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eer and Forestry
in Germany

4

Half a Century
After Aldo Leopold

A contemporary look at the correlation
between wildlife and forest damage.

by Michael L. Wolfe and Friedrich-Christian v. Berg

several articles on then-contempo-

rary wildlife management, game
administration, and nature protection
in prewar Germany. The most signifi-
cant of these was a two-part article
published in the JOURNAL OF FOR-
ESTRY entitled “Deer and Dauerwald
in Germany” (Leopold 1936). Leopold
described the “mutual interference”
between deer management and con-
temporary forest management and
cited the emergence of the Dauerwald
(literally, “permanent woods”) move-
ment, which was supposed to reform
this situation.

The essence of Leopold’s observa-
tions is contained in that article, page
460: “. .. we have traced the slow but
inexorable growth of a system of silvi-
culture incompatible with a natural and

I n 1936, Aldo Leopold published

healthy game stand, and a system of
game management incompatible with a
natural and healthy silviculture!” The
silviculture system to which he re-
ferred was that of even-aged spruce
(Picea abies) monocultures maintained
by artificial regeneration and intensive
timber-stand improvement techniques.
The closed forest canopy of massed
stems in all but the youngest stands
excluded palatable and, for the most
part, shade-intolerant browse species.
Game management in Germany is
characterized by a long history of ex-
cessive deer husbandry that dates back
to the feudal period. Inevitably, this
combination of overstocked forests and
virtual absence of natural forage (espe-
cially in winter) resulted in substantial
damage to forest plantations from deer
browsing young stems and stripping

bark from older stems. To cope with
the negative consequences of this mu-
tual interference, German foresters re-
sorted to numerous complicated and
expensive measures, including fencing
young forest cultures, protecting the
stems of older trees from barking, sup-
plemental winter feeding, and even
compensating for deer damages.

Fifty years and a world war have
elapsed since Leopold’s visit to eastern
Germany in 1935. Today, the forests of
central Europe face an unprecedented
crisis. Forest dieback has increased
dramatically during the past several

Michael L. Wolfe is associate professor, Depart-
ment of Fisheries and Wildlife, Utah State Univer-
sity, Logan. Friedrich-Christian v. Berg is re-
search associate, Institut fiir Wildbiologie und
Jagdkunde, der Universitit Gottingen, Federal
Republic of Germany.
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vears and is now estimated to affect, in
varying degrees, more than 50 percent
of the forested area in the Federal Re-
public of Germany. Although the pre-
cise causes have yet to be determined,
dieback has been linked to increased
levels of atmospheric pollutants (mainly
S0, and NO,), which cause acid rain.
Given this, it would seem that the im-
portance of wildlife damage might have
paled in comparison to pollutant prob-
lems. However, one hypothesis sug-
gests that forest dieback is not a result
of one single factor but the cumulative
effects of several, including insect and
wildlife damage and weather condi-
tions. Each factor subjects the trees to
stress, thereby increasing their suscep-
tibility to the other factors. If this is
the case, then decreasing the level of
atmospheric pollutants via research

M.L. Wolfe

and legislation will not solve all the
dieback problems. The deleterious ef:
fects of other stressors, including ex-
cessive deer populations, must be dealt
with.

Forest dieback could conceivably
result in improved habitat conditions
for deer. In areas with high tree mor-
tality, opening of the canopy should
promote growth of shade-intolerant
forbs and browse species. Further-
more, in some situations the growth of
certain species may be enhanced by the
fertilizing effects of nitrogen and sulfur
compounds (Johnson et al. 1982).

Assuming that research and legisla-
tive efforts provide the means to de-
crease levels of atmospheric pollutants
and reduce forest dieback, extensive
reforestation will be required, at least
in areas that have suffered severe dam-
age. Obviously, deer densities and the
intensity of browsing damage will be an
important determinant of the success
of these efforts. It is therefore instruc-
tive to examine the current status of
the deer-forestry question in Germany.

Leopold’s description of the prewar
situation was based on observations
made in both eastern and western
parts of the country as well as in Czech-
oslovakia. The discussion here focuses
on contemporary conditions in the Fed-
eral Republic of Germany (FRG). The
situation is very similar, but not identi-
cal, in the German Democratic Repub-
lic, Austria, and Czechoslovakia.

Forest Composition and Silvicultural
Systems

Leopold provided no quantitative
data on the area and species composi-

~ tion of forested lands in prewar Ger-

many. However, it is obvious from his
discussion that Norway spruce and
Secotch pine (Pinus sylvestris) monocul-
tures predominated. In this respect,
present-day Germany has not changed
much. Currently, forested areas of the
FRG cover approximately 7.3 million
hectares, or about 30 percent of the
country. Forty-five percent is privately
owned, 25 percent is owned commu-
nally or by corporations, and 35 percent
is under federal or state ownership.
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Beech and other hardwoods

Spruce and pine comprise 40 percent
and 20 percent, respectively, of the to-
tal forested area, followed by beech
(Fagus sylvatica, 17 percent), oak
(Quercus spp., 8 percent), larch (Lariz
spp., 7 percent), and fir (Abies alba, 2
percent). The prevailing silvicultural
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Contrary to Leopold’s predictions,
spruce coverage has increased progres-
sively during the past century (fig. 1).
This trend is particularly pronounced
in privately owned forests. For exam-
ple, data comparing 80- to 100-year-old
stands with 0- to 20-year-old stands in
50,000 hectares of privately owned for-
ests in BadenWiirttemberg revealed
that the proportion of spruce and
Douglas fir (Pseudotsuga menziesii) in-
creased from 41 percent to 88 percent
(Ott 1981). Concommitantly, the pro-
portion of true fir, pine, and beech de-
clined from levels of 15 to 21 percent to
3 to 4 percent.

Numerous factors have contributed
to the increase in spruce stands, not
the least of which are economic ones.
Regeneration costs for spruce are only
about one-third to one-half those for
hardwood species such as oak or beech.
Following World War 1I, spruce was
virtually the only species available as
seedlings for reforestation of stands
decimated during the war. Spruce also
has a relatively short rotation period
compared to hardwood species. These
three factors have great economic ap-
peal to private landowners.

Deer Populations

Although other ungulates may have
significant impacts on forestry in local-
ized areas, red deer (Cervus elaphus)
and roe deer (Capreolus capreolus)
constitute the principal species in the
study area. The ecological niches of

20
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Figure 1. Changes in the species composition of forests in the Federal Republic of Ger-

many (Schmidt-Yogt 1977:257).

these species roughly parallel those of
wapiti (C.e. canadensis) and white-
tailed deer (Odocoileus virginianus),
respectively, in North America. Be-
cause of its large size and efficient di-
gestive system, the red deer can sub-
sist on a broad range of forage of
surprisingly low nutritional quality. In
contrast, the small body size and
higher metabolic rate of the roe deer,
coupled with its relatively small rumen
capacity, dictates the need for a variety
of higher quality food items. Once con-
sidered a rare woodland dweller in
many areas of Europe, the roe deer has
benefited from the increasing inter-
spersion of forest parcels and small ag-
ricultural units as well as conservative
hunting regulations. The result is that
roe deer are more numerous today than
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ever before. They can be found every-
where in Germany except in the higher
elevations of the Bavarian Alps.

By contrast, red deer are presently
limited to some three million hectares,
which represent approximately 40 per-
cent of the FRG's forested area or
about 16 percent of the country. In
1976, of some 80 discrete red deer pop-
ulations, only 12 comprised more than
1,000 animals (Kleymann 1976). Origi-
nally inhabitants of grassland and
parkland, red deer were gradually dis-
placed by humans (a trend dating back
to the end of the Middle Ages) and
forced into the forested tracts that cur-
rently constitute their primary habitat.

In the FRG, numbers of both deer
species have increased substantially
since World War II. Today the annual
kill approximates 700,000 and 30,000
for roe and red deer, respectively (fig.
2). These harvests represent increases
of 40 to 50 percent since the late 1950s,
when levels were similar to those of the
prewar years (1936-39). Converting kil
statistics to estimates of the actual pop-

ulation is a problem (as Leopold noted).
If kill figures represent roughly one-
third the total population (a conserva-
tive assumption), there are probably
100,000 red deer and more than 2 mil-
lion roe deer. Dividing the assumed red
deer population by the total area occu-
pled (3 million hectares) yields an esti-
mated average density of three animals
per 100 hectares. For roe deer, a crude
density estimate can be computed by
dividing total estimated population by
combined forested and agricultural
land available for hunting (23.6 million
hectares), yielding an average density
of eight roe deer per 100 hectares.

The density estimate for roe deer is
less than half that computed from
Leopold’s data in 1935 for four areas in
Bavaria and BadenWiirttemberg. Such
a comparison is probably misleading,
however. The current density estimates
represent an average for various habi-
tats, while Leopold’s statistics were de-
rived primarily from forest areas that
often had higher densities. Moreover,
these areas were probably selected to
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Figure 2. Annual harvests of red and roe deer in the Federal Republic of Germany,

1958-85.,
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Sociopolitics of the

The Federal Hunting Law (BJG)
in the Federal Republic of Germany =
leaves little room for conflicts be-
tween deer and forestry. Its open-
ing paragraph obliges the holder of
hunting rights to preserve wildlife
habitat and to maintain a healthy
and diverse wildlife resource that is
compatible with scenic values and
land-use interests (Wolfe 1970,
1980). Game husbandry must be
practiced in a manner that would
preclude excessive wildlife damages
to agriculture and forestry. The law
also prescribes mandatory shooting
plans for deer and compensation for
wildlife depredation by the person
or corporation holding the hunting
rights on the land where such dam-
age oceurs.

One conflict arises from the em-
phasis throughout central Europe
on trophy management, which is
the preservation (and eventual
harvest) of a few selected males
from a larger pool of younger age
classes. Individuals with poorer
antlers are progressively culled
from the population. This system
necessitates carrying a sizeable
underpinning of other animals
(Schroder 1977) and is predicated
on high deer densities. For exam-
ple, sustaining an annual harvest of
10 red deer stags (10 years or older)
requires a population of more than
500 animals of all sex and age
classes (Schrider 1977).

A particularly thorny problem is
the question of supplemental feed-
ing. The BJG mandates protecting
wildlife from food shortages. This is
usually interpreted as an obligation
to feed wildlife (primarily deer)
during critical periods. However,
both the actual intent of the provi-
sion and the precise meaning of
“critical periods” are subject to
different interpretations and cur-
rently constitute a very controver-
sial element of the deer-forestry
issue.
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Deer-Forestry Issue

Leopold (1936, p. 462) noted:
“Artificial feeding, by keeping alive
deer which would otherwise starve,
of course enlarges the discrepancy
between game density and natural
forage, and thus also enlarges the
variety and intensity of game dam-
age to forest vegetation and to
adjoining agriculture.”

In many instances, the extent of
artificial feeding far exceeds that
required to ensure the survival of
local or regional deer populations
during severe winters or under
other exceptional circumstances.
Each year the animals are fed for
extended periods of time with high-
quality foodstuffs that often contain
minerals, vitamins, and even cer-
tain prophylactic medicinal prepara-
tions. Although seldom expressed
formally, ulterior motives exist for
these efforts. Artificial feeding can
maintain higher deer densities than
the natural vegetation of many
areas could otherwise support; it
also allows heavier body weights
and thus larger trophies (v. Berg
1985). This problem prompted a
recent but unsuccessful legislative
initiative from the Green Party to
eliminate from the BJG the provi-
sion for mandatory feeding of big
game animals.

The deer-forestry issue has been
exacerbated by circumstances that
either did not exist or were of mini-
mal significance at the time of
Leopold’s visit. Most important is
the increased human population
density and attendant increased
recreational use of forest areas.
Seventy percent of a population of
61 million people uses the forests
for recreation (Plochmann 1981),
and federal law guarantees public
access to allforests. Cross-country
skiing in winter, jogging and hiking
in summer, and numerous other
recreational activities all contribute
to increased disturbance and shy-
ness of the deer. Consequently, the

H. Walfel

Deer at a winter feeding station.

animals remain in closed forest
stands for longer periods of time
rather than venturing into openings
to feed during the daylight hours.
This behavior probably contributes
to increased levels of peeling and
rubbing damages in mature stands
with red deer populations. It also
poses difficulties for counting the
animals and, more importantly,
often precludes fulfillment of pre-
seribed shooting quotas by conven-
tional hunting methods. In some
cases, the only time of year when
deer congregate in openings for any
appreciable length of time is when
they are fed. However, the notion of
killing deer directly at feeding
stations is prohibited by law and by
ethies.

The conflict has led to increased
polarization between hunting inter-
ests and those of nature and envi-
ronmental protection. Although
these sectors have long been sub-
ject to two separate legal codes, the
German public traditionally consid-
ered the interests of hunting, forest

protection, and nature protection as
compatible if not synonymous.
Indeed, the average citizen fre-
quently viewed the “green capes”
(hunters and foresters) as guardians
of both the forest and wildlife. This
attitude led Leopold (1936, p. 463)
to conclude that the Germans
“. .. would rather put up with
forest damage than forgo their
pleasure in having and seeing deer”
The past decade has seen an
increased awareness that the inter-
ests of hunters and of environmen-
talists are not identical. The preser-
vation efforts of the former are
often directed primarily or solely
toward game species, even though
such efforts may negatively affect
habitat quality and even the welfare
of certain nongame species. Such
efforts have engendered increased
activism by nature and environmen-
tal protection groups. For some of
the more radical protectionist orga-
nizations, the underlying issue may
well be more antihunting than
proforestry.
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What Happened to the Dauerwald Movement?

As Leopold (1936) noted, the Dauerwald or “permanent woods” concept
sprang from recognition of the deleterious effects of repeated rotations of
spruce monocultures (i.e., soil compaction and acidification as well as in-
creased susceptibility to windthrow and insect epidemics). Dauerwald em-
bodied a planned conversion to mixed stands of hardwoods and conifers main-
tained by selection cuts and natural regeneration rather than by artificial
regeneration. The transition to Dauerwald was mandated in the early 1930s
during the Third Reich but expired with the end of that era.

The essential elements of the idea reemerged in 1949 with the formation of
the Society for Natural Forestry. The fundamental objective of this organiza-
tion is to manage the forest as an ecosystem rather than as a mechanistic
entity strictly for production (Wobst 1954). Although timber production is
recognized as the primary function of silviculture, the organization advocates
maintenance of forest diversity to preserve or enhance its inherent resistance
to natural perturbations such as wind and snow damages, periodic droughts,
and insect pests. Such a silvicultural system embodies several aspects, includ-
ing encouraging stands of mixed species and uneven-aged composition, stock-
ing with species appropriate to prevailing climatic and local site conditions,
allowing sustained harvest, and harvesting individual stems in lieu of periodic
clearcuts. Acceptance of the precepts of natural forestry has been slow among
the older generation of foresters but is growing among younger practitioners.

The diverse structure and numerous small openings created by such man-
agement practices should result in increased natural forage for deer. Paradoxi-
cally, this would require reduction of deer densities to preclude severe brows-
ing damages. With the present large deer population, severe browsing
damages could hinder regeneration, and selective browsing could lead to
eliminating the hardwood component, thereby producing conifer monoeul-
tures. Proponents of natural forestry advocate reducing deer numbers (rather
than fencing or other artificial measures) to eliminate this problem and to
allow regeneration of mixed-species stands.

illustrate the deer-forestry problem.
Nevertheless, summer densities of 20
to 30 roe deer per 100 hectares of forest
are by no means uncommon in certain
areas of the FRG today; winter densi-
ties in some locations may even be
twice this level. Generally accepted es-
timates of economie carrying capacity
vary with habitat quality but range
from 1.0 to 1.5 red deer per 100 hec-
tares or 4 to b roe deer per 100 hectares
for sites of low to moderate quality, as
would likely occur in closed monocul-
tures with few openings and little inter-
spersion of agricultural lands (Uecker-
mann 1969).

Effects of Deer on Forestry

The direct and most visible effects of
deer on forestry are economic. Based
on figures from the late 1970s (Speidel
1980), the estimated annual losses in-
flicted by red and roe deer to forests in
the FRG and the cost of protective and
preventive measures approached

US$200 million, which was equivalent
to a 10 percent devaluation of the total
net production of the forest industry. In
state-owned forests, the annual cost of
protective measures alone was esti-
mated at $12 to $15 per hectare.

Most discussions of the effects of deer
on forests have focused on the more
spectacular stripping damages by red
deer and the consequences of these
damages, such as increased susceptibil-
ity to insects and fungi. It is only dur-
ing the past decade that the impact of
selective deer browsing has been recog-
nized. The insidious ecological effects of
elevated deer densities, especially
those attributable to the more abun-
dant roe deer, are more difficult to
quantify. However, they should not be
overlooked. The palatability of various
hardwood species such as oak, beech,
and maple (Acer sp.) ranks higher than
the palatability of spruce and pine.
Consequently, the former are selec-
tively browsed in unprotected stands of
regeneration, which in turn often
results in the differential survival of
spruce in mixed-species stands. In this
manner, high densities of deer undoubt-
edly play a role in the transition toward
spruce.

Another significant development dur-
ing the last 10 to 15 years has been
recognition that roe deer densities are
almost always underestimated. This
has led some wildlife biologists (e.g.,
Schroder 1975) to question the neces-
sity of formal harvest quotas for roe
deer. The alternative, which would
result in more liberal harvest regula-
tions, would be to treat the species as a
small game animal.

Conclusions

It appears that the basic elements of
the deer-forestry problem described by
Leopold 50 years ago remain largely
unchanged, if not accentuated, because
of increased deer densities and contin-
ued spruce monocultures. A major dif-
ference is that the issue has assumed
greater urgency in light of its possible
relationship to the problem of forest
dieback. This, coupled with a greater
awareness of the economic and poten-
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tial ecological consequences of exces-
sive deer densities, has focused public
attention on the conflict. Germans have
long prided themselves on their forests
and wildlife, and the question has long
been which should enjoy primacy. Con-
temporary law dictates that the re-
quirements of agriculture and forestry
take precedence over hunting interests
and that game husbandry be practiced
to minimize damages to field and for-
est. However, a tradition-based and
powerful hunting lobby, and a harvest
system predicated on high deer densi-
ties, have precluded consequent adher-
ence to these strictures. We predict
that public pressure will ultimately
result in legislation that will bring
about modifications in deer densities.
This may permit implementation of a
more natural system of forestry. W

Literature Cited

JOHNSON, D.W,, J. TURNER, and J.M. KELLY. 1982,
The effects of acid rain on nutrient status. Water
Resour. Res. 18:449-61.

KLEYMANN, M. 1976. Beitrdge zur Kenntnis der
Infrastrukturen beim Rotwild. Ztschr. f.
Jagdwissen, 22:20-28.

LeoPoLD, A. 1936. Deer and Dauerwald in Ger-
many. J. For. 34:366-75, 460-66.

Orr, W. 198l. Gedanken zur Firderung
Forstwirtschaft. Forst- und Holzwirt 36:437-44.

PLOCHMANN, R. 1981. Forestry in the Federal Re-
public of Germany. J. For. 79:451-54.

ScuMIpT-VoeT, H. 1977. Die Fichte. Verlag Paul
Parey, Hamburg and Berlin.

SCHRODER, W. 1975. Brauchen wir den Abschusz-
plan fiir Rehwild? Allgem. Forst Zeitschr.
30:1108-12.

SCHRODER, W. 1977. Rehwild und Rotwild in der
Bundesrepublik Deutschland. P. 447-51 in Wald
und Wild, G. Olschowy, ed. Schriftenreihe des
Deutschen Rates fiir Landespflege, No. 27.

SPEIDEL, G. 1980. Gedanken zur gegenwiirtigen
Situation und der kiinftigen Problemen der
forstwissenschaftlichen Forschung. Forstw. Cbl.
100:15-217.

UECKERMANN, E. 1969. Der Rehwildabschusz.
Verlag Paul Parey, Hamburg and Berlin.

v. BERG, F.C. 1985. Zur Notzeit und Fiitterung

“ des Schalenwildes. Allgemeine Forst Zeitschr.

22:544-48. |

WossTt, W. 1954. Zur Klarstellung iber die
Grundsitze der naturgemiiszen Waldwirtschaft.
Forst- und Holzwirt 9:269-74.

WoLFE, M.L. 1970. The history of German game
administration. For. Hist. 94:6-16.

WOLFE, M.L. 1980. European wildlife administra-
tion. P. 28-38 in Wildlife law enforcement, W.I.
Sigler. W.C. Brown, Dubuque, TA.

from the
Society of
American Foresters

A wealth of information exists on the
1976 National Forest Management Act.
Now there’s an easy way to find it:

NATIONAL FOREST PLANNING
AND THE NATIONAL FOREST

MANAGEMENT ACT OF 1976—

An Annotated Bibliography,
1976-1986

compiled and edited by Donald ]. Ellis
M.S., University of Idaho

Jo Ellen Force
Chair, SAF Land Use Planning and Design Working Group;
Associate Professor, Department of Forest Resources
College of Forestry, Wildlife and Range Sciences
University of Idaho, Moscow

In the decade since its enactment in 1976, much has been written
about this landmark legislation that guides all planning efforts on
lands administered by the USDA Forest Service. Published mate-
rial on the NFMA is scattered throughout scientific, legal, envi-
ronmental, industrial, and government literature. With extensive
keyword and author indexes, this first, complete annotated bibli-
ography has been designed to aid researchers, agency personnel,
students, policy-makers, and others interested in the forest plan-
ning process, its evolution and ramifications.

December 1987 81/2 X 11 inches
ISBN 0-939970-33-3 SAF Publication 87.11

125 pages paperback

First in the
SAF Working Group Studies

Send me _ copy(ies) of the NFMA Bibliography.
Enclosed is $ __cash, check, or money order.
(Postage and handling included.)

SAF Members $15

Nonmembers and

Institutions $20
Name: _

Please send order to:
NFMA Bibliography
Society of Address: = = -
American Foresters . _—
5400 Grosvenor Lane CityiState/Zip:
Bethesda, MD 20814

Title/Organization: e o

SAFMemberID # 0

NFMA

\
|
|
\
|
|
MAY 1988 31
\



No. 1. Private Forestry in Nor-
way—A Case Study in Small Wood-
land Management and Policy. By
John A. Zivnuska. 1959. 49 pages.

No. 2. Racial Variation in Pon-
derosa Pine. By A.E. Squillace and
Roy R. Silen. 1962. 27 pages.

No. 3. Continuous Forest Inven-
tory with PartiakiReéplacement of
Samples;By Kenneth D. Ware and Ti-
berius Cunia. 1962. 40 pages.

No. 4. Optical Dendrometers for
Out-of-Reach Diamiéters: A Conspec-
tus and Some New Theory. By L.R.
Grosenbaugh. 1963. 47 pages.

No. 5. Stem Ferm'Development of
Forest Trees.”By Philip R. Larson.
1963. 42 pages.

No. 6. Lammas Growth and Pro-
lepsis in Jack Pine in the Lake States.
By Thomas D. Rudolph. 1964. 70
pages.

No. 7. The Carrying Capacity of
Wild Lands for Recreation. By J. Alan
Wagar. 1964. 24 pages.

No. 8. Some Forest Types of Cen-
tral Newfoundland and Their Relation
to Environmental Factors. By A.W.H.
Damman. 1964. 62 pages.

MNo. 9. Dry-MattertProduction in
Immature Balsam Fir Stands. By G.L.
Baskerville. 1965. 42 pages.

No. 10. Geographic Variation in
Slash Pine. By A.E. Squillace. 1966.
56 pages.

MNo. 11. Geographic Variation in
Survival, Growth, and Fusiform Rust
Infection of Planted Loblolly Pine. By
Osborn O. Wells and Philip C. Wake-
ley. 1966. 40 pages.

No. 12, A Dynamic Programming-
Markov Chain Approach to Forest
Production Control. By James N.
Hool. 1966. 26 pages.

No. 13. A Method of Estimation of
Gross Yield of Douglas-Fir. By Robert

Mono

O. Curtis. 1967. 24 pages.

No. 14. The European Pine Shoot
Moth—Ecology and Control in the
Lake States. By William E. Miller.
1967. 72 pages.

MNo. 15. The Analysis of Numerical
Change in Gypsy Moth Populations.
By Robert W. Campbell. 1967. 33
pages.

No. 16. Allocating Funds to Tim-
ber Management Research. By James
E. Bethune and Jerome L. Clutter.
1969. 22 pages.

MNo. 17. Dynamics and Simulated
Yield of Douglas-Fir. By Kenneth J.
Mitchell. 1975. 39 pages.

No. 18. Techniques for Prescribing
Optimal Timber Harvest and Invest-
ment Under Different Objectives—
Discussion and Synthesis. By K. Nor-
man Johnson and H. Lynn Scheur-
man. 1977. 31 pages.

No. 19. Forest Stand Responses to
Defoliation by the Gypsy Moth. By
Robert W. Campbell and Ronald J.
Sloan. 1977. 34 pages.

No. 20. Temporal and Spatial Vari-
ations in the Water Status of Forest
Trees. By T.M. Hinckley, J.P. Lassoie,
and S.W. Running. 1978. 72 pages.

Mo. 21. Early Revegetation and
Nutrient Dynamics Following the
1971 Little Sioux Forest Fire in
Northeastern Minnesota. By Lewis F,
Ohmann and David E Grigal. 1979.
80 pages.

No. 22, The 1980 Softwood Tim-
ber Assessment Market Model: Struc-
ture, Projettiohs, and Policy Simula-
tions. By Darius M. Adams and
Richard W. Haynes. 1980, 76 pages.

No. 23. Genetic Variation in Seed-
ling Progeny of Ponderosa Pine Prov-
enances. By Ralph A. Read. 1980. 59
pages.

No. 24. Root and System Termi-

$6.00 each.

Limited quantities.

nology. By R.F. Sutton and R.W.
Tinus. 1983. 137 pages.

No. 25. Commercial Vegetative In-
oculum of Pisolithus tinctorius and In-
oculation Techniques for Develop-
ment of Ectomycorrhizae on
Bare-root Tree Seedlings. By D.H.
Marx, C.E. Cordell, D.S. Kenney, J.G.
Mexal, J.D. Artman, J.W. Riffle, and
R.J. Molina. 1984. 101 pages.

MNo. 26. Predicting Regeneration in
the Grand Fir-Cedar-Hemlock Eco-
system of the Northern Rocky Moun-
tains. By Dennis E. Ferguson, Albert
R. Stage, and Raymond J. Boyd.
1986. 41 pages.

No. 27. A Growth and Yield Model
for Thinned Stands of Yellow-Poplar.
By B.R. Knoebel, H.E. Burkhart, and
D.E. Beck. 1986. 62 pages.

No. 28. PAPYRUS: A Model of the
North American Pulp and Paper In-
dustry. By J. Keith Gilless and Joseph
Buongiorno. 1987. 37 pages.

gr aphs '

Postage and handling included.

Check desired monographs.

01 014 023
02 015 024
06 016 025
o8 017 026
010 018 027
011 019 028
012 020

013 021

Please send me monographs at
$6.00 each. Enclosed is $ check
or money order (payable to SAF-FS).

Name

Address

City State Zip

Send to:
Society of American Foresters
5400 Grosvenor Lane
Bethesda, Maryland 20814

%




-]
s

Lrsearcr

A Test of Aerial Scanner
Imagery in Timber Type

Mapping

A comparison of aerial photography
with multispectral scanner imagery.

By William A. Befort and Kevin S. Evans

O n paper or as input to computer-
ized resource information sys-

tems, type maps display spatial distri-
bution of timber resources and stratify
them into homogeneous categories for
sampling. A timber type map is conven-
tionally compiled by stereoscopic inter-
pretation of vertical airphotos, followed
by transfer of type boundaries to a pla-
nimetric base map. Type labels ordinar-
ily express species composition, tree
size class, and stocking class.

One potential rival to aerial photog-
raphy in timber typing is multispectral
scanner imagery. Use of aerial and
spacecraft multispectral scanners in
forest resource assessments is re-
viewed by Heller and Ulliman (1983). A
multispectral scanner samples incom-
ing radiation in its field of view, splits it
into discrete spectral bands, and pro-
duces for each band a mosaic of picture
elements (pixels) representing bright-
ness. Scanners usually subdivide the
electromagnetic spectrum more nar-
rowly than photographic films and can
also access spectral bands closed to film
sensors. Digitized scanner output is
well adapted to computer processing.

‘However, the scanners are costly, their
“spatial resglution is comparatively low,

and they do not provide a stereo view.

Various firms in the United States
use aircraft-mounted scanners for agri-
cultural tasks such as plant vigor as-
sessment and disease detection. Be-
cause rapid analysis is essential in

these applications, no elaborate image
processing is carried out. Rather, pixel
brightness values in a single spectral
band are grouped into a dozen or so
brightness classes, and each class is as-
signed a color for output on a printer.
Such “level-sliced” scanner images re-
semble color photos closely enough to
suggest the possibility of substituting
scanner images for color photos. With
this in mind, representatives of a forest
products firm asked us to test a set of
scanner images by type-mapping an
area of the company’s forestlands in
Maine.

Methods

A set of 65 images in the 0.4-0.8 mi-
crometer (visual to near-infrared) band
was provided. Taken in August 1985 by
a Kansas-based agricultural imaging
firm, they covered a study area of about
12 square miles. Individual picture ele-
ments had ground dimensions of about
5 feet by 5 feet; the images were
printed at a scale of 1:3,500.

For comparison, the firm provided
current forest type maps at a scale of
1:15,840, compiled by conventional pho-
tointerpretive methods and found ae-
ceptably accurate for field use. Fifteen
cover types were delineated on the
maps. Two—water and roads—were
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8. Evans is a graduate student, Department of
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nonforest types. Another was for re-
cently cutover land. The remaining 12
types included four broad composition
classes at three levels of stocking: hard-
wood (H), softwood (S), and two mixed
composition classes (H/S or S/H, de-

REesearcha

pending on dominance); and stocking
levels 1 (0 to 39 percent crown closure),
2 (40 to 69 percent closure), and 3 (70 to
100 percent closure). There was To clas-
sification of tree size, and no types cov-
ering less than 10 acres had been delin-

-

Will

The future of forests and the forestry
profession shouldn’t be left to chance.
Careful planning needs to be done today.
Through your generous gift, you will be
making the critical difference. You can
contribute to SAF in many ways,

each with special provisions

and special tax considerations.

Your Gift Will Ensure

That Tomorrow’s Forests

Have The Foresters
To Manage Them

Include SAF in your financial and estate
planning through your

Trusts
Annuities

Tell a friend of forestry about SAF's
endowment fund activities.

Pledge a cash gift to the SAF
endowment fund.

Gift of Real Estate
Life Insurance

Society of American Foresters

For more information on planned giving contact:
Gene Grey, Director, Member Services & Development

5400 Grosvenor Lane, Bethesda, MD 20814

(301) 897-8720

eated. The scanner imagery was to be
used to compile a similar map, which
would then be compared with the refer-
ence map. The firm stipulated that sig-
nificant differences would be presumed
to indicate unreliability in the scanner-
produced map. The test comprised four
steps:

(1) A type interpretation guide was
developed for the scanner imagery.

(2) The scanner images were inter-
preted by using the guide to compile a
type map.

(3) A set of sample points was se-
lected for accuracy analysis.

(4) Scanner-derived map classifica-
tions were compared with reference
map classifications at these locations.

Development of the guide drew upon
extensive cruising experience in the
study area by one of the authors. In
addition, composition and stocking data
were available from 70 variable-radius
plots. These were grouped by cover
type and located on the scanner imag-
ery; image color and other characteris-
tics were then compiled for each cover
type.

The scanner images were so large in
scale that each covered little ground. To
assist interpretation, they were
mounted together as a semicontrolled
mosaic about 6 feet square. Viewing
this assemblage as a single unit, with a
base map in hand for geographic orien-
tation, the analyst applied the interpre-
tation guidelines and delineated cover
types on images to a minimum type
area of 10 acres. Type boundaries were
transferred to a 1:15,840 planimetric
base map by reflecting projector.

Analysis of type-mapping accuracy
usually involves sampling randomly lo-
cated points across the mapped area
and comparing interpreted types with
reference data at those points. The ac-
ceptance-sampling tables produced by
Ginevan (1979) were used to set sample
size; they give both the minimum num-
ber of points that must be sampled and
the maximum number of misclassifica-
tions that can be tolerated.

The lower bound of acceptable agree-
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ment was set at 85 percent, with a 5
percent chance of mistakenly accepting
a lower level of agreement. The upper
accuracy bound was set at 95 percent,
with a 5 percent risk of rejecting the
scanner map if it actually agreed with
the reference map 95 percent of the
time. At least 93 sample points were
required, and 8 misclassifications could
be tolerated. An identical grid was im-
posed on both maps, and 95 sample
points were located using a random
number table.
Results

Of the 95 points tested, 67 were
placed in the same cover type by both
the reference map and the scanner
map; 28 were placed in different
classes. We therefore concluded that
the maps were not identical and that,
based on the reference map as the

standard of accuracy, interpretation of
scanner imagery had not produced a
satisfactory type map.

The results of the test are displayed
as an error matrix in figure 1. Entries
for which interpretations from the
scanner image agree with reference
data descend from left to right along
the diagonal element of the table.

An interpreter who has a good idea of
the relative proportions of categories
present will usually get some answers
right by pure guesswork. Cohen’s
(1960) method of discounting for this ef-
fect has been extended to analysis of
remote-sensing error matrices by Con-
galton and Mead (1983) and others. Co-
hen’s K statistic expresses the percent-
age of agreement between two
classifications (in this case, between
reference map and scanner interpreta-

C
u T
REFERENCE DATA W R T o
A 0O 0 t
S| s |S|H|H|H| T| A [V |a
S ] S H H H H H H s S 3 E D E 1
1 2|3 1 21 3 1 2 3 1 213 R| S R | s
<
S1 2 4 2 8
S 52 Bl . B 1 11
c s3 1130 21213 1 (39
A H1 -4 Q
N H2 o]
N H3 4 0
E SH1 1 1
R SH2 2 1 2 5
SH3 2 1 3
D HS1 0
A HS2 2 2
T HS3 1 1
A WATER 5 5
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CUTOVER 1 1718
Totals| 2 | 6 |45 | 0] OfOf 4| 4| 5] 0] 2|0 5| 2 (20 (95
4 Correct [100 [83 |66 | -| -~ | -|25 |50 |20 | = o0 | = |100 {100 |85
Proportion in agreement: <70
Proporticn of chance agreement expected: 25
K (agreement adjusted for chance): .60
{;onfidence interval of K: +.12

Figure 1. Error matrix, reference map vs. scanner-produced map. Entries show actual
(reference) cover type and scanner-interpreted cover type of 95 total test points. Composi-
tion class S = softwood, H = hardwood, SH = softwood dominance, and HS = hardwood
dominance. Stocking class 1 is 0 to 39 percent crown closure; 2 is 40 to 69 percent ciown
closure; and 3 is 70 to 100 percent crown closure.
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tion) after chance agreement has been
removed:

K= (Po—- Pc)/(1 - Pe)
where Po is the proportion of samples
in which agreement occurs and Pe is
the proportion of samples in which
agreement would be expected to occur
by chance. The value of K ranges be-
tween 0 and 1. In remote-sensing appli-
cations the method yields a rather con-
servative estimator, as it very effec-
tively deflates straight percentage-of-
agreement figures while giving no
credit for “near misses.”

Calculated K for this test was 0.60,
compared to a raw percentage agree-
ment of 0.70. The standard error of K
was 0.06, which yields lower and upper
95 percent confidence limits on K of
0.48 and 0.72. On the basis of this test,
then, and across the range of cover
types represented in it, similar visual
cover-type interpretations made from
color-sliced scanner data might be ex-
pected to agree with reference data
about 50 to 75 percent of the time.

If stocking class is ignored and only

Ruswarcy

composition is considered, classification
results improve somewhat. Figure 2 is
a simplified error matrix cast in these
terms. Raw agreement is 82 percent;
discounting chance agreement leaves a
K of 0.70. The 95 percent confidence
limits on this K are 0.58 and 0.82; thus
the improvement in K is not statisti-
cally significant.
Discussion

Results of this attempt to create a
forest type map from multispectral
scanner images were unsatisfactory.
This statement deserves several quali-
fications:

® The test was technically a test of
agreement rather than of accuracy,
since the stipulated standard of com-
parison was a photointerpreted type
map rather than “ground truth.”

° The study area was small. Few
stands of hardwood type were present,
and none appeared in the sample;
therefore, nothing of this category is
known apart from the little that is con-
veyed by the absence of commission er-
rors.

REFERENCE DATA
S S H SH HS W R o) Totals
C [~
A s| a7 8 3 58
N H 0
N SH L 5 q
E HS 1 2 3
R WATER 5 5
ROADS 2 2
D curoveR 1 17T~ 18
A
T rTotals| 53 0 13 2 5 2 |20 95
A
% Correct| 88 - 38 100 (100 [100 85
Proportion in agreement: .82
Proportion of chance agreement expected: 40
Ij'}_"(agreement ad justed for chance): .70
Confidence interval of K: +.12

Figure 2. Error matrix, reference map vs. scanner-produced map, stocking classes omit-
ted. Entries show actual (reference) cover type and scanner-interpreted cover type of 95
total test points. Composition class S = softwood, H = hardwood, SH = softwood domi-

nance, and HS = hardwood dominance.

e Only a single band of imagery was
available. These images were, function-
ally, only black-and-white photographs
with each gray level displayed in a dif-
ferent color; that is, they were not
multispectral images in the sense in
which the term is usually understood.

¢ The images had received only mini-
mal processing. They needed not just
coloring but sharpening as well; stand-
ard edge-enhancement techniques are
available for this purpose.

Nevertheless, it may be doubted
whether visual interpretation is the
proper approach to this kind of imag-
ery. Successful users of multispectral
scanner data in type mapping have in-
variably employed computer image
analysis and statistical classification
techniques (e.g., Rohde and Olson 1972,
Fox et al. 1980, Hoffer et al. 1982). In
remote sensing as elsewhere, analytical
methods must correspond to data char-
acteristics. In dealing with images of
high spatial resolution and low spectral
resolution (black-and-white stereopho-
tos, for example), visual interpretation
is efficient. Where image characteris-
tics are the opposite of these, a differ-
ent approach is indicated. M
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