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Introduction

The term ‘inventory’ means the preparation of a
detailed list of articles according to their properties.
Similarly, forest inventory means tabulated, reliable,
and satisfactory tree information related to the
required area unit. An essential feature is the
assessment of the area and quality of each unit.
The principal purpose of forest inventories has been
to provide accurate information for sound planning
and management of resources and for the planning of
forest industry investments and nature conservation.
Accordingly, optional cutting possibilities with future
forest development scenarios have been computed
on the basis of inventory results. These scenarios
have formed the basis for forest policy and forest
utilization.

The needs for information in forestry have
increased during the last decades because of the
awareness of forest health status, particularly since
the beginning of the 1980s, and the status of bio-
logical diversity, as well as the recognition of the role
of forests in reducing the effects of global warming.
At the same time, the pressure to increase timber
consumption is increasing in some regions of the
world. Therefore, reliable forest information is
important to plan the sustainable use of forests.

The Food and Agricultural Organization of the
United Nations (FAO) and International Union of
Forest Research Organizations (IUFRO) collect and
agree globally accepted concepts and definitions used
in forest inventories.

FAO has also collected global-level forest resource
information since 1947. Since the beginning of the
1950s, various regional and global surveys have been
conducted every 5-10 years. As knowledge on the
forest resources has improved at national levels and

as technology has advanced, the Global Forest
Resources Assessments have increased in breadth
and quality. Forest Resource Assessment 2000 (FRA
2000) is so far the most comprehensive in terms of
the number of references used and information
analyzed on forest cover, forest state, forest services,
and nonwood forest products (NWFP). FRA 2000
applies for the first time a single technical definition
of forest at the global level, based on 10% crown
cover.

There are also several types of forest inventories,
such as operational, management, and national
forest inventory. The information from operational
and management inventories is used to make short-
and long-term plans for the management of specific
forest ownership while national forest inventories are
used as the information basis for national forestry
policy, forestry programs, and strategic planning of
forestry and forest industry. Forest inventory is
considered here from the point of view of national
forest inventory. There are several definitions for the
term ‘forest inventory’ in the forest inventory
literature. A modern national forest inventory could

be defined as follows:

Forest inventory is a procedure involving planning of
inventory design, data collection, data analysis and
reporting about forest resources of a large forested area
or entire country. It is designed to insure continuous
flow of information about the current status and rate of
changes over time about forest resources and the
characteristics of the land area on which trees are
growing.

Forest inventory information is related to admin-
istrative or other area units and presented in the form
of tables and forest maps together with reliability
assessments. Basic information is timber quantity
and quality by tree species and by tree size as well as
tree growth, mortality, and removal by harvest.
Inventories have also provided information about
land use, site quality, vegetation cover, description of
topography, ownership and protection patters, ac-
cessibility, transportation facilities, accomplished
and needed silvicultural and cutting regimes, and
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forest damage. When needed, additional information
may be collected on recreational resources, wildlife
resources, and so forth. Further examples of more
recent other elements are information related to
biodiversity, either its indicators or surrogates, like
quantity and quality of decaying wood, or direct
components, like abundance and distribution (diver-
sity) of vegetation species, as well as carbon pools in
soil, trees, and coarse woody debris, together with
carbon sinks and sources. The need for diverse
information has stimulated the development of
integrated or multiresource inventories. The forest
inventory information is collected in the field and
through remote sensing.

The number of variables measured in the field in the
current inventories is usually high, typically varying
from 100 to up to 400. The great challenge is to
develop inventory methods which respond to diverse
information needs and still are simpler, cheaper, and
yet more accurate in taking measurements and
deriving population estimates than the old ones.

The planning of sampling design data collection
and statistical inference is a highly statistical problem
whose solution needs advanced knowledge in statis-
tical sampling design, current forest inventory
systems, forest mensuration, remote sensing, and
computer science as related to forest inventory.

This article discusses basic principles and concepts
in forest inventory, sampling methods, and statistical
inference, including field measurement-based inven-
tory and multisource inventory.

Statistically Designed Forest Inventories

The history of statistically designed forest inventories
dates back to the end of the nineteenth century and
the beginning of the twentieth century, when county-
level and municipality-level forest resource inven-
tories were carried out in Norway, Sweden, Finland,
and the UK. The early Nordic forest inventories
inspired some of the pioneering work on the
statistical accuracy assessment in the context of
systematic sampling, particularly error estimation of
linewise survey sampling. Statistical knowledge has
thus been utilized and also promoted in Nordic
forestry literature between 1900 and 1930. This
knowledge became common in other parts of the
world between 1930 and 1950.

Statistical Problems in Forest Inventory

The total counting of quantities of forests is not
possible due to large areas and large numbers of trees
(often tens or hundreds of billions within one
country). Therefore, either rapid visual assessment

by units, e.g., by forest stands, must be applied, or
total counting in small subareas. Visual assessment is
often the method in operative and management
inventories. Estimates may be biased and statistical
analysis of reliability is difficult. National and
regional inventories are based on sampling with
accurate measurements, and error components are
known or estimated, in which case statistical error
estimation is possible.

Forest inventory is a good and far from trivial
application for statistical sampling methods. Diffi-
culties arise from the large number of parameters to
be estimated and the dependencies between different
variables, even in different scales. Nearby trees are
more similar than those farther apart from each
other. Large-scale trends like changes in forest
parameters are common. Some of the classical
statistical questions are:

® What kind of sampling design is ‘optimal’?
Simple-minded optimization approaches are not
possible in forest inventories, because different
variables have different covariance structures and
presume different sampling designs. A compro-
mise must often be searched for.

® What type of estimators should be used?

How does one avoid bias?

® How does one assess the reliability of the
estimates?

In present inventories, the field measurements are
sometimes combined with satellite images and other
georeferenced data into a multisource inventory. It
produces both statistics and digital thematic maps
for computation units and enables accurate small
area estimation and wall-to-wall mapping.

Planning of Sampling Design

The inventory design usually involves designing the
layout of the field sample plots, choice and decisions
concerning the proportion of temporary and perma-
nent field plots, statistical inference method, as well
as the possible role of remote sensing material and
technique. The principles and factors affecting field
sampling design are discussed in this article.

Examples of the factors affecting sampling design
are the purpose of the inventory: which parameters
are of interest, the accuracy requirement for different
parameter estimates, topographic, economic and
transportations conditions, and the spatial correla-
tion of the variables of interest. The design-planning
procedure is also affected by existing information on
the forest area.

Examples of possible field sampling designs are:
(1) simple random sampling; (2) systematic sampling;
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(3) stratified random and systematic sampling; (4)
multistage sampling; and (5) multiphase sampling.
It can be shown that systematic sampling is always
more efficient than random sampling if the variables
of interest are positively spatially correlated.

Stratification is usually an efficient tool in sample
surveys to reduce the variances of the estimates and
to increase the efficiency of the survey. In forest
inventories, stratification can be done on the basis of
aerial photographs, satellite images, or on earlier
information. In multiresource inventories, it is a
problem to find a stratification which is efficient
for most of the variables. Another problem is that
the boundaries of strata may change over time.
Poststratification is an estimation procedure which
avoids the problems related to prestratification.
Sample units are drawn independently of the strati-
fication system, stratification is done after selecting
the sample, and stratified sampling formulae are
applied to the unstratified sample.

A further problem related to prestratification,
particularly earlier when photointerpretation was
used, was that it could be expensive to do for a large
area. Digital analysis of satellite images currently
reduces this problem. The advantages of stratifica-
tion can be preserved but the costs of stratification
were decreased using a double sampling for stratifi-
cation design. The first phase is usually a high
number of plots with low intensity of measurements
and the second phase is a low number of plots with a
high intensity of accurate measurements.

Stratified Random and Stratified Systematic
Sample

In stratified systematic sampling, a population of N
units is divided into subpopulations of known size,
N1, N; - - - Ny units, respectively, and the sample is
selected in each population. These populations are
not overlapping, and together comprise the whole
population, so that:

N1+N2+,...,+NH=N

If sample units are allocated wisely among the strata,
the estimates of the population are more precise than
those with the same size of sample and without
stratification. The following advantages for stratified
sampling in forest inventories can be achieved:

1. Separate estimates of the means and variances can
be made for each forest subdivision.

2. Sampling problems may differ markedly in differ-
ent parts of the population.

3. Administrative convenience may dictate the use of
stratification.

4. For a given sampling intensity, stratification often
yields more precise estimates of the forest para-
meters than does a simple random sample of the
same size. This will be achieved if the established
strata result in a greater homogeneity of sampling
units within a stratum than for the population as a
whole.

The disadvantages are that the size of each stratum
must be known or at least a reasonable estimate must
be available, and sampling units must be taken in
each stratum if an estimate for that stratum is
needed. In forest inventories, stratification is often
based on the percentage of forest area, mean volume,
topographical features, or site classes. Theoretically,
the stratification should be based on the values of the
variables of interest. However, there are numerous
variables in a normal forest inventory. In practical
inventories, aerial photographs and/or satellite
images are employed for stratification.

The disadvantage that the sizes must be known can
be overcome by means of poststratification, i.e.,
stratification after selecting the sample. This proce-
dure also has the advantage that the stratification can
be done separately for different variables.

Methods to allocate units to strata are found in the
sampling literature. The sample sizes can be propor-
tional to population sizes, e.g., forest areas, or they
can be optimized taking into account within-strata
variances and sampling costs.

Multistage sampling is a design where the ultimate
sampling units are selected in stages and samples at
each stage are taken from the clusters of sampling
units of the previous stage. The principal advantage
is to concentrate measurement work close to the
locations of the chosen primary sampling units rather
than spreading it over the entire forest area.

Many sampling techniques require or gain from
advance covariate information either in the design
phase (stratification, PPS (probability proportional to
size) sampling) or in the estimation phase (regression,
ratio estimation). If this information is not available,
it can be collected with first-phase sample collecting
data on a covariate which is easier and cheaper to
measure than the variable of interest itself. Multi-
phase sampling is primarily used to reduce sampling
by collecting a relatively large amount of data of
covariates that are easier and cheaper to measure
than the variable of interest. Special cases are two-
phase sampling or double sampling and double
sampling for stratification, if the first-phase sample
is used to estimate the sizes of the strata.

For practical reasons, e.g., for reducing the moving
time of field crews, and also for increasing cost-
efficiency, the sampling units are organized to
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clusters or line strips. However, line strips are usually
less efficient than clusters of plots due to spatial
correlation. In practice, there are two different
alternatives: systematic clusterwise sampling and
stratified systematic clusterwise sampling. In the
systematic clusterwise sampling, the clusters are
spaced at uniform intervals throughout the popula-
tion. Rectangular spacing or square grids are often
applied in practical inventories.

The relevant questions in planning are: (1) what
are the spacing of the clusters? (2) what is the shape
of the cluster? (3) what is the number of plots per
cluster? (4) what is the ratio of remeasured (perma-
nent) plots and only once-measured (temporary)
plots? and (5) what is the size and shape of the field
plot? To answer these questions, preliminary infor-
mation about the spatial distribution of the variables
of interest is needed. Correlation as a function of
distance between field plots and semivariograms can
be used to compare the efficiencies of optional
sampling designs. An effective way to compare
sampling designs is sampling simulation if a model
of forest area is available. This can be obtained from
a previous inventory or from satellite image-based
estimation of variables of interest. An example of the
standard errors of optional sampling designs for
mean volume of growing stock is shown in Figure 1.
The land area is 6.47 million hectares, forest land
area 4.19 million hectares, and mean volume on
forest land 52.7m>ha™'. The test site is in North
Finland.
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Figure 1 Standard errors based on sampling simulations with
different distances between field plots and with number of plots
per clusters between 9 and 17. The distance between clusters is
10km.

One selection concerning the size and the shape
of field plot is between a fixed-area sample plot
and a sample plot with a varying size for different
size of trees. Circular plots are often used in forest
inventories. The shape and size problem can be
solved using sampling simulation and possible
earlier information of the forest area. An example
of field sampling design with sample plots is shown
in Figure 2.

Measurements

The estimates of interest in forest inventories can be
grouped into area, volume, and increment estimates.
Today, variables describing diversity of ground vege-
tation as well as carbon pools, sources, and sinks are
measured. The measured field plots are usually small
for assessing the values of area-based variables, e.g.,
mean age of trees, or needed silvicultural regimes, so
these variables are assessed from a homogeneous
forest area intersecting the field plot. This homo-
geneous forest area is called stand and the variables
are stand variables. Examples of stand characteristics
are land use, site quality and fertility, and mean
characteristics of the growing stock, like tree species
composition, number of stems, mean diameter, mean
height and mean age of trees, basal area of trees, as
well as accomplished and proposed silvicultural,
cutting, and drainage measures.

Tree stem volumes and increments by tree species
are typical examples of variables whose estimates
are based on measurements on field sample plots.
Direct measurement of these quantities is, however,
not possible. Relationships between direct measur-
able variables (tree diameter, height) and desired
variables (volumes) have to be derived. Measure-
ments are usually done at different intensity levels.
Few variables are measured from trees called tally
trees, and more variables are taken from a sub-
sample of tally trees, called sample trees. Sampling
ratio and variables are selected in such a way that the
inventory is as efficient as possible. Tree species and
diameter are examples of tally tree variables while
height and height increment and diameter increment
are examples of sample tree variables.

Tree Level Volume and Increment Estimation

Tree stem volume is still one of the key variables in
forest inventories. It is usually measured over bark
and is defined as above-stump volume and can
be expressed as an integral v = ffA(X)dX where
A(X) is a cross-sectional area of the stem at height X.
The cross-section is usually assumed to be a
circle when A(X) can expressed as a function of
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Figure 2 Sample plot and sampling design of the ninth National Forest Inventory (NF19) in Central Finland. Three of four clusters
consist of temporary plots (18 plots) and one is established permanently (14 plots; the plots 11—14 are not measured).

tree diameter at height X. This function is often
called taper curve. Sample tree volumes are often
predicted as a function of variables which can be
measured in the field, e.g., current volume over
bark v, 0 = f (tree species, dj,,d,,h) where d), is
the diameter of the stem at the height of b; and
b is the height of the tree. Taper curve models can be
used to predict the volumes of logs. The volumes
for tally trees are estimated by strata using the
volumes of sample trees, measured tally tree vari-
ables, and either parametric or nonparametric
regression analysis.

Tree Growth

Tree growth consists of elongation and thickening of
roots, stem, and branches and causes changes in tree

stem form and dimensions. Tree stem volume
increment can be predicted as a function of
measurements, e.g., as a function of height increment
and diameter increment at certain heights. The
increase in a tree dimension is qualified by the period
of time during which the increment has occurred.
Current annual increment is the difference between
dimensions at the beginning and end of the current
year. Periodic annual increment is the average
increment for a periodic of years. Increment can be
predicted directly from the measurements or indir-
ectly as a difference of the current volume and the
volume at the beginning of the growth period, e.g.,
as a function v, _5s = g (tree sp, Vop.0, 8ub.0> &ub,—5+P)
where g,,, = basal area under bark at time
point ¢. The annual increment for sample trees is
iy = (Vobo — Vob—5)/S if the period is 5 years.



970 RESOURCE ASSESSMENT/Forest Resources

Estimation and Error Estimation from
Field Data

The estimates in forest inventory can be divided into
area and volume estimates as well as mean values
and totals, for example, area of forest of a certain age
class and mean volume of a pine-dominated forest.
Both the sampling design and the parameter estima-
tion can be done in different ways. One basic
division is into design-based inference and model-
based inference. Stratification can be done by the
design and by a model. As noted earlier, stratification
can be done either before or after sampling. The
interesting parameters in forest inventory are often of
the form:

M= 1)
where Y and X are expectations of two random
variables x and y, e.g., y is an indicator of land class
or the volume of a tree species and x is the indicator
of a stratum of interest, e.g., forestry land. Let x;4
and y;4 be their observed values on sample plot 7 in
the domains of interests d’ and d. The ratio estimator
of M is

P 25:1 Yid :QE 2)
it X Xa

where 7 is the number of sample plots in the
inventory area.

When stratification is applied, the ratio estimator
is:

Yo _ 300 Wil
Xo S8 Wik

mg =

3)

where W), are the stratum weights, ¥,,; and Xz
stratum sample means in the stratum » and domains
dand d'.

When double sampling for stratification is applied,
i.e., stratum weights are not known, the estimator is
of the form:

/
H "y

A Y b 3 Vhd
g = o= M (4)
/
Xy H ")
b Xk

where 7’ and 7/}, are the sample size and sample size
in the stratum / in domain d’. The variance estimator
of equation (4) is:
1 X A A N PN
=% [W(Yy) + R*v(Xg) — 2R cov(Yy, X)) (5)
d!

l/(;’ﬁst’)

where v(Y,;) and v(X,) are the variance estimators
for (double) sampling for stratification.

The normal variance estimator is not necessarily a
good measure for the reliability of estimates in
forestry applications due to the spatial autocorrela-
tion and possible trend-like changes of the target
variables. Matérn suggested the quantity E(m — M),
the error variance, as a measure of reliability of the
estimator and also proposed an estimator for the
error variance. He considered the groups of field plot
clusters within possible strata and deviances of the
cluster means from the stratum mean. The quadratic
forms of the deviances, computed from groups of
clusters, often from groups of four clusters, can be
used as terms of the error variance estimator. The
method can be applied to stratified sampling as well.
The standard error estimators for the whole area of
interest can be obtained by combining the stratum-
specific estimators with the usual formula for
stratified sampling.

Multisource Estimation
Aerial Photographs

Aerial photographs have been used in large-area
forest inventories since the late 1920s in Canada, the
1930s in the USA, and the 1940s in Europe, the
tropics, and Russia. Mapping, land cover classifica-
tion and measurements, e.g., tree dimensions, are
typical applications. In large-area inventories, a
natural statistical framework for the use of the
images is double sampling for stratification. Photo
interpretation or estimation represents phase 1 and
field inventory phase 2. Areas of strata are estimated
using aerial photographs. A kind of application of
double sampling is also the grouping method applied
in the Finnish national forest inventory (NFI) in
North Finland. A great benefit of the procedure is
that each photo plot receives a formally complete
data vector. Large-scale (aerial photographs) (1:5000
to 1:10 000) can be used to measure tree dimensions,
such as height of trees and canopy dimensions.

Digital analysis of aerial photographs is still
problematic due to varying illumination conditions
and viewing angle of targets within one image. The
trend in both stratification and estimation is today
towards the use of digital satellite images and digital
analysis.

Satellite Images

It was long considered that the resolution of natural
resource satellites like Landsat TM, or ETM +, Spot
XS, is not high enough for forest inventory purposes.
The often-applied classification approach was not
sufficient for forest inventory purposes, except for
stratification. Standard errors at picture element
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(pixel) level are still high with all methods and for
most forest variables. However, the developments
during the last 10-15 years have shown that satellite
images have a role in forest inventories, in spite of
their limitations. The new very high resolution image
may in future have a similar role as high-altitude
aerial photographs.

There are already operational and some semi-
operational applications based on co-use of field
measurements and satellite images, sometimes sup-
plemented by digital maps or land cover data.

The goal of using satellite images in national forest
inventories may either be to compute estimates for
smaller areas than is possible using field measure-
ments only, e.g., for areas typically of a size of some
10000 ha (the Finnish NFI) or to decrease the

Volume of growing stock
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51 — 100 m%ha
101 - 150 m%ha
151 — 200 m%ha
> 200 m%ha
Built-up land
Water

Arable land

ul ] NN

Finnish Forest Research Institute
National Forest Inventory of Finland

Data sources:

- National Forest Inventory field data 1990 — 1994

- 36 LANDSAT 5 TM images, from 1987 — 1994
- 2 Spot 2XS images, from 1994
- Digital map data:
Land Survey fo Finland, licence 420/MYY/00
Civil Register of Finland

standard errors at medium-level areas, e.g., some
1-2 million hectares (the USA NFI). These goals and
methods are not independent. However, the previous
one is closer to synthetic small-area estimation while
the latter one involves poststratification, or double
sampling for stratification. The possibility of produ-
cing wall-to-wall digital forest maps in both systems
is an extra benefit of the use of satellite images
(Figure 3). The estimation method in both applica-
tions is what is called k-nearest neighbor (k-NN)
estimation. The basic idea is as follows.

The procedure utilizes a distance metric, d,;,,
which is computed in the feature space from pixel p
to each pixel p;, whose ground truth is known (to
pixel with sample plot 7). Data from the k plots,
i1(p)...1x(p) with the shortest distances are employed

A

Figure 3 Mean volume of growing stock (m®ha™") based on multisource national forest inventory. Pixel size is 25 x 25m and

volumes are given with a resolution of 1m3ha™".
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in the analysis of pixel p. A maximum distance in the
geographical space (usually 50-100km in the hor-
izontal direction and some hundreds of meters in the
vertical direction) is set from the pixel p to the
sample plots in order to avoid utilizing sample plots
from very different vegetation zones.

The weight of the ground data vector of plot i to
pixel p is then defined by:

1 r )
Wip =5 Z —— ifie{i(p), ... ix(p)}
Pib jelir(p),...ir(p)} ~PiP
=0, otherwise. (6)

Sums of weights w;, are calculated by computation
units (for example, by forest counties) in the image
analysis process. The weight of plot 7 to computation
unit # is then:

Ciu = Z Wip- (7)

peu

This quantity can be interpreted as the area
represented by plot 7 in unit #, or stratum weights
when each stratum consists of one plot only. The
estimation returns to the estimation using field data
only.

The accuracy of the estimates can be improved if
land use or land cover classes can be distinguished by
means of digital maps, as in the Finnish NFIL.

Information from field plots and maps can be
employed to remove the effect of map errors from the
estimates.

Error Assessment in Multisource Inventory

Estimation of sampling error in forest inventory
presents some difficulties, even if only field sample
plots are applied. The reasons are systematic samp-
ling, spatial correlation, and trend-like changes in the
target variables. The assessment of reliability of the
estimates is even more difficult when a multisource
technique is applied.

If the k-NN method is used for stratification,
variances of stratified sampling can be used as error
estimates. In the case of synthetic estimation, the
analytic error estimation is yet to be found.

For the k-NN method, the RMSE of the pixel level
estimates can be statistically assessed by cross-
validation. However, the error in the estimate of a
forest parameter in one pixel is highly dependent on
the true value there, and thereby the errors are
spatially correlated. The error structure is made even
more complex by the spatial dependencies in the
image itself. The inevitable inaccuracies in locating
the field plots on the image must clearly have a
stronger effect on the pixel level estimates than those
for larger areas. Developing an operationally usable

statistical error assessment technique is a highly
challenging task, and a fully satisfactory solution is
yet to be found.

Future Directions

Both increasing timber production demands and
ecological and environmental needs for forest in-
formation necessitate the further development of
the inventory methods. To achieve these require-
ments, it is necessary to have up-to-date georefer-
enced forestry data systems with precise knowledge
about log specifications and the status of the forest
ecosystem.

Technical progress in satellite and airborne ima-
ging will bring radiometrically and spatially im-
proved sensors and imaging systems. Examples are
very-high-resolution optical area images (Ikonos,
QuickBird), imaging spectrometers and laser instru-
ments and active microwave instruments. Micro-
waves penetrate through clouds without changing
and imaging is, in principle, possible under any
condition. Research has shown, however, that the
backscattering depends very much on the canopy and
soil moisture conditions, so interferometry and
multitemporal images are needed.

Forest inventories have traditionally produced
information about forest biodiversity. The extent
and quality of habitats which maintain valuable flora
and fauna, and volume and quality of dead decaying
wood are examples of new characteristics describing
forest biodiversity. The output wall-to-wall maps of
multisource inventories can be employed to assess
the landscape level biodiversity and the effect of the
structure of the growing stock on the abundance of
species.

The measurement technique is developing as well.
Digital instruments are already employed in many
large-area inventories. Digital imaging of tree stems
and canopies provides new methods to estimate the
volumes of stem parts and biomass of trees.

The future global forest inventories may be based
on the co-use of digital field measurements, airborne
instruments, such as imaging spectrometers, laser
instruments, and scatterometers as well as satellite
images of optical and microwave area. Old inventory
data, together with mathematical forest development
models and new data sets, will be applied in the
estimation. The roles of different input information
sources vary depending on the application and
information needs. Sampling at different resolutions
will be applied. Results will consist of estimates of
parameters with reliability assessments and digital
maps describing forest resources and the forest
ecosystems.
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See also: Inventory: Modeling. Mensuration: Forest
Measurements; Timber and Tree Measurements; Yield
Tables, Forecasting, Modeling and Simulation. Resource
Assessment: Regional and Global Forest Resource
Assessments.
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Introduction

Forests and other wooded lands have been recognized
and highly valued as important natural resource for
centuries. The list of benefits that people gain from
forests is very impressive. Forest resources play a vital
role not only for the economic, social, and cultural
well-being of local and regional communities, but
also for the maintenance of life on earth as a whole.
The majority of forest functions, both wood and non-
wood goods and services, are well known. For some
forest functions and services, their features and
potential still need additional research, but all forest
resources need a comprehensive and reliable assess-
ment, as a basis for their proper utilization and
management in an efficient and sustainable manner.

The Food and Agriculture Organization of the
United Nations (FAO) and UN Economic Commis-
sion for Europe (UNECE) have implemented assess-
ments of forest resources at the regional and global
levels for more than half a century. The assessments
are carried out in collaboration with countries and
partner organizations. The UNECE, one of the five
UN regional commissions, contributes to the forest
resources assessments from the regional perspective.
Other partners, notably the United Nations Environ-
ment Programme (UNEP), carry out multicountry
surveys reflecting the global or regional situation
regarding different aspects of forest resources.

The periodic international Forest Resources Assess-
ments at the regional, subregional, and global levels
are an important source of knowledge about forests
and other wooded lands. Traditionally, the Forest
Resources Assessments focus on a number of key
parameters/variables (areas, growing stock, incre-
ment, species composition, ownership categories),
their status and changes over time. The list of
parameters to measure is evolving from assessment
to assessment under the pressure of demands for new
and more detailed and accurate information. The
FAO and UNECE/FAO Forest Resources Assessments
have been carried out at 5-10-year intervals and
provided a unique source of data for many forest- and



