production 
of the economy by the curvature k of the accumulated 
production path: 
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Measure k measures the curvature of the space curve X(t) 
at time moment t.



The measures for structural change and  
nonlinearity of the production path in 

value terms from 9 sectors
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value terms at 1975-2002

5 10 15 20 25

1×10-6

2×10-6

3×10-6

4×10-6

5×10-6

6×10-6

Figure 10. Measure k in 
value terms at 1975-2002
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volume terms at 1975-2002
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volume terms at 1975-2002

The measures for structural change and  
nonlinearity of the production path in 
volume terms from 9 sectors
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in value terms scaled at equal 
level 

Figure 14. Measures v and k in 
volume terms scaled at equal 
level 

The measures for structural change 
and  nonlinearity of the production 
path scaled at equal level



n n r r

n 1
kn 0.494 1

r 0.767 0.446 1

r 0.628 0.699 0.898 1

Correlations between the structural change measures

Subscript n refers to nominal and r to real data.



Conclusions 3:

• If the production structure of an economy is described 
by the shares of sectors of total production, the structure 
can be described by a vector of the shares of sectoral 
productions. 
• Changes in the structure can be measured by any norm 
of the velocity vector of the production structure vector.
• The amount of nonlinearity of the production path of an 
economy can be measured by the curvature of the path.
• These two measures are highly correlated.
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Annual value data from 9 sectors in Finland at 1975-2002
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Annual volume data from 9 sectors in Finland at 1975-2002
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