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Abstract       The variability of annual tree ring size for fir (Abies alba Mill.) 
was analyzed the importance of altitude and slope exposition on tree growth. 
The area covered was the North – Eastern part of Romania, between 46 
degrees northern latitude and 48 degrees northern latitude and 25 degrees 
eastern longitude and 26 degrees eastern longitude. 36 stands of the National 
Forestry Inventory were studied  from which 422 growth samples were taken. 
These were processed and measured.  The measurements make up the 
growth curves which where than standardized. Growth curves were 
elaborated and were analyzed in terms of altitude, slope exposition and 
latitude. At lower altitudes, fir achieved the highest growths, at middle altitude, 
trees achieved average growth, and at high altitudes, trees achieved the 
lowest growth. This underlines once again the importance of temperature on 
tree growth. Analysis of the spatial variation of the series analyzed according 
to altitude caused the formation of two groups. The first group consists of 
series growing at high altitudes(1000 m and 1100 m) and 500 m altitude 
series. The second group consists of intermediate altitude, starting with 600 m 
and  ending with 900 m. The explanation for  the spatial distribution of the 
series is due to the environmental conditions in which the series formed. At 
extreme altitudes, the fir is subject to limiting environmental factors, mainly 
temperature and humidity. The growth series from middle altitudes are formed 
in normal growth condition. The studied classes of altitude (600 m, 700 m, 
800 m, 1000 m), in terms of exposition, led to the same result: the growth 
curves from the northern exposition have a lower variability than the growth 
curves from the southern exposition. On northern exposition, the fir is 
supplied with a more suitable light and water regime, in contrast with the 
southern exposition  where the variation of these factors have a great 
influence on growth. Principal components analysis was done for the two 
groups previously set from altitude. In the second group, we can see a clear 
separation between northern and southern exposition. The southern 
exposition has the negative values of the second axis, and the northern 
exposition has the  positive values on the second axis. The cluster analysis 
grouped the analyzed series by the geographical position of each series.   
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Variation of the radial growth can be correlated 

with changes that undergoes to one or more 

environmental factors. The environmental factors 

determines  the manner in which de growth is taking 

place. Radial growth varies from one year to another in 

a manner more or less uniform This variation is due to 

general or specific environmental conditions in which 

the tree grows and develops. The same species can 

grow in different environments and in different ways. 

Among exogenetic factors we can mention light, water, 

temperature, soil, wind, fire, insects, diseases and 

parasites, the competition within the same species and 

between different species, antropic activities
27

. The 

environment determines in what amount is the 

hereditary potential of an individual expressed. 

The dendrochronology has it's methods that are 

an effective tool for analyzing the ecological 

relationship among tree species and environment. 

Climatic conditions and species growth characteristics 

are strongly influenced by elevation, exposition and 

geographic position. 

In this study there were taken into account 

environmental factors as altitude and exposition in 

order to underline their influence over growth in fir 

(Abies alba Mill). 

 

Material and Methods 

 
Fir is the one of most demanding from edaphic and 

climatic point of view. It was encountered as the 
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predominant species in 36 stands. The studied stands 

are situated from 46 degrees northern latitude until 48 

degrees northern latitude and 25°30 degrees eastern 

longitude to 26°30 degrees eastern longitude. In figure 

1 is presented the geographic distribution of fir stands.

 

 

 
Fig. 1. The distribution of fir stands 

 

The stands in which the fir is the predominant 

are grouped in two big areas: one is situated in Suceava 

county and one is situated in Neamt county. 

The altitude at the fir stands ranges from 541 m 

in the stand B133 to 1071 m in the stand B118. The 

classes of altitude that are the most poorly represented 

are 500 m with one stand and 1100 m with two stands, 

and the most stands are included in 800 m class.  

The predominant type of exposition is the 

southern one met in 23 stands, and the northern 

exposition is meet in 13 stands. Each stand was 

analyzed and it was given the exposition type 

depending of the predominant orientation.  

For  data calculation of each stand, these were 

grouped in altitudinal classes (the size of a class being 

of 100m and the middle, half of the class) and 

exposition types (southern/northern). 

For fir, the number of analyzed growth samples 

was 422 from 36 stands. 

The growth samples were taken with the 

Pressler increment borer and transported in special 

plastic supports. The growth samples were fixed on 

wooden plates with adhesive and after its drying, the 

samples were ground, in different stages with abrasive 

tapes of different granulation, starting from those rough 

to the fine ones. 

The width measurement of the annual tree ring 

was done with the help of the informational 

programme Coorecorder
6
. The precision offered by the 

programme is of 0,01mm. The measurements were 

stored under the form of electronic files which were 

then introduced in the informational programme C – 

dendro
6
 for the designation of the sampling year. The 

cross dating process was done on two stages. In the 

first stage a primary cross dating was done with the 

help of the Coorecorder programme by comparing each 

growth curve of a growth sample with a growth 

reference curve calculated from the total of growth 

curves. The reference curve was calculated with C – 

dendro programme. The analysis was done on 

segments with the length of 10 years, both visually as 

well as statistically through correlation coefficients  

automatically calculated by the programme. The 

proposed period for study is 1964 – 2008. The cross 

dating was then done with the programme Cofecha. 

The statistical calculation done by the programme 

pointed at the missing years and the fake years in the 

measurement of tree rings. The measurements were 

then corrected where necessary. The growth samples 

whose correlation coefficients were less than 0,2 

comparing to the stand average were excluded from the 

study. 

The growth series processing was done with the 

help of Arstan informational programme. Through 

statistical processing with Arstan programme the 

statistical characteristics of each stand were obtained. 

The main statistical parameters calculated were: the 

length of the dendrochronological series, the minimal 

year of the dendrochronological series, the minimal 

value of the measured annual tree ring width of the 

dendrochronological   series, the maximum value of 

the measured annual tree ring width from the 

dendrochronological   series, the maximum year of the 

dendrochronological   series, the average value of 
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annual tree rings width, the variation, the standard 

deviation, average sensitivity, first degree 

autocorrelation, correlation. 

The next step was the growth series standardization. It 

was done with Arstan
4
 programme. The growth series 

standardization represents the procedure of 

transforming the chronological series, representing the 

size of the annual tree ring, in a series of data by 

extracting a certain signal through the method of 

relating the size of the annual tree ring to a value 

obtained through a function. A first standardization 

was applied in order to exclude the age influence with 

an exponential function and then a second 

standardization was applied through a cubic spline 

function with a length of 20 years for excluding 

disturbing endogenous and exogenetic factors. 

 

Results and Discussions 

 
The longest growth series covers the period 

1714 to 2008, in B106 stand. The shortest growth 

series covers the period  1965 to 2010. The smallest 

number of growth samples taken from a stand is ten 

and the biggest number of growth samples taken from 

a stand is 16. 

The correlation coefficients in a stand varied 

from 0,386 in B121 stand to 0,665 in B105 stand. The 

average of all the stands situated at 0,516. 

The fir radial growth has the smallest value, 

1,638 mm, in B106 stand and the biggest value in B124 

stand. Standard deviation varies from 0,294 in B105 

stand to 1,233 in B117 stand.  

Autocorrelation varies between 0,7 and 0,8 for 

all the stands. 

For the standardized series, the average of the 

indices is close to the value one, with a standard 

deviation that ranges from a minimum of 0,002 in 

B105 stand  and B110 stand to a maximum of 0,036 in 

B121stand.  

The sensibility ranges from a minimum of 0,044 

in B104 stand  to a maximum of 0,36 in B134 stand. 

For the standardized series, the autocorrelation 

of the indices ranges from a minimum of 0,044 in 

B104 stand  and B110 stand to a maximum of 0,400 in 

B134 stand. 

After obtaining the growth series data, with the help of 

Arstan
4
 programme, the data were transferred to the 

informational programme Microsoft Excel where they 

continued to be processed. For the study of the 

analyzed factors influence, the stands were grouped on 

classes and an arithmetic mean was issued for each 

altitudinal class and for each exposition type.

 

 

 
Fig. 2. Growth variation depending on altitude 

 

The analysis of the relative growth curves 

variation underlines the fact that variation is greater at 

lower altitudes, average at middle altitudes and low at 

high altitudes. Variation at low altitudes can reach 

values twice greater than at average altitudes whereas 

variation at higher altitudes represents only the ¾ part 

from the one at middle altitudes. Temperature seems to 

be an important factor in fir growth. From the analysis 

of fir relative growth curves, it can be noticed that this 

species passed in the last 45 years through three growth 

stages. The first stage from the analyzed period started 

in 1964 and ends in 1970 with a great growth variation; 

the second stage stretches from 1971 to 1982 with a 

low growth variation and the third period starts in 1983 

and ends in 2008 with the greatest curves variation. 

The variations from the last two decades can be 

attributed to extreme weather phenomena which 

appeared due to global climatic changes  which 
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exercises a growing pressure over forestry species 

growth. It can be noticed that fir exhibits these 

variations no matter the growth altitude, the variation 

amplitude being correlated with the amplitude of the 

radial growth. 

Fir growth variation depending on altitude correlated 

with the cambial age was studied and curves for 

altitudes of 500 m, 600 m, 700 m, 800 m, 900 m and 

1100 m were issued. At 500 m altitude a natural 

decreasing tendency of the radial growth values can be 

noticed  once with the tree coming of age. The values 

of radial growth varies from 4mm to 1,8mm. At 600 m 

altitude, the fir growth values are constant on the first 

45 years of life. The growth values varies between 

2,5mm and 3mm. At altitudes of 700 m it can be 

noticed the same growing tendency as for fir at 600 m 

altitude, but generally the values at this altitude are 

higher, between 3mm and 3,5 mm. At altitudes of 

800m it can be noticed the natural tendency of growth 

decreasing once with the  cambial/tree coming of age. 

The values of tree growth varies from 2 mm to 3 mm 

during the 45 years studied period. At altitudes of 

900m, fir registers high growths compared with the 

age, especially in the period of 20 – 30 years. The 

growth curve shows an annual variation, but there isn't 

the tendency of growth decrease. The growth values 

are comprised between 2 mm and 3 mm. At altitudes of 

1000m the fir growth is relatively constant, with a 

medium value of 2 mm. At altitudes of 1100 m the fir 

growth is relatively constant, with a medium value of 

2,5 mm. 

In figure 3, the fir growth curves are represented 

in connection with cambial age, depending on altitude.

 

 

 
 

Fig. 3. Fir growth depending on altitude 

 

By comparing the growth curves, depending on 

altitude, it can be noticed that these are normally 

distributed. At low altitudes, fir registers the biggest 

growth, al middle altitudes average growths and at high 

altitudes the lowest growths. This fact underlines one 

more the importance of temperature over fir growth. 

The optimum area for fir, for the studied interval,  is 

the altitude of 700 m where fir registers the biggest and 

constant growths. 

The analysis in principal components is a 

statistical method for determining spatial variability, 

information which is stored in the annual tree ring . For 

analysis in /of main components there were used the 

standardized series which were calculated with Arstran 

programme. The analysis of altitude influence over fir 

growth was observed for those seven classes of altitude 

formed. 

For each class of altitude an average index series was 

calculated from all growth samples taken from that 

altitude. Thus, the data obtained were introduced in 

Microsoft Excel programme and the analysis in main 

components was done. The graphical representation is 

presented in figure 4. 
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Fig. 4. Principal component analysis depending on altitude 

 

The analyzed series were named according to 

the corresponding altitudinal class. The two main 

components analyzed explain 93,4% from the growth 

curves variability, of which the first component 

explains 87,9% from the  growth curves variability. 

The analysis of spatial variation for the observed series 

depending on altitude led to two groups formation. The 

first group is formed of the growth series from high 

altitudes , 1000 m and 1100 m and the series from 500 

m altitude. The second group is formed of series from 

intermediary altitudes, starting with 600 m and 

finishing with 900 m. The explanation for series spatial 

distribution is related to environmental conditions 

where the series were formed. At extreme altitudes, 

marginal areas, fir is exposed to environmental  

limitative action, mainly temperature and humidity. 

The growth curves from intermediary altitudes benefit 

of normal to optimal forming conditions. . The two 

groups can be devised at their turn in two smaller 

groups. In the extreme altitudes group it appears a great 

connection between the series from 500 m and 1000 m, 

the environmental influences being similar in what 

regards there share. The series from 1100 m is part of 

the same group, but distances from the other two 

series, the environmental influence being greater at this 

altitude. What is interesting is the fact that the series 

from 700 m and 800 m aren't spatially closer, but one 

of the reason can be the fact that the growth series 

appear only on southern exposition not having the 

possibility to exclude this analysis factor. 

In figure 5 there is presented fir growth on 

southern and northern exposition depending on 

altitude.

 

 

 

 
 

Fig. 5. The growth of fir on southern slope (left) and northern slope (right) depending on altitude 
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The greatest growth variability is met at low 

altitudes, where temperature isn't a limiting factor and 

a lower variability is met at high altitudes. The smallest 

variability is met at an optimal altitude showing a 

growth curve which is closer to the species normality. 

By comparing the above figures, it can be 

noticed that, excluding the atypical years, on southern 

exposition fir registers constant growth no matter the 

year or the altitudinal class, whereas on northern 

exposition the achieved growths are more varied. This 

is due to f the environment factors influence on 

southern exposition (water, temperature, light) what 

leads to an unitary growth pattern. The growth 

variability on northern exposition is due to varied 

influence and to other growth factors. Those four 

altitudinal classes studied depending on exposition led 

to the same result: variability on northern exposition is 

lower and more constant than on  southern exposition. 

On northern exposition, fir benefits of favorable water 

and light conditions comparing to southern expositions 

where these factors variation has a greater influence on 

growth. 

As well, fir greatest growth is at low altitudes, 

followed by those achieved at medium altitudes and the 

smallest growth is achieved at high altitudes. 

The growth uniformity achieved on northern 

exposition and the fact that fir generally achieves 

greater growth on northern expositions underlines the 

shadow character of this species. As well, the strong 

variability of tree growth curves which are situated on 

southern slopes shows the fact that the variation of 

climatic parameters has a strong influence over the 

growth of this species. 

The analysis in principal components is a 

statistical method of determining spatial variability, 

information that is stocked in the annual tree ring. For 

analysis in main components there were used the series 

of standardized indices calculated with Arstran 

programme. For each altitudinal class and exposition 

type there was calculated an average indexes series 

from all the growth samples taken from that altitude 

and from that type of exposition. The obtained data 

were introduced  in Microsoft Excel programme and 

the analysis in principal components was done. 

The analyzed series were named according to 

the altitudinal class and to the exposition type they are 

part of (numbers - class of altitude; letters: I - southern 

expositions, U - northern expositions). 

The analysis in /of main components was done 

for the two altitudinal groups previously established: 

the group formed of classes marginal to altitude (500m, 

1000m, 1100m) and the group formed of medium 

altitudes 600m and 900m. 

In the group that comprises the marginal altitude 

classes it can’t be noticed a clear individualization on 

types of exposition. The second altitudinal group was 

analyzed through the same method and figure no. 6 

was obtained. 

 

 

 

 

 

 

 
 

Fig. 6 Principal component analysis depending on exposition for middle altitude 
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The first two main components analyzed 

express 91,2% from the growth curves variability, of 

which the first component explains 86,6% from the 

growth curves variability. In the case of this group it 

can be noticed a clear separation of southern exposition 

from northern one. Southern expositions exhibit 

negative values on the second axis and the northern 

exhibit positive values on the second axis. The second 

main component explains 4,6% of variability and 

makes a clear cut between the two types of exposition. 

The analysis of spatial variability for latitude 

was done for the studied stands. 

In the first group, three stands, B101, B102 and B103 

are found which are situated in the south part of the 

studied area. The calculated growth series is achieved 

through the processing of 30 samples. The middle 

group comprises 8 stands: B104, B105, B106, B107, 

B108, B109, B110 and B111. The series is formed of 

96 samples. The northern group comprises 7 stands 

(B130, B131, B132, B133, B134, B135, B136). The 

series is formed of 82 samples. The analysis of spatial 

variability in the case of latitude was done through 

hierarchic analysis (Cluster) with the programme 

Microsoft Excel where the standardized series obtained 

with Arstan programme were introduced for each 

stand. The graphical representation obtained is 

presented in figure 7.
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Fig. 7. Cluster analyses depending on latitude 

 

 

It was obtained a series grouping for different 

stands. In the first group there are found two stands 

that have in common the latitude group mainly the two 

stands are part of the central latitude group. As well, 

the altitude of the two groups is the same: 700m. Four 

stands are part of the second group. In this group 

there’s the strongest connection between the series of 

two stands: the growth series from stand B103 and the 

growth series from B105. It’s interesting the fact that 

the stands are part of different groups of latitude: stand 

B105 is part of the central latitude group and stand 

B130 is part of the northern latitude group. The reason 

why these are in a strong connection is the fact that 

stand B130 is situated at an altitude of 700m and stand 

B105 is situated at an altitude of 1000m being 

generated in this way a compensation of environmental 

factors and being obtained similar growths. As well 

from this group are part stand B132 which is situated in 

the northern latitude group which correlates with the 

two and  stand B108 which correlate with the three 

mentioned stands , situated in the middle latitude group 

of the studied area. 

The fourth group comprises five stands. These are 

totally comprised in the southern latitude group. The 

fifth group contains two stands comprised in the 

middle latitude group. The fifth group correlates with 

the big growth series group previously formed and then 

these correlate with the fifth group. It’s possible that 

the two growth series from the fifth group were formed 

under specific stationary local conditions, fact that 

could explain the distance from the rest of the series. 
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Conclusions 

 
Variability of annual tree ring was analyzed for 

fir in north – eastern Romania. For this species 36 

stands were analyzed from The National Forestry 

Inventory from which 422 growth samples were taken. 

It can be noticed that variability is negatively 

correlated with altitude. At low altitudes variability is 

high and it gradually decreases once with altitude. The 

environmental conditions at high altitudes have as a 

result a more uniform growth along the studied period. 

At the studied low altitudes, the water quantity from 

the studied stands doesn’t have a limiting effect. At 

high altitudes, the temperature conditions have a 

limiting effect over the growth registered by fir. The 

analysis of spatial variation for the observed species 

depending on altitude led to the formation of two 

groups. The first group is formed of the growth series 

from high altitudes, 1000m and 1100m and the series 

from 500m altitude. The second group is formed of the 

series from intermediate altitudes, starting with 600m 

and ending with 900m. The explanation for series 

distribution is related to the environmental conditions 

where these series were formed. At extreme altitudes, 

fir is exposed to the limiting action of environmental 

factors, mainly temperature and humidity. The growths 

achieved are normally distributed: at low altitudes, fir 

achieves the highest growth, at middle altitude, fir 

registers average growth and at high altitudes, fir 

registers the lowest growth. This underlines once more 

the importance of temperature over fir growth. 

Variability on northern expositions is lower and 

more constant than on southern expositions. On 

northern expositions fir benefits of favorable water and 

light treatment, comparing with southern expositions 

where these factors variation has a great influence on 

growth. The greatest growth variability is met at low 

altitudes, where temperature isn’t a limiting factor, and 

a lower variability is met at higher altitudes. The 

smallest variability is met at optimum altitudes. In the 

case of exposition principal component analysis, for 

the marginal altitude group it didn’t occur a clear 

separation depending on exposition. In the case of the 

second altitude group it can be noticed a clear 

separation of southern expositions from northern ones. 

The southern expositions exhibit negative values on the 

second axis and the northern ones exhibit positive 

values on the second axis. Regarding the growth 

achieved by fir , the growth uniformity achieved on 

northern expositions and the fact that generally there 

are registered higher growths on northern expositions 

underlines the species shadow character. 

The greatest variation from the typical average are met 

at southern latitudes, followed than by medium 

variations at northern latitudes and the lowest 

variations are met at altitudes situated in the middle of 

the studied area. As well it appears the grouping on 

three time periods: a great variation of the three growth 

curves from the beginning of the studied period, 

namely from 1964 to 1976; a reduced variation from 

1976 to 1995 for all growth curves and than a high 

variation from 1995 to the end of the studied period, 

namely 2008. The growths high variation in the last 

two decades can be the result of climatic changes 

which appeared at global level and intensification of 

extreme climatic phenomena. The normal growth 

series is registered only in the case of the group 

situated in the northern part of the studied area. In the 

central and southern area, the tree growth is more 

intensely affected by different factors. It’s likely that in 

the first years of life, lack of water can be the reason 

for the low growths achieved in the center and southern 

part of the studied area and the heat supplement can be  

the reason for fir to register higher growths than 

normally. The hierarchical analysis determined the 

formation of some stands groups which were analyzed 

on latitude criterion. 
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