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IN THE BEGINNING
1910 - 1960
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Permanent Sample Plot Design

• Introduced by Woolsey in 1910

• Stott & Ryan plot design (pictured) widely 

accepted after 1939 publication

• By 1947, Stott had standardized PSP  

procedure

• Barton 1960: Wrote the CFI guideline for US 

This design become the foundation for:

 Continuous Forest Inventory

First Increase in Precision? 
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Cracks in the Foundation

1942, Jessen comes along..

• Incomplete Matching 

 

 N𝑡2 = 0.5𝑛𝑡1 + 0.5𝑛𝑡2

• Increased precision when combining 

two periodic surveys!
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SPACE RACE
1960 - 2000
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Kalman (1960) 

- Time-series predictions based on prior 

observations; “Bayes-derived”

- Drew heavily on systems theory

- Widely used for automation and navigation 

applications 

Took man to the moon!

WE ARE NOT ALONE
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McEntire-Stennis takes effect 1962

Multiple Inventories on my Mind

• Weighted Regression (Cunia, Frayer)

• Sampling with partial replacement

 Ware and Cunia (1962); Bickford et al (1963); 

Frayer and Furnival (1967) 

Down to Earth



Barnard 1975



Burkhart 1974
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Important consideration: What is 

the actual benefit of additional 

information? 

‘Value of Information’ 

• Conklin 1977

• Burkhart et al 1978

• Kangas 2010 

• Makinen et al 2012 

HAZARD WARNING
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Running in Circles 

Kalman Filter… in Forestry!

State-Space Estimation took off in the 1980s

• Variance reduction (Dixon and Howitt 

1979)

• Stochastic Differential Equations (Garcia 

1980) 

• Localizing growth equations (Gertner 

1984)

• Climate Impact Modelling (Van Deusen 

1987; Visser 1986)
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By the early 1990s, Benefits of data 

assimilation were clearly 

demonstrated

• Czaplewski 1988; 1990

• Walters and Burkhart 1991

Reaching Nirvana? 
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Chip Scott (1998): 

“I recommend a permanent-plot system (CFI) using a systematic grid.” 

Flying Under the Radar 
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PRE-MODERN 

ERA
2000 – 2015
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Annual plot design necessitates a 

robust, easily interpretable 

design 

Frayer and Furnival (2000)

New challenges: 

• Multiple resource questions

• Diverse, public customers

• Various domain needs 

FIAs and NFIs 
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Changing landscape = changing 

demands

• New markets consuming data 

(Prisley et al 2021)

• Renewed focus on auxiliary 

data incorporation (LeMay & 

Temesgen 2005; McRoberts et 

al. 2002)

Research Efforts concurrent with 

FIA annual inventory 

Enter: SAE / SDE 
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Auxiliary data… alternative 

inventory… sound familiar?

Research primarily associated 

with (Guildin 2021):  

- Remotely sensed auxiliary 

data

- Spatially-defined domains 

Are there others? 

Composite Estimation 2.0?
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MODERN ERA
2015 – Present
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Composite Estimation

- SAE methods more relevant than ever 

 Prisley 2021; Guildin 2021; Dettman 

2022

- Data Assimilation methods more relevant 

than ever

 Nystrom et al 2015; Eyvindson et al 

2017; Kangas 2020; Mohamedou et al 

2022

- Classical regression estimators not obsolete

  McConville et al 2020

Where are we now? 
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Composite Estimation

Value of Information 

- Objective criteria for inventory value 

 Nahorna et al 2024

- Multi-resource inventories 

 Guldin 2021; Ferretti et al 2024

Where are we now? 
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MY OBSERVATIONS

Increased precision is a long-standing objective but distracted by organizational challenges  

Research foci have shifted through time, resulting in a ‘moving target’  

Data availability and computing power are just now cost-favorable



28

How can we derive a value-driven approach to optimize the lifespan of forest 

inventory data? 

SO, WHAT’S THE QUESTION? 

What are the institutional barriers to making complex designs standard practice? 

How do we maximize the value of information for increasing precision? 

Where can we focus research efforts to guide implementation of advanced inventory 

techniques? 

Others?  



29

QUESTIONS?



30

CITATIONS
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