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Introduction
Deliberate anthropogenic introductions of exotic trees to NW 

Europe are not particular new; traces of planting near the castles and 
monasteries dates back to the late Roman period and early medieval 
age.1 The first reforestation and forest culture initiatives in Norway 
were taken in the 1740s,2‒5 and larch plantations in western Norway 
were established in the 1780s.6 However, the ideas of afforestation 
evolved rather slowly. Interest for foreign exotic species boosted after 
the 1870s, when the first forest nurseries and “trials” were established 
in western Norway.5

During the 1930s-1950s, the area under forest plantation in West- 
and North Norway was being extended, following Government forest 
policy, where the main driver was the lack of wooden resources, 
especially in coastal districts.2,5 The bulk of the afforestation areas in 
the fjord-areas were planted with Norway spruce (Picea abies) and 
the coastal sites with Sitka spruce (Picea sitchensis).5 A lively interest 
in the timber potential of other species led to the planting, in various 
parts of the country, of a number of c. 25 species.3,4,7,8 Among them: 
Lutz spruce (Picea x lutzii), Engelmann spruce (Picea engelmannii), 
White spruce (Picea glauca), Western hemlock (Tsuga heterophylla), 
Western red cedar (Thuja plicata), Douglas fir (Pseudotsuga menziesii), 
Grand fir (Abies grandis), European fir (Abies alba), Siberian fir (Abies 
sibirica), Mountain fir (Abies lasiocarpa), Siberian stone pine (Pinus 
sibirica), Mountain pines (Pinus uncinata, Pinus mugo), Lodgepole 
pine (Pinus contorta), European larch (Larix decidua), Siberian larch 
(Larix sibirica), Japanese larch (Larix kaempferii) and Hybrid larch 
(Larix x eurolepis). In addition, some broadleaved species like ash 

(Fraxinus excelsior), oak (Quercus ssp), beech (Fagus sylvatica), 
poplars (Populus ssp.) and silver birch (Betula pendula) were tested. 
The early growth for some of the conifers appeared sufficiently 
promising for their planting to be extended, and by the 1960s, the pre-
thicket growth in some of the earliest plantations was characterized 
as outstanding.7

At the same time, however, there were doubts expressed as to the 
value of the timber from the faster growing plantations and to their 
ability to withstand harsh climate, damaging agents, pest and diseases 
outbreaks in comparison to indigenous tree species.9,10 Consequently, 
in the 1960s and 1970s the first investigations of wood properties,11 
and susceptibility of different species to Heterobasidion heart rot, 
were carried out.7,12

In the late 1970s, 1980s and 90s great changes in the Norwegian 
countryside took place; reduction in number of farms, lack of labor 
in forest sector, and a general decrease in the interest for cultivation 
of potential forested land coupled with concern about ecological 
effects from afforestation.5,13 The utility prospect of land and land 
use was challenged with a conservation philosophy, especially put 
forward by environmentalists. These elements, but also the fact 
that the afforestation plan was nearly completed led to a severe 
decrease in planting up to the turn of the millennium. During the last 
seventeen years cautiousness and skepticism has been the guiding 
stars in Norwegian policy regarding tree planting of non-natives. The 
skepticism and an exceptional high-cost of labor have now led to the 
lowest use of exotic seedlings in afforestation in Norway ever since 
the 1920s (Table 1).
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Abstract

The potential of increased biomass production and raised carbon sequestration in forest 
to mitigate climate change has actualized tree species choice. Biomass production in 
mature plantations of eighteen non-native tree species located on the west coast of Norway 
were compared with neighbor stands of seven native tree species in three research areas. 
Validated biomass functions were available for the native species Norway spruce, Scots pine 
and Downy birch, for the other selected species we applied specific wood gravity records 
from Norwegian stands combined with biomass expansion factors to estimate aboveground 
dry matter production. In stands of Sitka spruce in western Norway, local yield class of 
24m3ha-1yr-1 age 80years and a mean aboveground biomass production of 10.6tons ha-1yr-1 
were recorded, similar productivity levels as reported in highly productive Sitka spruce 
stands in Pacific North West, Ireland and Scotland. In comparison to Downy birch stands 
the biomass production gain in Sitka spruce is in the range from 3 to 5 folds. Several of 
the minor used non-native tree species like Japanese larch, European larch, Siberian stone 
pine, Douglas fir, Western hemlock and Lodgepole pine are locally shown to more than 
double the biomass production compared to Downy birch. For the other non-native species 
examined in these coastal sites biomass production compared to Norway spruce is similar 
or lower. Our results suggest that Sitka spruce and some other non-native tree species rarely 
applied in coastal Norway have a great potential for increased biomass production and as a 
tool for increased carbon sequestration during the green shift.

Keywords: non-native versus native tree species, biomass production, growth potential, 
coastal norway
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Table 1 Area (in 100 hectare) planted per decade of non-native tree species in Norway. Source: Annual reports, Forest Director, 1875-2015. The area arises 
from the number of planted seedlings, and density recommendations given by the authorities

Decade -1920 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s

Area 8 24 16 3 76 188 292 118 69 6

Up to present about 50 000hectares of exotics have been planted 
in the West-Norway and 20,000ha in North-Norway, most in coastal 
sites on private ground.8,14 Approximately 10,000hectares is planted in 
inland conditions in southeast and central Norway, mostly Lodgepole 
pine but also some Siberian larch and Engelmann spruce. In total, 
0.6% of the present national forest land is cultivated with exotics.15 
However, on some islands in western districts the relative proportion 
of exotics could be more than half the total forest covered area and 
the only economically sustainable alternative.16 Sitka spruce is the 
superior choice, occupying 50.000ha or two thirds of the scattered 
plantation area of all exotics, mainly applied along the harsh Atlantic 
west coast.8,17 Other species like Japanese and European Larch, 
Douglas fir, Western hemlock, Western red cedar and various fir 
species play minor roles, are mostly planted as small-scale plantations 
in warmer fjord sites. The fir species, especially Mountain fir and 
Caucasian fir is increasing their popularity as Christmas trees.14

Some decades ago selected exotic tree species were important 
research objects in forest research, and investigated in numerous 
trials. National breeding programs were launched for Sitka spruce, 
Siberian larch, Lodgepole pine and Lutz spruce in the 1960, 70s and 
80s. Other species like Douglas fir, Western red cedar and Dunkeld 
(Hybrid) larch were classified to locally have a large potential in 
afforestation with emphasis on growing special wood qualities.10,18

Much of the ongoing concerns directed towards the exotic trees 
and their risk for spreading seems to rely on experiences from the 
southern hemisphere. Despite lack of data, gaps in knowledge and 
no proper designed spreading investigations for trees, several of the 
introduced conifers have been placed on the “Norwegian black list” 
as “high risk species” mainly because of the precautionary principle.19 
The lack of scientific basis for the work and the inconsistency in the 
criteria set and usage or interpretation of data has previously been 
criticized.17

The skepticism towards exotic tree-species in Norway reached so 
far, its highest level in 2012, when legislation according to the “Nature 
diversity act” and very strict regulations herein for re-planting and for 
establishing new plantations. The effect of this policy has not been 
analyzed. However, over the last 5years an increasing mismatch 
between cutting area and re-cultivated area is reported. In contrast 
to worries about nature conservation, harvesting of old plantations of 
exotics often show favorable financial returns compared to alternative 
land uses and use of indigenous species.20,21 A national pilot project for 
carbon sequestration benefits of new woodland expansion in coastal 
sites was launched in 2015; however, only native tree species were 
considered.

Another issue, although not much debated yet in Norway, is how 
and when to start the adaptation of forest management to climate 
change, which ultimately poses new and great challenges to the 
hegemonic indigenous species conservation discourse.

Growth and yield results from long-term growth trials with 
exotic tree species in Norway have previously been published in 
papers, textbooks and reports from the Norwegian Forest Research 
Institute.5,7,10,12,16,17,22,23 However, for several of the species from small-

scale plantations the comparisons with indigenous species regarding 
biomass production over a full rotation is rather limited. In this paper, 
we used long-term growth trials to analyze biomass production for 
some selected non-native tree species. The main issue addressed is 
to compare biomass production in non-native trees over one rotation 
period with the native tree species, Downy birch, Scots pine or 
Norway spruce.

Materials and methods
Forest research areas

For quantifying gains or losses in biomass production connected to 
the choice of tree species, we analyzed absolute and relative difference 
between neighboring stands with similar growth conditions. An 
identical approach has previously been used for growth comparisons 
of silvicultural systems, tree species and provenance choices.23‒25 
From the forest trial revision bank managed by the Norwegian Forest 
Research Institute (NIBIO) we selected and utilized growth and yield 
data from long-term plots located in afforestation districts. Three 
research forests in coastal Norway covering trials of native and non-
native species and stand ages mainly above 70 years was chosen for 
this case study; Alstahaug in Nordland County, Stend in Hordaland 
County and Lomeland in Rogaland County (Figure 1).

Figure 1 Location of the research areas in Norway applied in this study. 
Alstahaug, Stend and Lomeland.

The northern site Alstahaug is located near the Arctic Circle at 
latitude 66˚N, the southernmost site is located at 59˚N. Annual average 
number of growth days (>6˚C) is 200 for Stend and Lomeland, 180 in 
Alstahaug. All the plots are situated below 100m above sea level. The 
neighbor stands were located within a few hundred meters apart from 
each other showing the same exposure and with similar initial soil 
conditions and vegetation type. The trials in Alstahaug and Stend were 
classified to small fern/low herb vegetation at medium to rich sites. In 
Lomeland the soils are podsols and the field layer is dominated by 
heather and bilberry.

Major disturbances from wind-throw, defoliation from insect 
outbreaks and winter-drought where not reported for any of the sites. 
The sizes of the temporary plots are 250m2, and the long-term plots in 
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the range from 0.06 to 0.14 hectares. Number of revisions in the long-
term plots varies from 6 and up to 18. 

Data

In site Alstahaug (A) data from seven long-term trials were 
analyzed. Temporary plots were established in 78-90 year old stands 
of Mountain Fir (MF), Japanese larch (JL), Western hemlock (WH) 
and Downy birch (DB). For Lutz spruce (LS, Picea x lutzii Little) we 
applied revision data from a 20-year-old offspring trial. From stand 
data we applied the Sitka spruce (SS) growth model18 to estimate 
growth figures and a yield table up to stand age 80years. 

In site Stend (S) 22 long-term trials were included. Temporary 
plots included stands over 80years of Lawson cypress (LC), Western 
red cedar (WRC) and oak (QR). Most of the oak stand belongs to 
Penduculate oak (Q. robour), but a few Sessile oaks (Q. petrea) was 
identified. The stands of Silver birch (SB), Downy birch (DB) and 
Common alder (CA) were 32, 49 and 22years old, respectively. The 
prolonged development was simulated by use of initial stand data from 
the last revision and the Norwegian stand growth model for unthinned 
birch.21,26 In site Lomeland (L) 22 long-term trials were included. 

In total, 49 long term trials with time-series data and 15 temporary 
plots was applied in the study. These long-term trials and most of the 
temporary plots comprising many of the minor applied species have 
at least reached 90% of a normal economically based rotation age 
for the site. Quite many of the exotic species show a rather stabile 
and prolonged current annual increment (CAI) in high ages, so we 
were not yet in position to present any real comparison of the actual 
maximum mean annual increment (MAI). Instead, we applied the 
observed total production figures up to the last revisions. We have 
assumed that observed MAI≈LYC, local yield class. For the volume 
calculations, we applied the species-specific regional or national 
equations.27,28 Various growth figures herein: total volume production 
over bark, mean tree diameter, Lorey’s mean tree height (HL), 
number of trees per hectare; combined with specific wood gravity, 
biomass expansion figures or biomass functions (Table 2) were used 
to estimate aboveground dry weight production in tons per hectare. 
The expansion factor for mature stands varied from 0.39 in Mountain 
fir and up to 0.67 in European beech. Cumulative sequestration in 
aboveground biomass was calculated as the total production for a 
stand at age 80year multiplied with the expansion factor (Table 2) for 
the species.

Table 2 Nominal specific gravity (NSG) in stem wood from stands and biomass expansion factors or aboveground biomass functions applied for these species 
when grown in a forestation areas in West- and North-Norway. The NSG-figures5,11,47,48 are supplemented with unpublished figures from western Norway 
(NIBIO). Native species in bold

Tree species Scientific name NSG (1) (Tons m-3) BEF, AGB  (2) EF, 1 x 2  (3)

Caucasian Fir (CF) Abies nordmanniana Steven Spach 0.36 1.3 0.47

Common Alder (CA) Alnus glutinosa L. Moench. 0.39 1.2 0.47

Douglas Fir (DF) Psedotsuga menziesii Mirb. Franco 0.43 1.3 0.56

Downy Birch (DB) Betula pubescens Ehrh. 0.5 31,33

European Beech (EB) Fagus sylvatica L. 0.56 1.2 0.67

Eu. Silver Fir (EF) Abies alba Mill. 0.36 1.3 0.47

European Larch (EL) Larix decidua Mill. 0.45 1.25 0.56

Grand Fir (GF) Abies grandis D. ex D. Don. Lindl. 0.32 1.3 0.42

Japanese Larch (JL) Larix kaempferi Lamb. Carr 0.43 1.25 0.54

Lawson Cypress (LC) Chamaecyparis lawsoniana Parl. 0.33 1.25 0.41

Lodgepole Pine (LP) Pinus contorta Doug. ex lLoundon 0.38 1.25 0.48

Lutz Spruce (LS) Picea x lutzii Little 0.39 1.25 0.49

Mountain Pine (MP) Pinus uncinata Domin. 0.5 1.25 0.63

Mountain Fir (MF) Abies lasiocarpa Hook. Nutt. 0.31 1.25 0.39

Noble Fir (NF) Abies procera Rehder 0.33 1.3 0.43

Norway Spruce (NS) Picea abies L. Karst. 0.38 31,34

Oak (QR) Quercus robour L. 0.55 1.2 0.66

Scots Pine (SP) Pinus sylvestris L. 0.42 34,50

Siberian Fir (SF) Abies sibirica Ledeb. 0.33 1.25 0.41

Sib. stone Pine (SCP) Pinus sibirica Du Tour. Kry. 0.42 1.25 0.53

Silver Birch Betula pendula Roth. 0.5 31,33

Sitka Spruce (SS) Picea sitchensis Bong. Carr. 0.36 AGB = 0.3664*d2.1053

W. Hemlock (WH) Tsuga heterophylla Raf. Sarg. 0.41 1.3 0.53

W. Red Cedar (WRC) Thuja plicata Donn ex. D. Don 0.33 1.25 0.41

White Fir (WF) Abies concolor Lindl. ex. Hildebr. 0.34 1.3 0.44

Western hemlock, LYC=20 m3ha-1yr-1. Rotation age 80yrs. Total production 1600 m3ha-1. Above ground biomass production, 1600 x 0.53=848 tons dry matter 
per ha. Within 80 years rotation period the average aboveground annual biomass accumulation in the stand is 10.6tons ha-1yr-1 corresponding to c. 5.3tons C 
ha-1yr-1 or 19.4tons CO2 –eqv. ha-1yr-1
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Statistical methods

Yield and biomass figures were compared at a fixed stand age of 
80years. In the comparisons we utilised growth figures for the long-
term plots or temporary plots around 80years directly. The total stand 
age (age in years from seeding) of neighbour plots could vary a few 
years. To achieve a balanced comparison to the same total age we 
performed a linear interpolation between revisions or we extrapolated 
the figures with a maximum five years. 

For the young temporary plots, we applied a growth model system 
which has been described in general terms by Braastad.26 Øyen17 has 
described the procedures used for growth modelling more in detail. 
The system requires as a minimum input data comprising information 
on standing volume per hectare, site index (H40) and stand age. 
Measurements acquired when the trial was established were used as 
the starting point for the mathematical simulation. Each increment 
period is five years. Stem volumes for individual trees on the plots 
summed up to stand figures per hectare were estimated using models 
from Bauger27 and Øyen & Tveite.28

We applied a paired-design (Mann–Whitney–Wilcoxon) to test 
whether a randomly selected value from one sample of site index (H40) 
in a tree species will be less than or greater than a randomly selected 
value from another tree species. We assumed that all the observations 
from both groups are independent of each other.

For the presentations of yield curves, local yield class (m3 ha-1 yr-1) 
and aboveground biomass (tons dry matter ha-1 yr-1) average values 
are shown.

Results and discussion
Site index (H40) display a great variation between the trials and 

especially between the tree species. For the plantations of Sitka spruce 
(SS) and Norway spruce (NS) on rich soils the gain in H40 is in the 
range from 5.4 up to 9.7m in comparison with native stands of Downy 
birch (DB) or Scots pine (SP). The observed differences from the rich 
sites are similar to gains/losses reported from other studies in western 
Norway.23,29 The difference in poorer soils (L-site), soils with growth 
check, is less pronounced. Such result is also supported by former 
studies in the region,8,10,12 For the main four species applied in coastal 
forestry (NS, DB, SP and SS) the relative growth figures and the 
general growth pattern turned out to be rather consistent.

 The highest average volume production for the site A in North 
Norway was found in Sitka spruce (SS, prov. Petersburg, Alaska) with 
a LYC of 14.4m3 ha-1 yr-1 and site index of H40=20m. The neighbor 
stand of native Downy birch (DB) showed a site index of H40=11m 
corresponding to a LYC of 2.7m3 ha-1 yr-1. The Siberian stone pine 
(SCP), Japanese larch (JL) and Norway spruce (NS) had the most 
rapid start; however, when stand age exceeds 50years Sitka spruce 
(SS) was superior compared to the other species (Figure 2). In the 
coastal, south-facing sheltered site, Norway spruce (NS) in average 
produced 7.5m3 ha-1 yr-1. The relative difference in yield class between 
Sitka spruce (SS), Norway spruce (NS), Downy Birch (DB) in percent 
was: 100, 61, 26, respectively. 

Although far below Sitka spruce (SS), the Caucasian (Nordmann) 
fir (NF), Japanese larch (JL) and Lutz spruce (LS), had a substantial 
higher production than native Norway spruce (NS, local provenance). 
Mountain fir (MF), White fir (WF), Western hemlock (WH) and 
Siberian stone pine (SCP) showed a rather similar biomass production 
compared to Norway spruce (NS), (Figure 3).

Figure 2 Yield curves for tree species in site A. Temporary plots and 
simulations with hatched line and observations from long-term experiments 
with solid lines. For species abbreviations see Table 2.

Figure 3 Local yield class (LYC, m3ha-1yr-1) and average aboveground biomass 
production (MAGB, tons dry matter ha-1yr-1) at reference age 80years (black 
bar). For species abbreviations see Table 2.

For the trials in S-site the Grand fir stand (GF, prov. BC, 800 m 
a s l) had the most superior volume production with a LYC of 27m3 
ha-1 yr-1 and a biomass production of 10.4tons dry matter ha-1 yr-1. 
Sitka spruce (SS, prov. Petersburg, Alaska) ranged as number one in 
biomass with a LYC of 22.0m3 ha-1 yr-1 and 10.6tons dry matter ha-1yr-1. 
These two species were the most productive (Table 3). In contrast, a 
neighbor stand of beech (EB) showed a biomass production of 4.2tons 
dry matter ha-1yr-1. The relative difference in biomass sequestration 
between Sitka spruce (SS), Norway spruce (NS), Scots pine (SP), 
Downy birch (DB) in percent above-ground biomass production was 
100, 69, 25, and 23, respectively. 

Douglas fir (DF) and Western hemlock (WH) had a slightly 
higher MAGB-production than Norway spruce, whereas Silver fir 
(EF), Lawson cypress (LC), Japanese larch (JL) and Western red 
cedar (WRC) were slightly lower. The indigenous species, properly 
managed stands of Silver birch (SB), Downy birch (DB), Scots pine 
(SP) and Oak (QR), had a rather low biomass production, below 
3.6tons per hectare and year. This is less than 50% of the MAGB in 
Norway spruce (NS). The native common alder (CA) has achieved a 
biomass production of two thirds of Norway spruce (NS). 

For the southernmost research area, the L-site (Table 4, right), the 
local yield class is much lower in comparison to the other two research 
areas. Sitka spruce (SS) showed the highest LYC in the range from 7.2 
to 11.6 and a mean of 9.5m3ha-1yr-1. However, both Norway spruce 
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(NS) and Sitka spruce (SS) –plots on former Calluna-heathland in 
the area is submitted to growth-check, which causes a delayed 
development. European beech (EB) has achieved a similar biomass 
production as Sitka spruce (SS) up to age 80years, 4.7tons dry matter 

ha-1yr-1. The relative difference between Sitka spruce (SS), Norway 
spruce (NS), Scots pine (SP), Downy Birch (DB) in percent above 
ground biomass production was 100, 62, 70, and 32, respectively.

Table 3 Mean difference in site index (H40) for the main afforestation species Sitka spruce (SS), Norway spruce (NS), Downy birch (DB) and Scots pine (SP) at 
three different sites

  Difference 
SS-DB

Difference 
NS-DB

Difference 
SS-NS

Difference SS-
SP

Difference NS-
SP

Difference 
sSP-DB

A-site 9.0 *** 5.4 *** 4.2 *** - - -

S-site 9.7 *** 7.3 *** 2.9 *** 9.5 *** 7.1 *** 0.2ns

L-site 5.6 *** 4.2 *** 3.0 *** 5.5 *** 2.9 *** 0.7ns

Mann-Whitney-Wilcoxen-test ***Significance level <0,001 ns, not significant

Table 4 Local yield class (LYC, m3ha-1yr-1), average aboveground biomass production (MAGB, tons dry matter ha-1yr-1) at reference age 80 years (black bar). Rel 
% denotes MGAB for the species in percent of Sitka spruce at the same site. For species abbreviations see Table 2. Native species in bold

Species
A-Site S-Site L-Site

LYC MGAB Rel% LYC MGAB Rel% LYC MGAB Rel%

SS 14.4 6.6 100 22 10.6 100 9.5 4.7 100

NS 7.5 4 61 14.4 7.3 69 5.6 2.9 62

LS 10.3 5.1 77 - - - - - -

DB 2.7 1.7 26 4.1 2.4 23 2.4 1.5 32

SB - - - 6.5 3.5 34 - - -

GF - - - 27 10.4 98 - - -

CF 12.6 5.9 89 - - - - - -

EF - - - 14 6.4 60 6.8 3.1 66

SF 7.4 3 45 - - - - - -

NF - - - 15.4 6.5 61 - - -

MF 9.1 3.6 54

WF 8.9 3.9 59 - - - - - -

WH 7.8 4.1 62 13.7 7.4 70 - - -

DF - - - 14.5 7.7 73 - - -

LC - - - 15.5 7.1 67 - - -

JL 11.3 6.1 92 12.2 6.3 59 - - -

EL - - - - - - 6.1 3.6 77

WRC - - - 15 5.4 51 - - -

CA - - - 10.2 4.8 45 - - -

EB - - - 6.8 4.2 40 7.5 4.7 99

QR - - - 5.5 3.6 34 - - -

SP - - - 5 2.7 25 6.1 3.6 70

MP - - - - - - 5.5 3.4 72

LP - - - - - - 7.2 3.9 83

SCP 8.1 4.3 65 - - - - - -

Except for Downy birch (DB), Silver birch (SB), Norway spruce 
(NS), Sitka spruce (SS) and Scots pine (SP) for which we have test 
data available, the uncertainty connected to biomass expansion 
factors and/or specific gravity of wood should be further elaborated 
in extended biomass studies. The considerable expense of developing 
new biomass equations argues for the utilization of the maximum 

extent practicable biomass equations, and data that have already been 
developed. Unfortunately, equations and data were typically developed 
to represent specific geographical regions, ranges of tree sizes or 
components, and there is no practical way to objectively assess bias 
of existing equations.30 Several studies underline that care must be 
taken when projections are made; however, equations developed from 
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stands growing in proximity, similar physiogeographic conditions and 
matching range of size may help in choosing an equation with a good 
fit – to reduce uncertainty.31 

 This work should therefore be looked upon as preliminary – new 
calculations should be encouraged after the extended menu and tools 
of biomass functions/BEFs and accurate wood studies and other 
biomass components are accomplished. We have applied BEFs and 
biomass functions previously utilized in neighbor countries in NW 
Europe: Great Britain,32 Sweden,33 Finland,34 Iceland,35 Denmark,36 
coupled with wood gravity investigations from West- and North 
Norway. The wood studies and the BEFs seem to be resulting from 
stands of varying densities and ages, so the applicability in other 
stand types is uncertain. However, all the long-term and temporary 
trials applied for comparisons in this study are dense, high stocked 
and close to the self-thinning limit. Most of the long-term trials 
and temporary plots are mature stands. To avoid overestimation of 
biomass we have applied rather low biomass expansion factors values 
for the dense conifer plantations. For instance, Johnsen37 found that 
average BEF for Sitka spruce from two middle-aged stands in West- 
and North Norway was 1.64. Such a default BEF-value will probably 
lead to a severe overestimation of biomass in mature, volume-rich 
stands. Anon38 found that Marklunds functions31 for Norway spruce 
fitted well for a 45year old SS plantation in Steigen, North Norway. 
However, test data from 16 dominant and co-dominant trees from 
West- and North Norway indicate that the large sized trees are 
over-estimated with some 15-20% by use of this function. The BEF 
functions from Ireland,39,40 Scotland,32 Sitka spruce in US41 and SS in 
Denmark by Nord-Larsen,36 all slightly underestimate the MAGB. The 
Icelandic SS function35 fits pretty well for small sized trees, but seems 
to underestimate MAGB for larger trees. The best overall fit we found 
by use of a SS-function from British Colombia,42 and a recalibrated 
biomass function was applied in the present work (Table 2).

Based on three research areas and time series from 49 long-term 
trials and 15 temporary plots our interpretation is that Sitka spruce 
in general is the most efficient biomass producer over a normal 
first forest rotation in coastal sites in West- and North Norway. 
Compared to Downy birch the biomass production in SS is 3 to 
5-fold. In comparison, Norway spruce produces about two thirds 
of the aboveground biomass within 80years. We emphasize that all 
the three research areas are sheltered for heavy westerly winds. In 
windswept sites the differences have former been demonstrated to be 
larger because NS is shown to suffer from winter drought and salt-
spray damages.7,9,23

Grand fir (GF) is indicating a rather similar rate of biomass 
production compared to Sitka spruce in the most productive areas 
in SW Norway, and European beech seems to be able to compete 
in biomass production with SS on nutrient-poor, sandy soils. So we 
emphasize that there might be certain small-scale locations where 
other tree species and provenances could compete with SS in coastal 
sites. However, based on the present study and former published results 
from tree species trials and comparisons in West Norway; Sitka spruce 
(SS) is superior in a wide ecological amplitude. It is an interesting 
feature, that the yield class and biomass production reported in West 
Norway with average MAGB up to 10-11tons per year and current 
aboveground biomass sequestration up to 20tons hectare and year, are 
matching well to similar upper boundary levels reported in Western 
hemlock/Sitka Spruce stands in Pacific Northwest.43 These results 
also match highly productive plantations in Ireland and Scotland.44 

Although few research stands is available, in stands with 2nd rotation 
of Sitka spruce in western Norway LYC tends to be 20-50% higher 

than in first rotation. This is due to better knowledge of suitable 
(adaptive) materials and no growth check.

The results from our study clearly demonstrates that several of 
the introduced conifers perform better than native Norway spruce 
(NS) although the gains in biomass are smaller than for Sitka spruce 
(SS), mostly within 25per cent. Japanese larch (JL), European larch 
(EL), Lutz spruce (LS), European silver fir (EF), Caucasian fir (NF), 
Siberian stone pine (SCP), Douglas fir (DF), Western hemlock 
(WH) and Lodgepole pine (LP) are showing an increased biomass 
production compared to Norway spruce (NS) and certainly a great 
gain in comparison to Downy birch (DB). Lodgepole pines (LP) are 
10% higher in aboveground biomass production compared to Scots 
pine (SP) at the Lomeland site. In other sites on mineral soils in West 
Norway the gains in applying Lodgepole pine has been 30-60% in 
volume and c. 25% in aboveground biomass, so the poor performance 
in Lomeland could be an artefact of a suboptimal provenance. 
Especially the material from Skagway, Alaska, has performed very 
well in species and provenance trials on poor sites on mineral soils 
and bogs in West Norway.10,16 Scots pine and Mountain pine have 
achieved a similar biomass production as Norway spruce on the 
poorest site, Lomeland. Here there are strongly competitive weed 
species such as Molinia caerulea, Vaccinium myrtillus and Calluna 
vulgaris, and growth check was noticed for NS and SS in the initial 
phase. For the indigenous broadleaves, except for European beech 
(EB), the biomass production turned out to be substantially lower 
than for Norway spruce over a full rotation. In general, the growth 
figures in this study matches the differences found in a neighbor pairs 
on mineral soils and drained bogs elsewhere in West Norway.16,23,24 
Similar relative differences in biomass production between tree-
species are also reported in middle-aged stands in Denmark45 and are 
indicated in simulations based on Swedish results.46 

The study illustrates that by doing a careful selection of species 
suitable for the site it is possible to increase aboveground biomass 
production and carbon sequestration in coastal areas by many 
folds without use of fertilizers or other aims connected to intensive 
forestry.29,46 With a projected doubling of demand of bioenergy 
over the next decades in Europe, and projected changes in growth 
conditions, this calls for prolonged and extended long-term research 
in tree species choice.47‒51

Conclusion 
A case study from coastal Norway including records from 

neighbor long-term yield trials in three forest research areas merged 
with preliminary biomass expansion factors deduced from neighbor 
countries and coupled with specific wood gravity studies show: 

a.	 The non-native Sitka spruce is showing a 3 to 5-fold gain in 
aboveground biomass production compared to native Downy 
birch in coastal sites in West- and North Norway over a rotation 
age of 80 year.

b.	 Sitka spruce is producing 30-40 % more aboveground biomass 
compared to native Norway spruce over a forestry rotation of 
80 years, in sheltered coastal sites. 

c.	 The non-natives; Japanese larch, European larch, Lutz spruce, 
Silver fir, Caucasian fir, Siberian stone pine, Douglas fir, 
Western hemlock and Lodgepole pine, have been shown 
to exceed the native species Scots pine and Downy birch in 
biomass production, and are locally competing with Norway 
spruce in biomass sequestration.

https://doi.org/10.15406/freij.2017.01.00015
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d.	 Except for European beech on the poor soils the indigenous 
broadleaved species generally show a much lower biomass 
production compared to Norway spruce and Sitka spruce.

e.	  Several non-native conifer species has a great potential in 
increasing the aboveground dry matter production in West- 
and North Norway. This could be utilized directly in energy 
production or it could be seen as an additional effect of 
valuable timber production to increase carbon sequestration in 
productive coastal sites.
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