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Abstract

Defoliation (crown thinning) is widely used as a rapid method of tree condition assessment. As a
method that is based on subjective visual observation it might be influenced by statistically significant
observer bias. Significant observer bias has been discovere in some countries. We analyzed the
significance of observer bias occurring in the Finland's forest condition monitoring system. We analysed
the data of three training courses held to the field personnel (2006, 2007, 2008). Our results indicate that
some inconsistencies occur between observers, but these are still not systematic in nature. In conclusion,
the detected observer biases are independent incidents, caused mainly by the observer perception during
the single events. Therefore there is no need to make any systematic corrections for Finnish national
visual tree defoliation assessments. We suggest that the best way to improve field assessments is the
proper education and guidance of field personnel.
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1. Introduction

Pan-European forest condition monitoring became an interesting and topical issue few decades
ago when large scale decline in forest vitality, connected with the effects of air pollution,
occurred in Europe (e.g. Salemaa et al., 1991; Redfern and Boswell, 2004). For this reason
monitoring of forest condition in relation to effects of anthropogenic pollution has been
performed in Europe since the mid-1980s. Since then, public interest in the subject has waned
and it no longer draws the same level of political interest (Innes, 1993). Yet, nowadays the need
to observe changes in forest biodiversity and carbon stock has expanded the thinking of forest
condition monitoring (Moffat et al., 2008). One example of international harmonisation of
forest condition monitoring is the European forest monitoring programme ICP Forests (the
International Co-operative Programme on the Assessment and Monitoring of Air Pollution
Effects on Forests) which was initiated in 1985 and which was established under the UN/ECE
Convention on Long-Range Transboundary Air Pollution (CLRTAP) (Innes, 1993; Derome et
al., 2007). Finland has participated in this programme from the launch.

E o ‘ Lp :

Figure 1. The defoliation is estimated as percent share of defoliated leaf- or needle-loss
according to real or fictional non-defoliated reference tree at same age. The defoliated tree A
has a defoliation degree of 61-70%, while the health tree B has a defoliation of 0-10%.
(Photo. Erkki Oksanen, Finnish Forest Research Institute)
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Figure 2. The defoliation of tree crown is typically
surveyed by binoculars from the living crown (Photo.
Antti Pouttu, Finnish Forest Research Institute)

To perform this monitoring the Finnish Forest Research Institute carries out the annual tree
crown condition surveys on a national grid (Derome et al., 2007). This consists of
internationally standardised methods, which is characterised by large number of trees assessed
for a few parameters (Ghosh and Innes, 1995). The most important variable is leaf- and needle-
loss (i.e. defoliationl) (Ghosh and Innes, 1995; Salemaa and Lindgren, 2000) because tree
crown observations are typically the first signs indicating the natural or anthropogenic stresses
(Zarnoch et al., 2004). Many site and damage factors reduce needle age, which can be seen as
premature needle shedding and crown defoliation (Salemaa and Lindgren, 2000). The
defoliation may be caused by aging of trees, properties of habitat site, climate and weather,
outbreaks of pests or diseases or anthropogenic influence (Westman and Lesinski 1986;
Salemaa et al., 1993; Metzger and Oren, 2001).

The value of defoliation is measured as percent share of defoliated leaf- or needle-loss
according to real or fictional non-defoliated reference tree at same age (see Figure 1) (Salemaa
et al., 1993). The defoliation of tree crown is typically surveyed by binoculars from the living
crown (Figure 2). This method is widely used and internationally approved standard to survey
forest condition and it is especially practical indicator for large scale monitoring (Strand, 1996).

! Strictly speaking, the term 'defoliation’ is misleading because it is not meaning the actual loss of foliage,
but rather the transparency of a tree in comparison to a fully foliated tree of the same species, the
branching type and the same age growing under similar site conditions (Dobbertin et al., 2005).
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Figure 3. Field personnel of the Finnish Forest Research
Institute are training their skills to observe tree defoliation
according to international guidelines. (Photo. Seppo

Nevalainen, Finnish Forest Research Institute)

Though there are very strict international guidelines and intensive training programs for the
assessment of tree defoliation (see Figure 3), a subjective component still exists (Gertner and
Kohl, 1995; Salemaa and Lindgren, 2000). Visual assessment of crown condition and
defoliation is susceptible to a number of different sources of error (Salemaa and Lindgren,
2000). Therefore, defoliation assessment is widely criticized (e.g. Innes, 1988a; Innes, 1988b;
Innes et al., 1993; Salemaa et al., 1993; Gertner and Kohl, 1995; Ghosh et al., 1995; Metzger
and Oren, 2001). It is also criticised due the fundamental weakness of being a nonspecific
symptom of the change in tree condition (Innes, 1988a; Rehfuess, 1989; Innes, 1992).

Subjectivity in defoliation assessment has many causes. Sometimes it is difficult to separate the
effect of phenotype, tree age and growing conditions from the effects of e.g. air pollutants
(Salemaa et al., 1993). Again, sometimes the perception of observers (Innes, 1988b; Salemaa
and Lindgren, 2000) and sometimes even weather and lighting conditions (Salemaa and
Lindgren, 2000; Metzger and Oren, 2001) might cause observation bias. If such a bias occurs, it
is often increased by weather condition, the visibility of the crown, tree species, tree age and
social position (Wulff, 2002). It is also evident that crown dimensions affect to crown condition
assessments; eg. crowns of trees with path-lengths more than 10 m are always likely to be rated
less than 30% defoliated and thus considered healthy, although their crowns may be as
unhealthy as those of tree with path-lengths less than 4 m and rated more than 80% defoliated
(Metzger and Oren, 2001). These might be caused by the set-up of an imaginary reference tree
(Solberg and Strand, 1999). The observers or observer teams might also have an individual style
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of assessments, which can be turn up e.g. as a reluctance of using the lowermost or uppermost
parts of the scale or as a preference of using rounded scores (Solberg and Strand, 1999).

An observer bias is defined as the difference between true and observed tree defoliation
(Gertner and Kohl, 1995; Wulff, 2002). Sampling error is another source of variation, but in our
opinion, the observer error has a special importance in three reasons. Firstly, Finland's forest
condition monitoring is currently a part of National Forest Inventory and its national systematic
grid, which means that the sampling error is already well studied and quantified (see Tomppo et
al., 2001). Secondly, observer bias can be larger than the components due the sampling error
(Gertner and Kohl, 1995). Thirdly, observer bias can result an artificial impression of
geographical patterns if observers are operating regionally (Gertner and Kohl, 1995; Strand,
1996). Herewith, it may result in inconsistent or even false reports about forest condition. Due
the primary objective of tree crown condition monitoring is to provide information about
changes in crown condition, it is extremely important to keep the assessment level of the
individual observer constant (Salemaa and Lindgren, 2000).

Several previous national case studies have evaluated the observer bias and they have two
opposite conclusions. Statistically significant differences between observers and observer teams
have been found in most of studies (Innes, 1988b; Strand, 1996; Metzger and Oren, 2001;
Waulff, 2002) while some of the reporters have not found any significant observer bias that in
their national monitoring system (Salemaa et al., 1993; Redfern and Boswell, 2004). Yet, Strand
(1996) concluded that his data did not provide conclusive evidence of the observer bias because
the trees might have been assessed at different phenological state.

Because it is evident that the occurrence of significant observer bias is a case specific issue, it is
essential to examine that in detail also in Finland, which is not done before extensively. In
Finland, previously only Salemaa and Lindgren (2000) have studied the assessment error, but
they compared only the defoliation assessment made by two expert observers and the
supervising survey team. Therefore, the aim of this article was to study the difference between
several individual expert observers in the defoliation assessment of the Finland's forest
condition monitoring system. It is important to recognize and analyse the observer bias to
achieve adequate reliability of forest condition monitoring. This is essential because it is not
easy to determine confidence limits for defoliation assessments and therefore it is difficult to
assess small changes in forest condition inventories (Innes, 1988b).



2. Material and Methods
2.1 Data

Our study is based on the data of annual training course held to field personnel of Finland's
forest condition monitoring in 2006, 2007 and 2008. During the course the reliability of the
defoliation levels between different observers was studied on the basis of visual assessment of
the same trees independently (Lindgren, 2002). The test material of the course consists of
Norway spruce (Picea abies), Scots pine (Pinus sylvestris) and birch (Betula pendula and B.
pubescens) individuals that are not growing on actual sample plots of national survey grid
(Lindgren, 2001). The data consists of 20 individual trees in each of eleven study site (for study
sites see Table 1).

The defoliation of tree crown is typically surveyed by binoculars (see Figure 2) from the upper
half of living crown (Norway spruce) or from the upper 2/3 part (Scots pine and birches)
(Salemaa et al., 1993; Salemaa and Lindgren, 2000). This means that in first phase observers
determined the lower limit of living crown base.

Defoliation is assessed according to normal foliage cover of a tree (Hanisch and Kilz, 1990).
The reference normal tree can be either i) a real, non-defoliated tree of the same age, same type
of crown and growing under similar conditions in the vicinity of the sample tree, or ii) an
imaginary tree with a degree of defoliation of 0% (Salemaa and Lindgren, 2000). Observations
of foliage should never be confined to individual needles and leaves or branches. Hanisch and
Kilz (1990) have stated that, instead, they should cover stand as a whole, taking in the tree in its
enirety, the sun and shade crowns and going right through to individual boughs and branches
from different parts of crown. Defoliation is assessed in 10%-classes (Jukola-Sulonen et al.,
1990; Salemaa et al., 1991).

Table 1. General description of the study sites.

No. of observers No. of trees

Tree species ID 2008 2007 2006 2008 2007 2006
Betula pendula BetPe 11 10 12 20 20 20
Betula pubescens  BetPu - 10 12 - 20 20
g Picea abies PicAb 1 11 10 12 20 20 20
g Picea abies PicAb 2 11 10 12 20 20 19
% Picea abies PicAb 3 - - 12 - - 20
% Pinus sylvestris PinSy 1 11 10 12 20 20 20
= | Pinus sylvestris PinSy 2 11 10 - 20 20 -
Pinus sylvestris PinSy 3 - - 11 - - 20
" | Betulaspp. BetMix 11 10 12 20 20 20
8% | Picea abies PicMix 1 10 12 20 20 20
=2 Pinus sylvestris PinMix 11 10 12 20 20 20

 Tree species in question growing in the mixed forest.



2.2 Statistical analyses

First we detected the differences in tree-wise defoliation scores across multiple observer
attempts. We used the Friedman's test, which is a nonparametric statistical test for k-related
samples developed by Friedman (1937; 1939; 1940). The computational formula for the
Friedman test is

k
1= Nk1k2+1 > R? —3N(k +1) (Equation 1)

j=1

where k is the number of ranked observers (columns), N is the number of trees (rows), and Rj is
the sum of the ranked scores in each column. Under the null hypotheses (HO:) the independent
variable, the individual observer, is assumed to have no effect on the dependent variable, scores
of defoliation, the scores from different observers come from the same population (HO: Rj = R'j
= R"j ...). Thus, the alternate hypothesis (H1:) is that at least one set (observer) of scores is not
from the same population. The Friedman's test was performed with the SPSS 16.0 package.
Secondly, when the null hypothesis (HO:) was rejected, we tested bivariate nonparametric post
hoc analysis with individual observers as testing units given by

> Z"Nk— [Ig—l_l} (Equation 2)

where Rj and R'j are the sums of rank sums being compared, and z is the z score from the
standard normal curve corresponding to p/[k(k—1)] (Sheldon et al., 1996).

|Rj-R;
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3. Results

In the year 2006 training course of field personnel of visual tree defoliation assessment, there
occur statistically significant (p < 0.05) observer differences in all study sites and in all tree
species based on the Friedman's test statistics (Table 2). Yet, when comparing results of
bivariate post hoc analysis, there does not exists such a pair-wise difference in the case of one
pure Scots pine stand (PinSy 1) and one mixed growing Scots pine stand (PinMix) (Table 3).
On the whole, in the all other study sites, the visual defoliation observations between different
observers are rather congruent. However, there still exist some dissenting judgments between
few observers. In the Norway spruce study site PicAb 1, observer coded as letter B is divergent
according almost all other observers. Also observer J has quite often different opinion in that
same study site PicAb 1. In addition, observer J has several occasional disagreements with other
observers, but those do not compose any clear pattern. In the Scots pine study PinSy 3 and in
the mixed growing Norway spruce stand PicMix, the observer D has repeatedly different
judgements than others.

Table 2. The Friedman's test statistics of dissimilarity of observers' decisions (Ho: R;= Rj= R";
...). Significant p-values (< 0.05) are set in boldface.

2008 2007 2006
Tree species ID x’ p-value x> p-value Y4 p-value
Betula
BetPe 83.18  <0.001 - 0.001 39.64 <0.001
pendula
Betula 48.43
BetPu - - <0.001 73.20 <0.001
pubescens 6
g Picea abies  PicAb 1 66.58 <0.001 28.72  0.001 91.21 <0.001
S | Picea abies  PicAb 2 66.96  <0.001 42.11 <0.001 31.19 <0.001
(O]
5 | Picea abies  PicAb 3 - - - - 38.60  <0.001
3 .
g | Pinus _
< . PinSy 1 30.52 0.001 14.99  0.091 19.47 <0.001
§ sylvestris
Pinus
. PinSy 2 45.03 <0.001 17.73 0.038 - -
sylvestris
Pinus
. PinSy 3 - - - - 63.49 <0.001
sylvestris

Betula spp. BetMix 47.01 <0.001 14.48 0.106 57.95 <0.001
Picea abies  PicMix 45.07 <0.001 43.97 <0.001 68.77 <0.001
Pinus

Mixed
forest®

PinMix 41.79 <0.001 31.38 <0.001 36.37 <0.001

sylvestris

3 Tree species in question growing in the mixed forest.
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Table 3. Matrix of nonparametric post hoc analysis for the data of year 2006. Coefficients of
difference|Rj —R;| and significances (*** = p < 0.001, ** = p< 0.01, * = p < 0.05, — = not

significant) were derived from bivariate procedure (see Equation 2) between observers (A-L).
Those study sites without any statistically significant differences are not shown.

A B C D E F G H | J K L
BetPe A - - * - - - - - - - -
B 9.0 - * - - - - - - - -
C 165 7.5 ** - - - - - - - -
D 77.0 86.0 93.5 - - * - - > - **
E 25 11.5 19.0 745 - - - - - - -
F 255 34.5 42.0 515 23.0 - - - - - -
G 0.5 8.5 16.0 77.5 3.0 26.0 - - - - -
H 27.0 36.0 43.5 50.0 245 15 27.5 - - - -
| 26.5 35.5 43.0 50.5 240 1.0 27.0 0.5 - - -
J 185 9.5 2.0 95.5 21.0 44.0 18.0 45.5 45.0 - -
K 6.0 15.0 225 71.0 3.5 19.5 6.5 21.0 20.5 24.5 -
L 18.0 9.0 1.5 95.0 20.5 435 17.5 45.0 445 0.5 24.0
BetPu A - - - - - - - - - - -
B 74.0 - e - - - - * - - -
C 605 13.5 x - - - - - - - -
D 40.0 114.0 100.5 *rx - - - - x ax >
E 60.0 14.0 0.5 100.0 - - - - - - -
F 8.0 66.0 52.5 48.0 52.0 - - - - - -
G 185 55.5 42.0 58.5 415 105 - - - - -
H 8.0 66.0 52.5 48.0 52.0 0.0 10.5 - - - -
| 45 78.5 65.0 35.5 645 125 23.0 125 - - -
J 63.0 11.0 2.5 103.0 3.0 55.0 445 55.0 67.5 - -
K 70.5 3.5 10.0 1105 105 625 52.0 62.5 75.0 7.5 -
L 48.0 26.0 12.5 88.0 12.0  40.0 295  40.0 525 15.0 225
PicAb1 A o - - - - - - - * - -
B 116.5 _ o . . ok ok . _ . «
C 695 47.0 - - ** - - - - - -
D 28.0 88.5 41.5 - - - - - - - -
E 05 117.0 70.0 28.5 - - - - * - -
F 25.0 1415 945 53.0 24.5 - - - o - -
G 0.5 117.0 70.0 28.5 0.0 24.5 - - * - -
H 6.5 123.0 76.0 34.5 6.0 18.5 6.0 - * - -
I 115 105.0 58.0 16.5 120 36.5 12.0 18.0 - - -
J 77.0 39.5 75 49.0 775 1020 775 83.5 65.5 * -
K 2.0 1185 715 30.0 1.5 23.0 1.5 4.5 13.5 79.0 -
L 32.0 84.5 37.5 4.0 325 57.0 32,5 38.5 20.5 45.0 34.0
PicAb2 A - - - - - - - - - - -
B 56.5 - - - - ** - - - - -
C 10.0 46.5 - - - - - - - - -
D 8.0 48.5 2.0 - - - - - - - -
E 155 41.0 5.5 7.5 - - - - - - -
F 175 39.0 7.5 9.5 2.0 - - - - - -
G 285 85.0 38.5 36.5 44.0 46.0 - - * - -
H 14.0 425 4.0 6.0 1.5 3.5 42,5 - - - -
| 245 32.0 14.5 16.5 9.0 7.0 53.0 10.5 - - -
J 53.0 3.5 43.0 45.0 375 355 81.5 39.0 28.5 - -
K 34.0 22.5 24.0 26.0 185 165 62.5 20.0 9.5 19.0 -
L 355 21.0 255 27.5 20.0 18.0 64.0 21.5 11.0 175 15
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Table 3. Continued.
A B c D E F G H I J K
PicAb3 A - - - - - - - - * -
B 545 - - - - - - - - -
C 295 250 - - - - - - - -
D 160 385 13.5 - - - - - -
E 315 230 20 15.5 - - - - - -
F 35 58.0  33.0 195  35.0 - - - * -
G 125 420 170 35 19.0 16.0 - - - -
H 43.0 11.5 135  27.0 115 465 305 - - -
| 75 620 370 235 39.0 4.0 200 505 e -
J 795 250 500 635 480 83.0 670 365  87.0 -
K 43.0 11.5 135  27.0 115 465 305 0.0 505  36.5
L 495 50 200 335 180 530 370 65 570 30.0 65
PinSy3 A - - - - - - - - - -
B 305 - - - - - - - - -
Cc 11.0 19.5 - - - - - - - -
D - — —_ — — — — —_ — —_
E 240 65 130 - - - - - - -
F 245 6.0 135 - 0.5 - - - - -
G 345 650 455 - 585 59.0 - - -
H 370 65 260 - 13.0 125 715 - - -
| 735 430 625 - 495 49.0 108.0 365 -
J 370 675 480 - 61.0 615 25 74.0 110.5 -
K 235 7.0 125 - 05 1.0 58.0 135  50.0 605
L 235 7.0 125 - 05 1.0 58.0 135 50.0 605 0.0
BetMix A - * - - - - * - - -
B 225 - - - - - - - -
C 79.0 565 - - - - - - -
D 6.0 165  73.0 - - - * - - -
E 7.0 155  72.0 1.0 - - - - - -
F 36.0 135 430 300  29.0 - - - - -
G 535 310 255 475 465 175 - * - -
H 830 605 4.0 770 760 470 295 - -
| 235  46.0 1025 295 305 595 77.0 1065 * -
J 560 335 230 500 49.0 200 25 270 795 -
K 315 9.0 475 255 245 45 220 515 550 245
L 150 75 640 9.0 80 21.0 385 680 385 41.0 165
PicMix A - - - - - - - - - -
B 445 - - - - * - * - -
C 370 75 - - - - - - - -
D 935 490 565 . . .
E 4.0 485 41.0 975 - - - - - -
F 65 51.0 435 100.0 25 - - - - -
G 345 790 715 128.0 30.5 28.0 - - - -
H 7.0 375 300 865 11.0 135 415 - - -
I 350 795 720 1285 31.0 285 05 42.0 - -
J 85 36.0 285  85.0 125 150  43.0 1.5 435 -
K 195 640 565 113.0 155 13.0 150 265 155  28.0
L 29.0 155 8.0 645 330 355 635 220 640 205 485

13



In the year 2007 training course, there do not occur so often statistically significant (p < 0.05)
observer differences (Table 2). Only in the 7 study sites from totally 9 have significant differing
visual observations, while in the year 2006 all 10 study sites contain some inconsistencies. The
observers are delightfully compatible in the study sites BetMix, which is birches growing on
mixed forest, and pure Scots pine stand PinSy 1. The bivariate post hoc analysis detects
generally some little occasional pair-wise dissimilarity (Table 4). Only in the case of pure
Norway spruce stand PicAb 2, the observer B has several times different opinion than almost all
other observers. It must keep in mind that even single dissimilarity between two observers
detected in the bivariate post hoc analysis is enough to signal statistically significant over all
disagreements in the Friedman's test of dissimilarity.

Table 4. Matrix of nonparametric post hoc analysis for the data of year 2007. Coefficients of
difference|Rj —R;| and significances (*** = p<0.001, ** = p<0.01, * = p<0.05, — = not significant)

were derived from bivariate procedure (see Equation 2) between observers (A-L). Those study
sites without any statistically significant differences are not shown.

A B C D E F G H K L
BetPu A - - - - - * i - -
B 42,5 - - - - - - - -
C 10.0 325 - - - - * - -
D 51.0 8.5 41.0 - - - - - -
E 55.5 13.0 455 4.5 - - - - -
F 12.5 30.0 2.5 38.5 43.0 - * - -
G 69.5 27.0 59.5 18.5 14.0 57.0 - - -
H 77.0 34.5 67.0 26.0 21.5 64.5 7.5 - -
K 38.0 4.5 28.0 13.0 17.5 25.5 31.5 39.0 -
L 34.0 8.5 24.0 17.0 215 215 35.5 43.0 4.0
PicAb 2 A * - - - - - - - -
B 65.0 - « « * _ x _ «
C 19.0 84.0 - - - - - - -
D 5.0 70.0 14.0 - - - - - -
E 1.5 66.5 17.5 3.5 - - - - -
F 25 67.5 16.5 2.5 1.0 - - - -
G 425 225 61.5 47.5 44.0 45.0 - - -
H 15.0 80.0 4.0 10.0 13.5 125 57.5 - -
K 13.5 51.5 325 18.5 15.0 16.0 29.0 28.5 -
L 2.0 63.0 21.0 7.0 3.5 4.5 40.5 17.0 11.5
PicMix A - - > - - - - - -
B 15.5 - - - - - - - -
C 29.0 13.5 - - - - - - -
D 7.5 56.0 425 - - o * - -
E 40.5 25.0 11.5 31.0 - * - - -
F 18.5 3.0 10.5 53.0 22.0 - - - -
G 28.0 43.5 57.0 99.5 68.5 46.5 - - -
H 6.5 9.0 225 65.0 34.0 12.0 34.5 - -
K 29.5 14.0 0.5 42.0 11.0 11.0 57.5 23.0 -
L 12.0 3.5 17.0 59.5 28.5 6.5 40.0 5.5 17.5
PinMix A - - - - - - - - -
B 29.0 o - - - - - - -
C 54.5 83.5 - - - - - - -
D 0.5 28.5 55.0 - - - - - -
E 13.0 42.0 415 13.5 - - - - -
F 0.5 29.5 54.0 1.0 12.5 - - - -
G 1.5 27.5 56.0 1.0 14.5 2.0 - - -
H 4.5 33.5 50.0 5.0 8.5 4.0 6.0 - -
K 9.5 38.5 45.0 10.0 3.5 9.0 11.0 5.0 -
L 1.0 28.0 55.5 0.5 14.0 1.5 0.5 55 10.5
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In the year 2008 training course, just like at 2006, there occur statistically significant (p < 0.05)
observer differences in all study sites and in all tree species (Table 2). Highest inconsistencies
between observers occur for birch and Norway spruce. The bivariate post hoc analysis discovers
pair-wise dissimilarities between single observers in all cases expect one — pure Scots pine stand
PinSy 1 (Table 5). That stand (PinSy 1) had the lowest significance in the Friedman's test of
dissimilarity (see Table 2). All other stands have some occasional pair-wise dissimilarity, which
can be deployed to single observer just like in the case of Norway spruce stand and observer
coded as J. That anonymous observer did not participated to the field test at 2007, but results of
the 2006 indicate that observer J has some inconsistent observations especially in the case of
Norway spruce.

Table 5. Matrix of nonparametric post hoc analysis for the data of year 2008. Coefficients of
difference|Rj —R;| and significances (*** = p<0.001, ** = p<0.01, * = p<0.05, — = not significant)
were derived from bivariate procedure (see Equation 2) between observers (A—M). Those study

sites without any statistically significant differences are not shown.
A C D E F G H J K L M

BetPu A - > - - - - - - - -
C 22.5 - - - - - * - - -
D 85.5 63.0 _ _ ** _ ek N ,rx _
E 29.0 6.5 56.5 - - - ** - - -
F 38.5 16.0 47.0 9.5 - - x - - -
G 1.0 21.5 84.5 28.0 37.5 - - - - -
H 65.5 43.0 20.0 36.5 27.0 64.5 x - ** -
J 54.5 77.0 140.0 83.5 93.0 55.5 120.0 - - **
K 13.5 9.0 72.0 15.5 25.0 125 52.0 68.0 - -
L 19.0 415 1045 48.0 57.5 20.0 84.5 35.5 32.5 -
M 32.5 10.0 53.0 3.5 6.0 31.5 33.0 87.0 19.0 51.5

PicAb 1 A - - - - - - x - - -
C 51.0 - - - - - - - - -
D 62.0 11.0 - - - - - - - -
E 10.0 41.0 52.0 - - - x - - -
F 12.5 38.5 49.5 25 - - x - - -
G 325 18.5 29.5 225 20.0 - > - - -
H 23.5 27.5 38.5 13.5 11.0 9.0 x - - -
J  119.0 68.0 57.0 109.0 106.5 86.5 95.5 *x rx **
K 24.5 26.5 37.5 14.5 12.0 8.0 1.0 94.5 - -
L 10.0 41.0 52.0 0.0 2.5 22.5 13.5 109.0 14.5 -
M 34.5 16.5 27.5 24.5 22.0 2.0 11.0 84.5 10.0 24.5

PicAb 2 A - - - - - - ** - - -
C 37.0 - - - - - b - - -
D 9.0 28.0 - - - - x - - -
E 19.5 17.5 10.5 - - - x - - -
F 14.5 51.5 23.5 34.0 - - * - - -
G 52.5 15.5 43.5 33.0 67.0 - x - - -
H 0.5 37.5 9.5 20.0 14.0 53.0 ** - - -
J 85.5 122.5 94.5 105.0 71.0 138.0 85.0 * * *
K 14.5 51.5 23.5 34.0 0.0 67.0 14.0 71.0 - -
L 11.5 48.5 20.5 31.0 3.0 64.0 11.0 74.0 3.0 -
M 13.5 50.5 22.5 33.0 1.0 66.0 13.0 72.0 1.0 2.0
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Table 5. Continued.

PinSy 2 A - - - - - - - - - -
C 22.5 - - - - - - - - -
D 61.5 39.0 - - > - e - - -
E 32.0 9.5 29.5 - - - * - - -
F 20.0 25 415 12.0 - - - - - -
G 23.5 46.0 85.0 55.5 435 - - - - -
H 8.5 14.0 53.0 23.5 11.5 32.0 - - - -
J 40.5 63.0 102.0 72.5 60.5 17.0 49.0 - - -
K 17.5 5.0 44.0 14.5 25 41.0 9.0 58.0 - -
L 20.0 25 41.5 12.0 0.0 43.5 11.5 60.5 2.5
M 25.0 25 36.5 7.0 5.0 48.5 16.5 65.5 7.5 5.0

BetMix A - - - - - - - - - -
C 11.5 - - - - - - - - -
D 9.5 35.5 - - - - - - - -
E 0.0 26.0 9.5 - - - - - - -
F 25 235 12.0 29.0 - - - - - -
G 6.0 20.0 15.5 25.5 17.5 - - - - -
H 14.0 12.0 23.5 17.5 255 0.0 - - - -
J 14.0 12.0 23.5 17.5 25.5 0.0 8.0 * ** e
K 16.5 9.5 26.0 15.0 28.0 25 10.5 78.5 - -
L 26.0 0.0 35.5 5.5 37.5 12.0 20.0 88.0 12.0 -
M 31.5 5.5 41.0 0.0 43.0 17.5 25.5 93.5 17.5 15.0

PicMix A - - - - - - - - - -
C 30.0 - - - - - * - - -
D 12.5 425 - - - - - - - -
E 8.0 22.0 20.5 - - - - - - -
F 20.5 50.5 8.0 28.5 - - - - - *
G 40.0 10.0 52.5 32.0 60.5 - ** - - -
H 24.0 6.0 36.5 16.0 445 16.0 * - - -
J 46.5 76.5 34.0 54.5 26.0 86.5 70.5 - - x
K 18.5 11.5 31.0 10.5 39.0 21.5 5.5 65.0 - -
L 14.0 16.0 26.5 6.0 34.5 26.0 10.0 60.5 45 -
M 49.5 19.5 62.0 41.5 70.0 9.5 255 96.0 31.0 35.5

PinMix A - - - - - - - - - -
C 26.5 - - - - - - - - -
D 40.0 13.5 - - - * - - - -
E 43.5 17.0 3.5 - - * - - - -
F 15.5 11.0 24.5 28.0 - - - - -
G 32.0 55 8.0 11.5 16.5 * - - - -
H 38.0 64.5 78.0 81.5 53.5 70.0 * ** - -
J 39.0 125 1.0 4.5 23.5 7.0 77.0 - - -
K 44.0 175 4.0 0.5 28.5 12.0 82.0 5.0 - -
L 7.5 19.0 32.5 36.0 8.0 24.5 455 31.5 36.5 -
M 15.5 11.0 24.5 28.0 0.0 16.5 53.5 23.5 28.5 8.0
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4. Discussion

Although we detected some inconsistencies between observers, those are still occasional in
nature because those inconsistencies are detected by pair-wise comparison between two
observers. Only in some cases, we detected that single observer has disagreements with several
other observers simultaneously. Yet, our opinion is that these are independent incidents and are
caused mainly by the observer perception during that specific event. Only longer follow-up
study can ascertain if some observer constantly have statistically significantly different
observations. Our results don't give any affirmation and empower to produce correction tools to
future. If some consistent dissimilarities exist and can be detected, those should be handled by
proper advisement and training because all discernible inconsistencies are non-systematic and
unpredictable.

Herewith, these minor differences discovered in the present study do not affect to accuracy of
national level defoliation surveys of Finland's forest condition monitoring. Under and over
estimates might compensate each other in large scale inventories (e.g. national level). Solberg
and Strand (1999) have also concluded that even if tree defoliation assessments contain some
bias, they believe those have the ability to provide crude, but reliable estimates of spatial and
temporal trends, when these trends are not too weak. They highlighted that trends and changes
should be clearly higher than the rate of bias. On the basis of this study, we can approve the
conclusion of Strand (1996) that the tree defoliation assessment is especially practical method
for large scale monitoring irrespective of its weaknesses and multifarious sources of bias.
However, visual observations and surveys always include some sources of uncertainty which
must keep in mind when analyzing national defoliation data (Salemaa et al., 1993).

Our results indicate that Scots pine trees are more consistently observed than Norway spruce
trees and birches. This might be related to fact that the crown of Scots pine consists of low
number of living needle cohorts (Muukkonen, 2004), which make field monitoring easier. In
addition, Scots pine does not have so evident branching type strains in different ecotones in
Finland (Salemaa et al., 1993), which affects to working experience of observers living in
different locations. On the contrary, Norway spruce is famous about the fact that it has large
number of climatic and site strains with different branching shapes (Hanisch and Kilz, 1990;
Innes, 1993). In addition, Norway spruce is quite difficult to observe because it has large
amount of substitute shoots produced by dormant bud, which have not produced shoots in the
first year after their development (Hanisch and Kilz, 1990). These buds can produce a large
amount of the branching. Basically we can say that crown architecture varies markedly between
species (Innes, 1993), which effects to easiness of visual tree defoliation assessment.

If some inconsistencies between observers exist this might have several reasons. Firstly, our
conclusion is that the visual assessment of tree defoliation itself is more accurate part of whole
assessment chain than the visual estimation of the lower limit of living crown, which effects
directly to overall defoliation estimate of single tree. In the other words, there might occur more
inconsistencies in crown determination than in defoliation assessment. Yet, we have not tested
this hypothesis in the current study. Secondly, field observers are working and living in
different parts of Finland and it is evident that boreal tree species have extraordinary large
number of climatic and site strains with different branching shapes; especially Norway spruce.
Our data is collected from single location, which might consist of trees with unfamiliar
branching types for some observers living and working in other ecotones.
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We concluded on same way than Solberg and Strand (1999) that the statistically significant
differences between observers can be attenuated by two ways. Firstly, the same observers
should survey the same study sites at every round of survey, so that temporal trends are more
reliable. Secondly, large scale averages should, if possible, be based on several observers or
observer teams. Increasing the number of observers or observer teams per spatial unit can
reduce the effect of observer bias on the large scale average (Gertner and Kohl, 1995; Solberg
and Strand, 1999). Yet, forest condition monitoring is an annual long term assessment and the
field crew (observers) may vary during it and consequently there might occur inconsistent
practices throw the long time series (Gertner and Kohl, 1995).

Although the visual method to survey tree defoliation has been abundantly criticized for a
decades, it has been and it still is a widely used method. Innes (1988b) has already suggested
few decades ago that, in the future, remote sensing techniques may provide useful tools to
replace observer depended visual tree defoliation assessments or, as Stone et al. (2003)
discussed, to cover extensive forest areas. Subsequently, Dobbertin et al. (2004) have discussed
that some new procedures have been proposed and are currently being evaluated. Results are
promising (Mizoue and Dobbertin, 2003, 2004), but semi-automatic image analysis are still
affected by some operator error (Mizoue et al., 2004) and airborne or satellite remote sensing
methods are too coarse to detect particular targets (Coops et al., 2004). Nonetheless, before
these methods became common, the suggestion of Innes (1988b) and Salemaa et al. (1993) is
still topical; the education and calibration courses of individual observers is essential in
observer-based defoliation survey.

Based on our results, we don't see any reason for systematic correction of observations of
individual observers in the Finnish forest condition monitoring, because individual
inconsistencies are adventitious and non-systematic. Our conclusion is that the proper education
and guidance of field personnel is essential for providing as reliable tree defoliation assessments
as possible. Although, every summer before the start of the field work period, the observers
undergo a one-week training course where they receive practical training in the assessment
procedures and the assessment level is calibrated (Salemaa and Lindgren, 2000), this can be still
improved.
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