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Abstract. The efficient development of forestry is one of the important measures
to achieve sustainable ecological, economic and social development in China. In
order to promote the development of forestry, the Chinese government's invest-
ment in forestry has increased year by year. In this paper, the DEA evaluation
model was used to calculate and analyze the input-output efficiency of forestry
in China from 2012 to 2019. The results show that from 2012 to 2019, from the
measured super-efficiency SBM efficiency value, the overall forestry ecological
economic development in China is in good condition, and the national average
efficiency fluctuates around 1. There are great differences in development in dif-
ferent regions. The overall forestry ecological and economic efficiency in China
shows an upward trend.
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1 Introduction

Forestry is an important basic industry of the national economy and an important social
public welfare undertaking, which undertakes the dual mission of improving the eco-
logical environment and promoting the sustainable development of the national econ-
omy. Therefore, the efficiency of forestry input-output deserves attention.

The use of DEA, a non-parametric model, for efficiency evaluation is a common
method used in foreign academic circles. Kao and Yang were the first to introduce the
DEA model into the evaluation of forestry input-output efficiency, and their research
objects were 13 forest areas in Taiwan [1]. Subsequently, Shiba, Viltala, and Hanninen
also used the DEA model to measure the input-output efficiency of 28 FOAs (the Forest
Owner's Associations) in Mie Prefecture in Japan and 19 Forest Committees in Finland
[2-3].

In China, Ulantoya et al. [4] used a three-stage DEA model to study the efficiency
of forestry ecological poverty alleviation in poor counties in China, revealing inter-
provincial significance discrepancies and the allocation of forestry technology inputs.
Wau et al. [5] used the DEA-SBM model and the Malmquist exponential model to make
up for the radial and angular shortcomings of the traditional DEA model. Xiao et al. [6]
compared the ecological efficiency of static forestry in cities in Yunnan Province.
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In terms of indicators, Xie Cong et al. [7] systematically analyzed the socio-eco-
nomic benefits of forests based on forest externalities and the direct or indirect effects
of forests on social economy. Liu Min et al. [8] constructed an evaluation index system
for forestry green economy from four dimensions. Jiang Wenlei et al. [9] used the gross
output value of forestry ecological services as a surrogate index for regional forestry
ecological economic benefits, and analyzed the impact of FDI on forestry ecological
economy by using the spatial Durbin model.

To sum up, the preliminary research on China's forestry input-output efficiency still
lacks the cross-year measurement of forestry ecological, economic and social compre-
hensive benefits at the national level, so it is not possible to draw a more comprehensive
judgment of China's forestry input-output efficiency based on the existing research re-
sults. Further research should not only reflect the multi-year situation, but also need to
improve the index system of forestry input and output, and conduct a more in-depth
analysis of the empirical results. This is also the problem that this article is trying to
solve.

This paper uses the DEA model to measure the input-output efficiency of forestry in
China from 2012 to 2019, and analyzes its change trend and influencing factors. This
study not only helps people understand the basic situation of forestry input and output
in China, but also provides a reference for forestry decision-making departments to
formulate public policies to improve the efficiency of forestry input and output in
China.

2 Construction of Forestry Eco-economic Evaluation Index

2.1  Forestry Eco-economic Input Indicators

Forestry inputs should be the various factors of production that are invested to promote
forestry development. According to Western economic theory, the three factors of cap-
ital, labor and land play an extremely important role in the production function. In terms
of land elements, it can be understood as the basic material resources required for for-
estry ecology, and through the planting, cultivation and management of forest trees, the
forestry system can improve the regional ecological environment. Therefore, the area
of forestry land was selected as the indicator. The capital element is reflected in the
government's budget investment in forestry development and the construction of facil-
ities. Therefore, two indicators are selected: total forestry investment and forestry fixed
asset investment. Finally, the number of employees in the forestry system at the end of
the year was selected as the index.

2.2  Forestry Eco-economic Output Indicators

After forestry input, there will be certain economic, ecological and social benefits. The
economic benefits of forestry are mainly reflected in the output value of the forestry
industry, involving the primary, secondary and tertiary industries of the national econ-
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omy. In this paper, the total output value of the three major forestry industries is se-
lected as the index. The ecological benefits of forestry are related to the area of forests,
and the afforestation area and forest coverage rate are selected as indicators. The social
benefits of forestry refer to the benefits brought about by the various direct, indirect or
hidden functions and roles of forestry that act on people, so that various survival factors
of people change. It can be reflected in the impact on people's spiritual, cultural, mate-
rial life, etc. In this paper, the average annual wage index of forestry employees was
selected to reflect the impact of forestry on people's income level. The output of forestry
eco-economic system has not only expected output, but also undesired output. The ratio
of the area of forestry disease to the area of forestry land was selected to measure the
undesired output of forestry.

3 Method Selection and Data Sources

The Data Envelopment Analysis (DEA) model is widely used in the efficiency evalua-
tion of multiple decision-making units, and this paper chooses to use the SBM model
with undesirable outputs proposed by Tone (2003) to measure the eco-economic effi-
ciency of forestry. Considering that the SBM method has the defect that the efficiency
value of multiple effective decision-making units is 1 at the same time, it is impossible
to compare multiple effective decision-making units that are at the forefront at the same
time. Therefore, the super-efficiency SBM model is used to measure the eco-economic
efficiency of forestry, which can relax the restriction of the eco-economic efficiency
value of 1 and effectively improve the comparability of the estimation results.

The data are from the China Forestry and Grassland Statistical Yearbook, which se-
lects the input-output indicators of each province in China from 2012 to 2019.

4 Efficiency Measurement and Analysis

Based on the different forestry efficiency of each province and city, this paper divides
the provinces and cities into three echelons: the first echelon is the provinces with the
average forestry ecological and economic efficiency greater than 1, the second echelon
is the provinces and cities with the average forestry ecological economic development
efficiency of 0.7~1, and the third echelon of provinces and cities with the forestry eco-
logical economic development efficiency is less than 0.7.

The table 1 shows the results of forestry eco-economic efficiency in each province
of China. As can be seen from the table, there are 19 provinces and cities in the first
echelon, more than half. The forestry efficiency of these provinces and cities was
greater than 1 during the study period, and the forestry efficiency of most provinces
showed a small fluctuation, indicating that the provinces in the first gradient had ad-
vantages in forestry input and output, made better use of forestry resources, and took
into account the coordinated development of forestry ecology and economy.

There are 8 provinces in the second echelon, and the average efficiency of forestry
ecological economic development in this echelon is between 0.7~1, compared with the
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provinces with lower efficiency, the forestry ecological economic development effi-
ciency is relatively coordinated, but there is some room for improvement. This indicates
that there are still problems in forestry input-output in these provinces.

There are 4 provinces in the third echelon, and the average efficiency of forestry
ecological economy development in this echelon is below 0.7, and the overall efficiency
level is low, so there is still a large room for improvement to realize the coordinated
development of forestry ecological economy. These provinces urgently need to
strengthen and improve the resource investment of forestry industry, improve the eco-
logical, economic and social output efficiency of forestry resources, and optimize the
forestry ecological economic model.

From the above analysis, it can be seen that there are also large regional differences
in the efficiency of forestry ecological economic development. Several provinces with
low efficiency are also concentrated in the northeast and western regions, and these
provinces should optimize the forestry eco-economic model as soon as possible. The
efficiency of forestry ecological economic development in Northeast China and the
western region is low, and the corresponding forestry output is not obtained under the
input of large forestry land and forestry labor, which indicates that there are still obsta-
cles to the transformation of resources in some areas, and the scale effect has not been
played.

Table 1. forestry eco-economic development efficiency in various provinces of China

. mean . mean
Province Province
value value
Hainan 2.05 Anhui Province 1.10
Hebei Province 1.50 Beijing 1.08
Tianjin City 1.40 Guangxi Zhuang Autonomous 1.07
Region
Xinjiang Algjitgtrliomous Re- 1.34 Tibet Autonomous Region 0.99
Zhejiang Province 1.33 Shanxi Province 0.96
Shanghai 1.31 Yunnan Province 0.96
Ningxia Hui _Autonomous 1.30 Shaanxi Province 0.94
Region
Shandong Province 1.29 Jilin Province 0.89
Guangdong Province 1.29 Hunan Province 0.81
Henan Province 1.28 Hubei Province 0.80
Guizhou Province 1.23 Heilongjiang Province 0.73
Fujian Province 1.23 Sichuan Province 0.51
Qinghai Province 1.20 Gansu Province 0.47
Jiangsu Province 1.13 Liaoning Province 0.44
Chongqing Municipality 1.12 Tnner Mongolia Autonomous 0.24

Region
Jiangxi Province 1.10
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5 Conclusions and Recommendations

5.1 Conclusions

In this paper, the forestry eco-economic index system was constructed from two as-
pects: forestry eco-economic input index and forestry eco-economic output index. On
this basis, the super-efficiency SBM model was used to measure the ecological and
economic efficiency of forestry and reflect the comprehensive situation of forestry eco-
logical economy. The final analysis conclusions are as follows.

The overall development of forestry ecological economy in China is good, and the
national average efficiency fluctuates around 1. The provinces and cities are divided
into three echelons. The first echelon is the efficiency value of more than 1, a total of
19, these provinces make better use of forestry resources, taking into account the coor-
dinated development of forestry ecology and economy. The efficiency value of the sec-
ond echelon ranged from 0.7 to 1, and there were 8 provinces, indicating that there is
still room for improvement in the forestry development model of these provinces. The
efficiency value of the third echelon is below 0.7, and there are 4 in total, all of which
are located in the northeast and western regions. Failing to give full play to the com-
parative advantages of forest resources, the provinces in this echelon should actively
use their own advantages to create forestry economic value by efficiently using abun-
dant forest resources without reducing ecological quality. On the whole, the ecological
and economic efficiency of forestry in China showed an upward trend. In the future,
we should continue to maintain innovation in green technology and strengthen the ef-
ficiency and level of green technology.

5.2 Recommendations

First of all, the effective development of forestry in China is greatly affected by external
factors.The government should take appropriate measures to stabilize forestry develop-
ment, for example, by establishing a forestry development stabilization fund so that
forestry inputs and outputs will not fluctuate greatly even in the case of severe fluctua-
tions in the external economic environment.

Secondly, since the beginning of the 21st century, with the expansion of forestry
input, the various parts have not been well coordinated, or the pattern of internal divi-
sion of labor has not been adapted in time, or the effective operation of production has
encountered obstacles, thus reducing production efficiency. Therefore, it is necessary
to improve the management of forestry investment and production, and strengthen the
development and application of forestry science and technology.

Finally, in order to maintain the efficiency of China's forestry development, it is
necessary to allocate the investment in fixed assets and labor input in forestry more
reasonably and effectively, and appropriately increase labor input. In view of the fact
that China's forestry human resources and scientific and technological investment have
become the main factors restricting the development of forestry in China, it is particu-
larly necessary to increase the allocation of forestry scientific and technological per-
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sonnel at this stage, so that they can play their due role in the process of efficient de-
velopment of forestry. At the same time, under the premise of ensuring the protection
of forestry ecology, we should further develop the forestry economy, explore a scien-
tific forestry public policy system, and promote the healthy development of forestry
ecological economy.

In the future, the research on forestry eco-efficiency should be more committed to
promoting the effective protection and utilization of forestry resources, and expand
from a single efficiency measurement and factor analysis to the study of mechanisms,
approaches and strategies to improve efficiency, so as to take this as a solid foundation
for forestry management. Considering the economic and ecological differences of dif-
ferent regions, the research should pay attention to the optimal allocation of resources
and social capital to promote inter-regional collaboration and complementarity. In ad-
dition, it is important to formulate forest management policies that are in line with local
characteristics, and local management practices should be promoted in combination
with natural conditions and socio-economic conditions. Finally, the research should
also support the national ecological civilization strategy and the sustainable develop-
ment goals, provide a scientific basis for policy formulation, enhance public awareness
of environmental protection, and jointly promote the sustainable development of for-

estry.
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