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ABSTRACT

A method of estimating the spatial distribution of some natural occurring
characteristics important to nature conservation is described and applied to a managed
forest in southern Sweden. Forest compartments were stratified by age and three
different kinds of variables, namely the amount of Coarse Woody Debris (CWD), the
coverage of the Forest Floor Vegetation (FFV) and the Nature Conservation Value
(NCV), were measured at 289 geo-referenced circular sample plots. Spherical and
exponential functions describing spatial autocorrelation were derived from semi-
variograms and kriging was used to create contour maps by spatial interpolation. A

majority of the investigated variables proved to be spatially autocorrelated.

For many variables the semi-variograms showed an evident nugget effect,

which either could be explained by random measurement errors or, perhaps more
likely, by a component of the spatial process with shorter range than the shortest
sampling interval of about 30 - 40 meters. Hence, to fully explain or model Nature
Conservation Variables observations at even shorter distances than this would be

helpful.
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INTRODUCTION

With the introduction of the new Swedish forestry act in 1993 environmental aspects
of forestry became of equal importance to traditional forest production goals (Anon.
1994). A main objective of the environmental goal is to preserve the biological
diversity (biodiversity). The established strategy to achieve this is to create a
combination of reserves and to apply a modified forestry management to obtain an
overall increased frequency of important natural structures and processes (Liljelund et

al. 1992).

Coarse woody debris (CWD) is probably one of the most important structures with
infrequent occurrence in Swedish forests and it has to be restored in order to promote
biodiversity (Lamas & Fries 1995). A majority (70%) of the species in the Swedish
red-data list, originating from forests, is tied to dead trees and about 26% and 21% is

tied to down-logs and snags respectively (Gustafsson et al. 1993).

Biodiversity is possible to define and measure either directly or indirectly, i.e. by the
presence of certain important species or the structures (substrates) to which they are
tied. Today a lot of research is focused on finding appropriate methods that directly
measures biodiversity. However, for planning purposes we mainly have to rely on
indirect methods (Larsson et al. 1999) and furthermore, we need objective methods

that are unbiased and have known precision (Lamas 1996).



Ecological studies often deal with spatial data and should consequently be based on a
fundamental understanding of underlying spatial relations. Many features of the
landscape can be described by quantities that are continuous and gradually change
with distance, e.g. elevation of ground level and nutrients in soil (Burgess & Webster
1980). If the purpose of the investigation is to reveal a true picture” of a spatial
relation, the ”Scale” of the investigation is crucial. ”Scaling” is a concept in ecology
and describes the main frame at which all relevant information is possible to reveal. A
change in scale often provides different patterns, variance and overall result (Wiens et
al 1989). O’Neill (1986) describes our ability to detect these patterns as a function of
the extent and grain of an investigation. The extent is similar to the scale and the grain
corresponds to the sample unit. For this reason, the size (grain), shape, orientation and
spatial arrangement of samples are important to consider. In geostatistics these sample
features are known as the ”support” of the data and normally a change in support will

change the variance in variables studied (Rossi et al 1992).

In the beginning of the 60’s Matheron (1963) established the basics of what we to day
refers to as geostatistics. The theory of “regionalized variables” is a central concept,
meaning a variable, taking a definite value in each point of space, and having spatial
autocorrelation. The autocorrelation is often represented by the semi-variogram that
describes the semi-variance as a function of the distances between points in space. The

semi-variance for the argument value 4 is simply the expected squared difference



between two variable values at distance 4. The intercept on the y-axis of the variogram
is often greater than zero. This is the nugget effect, which could be a consequence of
high variability of the variable over distances shorter than the sampling interval. It
could also indicate sampling errors. The variogram usually increases with distance and
stabilizes to a value equal to the population variance, called the sill. The distance at

which the sill is reached is called the range.

The kriging technique makes use of the spatial information from the semi-variogram to
predict values at unrecorded locations as a weighted average of observations at known
locations. One of the main advantages of kriging is that all estimates are unbiased and
of minimum and known variance (Webster 1996). Since estimated errors for the
predicted values are obtained it is possible to construct combined estimates with
minimum variance, where, e.g., aerial photos and satellite pictures (Holmgren &
Thuresson 1995) are used as another source of information. These features make
kriging highly suitable for forestry planning purposes, for both the inventory and the

decision phase.

Geostatistics has been heavily applied in soil science (Burgess and Webster 1980),
probably due to its originators. Still, a lot of different disciplines have adopted the
theoretical principles. For example, Dancy et al (1986) successfully estimated grass
cover and biomass in a semi-arid rangeland and Kemp et al (1989) created region-

specific hazard maps of grasshopper densities.



This article is an attempt to introduce geostatistics as a tool for an understanding of the
spatial distribution of some natural occurring characteristics important to nature
conservation. The result from 289 geo-referenced circular plots was evaluated with
histograms, scatter-plots. Semi-variograms were constructed and kriging was used for
spatial interpolation and the method was internally evaluated by means of cross-

validation.



MATERIALS AND METHODS

The study area and stand data
The study area is located in southern Sweden 40 km north of V&xjo (57°10’ N, 14°50’

E). The forest estate is owned by the county board of forestry in Kronoberg and 263 ha
was inventoried east of the North-South crossing main road in early autumn 1995. The
study site is slightly sloping northeast towards the lake ASA with 2.8 % non-
productive (< 1 m® ha™ yr') peat land. The study area is representative to this region
although it is intensively managed with a mean stand size of 2.6 ha. According to an
objective circular plot inventory in 1995 the mean standing volume was 139 m’ ha™
and the mean site productivity 7.4 m® ha™ yr'. In 1995, Scots pine (Pinus sylvestris),
Norway spruce ( Picea abies) and broad-leaved trees (mainly Betula pendula)

contributed 41.5, 54.0 and 4.5 % respectively to the standing volume.

The sample design

Due to the characteristics of the investigated parameters and a tradition in Sweden to
keep the forest ’clean”, especially in the regeneration phase, it was presumed that
older stands would contain the most information of interest to nature conservation.
Therefore the set of forest compartments was divided by age into four strata, with the
purpose to use shorter spacing between plots in strata with higher age. The four strata,

numbered 1 to 4, are: < 10 years, 10 - 30 years, 31 - 70 years and > 70 years.



A square grid, with randomized start, was used for each stratum to position circular
plot centers. When constructing a variogram it is important to obtain information at
short distances. In this study this was achieved by adding two sub-plots to the grid
creating ’L”’- shaped clusters. The two axes (N/S and E/W) were randomly given the
length of 30 and 40 meters respectively and to each cluster one of the four directions

(N, E, S or W) was randomly assigned.
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Figur 1. Map showing the arrangement and positions of the 289 inventoried circular plots.

A total of 289 sample plots were measured and geo-referenced using Global
Positioning System (GPS) with differential correction. All plots were surveyed using

the methods of the Forest Management Planning Package (FMPP) (Jonsson et



al.1993). The field inventory was mainly directed towards three study areas: The
ground coverage of the Forest Floor Vegetation (FFV), the amount of Coarse Woody
Debris (CWD) and the Nature Conservation Values (NCV). The sample plot radius
was chosen as a reasonable size with respect to inventory work and information
requirements, and was 10 meters for FFV and CWD and 15 meters for NCV. The
subjective data registrations were supported by measurements with caliper, hypsometer

etc. All measurements were made on all tree species.

Coarse Woody Debris (CWD)

Only CWD with butt end inside the sample plot and original stem distinguishable was
included in this study and a minimum diameter of 10 cm’s at root was set. Three
different volume estimation methods were used depending on the form of the CWD,
i.e., truncated logs, full-length stems and snags. Truncated logs left from forest cutting
activity was callipered at top-butt end and in the case of buttresses the diameter was
callipered 40 cm further in. Diameter was callipered at breast height for all full-length
stems including down logs, and volume functions (Naslund 1947) were used for
volume calculation. A small amount of top logs and snags were callipered at the center
of the trunk. All standing dead trees and snags were height measured with hypsometer
and sometimes visually measured and calibrated by using surrounding living trees.
CWD was divided into four decay classes (Ehnstrom & Waldén 1986). The class was
determined by the most decayed condition of the log. The classes were 1) Wood hard,

bark intact, 2) Wood surface soft but intact, bark falling of in to big pieces, 3) Wood



soft and the outline of the trunk deformed, hard core and 4) Wood soft all through the
stem. For birch the decay class was determined only by the condition of the wood, thus

the bark was not considered.

Forest Floor Vegetation (FFV)

The ground cover of the forest floor vegetation was measured for every sample plot
and the plot-radius was checked by IR- and tape measurement. A smaller number of
sample plots was sampled twice for calibration purposes. To assure high quality data,
first a subjective partition of the plots into four sections was made and each section
was carefully measured. Finally the measurements from the four sections were added.
The ground coverage of each species of interest and covering more than 0.5 m* was
visually estimated with respect to vegetation density. The vegetation classes used were

those according to Higglund & Lundmark (1987).

Nature Conservation Value (NCV)

Different characteristics of the forest may indicate areas likely to contain endangered
species. A wide range of these characteristics is listed in Appendix 1 and is partly
defined by subjective criteria with respect to the specific geographic location of this
study. For each plot each of these characteristics was given the value of one and the
values were added to bring a total NCV value for the plot. Objects that are tree
dependent, e.g., tinder fungus (Fomes fomentarius), were counted even outside the plot

if the substrate that the fungus benefits on was originated from the plot.
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Geostatistical approach
The first step in the statistical analyses was to evaluate the degree of spatial
dependence for every variable of interest. Empirical semi-variograms were estimated

according to the expression

where 4 is the distance (lag), m(h) is the number of paired comparisons at distance i
and z(x;) is the value at position x;. For each value of A, all pairs of points with a
distance close to h were included to obtain at least about 35 to 40 pairs in the sum

above.

Two different parametric models were found appropriate to fit the empirical
variograms in this study, the spherical model and the exponential model, given by the

equations
oh 1(hY
7’(;,)= C{g—g(aj } fOI‘ h<a

and
Yoy = ¢ {1 —exp(—h/ r)}
respectively. Here a is the range, 4 is the distance and c is the variance. The nugget

effect, usually denoted ¢y, was added to the two equations as a constant (Webster

1996) when fitting.
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The second step was to create contour maps with ordinary punctual kriging, using the
information of the model, the range and the nugget. The contour map pixel size was
chosen to be approximately the same size as the inventoried plots, i.e. 18 * 18 m or

26 * 26 m (Fig. 3, 4, 6 and 7.).

To determine the efficiency of the kriging method a cross-validation technique was
chosen (Hock et al. 1993). The true sampled value was temporarily discarded and
estimated through kriging by using the remaining sample. This was done, one by one,
for all 289 measured plots. Estimated and measured values were compared and

evaluated by linear regression.
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RESULTS

It was not possible to detect any spatial non-zero autocorrelation in strata 1 and 2. This
is partly a consequence of the stratification, producing too few pair-wise comparisons
in these strata. Only strata 4 contained a sufficient number of pairs and an aggregation
of strata was made for this reason. Therefore strata 1 and 2 are combined with strata 3
and 4 in most results. Strata 4 produced similar semi-variograms as strata 3 and 4

aggregated and therefore these strata are never separated in the results.

The assumption that older stands should contain more information seems to be correct
since the mean values for all the nature conservation variables, with no exception,

were higher for strata 3-4 than strata 1-4.

The resulting semi-variograms are presented for all variables and the result is

summarized in table 1, 2 and 3.

»”Nature Conservation Value” (NCV)

Tab. 1. Data from semi-variance analysis of the ”Nature Conservation Value” variable.

Variable /nugget | Range (m) | /variance | Mean | Value >0 (n)
Conservation-Value, strata 1-4 1.33 129 2.26 2.41 221
Conservation-Value, strata 3-4 1.10 122 2.23 2.73 165
Conservation-Value, strata 4 1.13 114 2.34 3.57 89
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Semivariance

a) "Nature Conservation Value", strata 1 to 4
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Fig. 2. Semi-variograms displaying spatial autocorrelation of "Nature Conservation Value” variable for

a) strata 1 to 4, and b) strata 3 and 4. The dotted line represents the fitted theoretical model (spherical).

Fig. 3. Kriging estimates of the ”"Nature Conservation

Fig. 4. Standard errors of the "Nature Conservation

value” variable, the value ranging from O (white) to 10 value” prediction. Values ranging from 0 (white) to

(black).

Strata 3 and 4.

3.11 (black). Strata 3 and 4.

The result from the cross-validation suggests that the kriging estimator of the NCV

variable provides a better prediction when only strata 3 and 4 is included than when all

four are so. The correlation between estimated and observed values is higher for strata

3-4 (R2=0.34) than 1-4 (R2 =0.26) and this is also the overall highest correlation

among all NCV and CWD variables in this study.
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Coarse Woody Debris (CWD)

In order to reveal any spatial correlation between sample plots a thorough analysis of

the CWD data was carried out. Deciduous trees only comprised a very small volume of

the total CWD and did not show any autocorrelation. For some variables it was

difficult to determine the most appropriate model for fitting the empirical variogram.

This was especially true for CWD variables of Norway spruce (Picea abies),

strata 3-4, which produced smooth but flat semi-variograms. The models chosen for

the CWD variables are presented in table 2.

Tab. 2. Results from the semi-variance analysis of “Coarse woody debris” variables. Variables for which no

result is reported did not display any autocorrelation.

Variable Jnugget | Range | /variance | Mean | Value >0 (n) | Model
Total CWD (m?), strata 1-4 0.256 161 0.435: 0.264 206 Spher.
Total CWD (m*), strata 3-4 0.213 108 0.340; 0.298 152 | Spher.
Pine, CWD (m®), strata 1-4 0.010 80 0.279 | 0.084 96| Spher.
Pine, CWD (m?), strata 3-4 0.010 79 0.307; 0.087 71| Spher.
Spruce, CWD (m’), strata 1-4 0.229 205 0.340¢ 0.152 138 Spher.
Spruce, CWD (m?), strata 3-4 0.255 179 0.364; 0.186 106 Expo.
Total truncated CWD (m”), strata 1-4 - - - - 114
Pine, truncated CWD (m?), strata 1-4 - - - - 51
Spruce, truncated CWD (m®), strata 1-4 - - - - 61
Total snags CWD (m®), strata 1-4 and 3-4 - - - - 76 and 64
Pine, snags CWD (m?), strata 1-4 0.090 202 0.112; 0.023 28| Spher.
Pine, snags CWD (m’), strata 3-4 0.065 185 0.126; 0.026 24 Spher.
Spruce, snags CWD (m?), strata 1-4 and 3-4 - - - - 44 and 38
Total logs CWD (m?), strata 1-4 0.010 163 0.330; 0.116 133} Spher.
Total logs CWD (m?), strata 3-4 0.010 142 0.340: 0.133 105} Spher.
Pine, logs CWD (m3), strata 1-4 0.010 151 0.225¢ 0.033 42| Spher.
Pine, logs CWD (m®), strata 3-4 0.010 168 0.289: 0.037 34| Spher.
Spruce, logs CWD (m?), strata 1-4 0.085 209 0.242: 0.071 89| Spher.
Spruce, logs CWD (m?), strata 3-4 0.089 196 0.232 0.088 73| Expo.
Tot snags and logs CWD (m?), strata 1-4 0.192 160 0.396 0.195 164 | Spher.
Tot snags and logs CWD (m®), strata 3-4 0.255 179 0.412 0.234 128 | Spher.
Pine, snags and logs CWD (m3), strata 1-4 0.010 186 0.276 . 0.056 62| Spher.
Pine, snags and logs CWD (m°), strata 3-4 0.010 163 0.313; 0.063 51| Spher.
Spruce, snags and logs CWD (m’), strata 1-4 0.218 179 0312 0.122 110 Spher.
Spruce, snags and logs CWD (m?), strata 3-4 0.255 173 0.342: 0.157 90| Expo.
Decay classes CWD, strata 1-4 - - - - 206
Decay classes CWD, strata 3-4 - - - - 152
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Fig. 5. Semi-variograms displaying spatial autocorrelation of "Coarse Woody Debris” variables. The dotted line

represents the fitted theoretical model (spherical).

Fig. 6. Kriging estimates of the total volume of CWD

(m3). Values ranging from 0 m3 ha (white) to 3.32

m3 ha (black). Strata 1- 4.

t0 3.25 m? ha™' (black). Strata 1- 4.

Fig. 7. Kriging estimates of the total volume of CWD

of down-logs. Values ranging from 0 m3ha™ (white)
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Forest Floor Vegetation (FFV)
The same kind of analyses as above was also made for FFV and the results are

summarized in table 3 and figure 8.

Tab. 3. Results from the semi-variance analysis of the ”Forest Floor Vegetation” variables. Variables for which

no result is reported did not display any autocorrelation.

Variable J/nugget i Range (m) | ./variance | Mean | Data>0 (n)
Sphagnum sp. — Polytrichum sp. (m?), strata 1-4 3.16 152 49 279 94
Sphagnum sp. — Polytrichum sp. (m?), strata 3-4 247 246 86.3 38.5 72
Tall herb (m?) - - - - 35
Short herb (m?) - - - - 35
Vaccinium myrtillus (m?), strata 1-4 9.4 118 49 28.4 204
Vaccinium myrtillus (m?), strata 3-4 9.8 101 53.6 38.5 165
a) Ground cover, Sphagnuin sp. , strata14 b) Ground cover, Vaccinium myrtillus ,strata 1-4
6000 T ° 3000 T
| g o---o ¢
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Fig. 8. Semi-variograms displaying spatial autocorrelation of “Forest Floor Vegetation” variables. The dotted
line represents the fitted theoretical model (spherical).

17




DISCUSSION

The statistical theory of the variogram is fairly simple and there are lots of papers
written on the subject in many different disciplines Nevertheless it is a comprehensive
work to model the proper variogram that corresponds to the most accurate description
of the data observed. This is especially true when the aim is to investigate variables
that exhibit short ranges with few lag classes represented in data within the given
range. In general, the theoretical model may be fitted visually or estimated statistically
within a class of functions, either by the method of least squares or a weighed version
of it. The final choice of model is to some extent subjective, based on non-statistical

knowledge and the uncertainty caused by this increases with irregular and erratic data.

What is the connection between knowledge or “reality” and the variogram? The nugget
effect may, as stated earlier, arise from a lack of information in distances less than the
shortest sampling interval. A true variogram that increases fast close to 2 = 0 could
appear to have a nugget effect if appropriate data is missing. For some of the variables
studied it is likely to assume that the spatial process contains a component with short
range, where the range falls short of the sampling interval. The variance (sill) of this
component then explains why a nugget effect seems to exist when the process is
observed at distances equal to the sampling interval. Evident cases here are vegetation
variables like Vaccinium myrtilllus (Fig. 8b) and especially Sphagnum sp. (Fig.8a), but

can also be seen in the NCV variable (Fig.2a).
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A complicated reality demands a more complex theoretical model and construction of
such a model requires a detailed study of the investigated variable. If the spatial
relationship is restricted to areas with either “all or nothing” the benefits from the

theory of the “regionalized variable” is somewhat limited.

For some of the variables it has been impossible to fit a model (Tab. 2 and 3). There
are mainly two reasons behind this. First, it may not exist any spatial (non-zero)
autocorrelation, which is likely to be the main reason for the non-autocorrelated CWD
variables in tab.2. Secondly, the occurrence of one’s (or zero’s) of some binary valued
variables was too low and scattered, which is the case for Short and Tall herbs

(Tab. 3). Snags from Picea abies did not display any autocorrelation but snags from
Pinus sylvestris did. If this is a result that truly describes a difference in spatial
distribution of snags for the two species or just reflects the specific conditions unique

for the investigated area remains to be revealed.

The sample design is difficult to optimize when the investigated variables display
different characteristics in space and to some extent in time. In this study, stratification
was performed with respect to age of the forest. Vegetation variables are probably
better classified using geological maps and with interpretation of color infrared (CIR)
aerial photos (Ihse 1993). Natural structures important from the aspect of nature
conservation, including CWD, are possible to detect using CIR aerial photos (Limés &

Fries 1995). However, in a forest with management oriented towards highest timber
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production these natural structures are rare and the aim is not necessarily to find
objects with true nature conservation values but to find objects with high potential to

future development. (Angelstam & Andersson 1997)

Exclusion of strata 1 and 2 in general decreased the nugget effect and increased the
multiple coefficient of determination (R2?) for all CWD- and NCV variables, as shown

by the cross validation.

Addition of the extra samples from strata 1 and 2 facilitated the smoothing of the
variogram when combined with the values in strata 3 and 4. The reason is that the
addition of samples covered more of the overall forest variability. The drawback is that
the addition of almost uncorrelated observations increased the semi-variance in lag-
classes within the given range and thus provided changed and less steeply sloping

semi-variance curves.

An important factor to consider when constructing the sample design on small forest
estates concerns the number of pairs in the estimation of the empirical variogram. It is
necessary to ensure a minimum number in each lag class to avoid large random errors.
In this study the minimum was 35 to 40 pairs and this figure was not always attained in
single strata. This was especially the case when an (unreported) anisotropy analyze
was carried out, with the purpose to check whether the autocorrelation was the same

for different directions or not.
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There is a sample design problem to balance a wide grid and more satellite plots that
improves variogram construction against a tighter grid and fewer satellite plots that
results in higher accuracy of the kriging predictions. The final arrangement of plots is
also dependent on the size of the total area to be studied. When dealing with rare
objects and, in addition to that, objects that exhibit short ranges it is important to both
increase the number of lag classes within the range and to shorten the distance between
plots in the grid. In this study there is a maximum of four, often three, lag classes in
the range of 100 meter and at least one extra lag class in the range of 70-90 meter

would have been desirable.

As a conclusive remark it is justified to say that many naturally occurring structures
important to nature conservation, especially CWD, is spatially continuous and this
holds true even for the intensively managed forest studied. Notably is also that

truncated CWD appeared in 39 % of the plots but did not show any autocorrelation.

Further investigations concerning spatial continuity would comprise virgin forests or at

least forests free from sharp stand borders and with naturally occurring structures and

processes important to nature conservation.
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Appendix 1.

CHARACTERISTICS for the NCV variable
The fulfilment of each of the following criteria has contributed by 1 to the NCV variable.
1. Considerable diameter spread of main tree species. Trees represented in each cutting class.

2. Deviating number of trees with coarse diameter. Number of trees >= 3 with diameter >=
40 cm.

3. Over aged trees. Trees > 127 years old. 1,5 * 85 years (Average length of prod. cycle for
this particular forest-estate).

4. Natural thinning. Characterised by dense stands with standing dead/dying trees.
5. Open forest. Sparsely covered stands. Demands large gaps, > 50 % of total area.
6. Solitaire trees. One or more free-standing trees without shading surroundings.
7. Many trees with distinct sockets.

8. Standing dead trees/snags.

9. Many standing dead trees/snags. Objects > 2.

10. Standing dead trees/snags. Exposed to sun.

11. Dying or recently dead trees. Down-logs, snags and standing trees.

12. Down-logs.

13. Many down-logs. Objects > 2.

14. Down-logs. Coarse diameter > 30 cm.

15. Down-logs. Coarse diameter > 30 cm. Exposed to sun.

16. Down-logs in different decomposition stages.

17. Polypores. Growing on tree stems.

18. Bryophytes growing on stems of deciduous trees.



19. Hanging lichens. “Beard-like” lichens, e.g. Usnea sp.
20. Bryophytes growing on vertical “wall” of stone. Stone wall higher than 2 meter.

21. Berry bushes, e.g. Dog-rose (Rosa canina), Blackthorn (Prunus spinosa), Alpine currant
(Ribes alpinum)

22. Field layer rich in species.

23. Fire traces. Remnants left from fire.

24. Uprooted Trees. Root system and soil exposed.
25. Flat rocks/rocks revealed.

26. Stony soil. Ground characterized by boulders.

27. Damp/wet soil.

28. Topsoil with moving water. Water table emerging.
29. Spring.

30. Brook/stream.

31. Adjoining wetland/lake.

32. Coarse Pine (Pinus sylvestris). Diameter > 35 cm.
33. Aspen (Populus tremula) / Sallow (Salix caprea). Diameter > 10 cm.

34. Common black alder (Alnus glutinosa) / Bird-cherry (Prunus padus) / Rowan-tree
(Sorbus aucuparia). Diameter > 10 cm.

35. Deciduous trees. Diameter > 30 cm.

36. Coarse hardwood trees. Diameter > 40 cm. Mainly Ash (Fraxinus exccelsior), Oak
(Quercus robur), Maple (Acer platanoides) and Elm (Ulmus glabra).

37. Coarse Norway spruce (Picea abies). Diameter > 45 cm.
38. “Bouquet” growing trees. Mainly Hazel (Corylus avellana).

39. Mixed tree species. Deciduous trees > 30 % of total tree volume.

I



Serien Arbetsrapporter utges i forsta hand for institutionens eget behov av viss dokumentation.
Rapporterna ir indelade i foljande grupper: Riksskogstaxeringen, Planering och inventering, Bio-
metri, Fjdrranalys, Kompendier och undervisningsmaterial, Examensarbeten samt internationellt.
Forfattarna svarar sjdlva for rapporternas vetenskapliga innehall.

Riksskogstaxeringen:

1995 1

1997 23

24

1998 30

34

37

38

1999 50

52

54

56

57

Kempe, G. Hjidlpmedel for bestdmning av slutenhet i plant- och ungskog.
ISRN SLU-SRG-AR--1--SE

Riksskogstaxeringen och Standortskarteringen vid regional miljodvervakning.
- metoder for att forbéttra upplosningen vid inventering i skogliga avrinningsomraden.
ISRN SLU-SRG-AR--2--SE.

Lundstrom, A., Nilsson, P. & Stahl, G. Certifieringens konsekvenser for mojliga uttag
av industri- och energived. - En pilotstudie. ISRN SLU-SRG-AR--23--SE.

Fridman, J. & Walheim, M. Dod ved i Sverige. - Statistik fran Riksskogstaxeringen.
ISRN SLU-SRG-AR--24--SE.

Fridman, J. & Kihlblom, D. & Soderberg, U. Forslag till miljoindexsystem for natur-
typen skog. ISRN SLU-SRG-AR--30--SE.

Lofgren, P. Skogsmark, samt trdd- och buskmark inom fjallomradet. En skattning av
arealer enligt internationella dgoslagsdefinitioner. ISRN SLU-SRG-AR--34--SE.

Odell, G. & Stdhl, G. Vegetationsforidndringar i svensk skogsmark mellan 1980- och
90-talet. -En studie grundad pa Standortskarteringen. ISRN SLU-SRG-AR--37--SE.

Lind, T. Quantifying the area of edge zones in Swedish forest to assess the impact of
nature conservation on timber yields. ISRN SLU-SRG-AR--38--SE.

Stéhl, G., Walheim, M. & Lofgren, P. Fjillinventering. - En utredning av innehall och
design. ISRN SLU-SRG--AR--50--SE.

Riksskogstaxeringen infor 2000-talet. - Utredningar avseende innehall och omfattning i
en framtida Riksskogstaxering. Redaktorer: Jonas Fridman & Goran Stahl.
ISRN SLU-SRG-AR--52--SE.

Fridman, J. m.fl. Sveriges skogsmarksarealer enligt internationella dgoslags-
definitioner. ISRN SLU-SRG-AR--54--SE.

Nilsson, P. & Gustafsson, K. Skogsskotseln vid 90-talets mitt - lage och trender.
ISRN SLU-SRG-AR--56--SE.

Nilsson, P. & Soderberg, U. Trender i1 svensk skogsskotsel - en intervjuundersokning.
ISRN SLU-SRG-AR--57--SE.



1999 61

2000 65

75

Broman, N & Christoffersson, J. Mitfel i provtradsvariabler och dess inverkan pa
precision och noggrannhet i volymskattningar. ISRN SLU-SRG-AR--61--SE.

Hallsby, G m.fl. Metodik for skattning av lokala skogsbrinsleresurser.
ISRN SLU-SRG-AR--65--SE.

von Segebaden, G. Komplement till "RIKSTAXEN 75 AR".
ISRN SLU-SREG-AR--75--SE.

Planering och inventering:

1995 3

1996 15

1997 18

19

25

26

1999 59

63

2000 68

70

73

Holmgren, P. & Thuresson, T. Skoglig planering p& amerikanska vistkusten - intryck
fran en studieresa till Oregon, Washington och British Columbia 1-14 augusti 1995.
ISRN SLU-SRG-AR--3--SE.

Stéhl, G. The Transect Relascope - An Instrument for the Quantification of Coarse
Woody Debris. ISRN SLU-SRG-AR--4--SE

van Kerkvoorde, M. A sequential approach in mathematical programming to include
spatial aspects of biodiversity in long range forest management planning.
ISRN SLU-SRG-AR--15--SE.

Christoffersson, P. & Jonsson, P. Avdelningsfri inventering - tillvigagangssétt och
tidsatgdng. ISRN SLU-SRG-AR--18--SE.

Stahl, G., Ringvall, A. & Lamas, T. Guided transect sampling - An outline of the
principle. ISRN SLU-SRGL-AR--19--SE.

Lamas, T. & Stéhl, G. Skattning av tillstdnd och fordndringar genom inventerings-
simulering - En handledning till programpaketet "NVSIM".
ISRN SLU-SRG-AR--25--SE.

Lamas, T. & Stdhl, G. Om dektering av fordndringar av populationer i begriansade
omraden. ISRN SLU-SRG-AR--26--SE.

Petersson, H. Biomassafunktioner for triddfraktioner av tall, gran och bjork i Sverige.
ISRN SLU-SRG-AR--59--SE.

Fridman, J., Lofstrand, R. & Roos, S. Stickprovsvis landskapsdvervakning - En
forstudie. ISRN SLU-SRG-AR--63--SE.

Nystrom, K. Funktioner for att skatta hojdtillvixten i ungskog.
ISRN SLU-SRG-AR--68--SE.

Walheim, M. & Lofgren, P. Metodutveckling for vegetationsdvervakning i fjéllen.
ISRN SLU-SRG-AR--70--SE.

Holm, S. & Lundstrom, A. Atgéirdsprioriteter. ISRN SLU-SRG-AR--73--SE.



76

Biometri:

1997 22

1999 o4

Fridman, J. & Stahl, G. Funktioner for naturlig avgang i svensk skog.
ISRN SLU-SRG-AR--76--SE.

Ali, Abdul Aziz. Describing Tree Size Diversity. ISRN SLU-SEG-AR--22--SE.

Berhe, L. Spatial continuity in tree diameter distribution.
ISRN SLU-SRG-AR--64--SE

Fjirranalys:

1997 28

29

1998 32

43

1999 51

53

2000 66

69

Hagner, O. Satellitfjarranalys for skogsforetag. ISRN SLU-SRG-AR--28--SE.

Hagner, O. Textur till flygbilder for skattning av bestdndsegenskaper.
ISRN SLU-SRG-AR--29--SE.

Dahlberg, U., Bergstedt, J. & Pettersson, A. Faltinstruktion for och erfarenheter fran
vegetationsinventering i Abisko, sommaren 1997. ISRN SLU-SRG-AR--32--SE.

Wallerman, J. Brattdkerinventeringen. ISRN SLU-SRG-AR--28--SE.
Holmgren, J., Wallerman, J. & Olsson, H. Plot - Level Stem Volume Estimation and
Tree Species Discrimination with Casi Remote Sensing.

ISRN SLU-SRG-AR--51--SE.

Reese, H. & Nilsson, M. Using Landsat TM and NFI data to estimate wood volume,
tree biomass and stand age in Dalama. ISRN SLU-SRG-AR--53--SE.

Lofstrand, R., Reese, H. & Olsson, H. Remote Sensing aided Monitoring of Non-
Timber Forest Resources - A literature survey. ISRN SLU-SRG-AR--66--SE.

Tingelof, U & Nilsson, M.Kartering av hyggeskanter i pankromadtiska SPOT-bilder.
ISRN SLU-SRG-AR--69--SE.

Kompendier och undervisningsmaterial:

1996 14

21

1998 42

Holm, S. & Thuresson, T. samt jagm.studenter kurs 92/96. En analys av skogstill-
stindet samt nigra alternativa avverkningsberdkningar for en del av Ostads siteri.
ISRN SLU-SRG-AR--14--SE.

Holm, S. & Thuresson, T. samt jigm.studenter kurs 93/97. En analys av skogsstill-
stindet samt nigra alternativa avverkningsberikningar for en stor del av Ostads
siteri. ISRN SLU-SRG-AR--21--SE.

Holm, S. & Limads, T. samt jagm.studenter kurs 93/97. An analysis of the state of the
forest and of some management alternatives for the Ostad estate.
ISRN SLU-SRG-AR--42--SE.



1999 58

Holm, S. samt studenter vid Sveriges lantbruksuniversitet i samband med kurs i strate-
gisk och taktisk skoglig planering &r 1998. En analys av skogsstillstaindet samt nagra
alternativa avverknings berikningar for Ostads siteri. ISRN SLU-SRG-AR--58--SE.

Examensarbeten:

1995 5

1996 6

10

11

12

13

16

1997 17

Tornquist, K. Ekologisk landskapsplanering i svenskt skogsbruk - hur borjade det?.
Examensarbete i dmnet skogsuppskattning och skogsindelning.
ISRN SLU-SRG-AR--5--SE.

Persson, S. & Segner, U. Aspekter kring datakvaliténs betydelse for den kortsiktiga
planeringen. Examensarbete 1 @mnet skogsuppskattning och skogsindelning.
ISRN SLU-SRG-AR--6--SE.

Henriksson, L. The thinning quotient - a relevant description of a thinning?
Gallringskvot - en tillforlitlig beskrivning av en gallring? Examensarbete 1 dmnet
skogsuppskattning och skogsindelning. ISRN SLU-SRG-AR--7--SE.

Ranvald, C. Sortimentsinriktad avverkning. Examensarbete i &mnet skogsuppskattning
och skogsindelning. ISRN SLU-SRG-AR--8--SE.

Olofsson, C. Méngbruk i ett landskapsperspektiv - En fallstudie pA MoDo Skog AB,
Ornskoldsviks forvaltning. Examensarbete i dmnet skogsuppskattning och skogs-
indelning. ISRN SLU-SRG-AR--9--SE.

Andersson, H. Taper curve functions and quality estimation for Common Oak
(Quercus Robur L.) in Sweden. Examensarbete i &mnet skogsuppskattning och
skogsindelning. ISRN SLU-SRG-AR--10--SE.

Djurberg, H. Den skogliga informationens roll i ett kundanpassat virkesflode. - En
bakgrundsstudie samt simulering av inventeringsmetoders inverkan pa noggrannhet i
leveransprognoser till sigverk. Examensarbete i &mnet skogsuppskattning och
skogsindelning. ISRN SLU-SRG-AR--11--SE.

Bredberg, J. Skattning av alder och andra bestdndsvariabler - en fallstudie baserad pa
MoDo:s indelningsrutiner. Examensarbete 1 amnet skogsuppskattning och
skogsindelning. ISRN SLU-SRG-AR--14--SE.

Gunnarsson, F. On the potential of Kriging for forest management planning.
Examensarbete 1 @mnet skogsuppskattning och skogsindelning.
ISRN SLU-SRG-AR--13--SE.

Tormalm, K. Implementering av FSC-certifiering av mindre enskilda markigares
skogsbruk. Examensarbete i amnet skogsuppskattning och skogsindelning.
ISRN SLU-SRG-AR--16--SE.

Engberg, M. Naturvérden i skog lamnad vid slutavverkning. - En inventering av upp
till 35 &r gamla foryngringsytor pa Sundsvalls arbetsomsade, SCA. Examensarbete i
dmnet skogsuppskattning och skogsindelning. ISRN-SLU-SRG-AR--17--SE.



20

27

1998 31

33

35

36

40

41

45

46

47

49

1999 55

62

2000 67

Cedervind, J. GPS under krontak i skog. Examensarbete 1 dmnet skogsuppskattning
och skogsindelning. ISRN SLU-SRG-AR--20--SE.

Karlsson, A. En studie av tre inventeringsmetoder i slutavverkningsbestand.
Examensarbete. ISRN SLU-SRG-AR--27--SE.

Bendz, J. SODRAs grona skogsbruksplaner. En uppfoljning relaterad till SODRAs
miljomal, FSC's kriterier och svensk skogspolitik. Examensarbete.
ISRN SLU-SRG-AR--31--SE.

Jonsson, O. Tridskikt och stdndortsférhallanden i strandskog. - En studie av tre bickar
1 Visterbotten. Examensarbete. ISRN SLU-SRG-AR--33--SE.

Claesson, S. Thinning response functions for single trees of Common oak (Quercus
Robur L.) Examensarbete. ISRN SLU-SEG-AR--35--SE.

Lindskog, M. New legal minimum ages for final felling. Consequences and forest
owner attitudes in the county of Visterbotten. Examensarbete.
ISRN SLU-SRG-AR--36--SE.

Persson, M. Skogsmarksindelningen i grona och bla kartan - en utvardering med
hjalp av riksskogstaxeringens provytor. Examensarbete. ISRN SLU-SRG-AR--40--SE.

Eriksson, F. Markbaserade sensorer for insamling av skogliga data - en forstudie.
Examensarbete. ISRN SLU-SRG-AR--41--SE.

Gessler, C. Impedimentens potientiella betydelse for biologisk mangfald. - En studie av
myr- och bergimpediment i ett skogslandskap i Viasterbotten. Examensarbete.
ISRN SLU-SRG-AR--45--SE.

Gustafsson, K. Langsiktsplanering med geografiska hénsyn - en studie pa Bricke
arbetsomrade, SCA Forest and Timber. Examensarbete. ISRN SLU-SRG-AR--46--SE.

Holmgren, J. Estimating Wood Volume and Basal Area in Forest Compartments by
Combining Satellite Image Data with Field Data. Examensarbete i &mnet Fjirranalys.
ISRN SLU-SRG-AR--47--SE.

Hérdelin, S. Framtida férekomst och rumslig foérdelning av gammal skog.
- En fallstudie pa ett landskap i Bricke arbetsomrade. Examensarbete SCA.
ISRN SLU-SRG-AR--49--SE.

Imamovic, D. Simuleringsstudie av produktionskonsekvenser med olika miljomal.
Examensarbete for Skogsstyrelsen. ISRN SLU-SRG-AR--55--SE

Fridh, L. Utbytesprognoser av rotstdende skog. Examensarbete i skoglig planering.
ISRN SLU-SRG-AR--62--SE.

Jonsson, T. Differentiell GPS-métning av punkter i skog. Point-accuracy for
differential GPS under a forest canaopy. ISRN SLU-SRG-AR--67--SE.



71  Lundberg, N. Kalibrering av den multivariata variabeln tradslagsfordelning.
Examensarbete 1 biometri. ISRN SLU-SRG-AR--71--SE.

72  Skoog, E. Leveransprecision och ledtid - tvd nyckeltal for styrning av virkesflodet.
Examensarbete i skoglig planering. ISRN SLU-SRG-AR--72--SE.

74  Johansson, L. Rotrétai Sverige enligt Riksskogstaxeringen. Examens arbete 1 dmnet
skogsindelning och skogsuppskattning. ISRN SLU-SRG-AR--74--SE.

78  Eriksson, D. Spatial Modeling of Nature Conservation Variables useful in Forestry
Planning. Examensarbete. ISRN SLU-SRG-AR--74--SE.

Internationellt:

1998 39 Sandewall, Ohlsson, B & Sandewall, R.K. People’s options on forest land use - a
research study of land use dynamics and socio-economic conditions in a historical
perspective in the Upper Nam Nan Water Catchment Area, Lao PDR.

ISRN SLU-SRG-AR--39--SE.

44  Sandewall, M., Ohlsson, B., Sandewall, R.K., Vo Chi Chung, Tran Thi Binh & Pham
Quoc Hung. People’s options on forest land use. Government plans and farmers
intentions - a strategic dilemma. ISRN SLU-SRG-AR--44--SE.

48  Sengthong, B. Estimating Growing Stock and Allowable Cut in Lao PDR using Data
from Land Use Maps and the National Forest Inventory (NFI). Master thesis.
ISRN SLU-SRG-AR--48--SE.

1999 60 Inter-active and dynamic approaches on forest and land-use planning - proceedings

from a training workshop in Vietnam and Lao PDR, April 12-30, 1999.
Edited by Mats Sandewall ISRN SLU-SRG-AR--60--SE.



