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Introduction
Environmental protection has become one 

of the most urgent contemporary issues. Un-
derstanding the relationship between humans 
and nature requires that the wooden heritage 
buildings,  a  global  concern,  be  considered 
the  most  important  wealth  for  individuals 
who  constantly  reflect  on  their  roles  in 
nature  (Yamamoto  2010).  Intact  historic 
wooden buildings  are evidence of the wis-
dom  and  craftsmanship  of  ancient  people 
and  are  of practical  significance for  explo-
ring the sustainable use and restoration of re-
newable forest resources.

As of 2010, 29 world cultural heritage sites 
have been approved in China, including 14 
timber-frame buildings. China includes 1080 
historic building complexes that are listed as 
protected sites, more than half of which are 
timber-frame  buildings.  The  International 
Council  on  Monuments  and  Sites  (ICO-
MOS) under the auspices of the United Na-
tions  Educational,  Scientific  and  Cultural 

Organization  (UNESCO)  established  the 
“principles  for  the  preservation  of  historic 
timber structures” that include the preserva-
tion of the “same tree species”, “tree quality” 
and “building techniques” (Yin et al. 2012). 
Therefore,  the  maintenance  of  traditional 
Chinese wooden buildings requires that spe-
cific  types  and  quantities  of  high-quality 
wood be available in the timber market.

Recently,  there has been a precipitous de-
crease  in  the  production  of  large-diameter, 
high-quality wood due to social and econo-
mic changes.  In  1998,  the Chinese govern-
ment  implemented the Natural  Forest  Con-
servation Projects (NFCP) policy in an effort 
to promote forest management activities that 
prevent further deterioration of these resour-
ces (Chen 2004). This policy, which empha-
sizes  the  protection  of  existing  natural  fo-
rests from excessive cutting, has been imple-
mented  in  18  provinces  and  several  auto-
nomous  regions  (Li  2004).  Although  this 
policy has facilitated ecological preservation, 

it  has affected  domestic  timber  production. 
The  challenge  of  promoting  conservation 
while  seeking  to  acquire  large  volumes  of 
wood from natural forests for historic reno-
vation is not unique to China but is also ex-
perienced  in  countries  such  as  Japan  and 
Sweden (Osawa et al. 2004).

Efficient  utilization  of  natural  forest  re-
sources is the key issue in renovating histo-
ric  wooden  buildings,  and  the  amount  of 
wood required from standing trees needs to 
be accurately assessed. Methods for estima-
ting the upper stem diameter have been used 
by many researchers (Kozak & Smith 1993, 
Gaffrey et al. 1998, Sato et al. 2008, Brooks 
et al. 2012) and can be considered as a tool 
for  improving  the  economic  utilization  of 
timber.

The objective of this research was to deve-
lop a method for the identification of stan-
ding tree  branches using the forest  measu-
rement techniques to obtain the large wood 
components  required  for  the  renovation  of 
the Shenyang Imperial Palace. By using this 
method and the data acquired from the mea-
surements  of  the  building  sites,  we  could 
predict the required standing tree size for the 
renovation of the Shenyang Imperial Palace. 
Such prediction will  facilitate compatibility 
between  building  conservation  and  forest 
management  and  help  promote  sustainable 
management of historic wooden buildings in 
China.

Materials and methods
Two steps were taken to ensure consistency 

between the types of wooden structures that 
comprised the Shenyang Imperial Palace and 
the tree species present in the Mt. Changbai 
forest site: (1) measurement of wood struc-
tures and data collection from Shenyang Im-
perial  Palace  (building  site);  and  (2)  field 
work in the natural forest in the Mt. Chang-
bai area (forest site).

Building Site
The Shenyang Imperial Palace is located in 

northeast  China.  Built  in  1624-1625 (Qing 
Dynasty),  the palace was catalogued as the 
28th cultural  heritage  site  of  the  UNESCO 
World Heritage Committee’s Ming and Qing 
Imperial  Palace expansion projects,  compa-
rable to the Forbidden City in Beijing. The 
total land area occupied by the palace is ap-
proximately 0.6  km2 and  includes  67  buil-
dings (Piao & Chen 2010).

Three-dimensional  information  (length, 
width,  height)  of  wooden  components  was 
measured  to  determine  the  size  of  timbers 
that would be necessary for the renovation of 
Shenyang Imperial Palace. According to dif-
ferent  architectural  types,  28  representative 
buildings,  including  4  major  categories 
(column,  beam,  purlin,  and  tie-beam) were 
selected  in  this  research.  The  remaining 
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Shenyang Imperial  Palace. We also performed morphometric analyses on 47 
thinned, old-growth larch trees to determine the relative taper curve, and se-
lected 108 standing trees for simulation of the tree-height curve in the Mt. 
Changbai area, Jinlin Province, Northeast China. On the basis of forest metro-
logy, we established an upper tree prediction method. By measuring the dia-
meter at breast height (DBH) alone, we could compare size information (e.g., 
diameter,  length) for standing trees and wooden building components.  This 
method was then applied to estimate the required DBH class of standing trees 
for the renovation of Shenyang Imperial Palace.

Keywords: Sustainable Renovation, Relative Taper Curve, Tree Height Curve, 
Standing Tree Assessment, Historic Wooden Buildings

mailto:
http://www.sisef.it/iforest/contents/?id=ifor0753-006


Yin W & Yamamoto H - iForest 6: 169-174 

buildings having the same architectural fea-
tures  and  forms  of  the  28  representative 
buildings were not measured.

Morphometric measurements of each large 
wooden  component  were  obtained  on  the 
basis  of  the  following  sources  (Yin  et  al. 
2012):
• The  building  plans,  including  the  floor 

plan, building-section plan, and cross-sec-
tion plan (scale: 1:30, 1:40, and 1:50, re-
spectively), drawn by Tianjin University.

• On-site  measurement  of  the  bottom  dia-
meter of the eave column of each of the 28 
buildings in the palace complex to verify 
the accuracy of the data measured on the 
plan (Yin et al.  2012). The statistical test 
of accuracy was derived using the method 
proposed by Wang et al. (2006).
Assuming that each large wooden building 

component  was  constructed  using  a  single 
raw wooden column, and that the cross-sec-
tions of some wood components were square 
or polygonal,  the maximum diagonal cross-
section  was  calculated  for  each  wooden 
component  to  estimate  the  diameter  of the 
raw timber required.

Forest Site

Tree species
Old-growth  larch  (Larix  olgensis)  forests 

are primarily distributed in northeast China, 
in Jilin Province. Excessive logging in recent 
decades has led to the gradual reduction and 
eventually  uneven  distribution  of  natural 
larch forest. In this study, L. olgensis was se-
lected  as experimental  tree species  for two 
reasons: (1) it was used for many of the large 
wooden  components  found  in  imperial 
palaces (Jin & Huang 2007); and (2) it is the 
main species of several rare natural forest re-
serves.

Study site description and sampling
As  per  the  UNESCO  guidelines,  sites  at 

Huang  Songpu  Forest  Farm  in  the  Baihe 
Forest  District  of  Jilin  Province  (lat. 
42°08’21”N, long. 128°16’53”E) were selec-
ted for allometric measurement. These sites 
are located 10 km north of the Mt. Changbai 
Biosphere Reserve area (Yang & Xu 2003) 
and have a mean annual temperature of 5.0 
°C.  The  lowest  and  highest  monthly mean 
temperatures  are  -17.1  °C  in  January  and 
17.1  °C in  July,  respectively;  mean annual 
precipitation is 719 mm (Zhou et al. 2006).

Two  adjacent  sub-compartments  with  a 
total area of 6.57 ha were selected due to the 
first thinning activities conducted by Huang 
Songpu Forest Farm. Both the sub-compart-
ments  were  representatives  of  natural,  old-
growth,  multi-storied  coniferous  forest  in 
northeast  China.  These  forested  areas  are 
dominated  by  Changbai  larch  (L.  olgensis 
Henry), followed by spruce (Picea jezoensis 
var.  microsperma),  Korean pine (Pinus  ko-

raiensis Sieb. et Zucc.), and fir (Abies neph-
rolepis, Trautv, Maxim).

Forty-seven trees were felled, and the total 
height of each was measured to the nearest 
0.03  m. Diameter  outside  bark (DOB) was 
measured  at  breast  height  (DBH,  1.3  m). 
DOB was also measured at intervals of 2 m 
along  the  length  of  the  stem,  beginning  at 
0.3 m. The DOB at 1/10 tree height was re-
corded to create a relative taper curve. The 
maximum  tree  height  (34.7  m),  maximum 
DBH (67.8 cm), and maximum diameter at 
1/10  tree  height  (58.2  cm)  of  the  47  trees 
sampled were recorded. In addition to the 47 
thinned  trees,  the  DBH  and  height  of  61 
standing  trees  in  the  same  field  area  were 
measured. In total, 108 standing old-growth 
larch  trees  were  measured  to  calculate  the 
tree height curve.

Establishing the size exchange method for 
building components and standing trees 
based on tree height curve and relative 
taper curve

The relationship  between  tree  height  and 
DBH is considered to define the tree height 
curve (H-D). The Henricksen equation  was 
applied  to  simulate  the  tree  height  curve 
(eqn. 1):

where  H is  the tree height,  D is  the DBH, 
and  a and b are model parameters to be es-
timated.

The  tree-height  curve  of  L.  olgensis in 
plantation forests has been estimated by se-
veral  researchers;  however,  the majority of 
plantation trees were <50 years old (Zeng et 
al. 2009, Ma et al. 2010). To our knowledge, 
there  is  no  literature  reporting on  the tree-
height  curve of old-growth larch in natural 
forests of Mt. Changbai. Thus, we calculated 
the curve based on the 108 samples from our 
study area.

Relative  taper  curve  is  the  mathematical 
expression of the change in stem diameter as 
a  function  of  stem height,  which  is  calcu-
lated on the basis of tree conditions (Jiang & 
Liu 2011 - eqn. 2):

where  Dr is  the relative diameter,  D is  the 
diameter at a specified height, and D0.1h is the 
diameter at 1/10 tree height; and (eqn. 3):

where Hr is the relative tree height,  H is the 
tree height at a specified point, and Ht is the 
total tree height.

Measured field data (e.g., diameter at dif-
ferent  heights)  were converted into relative 
height and relative diameter to generate the 
model. Sato and co-workers (2008) utilized a 

third-order equation to create a relative taper 
curve  across  an  entire  range  of  tree-height 
data. However, the portions of standing trees 
that  can  be  utilized  as  timber  for  historic 
renovation occur within specific height inter-
vals. Therefore, a third-order equation would 
reduce  the  accuracy  of  the  results  for  our 
purposes.  In  this  research,  third-,  fourth-, 
fifth-, and sixth-order formulae were applied 
separately  for  comparing  the  accuracy  for 
specific tree-height intervals (eqn. 4, eqn. 5, 
eqn. 6, eqn. 7):

where Dr is the relative diameter, H is the re-
lative  height,  and  a to  t are  model  coeffi-
cients to be estimated.

Assuming that  wooden  tree  parts  are  cy-
lindrical, the length of a trunk can be con-
sidered  to  be equal  to  the height  from the 
ground, and the diameter can be considered 
to be equal along the length of the tree. Tree 
mensuration data were converted into 2 va-
riables  of  a  standing  tree.  The  variables 
DBH,  Hi (any height above ground) and  Di 

(upper diameter at  Hi) could be used to es-
timate  Di on the basis of the other 2 varia-
bles. Following eqn. 1-7, the derivation pro-
cess was as follows:
• DBH and eqn. 1 were used to deduce the 

total tree height.
• Total tree height and eqn. 3 were used to 

deduce the relative tree height at 1.3 m.
• The relative tree height at 1.3 m and eqn. 

4, eqn. 5, eqn. 6, or eqn. 7 were used to de-
duce the relative diameter at 1.3 m.

• DBH and relative diameter at breast height 
were used to deduce D0.1h.

• Hi, total tree height, and eqn. 3 were used 
to deduce the relative tree height at that Hi.

• Relative tree height at  Hi and eqn. 4, eqn. 
5, eqn.  6,  or eqn.  7 were used to deduce 
the relative diameter at Hi.

• Known  D0.1h,  relative diameter at  Hi,  and 
eqn. 2 were used to deduce Di.

Estimating the sapwood with bark value of  
standing trees

The  information  on  wooden  components 
from  the  building  site  and  trees  from  the 
forest site were well connected; however, for 
renovation  purposes,  sapwood  with  bark 
could not be included as their physical and 
chemical properties are not suitable for con-
struction.  Therefore, the values of sapwood 
and  bark were recorded  together.  For  each 
sample, two perpendicular lines intersecting 
at the centre were measured in order to de-
rive four sapwood with bark values; corres-
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ponding stem diameter values were also re-
corded.  In  all,  52  sets  of paired  data  were 
measured.

Model evaluation
The criteria for model evaluation in this re-

search followed recommendations by Kozak 
& Smith (1993). The statistics used for com-
paring  the  models  were  average  bias  (B), 
standard error of the estimate (SE), and a fit 
index (FI).  These evaluation  statistics were 
expressed as (eqn. 8, eqn. 9, eqn. 10):

where Yi is value for the i-th observation,  Ŷi 

is  the predicted  value for  the  i-th observa-
tion, Ȳ is the mean of Yi values, k is the num-
ber  of  estimated  parameters,  and  n is  the 
number of observations in the dataset.

Results

Size of wooden building components
Statistical results (Yin et al. 2012) showed 

that  direct  measurements  of  eave  columns 
and data derived from building plans coin-
cide well (R2 = 0.94,  p < 0.01),  suggesting 
that  the  use  of  building  plans  to  measure 

eave columns and other  components  is  ac-
curate.

The basic criteria for the selection of large 
wooden components  used for the statistical 
analyses in this study were length ≥ 4 m and 
diameter  ≥  50  cm.  A  total  of  368  large 
wooden  components  were  calculated  from 
the study materials, and these data were se-
gregated and tallied by length and diameter 
in 1-m and 2-cm intervals, respectively (Tab.
1). There was no significant bias between the 
diameter  of  the  bottom  and  top  of  each 
wooden component; thus the diameter repor-
ted in  Tab. 1 is the bottom diameter value. 
The building site  data revealed the longest 
wooden  component  to  be  a  hypostyle 
column with length of 13.7 m. Tab. 1 shows 
that large wooden components ranged in size 
from 4 to 14 m long and from 50 to 86 cm in 
diameter.

Measurement of sapwood with bark 
value

The  relationship  between  stem  diameter 
value and sapwood with bark value is shown 
in  Fig.  1.  The  Kolmogorov-Smirnov  test 
showed that the stem diameter value was si-
gnificantly correlated with the sapwood with 
bark value (p = 0.001,  correlation is signi-
ficant  at  the  0.01  level).  The  correlation 
coefficient  between  stem diameter  and  the 
sapwood with bark value is 0.46. The linear 
regression  model  was  calculated  as  (eqn. 
11):

where Y is the sapwood with bark value (one 
side) and X is stem diameter.

Tree height curve
The range  of  sample  DBH values  varied 

from 23.6 to 67.8 cm, and tree height ranged 
from 21.7 to 36.8 m (Fig.  2). The relation-
ship between DBH and tree height is evident 
from eqn. 12:

where Y is tree height and X is DBH.

Relative taper curve
The  third-  through  sixth-order  equations 

were expressed as (eqn. 13 - 3rd order, eqn. 
14 - 4th order, eqn. 15 - 5th order, eqn. 16 - 6th 

order, respectively):
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Fig. 1 - Relationship 
between stem diamet-
er and sapwood with 
bark value.

Tab. 1 - Number of large-sized wooden components from Shenyang Imperial Palace.

Diameter
class 
(cm)

Length (m)
Total

4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14

50-52 12 - 4 10 - 8 - - - - 34
52-54 32 8 - 2 - - - - - - 42
54-56 20 - 8 4 - - - - - - 32
56-58 - 6 4 - - - - - - 12 22
58-60 - 12 32 - - - - - - - 44
60-62 - - - - - - - - - - 0
62-64 - - 12 14 - - - - - - 26
64-66 - 16 - - - - - - - - 16
66-68 6 - - - - - - - - - 6
68-70 - - - 26 - - - - - - 26
70-72 - 6 - - - - 12 - - - 18
72-74 - - - 8 6 - 2 - - - 16
74-76 - - 6 12 - 16 - - - - 34
76-78 - - 8 - - - - - - - 8
78-80 - - - - - - 18 - - 6 24
80-82 - - - - 18 - - - - - 18
82-84 - - - - - - - - - - 0
84-86 - - - - - 2 - - - - 2
Total 70 48 74 76 24 26 32 0 0 18 368

B=
∑
i=1

n

(Y i−Ŷ i )
n

SEE=√∑i=1

n

(Y i−Ŷ i )
2

n−k

FI=1−[∑i=1

n

(Y i−Ŷ i)
2

∑
i=1

n

(Y i−Ȳ i)
2 ]

Y=0.0226⋅X+1.2428

Y=12.356 ln(X )−15.655

y=45.75x6−118.52x5+114.26x4

−49.608x3+8.2154x2+1.2259x

y=2.4296x3−3.577x2+2.3624x

y=5.9659x4−9.096x3

+3.2037x2+1.1994x

y=17.362x5−36.669x4+27.24x3

−9.1812x2+2.5562x
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Segmented  polynomial  models  appear  to 
be more accurate than other model formula-
tions  for  estimating  tree  diameter  (Jiang et 
al. 2005). We compared eqn. 13 to 16 within 
a  certain  range  for  improving  the  overall 
statistical  accuracy  (Tab.  2).  The  longest 

wooden  components  from Shenyang  Impe-
rial Palace were up to 13.7 m. The portion of 
forest trees up to 1 m aboveground was not 
considered as useful timber material because 
of  the  trunk  shape.  Therefore,  the  useful 
range for  supporting renovation of the his-

toric  palace  was  considered  to  be  located 
between 1-14.7  m above ground.  The ave-
rage value  of 47  samples  used  to  generate 
the taper curve was 30.55 m in height; there-
fore,  the  segmented  polynomial  range  was 
set on the scale between 0.52 and 0.97 (rela-
tive height - Fig. 3).

Overall statistics of fit (B, SEE, and FI) for 
the four segmented polynomial equations are 
presented in  Tab. 2. The  B value was nega-
tive for all equations, indicating that the pre-
dicted diameter was greater than the actual 
diameter. Size information derived from the 
model will thus be larger than the actual dia-
meter in case the predicted value cannot sati-
sfy  the  size  of  replacement  wooden  parts 
from the building site. The FI value indicates 
a  trend  of  increasing  fit  with  increasing 
equation order. When the estimated SEE va-
lues from eqn. 13 to eqn. 16 are transformed 
into  actual  diameter,  the  values  are  2.87, 
2.49, 2.19, and 1.93 cm, respectively. In this 
study, an acceptable error range for diameter 
is 2 cm, equal to the unit of measurement in 
the wood market. Therefore, the sixth-order 
equation was chosen for simulating the rela-
tive taper curve in this study.

The  diameter  of  a  tree’s  upper  section 
could  be considered as a desirable size for 
wooden  building  components,  because  the 
upper diameter is considered to produce the 
maximum timber  size.  The  derivation  pro-
cess presented in the methods (using eqn. 13 
for relative taper curve) can be used to de-
termine the diameter of a standing tree’s up-
per section by using the single measurement 
of DBH (Tab.  3).  Furthermore,  the estima-
tion  data  must  incorporate  the  two-sided 
value  of  sapwood  with  bark  (calculated 
using  eqn.  11).  Finally,  the  suitability  of 
standing trees for use in wooden components 
can be matched with the requirements of the 
building sites.

For example, when the DBH of a standing 
tree is 50 cm (Tab. 3), the upper tree diame-
ter at a tree height of 5 m is 38 cm. By ap-
plying eqn. 11, the two-sided sapwood with 
bark value at a tree height of 5 m can be cal-
culated as (2.1 cm × 2 = 4.2 cm). Therefore, 
the  maximum  available  diameter  at  a  tree 
height of 5 m is: 38 cm - 4.2 cm = 33.8 cm. 
Furthermore, the lowest 1 m from ground of 
the trunk cannot be used as wooden parts for 
buildings since it has an irregular shape. In 
conclusion,  standing trees that can produce 
timber having a diameter of 33.8 cm and a 
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Fig. 2 - Tree height curve.

Fig. 3 - Comparison of different relative taper curves.

Tab. 2 - Segmented stem-fit statistics of for 
relative taper curve simulations.

Equation B SEE FI
Third-order -0.019 0.0694 0.8271
Fourth-order -0.0071 0.0602 0.8441
Fifth-order -0.0081 0.0531 0.8411
Sixth-order -0.0046 0.0465 0.858

Tab. 3 - Upper diameter prediction for a given tree height.

DBH
(cm)

Upper tree diameter prediction (m)
h = 3 h = 4 h = 5 h = 6 ... h = 19 h = 20

40 33.4 31.6 30.6 30 … 18.8 17.6
42 35.1 33.2 32.1 31.4 … 20.1 18.9
44 36.8 34.7 33.5 32.9 … 21.4 20.2
46 38.5 36.3 35 34.3 … 22.7 21.5
48 40.2 37.9 36.5 35.8 … 24 22.7
50 41.9 39.5 38 37.2 … 25.3 24
… … … … … … … …
70 59.1 55.5 53.2 51.8 … 38.4 36.8
80 67.8 63.6 60.8 59.1 … 45 43.3
90 76.5 71.7 68.5 66.5 … 51.7 49.9

100 85.2 79.8 76.2 73.8 … 58.4 56.4
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length of 4 m will have a minimum DBH of 
50  cm.  According  to  this  method,  the 
wooden  parts’  information  obtained  from 
building  sites  is  well  associated  with  the 
DBH information  obtained  from the  forest 
sites.

By using the information presented in Tab.
3 and  the  data  on  the  requirements  of  the 
building site (Tab. 1), one can estimate the 
standing tree size requirements. Fig. 4 shows 
the  number  of  Larix DBH size-classes  re-
quired  to  support  renovation  of  the  Shen-
yang Imperial Palace.

Discussion

Application of samples from forest sites
Tree samples collected from the forest had 

some  limitations.  For  example,  the  largest 
tree had a length of 34.7 m and DBH of 67.8 
cm. Thus, the diameter class under 67.8 cm 
can be estimated  accurately,  but  estimation 
of larger trees may be of limited accuracy. 
We separated 47 tree samples into 2 groups 
based on  D0.1h. Six samples were >45 cm at 
D0.1h (maximum D0.1h was 58.2 cm). For the 
remaining  41  samples,  the  maximum  D0.1h 

was  44.6  cm.  The  SEE values  of  these  2 
groups,  simulated  using  sixth-order  equa-
tions,  were  0.01  and  0.04,  respectively. 
Transferring the difference into real diameter 
(44.6 cm × 0.04 - 58.2 cm × 0.01), a value of 
1.2 cm was obtained. Therefore, the size of 
the sample trees would not significantly af-
fect the relative taper curve, and the method 
of estimating upper tree diameter can also be 
applied to larger samples. The method con-
firmed that  the relative  taper  curve can be 
stabilized by dividing existing samples into 2 
groups; nevertheless, there is still uncertainty 
for  predicting  the  taper  curve  for  some 
samples that have larger diameter beyond the 

sample’s size. The predicted values in Tab. 3 
(e.g., DBH >70 cm) were obtained by extra-
polating from the taper curve;  accordingly, 
the results may be inaccurate. Therefore, fu-
ture research should test the accuracy of the 
created relative taper curve.

Rethinking the outline of ICOMOS and 
the possibility of shifting NFCP policy

According  to  our  experimental  results, 
availability  of  large-size  timber  material  in 
China is unlikely to be sufficient to meet the 
requirements  of  historic  renovation.  This 
problem is not exclusive to China; it is rele-
vant in other countries where wooden buil-
dings play an important historical role. In Ja-
pan, obtaining good-quality wood from natu-
ral forests is a serious problem. Former con-
servators  used  alternative  tree  species  that 
could be obtained easily when the preferred 
tree was not available (Osawa et al. 2004). In 
Norway, the Wood Bank Project was imple-
mented  in  1992  to  supply  lumber  for  the 
renovation  of  300  middle-age  wood  buil-
dings.

Our results  (Fig.  4)  suggest  that  the esti-
mated required DBH value of standing trees 
ranges from 78 to 136 cm for the renovation 
of the Shenyang Imperial Palace. This range 
of  DBH  represents  extremely  high-quality 
forest resources, which we did not find based 
on  our  experimental  forest  work.  The 
ICOMOS  ideals  are  summarized  with  the 
phrase: “Same tree species, tree quality and 
building technique”. These ideals will be dif-
ficult to realize for the reasons discussed in 
this paper. Efforts should be made regarding 
both building and forest sites. In the case of 
building sites, it should be a priority to com-
pile details on the volume of wooden com-
ponents that comprise each site. With regard 
to forest sites, an alternative system of tree 

production  should  be  devised  to  enable 
maintenance of renovation cycles for historic 
wooden buildings. Because the wood supply 
cannot  be  derived  from  natural  forest  re-
sources alone, an effective combination that 
utilizes plantation and natural forest resour-
ces will be necessary.

Conclusions
This  research  developed  an  efficient  me-

thod  for  identifying  upper  tree  diameter 
based on natural forests in the Mt. Changbai 
area,  northeast  China.  By  applying  this 
method,  we  transferred  the  information  on 
wooden components from a historic building 
site into DBH information on standing trees 
and  estimated  available  standing  tree  re-
sources for the renovation of the Shenyang 
Imperial  Palace.  Nevertheless,  further  at-
tempts  to  bridge  the  sometimes-contrasting 
interests  of  building  renovation  and  forest 
management are required.
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