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Three categories of trees: 

-     survivors, 

- dead trees, 

- ingrowths. 
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Plot Tree ID Species X Y X_fm Y_fm Z_fm DBH_94 DBH_14 
1 1 Pine 10.00 40.00 - - - 50 - 
1 2 Pine 25.00 25.00 0.00 35.36 2.50 30 40 
1 3 Pine - - 20.00 -15.00 1.00 - 20 
… … … … … … … … … … 
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Summary 1: 
 
We need to calculate: 
 

1.Tree coordinates (X_fm and Y_FM) for tree no. 1,  ie. tree  that 
decayed; 

2. Tree coordinate (X and Y) for tree no. 3, ie. new tree (ingrowth). 
 
To this end we can use  the following general formulas: 
  X' = X cosAz – Y sinAz 
 Y' = X sinAz – Y cosAz 
e.g. for tree no. 3 and  X_fm = 20 m and Y_fm = -15 m, 
                            X and Y respectively amount to 24.75 and 3.54 m 

Database - 1994 

Database - 2014 
Plot Tree ID Species X Y X_fm Y_fm Z_fm DBH_94 DBH_14 

1 1 Pine 10.00 40.00 ? ? ? 50 - 
1 2 Pine 25.00 25.00 0.00 35.36 2.50 30 40 
1 3 Pine ? ? 20.00 -15.00 1.00 - 20 
… … … … … … … … … … 
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Summary 1 (cont.): 
 
Different spatial adjustment mhetods available in ArcGIS software 
are a good option. They allow, in a simple way, to solve problems 
related to situations when plot is not orientated to the north 
direction, its shape varies greatly from a square or rectangular (plot 
sides are not at a right angle), and is located on terrain with a 
significant slope. 
 
There are no such a problems problems in  the case of permanent 
circular sample plots. 

Database - 1994 

Database - 2014 
Plot Tree ID Species X Y X_fm Y_fm Z_fm DBH_94 DBH_14 

1 1 Pine 10.00 40.00 ? ? ? 50 - 
1 2 Pine 25.00 25.00 0.00 35.36 2.50 30 40 
1 3 Pine ? ? 20.00 -15.00 1.00 - 20 
… … … … … … … … … … 
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1. Affine transformation 

An affine transformation can differentially scale the data, 
skew it, rotate it, and translate it.  

This method requires a minimum of three links. This is the 
recommended choice for most simple transformations. 

 

Source: ArcGIS online resources 
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2. Similarity transformation 

The similarity transformation scales, rotates, and 
translates the data. It will not independently scale the axes, 
nor will it introduce any skew. It maintains the aspect ratio 
of the features transformed, which is important if you want 
to maintain the relative shape of features. 

This method requires a minimum of two displacement 
links. However, three or more links are needed to produce 
a root mean square (RMS) error = error of transormation. 

Source: ArcGIS online resources 
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3. Projective transformation 

The projective transformation is based on a more complex 
formula that requires a minimum of four displacement 
links. This method is used to transform data captured 
directly from aerial photography. 

For each transformation a root mean square error is 
calculated. It indicates how good the derived 
transformation is, or in other words, it is a measure of the 
fit between the true locations and the transformed 
locations of the given points. 

Source: ArcGIS online resources 
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4. Rubbersheeting adjustment method 

Rubbersheeting adjustment method corrects flaws through 
the expected and observed values.  

Source: ArcGIS online resources 
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4. Rubbersheeting adjustment method 

Rubbersheeting adjustment method corrects flaws through 
the expected and observed values.  

Summary 2: 
 
We recommend to use the projective transformation first and then 
rubbersheeting adjustment. 
 
Very powerful and helpful tool which provides all of these 
adjustment methods is ArcMap (ESRI) with the Spatial Adjustment 
module. 

Source: ArcGIS online resources 



Our experience based on long-term plots 
located in Bialowieza Virgin Forest 

5th Field-Map International User Conference, Lednice, Czech Republic, 1-3.10.2014 

 Long-term forestry studies 

 Field-Map technology 

Time 1880 1995                         

1936 2010                         



Spatio-temporal 
dynamics of 
natural forest 
 
Reference for 
(close-to-nature) 
silviculture 

5th Field-Map International User Conference, Lednice, Czech Republic, 1-3.10.2014 

Since 1936 

Our experience based on long-term plots 
located in Bialowieza Virgin Forest 



Dates of records: 

No Comp. Records FM 

1 2 3 4 5 6 7 
1 370/371 1936 1955 1971 1983 1993 2003 2013 

2 284/285 1936 1959 1972 1982 1992 2002 2012 

3 316/317 1936 1956 1971 1983 1993 2003 2013 

4 318/288/ 
289 

1936 1956 1968 1981 1991 2001 2011 

5 319 1936 1959 1969 1981 1991 2001 2011 

Averaged year 
of records 

1936 1957 1970 1982 1992 2002 2012 
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Our experience based on long-term plots 
located in Bialowieza Virgin Forest 





Plot 284/285 780 m x40 m, F-M tchenology = reality 

Plot 284/285 780 m x 40 m, traditional method = theory 



Introduction 

5th Field-Map International User Conference, Lednice, Czech Republic, 1-3.10.2014 

First step  
-projective transformation 
   
 



Second step  
-rubbersheeting adjustment  
   
 



Final result 
 
   
 



Transformation from F-M 
coordinate spatial system           
to traditional one. 
 
   



Conclusions: 

1. From our practice the efficiency of survey of spatial 
coordinates by means of Field-Map technology fluctuates 
between 1.5 and 2 in comparison to the traditional methods.   
 
2. The new (FM-collected) coordinates are more precise, 
however the old ones are necessary in order to reconstruct 
positions of currently absent (dead) trees.  
 
3. The ESRI ArcMap software can be an efficient tool for 
adjustment of spatial coordinate systems originated from  
different  measurements technologies.  
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