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FORESTRY

GEOMETRIC ELEMENTS OF FOREST
ROADS IN THE CONTEXT OF ACTUAL
TRAFFIC CONDITIONS AND THE
NECESSITY OF REVISION FOR
CURRENT PROJECT NORMATIVE
R. BEREZIUC1

V. ALEXANDRU1
F. IORAŞ2

V. CIOBANU1

Abstract: In this paper, there are presented the recommendations proposed
by the elaboration collective, so that the geometric elements in the horizontal
plan, the longitudinal profile and transversal profile, as well as those
regarding the curves' facility to correspond to the survey made demands and
all these to align to the new traffic conditions of forest roads. The elements
presented take in account, in the first place, the technical characteristics of
old domestic auto vehicle or more new. Taking in consideration other foreign
auto vehicles presume specific determinations, which can follows the same
calculation methodology which was applications in this paper.
Key words: forest road.
Road projection is made accordingly to
standards regulations and normative and is
seeks to ensure quality workings,
accordingly to the road’s importance and
to the road traffic that has to take place
within limits of safety, comfort and
minimum costs. From here it can be
deduced that is a correlation between the
geometric and constructive elements of a
road and the road traffic’s characteristics.
A country’s standards, through its
regulations regarding building roads and
the traffic on these roads, it mainly refers
to public roads and keeps in mind the
general characteristics of road traffic.
Apart from the general case, the forest road
traffic, which brings wood into the
economic circuit, and which takes place, at
least in the first part, on forest roads, has a
1
2

series of particularities that essentially
differentiate it from the ware transports’
general characteristics. That is why the
actual legislation accepts that forest roads’
projection,
which
are
considered
exploitation roads, to benefit of a special
normative besides other regulations, which
would consider the particularities of the
forest roads’ traffic. This has been
elaborated in 1980 (PD 67/80) and has
highlighted some characteristics for the
forestial traffic, characteristics regarding to
transport means, diverse according to the
type of forest product, to forest roads’
junction with public roads, the low
intensity of traffic and the projection speed
for forest roads when the trucks were
loaded or empty.
The technological progress made in the
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domains of road vehicles, which
essentially modified the forest traffic’s
component and its characteristics, as well
as the progress made world wide in the
domain of road constructions, all these
have made necessary the revisal of the
current projection normative for forest
roads, meaning Normative PD 67/80, last
updated in 1999 [6].
Being an important action, the revisal
collective made out of specialists from The
University of Transilvania of Braşov, The
National Institute of Wood (I.N.L.) and
from The Ministry of Agriculture and
Rural Development (M.A.D.R.) have
initiated a survey regarding the utility and
the principles which have to be kept in
mind for the elaboration of the new
normative [1].
The survey looked through the entire
problematic of forest road’s projection,
especially the aspects regarding the
geometric elements of forest roads, in the
new traffic conditions.
Bellow there are presented the recommendations proposed by the elaboration
collective, recommendations made so that
the geometrical elements will fit to the
demands made through the survey and they
will align to the new traffic conditions
from the forest roads [2].
The following recommendations were
made:
A. Regarding the elements of the road
in horizontal plan [3]:
- the inclusion in the future normative of
the radioed curves’ elements so that these
could help also for the road projection for
tertian;
- the definition of the limit lengths of
alignments, based on psycho-technical
determinations which were mentioned in
the specialty literature and in the study;
- the increase of the minimum radius of
circular curves at 15 meters, with such a
ratio that will allow the circulation of

heavy forest trucks;
- adopting the specific length of the
circular radius characteristic to the study’s
prescriptions, which are more complete
than the one from the current normative;
- taking into consider of a lower comfort
coefficient when establishing the forest
roads’ elements which could also become
interesting from the touring point of view
and have a lot of passenger traffic; a
coefficient of 2.5, which could fundament
the characteristic radius;
- the specification, in case of serpentines’
elements, of “the minimum distance between
two consecutive serpentines” which does
not appear in the present normative;
- increasing the sizes of turn-over
stations and of junction station so that it
permits an easy handling of the vehicle and
corresponds to the multiple solicitations
made in the survey.
B. Regarding the elements of the road
in longitudinal profile [4]:
- the modification of the maximumadmitted ramps as following:
- for the loaded way of transport - 7…9%,
according to the projection speed;
- for the unloaded way of transport 10...12%, also according to the projection
speed (exceptionally 13-14%);
- adopting of a minimum dip of 2%;
- introducing the notion of “critical
length of ramps” in the normative;
- agreeing with the “the minimum
projection pitch”, with the necessity of
vertical transition;
- limiting the maximum distance between
two consecutive breakage, in the conditions
of high declivity, at 500 m;
- introducing longer visibility distances
at 100 m in the calculus of the minimum
radius for the convex vertical transition for
a projection speed of 25 km/h and
respectively at 25 m for a projection speed
of 15 km/h;
- revising, according to the specifications

Geometric Elements of Forest Roads in the Context of Actual Traffic Conditions…

in the study, of the limit values of algebraic
subtractions between declivities from which
on the vertical transition becomes obligatory;
- increasing the minimum radius of the
convex vertical transitions, according to
the determinations made in the study;
- the calculus of the minimum radius of
concave vertical transitions so that it takes
into consider the permanent growth tendency
of vehicles’ heaviness as well as maintaining
the centrifuge force in reasonable limits.
Relying on the research of technical
older projects, researches made by the
National Institute of Wood (I.N.L.), it can
be demonstrated that by shorting the length
of the road because of the “unloaded”
maximum ramp’s increase from 12% to
14%, the volume of digging for the
platform drops with about 1200 m3/km and
the one for superstructure with 130 m3/km.
C. Regarding the geometric elements
in transversal profile
The following widths for the road bed (b)
and for the platform (B) are recommended:
- for artery road ………… b = 6.00 m,
B = 7.50 m;
- for secondary road …… b = 3.00 m,
B = 4.00 m.
At limit, the following widths can be
adopted:
- for artery road ………… b = 5.70 m,
B = 7.20 m;
- for secondary road …… b = 2.80 m,
B = 3.60 m.
For the main roads the present dimensions
can be kept.
The proposals are based on the measurement of “tire thread”.

3

450 with trailer, the necessary over-widths
are smaller, which can represent an economy
source.
To edify this aspect, the National
Institute of Wood (I.N.L.) has elaborated a
study regarding “The influence of reducing
over-widths on the road bed’s volume
applied into the curves”; according to the
study, a diminish of 650…750 m3/km can
be obtained in the work volume for road
beds [5].
The researches regarding the modification
of forest roads’ geometric elements have
been determined by the opinions gathered
once a survey had been done to revise the
existent projection normative. It can be
mentioned that, besides the problems
mentioned in the paper above, other
problems have been put forward:
- making the techniques and technologies
used to build forest roads more environmentally-safer;
- suggesting the usage of geo-synthetic
materials in prescriptions and in technical
solutions;
- using more metallic tolls and wood
structures for bridges, viaducts, tunnels
and other such workings;
- reducing consume for energy consuming
materials.
The elements presented take in account,
in the first place, the technical characteristics
of old domestic autovehicle or more new.
Taking in consideration an other foreign
autovehicle
presume
specific
determinations, which can follows the
same calculation methodology which was
applications in this paper.
References
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BEECH STANDS QUALITY AND THE
SHARE OF PARTICIPATION OF VISIBLE
DEFECTS IN THE CLASSIFICATION
ACCORDING TO QUALITY CLASSES OF
STANDING BEECH TREES
R. CÂMPU1

A. CIUBOTARU1

D.P. DIMA2

Abstract: At present the quality of standing trees is evaluated according to
the proportion of industrial wood contained by them and the quality of tree
stands is evaluated according to the percentage of trees which contain timber
wood. The research aim was the determination of the tree stand quality and
of the share of participation of defects in the classification of standing trees
according to quality classes.
Key words: beech, beech stand, quality class.
1. Introduction
At present the quality of standing trees is
evaluated according to the proportion of
industrial wood contained by them
according to the present technical norms
[1]. Standing beech trees are divided into

four quality classes according to the
percentage of the total height suitable for
industrial wood (Table 1). Therefore, any
defect which determines the elimination
from the category of industrial wood of a
certain part of the stem may lead to
changes in the quality class.
Table 1

Beech tree classification on quality classes according to the proportion
of industrial wood
Quality
class
I
II
III
IV

The rapport between the height of the tree suitable
for industrial wood and the total height of the tree
over 0.50
0.25 - 0.50
0.10 - 0.25
below 0.10

The qualitative lowering of trees is
determined by two factors: the size of the
part with defects which makes impossible
its utilization as industrial wood and the
1
2

Equivalence coefficients
Symbol
Values
100
α
0.86
β
0.65
γ
0.38

position of that part along the stem; the
higher this part is situated on the stem the
less the influence of defects and the other
way round. Special attention should be paid

Dept. of Forest Engineering, Transilvania University of Braşov.
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to an analysis of the part situated in the first
half of the total height, because the greatest
volume of industrial wood is concentrated
in this part. Industrial wood represents
about 75% of the stem volume in beech
trees. On the other hand, wood assortments
obtained from this part are the most
valuable. In the cases in which the lower
part of the total height does not present any
defects, the tree is included in the first
quality class and there is no need for an
analysis of the upper part of the stem. Only
in the cases in which on the lower part of
the stem there are defects which require the
turning of industrial wood into firewood,
the analysis will be extended to cover about
70% of the total height of the tree [2].
When establishing the quality of standing
trees only the defects which limit the use of a
particular part as industrial wood turning it
into firewood are considered. In this category
one includes defects such as: curvature,
forking, decay, frost crack and knots.

the Tărlung area have been studied. The
structure of these beech stands is relatively
uneven as a result of long term
regeneration treatments (group shelter
wood system with a regeneration period of
30 years, quasi selective fellings) and of
fellings characteristic of selection forests.
Twenty one stands have been selected
from the second and the third production
class where 21 experimental plots have
been installed with a size of 2000 m2.
Overall 1238 beech trees have been
analysed. For each tree the quality class
has been determined according to the
visible defects and the part of the stem
whose quality has been lowered by these.
The quality class of the tree stand has
been determined according to the percentage
of trees which contain timber wood (Pal%)
(Table 2) [2].
The percentage of trees which contain
timber wood has been determined by using
the following formula:
Pal% =

2. Research Method
For an accurate evaluation of beech
stands quality and of the share of
participation of visible defects in the
classification according to quality classes
of standing trees, pure beech stands from

nI + n II α + n III β + n IV γ
100 , (1)
n I + n II + n III + nIV

where: α, β, γ - represent equivalence
coefficients from Table 1; nI, nII, nIII, nIV represent the number of trees included in
the corresponding quality classes.

Determination of the stand quality class
Quality
class
Pal%

Table 2

1

2

3

4

5

6

7

8

9

10

>90

81-90

71-80

61-70

51-60

41-50

31-40

21-30

11-20

1-10

3. Results Obtained
3.1. The Quality of Studied Stands
According to calculations Table 3 presents
the real distribution of the number of trees
divided on quality classes and the quality
class of the stands in which the experimental

plots have been installed.
One notices that the studied stands are
included in the first five quality classes, 8
stands are included in the second quality
class, 9 stands are included in the third
quality class, one is included in the fourth
quality class and 3 stands are included in
the fifth quality class.

7
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Table 3
Distribution of trees on quality classes and establishment of the stands quality class
Trees quality
class
Experimental
plot
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
Total

I

II

III

IV

Nr.

[%]

Nr.

[%]

Nr.

[%]

Nr.

[%]

22
17
21
8
1
12
24
13
30
27
1
19
11
11
17
30
19
28
16
24
2
353

29
21
37
27
4
20
43
29
36
29
3
31
18
19
28
37
29
50
29
42
5
28

27
33
13
3
3
22
18
17
22
24
5
29
27
18
20
34
27
11
20
15
5
393

36
41
22
10
12
36
32
39
26
26
15
48
44
32
34
41
41
20
36
27
12
32

20
19
17
12
9
21
12
11
25
25
11
11
15
17
17
17
15
14
14
11
19
333

26
23
29
40
36
34
21
25
30
27
32
18
25
30
28
21
23
25
26
19
46
27

7
12
7
7
12
6
2
3
7
16
17
2
8
11
6
1
5
3
5
7
15
159

9
15
12
23
48
10
3
7
8
18
50
3
13
19
10
1
7
5
9
12
37
13

3.2. The Share of Participation of Visible
Defects in the Classification According
to Quality Classes of Standing Beech
Trees
In the classification of trees according to
quality classes the defects which
determined the turning of industrial wood
into firewood have been registered
separately for each quality class.
The share of the participation of defects
in the classification of standing beech trees
according to quality classes is the following:
- in the first quality class out of the 353
trees 22% are affected by forking, 15% are
affected by curvature, 4% are affected by
frost crack, 3% are affected by decay and
9% are affected by knots;
- in the second quality class out of the

Stand
Pal
quality
[%]
class
80
77
79
70
56
77
86
82
81
76
56
85
77
73
79
86
82
85
80
82
59
-

3
3
3
4
5
3
2
2
2
3
5
2
3
3
3
2
2
2
3
2
5
-

393 trees 44% are affected by forking,
44% are affected by curvature, 15% are
affected by frost crack, 13% are affected
by decay and 34% are affected by knots;
- in the third quality class out of the 333
trees 56% are affected by forking, 56% are
affected by curvature, 25% are affected by
frost crack, 22% are affected by decay and
57% are affected by knots;
- in the fourth quality class out of the 159
trees 58% are affected by forking, 60% are
affected by curvature, 40% are affected by
frost crack, 56% are affected by decay and
77% are affected by knots.
Summing up the trees from the first
quality class affected by each defect and
calculating the rapport between the
obtained number and the total number of
the trees included in the first quality class

8
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one can infer that a tree included in the
first quality class is affected on average by
a number of 0.5 defects. This actually
means that in the first quality class trees
with no defects are included or trees whose
quality is not lowered on more than 0.5 of
the stem length.
By using the same calculations the
following results were obtained: trees from

the second quality class are affected on
average by 1.5 defects, trees from the third
quality class are affected on average by 2.2
defects and trees from the fourth quality
class are affected on average by 2.9 defects.
The share of defects participation in the
classification of trees according to quality
classes is illustratively presented in the
graph below (Figure 1).

Share of participation (%)

forking
curvature

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5
0

frost-crack
decay
knots

1

2

3

4

Quality class

Fig. 1. Share of visible defects participation in the classification
of standing trees according to quality classes
One notices that the greatest share of
participation in the classification of trees
according to quality classes is attributed to
form defects (forking and curvature) in the
first and second quality classes, and to
knots in the third and fourth quality
classes. The smallest share of participation
is attributed to decay in the first, second
and third quality classes and to frost crack
in the fourth quality class. The greater
share of participation of form defects
(forking and curvature) in the first and
second quality classes shows that in most
cases these defects lower the quality class
of trees by at most one class, which is
explained if one considers that the
frequency of forking in the fourth and fifth
intensity classes is of 59% and the

frequency of curvature in the first intensity
class is of 65%. Although their share is
smaller in the classification of trees on
quality classes, decay and frost crack the
lowering of the quality class by one up to
three quality classes depending on the
intensity of the defect.
References
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REGARDING THE PROFESSIONAL RISK
EVALUATION IN THE MECHANIZED
WORK OF FOREST ROADS
V. CIOBANU1

V. ALEXANDRU1
F. IORAŞ2

R. BEREZIUC1

Abstract: In this paper, there are presented, according to SR EN 1050, the
evaluation procedure of professional risks for specialized wood workers that
participate at the building of forest roads, as shown in the graphic by the
interactive process of achieving security in that work domain. This paper
represents an information with general character.
Key words: professional risk.
In the activity of forest roads’ construction
an important part is the road bed’s
working, meaning the execution work of
road beds through which the construction
of the road’s platform is followed, according
to the project’s transversal execution profiles.
In this context, the working includes:
diggings, soil moving and filling, skimming,
concretion of soil, making slopes and
realizing grooves [2].
In the usual practice, the abovementioned workings are made mechanized,
using platform building equipment such as:
excavators,
bulldozers,
auto-graders,
concretion cylinders, according to the
terrain conditions. The equipment is
handled by specialized workers (excavator
operator, bulldozer operator, etc.), known
as pathway mechanics. The mentioned
workings refer to the execution of roads on
clayey terrain. In the case of rocky terrains,
the execution of the road’s platforms
involves boring into the rock and
destroying the rock with explosives, a
technology based on different methods,
1
2

and the workers also are apart of other
category, being known as artificers [1].
The mechanized executions of pathway
workings expose these workers at some
risks, among which professional decay or
the risk of producing work accidents. Both
situations have to be avoided and so
tuitions and special measures for safety are
given for workers.
To adopt efficient measures it is
necessary to both work technologies and
the risks that these involve.
The evaluation for the risk/security level
of work in a system represents the starting
point and at the same time the scientific
base to establish priorities for preventing
actions.
The evaluation of the security/risk level
of work in a system is based on accepting
some criteria, and the evaluation method
concomitantly develops with the general
evolution for work security concept,
respectively with diverse theories the
origins of work accidents and professional
diseases.

Dept. of Forest Exploitation, Transilvania University of Braşov.
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Generally, there can be distinguished two
ways to evaluate the risk level, respectively
the work security level in a system:
- an evaluation made after the professional
accident/disease which is based on a
statistic analysis of both work incidents
and professional diseases produced and
uses as evaluation criteria the statistic
coefficients such as the frequency and
gravity coefficients;
- a pre-accident/professional disease
evaluation which is based on the risks’
analysis before these will materialize in
such events. In this case, the evaluation
criteria are represented by the risk levels.
For both above-mentioned possibilities,
the course of action can inductive (directly
made), when starting from a cause, you get
a result or deductive (indirectly made)
when starting from the result back to the
cause.
Without neglecting the importance of
methods based on professional evaluations
for post-accidents/post-diseases, which can
show important elements regarding the
major dangers during work processes, the
studies needed to prevent accidents
consider special evaluation pre-accident/
professional disease.
According to SR EN 1050, [4] the
evaluation of professional risks represents
a procedure which has to follow several
logical steps and that allows the
evaluation, in a systematic way, of
dangerous situations and events (risk
factors) associated to work processes.
The evaluation of professional risks
stands at the base for choosing the
managerial strategy in the domain of health
and work safety and it has as result the
decrease of risk by introducing safety
measures.
Appling
the
evaluation
procedure leads to the decrease of risk
factors up to the limit of technical and
scientific knowledge from that moment.
This way, the evaluation of professional
risks becomes an extremely useful tool in

applying the MAXIMUM SECURITY
MANAGEMENT (M.S.M.).
The risk evaluation [3] is an action
which has to be restarted when:
- a modification which could change the
way of perceiving risks appears;
- new technical equipment, materials or
new technologies are introduced;
- the way of organizing work is changed;
- the work conditions change.
The realization of security from a
mechanized work process, based on
estimating professional risks can be shown
graphic as in Figure 1.
As it was observed, the analysis of work
security for any equipment (vehicle)
involves on one hand the determination of
the vehicle’s limits, identifying dangers
and estimating risk and on the other hand
evaluating risk in order to appreciate the
amount of work safety given by that vehicle.
As for the determination of the
vehicle’s limits, it can be mentioned that
this involves a good understanding of the
vehicle and performing some specific tests
in the field, in different work conditions.
To be mentioned that there is no vehicle
that completely eliminates the potential
danger of injuring - there is always a
“residual risk”, even due to men’
unpredictability. This residual risk
increases as the system’s work elements
become instable through “the decay
process”, meaning the vehicle’s ageing.
In this context, for the quantification of
the professional risk in some limits of the
work process, there has to exist a minimum
risk limit, respectively a risk level different
from zero, but small enough so that it can
be considered that both the system and the
vehicle are safe, as well as maximum risk
limit, which has to be equivalent with such
a low level of security that it will not allow
the system to function or to use the
vehicle.
Identifying dangers actually involves
identifying risk factors. Generally, these are

Regarding the Professional Risk Evaluation in the Mechanized Work of Forest Roads
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Fig. 1. The interactive process to realize security (after SR EN 1050)
caused by the human factor, by the vehicle,
by the work task or by the work
environment.
Knowing the risk factors, the next step in
the risk’s analysis is estimating professional
risks. This action involves establishing each
risk factor’s definitive elements, respectively:
- the probability for a dangerous event
to produce;
- the gravity of the predictable consequences.
Based on these elements, it can be
proceeded next to evaluating professional
risks through specific methods that allow
their quantification and establishing the
relation between professional risk and
work security.
The analysis made aims the risk
estimation which, in the end, has to
answer if the equipment (vehicle) and the
work conditions are safe (YES) of not
(NO).

In the second case, the analysis made can
be restarted, in order to establish the
solutions to reduce professional risks. To
be mentioned that reducing professional
risk and choosing adequate security
measures constitute special analysis and do
not frame in the initial estimation of
professional risk.
It can be considered that the previouslypresented elements will allow a scientific
justification for the work protection
demands needed when building platforms
and in the same time they will improve the
management of work activities on building
yards.
Besides, opening work for forest roads of
great importance, from the traffic point of
view, as well for forest roads that have
hard exploitation conditions, these work
activities are preceded by managerial
studies regarding using the workforce of
vehicles.
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The observations made in the field by
others researches will be able to came with
supplementary information and with
predications regarding the best methods for
the stabilisation of professional risk in
forester domain.
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RESEARCHES UPON
THE LEUCASPIS GENUS
IN ROMANIA AND PORTUGAL
G. ISAIA1

A. MANEA1

Abstract: This paper presents briefly the morphology, biology and
characteristics of the damages produced by the Leucaspis scales and the
results of our researches about the intensity of the attack, localization and
association modalities of the species of Leucaspis, the mortality rate. Our
researches were performed both in Romania on October 2005 in 5 areas and
in Portugal on April 2007 in 3 areas.

Key words: sucking insects, pine needle scale, Leucaspis genus, intensity of
the attack, mortality rate.
1. Introduction
In the last few years there were
frequently found on the needle, species of
sucking insects, more exactly scale insects.
These insects have a great capacity of
increase because they rapidly respond to
the reduction of the host vitality. In the
case of the Leucaspis genus, their frequent
presence is due to the pollution and
improper culture conditions. It is possible
that in future the scale insects become a
real problem for the foresters.
The scales that colonize frequently the
pine needles belong to Leucaspis genus,
more exactly to the species Leucaspis
loewi Colv., Leucaspis pusilla Löw. and
Leucaspis pini Hart.
This paper presents briefly the
morphology, biology and characteristics of
the damages produced by the Leucaspis
scales; a detailed description was made by
us before [3]. The main purpose is to
present the intensity of the attack,
localization and association modalities of
the species of Leucaspis, the mortality rate.
1

2. Material and Working Method. Place
of Research
In Romania, the researches were
performed on October 2005 in 5 areas
disposed as follows: subcompartment 91
from V Management Unit, Nehoiu Forest
District, subcompartment 76 and 77 from II
Vintileasca Management Unit, Dumitreşti
Forest District, subcompartment 1C from III
Cascoe Management Unit, Rucăr Forest
District and subcompartment 146 from III
Felmer Management Unit, Făgăraş Forest
District. In all five areas we analyzed the
needles of Pinus sylvestris.
From each area we sampled the proof
twigs from 10 proof trees and after that the
twigs were analyzed in the lab. First we
recorded the information about: the general
aspect of proof twigs, the presence of all
needles or only of bunches situated on the
twig end, the most evident attacks etc. It
was observed that the analyzed twigs had
needles 2, 3 or 4 years old, which
corresponds with the literature data linked
to the morphology of the Scots pine [6].
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There were examined 10 needles from
each growth. Due to the fact that the
Leucaspis scales prefer attacking the last
year needles, we were able to evaluate the
evolution of the attacks in time.
The identification of the scale from
Leucaspis genus was made by taking into
account the white color of the scale cover,
and the determination of the species by the
size and characteristics of the scale covers.
The observations and measurements upon
the scales had in view: the number of the
scales, their localization (on the lower,
middle and upper third of the needle) and
the mortality.
Because in 2007 on the occasion of
SOCRATES collaboration with Escola
Superior Agraria Coimbra from Portugal,
we had the possibility to realize the first
researches upon the scales of Leucaspis
genus on different species of pines, we
include a part of our results in this paper.
Therefore, in Portugal our researches
were carried on April 2007, in 3 areas:
Lousa, where Pinus sylvestris was
analyzed, Ota, with 2 species, Pinus pinea
and Pinus halepensis, and Abrantes, the
characteristic species of that area being
Pinus pinaster, in fact the most frequent
species present in Portugal among the
conifers. All four species of pines were
planted artificially.
In the case of the foliar analyses from
Portugal there were collected 20 twigs

a)

from each proof area: 10 twigs from the
lower part of the crown and 10 from the
middle-upper part. We did so in order to
demonstrate that the scales of Leucaspis
prefer to locate on the branches from the
lower part of the crown. Only in the case
of Ota area, for Pinus halepensis, we
didn’t succeed to sample twigs from the
upper part of the crown, because of the
great height, technically being impossible
to cut the twigs. The age of the trees where
we collected the proof twigs was from: at
Pinus sylvestris of 15-60 years, at Pinus
halepensis of 40-50 years, at Pinus pinea
of 15-20 years and at Pinus pinaster of 1520 years.
3. Short Characterization of the Leucaspis
Genus
According to Fauna Europaea, the
Leucaspis genus belongs to the Phylum
Arthropoda, Class Insecta, Order Hemiptera
(Rhynchota),
Suborder
Homoptera
(Sternorrhyncha), Superfamily Coccoidea,
Family Diaspididae, Tribe Leucaspidini.
Leucaspis loewi Colv. The female has a
variable color, from brown-reddish to
violaceous. She is sheltered under a snow
white scale cover, pyriform, of 1.3-2 mm
length, but wide; the exuviae is yellowbrown and disposed terminally (Figure 1a).
The scale cover of the second instar female
is brown.

b)
Fig. 1. The scale covers at Leucaspis genus:
a) Leucaspis loewi; b) Leucaspis pusilla; c) Leucaspis pini
(original)

c)
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The scale cover of male is almost
identical, with length of 1.2-1.8 mm, a
little bit narrower. The male appears at the
end of April - the beginning of May. The
pupa is a stage present only at males.
Leucaspis pusilla Löw. The female is
sheltered under a scale cover having the
shape of a mussel, white, elongated, with
the length of 1.5-1.9 mm; with a yellowish
terminal exuviae (Figure 1b). The scale
cover of male is smaller, with the length of
1.2 mm.
Leucaspis pini Hart. The female has a
color from whitish to greenish. She is
sheltered under a white scale cover, with
the length of (2.4) 2.5 - 2.8 (3.2) mm and
the width of 1.2 mm, narrow and
elongated; the anterior exuviae is brownreddish (Figure 1c). The scale cover of
male is a little bit narrower, of 1.2-1.4 mm
length.
Biology. At all three species of
Leucaspis, the life cycle is catametabolic
for cryptogamous females and neometabolic
for males.
The first instar larvae are mobile and
they remain together until the end of the
spring (Figure 2a). Then the larvae spread,
attach on the needles and the scale cover
appears when they pass in the second
instar. The cryptogamous females pass in
the third instar without moulting. They
finish their biological cycle inside of the

a)

second instar cuticle where the unwinged
mature female breaks the scale cover and
mates with the winged males (Figure 2b-c).
These three species of Leucaspis have
usually one generation per year depending
on the climatic conditions, and overwinter
in different stages: Leucaspis loewi as a
second instar larvae and rarely as mature
females and pre-pupal males; Leucaspis
pusilla as a first instar larvae and rarely as
immature females; Leucaspis pini as a first
instar larvae or mature female [5].
Characteristics and importance of
damages. The larvae, generally located on
the internal side of the pine needles (Figure
3a-b), cause severe damages to trees
through their stings [1]. The infested needles
turn yellow, then red and may drop
prematurely. Leucaspis loewi is mostly
found in parks and gardens [7] and it is
seldom a pest in Central Europe [2], [4].
Leucaspis pusilla can be a very noxious
species, mainly in parks [4], [7]. Infestations
tend to be heavy, and the scale weakens
the trees and also affects their aesthetic
appearance. Leucaspis pini is often
reported as a mesophilous species living on
the needles of pines, and it is rarely a pest.
In case of powerful attacks the fallen
foliage leaves the trees medium-defoliated,
with poor appearance, debilitated and
susceptible to the attack of the secondary
pests from Scolytinae.

b)
Fig. 2. Different stages of Leucaspis genus: a) larva;
b) scale cover of male on underside; c) winged male
(original)

c)
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a)

b)

c)

Fig. 3. Leucaspis damages: a) scales disposed on needles; b) preference for the base of
the needle (pod); c) superposition of the scales (original)
4. Research Results
4.1. Results Regarding Frequency,
Intensity and Location
In Table 1 you can notice that in Nehoiu
Forest District - Romania Leucaspis loewi
has a frequency of 30% on the needles of
one year old, of 6% on the needles of two
years old and of 32.5% on the needles of
three years old. However, the attack was not
uniform: on one side there were sample trees
that had no scales or had just a few infected
needles and even on these ones there was a
small number of scales (the proof trees
1,2,7,8). On the other side there were
sample trees that had lot of both infected
needles and scales (the proof trees 4,6,10).
The average number of scales cover on a
needle was: 5.8 on needles of 1 year old, 3.2
on needles of 2 years old and 2.5 on needles
of 3 years old. These results conclude a
constant intensification of the attack till 2005.
The intensity of the attack varied a lot from 1 to 11. Usually there were found 1-2
scales per needle and rarely there were met
needles with many scales. If the number of
scales was over 7, these ones were partially
superposed and located at the base of the
needle, right over the pod, on lengths that
didn’t exceed 6 mm (Figure 3c).
Regarding the location of the scales, they
preferred the lower third of the needle,
usually next to the pod. Thus, we identified

for Nehoiu Forest District - Romania the
Leucaspis loewi in the lower third of the
needle on 90.3% of the one year needles,
66.7% of the two year needles and 85.7%
of the three year needles.
In Table 2 in Lousa area - Portugal, for
the Scots pine needles from the lower third
of the crown it can be seen that the
frequency
and
intensity
increased
constantly in time, the values being almost
the same compared to these from our
country, even lower for intensity.
Between the tree species analyzed in
Portugal, the most affected by Leucaspis
pusilla was Pinus pinaster (Abrantes aria the lower third of the crown). The scale
was registered with a maximum frequency
of 42% on two year needles and with a
maximum intensity of 3.5 scales/needle on
three year needles. Leucaspis pusilla
mostly preferred to colonize the lower
third of the needle with a frequency of over
90% on two year needles. Pinus halepensis
(from Ota aria) was preferred by Leucaspis
loewi, this scale attacking 49% of the
analyzed two year needles and having an
intensity of 2.3 scales/needle.
4.2. Distribution of Leucaspis Scales
The below diagram (Figure 4) shows that
in our country 61% of the identified scales
belong to Leucaspis pusilla and only 6% of
them belong to Leucaspis pini. This
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corresponds to the existing data in the
specialty literature which reports that
Leucaspis pusilla is the most spread species
in our country [4].
6%
33%
Leucaspis loewi
Leucaspis pusilla
Leucaspis pini

61%
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District: 72.4% on the two year needles
and 93.8% on the three year needles,
closely followed by Leucaspis loewi in
Nehoiu Forest District: 73% on the two
year needles and 57.1% on the three year
needles. This fact could be due to an
intense activity of natural enemies.
In Portugal one observes a variation of
the mortality rate as follows: 50.7% for
Leucaspis loewi, 75.2% for Leucaspis pini
and 77.3% for Leucaspis pusilla.
5. Conclusions

Fig. 4. Distribution of Leucaspis species in
Romania
In Portugal Leucaspis pusilla is also the
most spread species of Leucaspis genus,
but with only 45% of the identified scales,
whereas the scales of Leucaspis pini appear
in 25% of cases (Figure 5). In the case of
Scots pine from Portugal one observes that
41% of scales belong to Leucaspis pusilla
and 36% of them belong to Leucaspis pini,
this situation being clearly different from
that of Nehoiu Forest District.
25%
30%
Leucaspis loewi
Leucaspis pusilla
Leucaspis pini

45%

Fig. 5. Distribution of Leucaspis species in
Portugal
4.3. The Mortality Rate of Leucaspis
Species
The biggest mortality rate of Leucaspis
species in Romania was registered in the
case of Leucaspis pusilla in Făgăraş Forest

In Romania the phenomenon of Scots
pine drying has been noticed since 1999 in
Dumitreşti Forest District, since 2000 in
Rucăr Forest District and since 2002 in
Nehoiu Forest District as isolated trees,
then groups and today it is generalized.
The most frequently met scales of
Leucaspis genus belong to Leucaspis
loewi. In Nehoiu and Făgăraş Forest
Districts it was observed a large enough
frequency of Leucaspis scales. This
situation could be due to the recent
climatic change. At the same time it was
also registered a large number of scales per
needle, which could favor the appearance
of the secondary pest from Scolytinae.
Keeping these scales under observation
is required in order to be able to notice the
moment when the damages would become
important.
The most important aspects regarding
Leucaspis genus in Portugal were also
included in this paper, making a lot of
comparisons between spreading, intensity
and location of the attack made by the
scale from our country and Portugal.
References
1. Danzig, E.M.: Fauna of Russia and
Neighbouring Countries. Scale Insects
(Coccinea). Volume X Rhynchota.
Families
Phoenicococcidae
and

20

Bulletin of the Transilvania University of Braşov • Vol. 1 (50) - 2008 • Series II

Diaspididae. St. Petersburg. Nauka
Publishing House, 1993.
2. Foldi, I.: Liste des cochenilles de
France (Hemiptera Coccoidea). In :
Bulletin de la Société entomologique
de France 106 (2001), p. 303-308.
3. Isaia, G.: Cercetări asupra păduchilor
Ńestoşi ai acelor pinului silvestru din
genul Leucaspis. In: Proceedings of
the Biennial International Symposium
Forest and sustainable Development,
Editura UniversităŃii Transilvania,
Braşov, 2007, p. 177-182.
4. Kosztarab, M., Kozár, F.: Scale Insects
of Centrale Europe. Budapest. Akademiai

Kaido, 1988.
5. Leonardi, G.: Generi e specie di
Diaspiti. Saggio di sistematica della
Leucaspides. In: Annali della R.
Scuola Superiore di Agricoltura,
Portici (series 2) 6 (1996), p. 1-32.
6. Şofletea, N., Curtu, L.: Dendrologie.
Vol. II. Corologia, ecologia şi însuşirile
biologice ale speciilor. Braşov. Editura
Pentru ViaŃă, 2001.
7. Zahradnik, J.: Forest: Conifers. In:
Rosen, D. (ed.). Armored Scale Insects:
Their Biology, Natural Enemies and
Control. Elsevier 4B (1990), p. 633644.

TECHNOLOGICAL LINES FOR LOGGING
IN REDUCED ACCESSIBILITY
CONDITIONS
I. OPREA1

R. DERCZENI1
E. IORDACHE1
V.J. GIANNOULAS2

Abstract: This paper proposes and experiments two technological lines for
wood logging in reduced accessibility conditions, respectively: one
technological line with skidder tractor for yarding and forwarder tractor for
forwarding and a technological line with skyline for yarding and forwarder
tractor for forwarding. The experiments that where made, point out the
differences between the technological lines used in forests logging in
Romania for the existing technical endowment.
Key words: logging, skidding, accessibility, skidder, forwarder.
1. Introduction
The accessibility, from the logging
technology point of view, is a positional
characteristic of the forest areas with
stands which will be harvested and which
express the difficulty degree concerning
the access to these areas and the
endowment with transport and skid trails
for the wood which has to be capitalized.
As much as the transport way network,
respectively the roads, is more developed
and implicitly the skidding is made on
shorter distances, the logging is more
efficient from the technical - economic
point of view and the silvicultural and the
ecological damages are to a minimum
reduced. On the other hand, a reduced road
network will lead to an overstressing of the
skidding networks, which are developed on
long trails, sometimes more than 2 km,
situations which define the so called low
accessibility or hard accessible conditions,
cases when the logging has a low
1
2

productivity and is saddle from the logging
expenses point of view which are
determinate by the felling area farness to
the road, respectively by the skidding
distance on the access routes to the felling
area. The higher logging expenses create
problems regarding the works profitability,
can make non - profitable the logging and
implicitly, can lead to the silvo - technique
intervention’s abandonment, generating the
under - logging phenomena of the forest.
Taking into consideration the fact that at
least in the near future, there is not
envisaged a quick road network
development to realize a normal logging of
the forest, in these situations we must act
to improve the technical - economic
performances. In this way, in the frame of
a research made under the National
Institute of the Wood aegis [1], there has
been undertaken a technical - economic
study regarding the technological lines
used at present in the logging from our
country, with skidder, in comparison with
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the improved technological lines, which
use for forwarding the forwarder, both
variants being tested for long forwarding
distances, between 1000 - 2000 m, which
are common for the reduced accessibility
logging conditions.
2. Present Situation
Generally, at the wood logging in low
accessibility conditions there can be used
the same type of technological process as
in normal accessibility conditions, with the
difference that the longer skidding
distances in case of low accessibility
conditions cause a current fragmentation of
the skidding at yarding, “first skidding”
and forwarding (“final skidding”), which
means a succession of more skidding
means in the felling area [3].
In the logging conditions from our
country, with a low density of the transport
routes, with long skidding distances,
especially in the mountain regions there
are situations when between yarding and
forwarding there is used another operation
respectively the “first skidding”. During
this operation, using skidder, skyline or
animals, the yarding wood is moved
forward till a forwarding trail.
According to the present work technique
in forest loggings from our country, in
cases of difficult accessibility there are
being applied the following technological
lines:
1. Technological logging line with
skidder tractor. Operations: harvesting,
yarding with cant hook, yarding - “first
skidding” with animals, forwarding with
skidder, works on the roadside landing.
Field conditions: the access trail to the
felling area and the entrance trail into the
felling area with declivities under 25%
which advantage tractor usage.
2. Technological logging line with
skyline at “first skidding” and skidder
tractor
at
forwarding.
Operations:

harvesting, yarding with cant hook and
animals, “first skidding” with FP - 2
skyline (for long distances) or FPU 500
skyline (for medium distances), forwarding
with skidder tractor, works on the roadside
landing. Field conditions: forwarding trail
with less than 25% declivity, “first
skidding” trail with prevalent declivity
more than 25%.
3. Proposed System
Implementation of some improved
technologies start from the consideration
that longer forwarding distances, especially
because of the access trail to the felling
area, impose the usage of a high productivity
mean as is the forwarder. These tractors
are specialized for short wood forwarding
in assortments that has till 6 m in length.
They have an 80…150 kN loading capacity
and the hydraulic arm has 10…15 m range
of action.
At forwarding, in tandem with the
forwarder, in relation with the field
declivity, the skidder or skylines can be
used for “first skidding” of the wood from
inside the felling area, taking into
consideration if the distance is medium or
long. This “first skidding” means, in the
range of action limit, are collecting the
wood from the stub in long shape, trunk or
mast, moving it till the trail where the
forwarder is moving.
At the intersection of the “first skidding”
trail with forwarding trail the trunk or mast
will be cross cut, to make possible the
forwarding with the forwarder.
Complementary, at the wood yarding
from the stub, there will be used nonmechanized means, respectively hauling
and animal yarding.
The machinery system in forest logging
from our country currently does not
comprise the forwarder, but this is used on
a large scale in the countries with high
technicality in forest works [2]. It is

Technological Lines for Logging in Reduced Accessibility Conditions

appreciated that is pertinent to use the
forwarder in low accessibility conditions.
In accordance with the previous
considerations, two improved technological
lines, which are adequate for the low
accessibility conditions, have been put
under research:
1. Technological logging line with
skidder at “first skidding” and forwarder at
forwarding (Figure 1). Operations: harvesting,
yarding with the winch mounted on tractor
and sometimes, partially with cant hook
and animals, “first skidding” the trunk or
mast with skidder, cross cut the wood in
assortments, forwarding the assortments
with forwarder, transfer of the assortments
from forwarder in the truck or on the
trailer. Field conditions: access trail to the
felling area and entrance trail into the
felling area with less than 25% declivities.
2. Technological logging lines with
skyline at “first skidding” and forwarder at
forwarding (Figure 2). Operations: harvesting,
lateral yarding with skyline, yarding with
cant hook or animals, first skidding” the
trunk or mast with tower yarders or skyline
for medium and long distance, transfer of
the assortments from forwarder in the truck
or on the trailer. Field conditions:
forwarding trail with less than 25%
declivity, “first skidding” trail with
prevalent declivity more than 25%.
The advantages of the working system
with forwarder at forwarding are:
1. The usage of skidder is reduced only
to the yarding with winch mounted on the
tractor and also to the half-trailing “first
skidding” of the trunk and mast on short
distances and on difficult trails inside the
felling area, operations for which this
tractor is being specialized. Forward, at
forwarding, the skidder is from the
productivity point of view under the
forwarder and moreover, because of the
half-trailing of the loads it destroys the
trails on where it is moving. In consequence,
the solution with the forwarder at forwarding
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allows the reducing of the logging expenses.
2. The skyline is also used only inside
the felling area, on trails with inaccessible
declivities for the tractor; for the forwarding
distance which exceed the felling area
surface the forwarder is used.

Fig. 1. Technological line with skidder
for first skidding and forwarder for
forwarding: 1 - felling area; 2 - skidder trail;
3 - skyline; 4 - intermediate stockyard 1
(crosscut in assortments); 5 - forwarder
track; 6 - intermediate stockyard 2
(transfer); 7 - forest road

Fig. 2. Technological line with skyline
for first skidding and forwarder for
forwarding: 1 - felling area; 2 - skidder
trail; 3 - skyline; 4 - intermediate stockyard
1 (crosscut in assortments); 5 - forwarder
track; 6 - intermediate stockyard 2
(transfer); 7 - forest road
The forwarder movement must be made on
arranged trails in order to provide a circulation
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without difficulties. Thus, the tractor roads
construction involves earthworks.
The forwarder can also move on the forest
roads if the trucks for the wood transport do
not succeed climbing the felling areas.
The tractors used in the forest logging
yard where these observations have been
made, are the Romanian TAF - 650 skidder
and the John Deere 1410 D forwarder.
4. Conclusions
The studies and the researches that were
made [1], [4] point out the next differences
between the technologies based on the
present technique in forest exploitations
from our country, respectively the skidder
for forwarding and the improved (proposed)
technologies based on forwarder at
forwarding:
- introducing the improved technological
lines, the work productivity increases with
20…53%;
- forwarder productivities with even two
times higher than the skidder one for the
same forwarding distances as a consequence
of higher load and movement speed of the
forwarders;
- introducing the improved technological
lines, the costs with the labour force are
reduced with 28…34% as a consequence
of the superior performance rating for
forwarder in comparison with the skidder;
- for forwarder, the maintenance working expenses per m3 skidded wood are
with 15…23% lower than for skidder at
1000…2000 m distances. Although, the

forwarder buying price is higher than for
skidder, because of the forwarder superior
productivity, the maintenance - working
expenses per m3 (including the paying off)
are lower.
The previous presented data point out the
technical-economic superiority of the
technological lines based on forwarder in
comparison with the skidder one. These
statements could be useful for the forest
logging operators to evaluate the
development possibilities in technicaleconomic limits, which are necessary for
forest logging in low accessibility conditions.
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CLIMATE CHANGE LOCAL SCENARIOS
FOR BRAŞOV AREA ESTABLISHED BY
STATISTICAL DOWNSCALING
Victor Dan PĂCURAR1
Abstract: The paper presents an example of a statistical downscaling
application for establishing local climate change information for Braşov area,
using SDSM software. This kind of detailed daily data are required for
analysing the possible impacts on forest ecosystems. Daily maximum and
minimum temperatures respectively rainfall amounts, in the 2020-2050
interval, were generated for the SRES-A2 and B2 scenarios, using the HadCM3
simulation results for the grid containing the study area and a transfer function
fitted to match the local weather data. The analysis of the simulated data sets
outlines the importance of such information for impact studies.

Key words: climate change, SRES-A2 and B2, local scenarios, transfer
functions.

1. Introduction
The analysis of climate change probable
impacts is not possible without reliable
information regarding the local and
regional climate.
Global climate models (GCM) provide
only large scale data and consequently for
establishing details at regional or local
scales it is necessary to use various
downscaling techniques. The most important
ways for doing this are regional climate
modelling (RCM), usually referred as
numerical or dynamical downscaling, and
the statistical downscaling, which consists
basically of establishing regression relationships between the large-scale climatic
state and local variations derived from
historical data records.
A Regional Climate Model (RCM) is
coupled to a global model which regularly
provides boundary conditions to the
subordinated model during the integration.
1

Thus, it uses the GCM to define timevarying atmospheric boundary conditions
around its smaller domain, within which
the physical dynamics of the atmosphere
are modelled using a horizontal grid of
about 50 kilometers. The scenarios
produced by RCMs are sensitive to the
choice of boundary conditions used but
their main advantage is that they can better
represent smaller-scale atmospheric features such as orographic precipitation.
Statistical downscaling methods have
several practical advantages. These are
easier to use and are not requiring huge
computation power (hundreds of processors)
as in the case of the dynamical approach.
The Statistical Downscaling Model
(SDSM) uses a mixture of stochastic weather
generator and transfer function procedures
[3]. It uses large-scale circulation patterns
and atmospheric moisture variables for
determining local-scale weather generator
parameters (for example precipitation
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occurrence and intensity). Additionally,
stochastic techniques are used to adjust the
variance of the downscaled daily time
series to better accord with observations.
The downscaling algorithm of SDSM has
been applied in numerous meteorological,
hydrological and environmental impact
studies all over the world.
1. Downscaling Climate Change Data for
Braşov Area
The Statistical Downscaling Model
(SDSM, version 4.2) was used for
downscaling climate change scenarios. The
SDSM modules perform the following
tasks: quality control and data transformation, screening of predictor variables,
model calibration, weather generation,
statistical analyses, graphing model output,
scenario generation.
Basically, the downscaling procedure
consists in establishing a transfer function
that relates the local variable time series
(named predictand) and a set of variables

corresponding to the GCM cell (called
predictors). After calibrating the model
using observed data, the predictand values
are computed for a certain future period
using the predictor values simulated by a
GCM for an emission scenario (SRES).
The necessary data for the SDSM
predictors were obtained from the Canadian Climate Impacts Scenarios Group,
respectively data series produced by
HadCM3 [1] for the A2 and B2 scenarios
(1961-2099) and the National Centre for
Environmental Prediction (NCEP) data set
(1961-2000) provided by NOAA-CIRES
Climate Diagnostics (Center, Boulder,
Colorado, USA). The local data used for
calibrating the transfer functions were
measured at the Prund weather station.
This station, located in upper Braşov, at
the Postavaru mountain foot, is operated
by the Forest Meteorology Laboratory of
the Transilvania University of Braşov.
The greenhouse gases emission scenarios
considered in the IPCC simulations are
known as SRES - IPCC Special Report on

Fig. 1. An example of scenario generation (local predictand time series) using SDSM
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Emission Scenarios [2]. The A2 SRES
scenario describes a very heterogeneous
world, characterised by self-reliance and
preservation of local identities. Economic
development is primarily regionally
oriented and economic growth and
technological change more fragmented and
slower than in other storylines. The B2
scenario also corresponds to a world in
which the emphasis is on local solutions to
economic, social and environmental
sustainability. The population growth rate
is considered lower than for A2 and the
scenario is also oriented towards environmental protection and social equity.
Three important climate variables were
considered for downscaling: daily maximum temperatures, minimum temperatures
and rainfall amounts. The procedure is not
very simple requiring a series of steps. It
starts with the quality control of the data
followed by analysing the predictandpotential predictors relationships (Screen
Variables). This is an iterative trial and
error process which is not detailed here.
Finally, in the calibration phase (see Figure
1 for an example of the software interface),
the parameters of the transfer functions are
determined and stored in a special
parameter file.
For the maximum temperatures the
predictors (values for the NCEP and
HadCM3 grid cell) selected in the transfer
function were: average sea level pressure,
surface and 500 hPa zonal and meridional
velocity components (u and v), wind
direction, near surface and 500 hPa height
relative humidity and average temperature
at the 2 m standard level. For the minimum
temperature the predictors were the same
but also the 500 hPa potential height was
added. As regards the daily precipitation
amounts the predictors used were average
sea level pressure, surface zonal and
meridional velocity components, airflow
strength and velocity zonal component
(westerly winds) at 500 hPa level, wind

direction at 500 hPa and 850 hPa levels,
near surface and 500 hPa height relative
humidity and ground mean temperature.
After generating the raw data (series of
daily values), that could be used for
feeding the various models necessary in
impact studies, by applying the functions
provided by the SDSM Summary Statistics
and Compare Results modules monthly
multiannual values for the interval 20202050 were calculated and graphically
represented, as in the following charts.
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Fig. 2. Monthly values (2020-2050) for the
SRES A2 scenario: a) absolute maximum
temperatures; b) mean of daily maximums;
c) absolute minimum temperature; d) mean
of daily minimums
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Fig. 3. Mean daily precipitation amounts
for A2 and B2 SRES scenarios

drier especially as compared with the
summers and late autumns. Such changes,
if also confirmed by future researches, are
highly hazardous and require special
response strategies (planning afforestations
in the autumn etc.).
The researches presented are part of the
project PN II Idei, ID_206, funded by
UEFISCSU (contract 310/1.10.2007).
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VEGETATION INDICES AND THE
RELATIONS BETWEEN THEM
I. VOROVENCII1

D.R. PELZ2

Abstract: The paper presents the vegetation index used especially in the
analysis of the vegetation according to satellite images. It also presents the ways
of obtaining, the relations between them, the range of values, parameters which
characterize the index based on the soil line, as well as certain limits of it.

Key words: vegetation indices, satellite images, soil line, band.
1. Generalities
The development of the satellite remote
sensing and the large covering and
frequency with satellite images of various
areas prove to be new modalities of
acquiring data related to vegetation. Some
researchers showed the value of the
information got from satellite images that
have been used in different performed
studies and works.
The satellite data are used in detecting
the vegetation, the territory mapping the
monitoring of crops, the assessment of
agricultural production, the study of
ecosystems, the simulation of evaporation perspiration, analysis of the health
condition of the forests etc. [1].
Using the vegetation index is a modern,
rapid and convenient method in making the
identification of vegetation, estimating the
biological mass and high lighting the
changes of vegetation on large surfaces.
The vegetation index is based on the
absorption, transmission and differential
reflection of the energy by vegetation in
red bands and near infrared to the
electromagnetic spectrum. It was showed
that the relation between band 4 (near
1
2

infrared) and 2 (red) of sensor Landsat
MSS is significantly correlated to the
vegetal bio-mass quantity.
During the past years, the vegetation
index includes evaluations of multispectral images Landsat and expanded to
SPOT (Vegetative), AVHHR, AVIRIS,
AIRSAR, Aster, Formosat and other
sensors [2].
At continental and global scale, sensor
AVHHR stands for the realistic option of
estimating the bio-mass because of the
large spatial expansion, good temporary
covering and reduced cost. Landsat, MSS,
TM, ETM+ and Ikonos are used for small
surfaces, presenting a spatial spectral
resolution much better when compared to
the AVHHR sensor.
At the same time, depending on the
purpose of the application, are used
vegetation and soil indices which
employing multiple spectral channels. As
well, many vegetation indices were
achieved allowing the extraction of more
information on vegetation, such as the Leaf
Area Index and some connections between
them were established such as, if one of
them is known, the other index can be
inferred [14].
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2. Ratio Based Index

GEMI = n (1 − 0.25 n) −

The reflectance ratio or the Ratio
Vegetation Index (RVI) is the first index of
the vegetation described by Jordan (1969)
and it is given by the relation:
(1)

IR − R
.
IR + R

(2)

The concept of normalized difference
vegetation index was presented for the first
time by Keiegler and al. (1969). The values
taken by this index are: for a vegetation
between 0 (excluded value) and 1, for soil
between 0 (included value) and 1 and
between –1 and 1 for water. It is an index
based on the report and the soil line has the
slope one and passes through the origin [17].
Between indices RVI and NDVI there is
the following relation:
NDVI =

RVI− 1
.
RVI+ 1

(3)

With a view to minimizing the atmospheric
elements Pinty and Verstraete (1992)
proposed the global environment vegetation
index (GEMI) got from the relation [6], [9]:

PVI =

2 ( IR 2 − R 2 ) + 1.5 IR + 0.5 R
.
IR + R + 0.5

(5)

3. Index Based on the Soil Line

where: IR - reflectance in near infrared
band; R - reflectance in red band.
In the case of this index, the soil line has
the slope one and passes through the
origin, while the interval it has values on is
from zero to infinite [3], [7], [8].
Rouse and others (1974) have improved
this index and created the normalized
difference vegetation index NDVI expressed
by the following relation [11], [12]:
NDVI =

(4)

where:
n=

IR
RVI =
,
R

R − 0.125
,
1− R

( Rsol − Rveg ) 2 + ( IRsol − IRveg ) 2 ,

The spectral answer registered on a
satellite image containing vegetation is
influenced by the type of vegetation but, at
the same time, in the case of rare
vegetation, also by the spectral behavior of
the soil. Because indices RVI and NDVI
do not minimize well the optical effects of
the soil compared to the reflectance of the
crown, indices based on the soil line are
used [5]. The perpendicular vegetation
index (PVI) was proposed by Richardson
and Wiegand (1977) and it is defined as
being the perpendicular distance between
one point representing the crown of the
tree of coordinates (Rveg., IRveg.) and the soil
line [10], [17].
It can be considered a generalization of
index DVI which allows the soil line to
have different slopes. Index PVI is quite
sensitive to the atmosphere variations,
therefore a comparison of its values for
data taken over at different moments is
risky, without the previous atmosphere
correction [8], [12], [14], [17].
The intersection point between the soil
line and the perpendicular one is (Rveg.,
IRveg.) while RVI represents the slope of the
line started at the origin (0,0) and joining
the vegetation point (Figure 1). It is equal
to tg a, while NDVI is equal to (tg a – 45).
PVI index is calculated with the relation
[14], [17]:

(6)
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Fig. 1. Relations between vegetation indices

(modified according to Baret and al., 1998)
where: Rveg. - reflectance of the vegetation
in red band; IRveg. - reflectance of the
vegetation in near infrared band; Rsol. reflectance of the soil in red band; IRsol. reflectance of the soil in near infrared
band.
PVI can have the value zero for wet soil,
smaller values than zero for water and over
one for vegetation.
Taking into account that IRsol = a Rsol + b,
index PVI can be written under the form:
TSAVI =

a ( IRveg − a Rveg − b)
Rveg + a IRveg − ab + x(1 − a 2 )

PVI =

IRveg − a Rveg − b
1 + a2

.

In this formula the index PVI is
explained as being a function of the
parameters of the soil line (a and b) being
variable from one type of soil to another.
PVI was improved by Baret and al. (1989)
and Baret and Guyot in the Transformed Soil
Adjusted Vegetation Index (TSAVI) equal to:

,

where: x = 0.08 effects of the soil
minimization.
In case the parameters a = 1 and b = 0,
the index TSAVI is equal to index NDVI
[17].
TSAVI is defined as tg β, where β is the
angle between the soil line and the line
joining point (Rveg., IRveg.) with point S on
the soil line, having the value on the
abscise (Figure 1).
Huete (1988) suggested a new index of
the vegetation destined to minimize the

(7)

(8)

effect of the soil background and he called
it Soil Adjusted Vegetation Index (SAVI)
expressed by the following formula [4]:

SAVI =

IR − R
(1 + L) .
IR + R + L

(9)

The author highlighted that the lines of
the iso-vegetation do not merge in a single
point and selected the factor L from the
formula of the index SAVI, where the
limits of the dense vegetation cross the soil
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line. The result is the index NDVI with
another origin of the axis, where the
reflectance in red band and infrared starts
from zero. For a dense crown (consistence
0.9-1.0), the value of factor L is zero, while
for the crown the factor L is one.
For most of the applications the value of
factor L is considered 0.5 representing an
intermediary vegetal cover. The apparition
of the factor L in the formula causes the
index SAVI to have the same interval of
values as NDVI [14], [17].
Qi developed an index of the vegetation
MSAV I2 =

[

NDVI+ 1
.
2

(12)

IR
.
IR + R

(13)

The difference vegetation index (DVI)
was described for the first time by

(10)

where p represents the slope of the soil.
As well, there is a repetitive version of
the index called MSAV12 expressed by the
following relation [8]:

]

The connection between IPVI and RVI is
done through the formula:
IPVI =

L = 1 – (2 p NDVI ⋅ WDVI),

1
(2 IR + 1) − (2 IR 1 + 1) 2 − 8( IR − R) 2 .
2

The infrared percentage vegetation index
(IPVI) was firstly described by Crippen in
1990 who found that the reduction of “red“
in the nominator is irrelevant and proposed
this index as a means for improvement of
the calculation speed [3], [13]. In this way
a mathematical operation is removed,
which is done with the digital value of the
pixel, a very important issue in processing
large quantities of information in the
satellite image. As well, the range between
which it takes values is 0 and 1, which
leads to the elimination of the signal
storing. Index IPVI is functionally
equivalent to the indices NDVI and RVI
and it is connected to NDVI through the
following relation:
IPVI =

which is a version of the index SAVI,
where the factor L is dynamically adjusted
using the information in the satellite image
[8]. It was called Modified Soil Adjusted
Index (MASVI) and the factor L is given
by the relation:

(11)

Richardson and Everitt [10], but as
vegetation index it emerged in 1987,
presented by Lillesland and Kiefer [7]. It
presents the iso-vegetation lines parallel to
the soil line, it has the arbitrary slope and
crosses the origin. It is expressed by the
relation:
DVI = IR – R.

(14)

The Weighted Difference Vegetation
Index (WDVI) was introduced by Clevers
in 1988 [2]. WDVI is a simplified
mathematical version of index PVI, but it
does not have a restrictive interval [15],
[16]. As well as index PVI, WDVI is very
sensitive at atmospheric variations [8]. The
relation is:
WDVI = IR – g R,

(15)

where g is the soil line slope.
Between indices WDVI and PVI there is
a relation similar to the relation between
PVI and NDVI. It is a perpendicular index
having the iso-vegetation lines parallel to
the soil line, the slope is arbitrary and
crosses the origin.
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