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Selection priority for harvested trees according to stand structural 
indices
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The selection of trees to be harvested is a core tenet of uneven-aged forest
management; however, few studies have focused on the process of tree selec-
tion. A set of stand structural parameters (uniform angle index,  W; mingling
index,  M; dominance index,  U) based on tree neighbor-spatial relationships,
are particularly suitable for expressing the structural characteristics of forest
stands. Such indices were used to parameterize thinning in three plots (a-c,
each 100 × 100 m2) in a Korean pine broad-leaved forest in northeastern China
and one plot (h, 70 × 70 m2) in a pine-oak mixed forest in northwest China.
Low-intensity single-tree selection was applied according to the principles of
structure-based forest management (SBFM), i.e., to promote high mixture, ob-
vious size differentiation, and random pattern with the aim of improving the
overall  structure of the managed plots. A group of thinning priority indices
(v_ij, k_ij and z_ij) were calculated according to the bivariate distributions of
the structural  characteristics  of  harvested trees and stands before harvest.
Our results demonstrated that v_ij, k_ij and z_ij adequately describe the spa-
tial relationship between each tree and its nearest neighbors, and their combi-
nations can be efficiently used to set thinning priorities on harvested trees
with different structural characteristics. Their application can reduce the sub-
jectivity of the selection process and improve the speed and accuracy of the
choice of trees to be harvested in uneven-aged mixed forests. 

Keywords:  Dominance  Index,  Mingling  Index,  Thinning,  SBFM,  Silviculture,
Uneven-aged Forest, Uniform Angle Index

Introduction
Forest growth is the result of the interac-

tion  between  environmental  factors  and
silvicultural treatments.  Thinning is  a typi-
cal  and  important  forest  management
practice,  which  not  only  controls  forest
growth and changes density,  but also im-
proves  stand structure,  timber value,  and
the provision of a suite of forest ecosystem
services (Gadow & Hui  1998,  Long & Vac-
chiano 2014,  Negro  et  al.  2014).  Thinning
causes several  environmental  and biologi-
cal  changes  related  to  forest  structure,
such as a  short-term improvement of  un-
derstory  microclimates  (Cogliastro  &  Pa-
quette  2012,  Grayson  et  al.  2012),  an  in-
crease  in  soil  water  content  and  in  the

amount of rainfall that reaches the under-
story (Mazza et al.  2011,  Dung et al.  2012,
Qiu et al. 2013), an acceleration of soil nutri-
ent cycles (McHenry et al. 2006,  Nahm et
al. 2006), and reductions in the occurrence
of  forest  fires,  plant  diseases,  and  insect
pests (Nowak et al. 2008). However, thin-
ning may sometimes result in counterpro-
ductive  outcomes  (Mäkinen  &  Isomäki
2004),  such  as  damaging  understory,  in-
creasing  the  risk  of  natural  disasters,  de-
creasing the increment of total accumula-
tion and seedling survival rate (Myers et al.
2000,  Del Río et al.  2008), inhibiting seed
germination (Kyereh et al. 1999,  Tao et al.
2016), even reducing tree species diversity
(O’Hara 2007). The resulting changes may

negatively  affect  stand  growth  and  har-
vesting.

The selection of trees to be harvested is
at the core of thinning. The process of se-
lection is restricted by a number of factors.
On the one hand,  the thinning process is
irreversible  and  difficult  to  repeat,  and
even successful  outcomes cannot provide
a very  specific  operational  standard since
such a standard may be difficult to apply in
other forest management contexts (Kang
2011).  On  the  other  hand,  thinning  is  a
poorly  defined  concept.  The  ambiguity  is
caused by many factors, such as vague def-
initions,  artificial  intervention,  and  the
accuracy of survey data. Definitions that do
not accurately describe existing operations
cannot be used to predict future thinning
effects (Gadow & Hui 1998).

Recently,  uneven-aged  forest  manage-
ment,  and  other  management  methods
that strongly emphasize recovery or pres-
ervation of complex stand structures have
been strongly advocated (Lindenmayer et
al. 2000, Franklin et al. 2007, Gronewold et
al.  2010).  These  demand  that  changes  in
stand  density,  structure,  and  value  pro-
duced  by  thinning  are  to  be  objectively
considered  (Mäkinen  &  Isomäki  2004),
especially with regard to the choice of ap-
propriate  trees  to  harvest.  In  practice,
when a tree is selected as a candidate for
logging,  foresters  must  investigate  many
factors,  such as logging accessibility,  spa-
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tial  distribution,  degree of  mixture in  the
residual  stand,  seed  input  in  the  residual
stand,  wood  quality  and  market  value,
species life traits  and response to crowd-
ing,  health  status,  and  biodiversity  con-
cerns, e.g., whether the tree is a protected
or keystone species (Mills  et al.  1993,  Ma
1999,  Lyons et al. 2004), or whether other
organisms are dependent on it (Kuuluvain-
en et al. 1996). A comprehensive approach
to select candidate tree must use a combi-
nation of thinning-relevant variables to cal-
culate the probability of removing a partic-
ular tree (Gadow & Hui 1998). All trees are
then  ranked,  and  those  with  maximum
probability  are  removed.  This  method  of
tree  selection  seems  reasonable,  but  its
implementation  is  cumbersome.  It  is  im-
possible for operators to decide whether a
tree should be cut or not by comparing all
trees in a plot, even in forest stands with
simplified structures (Gadow & Hui 1998).
Other  thinning  methods  are  available  for
uneven-aged forest management practices
but  these also  have obvious  weaknesses.
Approaches  include  the  stem  number
guide  curve  (Gadow  et  al.  2012),  the  A-

value  thinning  method  (Gadow  &  Hui
1998),  and the diameter-limit cut (Schulte
&  Buongiorno  1998).  These  approaches
focus mainly on the stem size, and lack any
relevant information regarding their spatial
structure.  More  importantly,  they  cannot
reliably  provide  a  thinning  target  in  ad-
vance.

Spatially explicit algorithms may allow for
a higher standard of choice when it comes
to  tree  harvesting.  For  example,  we may
be  able  to  measure  the  structural  attrib-
utes of specific regions in a forest commu-
nity  or  the  point  density  around  a  single
tree  (Gadow  &  Hui  1998).  The  cutting
intensity of a single harvest can be deter-
mined by setting a stand density threshold,
but  this  does not  ensure an effective im-
provement  of  the  forest  stand.  This  is
because the tree growth response to thin-
ning is always dependent on the relation-
ships between adjacent trees.

Managing  stand  density  therefore  re-
quires  consideration  of  three  properties:
species  composition,  spatial  distribution
pattern, and tree size (Kint et al. 2003). Any
tree in a stand reflects these three proper-

ties  at  the  same  time,  and  when  these
attributes are discretized, the stand can be
divided  into  structural  “combinations”
summarized by  any two of  these proper-
ties (Li et al. 2012). A change in these bivari-
ate characteristics of stand structure may
reflect the possibility that cutting trees in a
structural combination, namely, a so-called
thinning priority, is preferable.

The  purpose of  our  study is  to put  for-
ward  bivariate  thinning  priority  indices
based  on  tree  neighbor-spatial  relation-
ships. We used these indices to parameter-
ize  thinning  in  Korean  pine  broad-leaved
forests  in  northeast  China  and  pine-oak
mixed forests in northwest China in which
a  structure-based  forest  management
(SBFM)  has  been  implemented.  Our  re-
search may provide a  reference point for
the  rapid  and  accurate  selection of  trees
for  harvesting  in  uneven  aged  forests  in
the future. It may list the thinning targets
in  advance  and  simplify  the  processes  of
thinning  when  compared  with  traditional
methods.

Materials and methods

Study areas
Our  test  stands  were  a  mixed  Korean

pine-broadleaved forest in northeast China
and a mixed pine-oak forest in northwest
China.  Both have typical  zonal  vegetation
and human intervention has been absent in
both forests for more than 40 years. The
Korean pine-broadleaved  forest  consisted
of  an  approximately  31,562-ha  wide  area
with a rectangular form, and we placed our
sampling  plots  in  the  52th,  53th,  and  54th

compartments  which  belong  to  the  core
area  of  the  forest  region  in  Dongdapo,
QianJin  Village,  Jiaohe,  Jilin  Province  (43°
51′ - 44° 05′ N, 127° 35′ - 127° 51′ E). This site
has a low-relief topography with mean ele-
vation of 1720 m a.s.l.  and a monsoon cli-
mate  with  dry,  windy  springs  and  warm,
wet  summers,  long,  cool  winters,  and
sunny  autumns.  The  stands  have  a  rela-
tively  undisturbed  structure  and  the  ca-
nopy cover is about 90% as determined by
visual observation. Pinus koraiensis Sieb. et
Zucc.,  Picea  jezoensis  var.  microsperma
(Lindl.),  Juglans  mandshurica Maxim.,  and
Acer mandshurica Maxim. are the common
species in this  mixed forest.  There are 22
tree  species  in  total  and  the  ratio  of
conifers  to  broadleaves  approaches  1:9,
but the coniferous trees are much bigger
than any individual hardwood tree (Li et al.
2012, 2014b) - Tab. 1, Fig. 1).

The pine-oak mixed forest covered about
706,625 ha and our study site is located in
the 57th compartment of the Baihua forest
farm,  on Xiaolong Mountain,  Gansu Prov-
ince (33° 30′ - 34° 49′ N, 104° 22′ - 105° 43′ E).
This region is in a transition area between
the  warm-temperate  zone and  the  north
subtropical zone, and has a diversified cli-
mate and four seasons. More than 30 tree
species occur in this relatively mature for-
est,  which  has  a  complex  structure  and
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Fig. 1 - Diameter classes of the four measured plots.

Tab. 1 - Stand features of the four measured plots (a, b, c, h).

Plot Slope
(°)

Slope
aspect

Density
(Trees/ha)

Mean
Altitude

(m)

Canopy
cover

Mean
DBH
(cm)

Basal
area
(m2)

Number
of

species

a 17 Northwest 1178 600 0.85 14.67 30.42 20
b 9 Northwest 797 600 0.90 18.34 31.67 19
c 9 Northwest 816 600 0.90 17.71 29.56 22

h 12 West 933 1720 0.90 15.8 27.85 33
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Selection priority for harvested trees

high biodiversity. Its canopy cover is about
80%.  Quercus aliena  var.  Acuteserrata  Max-
im., Pinus armandii Franch., Symplocos pan-
iculata (Thunb.) Miq., Quercus liaotungensis
Koidz.,  Ulmus glabta  Huds., and  Crataegus
kansuensis  Wils.  are  the  most  common
species in this particular forest stand (Hui
et al. 2010, Li et al. 2014a, 2014b). The ratio
of conifers to broadleaves is 1: 10.

Field measurements
In 2008-2009, six 100 × 100-m permanent

plots were selected and established in the
Korean  pine  broadleaved  forest.  In  each
plot, every tree ≥ 5 cm in diameter at 1.30
m height (DBH) was tagged and positioned
and its species was recorded. Three of the
plots (a, b, and c) were subsequently har-
vested in the same year according to the
principles  of  SBFM,  whose  purpose  is  to
dynamically monitor the successional  pro-
cesses  of  Korean  pine-broadleaf,  and  to
investigate the positive effect of SBFM on
forest communities (Hui et al. 2007, Li et al.
2014b).  The  main  characteristic  of  tech-
niques is to use the stand structure param-
eters to select and cut single tree, with the
purpose to promote or keep stands within
a  high  mixture,  tree  size  differentiation,
and  random  distribution  status  that  was
usually  detected  in  virgin  forests.  All  un-
healthy trees were removed from the sam-
pling plots at first. Secondly, trees with low
mixture (M = 0.00, 0.25) or in cluster and
overdispersed  (W  =  0.00,  1.00)  were  se-
lected for potential  thinning. Larger trees
adjacent  to  smaller  ones  (U  =  0.0-0.25)
were also selected to reduce competitive
pressure  on  adjacent  trees.  Thirdly,  trees
harvested were further selected from the
candidate  according  to  the  structure  re-
quirement of climax species and associated
species of medium to large diameter. The
main target species included Korean pine,
Abies holophylla Maxim.,  Abies nephrolepis
(Trautv.)  Maxim.,  P.  jezoensis,  Fraxinus
mandshurica Rupr.,  Phellodendron amuren-
se Rupr.,  J.  mandshurica,  Acer mono Max-
im.,  Carpinus cordata I.,  A. mandshuricum,
Acer tegmentosum Maxim.,  Ulmus laciniata
(Trautv.)  Mayr.,  Ulmus  japonica (Rehd.)
Sarg., and  Tilia amurensis Rupr. Within the
context of the harvest priorities above,  Li
et al. (2014b) reported the detail principle
of harvest. The cutting intensity was 9, 13,
and 10% of  standing volume for plots (a),
(b), and (c), respectively.

Similarly, we set up two 70 × 70-m perma-
nent plots in the pine-oak mixed forest in
2009-2010,  one of  which (h)  was  thinned
with  the  aim  of  removing  mature  timber
and optimizing stand structure. The whole
thinning process was close to that  in Ko-
rean pine broad-leaved forests. The target
species in this stand contained U. glabra, P.
armandii, Q. liaotungensis, Ace giraldii  Pax.,
S.  paniculata,  Cerasus  polytricha (Koehne)
Yu and Li,  C.  kansuensis,  and  Carya catha-
yensis  Sarg.  The cutting intensity  was  11%
(Hui et al. 2010, Li et al. 2014b).

Data analysis
We defined a “structural unit” as a combi-

nation  of  any  tree  and  its  four  nearest
neighbors. Any structural unit can be simul-
taneously  described  by  several  factors,
such as tree species, tree size, and distribu-
tion in the space. These factors can be well
expressed by the stand structure parame-
ters mingling index (M, Hui & Gadow 2003,
Kint et al. 2003 – eqn 1), dominance index
(U,  Hui  et  al.  2007,  Pommerening 2008 –
eqn. 2), and uniform angle index (W,  Li et
al.  2012,  Gadow et  al.  2012 – eqn.  3).  The
mingling index refers to the probability of a
reference tree to belong to the same spe-
cies as its four nearest neighbors, and has
five possible values: 0.00, 0.25, 0.50, 0.75,
and  1.00.  A  higher  value  implies  a  larger
number  of  species  in  the  structural  unit.
Dominance index reflects the relationship
between the size of a reference tree and
its four nearest neighbors. It also has five
possible values: 0.00, 0.25, 0.50, 0.75, and
1.00. A higher value implies that the refer-
ence  is  larger  (dominant)  than  all  four
neighbors.  The  uniform  angle  index  indi-
cates  the  spatial  dispersion  of  the  four
nearest  neighbors  around  the  reference
tree.  Increasing  values  (0.00,  0.25,  0.50,
0.75,  and  1.00)  indicate  a  transition  from
regular to random to clumped spatial pat-
tern  (Hui  &  Gadow  2003,  Pommerening
2008, Pastorella & Paletto 2013). 

The  mingling  index  M is  calculated  as
(eqn. 1):

where vij takes the value 1 if the j-th neigh-
bor (spj) does not belong to the same spe-
cies  as the reference tree  i (spi),  and the
value 0 otherwise. The dominance index U
is calculated as follows (eqn. 2):  

where kij takes the value 1 if the j-th neigh-
bor (dj) is smaller than the reference tree i
(di),  and  the  value  0  otherwise.  The  uni-
form angle index W is (eqn. 3): 

where zij takes the value 1 if the α angle is
smaller that α0 = 72°, and the value 0 other-
wise.

These  stand  structure  parameters  have
clear  biological  significance  and  can  be
rapidly  assessed  in  the  field,  making  the
selection  of  candidate  trees  possible  by
evaluating the relationship between  each
reference tree and its four nearest neigh-
bors. When any two parameters are joined
together,  three  bivariate  distributions  of
stand  structure  parameters  can  be  ob-
tained:  mingling-dominance  (M-U),  min-
gling-uniform angle index (M-W), and dom-
inance-uniform  angle  index  (U-W).  Each

joint probability includes 25 (5 × 5) types of
structural combinations (Li et al. 2012). Cor-
responding to the bivariate distributions of
stand structure parameters, three thinning
priority  indices  (Prij)  are  obtained  if  we
divide  the  probability  of  each  structural
combination of  harvested wood and that
of the total stand before the cut, namely,
v_ij,  k_ij and  z_ij.  Each  of  them  includes
two main attributes of tree species relating
to thinning and the results can reflect trees
that  are  likely  to  be  selected  in  different
structural combinations. The greater prior-
ity  value  implies  a  higher  probability  of
selection.  Foresters  could  also  use  these
thinning  priority  indices  to  predict  the
trees to be cut under the conditions of sim-
ilar  thinning  rules.  Thinning  priorities  for
each  bivariate  value  of  the  three  indices
were computed  ex-post in each harvested
plot (a-h) according to the following equa-
tions (eqn. 4, eqn. 5, eqn. 6, eqn. 7):

where  Prij is the thinning priority index of
structural  combination  ij (higher  values  =
tree more intensely selected for removal);
ρij is  the proportion of  harvested trees  in
structural  combination  ij (i.e.,  the  total
number of trees harvested were divided by
each in the structural combination of trees
harvested);  pij is the proportion of trees in
structural  combination  ij before  harvest
(i.e.,  the  total  number  of  trees  were
divided by each in the structural combina-
tion of the whole plot before harvest); nij(h)

is  the  number  of  trees  in  the  structural
combination of trees harvested;  N(h) is the
total number of harvested trees; nij(bh) is the
number of trees in the structural combina-
tion of the whole plot before thinning; Ntot

is the total number of trees before harvest;
i = 0.00, 0.25, 0.50, 0.75, 1.00; j = 0.00, 0.25,
0.50, 0.75, 1.00.

Results

v_ij of the four managed plots
In  plot  (a),  approximately  half  of  the

trees were assigned to a high selection pri-
ority (Prij >10%) based on high dominance
index  of  neighbors  (U =  0.75  and  1.00),
accounting for 51.4% of the whole plot and
high species mingling index (M = 0.75 and
1.00), representing 66.4% of all trees across
the 25 structural combinations (Fig. 2a). In
plots (b) and (c) the priority index was simi-
larly  distributed,  with a  maximum of 24%,
and increased with increasing the mingling
index.  The  highest  values  occurred  for
combinations of M = 1.00 / U = 0.75 and M =
1.00 /  U = 0.50, respectively, and were 7.6
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1
4∑j=1

4

v ij ,vij={1 if sp j≠spi
0 otherwise

U i=
1
4∑j=1

4

k ij , k ij={1 if d j<d i
0 otherwise

W i=
1
4∑j=1

4

zij , z ij={1 if α j<α 0=72°
0 otherwise

ρ ij=
nij (h)
Nh

pij=
nij (bh)
N tot

k ij=
n ij(h)
N tot

Prij=
ρ ij

pij
⋅k ij
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Fig. 2 - v_ij values of trees in four managed 
plots.

Fig. 3 - k_ij values of trees in four managed 
plots.

Fig. 4 - z_ij values of trees in four managed 
plots.
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Selection priority for harvested trees

times  higher  than  the  average  priority
index of  the other  23 structural  combina-
tions (Fig. 2b,  Fig. 2c). The highest priority
indices in plot (h) were primarily associated
to two kinds of structural combinations, M
= 0.75 /  U = 1.00 and  M = 0.50 /  U = 0.25,
accounting for 19.4 and 25.5% of all trees in
the plot, and were 9.9 and 13 times higher,
respectively, than the average of the resid-
ual 23 structural combinations (Fig. 2h) .

k_ij of the four managed plots
Most  high  M-W priority  indices  in  plots

(a), (b), (c), and (h) were associated to W =
0.50,  accounting  for  50.1%,  74.0%,  50.0%,
and 60.0%, respectively of all trees in each
plot  (Fig.  3),  and  to  M =  0.75  and  1.00
(67.7%, 80.7%, 85.7%, and 67.0% of trees in
plots a, b, c, and h, respectively). The high-
est priority index values in plots (h) and (a)
were  23.0%  and  30.6%,  respectively  (M =
0.75 / W = 0.50), while in plots (b) and (h)
they were 34.1% and 31.9%, respectively (M
=  1.00  /  W =  0.50).  In  addition,  approxi-
mately 87.4% and 77.4% of the trees in plots
(b)  and  (h)  were  concentrated  in  four
structural combinations, while 60.4% of the
trees in plot (c) were concentrated in three
structural combinations (Fig. 3).

z_ij of the four managed plots
In  plot  (a),  approximately  94%  of  the

trees had W = 0.25 to 0.75, while only 6.0%
exhibited a clumped (W = 1.00) or regular
(W =  0.00)  distribution of  neighbors  (Fig.
4). High priority indices also fell on the sub-
dominant and suppressed reference trees
(U =  0.50-1.00),  making  up  79.2%  of  the
whole plot. The highest priority in plots (b),
(c), and (h) was assigned to trees with W =
0.50 (72.8%, 50.2%, and 69.8% of the trees,
respectively);  among  them,  48.3%  of  the
trees in plot (b) occurred in two structural
combinations: U = 0.75 /  W = 0.50 and U =
0.25 /  W = 0.50, while the highest priority
index in plot (c) was at structural combina-
tion U = 0.50 / W = 0.50 (28.2% of the trees
in the plot). The two highest indices in plot
(h) occurred at the structural combinations
U = 0.25 / W = 0.50 and U = 0.00 / W = 0.50,
and together  made up  57.5%  of  the  plot.
Their  mean value was much greater  than
the  average  of  the  residual  23  structural
combinations.

Discussion
Thinning directly influences tree growth,

mortality,  spatial  distribution,  and species
diversity. In SBFM, the selection of trees to
be cut within each structural unit is deter-
mined by the spatial relationship between
a tree and its neighbors, including factors
such as tree species, size, and spatial pat-
tern. The close connection between these
factors  makes  the  process  of  selection
direct  and  simple,  and  the  application  of
this method to the management of natural
forests has achieved some success (Hui et
al. 2010, Gadow et al. 2012, Li et al. 2014b).
The  thinning  priority  indices  proposed  in
this paper can determine what characteris-

tics of trees are preferred and can be used
as quantitative tools  to apply or  simulate
thinning in uneven-aged, mixed forests.

Three  types  of  priority  indices,  in  the
form  of  bivariate  distributions,  described
the probability to be selected for harvest
of trees in four sample plots. v_ij indicated
that  high-priority  trees  selected  for  re-
moval were usually surrounded by trees of
different  species,  and  their  social  status
ranged  from  subdominant  to  suppressed
(except  in  mixed  pine-oak  forest  where
subdominant  trees  in  medium  mixtures
and dominant trees in high mixtures were
chosen).  k_ij showed  that  trees  in  high
mixtures  and  random  distributions  were
most  likely  to  be  cut.  z_ij implied  that
thinned trees had usually randomly distrib-
uted neighbors,  while their  status ranged
from  suppressed  (plots  a-c,  Korean  pine-
broadleaved  forest)  to  dominant  (plot  h,
pine-oak forest).

These  results  are  closely  related  to  the
development phase and the structure char-
acteristics of a stand before a cut. The Ko-
rean pine broadleaved forest and pine-oak
mixed  forest  were  natural  secondary
stands that had gone without large distur-
bances  for  long  periods  of  time  and
showed random stem distribution patterns
and high levels of tree size differentiation.
Therefore, many trees selected for harvest
from  these  plots  were  likely  to  be  ran-
domly surrounded by or mixed with other
species.  The  thinning  steps  effetely  im-
proved  the  whole  mixture  and  kept  four
stands in random pattern (Li et al. 2014b).
At the same time, because of the structural
diversity of the stands, it is impossible for
thinning  to  concentrate  only  on  a  single
structural  combination.  However,  in  each
plot exists a particular structural combina-
tion  with  a  higher  priority  for  selection,
which may be indicative of the thinning cri-
teria to be followed in similar forest stands
and  for  similar  management  objectives.
i.e.,  remove  unhealthy  individuals,  priori-
tize  tree  size  differentiation,  and  at  the
same  time  harvest  commercially  sized
trees.  Thus,  the  subdominant  and  domi-
nant individuals became the preferred can-
didates.

A similar thinning priority index based on
the joint probability distribution of species
mingling index (M) and diameter differenti-
ation (T) has been suggested in a Fagus syl-
vatica L.  and  Picea abies (L.)  Karst.  mixed
forest in Southern Germany (Gadow & Hui
1998,  Gadow et al. 2012). The thinning pri-
ority indices proposed in this study have a
similar structure to such  M-TPrij, but their
application in the field is more straightfor-
ward, and they correct one of its shortcom-
ings, i.e., they take into account the change
in the actual number of trees in each struc-
tural  combination  before  and  after  the
thinning.

Conclusion
Selecting  trees  for  harvest  from  an  un-

even-aged mixed forest is a complex deci-

sion-making process. Appropriately quanti-
fying  stand  structure  characteristics  and
objectives  when  thinning,  including  tree
spatial  patterns,  may help to achieve sus-
tainable forest management practices. Fol-
lowing the application of  SBFM,  the thin-
ning  priority  indices  put  forward  in  this
study adequately describe the spatial rela-
tionship between each tree and its nearest
neighbors  and  treat  bivariate  structural
combinations as basic thinning units when
describing  the  thinning  priority  of  har-
vested trees with different structural char-
acteristics. Their application can reduce the
subjectivity  and  improve  the  speed  and
accuracy of the choice of trees to be har-
vested in uneven-aged mixed forests. The
benefit  of  using  these  indices  is  that  the
multi-faceted  relationships  among  trees
are clearly defined, with a directly relation-
ship to the choice of trees to cut. Thinning
priority indices may be suitable for applica-
tion  in  different  types  of  forest,  and  re-
quire a full investigation of the whole stand
before they can be applied to management
decisions.  Different  priorities  are  likely  to
emerge from the combination of thinning
index,  stand  structure  and  management
goals, therefore the implications of choos-
ing one or another of the thinning priority
indices as the basis for forest density man-
agement may need further research.

List of abbreviations
The  following  abbreviations  have  been

used throughout the text:
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• T: diameter differentiation.
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