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Multivariate empirical data & Multivariate empirical data & 
philosophy of analysisphilosophy of analysis

A factor is a portion of a quantity, 
usually an integer or polynomial 
that, when multiplied by other 
factors, gives the entire quantity. 

The determination of factors is 
called factorization (or sometimes 
"factoring"). It is usually desired to break factors down 
into the smallest possible pieces so that no factor is 
itself factorable. 

Factor analysis allows the determination of common axes 
influencing sets of independent measured sets. 
It is "the granddaddy” of multivariate techniques (Gould 1996, pp. 42-43) & was 
invented by Spearman.

The main applications of factor analytic techniques are: 
• (1) to reduce the number of variables and 
• (2) to detect structure in the relationships between 

variables, that is to classify variables. 
(From: Wolfram MathWorld) 

{Q33*32}



The explanation for regime of The explanation for regime of 
streamflowstreamflow has to be foundhas to be found



The boundaries The boundaries 
are are 
administrativeadministrative



The explanation for regime of The explanation for regime of 
streamflowstreamflow has to be foundhas to be found

Consideration of the Great 
Lakes region as uniform in 
joint boundaries is the 
common approach



Report Report 
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TopicsTopics
• Introduction: 

The explanation for regime of 
streamflow has to be found 
(presented earlier)

• Regime of climate characteristics 
(air temperature & precipitations)

• Scale in Regime – what is it?
• The model 
• Results for discussion



Data for Data for 
characteristics characteristics 

of climate regimeof climate regime
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Air Air temperaturestemperatures
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Precipitation, annual sumPrecipitation, annual sum
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Explained 
Variability 

by Factor in 
“Precip.” [%]

Explained 
Variability 

by Factor in 
“Temp.” [%]

No of 
COOP 
station

Factor 
Loading 

of station 
in “Precip.”

I - 27 I – 0.86
II – 0.81
III – 0.81
IV – 0.77
V – 0.55

II - 35

III - 25

Factor 
Loading of 

station 
“Temp.”

I - 14 300042
391739
115768
333373
216612

I – 0.89
II - 10 II – 0.91
III - 10
IV - 11 III - 0.86
V - 5

The typical stationsThe typical stations



Station 300032, air temperaturesStation 300032, air temperatures
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0.100.170.130.17Prp.Totl
1.332.191.662.24Expl.Var
0.760.26Jul
0.55May

-0.400.320.27Oct
-0.340.520.33Feb

0.73Apr
0.75-0.34Mar
0.490.48Sep

0.64Aug
0.73Jun

0.330.61Nov
0.70Dec

0.590.350.71Ann [F]
0.74Jan

Factor 4Factor 3Factor 2Factor 1

0.130.140.150.11Prp.Totl
1.571.711.831.31Expl.Var
0.34-0.40Oct
0.500.45Sep
0.73Jun
0.620.300.25Aug

0.610.37Nov
0.70Dec
0.73Jan

0.280.300.51-0.34Feb
0.73Apr

-0.300.77Mar
0.54May

0.260.76Jul
Factor 4Factor 3Factor 2Factor 1

T300042
(118*12,13)
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Station 300032, precipitationsStation 300032, precipitations
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P300042
(118*12,13)
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Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Sep 0.79
Oct 0.66
Ann [in] 0.64 0.53 0.42 0.33
Nov 0.68 0.28
Dec 0.63
Jun 0.52 -0.33
May 0.71
Apr 0.70
Aug 0.80
Feb 0.72
Mar 0.73
Jul 0.26 0.37 -0.36 -0.36
Jan 0.32 -0.25 0.28 -0.62
Expl.Var 1.74 1.70 1.64 1.36 1.20
Prp.Totl 0.13 0.13 0.13 0.10 0.09



Station 300032, precipitationsStation 300032, precipitations
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Analyzing precipitation from Analyzing precipitation from 
USGSUSGS
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Scale in Regime Scale in Regime ––
what is this?what is this?
* Streamflow

* Precipitation

* Upper Peninsula (UP) of Michigan



MN

UP MI

LP MI

OH

NY

Regions for GL (Regions for GL (19561956--8888))

Regimes of annual stream runoff Regimes of annual stream runoff ––
scale in research: GL & UP MIscale in research: GL & UP MI

UP MIUP MI
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Precipitation from Global gridPrecipitation from Global grid
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Time series 
gathered in initial 

matrix:

{P28*90}
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Data from cooperative stations Data from cooperative stations 
for UP MIfor UP MI

Location & elevation of 44 
meteorological cooperative 
stations with annual sum of total 
monthly snowfall &  monthly air 
temperature On April 8, 2003 

(www.osei.noaa.gov)

Picture: www.weathermichigan.com
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Scatterplot (Spreadsheet7 3v*53c)
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Annual & seasonal regime as a structure for monthly Annual & seasonal regime as a structure for monthly 
air temperature (UP MI)  air temperature (UP MI)  

Scatterplot (Spreadsheet7 3v*53c)
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Air temperature Air temperature -- observed observed 
values & modelvalues & model

No T- period 
[year]

A-amplitude [F] ϕ -phase 

1 62 0.703 -0896
3.325
-0.279
-1.567
-1.450
1.352

7 3 0.218 1.108
8 15 0.177 4.604
9 13 0.130 -1.311

2 18 0.402
3 11 0.373
4 24 0.338
5 39 0.284
6 6 0.228

Model for simplified Fourier analysis: 

Where are:

Xt– observation, X0 – mean for the interval of observations, Ai – amplitude, Ti – period, 
ϕi – phase of i-cosinusoid, Zt – difference between observation & model.  

The equation quotients are calculated separately for each selected period & for all 
periods together under the condition of minimization of the random part
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Scale for time seriesScale for time series
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Model 300042 T ann
No T- period 

[year]
A-amplitude 

[F]
ϕ -phase 

1 17 2.257 3.684
0.761
-1.459
0.764
-0.910
0.057

7 12 0.886 1.957
8 34 0.701 2.276
9 76 0.649 2.475

2 53 1.863
3 26 1.665
4 21 1.504
5 3 1.353
6 9 1.221



The ModelThe Model



Vertical slice of 
the Geographical Sphere with 

two independent elements: 
System of 

Anthropological Geography 
(SAG) & 

System of Physical Geography 
(SFG). 

Arrows indicate 
vertical and horizontal 

components of matter, energy 
and information circulating 

(after Krcho, 1978)

The System Model The System Model 
of of GeosphereGeosphere



System Model  for LandscapeSystem Model  for Landscape

Each of these components may be 
characterized by matrix of input {Wi}, 
matrix of output {Qi}, & 
matrix of states {Hi}.                                          

System of 
Physical 

Geography 
Sphere (SFG) 

with five 
independent 

elements: 
a1- atmosphere, 

a2- hydrosphere, 
a3- lithosphere, 
a4- pedosphere, 

a5- biosphere.



{Ri} 
is a matrix of relations 
between parts of landscape.
Entering the codes and numbers 
for initial matrix {Xn*p} we 
open the way to recovery 
connections those exist in landscape

Axis for hydrological space –
factors (principal components) 

of initial data matrixes 
{Xn*p}, 

allow consider 
{Ri} 

as a time spatial structure.

The number of characteristics for 
elements of landscape and watershed is 

unlimited but for stable landscape the 
set of watersheds or stations with data 

allows to obtain statistical description of 
connections.   

Rij

Multidimensional Multidimensional 
structure of relationsstructure of relations



Discover of invisible structureDiscover of invisible structure
by system analysisby system analysis



Results for discussionResults for discussion
–– System model applied to landscape System model applied to landscape 

allows to formulate research tasks, develop methods of allows to formulate research tasks, develop methods of 
analysis, & present results as a mapanalysis, & present results as a map

–– Hydrological object has a scaled timeHydrological object has a scaled time--spatial structure of spatial structure of 
interaction (straight & feedback connections) with other interaction (straight & feedback connections) with other 

components of landscape (air, rocks & sediments, soil, plants components of landscape (air, rocks & sediments, soil, plants 
& animals)& animals)

–– The complex multidimensional structure of time spatial The complex multidimensional structure of time spatial 
regime for regional hydrosphere was described for U. S. regime for regional hydrosphere was described for U. S. 

part of Great Lake watershedpart of Great Lake watershed

–– The entire set of empirical data was usedThe entire set of empirical data was used

–– Results may be used for Results may be used for 
improvement of observational net & in applicationsimprovement of observational net & in applications



Questions?Questions?

Scientific research 
completed on a base of 
authors donated time

Lake Superior,
01/18/2009 

2:31 pm
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