A results-based system for regulating
reforestation obligations

by Patrick J. Martin!, Shane Browne-Clayton? and Eleanor McWilliams?

A results-based system for the regulation of reforestation obligations is described. The system involves establishing performance
targetsfor harvested areas, surveying areas after harvest to assess achieved performance, and maintaining aledger to tally target and
achieved performance over alarge number of cutblocks. The obligation to reforest is considered met when total achieved performance
exceedstotal target performance evaluated over all cutblocks. Reforestation performance isindexed by predicted merchantable vol-
ume per hectare 80 years after harvest. To obtain these volume predictions, areas are surveyed 10 years after harvest and estimates of
site quality, tree stocking, species composition, and stand height are input to a set of yield prediction tables. This results-based sys-
tem, which we believe improves the regul atory framework governing the reforestation of harvested areas, will be tested in amanagement
unit (TFL 49) in southern British Columbiain 2002.
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Cet article décrit un systéme reposant sur les résultats en matiére de réglementation liée aux obligations de reboisement. Le systeme
comprend lamise en place d’ objectifs de performance dans | es territoires exploités, le sondage des sites apres larécolte pour évaluer
la performance atteinte et la tenue d’ un registre pour controler la performance visée et celle atteinte pour un grand nombre de blocs
de coupe. L’ obligation de reboiser est considérée comme étant satisfaite lorsque la performance total e atteinte est supérieure alaper-
formance visée en totalité telle qu’ évaluée pour tous les blocs de coupe. La performance en matiére de reboisement est indexée en fonc-
tion du volume marchand projeté par hectare 80 ans apres larécolte. Pour obtenir ces prévisions volumétriques, les sites sont sondés
10 ans apreslarécolte et les estimés de laqualité de lastation, de la densité relative, de ladistribution des especes et de la hauteur du
peuplement sont insérés dans un ensemble de tables de prédiction du rendement. Nous considérons que ce systéme reposant sur les
résultats améliorerala cadre réglementaire régissant le reboisement des sites exploités et qui seramisal’ dansune unité d amé-

nagement (TFL 49) du sud de la Colombie-Britannique au cours de 2002.

M ots-clés: reglements basés sur les résultats, reboisement, prévision de rendement, sylviculture

I ntroduction

Recently in British Columbia,
there has been much discussion
of the possible consequences of
shifting from “process-based”
to “results-based” systems for
managing forest land. A regu-
latory system that is process-
based atemptsto achieve desired
outcomes by controlling proce-
dure and process. Process-based
reforestation regulations, for
example, might require arefor-
estation plan for each harvested
areawith detail on the proceduresthat will be used to reforest
the area, such asthe Site preparation method, seedling stock types,
scheduled brushing, etc. Government agenciesthen enforcethe
process—ensuring that each procedure is executed in accor-
dance with the plan. In contragt, aregulatory system that isresults-
based attempts to achieve desired outcomes by clearly
articulating the desired result—and allowing freer choice
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around the methods that can be used to achieve theresult. Results-
based reforestation regulations, for example, might specify the
desired result in terms of aminimum density of healthy, well-
spaced, free-growing trees of appropriate speciesthat exceed
aminimum height at an assessment date. Government agen-
cies then enforce the result—and are less concerned with the
methods used to achieveit. Relative to process-based forest man-
agement, results-based forest management is promoted by
some as more efficient and effective, less costly, and more
flexible (Council of Forest Industries 1999, Pearse 2001, B.C.
Ministry of Forests 2002). However, others are concerned
that the transition from process-based to results-based forest
management will be associated with “regulatory changes that
reduce government oversight of corporate forestry” (Clogg 1999).

492 JUILLET/AQUT 2002, VOL. 78, NO. 4, THE FORESTRY CHRONICLE



When timber is harvested on crown land in British Columbia,
the Forest Practices Code of B.C. Act assignsto thelicense hold-
er alegal obligation to reforest the area. In 1999, to encourage
the development of results-based regulatory systems, the B.C.
government enabled the creation of Forest Practices Code
Results-based Pilot Projects®.

In the summer of 2002, Riverside Forest Products Ltd. is
expected to seek government approval for apilot project on Tree
Farm Licence (TFL) 49. One small but important component
of thispilot project isanew approach for regulating reforestation
obligations. In this paper we describe the results-based approach
to regulating reforestation obligationsthat isbeing contemplated
for the TFL 49 pilot project area. It isnot our intent to describe
dl technicd details of this system or exactly how it may be applied
in TFL 49. Rather, we want to describe the primary concepts
of our system so that others attempting to devise results-based
regulatory frameworks can adapt some of these concepts for
use elsawhere.

ThePilot Project Area

The pilot project area (TFL 49) islocated west of Okanagan
Lake near Kelownain the southern interior of B.C. The TFL
comprises 143 760 hectares and supports avariety of commercid
tree speciesincluding lodgepol e pine (Pinus contorta Dougl.
ex Loud.), interior spruce (Picea engelmannii x glauca),
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), sub-
alpine fir (Abies lasiocarpa (Hook.) Nutt.), western larch
(Larix occidentalis Nutt.), and ponderosa pine (Pinus ponderosa
Dougl. ex Laws.). The current allowable annual cut is 380 000
cubic meters with approximately 2000 hectares harvested
annually. Clearcutting followed by planting and/or natural
regeneration isthe dominant slvicultural regime (Pedersen 1998).

Description of the System

Overview of Key Concepts
We wanted to develop asystem for regulating reforestation

obligations that would:

1. ass=ssreforestation performance at aleve of resolution above
the individual cutblock—e.g., at the landscape level or at
the level of apopulation of cutblocks;

2. freedilviculturiststo select from awide variety of actions
those that will achieve the desired results at least cost; and

3. highlight the relationship between silviculture and futureyield.

With Forest Renewal B.C. funding, ateam that included staff

from Riverside Forest Products Ltd., the B.C. Ministry of

Forests, and J.S. Thrower and Associates Ltd. developed anew

system for results-based management of reforestation obliga-

tions. Conceptualy, the proposed system involves:

1. establishing performance targets for harvested areas,

2. surveying areas after harvest to assess achieved performance,
and

3. maintaining aledger to taly both cumulative target performance
and cumulative achieved performance.

Refor estation Performance I ndicator
We sdlected predicted merchantable volume/ha 80 years after
harvest as our indicator of reforestation performance.

4For moreinformation on the B.C.'s Results-based Forest Practices Code Pilot
Projects, refer to http://www.for.gov.bc.ca/hfp/rbpil ot/

Tablel. Ten yearsafter harvest, thefield estimatesof top height and site
index areused to determinean “ effectiveage” with juvenile height growth
modes For example, lodgepole pinesandson steindex 20 m with top heights
of 1.6 and 4.2 m have effective ages of 7 and 13 years, r espectively

Top height (m) by siteindex and age

Siteindex (m)

Tota age

(years from seed) 19 20 21
7 15 16 17
8 18 19 21
9 21 23 25
10 25 238 3.0
11 29 32 35
12 34 3.7 4.0

Source: Nigh and Love (1999)

Yield Prediction Tables

Weidentified four factors asthe primary determinants of future
yield: site quality, tree stocking, tree species composition, and
stand development at the time of survey. We chose site index
as our measure of site quality. We chose mean stocked quad-
rant (MSQ), avariation on the stocked quadrat plot system (Stein
1978), as our measure of tree stocking. Separate yield predic-
tion tables were devel oped for three species groups:. lodgepole
pine (P1)>80%, interior spruce (Sx)>80%, and Pl-Sx mixed stands.
Asour measure of stand development at the time of survey, we
chosetop height and expressed it as“ effective age” (see below)
intheyield prediction tables. Yield predictionsfrom the stand
growth modd TASS (Mitchdl 1975, Mitchell and Cameron 1935,
Di Lucca 1999) were used to generate a set of tablesthat pre-
dict merchantable volume/ha 80 years after harvest (MVOL80)
from siteindex, M SQ, species class, and effective age.

Details on the development of the regeneration survey,
yield predictions and effective age cal culations can be obtained
from J.S. Thrower & Associates Ltd. (2002).

Regeneration Survey

Our system employs regeneration surveys conducted 10 years
after harvest. The regeneration survey utilises 0.005-ha (3.99-
m radius circular) plots divided into quarters (quadrants)
aong cardina directions. In each plot, we count the number
of quadrantsthat contain at least one acceptabletree. MSQ s
the average of these counts from all of the plotsin a defined
stratum. For our purpose, an acceptabletreeis of an ecologi-
cally appropriate species, healthy, and not impeded by brush.
For aharvested areq, the regeneration survey conducted 10 years
after harvest provides esimates of Siteindex, M SQ, speciesgroup,
and top height (which istranslated to effective age).

Effective Age

Many factors can impact top height 10 years after harvest,
including the timing of planting and natural ingress, seedling
age at planting, genetic worth of seed used, planting quality,
microsite selection, and the use of site preparation and vege-
tation management. Theresulting early growth differences can
impact yield 80 years after harvest. We bring these factorsinto
our yield prediction tables through the use of “effective age.”
Juvenile height growth models (Nigh and Love 1999, 2000) that
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Fig. 1. Seventy yearsis added to effective age to determine the appropriate total age at which to extract the yield prediction. For example,
when stands have effective ages of 7 and 13 years, yield is taken from the yield table at ages 77 and 83 years, respectively.

relate top height, total age (yearsfrom seed), and siteindex, are
used to trandlate top height at survey to effective age. Effec-
tive ageisthe age that must beinput (with the observed Steindex)
to the juvenile height growth model to attain the observed top
height. For example (Table 1), two lodgepole pine stands on
siteindex 20 m with top heights of 1.6 and 4.2 m have effec-
tive agesof 7 and 13 years, respectively. Conceptually, we use
effective age as follows. For a given stocking, species group
and site index, we generate a yield table of volume/ha by
total age. For a specific stand, we calculate effective age.
Because our stands are surveyed 10 years after harvest, and we
areinterested in yield 80 years after harvest, we add 70 years
to the effective age to obtain the total age a which wetakeyield
from the yield table (Fig. 1). This procedure employs the
assumption that reforestation practices may alter initial height
growth rates, but that this responseis exhausted by 10 years after

harvest. After this time, the stand resumes growth as though
it were astand with the assumed effective age. That is, for the
given site, species group and stocking, after 10 years, growth
is determined by achieved height—not actual age.

Fig. 2 provides an example of the relationship of predicted
volumehato MSQ and effective agein our yidd prediction tables
for lodgepole pine on siteindex 17 and 23 m.

Expected Yield and Target Yield

For aharvested area, the expected yield isthe MV OL 80 pre-
dicted for the area from the conditions (site index, MSQ,
species group, and effective age) observed during the regen-
eration survey (Fig. 3).

The target yield expresses the standard of reforestation
performancethat is desired. When we set the target yield, we
are making the clear statement of desired outcome that is
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Fig. 2. Relationship of predicted volume/ha to mean stocked quadrant and effective age in the yield prediction tables for lodgepole pine

on siteindex 17 and 23 m. Sl=siteindex. EAGE=¢ffective age.

required for results-based management. For aharvested area,
thetarget yield isthe MV OL 80 that results from inputting to
theyield prediction tablesthe observed site index and species
group plustarget valuesfor MSQ and effective age. Inthe pilot
project, the target value for effective age may be set at eight
years and the target value for MSQ will vary with ecosystem
and management emphasis. For example, the target MSQ
will be set lower on dry sitesthan on mesic sitesand lower on
areas heavily used by cattle than on areasthat are not intend-
ed for heavy cattle use. Inthe pilot project, thetarget MSQ may
be set at 3.6 for many mesic sites. Note that on harvested areas
wheretarget M SQ isreduced, the associated target yield isthere-
fore reduced.

Recording Target and Expected Yield in the L edger

The systemisdesigned for gpplication to agroup of harvested
areas. Reforestation performanceis assessed for thisgroup as
awhole. Each harvested areaiin the group is surveyed. Expect-
ed yield and target yield are estimated for defined strata and
recorded in aledger. After dl harvested areas are surveyed, over-

al totalsfor expected yield and target yield are cal culated. Refor-
estation obligations on the entire group are deemed to be met
if the cumulative expected yield equals or exceeds the cumu-
lative target yield (Table 2).

Survey Design for Testing the System in 2002

The proposed system for regulating reforestation obligations
will be field-tested in 2002 using a survey design that can be
described as stratified systematic sampling. A smplified ver-
sion of the proposed survey design is described below.

Objective
The abjective of the survey isto estimate both total expect-
ed yield and total target yield for the population.

Population

For thistest, the populationisall of the net areato berefor-
ested in acollection of cutblocksthat were clearcut harvested
10 years ago.
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Fig. 3. Four factors are assessed 10 years after harvest to estimate expected yield 80 years after harvest.

Table2. Target and expected yiddsaretracked in aledger with the assess
ment of reforestation performance based on cumulative amounts

Stratum Target yield (m3) Expected yield (m3)
A 2500 3000

B 6 500 6100

C 7000 6900

D 8200 9200

E 5000 4800

Total: 29 200 30 000
Sample selection

Every cutblock in the test population will be surveyed.
Plotswill be systematically established at an intensity of one
plot per hectare over the entire population.

Stratification

The 2002 fiel d-testing will include evaluating dternative strat-
ification schemes. At thistime, we anticipate stratifying the pop-
ulation by speciesgroup, density class, and target stocking class.

Data collection

At each plot, surveyorswill record the stratum in which the
plot fell (species-density-target stocking class) and siteindex,
top height, and the stocked quadrant tally.

Data compilation

After theentire populationis surveyed, al of the plotsin each
stratum will be pooled. For each stratum, M SQ will be com-
puted. Mean site index and top height will aso be computed
and used to determine effective age. Mean siteindex, effective
age, and MSQ will beinput to the yield prediction table for the
species group to obtain expected yield/ha for the stratum.
Thetarget yield/hafor the stratum will be obtained by inputting
to the yield prediction tables the observed site index and
species group plustarget values for MSQ and effective age. Per
hectareyield will be multiplied by stratum area (estimated by
the number of plots that fell in the stratum) and total yields
(target and expected) recorded in the ledger for each stratum.
Overall totals will be computed.

Decision criterion
Reforestation obligations will be deemed to be met if total
expected yield > total target yield.

Discussion
Implications of Adopting the System

The system to administer reforestation obligations that we
have presented hereistruly aresults-based system asit focus-
eson results—not processes, procedures and activities. How-

ever, we anticipate costs and risks associated with itsimple-
mentation. There will be costs associated with becoming
familiar with the new method. And asthe proposed systemis
new and has not been tested, thereisarisk that it may lead to
problems that have not been anticipated.

If implemented, we expect that the system may lead to
changes in the relative amounts of, and expenditures on, sil-
viculture activities. Under this new system, silvicultural treat-
ments can be deployed strategically. The choice of onetreat-
ment can be weighed against other silvicultura optionsthat can
also increase expected yield. On some sites, natural regener-
ation may be used, and so on other sitesintensification of man-
agement may be required to ensure that the overall target
yield is achieved. The new system facilitates a movement
toward greater diversity of management intensity among sites.
It provides aexcdllent basisfor providing incentivesfor supe-
rior reforestation performance.

The Definition of Desired Results

Today’ s silviculture must meet multiple objectives such as
providing future harvest volume, sustaining biodiversity, pro-
tecting visual quality, and so on. However, our systemisbuilt
around asingle indicator (predicted merchantable volume/ha
80 years after harvest) that only relatesto the future harvest vol-
ume objective. To ensurethat silviculture operations meet the
broader objectives of sustainable forest management, the use
of our system must be constrained—controlled by over-arch-
ing policies and acommitment to good forest stewardship.

Yield Predictions

Our yield prediction tables do not cover the full range of species
and after harvest stand structures that are present on the pilot
area. Douglasfir, subalpinefir, western larch, ponderosapine
and deciduous tree species are common in the pilot area, but
our systemisonly cdlibrated for lodgepole pineand interior spruce.
Wewill work around this deficiency with species substitutions—
e.g., subalpinefir will be considered asinterior spruce. Also,
our system is developed for regeneration following clearcut-
ting. The system needs to be expanded to handle partial har-
vest situations and residual stand structures.

Our yield prediction tables derive from TASS, whichiscal-
ibrated to match the yields observed on research plots. Asthe
research plotstend to be uniformin site and stocking, with hedthy
and undamaged trees, TASSyield predictions, and theyields
predicted by our system, should be considered as “potential”
yield. Mitchell and Cameron (1985) suggest that areduction
of 5-25% isrequired to adjust TASS predictionsto match the
volume/ha expected from the average operational stand. A 20%
reduction iscommonly used in B.C. That our system predicts
potential and not average operational yield poses little prob-
lem for our application. We do not use the predicted yield; we
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use the difference between two predicted yid ds (target and expect-
ed) estimated by the sameyield prediction tables. It isthe dif-
ference between target and expected yield that drives our sys-
tem—and the integrity of our system is not defeated by a
consistent biasin yield predictions.

Without accessto aspatialy explicit, individua-tree growth
model (TASS), wewould not have been ableto develop yield
predictions tables that relate M SQ to predicted future yield.

The dfective age dgorithm employs the assumption thet response
to the various reforestation treatmentsis exhausted by the sur-
vey date and that growth theresfter isdetermined by the sizethat
was achieved at the survey date. That is, we assume that after
accounting for species, site and stocking, the responseto refor-
edtation trestmentsisa Type | treatment response (Snowdon and
Waring 1984). The growth response to reforestation treat-
ments (e.qg., Site preparation, planting and stock quality, and weed
control) is typically—but not always—a Type | response
(Snowdon and K hanna 1989, Mason and Milne 1999)°.

In proposing asimple method to eval uate establishment treat-
ments, Garcia (1996) assumed that the response to reforesta-
tion treatmentswasa Type| treatment response. In a series of
experiments in northern B.C., lodgepole pine exhibited a
Type | response to site preparation (Lorne Bedford, B.C.
Ministry of Forests, personal communication).

Field-testing and further investigation this summer will
help us determine whether our yield prediction agorithm
needs modification to better predict theyield expected from genet-
ically improved seedlings.

Survey Design

A very simple survey design is contemplated for the test of
the systemin 2002. In subsequent years, more sophigticated sur-
vey designs may be employed that allow usto vary the sam-
ple intensity among strata and free us from sampling all cut-
blocks. Becausetheinputsto our yield prediction tablesare mean
vauesfor the stratum, it is difficult to congtruct confidenceinter-
valsaround the estimates of total yields. Thus, at thistime our
decision ruleishbased on acomparison of sample statistics with-
out regard to the precision of these estimates. We hopeto refine
thisin the future.

Results-based Regulation of Forest Practices

A search of the Internet, with the Google search engine, for
“results-based forestry regulaions’ returned 1070 results—many
pertaining to the B.C. government’ s current initiative to revise
the existing suite of Acts, regulations and policies that regu-
lateforest practices. Therecent interest in putting forest prac-
tices regulations on amore results-based footing can be viewed
as part of a broader movement, widespread in North Ameri-
ca(for areview seeLiner et al. 2001), that aimsto makeall pub-
lic-sector activities more results-based. The merits of moving
from process-based to results-based sysemsfor forest management
are being debated. However, it is difficult to advance the
debate beyond vague generalities without descriptions of the
specific mechanismsthat can be employed to accomplish the
transition. We hope to sharpen the debate by providing in this
paper a detailed description of one mechanism that could be

5Dr. Euan Mason provides an excellent overview of Type | and 11 respons-
es on his homepage at http://www.fore.canterbury.ac.nz/euan/siteprep.htm

used to put the regulation of reforestation obligationsinto aresults:
based framework.

Acknowledgements

Wethank Lorne Bedford, Barry Snowdon, Paul Rehder, Jm
Thrower, Guillaume Thérien, Dave Affleck, Wendy Bergerud
and Gary Bouthillier for assistance developing the ideas
described in this paper. Forest Renewal B.C., Riverside For-
e ProductsLtd., and the B.C. Minigtry of Forests provided finan-
cial support for thiswork.

References

B.C. Ministry of Forests. 2002. Ministry of Forests Service Plan
2002/03—-2004/05. Victoria, B.C. http://www.gov.bc.cal/prem/popt/
corereview/srv_pln/for/.

Clogg, J. 1999. Ora Submissionsto the Forest Policy Review Pro-
cess. West Coast Environmental Law Association. VVancouver, B.C.
http://www.wcel .org/

Council of Forest Industries. 1999. A blueprint for competitiveness:
five ideas for improving public policy affecting the B.C. forest
industry and the people, businesses and communitiesthat depend on
it. Vancouver, B.C. http://mww.cofi.org/reports/report-blueprint.htm.
Di Lucca, C.M. 1999. TASS'SYLVER/TIPSY: sysemsfor predicting
the impact of silvicultural practices on yield, lumber value, eco-
nomic return and other benefits. In C.R. Bamsey (ed.). Stand densi-
ty management conference: using the planning tools. pp. 7-16. Clear
Lake Ltd, Edmonton, AB. http://mww.for.gov.bc.calresearch/gymod-
el g/tipsy/support/tst2000.pdf.

Garcia, O. 1996. Easy evauation of establishment treatments. InW.D.
Klemperer (ed.). Proceedings of the S4.04 meetings on forest man-
agement planning and managerial economics, IUFRO 20th World
Congress, Tampere, Finland, August 6-12, 1995. pp. 89-94. Virginia
Tech, College of Forestry and Wildlife Resources. Publication No.
FWS 1-96. http://web.unbc.ca/~garcia/publ/publs.htm

Liner, B., H.P. Hatry, E. Vinson, R. Allen, P. Dusenbury, S.
Bryant and R. Snell. 2001. Making results-based state government
work. Urban Institute. Washington DC. 150 p. http://www.urban.org
J.S. Thrower and Assoc. Ltd. 2002. Stand survey and growth mod-
dling for the TFL 49 results-based pilot project. Contract report to River-
side Forest Products Ltd., Kelowna, B.C.

Mason, E.G. and P.G. Milne. 1999. Effects of weed control, fertil-
ization, and soil cultivation on the growth of Pinusradiataat midro-
tation in Cantebury, New Zealand. Can. J. For. Res. 29: 985-992.
Mitchell, K.J. 1975. Dynamics and simulated yield of Douglas-fir.
For. Sci. Monogr. 17. 39 p.

Mitchell, K.J. and |.R. Cameron. 1985. Managed stand yield tables
for coastal Douglasfir: initial density and pre-commercial thinning.
British Columbia Ministry of Forests, Land Management Report
31. Victoria, B.C.

Nigh, G.D. and B.A. Love. 1999. A model for estimating juvenile
height of lodgepole pine. For. Ecol. Manage. 123; 157—-166.

Nigh, G.D. and B.A. Love. 2000. Juvenile height development in inte-
rior spruce stands of British Columbia West. J. Appl. For. 15(3): 117-121.
Pear se, P.H. 2001. Ready for change: crisis and opportunity in the
coast forest industry. B.C. Ministry of Forests, Victoria, B.C.
http://www.for.gov.bc.cal/pab/news/phpreport/.

Pedersen, L. 1998. Treefarm license 49: Rationdefor dlowable annu-
a cut (AAC) determination. B.C. Ministry of Forests. Victoria, B.C.
http://www.for.gov.bc.caltsh/tsr2/tfl/tfl49/httoc.htm

Snowdon, P. and P.K. Khanna. 1989. Nature of growth responses
in long-term field experiments with specia reference to Pinus radi-
ata. In W.J. Dyck and C.A. Mees (eds.). Research strategies for
long-term site productivity. Proceedings, IEA/BE A3 Workshop,
Sesttle, WA, August 1988. pp. 173-186. IEA/BE A3 Report No. 8.
Forest Research Institute, New Zealand, Bulletin 152.

JULY/AUGUST 2002, VOL. 78, NO. 4, THE FORESTRY CHRONICLE 497



Snowdon, P.and H.D. Waring. 1984. Long-term nature of growth Sen, W.I. 1978. Reforestation evauaion. InB.D. Cleary, R. D. Greaves
responses obtained to fertiliser and weed control applied at planting and R.K. Hermann (eds.). Regenerating Oregon’ sforests. Oregon State
and their consequences for forest management. InD.C. Grey and A P.G. University, Corvallis, OR.

Schonau (eds.). Proceedings of the [lUFRO symposium on siteand Site

productivity of fast growing plantations. Vol. 2. pp. 701-711. South

African Forest Research Institute, Pretoria, South Africa.

498 JUILLET/AOQUT 2002, VOL. 78, NO. 4, THE FORESTRY CHRONICLE



