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Teak Yield Regulation in the Natural Forests of the
Tharrawaddy Forest Division, Myanmar
—138 Years of the Girth Limit Selection System—

San Win*! and Minoru Kumazaki*?

ABSTRACT

Attempts to introduce scientific management techniques to forestry in Myanmar began in 1856 with the
appointment of Dr. Dietrich Branbis, a German botanist, to manage the Pegu'® hill forests of the then Burma. One
of Brandis’s main management objectives was to ensure a permanent and sustained yield of teak logs from the
area’s natural forests. He adopted a girth limit selection system in the Tharrawaddy forests of Pegu, and set the
minimum exploitable girth limit at 6 feet. Since then the actual yield has fluctuated widely between 1,588 and 9,
250 trees per year, because of changes in the estimates of forest growth rates. Until 1927, the actual rate of
harvesting by girdling® was based on estimates of annual yield. However, unstable social and political conditions
prevented regular girdling and silvicultural treatment between 1928 and the early 1960s. As social conditions
improved from the 1960s, girdling was able to be conducted in some years.

This analysis of the status of the Tharrawaddy forest division’s teak stocks uses data from 1912-13, 1982-86 and
1994. It shows that there was poor teak regeneration in low girth classes but an increase in the number of trees
in higher girth-classes between 1912 and 1982, and a drastic drop in the growing stock of all girth classes between
1982 and 1994. The poor regeneration was caused by a lack of adequate silvicultural operations during the 40
to 50 years prior to the 1980s, while illegal logging is the primary cause of the decline in growing stock. Strong
action needs to be taken to expand the area of new plantings, to prevent excessive logging, and to increase public
participation in forest management. Clear and firm policies to achieve these objectives should become fundamen-

tal components of all of Myanmar’s future forest management plans.

Keyword : Girdling, reserved forests, selection system, teak, working plan

INTRODUCTION

The teak tree (Tectona grandis) is native to India,
Myanmar, Laos and Thailand. Its timber is one of the most
valuable in the world. In 1752, the then King of what is now
known as Myanmar made all of the nation’s teak trees the
property of the royal family. The practices of girdling,
planting and levying a fee on all teak extracted have been
conducted throughout the rule of the Myanmar kings and

*'Doctoral Program in Agricultural Science,
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the British colonial government up to the present day.

Teak timber has not only long been important in
Myanmar’s economy, but it has also played a critical role
in the nation’s history. Teak has been one of Myanmar’s
major foreign exchange earners since the 17th century.
Ships made of teak were exported as long ago as the early
17th century, while substantial volumes of teak were expor-
ted by the British in the 19th and 20th centuries (Diokno
1983). Until very recently timber exports accounted for a
third of all Myanmar’s foreign exchange earnings (FOREST
DEPARTMENT 1996).

Teak’s economic value had other very substantial
historical implications for Myanmar. Moreueap (1942)
states that the acquisition of new, and apparently in-
exhaustible, supplies of teak of Myanmar was particular
interest to the British Government as both English Oak and
teak from Malabar and western India, for the Admiralty,
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were running short. Teak timber is said second to non for
ship building. In 1885 the nation’s king took punitive action
against a joint British-Indian trading company for malprac-
tice in the teak timber trade. This action was the excuse
used by the British for their third and final annexation war
in 1885 that resulted in all of Myanmar coming under
British rule.

The economic and political importance of teak to
Myanmar means that substantial yield production of teak
logs should be given high priority in the nation’s forest
management. The British colonial powers eventually came
to realize this.

After the first British annexation war in 1826, the
Tenasserim forests in southern Myanmar were occupied by
the British and devastated by uncontrolled logging. The
second annexation war in 1852 allowed the British to
extend their control into lower Myanmar including the
Pegu hill forest areas. This time, however, they decided to
manage the forests for sustained yield timber production.
The governor-general Dalhousie said: “I hold it to be the
duty of the Government of India to preserve the forest
resources of Pegu and not to allow them to be wasted as the
forest resources of other provinces have been wasted”
(Branpis 1896).
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Dr. Dietrich Branpis, a German botanist, was
appointed to manage the newly annexed Pegu forests in
1856, and he adopted a selection logging system variously
called “Brandis’s selection system”, *
system” and “the Burma selection system” for managing
teak which was the only marketable timber to abroad at
that time. This selection system has been used up to the
present day in the Tharrawaddy forest division.

The objectives of this paper are to study the historical
development of yield regulation, harvesting and the struc-
ture of teak stands in the Tharrawaddy forest division
under the selection system, as well as to discuss the future
of natural forest management in this division, which is
about 125 Km north of Rangoon. The Tharrawaddy forest
division contains Minhla, Mokka, Kadinbilin, Konbilin and
Thonze reserved forests. These forests cover 85% of the
whole division (see Fig.1) and are some of Myanmar’s
main teak producing forests.

girth limit selection

BRANDIS’S CONCEPT OF SUSTAINED YIELD
Yield regulation

From the beginning of his appointment, Branbpiss

N
To Prome \ Zigon forest division :- . T

.
eat et 00,

'\ Pegu
2 District

{ Insein forest
I division

. X
\\ -/. >
N ) To Rangoon

R 7

The location of Tharrawaddy forest division (Southern Tharrawaddy



Teak yield regulation in the natural forests of the Tharrawaddy forest division, Myanmar 45

primary objective was to ensure a permanent and sustained
yield of timber from the division’s natural forests, arrang-
ing the cuttings so as to keep log output well within the
forests’ productive potential. From line surveys Brandis
found that teak trees made up of only 10 to 20 % of the
forests (excluding bamboo), and realized that to achieve a
sustained yield of teak from such forests, girdling must be
conducted sparingly.

Branpis set 6 feet as the minimum girth®, below which
no tree should, as a rule, be felled. Teak trees over this
girth were classified as first-class trees, while second-class
trees were those between 4 feet 6 inches and 6 feet. Third-
class trees were between 1 foot 6 inches and 4 feet 6 inches,
and fourth-class trees were those smaller than 1 foot 6
inches. Based on survey data on the teak growth in other
forests, he estimated that all second-class trees would grow
into first-class trees within 24 years, and decided to spread
the girdling of the first class trees then standing over a
period of 24 years (Branpis 1896).

The harvesting rate was to be regulated on the basis
of volume, and because teak comprised only a small pro-
portion of the natural forests, Brandis decided to do this by
stipulating the number of trees to be cut annually within an
area.

Forest Improvement

Brandis considered that it was important to plant
more teak trees to increase the proportion of teak in
natural forests. Other activities taken to increase the
growth of the teak included, cutting vines at the time of
girdling, thinning of immature teak, removing a certain
proportion of silviculturally undesirable mature trees,
opening up patches of established advanced growth,
removal of commercially inferior tree species suppressing
teak and its valuable associates (group one species which

are also famous species for domestic use)*, and cutting of
dead and moribund trees. All of these activities were called
“improvement fellings” and conducted twice in a rotation
of 30 years.

AN OVERVIEW OF THE REGION’S WORKING PLANS

This section will review the changes in the permitted
annual yield and consequently the girdling that occurred
under this system since its introduction. The reasons for
these changes will be explained in the discussion of seven
working plans (see Table 1). The first three plans, those of
1856, 1868 and 1884- were prepared when Brandis was
responsible for the division’s management. The changes in
the permitted annual yields and the actual rate of girdling
are shown in Fig. 2 with the number of teak trees girdled
presented as ten-year totals (see Table 2).

The 1856 working plan

The first working plan estimated there were a total of
220,000 first class trees in the five main forests of Tharr-
awaddy (Govt. oF Burma 1919). Accordingly, the annual
yield was set at 9,250 trees assuming it would take 24 years
for the second class trees to mature into first class trees.
Actual girdling, which seems to have started in 1861, could
only be done in four years, and totalled 12,002 trees. Bran-
dis stated that girdling could not be carried out regularly
because of the lack of officers sufficiently competent to
conduct supervision. The number of trees harvested
between 1856 and 1867 was 55,780, but this figure includes
43,778 trees that were girdled before Brandis’s arrival
(GovT. oF Burma 1918).

Table1l The level of teak harvest permitted by different working plans

Working plan ANTPC Remarks

1856 9,250 In the first plan R was 24 years.

1868 1,588 R was 72 years, but 80 years was used to set the permitted yield.

1884 3,100 In this special plan, R was 38 years. A separate yield was set for each
forest.

1918 2,400 Yield was controlled by area. After 1924, the permitted yield was
3,952 trees.

1928 3,190 Yield was controlled using the Burmese version of Von Mantel’s
formula.

1946-47 8,241 Because documents were lost, the permitted yield was based on a
ratio basis.

1963-64 3,100 In this most recent paln, the permitted yield was set using the same

method as in the 1946-47 plan.

ANTPC: Annual number of trees permitted to be cut

R: The number of years required for trees to grow from the 2™ class into 1* class

J. For. Plann. 4:43-51 (1998)
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Fig.2 The annual permitted level of teak harvest and actual removals between 1856 and 1993
Source: Tharrawaddy Working Plans (1918, 1919, 1928, 1946-47, 1963-64, and Forest Department, 199).
“*” represents the years when gidling was conducted, but for which no data are available.
represents the years for which partial data are available

ey

Table 2 The number of trees girdled in the major forest areas of the Tharrawaddy district-presented as 10

year totals
Year/Reserve Thonze Minhla Mokka Kadinbilin Konbilin Total
1856-1865 18,979 6,290 4,839 10,541 8,325 48,974
1866-1875 4,015 4,025 1,003 5,406 1,400 15,849
1876-1885 0 2,008 1,000 402 0 3,410
1886-1895 5,816 2,289 3,039 11,579 2,377 25,100
1896-1905 9,063 3,946 2,671 11,191 1,390 28,261
1906-1915 8,676 5,461 1,599 5,165 2,163 23,064
1916-1925 7,646 7,366 2,145 1,783 431 19,371
1926-1935 1,060 0 1,066 3,373 0 15,194*
1936-1945 3,967 0 0 1,504 0 13,381#
1946-1955 5,461 0 0 9,001 1,036 15,678
1956-1965 0 7,784 4,569 12,494 0 81,631&
1966-1975 55,949
1976-1985 54,064
1986-1993 29,357
Total 429,283

Source: Working Plans (1918-19, 1928, 1946-47, 1963-64)

Notes: The numbers of trees girdled in each reserved forest after 1962-63 is unavailable.

“*, #, &” includes the author’s own estimates of yield and they are shown as followns; *9,695 trees between
1926-35, # 8,310 between 1936-45 and & 40,852 trees in the period from 1956 to 1965. There were a total of
15,932 trees girdled in 1964 and 1965, however, it is not known in which reserve (s), these trees were girdled.
These estimates are based on the density of the trees girdled in those compartments for which data are

available.
The 1868 working plan rapid, that of 1868 was much too slow. No less
than seventy-two years were supposed to be
Surveys conducted in 1868 showed that the annual necessary to bring up a Teak-tree in the forests
vield needed to be changed. The differences between from a girth of four feet six inches to six feet,
assumptions made in 1856 and those required in 1868 were against twenty-three years in 1856. The second
very serious: class trees having been found to be less numer-

”..the rate of growth assumed in 1856 was too ous than those of the first class, it was decided to



Teak yield regulation in the natural forests of the Thavrawaddy forest division, Myanmar 47

spread the removal of the latter over a period of

eighty years (Branpis 1896).

In line with these changes, the number of first-class
trees was estimated at 127,000 and the annual yield was set
at 1,588 trees. However, it was expected that this plan
would expire in 1873 and that the forests would then be
managed using special management plans, so girdling was
only planned for the following five years. According to
Branpis (1896), it was hoped that rapid progress would
then be made in the selection and demarcation of the
forests to be permanently maintained as such, and that
when the boundaries of these forests had been laid down,
special working plans for each forest district would then be
prepared. However, girdling was conducted in only three
years, for a total of 9,043 trees, and introduction of the
special working plans was delayed until 1884. There was
no plan for the eleven years between 1873 and 1884, and
only 1,200 trees were girdled.

The 1884 working plan

This plan introduced new and distinct features. For-
ests were divided into compartments, and the growing
stock in each compartment was estimated separately using
data from sample areas. The plan had 2 main points:

1) The kind of treatment to be conducted in reserved
forests must be based on the characteristics of each area;
and,

2) The reproduction and growth of teak trees must not be
impeded, but, if possible, promoted by the removal of
girdled trees.

While teak was found to have different growth rates
at different localities within the Irrawaddy valley forests
which contains Tharrawaddy forests, it was proposed to
allow a period of 38 years for second class teak trees to
mature into first class trees for those forests. Based on this
growth rate, the condition of each reserved forest and an
estimated total growing stock of 91,497 trees, the annual
yield was fixed at 3,100 trees. According to the 1963-64
working plan, a total of 90,125 trees was girdled up to 1917,
giving an annual average of 2,650 trees.

The 1918 working plan

The first Burma forest conference in 1910 decided to
introduce a uniform system of logging and management in
the Tharrawaddy forest division. The objective of this
decision was to expand the production of teak and other
valuable timber species by converting the then uneven-aged
understocked forest into a fully-stocked forest containing a
regular series of even-aged stands over one rotation. The
annual yield was set at 2,400 trees. However, in 1924 this
figure was increased to 3,952 when the yield was calculated
using a Burmese version of Von Mantel’s formula® which

J. For. Plann. 4:43-51 (1998)

assumed a particular basal area is produced over a rotation
of 120 years (Govt. or Burma 1928). An average of 1,266
trees were girdled each year from 1918 to 1923. This was
increased to an average of 3,721 trees per year between
1924 and 1927 (Govrt. oF BurMa 1963-64).

The 1928 working plan

In 1928 a new working plan was introduced. Its objective
was to improve the forest and maintain a sustained yield
using the former selection system. The girdling scheme
proposed for the 30 years to 1958 was based on data from
1912-13.

Using the Burmese version of Von Mantel’s formula,
the annual yield was fixed at 3,190 trees, but domestic and
international events disrupted the implementation of this
girdling schedule. The events included: the farmers’ revolt
of 1930, financial stringencies in the early 1930s and World
War II from 1939 to 1945. Soon after Myanmar gained its
independence in 1948, internal civil unrest broke out and
continued for many years. As a result, no girdling could be
conducted between 1948 and 1955. In some reserved forests,
girdling was done for only 9 years. The data available for
the period from 1928 to 1948 show that 21,954 trees were
taken (Govt. oF Burma 1946-47). However, based on data
in the 1928 Working Plan the author estimates that in fact
about 18,000 more trees might have been girdled.

The 1946 working plan

As described above, the 1928 working plan was not
able to be implemented completely. Two preliminary
working plans were prepared in 1936 and 1938, but they
were never officially approved and remained in draft form
until the working plan of 1946-47 was introduced. It was
intended that this plan would end in 1962. Teak girdling
began in 1956 with a new permitted yield limit based on the
intensity of previous girdlings. Many compartments left
ungirdled from the previous 1928 plan were allocated for
girdling in the seven years from 1956 to 1962. Thus the
permitted annual yield for this 7-year period was set at 8,
241 trees- much higher than would have been calculated
normally (GovT. oF Burma 1946-47). The available data for
1956 to 1962 shows that 28,683 trees were girdled in this
period (GovT. oF Burma 1946-47). However, the author also
estimates that about 40,000 more trees might have been
girdled.

The 1963-64 working plan

This plan was prepared to cover the ten-year period
from 1963-64 to 1973-74. A thirty-year felling cycle was
proposed with a girdling schedule that extended from 1963
to 1993. An annual permitted yield of 3,100 trees was
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calculated using a method similar to that of the 1946 plan.
The permitted yield was recalculated in 1978-79 and all-
owed the girdling of 5,290 trees. However the former
annual yield limit of 3,100 per year was reintroduced in
1980-81. Girdling fluctuated greatly over this 30-year
period, as shown in Fig. 2. The number of trees girdled in
17 of the 30 years exceeded the permitted yield. A total of
152,924 trees were girdled, and this included the felling of 6,
387 green teak trees®, giving an average annual girdling
rate of 4,885 trees per year, against the working plan’s limit
of 3,100 trees per year. For the whole period from 1856 to
1993, it was estimated that an annual average of 3,100 trees
was taken from these reserved forests.

A HISTORICAL COMPARISON OF TEAK GROWING STOCK

An understanding of the effect of this teak selection
system on the condition of the region’s forests can be
gained from an examination of available growing stock
data (trees per 100 acres). A comparison will be made of
data from three different periods: 1912-13, 1982-86, and
1994. However, the differences between the data bases
need to be recognized. The 1912-13 survey used estimates
of the growing stocks based on a sampling method that
covered 28% of the whole reserved forest area, excluding
planted areas. Compartments covering a variety of forest
types were selected and sampled, and the collected data
were then used to estimate the condition of the stock in
adjacent compartments. The 1982-86 and 1994 surveys used
systematic sampling techniques that covered all forest
areas. Sample plots were located in natural forests at
intervals of 3,300 yards and each plot covered 2.59 acres. It
should be also noted that the classification of girth classes
was changed in 1982-86 (see Tables 3, 4, and 5). There was
also a reorganization of forest areas during the early 1980
s. This resulted in forestry and civil administrative areas
sharing the same boundaries, with some reserved forests
being divided between two townships. Strictly speaking,
therefore, the growing stock data for 1912-13 are not
comparable with those of 1982-86 and 1994. Nevertheless,
the average stocking rates indicate some very interesting
changes in stand structure, and these changes are seen in
Tables 3, 4, and 5.

A comparison of Tables 3 and 4 shows that the num-
ber of trees with a girth of 3 feet or more in 1982-86 was
about 1.3 times that in 1912. Similarly the number of trees
with a girth of 6 feet or more in 1982 was 2.4 times the
number in 1912. A decline is only observed in the lower
girth class which shows that there had been a lack of
regeneration. The Forest Department found the same situa-
tion in many forest areas across Myanmar (ForesT DEPART-
MENT 1990). Ken (1993) also found a similar situation in the
Zamayi reserved forests of Pegu hill forests. Tables 4 and 5
show important changes between 1982-86 and 1994. The

San Win and Minoru Kumazaki

total growing stock for all girth classes declined by about
50% or more over the 12 years. This decline in growing
stock is quite serious and occurred in spite of the fact that
the reported actual harvest from 1982 to 1993 was on
average about 3,200 trees a year, close to the permitted
yield level (Forest DeEpARTMENT 1995a).

POSSIBLE REASONS FOR THE POOR REGENERATION
AND THE DEGRADATION OF TEAK STOCKS

The poor regeneration can be explained by inade-
quate improvement fellings, especially between 1942 and
1957 (Cueiy Hok 1969). The social and political situation of
Tharrawaddy for the 30 to 50 years prior to 1980 prevented
regular girdling, logging and adequate improvement fel-
lings. The other factor that likely contributed to the low
numbers of teak trees in smaller girth classes was illegal
felling. Small teak trees are of a size of that can be easily
removed by some villagers on bullock carts for either sale
or for use in their houses. Both Myanmar’s natural forests
and plantations were devastated during World War II and
subsequent periods of civil unrest (Lwin 1967). In Tharr-
awaddy forest division, a total of 7,100 forest offences were
committed between 1946-47 and 1972-73, of which 5,311
were for unauthorized fellings (Govr. orF Burma 1963-64) .

The drastic fall in teak stocks between 1982 and 1994
can be explained by plantation establishment and illegal
logging. Plantation establishment increased after 1980 and
a total of 23,000 acres were planted in these forests between
1982 and 1993. Generally, plantations had to be established
in degraded forests. However, in 1982 the Forest Depart-
ment required plantations to be established in blocks of 200
acres or larger, so it was inevitable that natural forests
were sometimes included in blocks chosen for planting. The
Forest Department allowed plantation establishment in
some natural forests where there was teak and/or "Group
one” species with a girth of 2 feet or more. Thus, it can be
assumed that removal of teak trees from plantation sites
was probably part of the reason for this reduction in
growing stock. However, illegal logging is the most likely
reason. Ken and Kyaw (1995) state that illegal logging and
the selling of teak and other valuable hardwoods probably
account for the major decline in the growing stock of
Myanmar’s forest, especially in accessible areas. Tharr-
awaddy is situated in an easily accessible area, only 125
Km from Rangoon.

CONCLUSION

Since the late 1800s, Myanmar has been attempting to
apply a philosophy of sustained timber yield to the manage-
ment of its native teak forests, but it has learnt that it is
complex and difficult to implement. Even though it has
faced many obstacles in the management of these forests
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for sustainable wood production, the Forest Department

yield forest management. Myanmar’s persistence in apply-

Table 3 Teak growing stock (trees per 100 acres) - 1912-13 estimation

Area(ac)/ e P ’ _— - - ; i 7
Reserve Bl plass 1'6” to 2’11 3 to 4’5 4’6" to 5’11 6" to: 75 76" & up Total
Minhla 25,884 89 107 77 43 28 344
Mokka 22,425 110 124 83 38 24 379
Kadinbilin 53,216 113 120 94 47 27 401
Konbilin 15,988 113 130 91 38 23 395
Thonze 69,735 158 147 101 31 14 451
Total 187,248 126 130 92 38 22 408
Source: Government of Burma, 1918.
Table4 Teak growing stock (trees per 100 acres) - 1982-86 estimation
. Area(ac)/ — £ b AT e ’
Townships Girth class 202111 3-4'11 55111 6'-7"11 8 & up Total
Minhla 45,170 76 117 10 23 6 232
Letpadan 166,070 56 106 88 139 50 439
Tharrawaddy 77,980 79 267 108 98 14 566
Total 289,220 65 151 81 110 34 441
Source: Forest Department, Myanmar, 1991
Table5 Teak growing stock (trees per 100 acres) - 1994 estimation
. Area(ac)/ G T ) g T :
Townships Gith class 20=2°11 3-4"11 5/=511 6’-7'11 8 & up Total
Minhla 33,430 8 23 8 3 5 47
Letpadan 169,070 28 60 31 34 12 165
Tharrawaddy 75,860 64 141 69 127 0 401
Total 278,360 35 77 38 56 8 214

Source: Anon, 1996 (Unpubished documents).

Notes: As explained in the text, prior to 1980 the area of forestry administration was not matched with that of civil
administration. In order to match forestry and civil administrative areas, reorganization of the forest areas was done in
the early 1980s. As a result, some reserved forests were divided into two parts, included in two township forest areas closely

located.

In Tharrawaddy forest division, because of this re-organization, Minhla reserved forest was divided into two parts:
one in Minhla township and the other in Letpadan township. Konbilin reserved forest was also divided and included in
Letpadan and Tharrawaddy townships. The results of forestry inventories conducted after 1980 were shown on a township

basis.

has persisted in applying such principles for nearly one and
a half centuries.

The widespread use of slogans such as “forestry for
sustainable development” by international development
and conservation organizations, and the introduction of
ITTO’s guidelines on the sustainable management of natu-
ral tropical forests and tropical plantations indicate that
serious efforts are being made at the regional and interna-
tional levels to achieve sustained yield management of
tropical wood resources. They also reflect the fact that
some regions of the world have neglected basic sustained

J. For. Plann. 4:43-51 (1998)

ing a sustained yield philosophy should be recognized as a
historically significant effort to maintain its cover of natu-
ral forests and protect its teak resources. In theory, Myan-
mar’s forestry working plans should be revised every 10
years. However, the plans examined in this paper were
revised irregularly. As far as can be ascertained the main
reasons for this irregularity were recalculations of teak
growth rates and social and political changes. Clearly
technical considerations alone are not sufficient to guaran-
tee sustained yield management. Social, political, economic
and administrative aspects must be considered in the devel-
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opment of long-term forest management principles and
plans.

In particular, the sustained production of teak from
natural forests will be difficult because of its low rate of
occurrence in Myanmar’s native forests. Brandis consid-
ered that planting teak in the natural forests to increase the
potential for achieving sustainable production would offer
considerable opportunities. Teak logs have mostly come
from natural forests and the management of teak in natural
forests is still being given priority. For example, the objec-
tives for future forest management laid down in the forest
policy of 1995 include: “to pursue a sound programme of
forest development through regeneration and rehabilitation
operations, to optimize productivity from natural forests,
to recognize that plantation forestry is not a substitute for
natural forest management” (Govt. oF Mvyanmar 1996).
However, three actions should be taken immediately to
counter the decline in natural regeneration and the drastic
fall in teak growing stock. They are carrying out enrich-
ment planting, prevention of illegal logging and encourag-
ing public participation in forest management.

Enrichment planting using teak stumps should be
undertaken. Teak stumps are easy to transport and can be
stored almost anywhere. Their coppice shoots outgrow
weeds within a year or two if the sites are tended and
weeded. They thus have important advantages when
compared to the planting of teak seedlings. Between 30 and
50 teak stumps per acre could be planted in the reserved
forests. Enrichment planting of this number of stumps is
feasible from both labour and financial perspectives. (In
teak plantations managed on 80-100 year rotations, about
40-50 trees per acre are left standing after the final tending
operation at 40 years).

Prevention of illegal logging is also essential. At the
time of British rule, strong punishment was meted out to
those who breached the forest laws. Also, reserved forests
were created in the plain areas to supply timber to local
inhabitants whose population was much less than now.
Such action helped protect the natural forests from being
destroyed. The nation’s population has grown and the plain
forests have been converted to agricultural land or town-
ships, so the population pressure on the remaining natural
forests has increased. Timber products have enjoyed higher
prices since 1989 when the private sector was allowed to
reenter the timber trade and this has also encouraged
illegal logging.

Public participation in forest management is a prereq-
uisite for solving these problems. And in 1995, the govern-
ment of Myanmar issued a “Community forestry instruc-
tion” encouraging local people to participate in forest
management planning and implementation (Forest DEPART-
MENT 1995b). Local people are now able to use reserved
natural forests and plantations established for local needs
on a sustainable basis. The Forest Department provides

San Win and Minoru Kumazaki

people with seedlings and explains the most appropriate
methods for both plantation establishment and initial
enrichment plantings. As well, it will not levy a royalty on
forest products extracted from community forests for
domestic use or for sale in the local area. These policy
measures are expected to reduce the population pressure on
forests and discourage illegal logging. If action can be
taken on the three issues, the future for Myanmar’s teak
production will look for a more positive.
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NOTE

1) In Myanmar, the spellings of some towns and rivers,
etc., have been changed. The words in parentheses show the
old spelling of names as used in this paper; Bago (Pegu),
Pyay (Prome). Ayeyarwady (Irrawaddy), Taung gu
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(Taungoo). As this paper is concerned with the historical
context, the old names are used for the sake of consistency.
2) Girdling means killing a tree with a broad circular cut
through its bark and into the sapwood. Teak trees left
standing for three years after being girdled dry evenly and
can thus be floated down river. This produces a good
quality timber and reduces extraction costs. Most teak-
trees in Myanmar are harvested three years after girdling.
Teak trees of under exploitable girth are also girdled if
they are unlikely to survive up to next felling cycle (30
years). It is said that the number of such trees consisted of
about 109 of total girdled trees.

3) This is equivalent to a stem diameter of 22.9 inches or
58.2 cm. Although the minimum girth limit was set at 6 feet
in girth at 6 feet in height, the actual girdling was done to
those trees of 7 feet in girth at 6 feet in height in Thonze
forests in 1857. It is mentioned that the girth limit was
raised to 7 feet measured at 6 feet from the ground (Govr,
of Burma 1946-47). The present measurent of exploitable
girth at 7 feet 6 inches in moist forest and 6 feet in dry
forests measured at 4 feet 6 inches in height have been
begun in 1930 (Cuein Hoe 1969).

4) Group one includes Pyinkado (Xylia dolabriformis),
Padauk (Pterocarpus macrocarpus), Thingan (Hopea odor-
ata), Thitya (Shorea oblongifolia), Ingyin
stamensis) and Tamalan (Dalbergia oliveri).

(Pentacme

J. For. Plann. 4:43-51 (1998)

5) The application of Von Mantel’s formula in selection
systems might produce conservative yield estimates. OsMas.
ToN (1968) explains that the formula has frequently been
used for irregular forests that are extensively managed e.g.
in India and Burma where the yield has been confined
mainly to those comparatively large trees above a size
limit that corresponds to the exploitable age. In such a
situation the yield will be conservative.

Von Mantel’s formula is shown in OsmasTton (1968) as,

2AG

AYZT

Where,
AY=Annual Yield, AG=Actual Volume of Growing
stock, and R =Rotation

The Burmese version of this formula was

TBA

ABA= R0~ IR

Where,

ABA=Annual Yield in Basal Area, 7BA=Total Basal

Area, R=Rotation, and »=number of years taken to

achieve the smallest girth measured in all sample data.

6, Harvesting teak trees without conducting any girdling.
(Received 2 February 1998)

(Accepted 9 March 1998)
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Private Forest Owners and the Forest Resource Database

Koji Matsushita*! and Shigejiro Yoshida*?

ABSTRACT

This paper investigated private forest owners’ awareness of the forest resource database, Shinrinbo. The
database is used to develop forestry plans and track forestry statistics. There are many discrepancies between
the values shown in the database and the actual stands. To clarify forest owners’ opinions on the Shinrinbo and
related forest information systems, a questionnaire was conducted in Ousumi Regional Forest Planning Area in
Kagoshima Prefecture in July 1996 and useful responses were obtained from 793 forest owners. It was found that :
(1) 17.9% of forest owners were not aware of Shinrinbo itself. 60.2% were only aware of the name of Shinrinbo
but did not know the contents. Only 15.49 indicated that they understood the contents of Skinrinbo. (2) 23.8%
of forest owners knew that at least some part of the Shinrinbo data on their forests was wrong. The actual
percentage of errors is probably greater, especially for area. Also, the database uses a simple yield table for data
estimated before 1970, as the constant table. (3) 18.49% of forest owners clearly indicated a willingness to supply
correct information on their forests to the prefectural government. (4) Most forest owners think that the
prefectural government, currently managing the Shinrinbo, is not the appropriate organization to manage a
forest resources database. The most appropriate manager was thought to be the local forest owners association
(70.2%) . The role of local forest owners association in private forest practices and local forestry development
policy has been increasing, and forest owners’ expectation that local forest owners associations should play a role

building a database is also high.

As there are many small-scale forest owners in Japan, cooperation between owners to develop an accurate forest
resource database is extremely important, especially as the role and social expectations of a database are
increasing. However, forest owners’ awareness of the Shinrinbo is low and awareness of the private Forest
Operation Plan even lower. Approximately 90% of forest owners are formally involved in the Forest Operation
Plan and obtain several benefits under related laws, for example subsidies and tax reduction, but only 20.6% of
forest owners answered that they have a Forest Operation Plan. This suggests that forest owners do not
adequately participate in forest planning process. An extension program for forest owners is discussed and
improvements suggested for the information system and the method of forest inventory.

Keyword  private forest owner, forest resource database, Shinrinbo, forest information system, forest planning

system

INTRODUCTION

The importance of databases in all kinds of economic
and non-economic activities has grown. This also applies
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ki, Higashi-ku, Fukuoka, 812-8581, Japan
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to forest management in Japan. The database of non-
national forests in Japan is called the Shinrinbo, and is the
source of basic statistics on forestry and forest resources in
non-national forests. Non-national forests comprise 58%
of the total forest area and 65% of the total standing
volume in Japan. The Forestry Agency of the Government
of Japan determined the contents of the current Shinrinbo,
under Article 8 of the Regulation on the Regional Forest
Plan of non-national forests and Regional Forest Plan of
National Forests (Ministry of Agriculture, Forestry and
Fisheries, Order No.20 of 1991 ; hereafter, Regulation on
the Regional Forest Plan). Forty-seven prefectural govern-
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Table1l Contents of the Shinrinbo

Category

Explanations

Administrative area
Location of forest
Forest owner

Type of function

Type of forest

Area

Classification of forest
Forest type

Detailed type

Story

Species

Ratio of mixed

Ratio of area

Age

Age class

Crown density

Site quality

Locality

Site class

Method of cutting
Method of regeneration
Improvement of forest type
Specific management area

Volume

Growth

Volume at the cutting age
Forest management plan
Profit-sharing forest
Recreation forest
Remarks column

Forest planning area, Municipalities, District forestry office
Compartment, Sub-compartment, Section of village, Lot number
Name, Classification whether living in the village or not
Timber production, Water conservation, Mountain conservation
Living environmental conservation, Recreation and culture
Protection forest, Natural park system

Unit: ha (to the second decimal place)

By forest management type and story

Artificial forest, Natural forest, Cutover land, Treeless, Bamboo
Single storied forest, Multi-storied forest, Improved natural
forest, Naturally regenerated forest

Classification by upper story and lower story

Species code, Current and future

Percentage in volume base

By story in case of multi-storied forest

Average and range of age in uneven-aged forest

One age class is 5 years interval

3 classifications (sparse, medium and dense)

For main species, Current and future

Current and future

For main species, Current and future

Clear cutting, Selective cutting, Felling prohibition, Others
Plantation, Natural seedling, Sprouting, Difficult to regenerate
Single storied forest, Improved natural forest management
Multi-storied forest, Long rotation management

Forest specified method, Forest for promote to cut

Volume per ha, Unit: m®, By coniferous and broad-leaf
Growth per ha, Unit: m?, Total growth

Volume per ha, Unit: m?

Presence of authorized forest management plan

Type of profit-sharing reforestation

Recreational forest, Public health forest

Source: Shinrin Keikaku Seido Kenkyukai (1992) pp.96-107.

ments each created databases containing the basic items
determined by the Forestry Agency, and continue to man-
age these databases. The items recorded in each prefec-
tural system are almost the same because the basic con-
tents-were already specified. The basic items are shown in
Table 1. For national forests managed directly by the
Forestry Agency, there is another database which contains
less information than the database on non-national forests.
Data is recorded for each forest owner and tree stand. Most
statistics used for forest resource planning derived by
summing the data in the Shinrinbo. This type of forest data
system is unique to Japan, and Continuous Forest Inven-
tory, which is the usual method in other developed coun-
tries, is not practiced in Japan (Nisuikawa, 1994).

Article 15 of the Regulation on the Regional Forest

Plan states that the regional forest plan and related maps
should be open to the public, but there are no articles
specifying public access to the related database, the
Shinrinbo. Most of the data in Shinrinbo relates to private
property. The database has been used to set public policy
by the Department of Forestry particularly at the prefec-
tural level.

Recently, uses for the database have increased. These
include needs in the public sector outside the department of
forestry. A typical example is the environmental database
system. The importance of environmental policy in Japan
has been increasing and a database on the environment is
now required. The forest resource is a highly important
environmental resource but the Environment Agency has
no national-level database on it. In forestry research, an
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attempt at forest resource accounting including environ-
mental aspects has begun (Koike et al., 1997 ; Y AMAMOTO,
1997), and accurate figures are needed. Another example is
the increasing need for information by other forest inter-
ests, such as, local forest owners associations. Under the
most recent Amendment to the Forest Law (1991), the
regional forest planning area, which is the basic unit of
forestry development, has become a watershed area. Estab-
lishment of forest information centers is being discussed in
each forest planning area. Recently, personal computers
have become capable of coping with the large amount of
data which gives greater access to the Shinrinbo. For
example, Yosuma (1986) described renewal of the data in
Shinrinbo using a personal computer in Kumamoto Prefec-
ture and Komakr (1988) described the use of computers to
develop a Shinrinbo management system for the forest
owners association in Iwate Prefecture. There are many
such examples. A third example of the increased need for a
forest database is the development of geographical infor-
mation systems (GIS). For example, Gifu Prefecture, one
of the most active prefectures in the field of forestry infor-
mation systems, introduced GIS, and Yonemoro et al.
(1994) pointed out that accurate data is needed to improve
the system. MakINO ef al. (1994) tried to develop a GIS
system for introducing highly efficient forestry machines in
Fukui Prefecture. Lastly, usage of database such as
Shinrinbo is also developing in research. Tatsunara (1994),
for example, proposed a method of predicting the growth of
coniferous plantations using information from the Shinrin-
bo.

If the use of Shinrinbo is to increase, the accuracy of
the database must be examined, because the extent to
which the data can be used depends on its accuracy. If the
database described in Table 1 was based completely on real
stands, it would be very useful. However, there are many
discrepancies between the figures in the database and the
real situation, and therefore the database is not very reli-
able. A new national-level forest inventory system is now
being developed by the Forestry Agency, and the improve-
ment of the Shinrinbo is also being considered (SHiraisHi,
1995). The current data management system has many
problems particularly in the data structure and information
systems. The contents of the Shinrinbo are also being
reconsidered, for example, the kinds of broad-leaved trees
included and the accuracy and precision of the yield tables.
These are important consideration in updating and improv-
ing the database, but I also suggest that another important
cause of the problems in the current system is related to
forest owners.

Article 21 of the Regulations on the Regional Forest
Plan specifies that the Shinrinbo and related maps must be
maintained in the local offices of prefectural governments.
The Shinrinbo can also be stored in municipal offices,
particularly those which have a forest improvement plan.

J. For. Plann. 4:53-63 (1998)
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Thus the Shinrinbo is both managed and used by prefec-
tural governments and municipal offices, rather than by the
forest owners. In order to develop a national forest
database and ensure effective utilization of the existing
system, the accuracy of the Shinrinbo must first be im-
proved. In this paper, we consider the importance of the
relationship between Shinrinbo and forest owners in this
process.

There are four important points in the relationship
between the Shinrinbo and forest owners which affect its
utilization. Firstly, the cooperation of owners is essential if
any system is to be effective. This applies to every project
involving privately owned forests, and is an important
factor if the non-national forest resource database is to be
improved. Secondly, the importance of consensus among
those involved in planning forest resource utilization has
recently been recognized, and clearly this must include
forest owners. An accurate Shinrinbo can provide a com-
mon database for making decisions about forest use. Third-
ly, statistical projects have generally deteriorated in Japan.
Limited budgets have reduced the number of survey staff in
central and local governments. Prefectural governments’
local agriculture and forestry offices are unlikely to have
any additional resources for survey projects in the future,
so it is vital to have the cooperation of the forest owners.
Lastly, a regional forestry activation program has recently
begun, and a forestry information system that includes
cutting activities (final cutting and thinning) is required
for future business. Generally, post-war forestry policy has
been one of land management and the related planning and
data management systems have strictly related to these
policy areas. However, cutting activity is now related to
sustainable regional forestry, and forest owners can con-
tribute to this information system. These four points must
be considered and the relationship between the Shinrinbo
and forest owners clarified.

This paper examines the attitude of forest owners to
the database, using results from a questionnaire under-
taken in Ousumi Regional Forest Planning Area in Kago-
shima Prefecture in the southern Kyushu. In particular, the
forest owners’ concern regarding the system and their
cooperation with the system, as well as the relationship
between forest owners and the forest database are discus-
sed. Finally, several policy implications are identified.

QUESTIONNAIRE AND SUMMARY OF
FOREST OWNERS

As part of the regional forest labor study program
subsidized by the Ministry of Labor of the Government of
Japan, a survey of private forest owners who are represen-
tative members of local forest owners associations in
Ousumi Regional Forest Planning Area was undertaken to
investigate the regional situation with respect to forest
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resources, forest management and forest products supply.
A questionnaire was sent to 1,350 forest owners on July 24,
1996 and 825 replies were received by August 30 (response
rate of 61.19%). Overall, 793 (58.7%) responses were anal-
yzed in this paper. The planning area consists of 210
thausand ha, 63.0%, 13.4% and 3.4% of which are forest,
agricultural land and residential lands, respectively. The
forest area covered by the Forest Law consists of 123,528
ha, 38.8% of which is national forest and 61.2% of which
is public and private forest. The proportion of needle-
leaved trees in the total forest resource is 68.6% in area
and 77.7% in standing volume. Artificial forests comprise
69.0% of the non-national forests, the major species of
which are Cryptomeria japonica (sugi) and Chamaecyparis
obtusa (hinoki). The age-class distribution of artificial
needle-leaved forests shown in the current Regional Forest
Plan (KacosHima PReFECTURAL GOVERNMENT, 1993) is 12.3%,
19.8%, 19.19%, 15.9% and 12.5% in the 16-20 years, 21-25
years, 26-30 years, 31-35 years and 36-40 years age classes,
respectively, and these age-classes represent approximate-
ly 80% of the forests. The forests in these age-classes
typically require thinning. The privately owned forests are
generally divided into small units with many forest owners,
and the average size of holding in the study area is 0.99ha.
The average size of holding in Kyushu is 1.81ha, and the
overall average for Japan is 2.69ha.

The forest owners who replied to the questionnaire
were generally quite old; 71.5% of respondents were over
60 years old. The most important sources of income for the
owners were agriculture (33.49%), annuity (29.6%), salary
(18.9%), and livestock (7.1%). In this area, livestock is a
major industry. In addition, 22.29 of the forest owners
received income from non-wood forest products, including
self-consumption. Non-wood products include fresh Shiita-
ke mushrooms (40.9% of forest owner with income from
non-wood forest products ; plural answers), bamboo shoots
(31.8%), firewood (16.5%), flowers (8.5%), dried Shiita-
ke mushrooms (6.89%), bamboo (6.3%), edible wild plants
and medicinal herbs (5.1%). The percentage of forest
owners who had recently received income from forestry
excluding non-wood products, was 13.6%. Only 2.7% of
forest owners had forestry as their most important income
source. Thus, most forest owners in this area have small
holdings and forestry is not the most important source of
income in the majority of cases.

To ascertain the main reasons for owning such small
holdings, the questionnaire listed ten alternatives and for-
est owners were asked to rank their importance over five
levels. Those reasons ranked as “most important” were
used as an index of the main reasons for forest ownership.
The responses indicated that conservation of natural envi-
ronments and water resources (39.9%), retaining ancestral
land (30.99%), timber production (29.0%), leaving prop-
erty to descendants (26.6%), preparation for extraordi-

Matsushita and Yoshida

nary expenditure (10.6%), benefits for local residents
(8.9%), pleasure of forestry work (8.9%), health and
pleasure for the family (7.0%), production of by-products
(3.6%) and production of agricultural materials (3.1%)
were the major reasons for owning forest. These results
indicate some important characteristics of forest owner-
ship in this area. First, production objectives are not
always very important. Most notably, the percentage of
owners involved in production of non-wood products and
agricultural materials was very small, less than 5%. Previ-
ously, these activities would have been regarded as more
important, but production activities are decreasing because
most forest owners are aging. Their agricultural produc-
tion is also small but sufficient for their own use and they
have several income sources other than forestry or agricul-
ture. Thus, the economic role of forestry for private forest
owners has been decreasing. Currently, the major reasons
for owning forest are related to environmental conserva-
tion and retaining ancestral lands. The latter objective is
an important, traditional reason for forest ownership in
Japan. Owning forest for reasons of pleasure or maintain-
ing health is relatively recent. Managing forests as a form
of insurance against unexpected expenditure has also been
a traditional reason for forest ownership, but recent low
timber prices have reduced the importance of this.

A typhoon damaged forests in the study area in 1993
(MatsusHITA, 1994). The percentages of forest owners who
sustained some or extensive damage from the 13th typhoon
of 1993 were 27.1% and 34.49%, respectively. This damage
affected not only the local forest resources but also forest
management practices. Some forest owners completely lost
their will to continue managing their forests. The percent-
age of forest owners whose forests had been damaged but
who had completely finished salvaging the damaged trees
by the summer of 1996, three years after the typhoon
damage, was 37.6%. However, 21.8% of forest owners
simply left the damaged trees as they were. The existence
of the typhoon-damaged forests is a serious forest issue in
the region.

FOREST OWNERS’ CONCERNS
ABOUT THE FOREST RESOURCE DATABASE

Contents of the forest resource database

The private forest resource database, Shinrinbo, is
the most important database for construction of a forest
information system. The most important issue for the
database is the accuracy of the contents. As previously
indicated, there are many discrepancies between actual
situations and the data in Shinrinbo. What do forest owners
think about the differences? First, we asked whether forest
owners were aware of the data registered in Shinrinbo for
their own forests (see Table 2). It was found that 17.9% of
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Table 2 Awareness of the Shinrinbo (person, %)

Answer-1 Answer-2 Person Percentage
I am aware of the Shinrinbo. My forests are correctly registered. 93 11.7
There are some errors. 29 3.7
I do not know. 477 60.2
I am not aware of the Shinrinbo. 1 am interested in the contents. 67 8.4
I am not interested in the contents. 75 9.5
No answer 52 6.6
Total 793 100.0

forest owners were not aware of Shinrinbo itself. Shinrinbo
is the most basic database of forest resources managed by
prefectural governments, and forest owners should be
aware of that. However, only 75.5% of forest owners were
aware of Shinrinbo, and 60.2% of forest owners only knew
of Shinrinbo by name, but did not know the contents of the
database.

Only 122 persons (15.49) understood the contents of
the database. The response “my forests are correctly regis-
tered” was selected by 11.7% of respondents, and the
response “there are some errors” was selected by 3.7%.
Although only 3.7% of all forest owners answered that
there are some errors in the database, this represented
23.8% of those forest owners who were aware of the
contents of Shinrinbo. This proportion is too large. It is
also worth noting that a considerable number of forest
owners who indicated that they are correctly registered did
not know the contents of the Shinrinbo in detail. The real
ratio of forest owners whose forests were incorrectly regis-
tered is clearly greater than the response rate would indi-
cate.

The errors that the forest owners identified in the
Shinrinbo were as follows : age (12 respondents) ; area (10
respondents) ; species (9 respondents) ; and other errors (1
respondent). In total, 19 respondents identified errors. The
data in Shinrinbo increases every year, and if a new planta-
tion was correctly registered in the planting year, the age in
the database should not differ from the real situation.
Likewise, the species of forest does not change until the
final cutting and so there should be few errors in this field
of the database. However, there is more likelihood of error
in area. The area of each holding in Japan is very small,
and each owner may have several small forests in different
locations. There were several owners who indicated the
area recorded for their forest in the database was wrong,
although this is difficult to evaluate. Generally in Japan,
the topography and configuration of forestland is compli-
cated, and the correct area of forestland is difficult to
calculate. As the area of given unit is very small and there
are many units in a forest area, survey costs are high
compared to the value of the forestland and in most forest
areas, surveys are not actually performed. Accordingly,
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almost all data on the area of forestland contains some
errors.

Other errors such as age or species are easy for most
forest owners to notice. Approximately one-quarter of
forest owners identified errors in these fields of the
database. As shown in Table 1, the Shinrinbo includes
many items, which fall into three categories, namely, un-
changeable data, for example, location ; data that change
with forest practices, for example, road conditions ;and
data that change annually, for example, volume. The items
in the first two categories can be revised if an initial survey
is correctly undertaken or data is correctly updated in
response to forest practices. However, it is difficult to
evaluate data that changes annually. For example, current
standing volume is not easily estimated by most forest
owners. In reality, there are many differences between the
volume recorded in the database and the actual standing
volume, but no forest owner indicated that the volume was
incorrect. In the Shinrinbo, standard simple yield tables are
used to automatically calculate the standing volume of
each stand. Thus, the value in the database is an estimate
only, not an actual measure. As the forest owner does not
know the actual standing volume, he can not detect errors
in the database. However, logging companies or
researchers on forest mensuration can identify differences.
Under these circumstances, the percentage of forest owners
whose forests are incorrectly recorded in the Shinrinbo is
estimated to be over 25%.

Forest owners were asked when they noticed that the
data recorded for their forest in the Shinrinbo was wrong.
One forest owner noted errors 40 years ago. Ten out of 15
respondents stated that the errors had been found in the
past ten years. However, only a few respondents indicated
the year in which errors were noted and it is therefore
difficult to interpret when most of the errors occurred. It is
possible that the differences between data in the Shinrinbo
and the real situation occurred recently. Forest owners who
found erroneous data in the Shinrinbo were asked whether
they contacted the administrator of the Shinrinbo. Only 4
forest owners had contacted the administrative office, and
17 forest owners had not. Twelve forest owners wanted to
correct the data, but 8 forest owners did not. The exact
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reasons that most forest owners who found errors remained
silent and why 40% of forest owner who found errors did
not want to correct the data were not clear, but it is
apparent that the existence of wrong data in the Shinrinbo
does not affect the forest owner in any way.

Cooperation with the forest information system and the
spread of personal computers

It was noted above that there are many discrepancies
between the data in the Shinrinbo and the actual situation,
but accurate forest information is necessary to properly
develop a regional forest management plan. Forest owners
were asked whether they were willing to supply the correct
data, such as age, species and area, to prefectural govern-
ments. The response is shown in Table 3. Only 18.4% of
forest owners indicated a willingness to cooperate with
such a forest information system. The other responses were
split between possible cooperation under certain conditions
and no interest. In this case, the data would be limited to
basic information such as age, species, and area of forest,
but nevertheless the percentage of respondents willing to
cooperate was less than 20%. Almost twice this number of
forest owners were not interested in cooperating. This
suggests that it would be difficult for an administrative
office to obtain data from forest owners if a forest informa-
tion system were started. It seemed that most forest owners
thought that preparing the correct forest information for
an administrative office would be similar to opening up
their property. However, only basic data such as age or

Table 3 Registration of forest information
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species was being considered, and given this, this willing-
ness of forest owners to cooperate was low.

Forest owners were also asked whether they would
cooperate with a forestry information system that required
the forest owner to register data on their forest (such as
age, species and area) with the local forest owners associa-
tions or regional forestry information center, and in return,
receive management information, for example, recom-
mended thinning periods. The responses are shown in
Table 3. The percentage of forest owners who would like to
register and obtain such information was only 10.8%,
almost half the percentage willing to provide correct data
to prefectural government directly. These results indicated
that it would be difficult for local forest owners associa-
tions to develop a new forestry information system.

To develop a new information system in the field,
access to a computer would be important. According the
questionnaire, 7.8% of forest owners have a personal
computer. The kind of software that forest owners are
using include (multiple answers, total responses from 58
persons) : word processor (26.9%), spreadsheet (22.4),
game (19.0%), education (19.0%), agriculture (10.3%),
communication (10.3%), forestry (1.7%) and other
(5.29%). A total of 20.7% of forest owners do not use their
computers. Six forest owners were using the communica-
tion functions of their computers, and their ages were as
follows : 50-59 years old (1 person), 60-69 years old (3
persons), and 70 years old and over (2 persons). Although
the number is currently very small, it is interesting that
some elderly forest owners are using the communication

(person, %)

Answer Person Percentage
Prefectural government*! I would like to cooperate with the forest information system. 146 18.4
I would like to cooperate with the forest information system depend- 295 3.2
ing on the contents.
I am not interested in the forest information system. 277 34.9
No answer 75 9.5
Total 793 100.0
Forest owners association*? I would like to register with the forest information system. 86 10.8
I would like to register with the forest information system depending 303 38.2
on the contents.
I am not interested in the forest information system. 344 43 .4
No answer 60 7.6
Total 793 100.0

Source: Matsushita (1997) p.73

*1Question was: It is said that there are many discrepancies between the actual forest situation and the data in the

Shinrinbo. Accurate forest information is necessary to correctly develop regional forest management plans. Would you

supply the correct data (age, species, areas and so on) about your own forests for the prefectural government?
*2Question was: How do you feel about registering the forest data (age, species, area and so on) with the local forest

owners association or "regibnal forestry information center” and obtaining management information, for example,

recommended thinning periods in return.
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Table 4 Forest owner with a forest management plan

Answer Person*3 Percentage** (%)
Planned (Individual) *! 75 10.6
Planned (Group)*? 71 10.0
Not planned 347 48.9
Unknown 272 38.3

Source: Matsushita (1997)

*'Forest management plan based on the individual unit.
**Forest management plan based on a grouped forest area over
than 30 ha owned by multiple forest owners.

*3Multiple answers.

**Percentage of persons answering this question (=710 persons).

function of personal computers.

Although only 7.8% of forest owners have a personal
computer, the ratio is expected to exceed 10% in the near
future. The total number of forest owners in the area was
19,504 in 1980 (Agriculture and Forestry Census ; minimum
holding of 0.1ha), so it is estimated that approximately
1,500 forest owners have personal computers. A forest
information system is available on personal computer in
the study area.

The ownership of personal computers is also increas-
ing among forest owners associations and logging com-
panies. In a 1991 survey, there was only one personal
computer among all the forest owners associations in the
study area (excluding the department of log marketing),
only four in the local forestry office of the prefectural
government, and only ten in the forestry section of the
municipal offices (total 18). The total number of personal
computers in the forestry and forest products processing
sector of the study area was 37 at the end of fiscal year
1991, and according to the regional forestry development
plan was expected to increase to 57 by fiscal year 1996.
Thus, the spread of computers within local government,
forest owners associations and processing companies is
much lower than among forest owners.

Private forest management plan and forest resource database

The forest planning system is part of the basic forest
policy of Japan. The forest planning system has several
tiers ; the national level (Basic Plan on Forest Resources,
Long-Term Perspective on Demand and Supply for Impor-
tant Forest Products, National Forest Plan), the prefec-
tural level (Regional Forest Plan), the municipal level
(Municipal Forest Plan), and the private forest owner’s
level (Forest Operation Plan ; hereafter, FOP). The FOP is
developed by the forest owner (Individual Forest Operation
Plan ; hereafter, IFOP) or a group of forest owners if the
total forest area is greater than a specified size (Grouped
Forest Operation Plan ;hereafter, GFOP). These forest
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plans are made cooperatively. The forest resource
database for private forests, Shinrinbo, is used by prefec-
tural governments to develop the Regional Forest Plan. In
this sense, the Shinrinbo is fundamental to the Japanese
forest planning system. Part of the Japanese forest
resource statistics is developed from the figures in the
forest planning system, so the data in Shinrinbo is very
important. In the study area, the total area of non-national
forest is 80,342ha, and the total area covered by FOP was
74,464ha at the end of the fiscal year 1994. Thus, the
percentage of forests covered by a FOP is 92.79, and
almost all the private forest in the study area is covered
under the forest planning system. The majority of the FOPs
for the area were GFOPs (92.99% and 85.3% in the area of
Ousumi and Kanoya agriculture and forestry offices,
respectively.

The questionnaire asked one question about the FOP :
“Have you made an FOP?” The response (Table 4) show
that only 10.6% forest owner had made an IFOP and only
10.0% a GFOP. These results do not correspond with the
forest plan statistics shown above. Thus, Accordingly, most
forest owners who answered “no plan” (48.99%) or “un-
known” (38.3%) have made a FOP, but they have forgot-
ten or do not know of the existence of their FOP. The
statistics for the IFOP, made by a single forest owner, were
similar in the questionnaire and the official statistics on
FOP. Thus, most forest owner who made an IFOP under-
stand the existence of the plan, but in the case of a GFOP,
most forest owners do not even know there is a plan.

A FOP has to be renewed every five years. In the case
of an IFOP, the forest owner himself has to update the
contents and file the specific application. In the case of a
GFOP, the local forest owners association generally makes
the plan for all forest owners who have forests in the
planned area. Thus, the forest owner’s involvement with
the plan is much lower than in an IFOP. GFOP also have to
be renewed every five years, but in most cases, the local
forest owners association handles most of the procedures
for renewal, further reducing the involvement of the forest



60

owner and thus their memory of the plan. This is not a
problem if the contents of the FOP are renewed correctly,
but nevertheless the forest owner should be aware of the
existence of the plan. However, in most cases, the forest
owner not only has limited awareness of the FOP, but the
contents of the FOP are unreliable.

DISCUSSION

Reasons for the low cooperation of forest owners with the
forestry information system

The results of the questionnaire showed that forest
owners’ cooperation with the development of a forest
resource database or forestry information system is lim-
ited. Why are forest owners not willing to cooperate with
the information system using the Shinrinbo? The following
three major factors were noted. (1) Forest owners do not
want to provide the data. (2) Forest owners do not oppose
providing forest data but they believe there are problems
with the place that is to receive the data, for example, the
prefectural government or local forest owners association.
(3) Forest owners are not interested in an information
program if the contents are not clear to them.

Firstly, the second reason is considered. To whom are
forest owners willing to provide forest resource data
(assuming they are willing to provide the data)? According
to the results of the survey, forest owners believes that the
preferred place to manage forest resource data (age,
species, area and so on) is the local forest owners associa-
tion (70.29%), the municipal offices (9.5%), the prefectural
forest owners association (3.4%), the Forestry Agency
(2.5%), the local agriculture and forestry office of the
prefectural government (2.0%), the prefectural govern-
ment (1.09), the district forestry office of the Forestry
Agency (0.6%) and regional forestry office of the Forestry
Agency (0.1%). Obviously, the local forest owners associa-

tion was the preferred organization. Currently, the Shinrin-

bo is managed by the prefectural government, located at
the prefectural seat. Only 3.09% of forest owners preferred
the local agricultural and forestry offices or headquarters
of the prefectural government. This suggests that the rela-
tionship between the forestry department of the prefectural
government and forest owners is not well developed.
Although municipal offices have almost no role in manag-
ing the Shinrinbo under the current system, it was the
second most preferred place. It seems that forest owners
want the database to be managed closer to where they live.
Municipal offices are more accessible and can protect the
forest owners’ privacy. Under current forest resource and
forestry policies, the roles of prefectural government and
local forest owners associations receive considerable atten-
tion, but municipal offices generally have no specific role
or budget for forestry. If the management of the forest
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resource database moved from the prefectural government
to municipal offices or local forest owners associations, the
forest owners may still not be willing to cooperate, and if
they did not, the municipal office or local forest owners
association do not have the authority to compel them to
cooperate.

The third factor contributing to the limited coopera-
tion by forest owners to develop a database was also
important. This questionnaire did not specifically propose
a new information system or changes to the policy pro-
grams in the study area. After the 1991 amendment of the
Forest Law, units for forest planning were redefined, prin-
cipally on the basis of major river systems. Local forestry
activation centers opened and developed basic plans to
activate local forestry, including developing forest resource
and forestry information systems. However, in most areas,
there is no defined plan to develop an information system
beyond purchasing computers. Thus, forest owners have
little exposure to a local forest information system. The
prefectural government manages the current database,
Shinrinbo, with little input from the forest owners, and
most forest owners do not understand the system itself or
its contents. Thus, an extension program is urgently needed
to promote the value of an information system for forestry.
Table 3 showed that a high percentage of forest owners
would cooperate with a forest information system depend-
ing on its contents. Some of these respondents did not
understand the system. For example, some forest owners
may believe that he has to investigate his forest resources
in detail to register his forest with a new information
system, or that he has to go to the prefectural government
office for registration.

The greatest difficulty facing the development of a
forest information system is forest owners who do not want
to provide data. This relates to the ownership of the forests
and the general perception that a private forest owner has
no obligation to reveal the contents of his property. This
must be considered in the context of the broader forest
management policies, and especially the relationship
between FOPs and the forest resource data. FOPs include
forest resource data such as age, species and area. If the
FOP was developed using an accompanying forest inven-
tory, the data in the Shinrinbo should be correct because
the FOP is renewed every 5 years. The incentive for forest
owners to make a FOP is to make them eligible for the
benefits available from the government under the Forest
Law. Developing a FOP includes sending correct forest
data to the local government. Most forest owners have
forgotten the subsidy program for forest resources, forestry
and wood related industries. Subsidies are available to
allow the private forest sector to manage their forest
correctly despite the low price of forest products compared
to labor costs and to enable forest owners to provide the
non-timber values of forests that are not recognized in the
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market system. The argument for subsidies is well under-
stood by the public, and a vanity of subsidies has been
introduced to the forestry sector since World War II. Thus,
private forests have not been maintained solely by the
forest owner, and therefore the owners have an obligation
to reveal basic forest data such as species and age.

Participation of forest owners in the forest planning system

Most forest owners do not know that their forests are
registered in a database, and some forest owners are aware
that incorrect data are listed for their forests but remain
silent about the errors. Under the current system, there is
no severe disruption of the system even if the forest owner
does not participate. This has resulted in inadequate parti-
cipation of forest owners in the planning system. Recently,
the non-timber value of forest resources has risen, and the
possibility of participation by the general public has also
been discussed (e.g. Kononira (1996) and Sarro (1997)).
Public participation is required if the traditional forest plan
that is limited to timber production is to be expanded to
include other values in the future. Generally, these argu-
ments assume that the participation of the forest owner has
already been achieved for at least timber management.
However, the results of this study show that the participa-
tion of forest owners in forest planning is limited.

There are several problems in the forest inventory
process that contributes to the development of the regional
forest plan. The Japanese forest planning system has sev-
eral components. The most basic plan that provides an
inventory of non-national forests is the Regional Forest
Plan and the FOP. Both plans are revised every five years.
If accurate forest inventory data is provided at the time
these plans are renewed, the discrepancies in the database
should decrease. Usually, however, the figures in renewed
plans are automatically revised from the data of the previ-
ous plan without an actual forest inventory. Thus, in the
current system, timber volumes are estimated from the
species and age of the stand with no regard to the real
situation.

Without conducting an inventory, the following prob-
lems can arise during renewal. (1) The species of forest,
information which forest owners can easily see incorrect,
can be wrong. Generally, when a new plantation is estab-
lished, the forest owner receives a subsidy from the
Japanese Government. To receive this, he has to report the
planting activities to the department of forestry of the
prefectural government. Thus, differences between the real
situation and the database do not often arise at this point.
The differences arise when forest owners cut their trees
without permission or reporting. As shown in MATSUSHITA
(1996a), the main problem is that there is a large propor-
tion of cutting activities that are not reported. In most
areas, greater than 509 of cutting activities are not report-
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ed. Reporting tends not to occur if there is potential for
natural regeneration (e.g. in broad-leaved trees) or if the
cutting area is small or selective cutting was used. (2) The
volume listed in the database does not always approximate
the real situation. The stand volume in the database is
estimated automatically from the recorded species, age and
site-class using the yield table in the computer. Even if the
yield table is correct, the volume will not be correct if the
site-class of the forest stand has not been correctly evaluat-
ed. In Kagoshima Prefecture, all forests in a sub-compart-
ment are given the same site-class designation for conve-
nience (YosHipa, 1997). This can clearly cause errors in the
database. In addition, the yield tables used by most Prefec-
tural Governments were calculated in the 1950s and 1960s.
In Kagoshima Prefecture, it is not clear when and how the
yield tables were estimated, but the yield tables have been
used by the prefecture since before 1970 (Yosuia, 1997).
Thus, the yield tables themselves may also be incorrect or
inappropriate.

It is clear that neither the forest owner nor the for-
estry department of prefectural government has an ade-
quate understanding of forest inventory and nobody knows
the true status of the forests. Both forest owners and forest
technicians must know that the figures in the database are
inaccurate because they are calculated automatically and
not checked by surveys. This removes forest owners from
any involvement in the construction of the forest resource
database. If the forest owner is dependent on income from
his forest, he must do his own inventories. However, most
forest owners cannot complete a forest inventory over a
wide area on their own, and they depend on the public
sector. In Kamiyahagi, Gifu Prefecture, the municipal
office and regional forest owners association cooperated
between 1977 and 1978 to improve the accuracy of the
Shinrinbo (Ito et al., 1983). The prefectural government
first sorted the database by forest owner and combined the
new database with the plan of forestry activities (cutting,
planting and thinning) to create a Forest Management
Register. This register was made available to the 900 forest
owners of the town, and was checked by completing an
inventory and confirming each owner’s planned activities
over the next five years. The resulting Forest Management
Register was distributed to each forest owner, and each
began to use the accurate forest database. This contrasts
with the situation in the present study in which most forest
owners do not know how their forests are listed in the
official database. The Register in Kamiyahagi was an
effective use of the subsidy for promotion of regional
forestry. The Shinrinbo is the most basic database for both
timber production and management of non-timber values.
Only about 109 of forest owners develop an IFOP, as most
forest owner’s holdings are too small for an effective IFOP.
Stumpage prices have been decreasing in Japan and as a
result, most forest owners do not expect as high an eco-
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nomic return as they received previously. In this situation,
it is difficult to expect participation by forest owners in
forest inventory. Therefore, cooperation of the public sec-
tor (e.g. municipal offices and forest owners associations)
is important.

Kumazaki (1997) proposed a cooperative national
forest inventory to be done by the Forestry Agency, Envi-
ronment Agency, prefectural governments, municipal
offices, and volunteer citizens. If forest owners abandon
forest inventory, such a national forest inventory will be
essential, what are the implications of doing inventories
without the participation of the forest owner? This pro-
posal seems to place a low value on the contribution of
forest owner, but without it, there will clearly be problems,
as shown in the study. The cooperation of forest owners is
thus very important. The first step in attracting the partici-
pation of private forest owners in the forest planning
process seems to be to involve them in data collection.

CONCLUSION

Since the Shinrinbo has many problems, it is not
greatly utilized, improvement of the Shinrinbo must be
accompanied by improved utilization. Generally, the cur-
rent forest statistics system in Japan was developed in the
latter half of 1940’s and has remained almost unchanged
since (MaNaGeMenT and CoorbiNaTION AGENCY, 1995). The
Shinrinbo system was created for use by the prefectural
government and Forestry Agency. Their main purposes
have been to obtain basic data to develop forest plans and
to report regional or national forest resource statistics over
a long time. The Shinrinbo has been used for this despite
the discrepancies in the data. The potential uses of the
Shinrinbo have changed, because there are now greater
expectations on how forests are managed with more public
interest in non-timber values. There is a general lack of
statistics on environmental resources in Japan and the
forest resource database must be improved and expanded
to satisfy users with environmental interests. Use of the
Shinrinbo has traditionally been limited to administrative
functions within the prefectural and national forestry
departments. Discrepancies in the data will become an even
greater problem when use of the database expands beyond
these areas. Therefore, a number of policy changes are
required to reorganize the Shinrinbo and improve its util-
ity.

First, the contents of the current database have to be
distributed to all forest owners with a questionnaire which
would allow discrepancies in the data to be identified. This
would allow forest owners be become familiar with both
the system and the contents of the database. After distribut-
ing the questionnaire, a forest inventory would be required
to check the data. This should be done by the department
of forestry of prefectural governments and local forest
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owners association in cooperation with the forest owners.
Retired foresters, foresters from the National Forests,
foresters from public forests (prefectural forests and
municipal forests), foresters from university forests, as
well as teachers and students from the department of
forestry at universities could participate. Any other people
interested in forest inventory would also be welcome to
participate. A national inventory would be ideal, but the
cost would be high. As a minimum, surveys should be
conducted within each forest planning area, and they could
be conducted over several years. Some kind of subsidy may
be required to facilitate these surveys.

There are also problems, related to the forest plan-
ning system under the current Forest Law. Currently the
forest inventory described above must be updated when the
FOP is revised every five years. The total area covered by
a FOP has been increasing, but the accuracy of the
database has been deteriorating. The method of renewing
this five-year plan must be reviewed. Why do prefectural
governments authorize plans that are not based on a sur-
vey? As it would be difficult for both forest owners and the
forest administration to repeatedly perform a forest inven-
tory every year or even periodically, an initial survey and
periodic partial review should be done. Most forest owners
make a FOP, and this system has to be improved, particu-
larly for GFOPs, but most owners are not aware of the FOP
renewal procedure. The connection between Shinrinbo and
the FOP for forest planning must also be considered. Konpo
(1993) noted the important role of the “Forest Resources
Conditions and Cutting & Planting Plan” that is included in
the FOP. In Kondo’s study, the data was not linked to the
master file on forest resources, which was closely linked to
the Shinrinbo. In this study area in Kagoshima Prefecture,
records in the Shinrinbo have occasionally been corrected
using data from FOPs in the local forest owners associa-
tion. However, the number of cases is very limited, and
such links are now exceptional. Statistical and administra-
tion systems must share information, but the access to
information must give consideration to the protection of
privacy.

A policy must also be developed to cope with forest
owners who are indifferent to their forests or who do not
live in the village where their forest is located. Those
owners interested in forest management, expecting income
from forestry or with a connection to their forest will
probably be involved in the forest inventory and will con-
tribute to improving the forest planning system. However,
if the forest owner is not interested in his forest, the forest
administration sector must still obtain the correct data
about his forest. The recent increase in local forest owners
associations managing forests is expected to continue
(MAaTsusHITA, 1998) . As the number of forest owners who do
not know even the location of their forests increases. Thus,
some kind of consulting system will also need to be
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introduced.

The utilization of Shinrinbo must also be promoted.
The current database contains many errors and its use is
limited. Improvement of contents and increasing its use
should be done together. The current policy for promoting
forestry recommends introducing local forest information
systems. Similar data as that in the Shinrinbo will be
required in local systems, and it would be logical to link the
two systems. Greater use of the Shinrinbo for research
would also improve its accuracy. If there is to be greater
use of the Shinrinbo, new systems of protecting privacy
will need to be developed. These may include limiting
access to the data to specific levels, such as 109 or 20%, or
to specific types of data, such as time-series-data (when to
cut, when to plant, and so on) which can be used for
economic analysis.
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A Practical Model for the Time-trajectory of Mean Phytomass
and Density in the Development of Even-aged Pure Stands

Akio Hagihara*

ABSTRACT

Even if a stand starts with an initial density far below the full density, mortality occurs in accordance with an
increase in biomass as the stand develops. Eventually, the time-trajectory of biomass and density asymptotically
approaches a straight line on logarithmic coordinates. The features of the time-trajectory of biomass and density
were translated into a mathematical formula, which was in turn transformed into a model for describing the time
~trajectory of mean phytomass and density. The usefulness of the models was verified in describing the time-
trajectory of biomass (or mean phytomass) and density throughout the development of eastern white pine (Pinus
strobus) stands. Another model for describing the time-trajectory of mean phytomass and biomass was derived
by eliminating density from the mathematical formula. The applicability of the derived model was also examined

for the eastern white pine stands.

Keyword : mean phytomass, mortality, density, the 3/2 power law of self-thinning, time-trajectory

INTRODUCTION

Self-thinning, or successive decreases in density due
to competitive interactions among individuals in a stand, is
considered one of the most important plant demographic
processes. Although there have been significant advances
in developing mathematical or simulation models for de-
scribing this remarkable phenomenon (Hozumr 1973, 1977,
1980, 1983, FirBank and WaTkiNsoN 1985, Narro 1992, Hacr-
HARA 1996b), in practice it is not easy to manipulate these
models. Therefore, simple and practical models are needed
(Hacinara 1995b, Suisuya 1995)

If we follow the time course of self-thinning of a
stand, we can draw a trajectory for biomass and density on
logarithmic coordinates. The time - trajectory shifts
through the following three phases as the stand develops
(Perry 1994): in phase 1, plants increase in phytomass with
no corresponding decrease in density; in phase 2, density-
dependent mortality begins and phytomass increments in
plants are accompanied by a decrement in density; in phase
3, the relationship between increasing biomass and decreas-
ing density becomes linear on the log-log scale, i.e. the
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kyus, Nishihara, Okinawa, 903-0213, Japan
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growth of plants is governed by the 3/2 power law of self
-thinning (Yoba et al. 1963), also known as the self-thin-
ning rule.

In this paper, the features of the time-trajectory of
biomass and density are firstly translated into a mathemat-
ical formula, which is in turn transformed into a model for
describing the time-trajectory of mean phytomass and
density. It is then verified that these models mimic the time
-trajectory of biomass (or mean phytomass) and density
throughout the development of eastern white pine (Pinus
strobus) stands as recorded by Spurr et al. (1956). Finally,
another time-trajectory of mean phytomass and biomass is
formulated by eliminating density from the mathematical
formula, and the applicability of the formulation is also
examined in relation to the eastern white pine stands.

EXISTING MODELS FOR THE TIME-TRAJECTORY OF MEAN
PHYTOMASS AND DENSITY

Yopa et al. (1963) found that once a stand had rea-
ched full density, mortality occurred in such a way that

w=Kp°® )
where w is the mean phytomass per plant, o is the density,
t.e. the number of plants per unit area, K is a constant
which varies from species to species and @ has been widely
reported to take the value of approximately 3/2 for a wide
range of species (e.g. Wuite 1980, WestoBy 1984, ZEDE
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1987). Such a stand is said to be following the 3/2 power
law of self-thinning (Yopa et al. 1963), or alternatively, the
self-thinning rule.

In consideration of the following definition, i.e.

Y,

W= (2)
where vy is the biomass per unit area, equation (1) can be
rewritten in the form:

y:Kp*(afl) (3)

It should be noted that equations (1) and (3) are mathemat-
ically equivalent, but they are not statistically equivalent
(WesToBY 1984, WELLER 1987, NikLas 1994).

Even if a stand starts with an initial density far below
the full density, mortality occurs in accordance with
increases in phytomass (e.g. Tapaki and Sumer 1959, ANDO
1962, Kays and Harper 1974, Drew and FLEWELLING 1977,
Tapaki et al. 1979, Wurte 1981, Osawa and Sucita 1989,
THORANISORN ¢! al. 1990, Tapaki 1995, XuE et al. 1997a).
Tapakr (1963) proposed a model for describing the time-
trajectory of mean phytomass w and density o in stands
which are still below full density:

%Zaw+b (4)

where a and b are coefficients.

Equation (1) cannot describe the time-trajectory of
mean phytomass and density in a stand below the full
density, whereas equation (4) cannot describe the time-
trajectory in a stand with full density (Hozumi 1973, 1977).

To overcome the weak points of equations (1) and
(4), SmiBuya (1995) proposed an empirical model for the
time-trajectory of mean phytomass and density by repar-
ameterizing the power term of density in equation (4),
which is a special case of a general time-trajectory model
proposed by Narto (1992). SuiBuya (1995) examined the fit
of his model to the published data of seven species, i.e.
Chamaecyparis obtusa (Taxeucur 1980), Abies sachalinensis
(Hokkamo PrerecTuraL Forest OFricE 1982), Pinus strobus
(Spurr et al. 1957), pine and spruce (Kuimi 1957), P. taeda
(PeeT and CHrisTENSEN 1980) and Picea mariana (CARLETON
and WanNaMAKER 1987). As a result, he concluded that his
model was suitable and applicable to the time*tréjectory of
mean phytomass and density.

A NEW MODEL FOR THE TIME-TRAJECTORY OF
MEAN PHYTOMASS AND DENSITY

Let us now consider a stand starting with an initial
density far below the full density. If we follow the time
course of self-thinning of the stand, we can draw a trajec-
tory for biomass and density on logarithmic coordinates.
The time-trajectory of biomass and density is character-
ized by the following three phases (Perry 1994). During the
early stage of stand development, competition among
plants is not severe enough to cause mortality, and biomass
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increases with no corresponding decrease in stand density.
In this stage, the time-trajectory parallels the y-axis of the
log-log scale (phase 1). Eventually, the stand reaches a
stage of crowding, where increases in the phytomass of
individual plants cannot occur unless some plants die. At
this stage, the time-trajectory begins to curve left, denoting
a reduction in density (phase 2). Following its initial
bending to the left, the time-trajectory asymptotically
approaches and then follows quite closely along a straight
line, as increases in the phytomass of individual plants are
matched by the decrease in density (phase 3).

These trends of the time-trajectory of biomass y and
density o can be translated into type II of the size-depen-
dence (S-D) curve proposed by Haciara (1995a):

1 1 a-1
y~K<?*E) (5)
where oo is a constant related to the initial density. As
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Fig.1 Time-trajectory of biomass (stand stem
volume) y and density p in the eastern
white pine stands examined by SpPurr et
al. (1957). Unit: 1 acre=4047m% 1ft*=
28.32dm®. The curves are given by equa-
tion (5)

@®: v=211571p "*(1—p/4840) "*(»*=0.993)
©: y=183116p""2(1—p/2043) "*(r*=0.956)
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shown in Fig.1, the fit of equation (5) to the data of
biomass (stand stem volume) y against density p obtained
by Spurr et al. (1957) in eastern white pine (Pinus strobus)
stands is good.

Given equation (2), equation (5) can be transformed
into an equation describing the time-trajectory of mean
phytomass w and density p:

o o gi a—1
w=Kp (1 p0> (6)

As shown in Fig. 2, equation (6) successfully mimics the
time-trajectories of mean phytomass (stem volume) w and
density p throughout the development of the eastern white
pine stands. This provides some evidence that equation (6)
can be a suitable and practical model for describing the
time-trajectory of mean phytomass and density in the
development of even-aged pure stands. ZuE ef al. (1997b)
also confirmed that equation (6) fits extremely well to data
collected from Prince Rupprecht’s larch (Larix principis-

10 —— T ———— e

T

._.
<
I
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Fig.2 Time-trajectory of mean phytomass
(stem volume) w and density p in the
eastern white pine stands. For units, see
Fig. 1. The curves are given by equation
(6)

@: w=211571p **(1— p/4840) '*
©: w=183116p"**(1—p/2043)'*
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rupprechtii) stands.

Suivozakr and Kira (1956) theoretically derived the
reciprocal equation of the competition-density (C-D)
effect in nonself-thinning populations as follows:

1_
W—ApC+B (7)

where p. is the initial density and remains constant
throughout experiments, and A and B are coefficients
specific to a growth stage. Recently, HaciHara (1996a)
showed that the following reciprocal equation of the C-D
effect is valid in self-thinning populations:

%:Atp‘*‘B (8)

where p is the density of survivors, and the coefficient A,
does not coincide with the coefficient A in equation (7),
though the coefficient B is common in both equations (7)
and (8). Equation (8) is just the same in form, but is quite
different in mathematical interpretation from equation (7).

On the assumption that both equations (1) and (8)
hold, Haciara (1996b) concluded that the time-trajectory
of mean phytomass w and density o of a given self-thinning
population starting with initial density o) can be described
with the following equation:

Ko<(1-2)"
— # ©o (L:L_L> (9)
1+-£8 P_'*_ﬂ_n*)‘(%“‘“) AN

Oo\ O Qo

where of is the initial density of pf-population (Hozumi
1980), which follows the 3/2 power law of self-thinning
from the initial growth stage, and x stands for the relative
mortality after a sufficient lapse of time. When the value of
# is in the vicinity of zero, equation (9) can be approximat-
ed by equation (6). As a result, equation (6) is regarded as
a special case of equation (9).

DISCUSSION

The time-trajectories of biomass y and density o (see
Fig. 1) and of mean phytomass w and density p (see Fig. 2)
are respectively the projections of the time-trajectory in
the three dimensional space created by biomass, mean
phytomass and density on the two dimensional spaces
created by biomass and density and by mean phytomass
and density. There is another biologically meaningful time
-trajectory, which is the projection of the time-trajectory
in the three dimensional space on the two dimensional
space created by mean phytomass and biomass. Hozumi
(1973) called the time-trajectory of mean phytomass w and
biomass y the y-w diagram.

Eliminating density p from equation (5) on the basis
of equation (2) gives an equation describing the time-tra-
jectory of biomass y and mean phytomass w:
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Fig.3 Time-trajectory of mean phytomass (stem
volume) w and biomass (stand stem volume) y
in the eastern white pine stands. For units, see
Fig. 1. The curves are given by equation (10)
@®: w=y/4840+y*/211571*
©: w=1y/2043+ y*/183116*

a

ya-1

W:E—i— Kﬁ (10)
As y becomes smaller, equation (10) reduces to
=Y
w=_ (11)

Equation (11) describes the time-trajectory of biomass y
and density p in the early growth stage, where plants
increase in phytomass with no corresponding decrease in
density. On the other hand, as y becomes larger, equation
(10) reduces to

a

— 12)
Ka-1

Equation (12) describes the time-trajectory of biomass y
and density p in the growth stage after a sufficient lapse of
time, where increases in the phytomass of individual plants
are matched by a decrease in density, z.e. this stage is
governed by the 3/2 power law of self-thinning (Yoba et al.
1963).

As shown in Fig. 3, equation (10), whose coefficients
have the same values as in equation (5) or equation (6),
accurately describes the time-trajectory of biomass (stand
stem volume) y and mean phytomass (stem volume) w
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throughout the development of the eastern white pine
stands. In the early growth stage, the mean phytomass w
increases in proportion to the biomass y (¢f. equation
(11)), whereas in the later growth stage the mean
phytomass w increases in proportion to the 3rd power of
the biomass y (¢f. equation (12)).
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