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  Limitations of the PHI System 

Plots on 
strip lines  

baseline 

forest 
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• Many sample 
plots  

• Very time 
consuming 

• High costs 
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Analysis of PHI systems 
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Simulation of Inventories using GIS Software  
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Full Data Set of one Forest Compartment 

PHI design from 1991  
Strip distances 100 m 
Sample Plot Size 25 x 50 m 
(1250 m²)  
 few but big Sample 

Plots 

PHI design from 1997 
Strip distances 50 m 
Sample Plot Size 10 x 20 m 
(200 m²)  
 many but small Sample 

Plots 
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Full Stock Inventory 
Data 

Spatial 
location 

Stockmap 

Meta data 

Plot layouts  

Extract 

Sample Data sets Analysis 

Working Steps 
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Mathematical derivation of Tree coordinates 

𝑏 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 
𝑡𝑟𝑒𝑒 𝑖𝑠 𝑙𝑒𝑓𝑡 𝑓𝑟𝑜𝑚 𝑠𝑡𝑟𝑖𝑝𝑙𝑖𝑛𝑒: + 𝑠 
𝑡𝑟𝑒𝑒 𝑖𝑠 𝑟𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑚 𝑠𝑡𝑟𝑖𝑝𝑙𝑖𝑛𝑒:  −𝑠

 

𝛼 = 𝑎𝑟𝑐𝑐𝑜𝑠
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
 

𝑐 = 𝑎2 + 𝑏2 

∝𝑐𝑜𝑟𝑟= 2𝜋 − (∝ −∝′) 

𝑥𝑎 = 𝑐 ∗ cos ∝𝑐𝑜𝑟𝑟 
𝑦𝑎 = 𝑐 ∗ sin ∝𝑐𝑜𝑟𝑟 

Implementation in Excel 

1) Tree is right to baseline and α > α’ 
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Mathematical derivation of Tree coordinates 

𝑏 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 
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𝑡𝑟𝑒𝑒 𝑖𝑠 𝑟𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑚 𝑠𝑡𝑟𝑖𝑝𝑙𝑖𝑛𝑒:  −𝑠

 

𝛼 = 𝑎𝑟𝑐𝑐𝑜𝑠
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
 

𝑐 = 𝑎2 + 𝑏2 

∝𝑐𝑜𝑟𝑟= ∝′- ∝ 

𝑥𝑎 = 𝑐 ∗ cos ∝𝑐𝑜𝑟𝑟 
𝑦𝑎 = 𝑐 ∗ sin ∝𝑐𝑜𝑟𝑟 

Implementation in Excel 

2) Tree is right to baseline and α < α’ 
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Mathematical derivation of Tree coordinates 

𝑏 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑛 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 
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𝑡𝑟𝑒𝑒 𝑖𝑠 𝑟𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑚 𝑠𝑡𝑟𝑖𝑝𝑙𝑖𝑛𝑒: + 𝑠
 

𝛼 = 𝑎𝑟𝑐𝑐𝑜𝑠
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
 

𝑏 = 𝑐2 + 𝑎2 

∝𝑐𝑜𝑟𝑟= ∝′+ ∝ 

𝑥𝑎 = 𝑐 ∗ cos ∝𝑐𝑜𝑟𝑟 
𝑦𝑎 = 𝑐 ∗ sin ∝𝑐𝑜𝑟𝑟 

Implementation in Excel 

3) Tree is left to baseline  



Introduction 

Problem 

Concept 

Study Area 

Procedure 

Analysis 

Results 

Outlook 

 



Introduction 

Problem 

Concept 

Study Area 

Procedure 

Analysis 

Results 

Outlook 

 

Number of Plots needed 
 

𝑛 =
𝑡2 ∗ 𝐶𝑜𝑉𝑎𝑟2

𝐸2
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Big Plots (PHI 1991) 

Small Plots (PHI 1997) 

PHI 1997 Vol (per Plot) 
Average 1,7 m³ 

Standard Deviation 2,1 m³ 
Coefficient of Variation 118 % 

PHI 1991  Vol (per Plot) 

Average 96,9 m³ 
Standard deviation 53,4 m³ 

Coefficient of variation 54 % 
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• Both systems are not suitable for precise 
forecast (5 % error level) in such small scale 
 

• At 20 % error level the amount of sample plots 
needed can be much reduced 

 PHI 1991 > about 30 % less plots needed  
 PHI 1997 > about 50 % less plots needed 

 

(Interim) Results 
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Outlook 

Further investigation:  
• Profound statistical analysis  
• Different other sample plot arrangements 
• Plotless sampling techniques as e.g. k-nearest 

neighbour  
 



Thank you!  
Questions? 
tom.thiele@hnee.de 
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