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Barber Revisited: Aggregate Analysis In
Harvest Schedule Models




The Aggregation of Age Classes in Timber
Resources Scheduling Models: Its Effects and Bias

* Richard L. Barber (1985)
* Summary

Efficient solution to scheduling problems typically requires
aggregation into age-classes

Harvests are represented as a single event occurring once every
multi-year planning period
Two sources of bias:
» Size of the age-class interval
« Age corresponding to the interval harvest and its associated volume
Conclusions:
« Bias increases with aggregation interval width
« Bias minimized when yields attributed to the oldest age within the interval
* Volume bias is negative
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Why revisit this topic?

Inherent assumptions are often taken for granted

— Age-class aggregation is important yet commonly
overlooked issue in forest planning

» Barber’s work is cited as justification for model
assumptions.

* Planners often fail to recognize that Barber
employed area and volume control methods

« Can Barber’s results be broadened to LP-based
planning frameworks?
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Presentation Notes
Point 1 alone indicates the importance of this topic.

As we have moved away from these techniques, planners still follow Barbers results. This leads to the question – are they still applicable given that we’ve moved on to LP-based planning solutions.
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Aggregate Analysis

« Age Class Width
— The number of ages combined into a single age class
— Assumptions drawn around initial age class age

* Planning Period Width
— The length of #me each planning period represents
— Assumptions drawn around timing of harvest within the
period
 |n literature, convention sets age class width equal
to planning period width
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The concepts of age class width and planning period width require clarification

Assumptions around age class width are – 1) class mid-point or 2) class end point. 

Assumptions around planning period width – 1) period mid-point or 2) period end-point.



Barber did not deal with this topic since he followed typical convention (in the literature) – the two are equal

In practice this is often not the case, further highlighting the need for revisiting this topic



When they are equal, the distinction between age class width and planning period width become blurred

It is not apparent that assumptions surround each have an impact

But the assumed harvest age really is a function of the assumptions about each
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Aggregate Analysis
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harvest age=|a,—o,| = | |+| p t—0,| ==

where:
a, = age equal to the upper end of the age-class
¢, = age-class width (years)
= planning period width (years)
t = harvest period

o;= lifassumed initial age is class mid-point, O otherwise
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This is the calculation for the assumed harvest age

The takeaway from this slide is really that harvest age has two components

	First term is assumed initial age

	second term is the assumed number of years until harvest

You can see that assumed age differences as large as (cw /2) + (pw /2) years may occur between assumptions.



Note that this calculation is only valid for existing strata 

Once harvested all strata have age class width = planning period width  --- i.e., age-class width transitions from Cw to Pw

Assumed harvest age is simply pw * tr where tr is the number of planning periods since regeneration




Methods

* Where possible, tried to mimic Barber (1985)

* Hypothetical 1,000-acre forest
— All stands Douglas Fir plantations
— Planting density 360 trees per acre
— Douglas Fir site index of 140

— Three Initial age class distributions
e Uniform
* Negative Skew
 Positive Skew
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1/12th the area was assigned to each 5-year age class from 1 to 60 years

Assignment within each class varies

	uniform – evenly to all ages

	negative – at the bottom of the class

	positive – at the top of the class

While unlikely, these represent the extreme cases

These follow Barber, except his top age was 100 w/ 1/10 the area in each 10-year age class

Note that once aggregated into 5-year age classes, all distributions appear identical
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A key thing to remember is that once aggregated, all ACDs appear identical

The individual age classes lose their identities and you’re left with the same broader classes
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Methods

 Harvest schedules
— Model Il LP formulation
— Maximize NPV (6% real)

— All harvested stands must be replanted
« Same forest type & planting density as before

— Even flow harvest volume

— Yield data developed with FORSIm PNW
implementation of ORGANON model
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We don’t condone the use of a strict even-flow volume constraint

It is however common practice so it’s applicability here is appropriate

Furthermore, it more closely mimics Barber’s even flow volume control models




est Cases

Planning Period Initial Age Harvest Timing
Width Age-class Width (Within Age-class) (Within Planning Period) Abbreviation
1-year planning period width, 5-year age-class width (PP1AC5##)
1 5 Mid-point End-point PP1AC5ME
1 5 End-point End-point PP1ACS5EE
5-year planning period width, 5-year age-class width (PP5AC5##)
5 5 Mid-point Mid-point PP5AC5MM
5 5 Mid-point End-point PP5AC5ME
5 5 End-point Mid-point PP5AC5EM
5 5 End-point End-point PP5ACSEE
5-year planning period width, 10-year age-class wdith (PP5ACL10##)
5 10 Mid-point Mid-point PP5AC10MM
5 10 Mid-point End-point PP5AC10ME
5 10 End-point Mid-point PP5AC10EM
5 10 End-point End-point PP5AC10EE
10-year planning period width, 5-year age-class width (PP10AC5##)
10 5 Mid-point Mid-point PP10AC5MM
10 5 Mid-point End-point PP10AC5ME
10 5 End-point Mid-point PP10AC5EM
10 5 End-point End-point PP10ACS5EE
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Four groups of test cases

Represent the three general cases of age class width < planning period width, age class width = planning period width, age class width > planning period width

Within each general case, the four possible combinations of age class/planning period assumptions were tested



Note that we’ve also included the special case of annual planning periods with 5-year age classes 

This has become increasingly popular with western models

Here the only harvest timing option is period end-point – this is common assumption with annual models



Each individual case (14 in total) were run for each age class distribution – again, once aggregated each the ACDs are identical, so this is really just a single run




esults — Harvest VVolume Bias

Initial Age Class Distribution
Uniform Negative Skew Positive Skew

PP1AC5ME 0.009 0.028 -0.008
PP1ACS5EE 0.025 0.044 0.008
PP5AC5MM 0.03 0.05 0.013
PP5AC5ME 0.056 0.076 0.038
PPSAC5EM 0.056 0.076 0.038
PP5ACSEE 0.071 0.091 0.053
PP5AC10MM 0.035 0.054 0.017
PP5AC10ME 0.051 0.071 0.034
PP5AC10EM 0.075 0.095 0.057
PPSAC10EE 0.09 0.11 0.071
PP10AC5MM 0.032 0.051 0.015
PP10ACSME 0.072 0.093 0.055
PP10AC5EM 0.049 0.069 0.031
PP10ACSEE 0.087 0.108 0.069
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Results for volume bias by age class distribution and case

Bias is measured as percent (as a decimal) difference from an annual model built for the same ACD

	(observed – standard) / standard

	> 0  indicates overestimate

	< 0 indicates underestimate



Because aggregate models attempt to approximate an annual model, this severs as an appropriate standard

Bolded item represents the case that minimizes bias within each of the four broader cases – 

	Note that MM assumption set always minimizes volume bias
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Results - Harvest Volume Bias
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We can look at these cases graphically

This is the trend seen regardless of the assumption set

	The largest bias occurs with the negative skew distribution (this means the largest overestimate)

	the smallest occurs with the positive skew (this means underestimate)

It’s important to note that the magnitude of the bias is about the same regardless of the planning period width/age class width combination with the MM assumption set

Note also that bias is distinctly lower (half or less) when we use annual planning periods


esults - Harvest Age Bias

100-year Subset
Negative Skew

1-period Subset
Negative Skew

Uniform Positive Skew Uniform Positive Skew

PP1ACSME 0.016 0.063 -0.025 -0.024 0.045 -0.025
PP1ACS5EE 0.064 0.113 0.021 0.017 0.089 0.017
PP5AC5MM -0.031 0.014 -0.071 -0.006 0.064 -0.007
PP5ACS5ME 0.029 0.077 -0.013 0.038 0.111 0.037
PP5ACSEE 0.076 0.126 0.032 0.081 0.157 0.08
PP5AC10MM -0.027 0.018 -0.067 -0.041 0.027 -0.042
PP5AC10ME 0.021 0.068 -0.021 0.043 0.116 0.042
PP5AC10EM 0.079 0.129 0.035 0.001 0.071 0
PP5ACI10EE 0.126 0.178 0.08 0.084 0.161 0.083
PP10AC5MM -0.025 0.02 -0.065 -0.009 0.061 -0.01
PP10AC5S5ME 0.079 0.129 0.035 0.035 0.108 0.034
PP10AC5EM 0.021 0.069 -0.02 0.08 0.156 0.079
PP10ACS5EE 0.127 0.179 0.081 0.124 0.203 0.123
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Harvest age bias

We’ve added length of time

	Strict even flow constraints mean volume bias is the same regardless of time interval

	Age bias differs over time

We show the long term trend (100-year subset of 150-year planning horizon) as well as the short term implications

The biggest thing to note here is inconsistency

	the assumption set that minimizes age bias is not the same between age class distributions

	nor is it the same when shifting between time resolutions

	nor is it the same as the assumption set which minimizes volume bias




esults - Harvest Area Bilas

100-year Subset
Negative Skew

1-period Subset
Negative Skew

Uniform Positive Skew Uniform Positive Skew

PP1ACSME -0.014 -0.044 0.014 0.025 -0.027 0.009
PP1ACS5EE -0.04 -0.069 -0.013 0.007 -0.044 -0.008
PP5AC5MM 0.068 0.035 0.097 0.037 -0.016 0.021
PP5AC5ME 0.02 -0.011 0.049 0.009 -0.042 -0.007
PP5ACS5EE -0.007 -0.037 0.021 -0.008 -0.059 -0.024
PP5AC10MM 0.062 0.029 0.091 0.07 0.016 0.053
PP5AC10ME 0.03 -0.002 0.058 0.051 -0.003 0.034
PP5AC10EM -0.011 -0.042 0.016 0.023 -0.029 0.007
PP5AC10EE -0.035 -0.065 -0.009 0.006 -0.046 -0.01
PP10AC5MM 0.058 0.025 0.087 0.034 -0.019 0.017
PP10AC5S5ME -0.013 -0.043 0.015 -0.013 -0.064 -0.029
PP10AC5EM 0.028 -0.004 0.056 0.014 -0.038 -0.002
PP10ACS5EE -0.038 -0.067 -0.011 -0.03 -0.08 -0.046
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Here we have harvest area bias

Again, we don’t see a consistent assumption set that minimizes bias

The important thing here is the relationship between age and area bias
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Results — Harvest Area Bias
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Here we graph age and area bias for the PP5 AC 10 general case, uniform age class distribution



Very strong negative correlation between harvest age and harvest area bias (correlation coefficients < -0.75 in all cases)

When harvest age is high, area is low and vice-versa

This relationship makes sense – if we underestimate age, we have to harvest more acres to increase our periodic harvest volume
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Results — Harvest Schedule Feasibility

Test Case Volume Annual Volume Fall Down
PP1AC5EE 1,485,147 1,448,591 2.50%
PP5AC5EE 1,551,975 1,432,616 8.30%
PP5AC10EE 1,578,577 1,448,589 9.00%

PP10AC5ME 1,553,557 Infeasiple -
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So the real question that arises is what happens when we implement our aggregate results

To mimic this we set area/volume targets from our period models into our annual models

Generally only the first planning period is implemented prior to replanning, so that is what is done here



This table shows the results when we set area targets using the assumption set that minimized harvest area bias

We show the annualized volume from the test case, the resulting annual volume when the area targets are implemented, and finally the fall down between them



Again note that falldown is the lowest with annual planning periods – expected since bias is lower 

In the case of 10-year planning periods there was no feasible solution



When we attempt to set harvest volume targets, we get no feasible answers

Only when we relax the even flow volume constraint to first apply in period 2 do we get a feasible solution

We notice a sizable decline in harvest volume between periods 1 and 2 – this is evidence of the declining even flow effect cited by various authors
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Conclusions

» Results contradict Barber (1985)
— Barber notes negative volume bias

« Constrained models with aggregated age-classes
consistently exhibit positive volume bias

* Assumptions which minimize volume bias do not
always minimize area bias

 Which should we minimize, volume or area bias?

— Generally, use annual models with annual age classes

— Annual planning periods with 5-year age classes
(PP1ACS5) provides a good alternative
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Talk about implications of Barber’s negative bias and our positive bias

	1. he would lead to under cut which can be recovered from in subsequent rounds of planning through increased harvest levels

	2. we lead to over cutting from which we can never recover

	3. furthermore, positive bias leads to overcutting, but subsequent plans also have positive bias which lead to more over cut – you’ve entered a death spiral

All this is evident when we try to implement our plans through infeasibiliy with volume targets and large falldown with area targets

Which should we minimize?

	1. volume bias can lead to violation of volume-based constraints (wood supply agreements, mill supply requirements, harvest fluctuation)

		we can always just increase our harvest area

		tactic cannot always be practically employed and is not sustainable into the future

	2. area bias can lead to violation of area-based constriants (wildlife habitat, ending age class distribution)
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Thank you.
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