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1 Introduction
The impact of institutions and organisations on
economic efficiency is of primary interest in eco-
nomics and management sciences. Issues asso-
ciated with institutions and organisations have
received greater attention in recent years partic-
ularly because of economic transitions in the
former Eastern European countries and China.
Privatisation of forest tenure is becoming an im-
portant theme not only in developing countries
and countries in transition, but also in the de-
veloped world (Bass and Hearne 1997, Landell-
Mills and Ford 1999, Fisher 1999 and Grebner
and Amacher 2000). However, empirical quan-
titative and even qualitative studies are still very
few.

This study uses the economic reforms in
China’s state-owned forestry to empirically test
the impacts of different economic regimes on
the efficiency of silvicultural activities.2 Since

the mid-1980s, the state-owned forestry bureaux
(SOFBs) in China have been carrying out vari-
ous reforms in institutions and organisations. The
old economic regime represented a more cen-
tralised and planned economy, while the new one
is becoming more a decentralised and market-
oriented one. (Of course, the current mode is
clearly still not a market economy. In principle,
it is only a transition period and the old legacy
of the planned economy still greatly remains).

The impacts of the economic reforms in the
SOFBs are still controversial. On the one hand,
the general state of the economy of most SOF-
Bs seems little better off, perhaps even worse
after two decades of persistent reforms. On the
other hand, there is some evidence of improve-
ment in forest management. It is difficult to form
a clear judgement because different bureaux and
periods cannot be compared. As we know, the
economy in SOFBs, like the mining industry to
some extent, greatly depends on internal envi-
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ronments, such as the endowment of resources,
and external environments, such as timber price,
market competition, and government policies.
In addition, it is still too early to draw a clear
conclusion on a decade-long experiment because
both time and costs are needed for the transition
from a planned economy to a market-oriented
one.

When comparing the efficiency of the two
economic regimes, a good indicator could be the
change in efficiency of silvicultural activities.
We choose areas successfully planted and tend-
ed as the outputs rather than using the growth of
forests, which is much more difficult to meas-
ure and is greatly dependent on the state and
location of the forests (e.g., age and species, soil
and climate). Total expense is used as the input.
We hypothesise that the adoption of economic
reforms has affected efficiency. The purpose of
this study is to test this hypothesis, measure
quantitative impacts and find at least some qual-
itative explanations.

2 Economic Reforms in Silviculture
of SOFBs

Silvicultural activities, even after separation
from the logging section3, used to be conducted
by big forest farms or the whole bureau as one
unit under soft budgets. The economic reforms
have divided the old forest farms (or units) into
smaller silvicultural units, which are either
smaller forest farms, groups of households or
just individual households. Based on previous
experiments, the total costs of forest manage-
ment are calculated and used as standards in con-
tracting silvicultural activities.

According to Hong et al. (1992), small group
and household contracting in silviculture was
first introduced in the Taoshan Forestry Bureau
in 1983. At first, the contracting time was short
and the jobs were small. According to Tan and
Zhao (1996), the current contracting period is
10 years in the Mulin Forestry Bureau in Hei-
longjiang Province, but the cost is adjusted eve-
ry year. The experiment in Mulin covers eight

forest farms and involves 428 households. Each
farm and household is quite independent in their
management, but technically they still must fol-
low the plan made by the SOFBs.

There are several kinds of contracting sys-
tems. The simplest one to use is piece-salary:
payment is based on the amount of work accom-
plished, for example, the number of trees plant-
ed, rather than the time involved. This in fact is
a kind of privatisation of labour, although gen-
eral planning, materials and machinery are still
provided by the forest farms. Another similar
system is to assign a certain amount of work to
a small team or individuals; the contractors are
responsible for their own time management.

Gross cost component contracting is a fur-
ther step in the process. The contractors are re-
sponsible for organising labour and materials,
site preparation, planting and tending for the first
few years. The cost savings belong to the con-
tractors. Total budget contracting is also widely
applied to administrative spending, including
public security, procuratorial, judicial and leg-
islative units (keep in mind that the SOFBs are
still local governments to some degree).

Another different system is designed to part-
ly transfer state-owned property rights to inter-
nal employees (often called employee buy out).
In this case, the individuals and the SOFBs share
the potential profits and risks. This system has
already been widely implemented in the state-
owned enterprises outside the forestry sector in
China. In the SOFBs, it has still been limited to
some small sawmills and wood processing units
and has proved very successful in most cases
(Guo et al., 1995). Its success has also promot-
ed its popularity in silviculture. As an example,
the Qingshan Forest Farm (in the Weihe Forest-
ry Bureau), a share-holding farm, was estab-
lished with a total share fund of 140,000 Yuan.
Of the total share, a share of 80, 000 is owned
by the internal farm staff. This system may help
internal monitoring, reduce monitoring costs and
labour shirking. After two years of operations
the output value of the farm was reported to be
350,000 Yuan, with a profit of 50,000 Yuan (Xu
and Guo, 1996).

3 Silviculture in SOFBs used to be vertically integrated with logging as well as wood-processing in forest
management. The first most distinguishable reform has been the division between silviculture, logging and wood
processing. It was first conducted as an experiment in some SOFBs, and then was extended to others.
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A further step in reform has been carried out
by either renting-out or transferring land use
rights. However, the land is usually limited to
internal employees, while forest resources are
still limited to internal buyers, and the prices are
not completely determined by the market. This
is similar to the reform in agriculture. It has
proved successful for small firms, like small saw-
mills and wood processing firms, machinery re-
pair shops and some service units (Guo et al.,
1995), but the system has only been adopted in
a few cases in silviculture. There are other new,
continuing experiments, but they are limited to
wasteland afforestation. The most common ap-
proach is to auction land use rights to groups of
households or individuals. The SOFBs charge
land rent while the contractors are able to use
the lands subject to constraints.4 Usually a de-
posit for the land rent is required, so if the con-
tractors are unable to meet the requirement of
the agreement, the land use right is revoked and
the deposit is not returned.

Regardless of what kind of specific reform
is chosen, the intention is to link efforts and re-
wards, and create incentives. This study exam-
ines whether the new approaches, generally
termed as household responsibility system
(HRS) in agriculture, are more effective than the
old regimes as instruments for promoting silvi-
culture.

3 Empirical Method of Analysis
This study focuses on changes in technical effi-
ciency during the transition from the old eco-
nomic regime to the current one. Measuring
efficiency in principle is to compare the inputs
and outputs. Since the outputs and inputs have
no market prices, we have an aggregation prob-
lem. Data Envelopment Analysis (DEA), origi-
nally developed by Farrell (1957), is a solution
to this problem. DEA uses technical efficiency,
i.e., the actual outputs in respect to actual in-
puts. DEA has become popular in analysing the
efficiency of the organisations of the public sec-
tor because it does not require that the inputs
and outputs have market value. In forestry, a

Figure 1. Measuring efficiency based on
production frontier.
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Figure 2. Measuring efficiency based on
isocost.

Figure 3.  Efficiency based on DEA.

4 During recent years a growing number of SOFBs have been unable to pay salaries. Some arable land is
allocated as payment for salary, pension for the retired staff and compensation for workers who have been dis-
missed. It is called “salary land”, “pension land” and “employment land”, respectively. In Heilongjiang Province
alone the three kinds of land, “salary land”, “pension land” and “employment land”, respectively, amounted to
4,500 ha, 2,100 ha and 1,850 ha (CAFLU 1997).
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small number of studies, e.g., Kao and Yang
(1991, 1992), Kao et al. (1993) and Viitala and
Hanninen (1998), have been carried out using
the DEA approach.

Since Shephard (1953), production frontier
and distance functions have been widely used
to measure efficiency. The method can be illus-
trated in Figure 1. Every point in the figure is
named as one decision-making unit (DMU). In
this study, each forestry bureau is treated as one
DMU. All DMUs along the frontier are assumed
to be efficient. The relative distance to frontier,
by either horizontal or vertical dimension, is used
as a measurement of the efficiency; e.g., for
DMU B in Figure 1, the relative efficiency is y’/
y’’ if we use output-oriented model; or x’/x’’ if
we use input-oriented model.

An iso-cost curve can be used as a produc-
tion frontier for multiple-outputs and single-in-
put cases (see Figure 2). The relative efficiency
of DMU B is the ratio of OB’ to OB, meaning
that if DMU B is managed with efficiency (re-
ferring to the frontier), a share of cost BB’/B’O
should be saved. Similarly, an isoquant can be
used as the production frontier.

Charnes et al. (1978) extended and general-
ised the single-output/input ratio for a DMU in
terms of rational linear-programming formula-
tions that transform the multiple output/input
characterisation of each DMU into a single “vir-
tual” output, e.g., a weighted sum of outputs,
and “virtual” inputs, e.g., a weighted sum of in-
puts. Therefore, a relative efficiency can be ob-
tained from the ratio of the weighted sums. The
contribution of DEA is an approach to formu-
lating the production frontier surface, i.e., a
piecewise, empirical, external production sur-
face.

Mathematically, the efficiency of the DMU
under examination is obtained by maximising
the ratio of the weighted outputs to the weight-
ed inputs, on condition that the similar ratios
for every DMU are less than or equal to 1. A
graphical explanation of the calculation of effi-
ciency is illustrated in Figure 3.

Referring to Figure 3, the frontier (efficien-
cy) is different for the assumption of constant
returns to scale (CRS) and variable returns to
scale (VRS). The efficiency of VRS is often de-
composed into “pure technical efficiency” and
“scale efficiency”. The scale efficiency is the ra-

tio of CRS to VRS efficiency scores, i.e. the ra-
tio of x’/x’’. Both the CRS model, sometimes
termed as the CCR model for Charnes, Cooper
and Rhodes (1978), and the VRS model, some-
times termed as the BCC model for Banker,
Charnes and Cooper (1984), can be either input
or output-oriented.

Based on the characteristics of our study,
minimisation of input for given outputs (input-
orientation) was used in our analysis to test the
efficiency of cost savings in the economic tran-
sition period. Each forestry bureau was one
DMU. We analysed the difference across time
as well as across units. However, the shift across
time was of our primary interest.

4 Data
We chose Heilongjiang Province, the most im-
portant province for state-owned forests, as our
case study. Silvicultural activities by areas of af-
forestation, reforestation and junior-forest tend-
ing are recorded in the annual statistical reports
of the Heilongjiang Forestry General Bureau.
The data sources for this study are mainly from
HPFGB (1985-1987, and 1995-1997). These
three activities are identified as major silvicul-
tural outputs. Other activities, such as roads and
facilities for silviculture purposes are not includ-
ed. The nursery establishment and seedlings ac-
tivities may fluctuate greatly from year to year,
but should be proportional to the forest planta-
tion area in the long term. Hence, they are also
excluded in the outputs.

However, on the basis of our data sources, it
is very difficult to identify the individual costs
associated with each activity. We were usually
able to obtain only the total amount of expenses
in silviculture. Some protection costs for pre-
venting disease and animal damage are embod-
ied in those costs. Administrative costs
associated with silviculture cannot be separate-
ly categorised, and even the total administrative
costs for silviculture are only available for 1986.
The expenses on silvicultural infrastructure are
often separated in the documentation. Because
this cost is not directly related to silviculture, it
is deducted from the total silvicultural invest-
ment. Afforestation and reforestation are not lim-
ited by land area in the mid-1980s and the
mid-1990s since almost all forestry bureaux still
had some land available for plantation. There-
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fore, we have not treated land area (or bare land
and logged-over land) as an input variable. La-
bour input in silviculture is available for some
years and for some forestry bureaux prior to the
1990s. Since then, it has been impossible to
know the labour input in silviculture because
most of the work has been contracted out to in-
dividuals and does not need to be documented.
The forestry bureaux only need to check the re-
sults and do not need to organise labour. Thus
only the total expense is used as an input, and
generally reflects well the combination of all in-
put variables. Since the cost of labour is a major
cost of silviculture and consumer goods is the
major cost of labour, the consumer price index
is used as a deflator. All prices are based on 1985
prices, the base year of this study. The consum-
er price indexes are from the provincial statisti-
cal yearbooks.

The efficiency measured by the inputs and
outputs described above should be greatly de-
pendent on the environments, such as distance
from inhabitants, soil, landscapes and the con-
dition of the sites, as well as the intensity of sil-
vicultural activities, such as planting density and
the intensity of site preparation. However, the
environments (which can be viewed as inputs),
and silviculture intensity (which can be viewed
as outputs), are difficult to measure. Therefore,
we have limited our observations to the same
province and a 10-year period. On average, the
environments and silviculture intensity are gen-
erally comparable during this period. More im-
portantly, we are interested in measuring the
change in efficiency at each forest bureau
throughout the different economic regimes.
Thus, the difference across units may not be a
big problem.

The economic reforms have been adopted
gradually and differ from bureau to bureau.
There is no systematic documentation of the
change and it is difficult to note progress in more
detail. However, it is clear that the old system
was still dominant in all bureaux in the mid-
1980s, while great progress was made from the
mid-1980s to the mid-1990s. These two point
observations, the mid-1980s and the mid-1990s,
should reflect the impacts of economic reforms
on efficiency.

In summary, we have three outputs: affores-
tation area, reforestation area, and junior-forest
tending area, and one input: total expense in sil-
viculture. As silvicultural activities often cover
more than one year (for instance, site prepara-
tion is often undertaken in the previous year of
planting), and there is variation from year to year,
we used the average for 1985-1987 as the old
economic regime, and 1995-1997 as the new
economic regime. Since there are 40 forestry bu-
reaux in the Heilongjiang Province, we have a
panel data of 80 observations. The input and
output data for the 40 forestry bureaux are sum-
marised in Table 1.

5 Empirical Results and Analysis
Empirically, we use an input-oriented radial
model. The efficiency value for both CRS and
VRS are calculated. Efficiency is measured by
the relative gain or loss compared with the fron-
tier. Scale efficiency is derived from the ratio of
CRS-efficiency to VRS-efficiency. The results,
which are presented in Table 2 and Figure 4a
and 4b, show that the relative efficiency on av-
erage improved by 27% and 24% for CRS and
VRS, respectively. Only a very small numbers

Table 1. Data summary for two periods of silviculture at 40 forestry bureaux.

Total expense (1000 yuan) Afforestation (ha) Reforestation (ha)
Management of

young stands (ha)

Period 1 Period 2 Period 1 Period 2 Period 1 Period 2 Period 1 Period 2

Mean 772 568 766 831 1 059 926 5 650 4 425
Min 931 778 33 33 60 88 3 215 5 689
Max 4 687 4 405 6 050 4 299 6 436 4 957 39 412 34 603
SD 947 802 1 192 1 054 1 371 1 196 7 615 5 651
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Figure 4b. Technical efficiency score for the 40 SOFBs (by VRS)

Figure 4a. Technical efficiency score for the 40 SOFBs (by CRS)
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Table 2. Efficiency values for the 40 forestry bureaux at two observation points

Forestry
Bureau CRS (CCR Model) VRS (BCC model) Scale efficiency

Period 1 Period 2 Change
(%) Period 1 Period 2 Change

(%) Period 1 Period 2 Change
(%)

B01 0.63 0.69 10 0.65 0.70 8 0.97 0.99 2
B02 0.80 0.82 3 1.00 0.87 -13 0.80 0.95 18
B03 0.84 0.85 1 1.00 0.85 -15 0.84 1.00 19
B04 0.88 0.91 4 0.99 1.00 1 0.89 0.91 2
B05 0.75 0.77 3 1.00 0.77 -23 0.75 1.00 34
B06 0.67 0.96 42 0.70 1.00 43 0.96 0.96 0
B07 0.62 0.74 19 0.64 0.80 24 0.97 0.93 -4
B08 0.74 0.84 14 0.77 0.85 11 0.96 0.99 3
B09 0.82 0.84 3 0.84 0.84 1 0.98 1.00 2
B10 0.81 1.00 23 0.88 1.00 14 0.92 1.00 8
B11 0.58 0.65 12 0.70 0.75 7 0.84 0.87 4
B12 0.51 0.66 29 0.82 0.77 -6 0.62 0.85 37
B13 0.50 0.73 46 0.79 0.74 -6 0.63 0.98 56
B14 0.92 0.86 -6 0.95 0.86 -9 0.97 0.99 3
B15 0.67 0.80 19 0.84 0.80 -4 0.80 1.00 24
B16 0.64 0.80 26 0.64 0.81 26 0.99 0.99 0
B17 0.60 0.94 57 0.69 0.95 37 0.87 0.99 14
B18 0.59 1.00 70 0.77 1.00 29 0.76 1.00 32
B19 0.53 0.68 29 0.55 0.72 31 0.96 0.94 -2
B20 0.50 0.99 97 0.51 1.00 97 0.99 0.99 0
B21 0.69 1.00 45 0.93 1.00 8 0.74 1.00 34
B22 0.47 0.66 38 0.49 0.67 38 0.97 0.97 0
B23 0.62 0.91 48 1.00 1.00 0 0.62 0.91 48
B24 0.34 0.63 87 0.34 0.64 89 1.00 0.99 -1
B25 0.38 0.54 42 0.39 0.54 39 0.97 1.00 2
B26 0.28 0.43 55 0.28 0.43 55 0.99 0.99 0
B27 0.50 0.54 8 0.50 0.54 8 1.00 1.00 0
B28 0.38 0.73 96 0.39 0.75 94 0.97 0.98 1
B29 0.48 0.49 3 0.51 0.51 -2 0.93 0.97 5
B30 0.45 0.44 -3 0.45 0.51 14 1.00 0.85 -15
B31 0.49 0.64 29 0.53 0.87 64 0.93 0.73 -21
B32 0.74 1.00 35 0.77 1.00 30 0.96 1.00 4
B33 0.74 0.93 25 0.86 0.95 10 0.86 0.98 14
B34 0.52 0.64 24 0.53 0.66 25 0.98 0.97 -1
B35 0.54 0.61 14 0.54 0.84 56 1.00 0.73 -27
B36 0.79 0.93 18 0.89 1.00 13 0.89 0.93 5
B37 0.88 1.00 14 0.88 1.00 14 1.00 1.00 0
B38 0.51 0.45 -12 0.52 0.87 69 0.99 0.52 -48
B39 0.54 0.69 27 0.55 1.00 83 0.99 0.69 -31
B40 0.38 0.40 5 0.51 0.47 -7 0.75 0.85 13
Max 0.92 1.00 97 1.00 1.00 97 1.00 1.00 20
Min 0.28 0.40 -12 0.28 0.43 -23 0.62 0.52 -48
Median 0.59 0.75 23 0.69 0.84 14 0.96 0.98 2
Mean 0.61 0.75 27 0.69 0.81 24 0.90 0.93 6
SD 0.16 0.18 27 0.21 0.17 32 0.11 0.10 20
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of forestry bureaux (3 of 40 by CRS and 8 of 40
bureaux by VRS) show some loss in efficiency.
The scale efficiency change is relatively small,
probably because the size of the forestry bureaux
has remained the same despite economic re-
forms.

It would be interesting to know what con-
tributed to the gains in efficiency. Owing to data
limitations, we are not able to conduct such re-
gression. However, some theoretical arguments
and empirical observations may help us formu-
late some preliminary conclusions and policy im-
plications.

The relationship between institutions, organ-
isational forms and economic performance is
best elaborated by the transaction cost theory.
This theory defines total costs of production as
consisting of the resource inputs of land, labour,
and capital, which are involved in both trans-
forming the physical attributes of goods and in
transacting, including defining, protecting and
enforcing property rights (Allen 1991). As an
example, the SOFBs need significant adminis-
trative costs (such as organising, accounting and
monitoring) when carrying out silvicultural ac-
tivities. Even so, moral hazard is still unavoida-
ble because of the nature of silvicultural
activities (Zhang 2000c). Allen and Lueck
(1998) argued that the seasonal and random na-
ture of farming and the interplay of these quali-
ties generates moral hazard, limits the gains from
specialisation, and causes timing problems be-
tween stages of production. Consequently, farm-
ing has generally not been converted from small,

family-based firms into large, factory-style cor-
porate firms. Silviculture, like farming, is also
seasonal and random, providing the conditions
that generate moral hazard.

It seems likely that reductions of labour shirk-
ing and administrative costs are two major rea-
sons for the efficiency gains. The privatisation
of the labour factor is effective against labour
shirking. One of the most important reasons for
the slow advance of afforestation and reforesta-
tion is the low survival rate in China. According
to a survey conducted by the Heilongjiang Ru-
ral Development Research Centre (1988), the
survival rate of trees planted in SOFBs was only
31.9% between 1951-1957, 13.7% between
1958-1961, 44.6% between 1962-1969, 31.8%
between 1970-1978 and 53.2 between 1979-
1985. Hu (1985) argued that the deteriorated sta-
tus of the forest is not due to less investment,
but to less effective in silviculture. The lowest
survival rate occurred between 1958-1961, the
period with the most centralised economy. Such
a low survival rate was greatly due to careless-
ness in planting and tending after planting, re-
sulting from the poor linkage between effort (or
output) and reward (Ross 1988, Zhang 2000b).

In the old regime, the wage system was in-
flexible and did not follow the rules of competi-
tion. As a consequence, moral hazard, or labour
shirking, was very serious. Moral hazard is ba-
sically a result of information problems and the
inflexible labour market (see e.g., Holmstrom,
1982). The “iron bowel” system of the Chinese
labour market in the planned economic regime
facilitated the moral hazard. Dong and Dow
(1993) claimed that mutual monitoring in an
egalitarian production team takes 10-20% of the

Table 3. A comparison of survival rate during different economic regimes on the Jile Forest Farm.

Year Planted area (ha) Survival rate at current year (%) Survival rate after three year

1985 27 75 32
1986 101 70 30
1987 103 70 50

Average 77 71 39
1988 42 92 83
1989 60 89 84
1990 51 89 94

Average 51 90 87
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labour time, while McMillan, Whalley and Zhu
(1989) concluded that the effective labour sup-
ply per worker nearly doubled as a result of the
shift to household contracting. Here we must
note that teamwork in rural agriculture was eas-
ier to cross-monitor than silvicultural activities
in the state-owned forestry bureaux, and it is like-
ly that labour shirking in silviculture is more se-
rious than in agriculture.

A survey by Shan et al. (1993) in Table 3
shows more clearly how effective economic re-
forms are for the increase in survival rate. In the
old regime, budget allocation was based on the
planning of forestation activities, which were or-
ganised by teamwork. In the new economic re-
gime, workers, who work individually, can
receive only 60-80% of the total budget when
contracting for forestation with a forest farm.
The households organise the activities and the
rest of the payment is only given if the quality
of tree planting, including the survival rate for
the current year and the following three years,
reaches certain standards agreed upon. Shan et
al. (1993) further analysed the significant im-
provements after the reform. Based on planting
and tending success, it was found that about one
third of the budget can be saved using the new
method. This investigation provides many con-
crete examples of repeat planting due to failure
and the great waste associated with the central-
ly planned regimes. Many other studies (e.g., Hu
1985, Teng and Xie 1991, Hong et al. 1992,

Zhang 1994, Zhang et al. 1994) have similar re-
sults; silviculture activities organised in a de-
centralised system are less costly and achieve
better outcomes.

High administrative costs are probably an-
other important reason for low efficiency. Ad-
ministrative means co-ordination of various
inputs. Most administrative costs, if not all, are
transaction costs. Economic reforms reduce the
administrative costs because less administrative
work is required and hard budget is applied to
administrative spending. On average, the admin-
istrative staff has gradually been reduced by one
third through reorganisation and forced early re-
tirement. This hypothesis is preliminarily sup-
ported by Figure 5, which shows a high
correlation between the ratio of administrative
costs to direct cost in silviculture in 1986 and
the efficiency score (Column 1 in Table 2).5

Li et al (1993) found that the economic re-
forms not only improved the survival rate of
planted trees from 80% in the mid-1980s to 90%
in the early-1990s, but also significantly reduced
the administrative costs. For instance, adminis-
trative staff was reduced by 20% and 50% re-
spectively in the Beishishan Forestry Bureau and
Bamiangtong Forestry Bureau. Other studies
(e.g., Kong 1996, Zhang 2000a) have similar re-
sults. Because we do not have separate admin-
istrative cost in other years and we are not able
to obtain the administrative cost from the total
expenses, only the figure of 1986 is used. The

Figure 5. The relationship between administrative costs and technical efficiency (1986).
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5 Because we do not have separate administrative cost in other years and we are not able to obtain the admin-
istrative cost from the total expenses, only the figure of 1986 is used.
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sign-off administrative staffs (named “cadre”,
meaning office jobs) either retire or become a
“worker” (meaning field jobs). The sign-off
workers are usually encouraged by government
with favourable policies to transfer to other sec-
tors, such as industry, agriculture, transportation
and other business and services. It was reported
that by the end of 1995 about half a million of
employees were transferred to the diversified
economy, such as small wood processing, res-
taurants, tourism and other services in the Hei-
longjiang Forestry Bureau (CAFLU, 1997). The
economic structural changes have eased the pres-
sure on natural forests and indirectly promoted
forest development and the private sector of the
economy. How to resettle the redundant work
forces is another theme resulting from the eco-
nomic reforms.

6 Discussion
Our results show that economic reforms have

resulted in a substantial improvement in efficien-
cy. However, a large number of SOFBs are still
far below the frontier in terms of both CRS and
VRS. This implies that there is still great poten-
tial for improvement through further economic
reforms and reorganisation of the scale of SOF-
Bs. Various contracting systems for organising
silvicultural activities that aim to overcome
shirking of labour, and to further reduce admin-
istrative costs through streamlining the bureau-
cratic system could be important in future
reforms.

The costs of silvicultural activities have been
significantly reduced by the economic reform.
However, unlike agriculture, in which the out-
puts are usually freely traded on the market or
easily measured, the economic reforms in for-
estry in the Heilongjiang and other state-owned
forestry regions have not as yet reached com-
plete privatisation of outputs (payment is based
on the contracted work and examined reports
by the administrative staff). The fairness and
objectivity of the contracting standards and ex-
amination process are still a big question. If the
contracting standards and examinations are prob-
lematic, they undermine incentive. Probably, the

best solution is to develop stumpage and mar-
kets for young stands in the long run. If markets
for young stands can function well, the govern-
ment may not even need to check outputs of sil-
viculture because markets might work more
effectively and efficiently to test their results. In
addition, the market will help farmers easily liq-
uidate the output and greatly ease the risk of
long-term investment and the uncertainty asso-
ciated with silviculture.

Several limitations of this study should be
emphasised here. From a methodological point
of view, DEA offers new ways of organising and
analysing data and can result in new managerial
and theoretical insights. It relaxes the imposi-
tion of a specific functional form, distribution
of the error term, and many other restrictions of
the parametric approach. However, the method
has two major limitations. First, the frontier is
very sensitive to extremes (extreme efficiency),
particularly in CRS. As we know, the extreme
cases may come from incorrect data, random
noises or our problems of variable selection.
Second, efficiency is only a relative measure-
ment, the so-called frontier is only obtained from
our sample and does not mean they are most ef-
ficient (or that there is no room for improve-
ment).

Due to data limitation, our results are still
very preliminary. The changes in wages and
worker skills,6 technology development in silvi-
culture, tree species, seedlings and even the nat-
ural environments all can contribute to efficiency
gains. However, our study is not able to identify
these contributions and thus all gains are as-
sumed to be the result of institutional innova-
tion. Therefore, analysis of the factors affecting
the efficiency across SOFBs as well as between
these two economic regimes has not been ex-
plored rigorously. Interpretation of the results
should be conducted very carefully.

The efficiency gains seem significant if we
consider silviculture alone. However, forest
management has a much broader scope. Forest
fires, insect and disease prevention may become
serious concerns due to the fragmentation of
forest management. Some of the gains from de-
centralisation and privatisation of silviculture

 6 After deflation, the average wage has still increased moderately since the mid-1980s. The increase means that
more efficiency was gained than suggested by the results obtained from this study. However, improvements in
worker skills might explain some of the efficiency gain.
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have been lost by new emerging problems.
Therefore, this result may not reflect the real
change in total economic performance. How to
co-ordinate and organise these contracting sil-
vicultural units has become an important theme.

In addition, this study does not analyse the
impact of economic reform on the change in in-
vestment behaviour in silviculture. For instance,
it is quite uncertain whether households would
investment more in silviculture if the land were
allocated to them for a long term and if the gov-
ernment did not provide the capital. Jin (1996)
opposed the HRS in forestland because he found
little incentive for investment in household-
owned bare land. A comparison of the various
approaches of the economic reforms has not
been conducted in this study. The interaction be-
tween economic reforms and the characteristics
of forest land has also not been considered. All
these questions are important in future studies
and have great implications for policy. More
studies are needed.
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