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SUMMARY
This paper summarizes the results obtained in the Forest Damage Inventory (IDF),
carried out in Spain in the framework of the large-scale forest monitoring network
(Level I of ICP-Forests) following a common methodology in all participant European
countries. Data corresponding to the 2014 assessment, as well as its evolution
comparing to previous years, are shown here.
The large-scale forest monitoring network (Level I) was established in Spain in 1987
in order to monitor forest damages, particularly those related to Air Pollution, by
means of the assessment plots of a systematic and random grid net of 16 x 16 Km
located throughout European forest area.
Results obtained from the 2014 Inventory show a slight improvement in the general
health condition of trees, comparing to previous year. In 2014, a percentage of
85,1% of the assessed trees looked healthy (compared to the percentage of 83,4% of
healthy trees obtained in 2013) although still far from the levels of year 2011
(88,2%).
A percentage of 13,3% of all trees were included in defoliation classes “2” and “3”
(indicating defoliation levels higher than 25%) whereas in 2013 this percentage was
15.9%.
The number of dead trees decreases as well (1,6% in 2014 whereas in 2013 this
percentage was 2,4%).
Recovery is more evident in the case of broadleaves (with a percentage of 81,6%
compared to the 79.4% of last year). In the case of conifers, percentage of healthy
trees also increases, although slightly (88.6% this year and 87.4% in 2013).
The mortality of trees is mainly due to felling operations, like sanitary cuts and
forest harvesting processes, as well as to decline processes related to isolated water
shortages.
The periodic assessment of plots of the Large Scale Forest Monitoring Network
(Level I) is a very simple and useful method in order to know the apparent health
condition of trees and the evolution of existing forest formations. In Spain
defoliation assessment is a useful tool, besides being one of the indicators of
sustainable forest management of Forest Europe. The parameter defoliation is also
used for the evaluation of the processes of forest degradation caused in most cases
by a combination of factors acting together, being air pollution one of these factors.

Forest Inventory and Statistics Area
Ministry of Agriculture, Food and Environment

-2-

RESULTS OF THE LARGE-SCALE FOREST CONDITION MONITORING IN SPAIN - 2014 REPORT

BACKGROUND
In the decade of the 70s of last century, a decline process which affected most of
the forest in industrialized countries started to be noticed in Europe. Its origin is
still uncertain.
This decline process could affect forests of very different geographical and ecological
conditions and its symptoms were defoliation, discoloration of leaves and needles as
well as the proliferation of harmful agents considered as saprophytes or semisaprophytes. This way, the decline situation ends up favoring the appearance of
damaging factors such as pests, diseases or other agents which can disturb the
forest ecosystem.
As a result of this growing concern, the International Co-operative Programme on
Assessment and Monitoring of Air Pollution Effects on Forests operating under the
Convention on Long-range Transboundary Air Pollution (CLRTAP) of the United
Nations Economic Commission for Europe (UNECE) was launched in 1985.
In 1986 the EEC Regulation number 3528/86 on "Protection of Forests against
Atmospheric Pollution Effects", set up the basis of a common strategy for forest
monitoring in all EU countries. From 1987 on, systematic assessments for the
evaluation of the forest health condition are performed annually covering the whole
community forest area.
Subsequently, this action was supported by the Ministerial Conferences for the
Protection of Forests, held in Strasbourg (1990) and Helsinki (1993).
The joint work of the International Co-operative Programme on Assessment and
Monitoring of Air Pollution Effects on Forests (ICP-Forests) of the United Nations
Economic Commission for Europe (UNECE) and the European Union Programme
for Protection of Forests against Atmospheric Pollution resulted in the analysis of
the health condition of European forests which has been performed since 1987
until nowadays.
Within the so called European Forest Monitoring Programme (EFMP), a series of
projects which constitute the future of forest monitoring in Europe were launched
under EC Instrument "Life +". Among all of them, the FutMon project was selected
by the European Union to continue the forest monitoring activities carried out from
January 2009 to June 2011, also allowing the possibility of some EU funding which
ensured the continuity of the work.
After the end of FutMon, the European Union financial support ended as well,
although temporarily, in wait of another legal framework which re-enables a return
of funds to EU countries. Nevertheless, almost all participating countries have
continued with the forest monitoring works based on their own national budgets.
Almost all European countries have implemented the Forest Monitoring Networks
since mid 80s.
In 2013 the large-scale forest condition monitoring Network (Level I) (16 x 16 km
grid net.) and other sampling schemes with similar methodology and purposes
covered 25 countries (being 18 of them EU countries).
Forest Inventory and Statistics Area
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MONITORING SCHEME AND METHODS
The large-scale forest condition monitoring network (Level I) consists of a network of
points distributed in a 16 x 16 grid net of 16 kilometres across Europe. When the
nodes of this grid lie in forest area, a sampling point is installed.
The points are assessed annually since 1987.
The Forest Inventory and Statistics Area (hereinafter AIEF) of the Ministry of
Agriculture, Food and Environment, is responsible, at present, of the performance
of the Forest Damage Inventory (IDF) in Spain, in collaboration with the Forest
Services of the different Spanish regions, and in coordination with the rest of forest
damage inventories carried out at European level
Once the sampling points are installed, 24 trees are selected following strict criteria.
In these sample trees, defoliation and damages are assessed on each tree by means
of the assessment of three parameters: description of symptoms, damage causes
(diagnosis) and quantification of the damage extent.
Defoliation is assessed using percentage classes, according to the methodology
established in the Spanish Manual (“Manual de Campo de la Red de Seguimiento de
Daños en los Montes - Red Europea de Nivel I”) which is available on the Web page
of the Ministry and the European ICP-Forests manual of (which can be downloaded
from the Programme´s web site).
The different photoguides published up to the moment: BOSSHARD (1986), CEE
(1987) INNES (1990), Cadahía et al. (1991), FERRETTI (1994) and CENNI et al.
(1995) as well as the recommendations of international expert panels help in the
assessments.
The IDF-2014 was carried out over 620 plots and 14.880 trees in Spain (7.413 of
them belonging to different species of conifers and 7.467 of them to broadleaves).
Figure 1 shows the grid in the Iberian Peninsula, Balearic Canary Islands.
The assessments were conducted in the summer months (June to September),
during which twelve teams of forest engineers and foremen specifically trained for
this kind of work visited all the plots.

Conifers

Broadleaves

Mixed Forests
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Figure 1. Location of the plots of the European large-scale forest monitoring grid net (Level I) in
Spain (conifers, broadleaves and mixed forests). Year 2014

MONITORING RESULTS
DEFOLIATION
Table 1 shows the evolution of defoliation levels for conifers, broadleaves and for all
species, between 1987 (first inventory) and 2014, both for the Iberian Peninsula and
the Balearic Islands (including, from 1994 on, data obtained in the Canary Islands
too). This table serves as reference and basis for all the analyses which are later
explained in the text.
The Table I of the Annex shows the levels of damage to the assessed trees both in
absolute values and in percentage; Tables II and III of the Annex provide a
breakdown of the damage percentages for the species of conifers and broadleaves
which are most commonly represented in the Inventory. For each one, a
differentiation in two age groups has been done: younger and older than 60 years.
This subdivision has been made in function of their diameters at breast height (dbh)
and the formulas which relate these diameters with the age of trees (for each
species), according to the estimates from the National Forest Inventory (1990).
Finally, Table IV of the Annex reflects the intensity of the sampling (plots and trees
assessed) and the level of damages in each of the regions, differentiating between
conifers and broadleaves.
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Table 1. Forest Damage Inventory in Spain, evolution of damages. (IDF Spain, 1987-2014).

The term defoliation class refers to a scale defined by ICP-Forests and the
European Union, reflected in the Manual, which groups the defoliation percentages
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which are obtained in the assessments, in five classes:
-

Class
Class
Class
Class
Class

0
1
2
3
4

(no defoliation; between 0% and 10%)
(slight defoliation; between 10% and 25%)
(moderate defoliation; mayor de 25% hasta 60%)
(severe defoliation; between 60% and 100%)
(dead or missing tree; 100%)

Before evaluating the results, we should remind that defoliation class "4" (dead
trees) includes also the trees which have been cut as a result of forest harvesting
and silvicultural operations (important for species such as eucalyptus, poplar or
radiata pine in areas such as the Cantabrian or Huelva) and those affected by fire
with no ability to regrow. This explains the appearance of plots with all the trees
missing.
General results show that in 2014, 85,1 % of the sampled trees looked healthy: they
correspond to defoliation classes “0” and” 1 (between 0 and 25% of leaf volume
loss). A 13,3 % of the trees are included in classes” 2” and” 3”, with defoliation
levels higher than 25%. These values show a slight improvement if compared to
previous year (2013).
The historical evolution of parameter defoliation for the whole sample is reflected in
Figure 2. A slight overall improvement in the condition of trees is noticed. It shows
a slight decrease in the percentage of trees in Class "0" (no damage) and a greater
increase in the percentage of trees within the class "1" (slightly damaged).
As regards the trees with defoliation levels higher than 25%, there is a slight
decrease in the percentage of trees included in class "2" (moderately damaged) and
also in class "3" (severely damaged).
Class “4”, where dead or missing trees are included, also decreases slightly.
Overall evaluation of the 2014 results reflects a recovery if compared to previous
year.

Different defoliation levels
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Figure 2. Evolution of defoliation for the total number of sample trees (IDF Spain, 1987-2014)

Figure 3 allows us to appreciate the different evolution of conifers and broadleaves
since the beginning of samplings.
The study of the defoliation levels shows that a general decay process started in
1991 (more evident, in principle, for conifers). In 1995 the maximum deterioration
was reached, much more acute for broadleaves. In 1996 and 1997 there was a
recovery in the condition of trees.
Since 1997, conifers show an erratic behaviour, experiencing slight deterioration
periods followed by small improvements, but always presenting a better health
condition than broadleaves.
In 2004, a slight recovery was noticed, being more evident for broadleaves. In 2005
there was a significant deterioration for both groups of species related to the strong
drought suffered.
A process of improvement started in 2006 and continued until 2011, with a relapse
in 2009. In 2012 there was a new deterioration, acuter for the broadleaves.
The values of 2014 show a continuation of the recovery which started in 2013.The
improvement seen this year is higher for broadleaves, although in general the
health condition is still better for conifers, as this group of species has the highest
percentage of healthy trees and a lower number of damaged trees.
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Figure 3. Annual evolution of the defoliation levels for conifers and broadleaves in the different
inventories (IDF Spain, 1987-2014).

If we make a differentiation between the two groups of species, we can see that in
the case of broadleaves, there is a slight recovery reflected by a 81.6% of healthy
trees (versus the 79.3% of last year), together with a similar decrease in the
proportion of damaged trees (from 19% in 2013 to 16.4% in 2014). In the case of
conifers, the percentage of healthy trees increases, although this increase is
somewhat lower, being the percentage of trees included in this category a 88.6%
Forest Inventory and Statistics Area
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(versus 87.4% of last year), while the percentage of damaged trees increases slightly
(10.1% versus a 9.5% in 2013).
As for the dead trees, the percentage decreases slightly in the case of conifers (from
3.1% to 1.3%) and increases very slightly in the case of broadleaves (from 1.7% to
2%). Most of the times the causes of death are sanitary cuts, forest harvesting and
decay processes derived from water shortages.

Figure 4. Annual evolution of the defoliation levels of the most relevant forest species in the
different inventories. (IDF Spain, 1987-2014).
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The analysis of the four forest species more frequently represented in the
inventories (two conifers – Scots pine and Aleppo pine - and two broadleaves – Holm
oak and Pyrenean oak) and the evolution of their defoliation levels in healthy trees
(classes 0+1) and damaged (classes 2 + 3) is shown in Figure 4 showing the
following results:
During 2014 the species showing a clearer improvement is Holm oak which
increases its percentage of healthy trees and reduces its percentage of damage ones
in the same proportion, followed by Scots pine, which increasing its percentage of
healthy trees and maintains its percentage of damaged trees in similar levels to
previous year. In the case of Pyrenean oak, values remain virtually unchanged,
while in the case of Aleppo pine, the percentage of healthy trees increases but the
percentage of damaged trees increases in greater proportion.
The percentage of dead trees decreases this year (2014) for the two species of
conifers.
We must bear in mind that the average defoliation for Holm oak is always the
highest, with over 18% of trees classified as damaged. Then we find the Aleppo pine
(almost 13% of trees damaged) and after that, Pyrenean oak, with 11% of damaged
trees. Scots pine has less than 6% of trees in the class of damaged trees.
The methodology used in the European Level I grid is based in the comparison of
the assessed tree with a reference tree (or ideal tree of the area). This methodology
prevents from a direct comparison of the results obtained in different countries
which have implemented this inventory. However, it shows the overall trend for
whole Europe.
The analysis of results obtained in IDF-2013, indicated that Spain had a lower
proportion of damaged trees than the whole Europe, as showed in Table 2, with a
percentage of 16,6% of sample trees classified as damaged and a difference of
almost 4 percent points if compared to total Europe. We still don´t have
transnational data from IDF – 2014, but results from Spain show a slight decrease
in the proportion of damaged trees, with a 14,9% of trees in this class.

Table2. Defoliation percentages in Spain & Europe. IDF Spain, 2014 and 2013; ICP-Forests 2013
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The results obtained in Spain may have a certain geographical interpretation, as
can be seen in Table 3, which shows the proportion of damaged trees (classes 2 +
3) during the IDF-2013 and the IDF-2014 as well as the variations between the two
inventories for each region in Spain. In Figure 5 all the cumulative scores of all
defoliation classes for each region are graphically represented.

Table 3. Evolution of the different percentages of damages by regions.

As a result of the values obtained, it can be derived that many of the regions show
an improvement, highlighting Baleares where the percentage of trees rated as
damaged has decreased at a rate of 11.1%, followed by Catalonia (8.4%) and Madrid
with a 4 2%.
The regions with worsen results than previous year are: La Rioja, where the
percentage of trees classified as damaged has increased by 16.7%, followed by
Valencia with 11.7% and third Murcia 7.3%.
In the case of La Rioja, it seems that there is an increase in the populations of
Rhynchaenus fagi, a mining insect affecting beech, which is the main broadleaved
species in La Rioja. This species has also been really affected by late frosts occurred
this year. In Valencia, there is an increase in the presence of needle cast and fungal
decay, damage caused by drought and insect damages. In Murcia, where most of
the trees represented are Aleppo pines, a significant increase in damages due to
drought has been recorded.
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Figure 5. Graphic showing the cumulative scores for all defoliation classes by regions (IDF
Spain, 2014).

DAMAGING AGENTS AND CAUSES
In 2005, a new system of damage causes assessment was implemented on all
sample plots in order to identify potential damaging agents and their impact on tree
condition.
The assessed parameters are classified into three main areas:
1. Description of symptoms: The main objective of symptom description is "describe
what you see," indicating both the part of the tree which is affected and the type of
symptom that it shows.
2. Identification of the damaging agents (Diagnosis): The identification of the causal
agents is crucial for studying the cause – effect mechanisms. The damaging agents
are grouped into a number of categories with a hierarchical encoding. The best
possible situation is reaching the level of species identification.
3. Quantification of symptoms (Extension): The extent of the damage indicates the
amount (percentage) of the total area of the part of the tree we are assessing which
is affected by a concrete damaging agent.
Results shown in Table 4 indicate the main damage causes which have been
registered and identified in trees presenting a defoliation level higher than 25%
(damaged trees) in recent years.
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Table 4. Main damage causes identified in damaged trees (defoliation level higher than 25%).
IDF, Spain 2005-2014.

Given the difficulty of assessing the damages caused by known local/regional pollutants, no data are
recorded.

When analysing the results of these parameters in damaged trees, a slight decrease
(if compared to 2013) in the number of damage records is observed (3.471 in 2013
comparing to 3.224 in 2014). Comparing to previous year, a slight increase in the
percentage of abiotic damages, mainly caused by drought, is observed; meanwhile,
a decrease in the number of damage caused by the direct action of man is detected.
The rest of damages does not increase or decrease its share remarkably comparing
to previous year. It should be quoted that abiotic damage represent more than 41%
of all damages recorded in weakened trees and that damages by insects represent
almost a 26%.
Figure 6 shows the damage causes registered in the 2014 Inventory in the total
group of trees presenting defoliation levels higher than 25%.

Figure 6. Main damage causes identified in damaged trees (defoliation levels higher than 25%)
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TREE MORTALITY
The number of missing trees in IDF-2014 (245 trees) is much lower than in IDF2013 (359 trees), representing this figure a 1.6% of the total number of sampled
trees.
Figure 7 shows the proportion of agents which have been identified in dead trees
and Figure 8 its evolution since 2008.
In a 68% of cases, the trees disappearance is caused by human action (mostly
cuts), followed by the action of abiotic agents (drought and wind) in more than 9%
of cases, nearly an 8% of the total figure of dead and missing trees are damaged by
fire, more than 7% is due to other types of damages (competition, presence of
Viscum album, etc.) while almost 6% of death or disappearance cases are caused by
borers (mainly Phoracantha semipunctata).
If compared to 2013 there is an increase in the percentage of trees affected by fires
and an important decrease of damages caused by human activities.

Figure 7. Damaging agents recorded in dead or missing trees. IDF, Spain, 2014.

Therefore, we can conclude that the main reasons for tree death are cuts (as a
result of forestry operations), independently that there have previously existed
factors that may have put the vegetation in a situation of imbalance which favours
the entry of opportunistic or masking damaging agents.
If we consider the species which have more trees in the category “dead”, Pinus
pinaster is clearly the most important (with 25% of the total number of dead trees in
2014 belonging to this species), followed by eucalyptus with more than a 17%, and
Holm oak with almost a 15%.
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Figure 8. Evolution of the share of damaging agents in dead or missing trees. IDF Spain, 20082014.

The main causes of death in the case of Pinus pinaster are cuts (in a 61% of the
cases) but there is also a large number of trees affected by fire (19%), in the case of
eucalyptus, the main causes of death are also cuts (51%) being the second cause in
importance the action of boring insects (Phoracantha semipunctata) with a 23%, in
Holm oak the main cause of death is still the cuts (almost 78%), followed by
drought (14% of the cases).
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ANNEX – Table I: Figures (total and percentages) of forest damages by species, according to the different defoliation
classes (IDF Spain, 2014).
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ANNEX – Table III: Percentage of forest damages in broadleaves for the most relevant species (IDF Spain, 2014)

ANNEX – Table II: Percentage of forest damages in conifers for the most relevant species (IDF Spain, 2014).
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ANNEX – Table IV. Results by regions: Percentages of damages in conifers and
broadleaves by regions (IDF Spain, 2014).

Defoliation level
0 ........................................
1 ........................................
2 ........................................
3 ........................................
4 ........................................
Total no. of sample trees ...
Total no. of sample plots ...

Conífers

ANDALUSIA
Broadleaves

19,3
68,6
10,9
0,7
0,5
773

19,1
67,8
9,9
1,9
1,3
1.363

ASTURIAS
Conífers Broadleaves
Defoliation level
0 ........................................
1 ........................................
2 ........................................
3 ........................................
4 ........................................
Total no. of sample trees ...
Total no. of sample plots ...

Defoliation level
0 ...................................
1 ...................................
2 ...................................
3 ...................................
4 ...................................
Total no. of sample trees ...
Total no. of sample plots ...

54,5
42,8
0,0
0,0
2,7
112

46,6
40,9
10,0
1,6
0,9
320

Conífers

CANARIAS
Broadleaves

5,2
81,9
10,9
1,5
0,5
193

3,4
72,3
20,9
1,7
1,7
119

Total
19,2
68,1
10,3
1,4
1,0
2.136
89

Total
48,6
41,4
7,4
1,2
1,4
432
18

Total

34,1
57,4
7,1
1,4
0,0
1.092
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6,3
66,3
22,5
4,8
0,1
732

32,2
59,0
7,0
1,6
0,2
1.093

22,9
61,0
13,3
2,7
0,1
1.824
76

Total

14,3 27,2
69,5 61,9
15,5
9,3
0,7
1,5
0,0
0,1
419 1.512
63

BALEARIC ISLANDS
Conífers Broadleaves Total
13,0
65,6
21,4
0,0
0,0
154

Conífers

16,1
32,3
9,7
1,6
40,3
62

CANTABRIA
Broadleaves

4,5
78,2
14,7
1,6
1,0
312
13

CASTILE AND LA MANCHA
Conífers Broadleaves Total
Defoliation level
0 ...................................
1 ...................................
2 ...................................
3 ...................................
4 ...................................
Total no. of sample trees ...
Total no. of sample plots ...

ARAGON
Broadleaves

Conífers

35,6
56,9
6,0
1,0
0,5
216

13,9
56,0
18,1
0,4
11,6
216
9

Total
35,6
56,9
6,0
1,0
0,5
216
9

CASTILE AND LEON
Conífers Broadleaves Total
33,3
53,6
8,9
2,3
1,9
1.005

21,5 26,5
66,5 61,1
10,0
9,5
1,4
1,7
0,6
1,2
1.395 2.400
100
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Defoliation level
0 ...................................
1 ...................................
2 ...................................
3 ...................................
4 ...................................
Total no. of sample trees ...
Total no. of sample plots ...

Defoliation level
0 ...................................
1 ...................................
2 ...................................
3 ...................................
4 ...................................
Total no. of sample trees ...
Total no. of sample plots ...

Defoliation level
0 ...................................
1 ...................................
2 ...................................
3 ...................................
4 ...................................
Total no. of sample trees ...
Total no. of sample plots ...

Defoliation level
0 ...................................
1 ...................................
2 ...................................
3 ...................................
4 ...................................
Total no. of sample trees ...
Total no. of sample plots ...

Conífers

CATALONIA
Broadleaves

15,2
74,4
9,0
0,4
1,0
1.072

4,0
77,9
11,7
0,8
5,6
752

Conífers

GALICIA
Broadleaves

32,8
53,5
5,3
1,8
6,6
604

21,3
43,0
21,0
9,1
5,6
644

Conífers

MURCIA
Broadleaves

2,4
86,5
10,8
0,3
0,0
288

Total
10,6
75,9
10,1
0,5
2,9
1.824
76

Total
26,8
48,1
13,4
5,6
6,1
1.248
52

Total
2,4
86,5
10,8
0,3
0,0
288
12

Conífers

LA RIOJA
Broadleaves

47,0
40,9
9,1
1,5
1,5
66

20,0
30,0
50,0
0,0
0,0
30

Forest Inventory and Statistics Area
Ministry of Agriculture, Food and Environment

Total
38,5
37,5
21,9
1,1
1,0
96
4

EXTREMADURA
Conífers Broadleaves
22,4
63,5
7,1
0,5
6,5
170

Total

2,8
6,0
74,5 72,7
19,4 17,4
2,4
2,1
0,9
1,8
886 1.056
44

Conífers

MADRID
Broadleaves

0,0
58,3
39,6
2,1
0,0
48

8,3
79,2
12,5
0,0
0,0
24

Conífers

NAVARRE
Broadleaves

27,3
59,1
9,1
0,0
4,5
132

45,0
44,0
8,3
2,4
0,3
300

Total
2,8
65,3
30,6
1,3
0,0
72
3

Total
39,6
48,6
8,6
1,6
1,6
432
18

BASQUE COUNTRY
Conífers Broadleaves Total
68,1
30,4
1,5
0,0
0,0
204

40,4
53,8
5,8
0,0
0,0
156

56,1
40,6
3,3
0,0
0,0
360
15
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Defoliation level
0 ...................................
1 ...................................
2 ...................................
3 ...................................
4 ...................................
Total no. of sample trees ...
Total no. of sample plots ...

Conífers

VALENCIA
Broadleaves

2,7
80,8
15,7
0,6
0,2
407

2,0
69,4
28,6
0,0
0,0
49

Forest Inventory and Statistics Area
Ministry of Agriculture, Food and Environment

Total
2,6
79,6
17,1
0,5
0,2
456
19
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