EXPIRATION DATES: FACT OR FICTION?

Extending the shelf-life of forest inventories

John Young | Biometrician | 4-16-2025
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First Increase in Precision?

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
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Cracks in the Foundation

1942, Jessen comes along..

Incomplete Matching

NtZ — 0.5nt1 + 0.57’Lt2

Increased precision when combining
two periodic surveys!

TABLE 30. RELATIVE EFFICIENCY OF THE HALF MATCHED HALF UN-
MATCHED 1939 SAMPLE COMPARED WITH THAT OF A COM.
PLETELY UNMATCHED SAMPLE WHEN ITEM MEANS FOR 1939

ARE BEING ESTIMATED.

Item Relative efficiency
(%)
L. ACTes In FarmS. .. cnie i i i iiniiene et iacneiasaniananrasennns 45
2. Cornacres harvested............covvivuormnnreioinceanceneennenns 145
3. DRt ACTes, BTAID. oouuunnrnr e naureannareteinnn tamanueneenannesns 139
¢ B BETES, BTRIN. . ..ot e 131
5. N Of BWIDE. . oo i ittt e iaeae e anaaeaaranns 137
6. Number of BOrses. . ......ooitiiiii i iiits t i iiccanrrnnenanans 142
. Number of cattle. ..o . ittt et e e 140
8. Number of 8heeD. .o ovit it iiir it inranrerannanasronnnsersnns 143
9. Number of chickens......ooiuramerenrrrrioriiorurcnennnnsusnns 141
10. Receipts from salesof dairy products..................cooiviiina... 136
11. Gross expenditures, OPeratOr. . oo ve e vrererrronnnsansnnssnsssssans 131
12. Gross receipts, OPerBOr. .uuvurunne et i ininnctainnannanreinioanann 138
13, Netcash income, OperBboT. ..ouvi v nn i aterniinennnensnnannns 122
14. Numberofpersonsonfarms....................................... 143

Estimated relative efficiencies on a group of items have been
computed to show how much the incomplete matching as
followed in the sample survey has increased efficiency over
unmatched samples in estimating year means. These esti-
mates appear in table 30.

It is clear that estimates of the 1939 means were sub-
stantially improved by the adoption of the above method of
estimation (45). If correlations were perfect (= 1) the
gain in relative efficiency would be 50 percent.
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SPACE RACE
1960 - 2000
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WE ARE NOT ALONE

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!
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Fig. 3 Matrix block diagram of optimal filter
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TABLE 1. Comparison of regression and CFI estimates.

Standard error

Add’l plots
Down to Earth Item Regression  CFI needed®
Pct Pct No.
Basal area, live trees 7.2 11.3 50
McEntire-Stennis takes effect 1962 Net cu-ft volume 8.6 13.5 50
Board-ft volume
Int %4 10.5 16.7 52
Scribner 10.7 16.9 51
Multiple Inventories on my Mind o
o . ° “3 s uncut
« Weighted Regression (Cunia, Frayer) 2 Uncompahgre
g Initial inventory: Year 1957
z Plots established 102
. . . E °r Reinventory: Year 1967
« Sampling with partial replacement < ' Remeasured plots 34
Ware and Cunia (1962); Bickford et al (1963); Q ar
Frayer and Furnival (1967) *
(&) 2k . .
9 N

0 2 4 6 8
1957 CU-FT VOL/ACRE (THOUSANDS) 9 | A
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Burkhart 1974




Met present

value NPV
NFV‘:‘H %
Correct data
NPV,
HAZARD WARNING
ncorrect data
Important consideration: What is
§ . T Time the actual benefit of additional
o | information?
Fig. 1 The principle of cost-plus-loss analysis Responsiveness Sensitivity to
uncertainty
‘Value of Information’
ir:fsnr'lg'lg?clm in:fs:umaaﬁgn 1 uﬁ:ﬁ;};w * Conklln 1977

 Burkhart et al 1978
* Kangas 2010

* Makinen et al 2012
Fig. 6 The aspects affecting the value of information (Ketzenberg

et al. 2007) |
12 1\
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Figure 6. Utility function for eight orchardists, Jackson County, Oregon.



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)

we
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Ficure I. Comparisons of the variances of the Kalman and Ware and Cunia estimators for the
second period population mean: parametric changes of the correlation coefficient between remea-
sured plots and changes in the a priori proportional change parameter, h, between the first and
second period means. WC indicates the variance of the Ware and Cunia estimator. The curves
labelled with an h denote Kalman variances for the corresponding value of & and @ = 0.04. The
population variance in the first period is 100 and then 121 in the second period. The sample sizes
are u = 200, m = 50, and n = 200.

| A



Discovery of the Kalman Filter as
a Practical Tool for Aerospace and
Industry

Leonard A McGee, Ames Research Center, Moffett Fieid. Califarnia
Stanley F. Schmidr Analytical Mechanics Associates, Inc. Mountain View, California

Nuvemnber 1985
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Reaching Nirvana? Low precison monitoring data ~ No monitoring. data

‘g 607 v 3 ':'* * IR S S P
(@) A R : ; '
By the early 1990s, Benefits of data = SR SN S| o
assimilation were clearly 3
demonstrated o
g.
» Czaplewski 1988; 1990 Q
N
« Walters and Burkhart 1991 K . . . . . : _
g 0 4 7 10 0 4 7 10
Time (years) Time (years)

Figure 5. Kalman estimates and approximate 95% confidence intervals. Forest inventories were
conducted in years 0 and 10; monitoring data were gathered in years 4 and 7. A time series of

relatively imprecise (i.e., inexpensive) momtormg data can prolong utility of a previous,
more expensive forest inventory.
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Flying Under the Radar

Chip Scott (1998):

“l recommend a permanent-plot system (CFIl) using a systematic grid.”
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PRE-MODERN

ERA
2000 - 2015
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United States
Department of
Agriculture

Forest Service

Southern
Research Station

General Technical
Report SRS-80

The Enhanced Forest
Inventory and Analysis
Program—National
Sampling Design and
Estimation Procedures

William A. Bechtold and
Paul L. Patterson, Editors



Azimuth 1 - 2 = 360°
Azimuth1-3 =120
Azimuth 1 - 4 = 240°

Figure 3.1 —FIA plot design.

Macroplot:

.l_.._ 53.9 feet radius

Distance betweaen
subplot centers s
120 teet horizontal

6.8 feet radius c:enter'.'~~ ~
is 12 feet horizontal

@ 90" azimuth from

the subplot center

FIAs and NFls

Annual plot design necessitates a
robust, easily interpretable
design

Frayer and Furnival (2000)

New challenges:
« Multiple resource questions
* Diverse, public customers

e Various domain needs |
20 1\



0.98

.96 ‘

3

‘2 0,94

S Enter: SAE / SDE

= 092 7 . .

g " N Changing landscape = changing
2 090 demands

%. IN

“= .88 -

E MO MM .

£ 086 * New markets consuming data
2

(Prisley et al 2021)

« Renewed focus on auxiliary
data incorporation (LeMay &

0.80 | Temesgen 2005; McRoberts et
0.0 02 0.4 0.6 0.8 1.0 a|. 2002)

Proportion forest land threshold

0.54

0.82

3

Fig. 2. Correspondence between NLCD-based forest and nonforest strata
and proportion forest land observed by field crews.

Research Efforts concurrent with
FIA annual inventory
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1999-2000 k-NN predic
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Fig. 6. Predicted forest land proportion and aerial photograph for the 15 % 15 km center of the St. Louis study area.

Composite Estimation 2.0?

Auxiliary data... alternative
inventory... sound familiar?

Research primarily associated
with (Guildin 2021):

Remotely sensed auxiliary
data

Spatially-defined domains

Are there others?
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Where are we now?

Composite Estimation

-  SAE methods more relevant than ever

Prisley 2021; Guildin 2021; Dettman
2022

- Data Assimilation methods more relevant \ : )
than ever SMOOTHING

FILTERING

Nystrom et al 2015; Eyvindson et al l ! ,_
2017; Kangas 2020; Mohamedou et al sreplcrion
2022

- Classical regression estimators not obsolete

McConville et al 2020
cConville et a # A



Where are we now?

Value of Information

Obijective criteria for inventory value

Nahorna et al 2024

Multi-resource inventories
Guldin 2021; Ferretti et al 2024
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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

a7 | A



SO, WHAT'S THE QUESTION?

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

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?
2 | A\



QUESTIONS?
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