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Abstract: Forestlands not only provide the conditions that support forested environments, but they 

also generate natural resources and ecosystem services that support human survival and social devel-

opment. Using benchmark price to evaluate the economic value of forests is fast and efficient, which 

can function as an important tool for the improvement of forest resources management. However, 

information remains limited on how to establish a unified and complete benchmark price for for-

estland resources in China. Therefore, this study aimed to grade the forestlands and formulate the 

corresponding benchmark price to improve the statistical management efficiency of forestlands re-

sources. We conducted our study in Longquan County, Zhejiang Province, where we implemented a 

survey and collected data focusing on forest resources planning. We classified forest resources in this 

area to establish a benchmark price using geographic information system (GIS) spatial analysis tech-

nology. Based on the characteristics of the survey data and the local economic and social situation, the 

correction coefficient of forestland price was formulated, and the economic value of forestlands re-

source assets was calculated accordingly. Results indicate that: (1) the forestland can be divided into 

five grades. The number and area of forestland increased firstly and then decreased from Grade I to 

Grade V. Forestland resources were concentrated in Grade II and Grade III, accounting for 62.0% of 

the total area. (2) The benchmark price of forestland in Longquan County was 10,380, 9493, 8708, 7827 

and 6771 Chinese Yuan (CNY)·hm−2 from Grade I to Grade V, respectively. The benchmark price of 

forestland in different grades could reflect the quality of forestland. (3) The price correction coefficient 

was formulated to match the benchmark price of forestland according to the forestland particularity 

and the external embodiment of forestland productivity level, and then, the economic value of for-

estland resource assets in the study area was calculated to be 22.48 million CNY accordingly. The 

method used in this study has the advantages of simple operation, high efficiency and a low cost. This 

study can provide methods for the evaluation and accounting of forestland resources, give technical 

support for the audit of natural resource assets of government departments, help to prepare the bal-

ance sheet of natural resources, and further prompt references for the statistical management of forest 

resources in similar regions and countries. 

Keywords: ArcGIS spatial analysis; forestland classification; forestland benchmark price;  

forestland resource asset accounting 

 

1. Introduction 

Forestland is a material carrier, which is the material basis for supporting a wide 

range of biological resources including trees, shrubs, herbaceous plants, animals, and mi-

croorganisms. Additionally, economic, ecological, and social values are highly influenced 

by forest resources and forest ecosystem services [1]. Forests not only play a role in regu-

lating the climate, purifying air, protecting soil and maintaining biodiversity, but it also 

provides the main raw materials used in the manufacturing industry [2,3]. Approximately 

25% of the world’s population relies on forests for sustaining livelihoods, employment 
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and food production [4]. Additionally, forests are home to more than 80% of terrestrial 

biodiversity and they generate biomass that aids in reducing the impacts of climate 

change and environmental degradation [5]. However, with the rapid development of a 

global social economy, the demand for forest resources is increasing, which has resulted 

in increased damage to forestland, where the quality of forestland has decreased signifi-

cantly [6,7]. Therefore, promoting the rational utilization and asset management of for-

estland resources is not only helpful to protect forest land resources and improve the qual-

ity of forestland, but is also an important measure to guarantee people’s lives and main-

tain social harmony. 

China’s forest resources are rich, diverse and extensive. However, since China’s re-

form and opening in 1978, a vast area of forest lands has become urbanized and converted 

into farmland following the drastic increase in China’s population. This rapid develop-

ment of China’s social economy has led to the sharp and alarming decline in forests and 

forestland resources. In order to strengthen the protection and promote the rational utili-

zation of forestland, the State Council of China issued the Outline of National Forestland 

Protection and Utilization Plan (2010–2020) in 2010, emphasizing the vital role that forests 

play in reducing impacts from climate change, maintaining the ecological environment 

and promoting the construction of ecological civilization [8]. According to the Ninth For-

est Resources Inventory Report of China (2014–2018) [9], China’s forest coverage rate is 

22.96%, forest stock is 1.756 billion m3, and the forestland area is 324 million ha. Although 

China’s forestland area has increased in the past 10 years, and the total area ranks among 

the top in the world, the forestland area per capita is only 0.61 ha, lower than one-third of 

the world’s average [10]. Meanwhile, the area of forest fires in China has reached 225.600 

ha in the past 10 years, accounting for 0.07% of the total forest area [11], which has not 

only caused huge losses to the social economy, but also has caused the direct degradation 

of forest ecosystems. Indirectly, the sustainable development of forests and national eco-

logical security are affected [12]. In addition, climate change affects the quality of for-

estland through its impacts on the circulation of nitrogen and carbon in forest soil and the 

emission process of various gases [13]. It is considered that there is a coupling relationship 

between global climate change and forestland quality degradation, and an effective re-

sponse to forestland quality degradation and improvement of forest land quality is the 

key to cope with global climate change. Therefore, a comprehensive understanding of the 

quality of forestland, curbing land degradation and improving the quality of forestland 

are conducive to mitigating climate change and playing an important role in safeguarding 

national ecological security. 

The forestland quality should effectively reflect the land condition, which is not only 

significantly influenced by the natural environment factors, but also the macro environ-

ment of social development [14]. The scientific evaluation of forestland quality and rea-

sonable hierarchies can help forestland evaluation and management, revitalize forestland 

stock, promote the usufruct circulation and make the economical and intensive manage-

ment of forestland resources possible [15]. This is beneficial to ensure the forestland qual-

ity and better serve the practice of forest conservation and management. Nonetheless, re-

search that focuses on forest grading and evaluation is limited and would improve with 

a more thorough and detailed investigation. 

At present, the studies on forest resource grading and economic evaluation mainly 

focus on the following aspects. One aspect is to evaluate forestland quality with the help 

of sub-class factors, such as topographical features and the soil conditions of forestland, 

and conduct graded evaluation [16–18]. Another aspect is the classification of forestland 

quality based on natural characteristics and location factors [19–22]. Methods involved in 

the classification of forestland quality grade include fuzzy comprehensive evaluation 

method [23], entropy weight method (EW) [17], analytic hierarchy process (AHP) [24], 

and grey correlation analysis method (TOPSIS) [25]. Forestland grading is associated with 

a large subject area, various influencing factors and a large amount of spatial data. The 

method combining computer remote sensing with geographic information systems (GIS) 
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and other new technologies can ensure scientific and practical grading results and greatly 

reduce the workload. Commonly used system software related to geospatial analysis in-

cludes ArcGIS, QGIS and SAGA [26]. Among them, Arcgis is a software with multiple 

functions such as mapping, spatial analysis, advanced data editing and so on. The ad-

vantage of QGIS is that its mapping effect is relatively simple and easy to operate, but its 

function and performance are far less emphasized than Arcgis. For example, QGIS can 

only process spatial analysis such as the combination of two layers at the same time. 

Arcgis can process dozens of layers at a time. SAGA’s advantage lies in terrain analysis, 

but its data editing calculations and spatial analysis are not as convenient as in ArcGIS. 

At the same time, in the application research of GIS in forestland, it has been used in in-

vestigations about forest coverage rate, forestland degradation and the modeling of forest 

fire hazards [27]. Nonetheless, GIS is seldom used in the field of forestland quality classi-

fication, although it is mostly used in land use classification [28], land cover grade and the 

detection of surface temperature change [29], and land use and cover change assessment 

of the forest ecosystem [30]. In summary, although existing research on forestland classi-

fication process is well documented, most of it has emphasized the natural factors, ignor-

ing the comprehensive consideration of location and socioeconomic factors. Besides, the 

research on the benchmark price of forestland is also limited, whereas previous explora-

tions on forestland value evaluation laid a solid foundation, with a detailed investigation 

of forestland benchmark price. 

Forestland value evaluation mainly adopts the sales comparison method (SCA), cost 

method and income method (IA) proposed by the International Evaluation Standard (IVS) 

[31,32]. Kalle et al. (2018) obtained several characteristics related to value volume by using 

the sales comparison method combined with specific sales curves, constructing a market 

price prediction model of forestland assets, and promoting the study on the value evalu-

ation of forestland assets [33]. Marcio et al. (2011) conducted a comparative study on the 

three evaluation methods of forestland and discussed their advantages, disadvantages 

and applicability in detail [34]. In a study conducted by Kennedy et al. (2011), the impact 

of location and accessibility on the value of backwoods in Louisiana was analyzed through 

modeling with the hedonistic method and GIS [35]. Zhang et al. (2013) used the spatial 

feature pricing model to conduct matching analysis with forestland sales data from 2001 

to 2007, and determined the main determinants of forestland price [36]. Some scholars 

used multiple linear regression to establish a land price model and fit the optimal bench-

mark forestland price model [20]. Besides, the Analytic Hierarchy Process (AHP) and Del-

phi method (expert opinion consulting method) are used to construct THE AHP–Delphi 

evaluation model of the benchmark price of forestland usufruct [24]. Although these eval-

uation methods have high accuracy and reliability, these processes are too complicated in 

the evaluation practice; especially, they are not suitable for mass evaluation business and 

cannot meet the service administrative management requirements. 

The purpose of this study was to determine the grade of the forestland resources and 

establish the benchmark price system, so as to improve the efficiency of the statistical 

management of forestland resources. Thus, this study collected the survey data of forest 

resource planning and design in 2016 in Longquan county, Zhejiang province, China, and 

determined the grade of forestland resource and the forestland benchmark price through 

the combination of the factor analysis and ArcGIS spatial analysis technology. Then, the 

economic value of Longquan forestland resource assets were accounted for based on the 

forestland benchmark price. This study is helpful to implement the paid use of forestland, 

provide a price reference for forestland transfer and the batch evaluation business of mort-

gage loans, promote economical and intensive management of forestland resources, im-

prove the quality of forestland, strengthen the sustainable utilization of forestland re-

sources, affect climate change, and further effectively guarantee national ecological secu-

rity. This study not only introduced the factor analysis and ArcGIS spatial analysis tech-

nology to explore the new method of forestland quality evaluation, but also determined 

the hierarchy and benchmark price based on the differences of the forestland quality, 
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which expands the tools for the forestland value evaluation, and provides scientific evi-

dence and methodological reference for the reasonable development and utilization of 

forestland policy. 

2. Materials and Methods 

2.1. Research Area 

Longquan County is one of the key forest counties (cities) in south China, located in 

Lishui City, Zhejiang Province, known as the “Forest sea in south Zhejiang” (Figure 1). 

The County has 265,000 ha of land for forestry, among which forest farmers own 1.2 ha of 

forestland per capita, 16 times of the area for arable land. According to Zhejiang Natural 

Resources and Environment Statistics Yearbook, the forest coverage rate of the County is 

84.38%, and the forest stock is as high as 19.87 million m3. In recent years, Longquan 

County continues to deepen the reform of the forest rights system, and has made remark-

able achievements in cultivating forestry reform, transferring the system of forest rights 

and promoting a forestry information integration system. However, most of the rights to 

use collective forestland are concentrated in the hands of forest farmers, and the econom-

ical and intensive management of forestland is not efficient, leading to low forestland 

quality. This is not conducive to the sustainable management of forestland. 

 

Figure 1. Map of the location of the study area. 

2.2. Data Collection and Processing 

The benchmark price of each grade of forestland was calculated based on the ex-

pected value of forestland. At present, Cunninghamia lanceolata (Chinese fir) forests have 

the greatest economic benefit to Longquan County because of their high-quality wood. 

Cunninghamia lanceolata is subsequently the most heavily harvested of all tree species 

growing in this region, so Cunninghamia lanceolata was taken as the dominant tree species. 

According to the One-yuan Volume Table of Living Cunninghamia Lanceolata in Zhejiang 

Province, the timber rate is 70.0%. The basic data involved in this study contain: (1) the 

2016 forest resource planning and design survey data of Longquan County, which are the 

latest data related to the forest resource, considering the survey is conducted once every 
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10 years. (2) The average sales price of Chinese fir wood was determined after a compre-

hensive analysis of the sales price determined for the local and surrounding areas. Logs: 

1000 CNY /m3 when cutting, 0 CNY /m3 for the first thinning, 950 CNY /m3 for the second 

thinning; composite materials: 900 CNY /m3 for primary cutting, 850 CNY /m3 for the first 

thinning, 900 CNY /m3 for the second thinning. (3) The production cost of the forest oper-

ation was determined according to the local forestry production reality and the nearby 

state-owned forest farm. The annual cost of forest operations in the first three years was 

700, 260 and 260 CNY/mu, respectively; the annual cost of forest management and protec-

tion is 8 CNY/mu. (4) The cost of timber production and operation. The design fee of the 

logging area is charged according to the volume of storage, and the other fees are calcu-

lated according to the volume of output. The cost of timber production mainly refers to 

the cost of harvesting and gathering, short-distance freight and road maintenance. Cutting 

area design fee: 7 CNY/m3 (according to storage); inspection fee: 9 CNY/m3; timber pro-

duction and operation cost: logging 200 CNY/m3; thinning 230 CNY/m3. Sales expense is 

ca. 1% of sales price; the management fee is 3% of the sales price; the unforeseen fee is 1% 

of the sales price. (5) Taxes and fees including forestry fees, forest plant quarantine fees 

and others. Forestry fees: 10% of the levied price of timber; middle and young forest thin-

ning material reduction 50%; forest plant quarantine fee: 0.2%; others: 3%. (6) Profit from 

timber production and operation should be calculated by 5% of timber sales revenue. (7) 

Harvesting age: the average local Chinese fir is felled for 26 years. The first thinning time 

is 10 years, the second thinning time is 16 years, and the thinning intensity is 25%. (8) The 

investment return rate is calculated as 6%. 

The stand growth prediction model refers to the Chinese fir as follows [37]: 

𝑉 = 24.05914 × (1 − 𝑒−0.05250193𝑡)2.284824 (1) 

ArcGIS 10.2 software was used for the rasterization, reclassification and calculation 

of each evaluation indicator.  

2.3. Research Methods 

2.3.1. Forestland Grading Method 

In this study, the factor method was used to classify forestland grades. According to 

the Regulations for Grading Agricultural Land (GB/T 28405-2012), grading agricultural 

land mainly includes the amendment method, factor method and sample plot method. 

The correction method is a method that calculates the correction coefficient on the basis 

of the grading results, then revises the grading results, and determines the grade. The 

factor method is to analyze and evaluate the natural factors, social economic factors and 

location factors that constitute land quality. The sample plot method is a method that es-

tablishes scoring rules for grading factors and calculates the score value of unit factors to 

evaluate the grading. It is difficult to select the standard sample of land because of the 

forestland particularity and the lack of classification results of the forestland. Thus, the 

factor method was more suitable for forestland classification. 

In the classification of forestland by the factor method, we should first consider the 

differences in the natural factors of the forestland. On the other hand, we should also con-

sider the distance between forestland and residential areas and traffic arteries, so as to 

facilitate the management of forest resources. ArcGIS is an efficient and complex tool that 

can work and analyze more efficiently, producing rigorous and meaningful results. At the 

same time, ArcGIS spatial analysis technology has been widely applied in natural envi-

ronmental science and social science [38]. ArcGIS spatial analysis techniques including 

vector data rasterization, reclassification, raster calculator and partition statistics were 

adopted in this study. 

(1) Determine the grading unit 

The determination of the forestland space unit is the basis of the classification. The 

land characteristics and location conditions of the same forestland space unit are relatively 
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uniform. The forestland grading unit is the basis for calculating the score of each grading 

factor, and also the basic spatial unit for evaluating forestland grading. The small class is 

the smallest unit for forest management and wood production organization, and also the 

basic unit for forest investigation and design. Its internal structure features are basically 

the same. The same forest small class unit has the same business objectives and should 

adopt the same business measures. Thus, the small class was used as the evaluation unit 

of forestland grading. 

(2) Determination of grading index and weight value 

The scientific and reasonable selection of forestland grading factors directly affects 

the reasonable forestland grading, and then affects the accuracy of the evaluation the 

benchmark price of forestland. The classification indexes that can reflect the value charac-

teristics of forestland were selected, including natural factors, social and economic factors 

and location factors [39]. Natural factors reflect the quality of forestland and are influ-

enced by climate conditions, topography, hydrology and soil. [17]. Due to the same cli-

matic conditions in the same county, hydrological conditions may be associated with for-

est quality, but it is difficult to obtain accurate data. Therefore, topographic and soil indi-

cators were selected as the natural factors based on the principle of significant difference 

and data accessibility [40] according to existing research results [41,42]. They contain soil 

type, soil layer thickness, humus thickness, slope, slope position, slope direction and alti-

tude. Because the social and economic conditions in the same county are similar, the social 

and economic factors here were excluded; the location factor is closely related to the for-

estry production, and mainly contains timber and wood yarding distance conditions. The 

timber transport distance refers to the distance between the small class of forestry and 

nearby lumber storage yard. This study takes a small village, where the distance to the 

neighboring lumber storage yard is a variable, to characterize the timber transport dis-

tance; the timber logging conditions were determined through the traffic location in the 

survey data of forest resource planning and design. The influence of the various indicators 

of forestland value is different; some have a positive influence, and others may have neg-

ative influence. The soil texture, slope direction, slope positions and data given by the 

code of forestland value have a positive influence. The greater the soil layer and humus 

numerical thickness, the better the forestland quality; the greater the slope, elevation, 

transportation distance, the lower the value of forestland. Thus, “+” indicates positive in-

fluence and “−” indicates negative influence. 

After the selection of grading indicators, each indicator has a different degree of im-

pact on the value of forestland. It is necessary to determine the weight of each indicator 

to reflect the relative impact of each indicator. AHP (Analytic Hierarchy Process) and the 

Delphi method (expert advice consultation method) are the major methods to determine 

the weight value. This study focused on the applicability of ArcGIS technology in the 

grading of forestland, and the Delphi method (expert advice consultation method), which 

is easier to operate, was used to determine the weight value. The weight value of each 

index reflects its contribution value to forestland grade and benchmark price (Table 1). 

Table 1. The forest land grading index and weight value in Longquan County. 

First Level Indicator Secondary Indicators 
Positive and Negative 

Indicators 
Weights 

Natural factors 

Soil texture − 0.15 

Soil thickness + 0.15 

Humus thickness + 0.15 

Slope − 0.1 

Aspect + 0.05 

Slope position + 0.05 

Altitude − 0.05 

Location factor 
Transportation distance − 0.15 

Skidding distance − 0.15 
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(3) Forestland Classification 

① Rasterization 

The original data that need to be rasterized in this study were extracted from the 

vector data of the forest resources planning and design survey of Longquan county in 

2016. The specific methodology involved was based on a relevant literature research 

[43,44] and in accordance with the relevant provisions of the Technical Regulations for 

Forest Resources Planning and Design Survey. For example, the soil thickness was ob-

tained through field measurements with professional tools by a working group of a wood-

land sub-class. The rasterization process of the vector data of each index was completed 

by using the rasterization processing tool of ArcGIS software, in which the elevation and 

slope can be extracted from the ground elevation data to reduce the error of human inves-

tigation. 

② Reclassify 

The raster data of each indicator was reclassified, and the effect value was assigned 

to different characteristics of the indicator. A large value was assigned to the first level. 

Therefore, the new value of the negative indicator should be reversed, and the effect value 

was determined by the Delphi method (expert advice consulting method). Combined with 

the existing literature [39,44,45], and referring to the research methods of scholars, each 

indicator was classified and graded, and its function was assigned. The specific classifica-

tion is shown in Table 2: 

Table 2. Assignment of indicator levels. 

Index Index Characteristics Level Role Assignment 

Soil texture 

Loam 1 8.75 

Clay 2 5.5 

Sand 3 2.75 

Skidding 

distance/km 

Grade I (≤2) 1 8.75 

Grade Ⅱ (2 < S ≤ 4) 2 5.5 

Grade Ⅲ (4 < S ≤ 6) 3 2.75 

Soil thick-

ness/cm 

>100 1 9 

51~100 2 7 

31~50 3 5 

16~30 4 3 

≤15 5 1 

Humus 

thickness/cm 

>20 1 9 

15~20 2 7 

10~15 3 5 

5~10 4 3 

≤5 5 1 

Altitude/m 

H ≤ 500 1 9 

500 < H ≤ 800 2 7 

800 < H ≤ 1 000 3 5 

1 000 < H ≤ 1 200 4 3 

H >1 200 5 1 

Transporta-

tion dis-

tance/m 

≤20 1 9 

21~25 2 7 

26~30 3 5 

31~35 4 3 

>35 5 1 

Slope/° 
Flat slope and gentle slope (≤15°) 1 9 

Slope (15°~24°) 2 7 
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Steep slope (25°~34°) 3 5 

Steep slope (35°~44°) 4 3 

Dangerous slope (≥45°) 5 1 

Aspect 

No slope and north slope 1 9 

East slope and Northeast slope 2 7 

Northwest slope and southeast slope 3 5 

West slope 4 3 

Southwest slope and south slope 5 1 

Slope posi-

tion 

Flat and all slope 1 9 

Valley and downhill 2 7 

Middle slope 3 5 

Uphill 4 3 

Spine 5 1 

③ Determine grading index through the ArcGIS grid calculator  

The weight of each grading index in the grading unit was multiplied by its assigned 

value, and the scoring results of each index were summed to obtain the grading index of 

the grading unit. The forestland grade was divided according to the grading index. This 

process was completed by the ArcGIS grid calculator. 

The calculation formula is: 

𝑃 = ∑ 𝑉𝑗
𝑛
𝑗 × 𝑝𝑗  (2) 

where, P is the rating index; Vj is the weight of grading index; Pj assigns a value to the 

rating indicator. 

④ The corresponding grading index of the grading unit in zonal statistical forestland  

The forestland grading index was determined through the table display partition sta-

tistical analysis, and the forestland grading level was classified according to the grading 

index. The different score interval can differentiate different forestland grades. Any grad-

ing index evaluation unit can only correspond to one level of forestland. The grade level 

can reflect the forestland quality (including natural factor, social economy factor and lo-

cation factor). There should be a gradual transition between grades, and the number of 

grades varies according to different forestlands, generally ranging from 3 to 7. There are 

two classification methods for forestland: one is the determination of total score number 

line, that is, the total score value of grading units is drawn on the number line, and the 

boundary between grades is selected where the number is rare, according to the merits of 

forestland. The other is the total frequency curve method, which makes frequency statis-

tics on the grading index score of the grading unit and draws a frequency histogram. Ac-

cording to the actual situation of the advantages and disadvantages of forestland, the sud-

den change of frequency curve distribution was selected as the boundary between grades. 

2.3.2. The Benchmark Price of Forestland 

The expected price method was used to evaluate the benchmark price of forestland. 

The commonly used methods for forestland asset evaluation in China mainly contain: the 

annuity capitalization method, forestland cost price method, forestland expected price 

method and current market price method [46]. The annuity capitalization method is a 

method to estimate the value of forestland assets according to the appropriate return rate 

on the annual stable income of the assessed forestland. It is difficult to define the annual 

stable income amount and return rate. The forestland cost pricing method involves taking 

the sum of the cost of acquiring forestland and the cost of maintaining the status quo of 

forestland as the value of forestland asset. Nonetheless, the forestland transaction is less, 

and forestland acquisition fee is difficult to obtain. The current market value method is 
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based on the current price of the same or similar forestland assets. It requires a large num-

ber of transaction cases to compare and estimate the assessed forestland assets. The for-

estland expected price method assumes that forestland is subjected to continuous clear-

cutting and forestland benefits and costs are the same in each rotation period; then, the 

net benefits from the infinite rotation periods are discounted and summed as the evalua-

tion value. The benefits and costs of rotation periods could be reasonably predicted in a 

feasible way in practice. Thus, the forestland expected price method was adopted as fol-

lows:  

𝐵𝑢 =
𝑉𝑢+𝐷𝑎×(1+𝑖)

𝑢−𝑎+𝐷𝑏×(1+𝑖)
𝑢−𝑏+⋯−∑ 𝐶𝑗×

𝑛
𝑗=1 (1+𝑖)𝑢−𝑗+1

(1+𝑖)−1
−

𝑉

𝑖
  (3) 

where: Bu refers to the value of forest land; Au refers to the net income of actual stand 

logging in u years (refers to the part of timber sales income after deducting the cost of 

harvesting and transportation, sales expenses, administrative expenses, financial ex-

penses, relevant taxes and fees and reasonable profit of timber operation); Da and Db refer 

to the net income of thinning in year A and year B, respectively; Cj refers to the annual 

direct investment in forestry; V refers to the average indirect cost of forest production (in-

cluding forest protection fee, forest facilities fee, experiment fee of improved varieties, 

investigation and design fee, and management fee of production units, management fee 

of the site department and financial expense); i refers to interest rates (excluding inflation); 

n refers to the number of rotation years. 

2.3.3. Compilation of the Correction Coefficient for Forestland Price  

It is necessary to establish a reasonable correction coefficient of forestland price 

through the benchmark price correction method to evaluate the forestland value. The ex-

isting mature method for the benchmark price correction originates from the construction 

land, which includes the evaluation period, floor area ratio, land use period and others. 

There is commonness and particularity considering the construction land and forestland. 

The main function of forestland is the production of wood products. The wood production 

levels could reflect the level of forestland productivity, and the most intuitive factors that 

could impact the wood production are the accumulation volume per unit area and aver-

age tree height. Thus, the correction coefficient of stand volume per unit area or plant 

number together with the correction coefficient of average tree height were considered as 

the other correction coefficients in the correction coefficient of forestland price. In sum-

mary, the correction coefficient of forestland price includes the correction coefficient of 

the land use period (K1), the correction coefficient of the evaluation period (K2) and other 

correction coefficients (K3). The formula for forestland price evaluation using the correc-

tion coefficient is as follows: 

𝑉 = 𝑉𝑎 × ∑𝐾𝑖  (4) 

where: V refers to the forestland price to be evaluated; Va refers to the corresponding grade 

benchmark price of forestland to be evaluated; Ki refers to forestland correction coefficient. 

(1) Correction coefficient of land use period 

When evaluating forestland with the benchmark price method, the land use period 

of the forestland to be evaluated may be different from the legal maximum use period, so 

it should be corrected. The formula for the annual correction coefficient K1 is as follows: 

𝐾1 =
1−(1+𝑖)𝑚

1−(1+𝑖)𝑛
× 100%  (5) 

where: K1 refers to the land use period correction coefficient of forestland to be evaluated; 

i refers to land restoration rate; m refers to the set service life of forestland to be evaluated; 

n refers to the maximum service life of the forestland. 

(2) Period–day correction coefficient  
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The daily correction of the evaluation period is mainly made in response to the 

changes in the forestland value caused by the time, and the social and economic environ-

ment. The benchmark price of forestland is evaluated at a specific time point, which has 

timeliness. The assessment base date between the forestland to be evaluated and the for-

estland benchmark price is generally different, so it is necessary to revise the assessment 

date. There are various calculation methods for the period–day correction coefficient. 

Considering that forestland value is positively correlated with local GDP, social and eco-

nomic development level, together with the inflation rate, the price index is used to cal-

culate the period–day correction coefficient K2 as follows: 

𝐾2 =
𝑃𝐼𝑐

𝑃𝐼𝑏
× 100%  (6) 

where K2 refers to the daily correction coefficient of the forestland period to be evaluated; 

PIc refers to the daily price index of forestland evaluation; PIb refers to the daily price index 

of the forestland benchmark price evaluation. 

(3) Other correction coefficients 

According to the function of the forestland, the level of forest productivity is largely 

reflected by the level of wood yield, while the wood yield can be reflected by the forest 

production volume per unit area and the average tree height. Because the accumulation 

volume of young forest trees was not involved in the survey data, the level of forest 

productivity can be reflected by the forest survival rate per unit area. Then, the other cor-

rection coefficient K3 was constituted by the accumulation volume per unit area or plants 

number together with the average tree height as follows: 

𝐾3 = 𝐾𝑚 × 𝐾ℎ  (7) 

where K3 refers to other correction coefficients of forestland to be evaluated; Km refers to 

the correction coefficient of forest stock per unit area or the correction coefficient of tree 

number per unit area; Kh refers to the average tree height correction factor. 

If the forest to be evaluated belonged to the young growth, Km is the correction coef-

ficient of the tree number per unit area; otherwise, Km is the correction coefficient of the 

tree stock per unit area. 

𝐾𝑚 =
𝑀𝑗

𝑀

𝑆𝑗

𝑠
⁄   (8) 

where Km refers to the correction coefficient of forest stock per unit area or the correction 

coefficient of the tree number per unit area; Mj refers to the accumulation volume of forest 

trees per unit area on the forestland to be estimated; M refers to the forest accumulation 

volume per unit area of the same forest grade and same age group as the forest to be 

evaluated in the administrative region where the benchmark price of forest land is set; Sj 

refers to the number of trees in the forest land to be estimated; S refers to the number of 

trees of the same forest grade and age group in the administrative region where the bench-

mark price of forest land is formulated. 

𝐾ℎ =
𝐻𝑗

𝐻
  (9) 

where Kh refers to the average tree height correction coefficient; Hj refers to the average 

tree height on the forest land to be estimated; H refers to the average tree height of the 

same forest grade and age group as the forest to be evaluated in the administrative region 

where the forest benchmark price is formulated. 
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3. Results  

3.1. Forestland Grading 

3.1.1. Rasterization of the Indicators 

According to the survey data of forest resources planning and design in 2016, nine 

vector layers were extracted including the soil texture, soil thickness, humus thickness, 

slope, slope position, slope direction, altitude, transportation distance and skidding dis-

tance through ArcGIS software to rasterize the processing tools, and then, each index vec-

tor was rasterized as shown in Figure 2. 

 

Figure 2. Rasterized diagram of each environmental and socio-economic variable. 
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According to Figure 2, the differences of each index reflected in different forestlands 

can be seen intuitively and clearly, and an overall trend can be concluded. In addition to 

soil texture and humus thickness, other conditions such as slope, altitude, transportation 

distance, skidding distance and other aspects of the forest near the urban area are rela-

tively superior. The soil texture in the southwest of Longquan county is better than that 

in other regions. The humus thickness is greater in remote mountainous areas, because 

the mountain forest deep leaves and thick humus. The closer it is to the urban area, the 

thicker the soil layer, the lower the elevation, the smaller the slope angle, and the shorter 

the transportation distance of wood, the better the timber gathering conditions. This is 

consistent with the terrain of Longquan County. 

3.1.2. Reclassification of the Indicators 

Due to the difference between the positive and negative effects of indicators, rasteri-

zation indicators need to be reclassified before grid calculation. Therefore, indicators are 

reclassified according to the assigned values of each grade in Table 2, and the results of 

indicator reclassification are shown in Figure 3. 

In the process of reclassification, negative indexes were reversed by new values. 

Therefore, both positive and negative indexes in the result of reclassification showed that 

the higher the value, the greater the forestland quality. According to the reclassification 

map of each index, the score was generally higher as the forestland was closer to the urban 

area, especially for the altitude and slope, but not for humus thickness, slope position and 

slope aspect. Soil texture indices exhibited little difference across the entire region. The 

regions with higher soil thickness scores are distributed near urban areas and some moun-

tainous areas, which may be caused by river impact near urban areas, while the regions 

with larger forest vegetation cover in some mountainous areas also have the effect of soil 

conservation. 

 

Figure 3. Data reclassification of each indicator. 
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3.1.3. The Forestland Grading Results 

The map algebra in ArcGIS and the index weights obtained by the Delphi method 

(expert advice consulting method) were used to conduct raster calculation on the reclas-

sification map of each index, and the grading index was obtained. Then, the forest land 

was graded according to the grading index of each forest land small class. The results are 

shown in Table 3. 

Table 3. Forestland classification results in Longquan County. 

Forestland 

Grade 

Number of 

Small Clas-

ses 

Proportion (%) Area/ha Proportion(%) 

1 3335 5.8  11,709  4.4  

2 20,944 36.3  75,694  28.5  

3 19,490 33.8  88,814  33.5  

4 8134 14.1  43,996  16.6  

5 5775 10.0  45,061  17.0  

Total 57,678 100 265,273  100  

ArcGIS was used to carry out a visual analysis on forest grade, and the results are 

shown in Figure 4. According to the result table and the distribution map of forest grade, 

there are 57,678 forest small classes in Longquan County, with a total area of 265,000 ha. 

Forest grade distribution is mainly concentrated in Grades II and III, accounting for 70.1 

and 62% of the total forest area, respectively. The number of those in the Grade II for-

estland class was the largest, accounting for 36.3%. The area of Grade III forest was the 

largest accounting for 33.5%. The Grade I forest land was the lowest area accounting for 

only 4.4%. The non-forestland in the figure is mainly urban construction land and rivers 

and lakes, which are basically located in the center of Longquan County and low-lying 

and flat. From the perspective of the forest grade distribution map and the actual river 

and road network, most of the Grade I and II forest lands with better forest quality were 

distributed in the areas where rivers flow through and surrounding roads are convenient. 

Because the land surrounding rivers is flat with a thick soil layer and convenient trans-

portation, the economic value of forest land is high. There are also a small area of Grade I 

and II woodland distributed in remote mountainous areas. After the comparison of to-

pography, it was found that these forestlands are distributed in valley areas. Although the 

location is remote and the transportation is not convenient, these areas have a thick hu-

mus, and a thick and more fertilized soil layer. The distribution of Grade III forestland 

was uniform and distributed in the whole region. Most of the Grade IV and V forests are 

distributed in remote mountainous areas, which are farther away from rivers, lakes and 

road networks. Therefore, the forestry quality of forest in remote mountainous areas is 

not necessarily poor, indicating that location factors have a great impact on forestland 

grade. 
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Figure 4. Forest land grade distribution map of Longquan County. 

3.2. The Benchmark Price of Forestland 

Benchmark is a particular point in the evaluation of forestland price. It represents 

timeliness and needs to be updated on a regular basis. It is updated once every three years 

according to the requirement of other kinds of land benchmark price. This study set the 

assessment base date to 1 January 2021 based on the economic parameter acquisition time, 

Because the area and distribution of Grade II forestland is the highest, it was considered 

as the standard to select the representative sample plots. The economic value of the esti-

mate assets was estimated according to the Longquan economic indicators, whose aver-

age was used as the benchmark price of the standard scale forestland. The benchmark 

price of the standard scale forestland is ca. 9493 CNY/ha, and the average land rent is 570 

CNY /a/ha. 

The benchmark price of other forestland grades was determined by the ratio between 

the average value of each forestland grade corresponding to the sub-class grading index 

and the standard grade. The grading index of Grade I forestland is 1.1 times that of stand-

ard forestland, so the benchmark price increases the corresponding multiple on the basis 

of standard-grade forestland. The benchmark price of Grade III, Grade IV and Grade V is 

0.9, 0.8 and 0.7 times that of standard forestland, respectively. The benchmark price of 
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each forestland grade of forestland can be obtained through calculation as shown in Table 

4. 

Table 4. Benchmark price of various forestland grades in Longquan County. 

Forestland 

Grade 

Average 

Score 

Ratio to Standard 

Forest Land 

Benchmark Price of 

Woodland/(CNY/ha) 

Average Land 

Rent/(CNY/Year/ha) 

1 7.4  1.1  10,380  623  

2 6.8  1.0  9493  570  

3 6.2  0.9  8708  523  

4 5.6  0.8  7827  470 

5 4.8  0.7  6771  406 

As can be seen from Table 4, the benchmark price of forestland shows a decreasing 

trend from Grade I to Grade V, and the benchmark price is 10,380, 9493, 8708, 7827 and 

6771 CNY /ha, respectively. Average land rent from Grade I to Grade V is 623 CNY, 570 

CNY, 523 CNY, 470 CNY and 406 CNY/a/ha, respectively. With the improvement of the 

forestland Grade, the benchmark price of forestland decreases gradually. Because the for-

estland grade is the comprehensive reflection of natural conditions and location condi-

tions. The better the conditions are, the lower the grade is. According to previous research, 

the average rental price of forestland varies greatly. Based on the existing literature, the 

highest and lowest average forestland rents in Zhejiang province are 1389.3 and 309 

CNY/a/ha, respectively [47]. The benchmark price of forestland reflects the price bench-

mark of forestland resources in the administrative region, which can play a certain price 

reference role, so it should be at the average level. The benchmark price in this study is 

within this range, indicating that the research results are reasonable and can be applied to 

the value accounting of large quantities of forestland resources. 

3.3. Application of the Forestland Benchmark Price 

The economic value of Longquan forestland resources assets including both the pub-

lic welfare forestland and commodity forestland was calculated through the forestland 

benchmark price. The value of the public welfare forestland resources was reflected from 

the asset account. The management disorder of the public welfare forestland was im-

proved, and the standard compensation reference after the destruction was provided. The 

assessment base date was set to 1 January 2021. The price correction coefficient was mod-

ified through the benchmark prices of different forestland grades. As the case was evalu-

ated as the value of forestland resources within the county (city), the land use period was 

in accordance with the highest legal period (K1 = 1), and the corresponding operation pe-

riod date was modified. The average height of the timber forest together with the amount 

of stock per unit area or number of trees in the administrative region are shown in Table 

5. After the calculation and summary, the economic value of Longquan forestland re-

source assets can be obtained as shown in Table 6. 
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Table 5. Table of average tree height together with volume per unit area divided by number of 

plants per unit area in different forestland Grades in Longquan County. 

Forestland 

Grade 

Young Forest Middle Aged Forest Near Mature Forest Mature Forest Over Mature Forest 

Average 

Height (m) 

Number 

of Plants 

(Plant/h

a) 

Average 

Height (m) 

Accu-

mula-

tion 

(m3/ha) 

Average 

Height (m) 

Accu-

mula-

tion 

(m3/ha) 

Average 

Height (m) 

Accu-

mula-

tion 

(m3/ha) 

Average 

Height (m) 

Accu-

mula-

tion 

(m3/ha) 

1 3.7 2372 7.2 4.9 9.2 8.4 10.0 9.8 10.9 12.4 

2 3.5 2223 6.7 4.2 8.8 7.7 9.7 9.8 10.3 10.9 

3 3.8 2233 7.0 4.4 8.7 7.6 9.9 9.5 10.2 9.9 

4 3.4 2358 7.0 4.2 8.7 7.5 9.5 8.8 10.1 9.8 

5 3.4 2268 7.0 4.0 8.3 6.2 9.4 8.1 9.9 8.6 

Table 6. Accounting table of economic value of forest land resource assets in Longquan County. 

For-

estland 

Grade 

Area 

(ha) 

Benchmark Price of Wood-

land (CNY/ha) 

Economic Value of Forest Land Re-

source Assets (Million CNY) 

1 11,709 10,380 115 

2 75,694 9493 708 

3 88,814 8708 758 

4 43,996 7827 330 

5 45,061 6771 337 

Total 265,273  2248 

As shown in Table 5, the average tree height and accumulation volume in Longquan 

decreased along with the reduction of the forestland grade. There are also some excep-

tions, such as the average height of sapling forest, mid-maturation forest, nearly-mature 

forest and mature forest in Grade III being larger than that in Grade II, as was the stock 

volume per unit area in mid-maturation forest. The reason for this may be that the classi-

fication of forestland includes not only the forestry quality, but also location factors. For-

estland located in remote mountains is likely to have fertile soil, good forestry quality and 

high forest yield. However, due to the influence of location and other adverse factors, the 

final grade of forestland was low. This indicated that it was necessary to involve the loca-

tional and social economic factors to develop the forestland benchmark price. Although 

the assessment result can largely reflect the forestland productivity if only the natural fac-

tors were considered, the results will not be reasonable if the role of the forestland loca-

tional and social economic factors is ignored. 

As shown in Table 6, the total value of forestland resources in Longquan accounted 

for 2.248 billion CNY, and the land value of different levels is consistent and their physical 

(area) quantity. The Grade III forest accounted for the highest proportion (33.7%, 758 mil-

lion CNY) of the total value, while Grade I only accounted for 5.1% (115 million CNY). 

The evaluation and accounting of regional forestland value by using the revision method 

of forestland benchmark price has high accounting efficiency and low professional and 

technical requirements, which has high applicability for the outgoing audit of natural re-

source assets of regional leading cadres in the future. 

4. Discussion 

4.1. Establishment of Forest Land Grading Index System 

The rationality of a forestland grading index system directly determines the ration-

ality of forestland grades, and then affects the accuracy of forestland benchmark price 

evaluation. It is the basic work of forestland evaluation to construct the index system of 

forestland grading according to the purpose of evaluation. At present, due to the diversity 
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and regional differences of forestland evaluation factors, the construction of a forestland 

grading index system has not been unified [48]. The forestland quality evaluation is 

closely related to the factors of soil, topography and artificial management [49]. Therefore, 

some scholars constructed the evaluation index system from the three aspects [50]. There 

were also some other scholars that constructed a forestland evaluation index system from 

soil and meteorology [51]. The existing construction of the evaluation index system of for-

est quality focuses on natural factors, but ignores social and economic factors together 

with location factors. Thus, forest grading can only reflect the differences in the forestry 

of forestland, while considering the location and social economic factors can better reflect 

the comprehensive conditions of forestland. In combination with the characteristics of the 

study area, natural factors including soil type, soil layer thickness, humus thickness, slope, 

slope position, slope aspect and altitude were selected. Location factors including wood 

transportation distance and wood aggregation conditions were adopted. The selected so-

cial and economic factors contained output value per unit area, operating level and human 

disturbance. Since there is not much difference between the social economic factors in this 

study, they were not further considered. Considering the terrain, river and road network 

in the study area, the result of forest grading in this study was also reasonable. Due to the 

difficulty in obtaining data for the measurement of location factors, they were character-

ized by other factors, which may have a negative impact on the accuracy of forestland 

grading. In addition, the construction of the forestland grading index system was a com-

plex engineering. Due to the limitation of data availability, the evaluation index system 

established in this study needs to be further studied and verified. In future research, with 

the development of technology, remote sensing data can be extracted to select more ob-

jective, more appropriate and more reasonable evaluation indicators to grade forestland 

and better reflect the spatial differences of forestland within the county. 

4.2. Forestland Grading Method 

The quality of the forest grading method directly affects the accuracy of grading re-

sults. Previous research methods mainly focused on the mathematical analysis [52,53]. Xia 

et al. [54] first used AHP to determine the weight of evaluation indexes for forestland 

grading, and then established an evaluation model by nonlinear regression analysis. Pip-

puri et al. (2016) used multi-source remote sensing data to classify forestland [55]. In this 

study, the mathematical analysis method was combined with ArcGIS spatial analysis 

technology to conduct forestland grading from a new research perspective. Although the 

calculation connotation was also based on mathematical principles, the calculation pro-

cess was completed through the ArcGIS spatial analysis technology, which is more con-

venient and increased the range of methods that could be selected for forestland grading. 

Moreover, it provides some reference for further optimizing the quality evaluation system 

of forestland, and a scientific basis for formulating and standardizing the forestland trans-

fer price and forestland compensation due to occupation and requisition. In addition, the 

forestland grading method constructed in this study can be used as a reference for similar 

natural resources. Nonetheless, the quality evaluation of forestland grading process is af-

fected by climate, soil, topography, management and other factors [56], and the vast area 

and the geographical space of forestland made it inaccessible to most people, which 

greatly limited the data acquisition, thus affecting the applicability of the grading meth-

ods. Thus, more research is needed to further improve the evaluation accuracy. 

4.3. Benchmark Price of Forestland 

The benchmark price was mostly used in the field of agricultural land [57] and con-

struction land [58,59]. This study innovatively introduced this concept into the forestland. 

The advantages and limitations of various forestland resource asset valuation methods 

were analyzed; the forestland expected price method was the most suitable basic evalua-

tion method to calculate the forestland benchmark price, the forestland price correction 
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coefficient was calculated, and, finally, the forestland benchmark price system for Long-

quan County was established. This provided a preliminary exploration for the establish-

ment of forestland benchmark price in the future administrative region. The accounting 

for the forestland economic value has been widely investigated previously [60–63], but 

most of these studies adopted the annuity capitalization method, the forest land cost price 

method, and the current market price method [64–66]. These methods have the disad-

vantages of cumbersome operation, low calculation efficiency and a high cost, and it is 

difficult for these methods to support the current large-scale inventory of forest resource 

assets. It is simple to collect the reasonable economic value of forestland resource assets 

through the benchmark price. Results showed that this method can perform the economic 

value evaluation and the calculation of forestland resource assets for the provinces, cities 

and counties. Nonetheless, the forestland benchmark price calculation in this study did 

not distinguish the profit-making forestland from the public welfare forestland, and the 

economic forestland resources assets were unified. It can only be used as a reference value 

for a small amount of forest resource assets with the purpose of the transfer and lease. The 

forestland benchmark price method has good applicability for the accounting of the large-

scale forestland resource assets in the administrative region. The reason why commercial 

forest land and non-commercial ecological public welfare forest land are not distin-

guished is that the grading indexes of different types of forestlands are different, and it is 

difficult to obtain the grading indexes. With the improvement of the technological pro-

gress monitoring and surveying, the profit-making forestland and public welfare for-

estland can be further distinguished, different forestland grading index systems can be 

built, and the benchmark price could be calculated separately. This can effectively im-

prove the accuracy of the forestland classification and benchmark price. 

5. Conclusions 

This study collected the survey data of forest resources planning and design in Long-

quan, Zhejiang Province, China in 2016. An index system of forestland classification was 

built through the local economic parameters, natural factors, together with social eco-

nomic factors and location factors. It aimed to classify the forestland of Longquan county, 

to calculate and evaluate the benchmark price of forestland of each grade, and use the 

benchmark price of forestland to calculate the economic value of forestland to improve 

the efficiency of statistic management of forestland resources. The process of the for-

estland classification was further determined through the ArcGIS spatial analysis technol-

ogy, and the forestland expected value method was used to determine the benchmark 

price of each forestland level. In order to improve the efficiency of forestland resource 

asset accounting, the benchmark price of forestland was applied. Results showed that for-

estland resources in Longquan were mainly concentrated in Grade II and Grade III, ac-

counting for 70.1% of the total number of forestland subclasses and 62% of the total for-

estland area, respectively. The high-grade forestland (meaning the forest quality is low) 

was mostly distributed in remote mountains, far from the urban areas, indicating that 

when compared with the natural factors, location factors such as transport distance and 

timber gathering distance have a greater impact on the economic value of forestland re-

sources. However, low-grade forest land (meaning high quality forestland) is mainly dis-

tributed in the urban areas with flat terrain, which was mainly affected by terrain and 

traffic location. Taking Longquan county as an example, the empirical study showed that 

this method can greatly improve the accounting and transfer efficiency, promote the eco-

nomical and intensive management, and enhance the sustainable management efficiency 

of forestland resources. 

Meanwhile, this study provides some policy implications. The zoning protection 

scheme of forest land resources can be scientifically formulated based on the basis of the 

forestland classification, which could promote the effective protection and management 

of forestland resources. Second, it can calculate the economic value of forestland resources 

in administrative regions based on the benchmark price, which can effectively manifest 
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the value of natural resources and help local governments calculate and count the value 

of natural resources assets and serve the evaluation of government departments. Third, it 

is helpful to establish the benchmark price system in the region, and then, adaptive 

schemes could be formulated for the ecological compensation, occupation compensation 

and forestland damage compensation. 
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