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CUMULATI VE | MPACT ESTI MATI ON FOR LANDSCAPE SCALE FOREST PLANNI NG

Fi nn Krogstad & Peter Schiess’

| NTRODUCTI ON

Currently, forest nmanagenment and environnental protection (even
under adaptive managenent) are commonly planned at the scale of a
single operation. A harvest is scheduled, a road is built, and
regul ations are applied without detailed consideration of howit wll
i npact nei ghbori ng operations, and the cunul ative present and future
envi ronnmental inpacts they produce. These approaches may obtain a
| ocally optinmal solution, but conbining nmany |ocally optinmal solutions
across a |l andscape generally produces a solution that is not optinal
for the systemoverall. For exanple, a collection of locally optinal
harvest units may | eave patches between themthat are poorly accessed
by any of the locally optinmal harvest units. As anot her exanpl e,
prohi biting yarding across a streamw || prevent a one tinme disruption
to the riparian buffer, but may require additional road segnents (and
inpacts that they entail) to access the far side of the stream

Fi ndi ng econonmically and environnmentally optinmal solutions for a
| andscape requires planning the forest managenent at the | andscape
scal e. Any nunber of such plans are possible, with differing
envi ronnment al obj ectives, road networks, and silvicultural options.

For exanple, one mght want to reduce road density by shifting to

| arger harvest units and |onger yarding distances. Sone sort of tool
is needed to conpare the econom c and environnental inpact of

al ternate plans and options.

The econom c inpacts of managenent activity can be accumul at ed
t hrough net present value of each action. Road construction,
mai nt enance and deconmi ssioning as well as silvicultural operations
(planting, thinning, harvest, site preparation, etc.) all have costs
and/ or yields whose net present value can be estinated. The sum net
present value of all activities in a plan can then be estinated and
accurnul ated, and conpared with the net present value of alternate
plans to identify the economi cally superior option.

A simlar netric is needed to identify the environnental costs of
al ternat e nmanagenent plans by accunul ati ng environnmental costs of each
action, at each point in the | andscape, over the period of the plan.
Such an environnmental equival ent of net present value m ght be called
“cunul ative inpact’. The basic hydrol ogi cal conmponent nodels of such a
framework al ready exist in one formor another. Basic attenpts have
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been nade at estinmating production, delivery, and input of various
hydr ol ogi ¢ i nputs (peakflow, sedinent, wood, etc). The conbi nation of
these inpacts into a single value of cunulative inpact presents sone
pr obl ens however.

HYDROLOG C MODELI NG

Geographic Information Systens (@ S) can provide a basis for
environnmental analysis if the issues of concern can be coded as
spatial algorithnms in terns of readily avail able data sets. These data
sets include soils, streans, topography, stands, precipitation, roads,
future managenent activities, etc. Representing the earth’s surface as
a grid of cells provides a flexible and general approach to nodeling.
Data from pol ygon rel ated features (stands, soil units, etc) can be
converted to grids so all available information about every given
point on the | andscape is available for anal ysis.

A grid based approach is particularly anenable to hydrol ogi cal
anal ysis, since a grid of topography gives the flow direction to the
| owest nei ghboring cell, which in turn gives a nunber of useful
hydr ol ogi c properties. A cell’s contributing area is just the cells
that eventually flowinto it. Streans can be identified as cells
within a mnimumcontributing area or a m ni nrum sl ope-area product.
The flow path distance down to these streans or up to the ridgeline is
found by following these flow directions. W can also integrate the
values in these cells, such as the sedinent eroded from each
contributing cell, or the tinme to flow through each cell along a flow
pat h.

Qur approach generally follows that of the Washington State
WAt er shed Anal ysis procedure (WFPB, 1997) and separately considers
each wat ershed i nput (wood, sedinent, peakflows, etc). The production
of each input is estimated at each point in the |andscape, delivery or
delivery fraction is determ ned, the delivered inputs are accumnul ated
at each downstream poi nt, the geonorphic/hydrol ogic sensitivity of
this point is determ ned, and the resource vulnerability is assessed.

As an exanple, local |andsliding hazard has been nodel ed as a
function of |ocal topographic slope and contributing area (Mntgonery
& Dietrich, 1994). Local estimates of soil thickness, density,
cohesion, and friction angle can be drawn fromsoil inventory
coverages, and |local root reinforcenent and vegetation wei ghts can be
estimated fromfields in the stand i nventory coverage. Converting
| andsl i de hazard into | andslide probability will give an expected
| andsl i de frequency, which conbined with soil depth and expected slide
area will give expected sedi nent production fromeach cell in the
| andscape.

Stand data provides informati on about the size and nunber of trees
adj acent to each streamreach, the in-streamstability of which can be
estimated from stream power, which in turn is a function of
contributing area and | ocal slope. Stream shadi ng can be eval uat ed
both from stand hei ght and canopy density and stream w dth as
estimated from contri buting area.

Sonme nodel s have been devel oped for |arger areas such as harvest
areas or basins. These nodels can be applied at each grid cell. For
exanpl e, snowrelt can be estimated by averagi ng basin el evation,
canopy, precipitation, and tenperature (WFPB, 1997), but the basin in
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question can be each individual grid cell. Simlarly, sedinent erosion
fromforest managenent activities (Cline et al, 1981) can be
cal cul ated according to the managenent activities of each cell.

Whet her (and how nuch of) these runoff products is delivered to the
stream network can be estimated fromthe path it would take on its way
to the stream Standard G S conmands exist that identify the path that
wat er takes on the way to the stream These can incorporate
significant features along this path such as slope or soil type that
m ght inpact the nature of the flow, such as the travel tine for
subsurface stornflow or the conditions under which | andslides turn
into debris flow (Benda and Cundy, 1990).

For each downstreamcell, we can accunul ate the delivered input
fromeach cell in its watershed. Miltiplying the production of each
i nput (wood, sedinent, water) in each cell by the derived occurrence
(O or 1) or delivery fraction (0% or 100% gives the delivered input,
whi ch can be integrated over the contributing area to get the
accunul ated delivery to each reach. The sensitivity of a given reach
to each input will be a function of its gradient, confinenent, and
contributing area (e.g. a steep confined channel nay be insensitive to
fine sedinment inputs) which are derived from topography. The existence
of fish in a given reach m ght also be estimated from topography
(Lunetta, et al, 1997).

CUMULATI VE | MPACTS

Havi ng constructed grids of accumul ated inputs delivered to each
sensitive fish-bearing reach, we face the problemof howto integrate
these inputs into a total cunulative inpact. If we are interested in a
single species, we could wite a fornula under which fish popul ation
is a function of fine sedinent, coarse sedi nent, peakflow, wood, and
shade. Such a nodel could be constructed fromtheoretical nodels, and
fromenpirical fitting of fish popul ati on surveys. Subsequent
conpari son of nodel predictions and observed val ues woul d al | ow nodel
eval uation and i nprovenent.

A first approach to accunul ating these inpacts would be to assune
that all identified inputs have an inverse inpact on popul ations, and
that their inpact is nmultiplicative. A nore realistic nodel of
cunul ative inpacts would be to recognize the factors Iimting
popul ati on at each stage of their life.

We need not Iimt our cunmul ative inpact assessnent to riparian
i npacts. Harvest inpacts on species requiring stand interior habitat
can be evaluated by assigning an ‘interior’ value to each cell as a
function of distance to the stand edge. Managenent inpacts on
terrestrial mgration can be evaluated by assigning a ‘mgration cost’
to each grid cell, then using existing path cost functions to identify
the resulting cost mnimzing path. Cultural and scenic inpacts can
al so be estimated using existing functions.

The problemw th conbining these different inputs to produce a
single cumul ative inpact value is that unlike the nultiple inpacts on
fish, is that it is difficult to imagine a single value (such as fish
popul ation) that incorporates all these inpacts. How do you conpare
one plan that favors ows, to another that favors sal non? Wi ghting
i npacts on various species and stakehol ders would need to be a
political decision.
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DI SCUSSI ON

It should be obvious to even the casual reader that such a
framework lies significantly beyond the accuracy of current nodels and
data sets. There are several reasons however why we m ght want to
shift to this formof evaluation. First, the fastest way to i nprove
our current nodels is to use themto nmake predictions and conpare them
W th observed outconmes. Second, even flawed predictions wll provide
forest managers with insight into the processes by which their
activities produce environnental inpacts. Finally, crude predictions
fromflawed nodel s using uncertain data are still better than witing
broad regul ations for a hypothetical activity on hypothetical trees at
sone hypothetical future date on a hypothetical piece of ground above
a hypothetical streamw th hypothetical fish in it.
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