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China’s recent collective forest tenure reform (CFTR) aims to improve forest
conditions by devolution of forest management rights from community
collectives to individual households. Studies reveal substantial local variation in
CFTR implementation, but the ecological effects and underlying mechanism have
received little attention. Our study focused on community-managed forests and
household-managed forests in four communities located in the mountains of
Southwest China. The objective was to investigate the relationship between CFTR
and forest conditions at the local scale. We employed a combination of remote
sensing technology, field forest observations and socioeconomic surveys to
gather data for analysis. The results showed that the forest cover change trends of
collective forests and household forests in each community were consistent from
1994 to 2014. There was no significant relationship between CFTR implementation
and local-level differences in species diversity and soil fertility in forests. The
aboveground biomass of collective forests was significantly higher than that of
household forests. Differentiated access and use, low compensation amounts,
and loose payment terms jointly affected CFTR's effectiveness to improve local-
scale forest conditions in the study area. Attempts to formalize forest tenure rights
must be flexible enough and adapted to the local environment so that changes
induced by the CFTR can improve local access to forest resources and its benefits.

KEYWORDS

collective forest tenure system reform, forest condition, mountains of Southwest China,
household management, collective management

1. Introduction

Forests are the most important terrestrial ecosystems and play an important role in
sustainable development through climate change mitigation, critical ecosystem services, human
livelihood security and biodiversity conservation (Timko et al., 2018; Katila et al., 2020a). Global
forests are experiencing severe deforestation and degradation (Riitters et al., 2016; Fischer et al.,
2021; Morreale et al., 2021). To call attention to the quality of forests, the term “forest conditions”
is proposed (Davis et al., 2001). It is used not only to describe the changes in forest cover but
also to describe forest structure, diversity, biomass and even health (Yin, 2016; Huang, 2019;
Ekanayake et al., 2020). The decline in forest conditions continues at an unsustainable rate
despite growing international agreements to protect forests (Xu, 2011; Curtis et al., 2018; Liet al.,
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2020). Unclear property rights and poor management of land use are
key factors in forest degradation (Balooni et al., 2007; Dai et al., 2012;
Rendenieks et al., 2015; Lawry et al., 2017; Schitrmann et al., 2020).
Forest tenure decides who can utilize which resources, under what
conditions, in what manner and for how long, and who has the right
to transfer rights to others (Larson et al., 2010). Since the mid-1980s,
forest tenure reforms have been widely implemented worldwide.
Devolution has become a prominent feature of forest governance, with
more than a quarter of forests in developing countries owned by
communities or allocated to households in the community (Larson
etal., 2010). Currently, nearly half of Europe’s forests (excluding the
Russian Federation) are privately owned, providing a range of valuable
ecosystem services to society (Lawry et al., 2017; Nichiforel et al.,
2018). A more complex vertical canopy structure and higher tree
species richness are characteristic of private forests in northern Latvia
(Rendenieks et al., 2015). It is believed that devolving control of forest
resources from state to communities or individual households would
lead to more effective, accountable, equitable and flexible effects (Yin,
2016). However, there is still no definite or strong evidence to show
which specific ownership types would ensure the improvement of
forest conditions in certain cases (Chen and Innes, 2013).

The advantages of transferring forest tenure from state to
community collectives are a major concern in the available literature,
while devolution of forests through individualization has received
little attention (Robinson et al., 2014; Blackman and Veit, 2018;
Robinson et al,, 2018; He et al., 2020). China has the largest share of
the world’s community collective forests, accounting for more than
60% of the total community forest area in the Asia-Pacific region
(Sikoretal., 2013). For a long time, China’s collective forests have been
faced with the dilemma of indiscriminate deforestation and generally
low enthusiasm of households for forest management and
conservation, resulting in low stand quality, growth rate and ecosystem
function (Chen and Innes, 2013; Yin et al., 2013; Hou et al., 2019; Xu
and Hyde, 2019). In efforts to stanch deforestation and propel forest
transitions, the Chinese government has invested heavily in the
improvement of the national forest tenure system through collective
forest tenure reform (CFTR) to restructure the property rights of
forests belonging to rural communities (Liu and Ravenscroft, 2016;
Liu et al, 2017a). CFTR began in the mid-1980s with the “Three
Fixes”: stabilization of forest tenure, demarcation of responsibility hills
and freehold hills (Liu et al., 2017b; Xu and Jiang, 2019). In 2003, the
central government implemented a new round of CFTR with “clear
property rights and flexible management” as the core content. It
focuses on the decollectivization of collectively owned community
forests, similar to the household contract responsibility system that
individualizes farmland tenure. State authorities aim to establish
households as the subject of management by clarifying and
redistributing rights to use existing community collective forestland
and tree ownership to individual households. It is expected that the
clarification of property rights and implementation of incentives and
subsidies will lead fairly straightforwardly to desired changes in forest
conditions (Robinson et al., 2014; He and Sikor, 2017; He et al., 2020).

Studies to assess the effectiveness of CFTR are centered on
analyzing participants’ subjective evaluation and household behavior
or income, ignoring that the ultimate goal is to improve forest
conditions (Xu et al., 2010; Holden et al.,, 2011; Xie et al., 2013; Yi
etal, 2014; Xuand Hyde, 2019; Xu and Jiang, 2019). According to data
from the Eighth National Forest Resources Inventory (2009-2013),
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the area and volume of collective forests in China increased by 18.57
and 44.69% respectively, compared with the Sixth National Forest
Resources Inventory (1999-2003). The government claims that the
growth of collective forest resources is attributed to CFTR
implementation. However, some empirical studies note that although
CFTR alleviates the timber shortage in China, it also reduces forest
stock and has adverse effects on biodiversity and carbon sequestration
(Zhang et al., 2012). He et al. (2014) also found that due to conflicts
between formal and actual tenure and differences in local governance,
the actual results of this reform at the local scale seemed to have
diverged sharply from the government’s intentions. CFTR is a
top-down policy. The substantial local variation in implementation
probably led to great uncertainty about the effect of CFTR on forest
conditions (Yin, 2016; Xu et al., 2017; Zinda and Zhang, 2018; He
etal,, 2020). Furthermore, analyses of coupled devolution systems and
ecological effects often rely on subjective or perceived assessments of
forest cover (e.g., good, medium and poor) or changes in forest
dynamics over time (e.g., improvement, constant and deterioration),
while forest structure, diversity, biomass and soil fertility are rarely
considered (Yin, 2016). However, even with improved remote sensing
techniques, these standards are inherently difficult to measure, thus
the canopy structures and biomes that make up forests and support
human use are ignored (Zinda and Zhang, 2018). Without set goals,
these aspects evade measurement. Therefore, it is important to explore
the relationship between the CFTR and comprehensive forest
conditions at the local scale using a combination of remote sensing
data and field surveys.

Mountains in Southwest China are a global biodiversity hotspot
and the second largest natural forest region in the country. Forests are
vital to the livelihoods of marginalized groups, including the poor,
women and ethnic minorities. Over the past 30years, the region has
implemented the Returning Farmland to Forest Program (RFFP) and
CFTR to improve forest conditions and local livelihoods. Our previous
study found that RFFP had a limited effect on increasing forest cover
and improving forest ecological quality at the community level in the
region (Lietal., 2019,2020, 2022). The contiguous expansion of large-
scale monocultures coupled with economic and population pressures
threatens natural forest quality and landscape fragmentation (Frayer
et al,, 2014; Hua et al,, 2018a; Liu et al., 2019). It is necessary to
examine the effectiveness of CFTR on forest conditions in this area.
Mountains of Southwest China have undergone major reforms in
forest tenure rights, with central policy statements prioritizing the
allocation of community collective forest tenure rights among
households to facilitate effective management (Brown, 2020). Most
collective forest management and use rights have been devolved from
community collectives to individual households. This area maximizes
the variation in CFTR and is thus suitable for studying the effects of
CFTR on forest conditions at the local scale.

To examine the relationship between CFTR and forest conditions
at the local scale, we linked field forest observations and socioeconomic
surveys with multiseries remote sensing images. This approach
enabled us to address the following scientific questions: (1) Do the
patterns of forest cover change in collective forests and household
forests exhibit similarities or differences over the past 20 years? (2) Are
there significant differences in species composition, diversity,
aboveground biomass, and soil fertility between collective forests and
household forests? (3) What is the underlying mechanism by which
CFTR affect forest conditions at the local scale? This study will help
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provide valuable insights for the development of more sustainable and
ecological forest management models and contribute to the global
forest tenure reform and

experience in community

forestry development.

2. Materials and methods
2.1. Study region

Weixi Lisu Autonomous County is located in northwestern
Yunnan Province and is the core area of the mountains of Southwest
China (Figure 1). The elevation difference in the county is more than
3,000m, and the undulating mountain and valley landforms have
nurtured a rich biodiversity. There are more than 20 ethnic minorities
living in the region, and forests are the most important source of
firewood, timber and fodder for households. In the process of formally
allocating forest tenure, the region has maintained various informal
forest tenure system arrangements. From 1956 to 1982, collective
forests in the study area were owned and managed by community
collectives. In the early 1980s, the central government promulgated
the “Three Fixes,” and collectively held forests began to be devoluted

@ Location of study communities

FIGURE 1
Study area.
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to individual households. In 2009, a new round of CFTR was
conducted, and the boundaries of household forests were demarcated
by rock landscapes, streams and ridges. Most of the collective forests
were allocated among households, while the rest continued to
be managed by the community collectives. We selected four village
communities in the northern region of Weixi County as our subjects
(Figure 1). The principle of selecting communities is to maximize the
variation in CFTR. Collective forests and household forests
co-occurred in each community. Each household in the four
communities was given a household forest area proportional to the
family size. The collective forest areas of communities 111, 112, 123
and 124 were 19.36hm? 27.64hm? 3.31hm? and 0.87hm?
respectively. The household forest areas were 24.49hm?, 12.32hm?,
39.30hm?* and 19.77 hm?, respectively.

2.2. Data collection

To address the scientific questions raised above, we collected data
on CFTR implementation options, forest cover change, forest
conditions and household livelihood strategies in the study area.

2.2.1. Interview and participatory mapping

To obtain information on forest resource utilization and
participation in CFTR of households in the study area, we used
household questionnaires and focus group discussions to collect
socioeconomic data from July to August 2014. We surveyed all
households in each community on demographics, livelihood activities,
resource use, participation in key forestry projects, and perceptions of
community institutions. The authors together with 11 trained
enumerators conducted interviews with an adult member from each
present household in every community visited. The questionnaire was
conducted in Mandarin Chinese. A total of 104 valid questionnaires
were collected from the four communities. In the subsequent analysis,
all mames of places and individuals are pseudonyms, and all
communities are represented by numeric codes. Moreover, with the
assistance of local officials, we selected 5-6 farmers of different
genders and ages in each community to conduct focus group
discussions on forest use. Focus groups included mapping work by the
group participants to identify areas on the map of forests belonging to
different tenure types. The resulting sketch maps were used to create
GIS layers to determine the geographical boundaries and extent of
collective forests and household forests. The focus group also included
interviews on changes in forest ownership, household livelihoods and
community rules and regulations. Information on the use of current
and historic forests helps to characterize community institutions and
project implementation processes. We used the data obtained to
determine how and to what extent households and communities were
involved in forest management.

2.2.2. Remote sensing imagery

Field survey data can mirror phenological information and
vegetation changes, but field station data may have monitoring
interruptions and spatial discontinuities (Zhang et al., 2021). The
normalized difference vegetation index (NDVI) from remotely sensed
data can be used as an alternative, as it has many advantages in
assessing changes in vegetation and phenology (Liu et al., 2022). These
include highly detection, high

advantages sensitive plant
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comparability, broad spatiotemporal cover and low noise (Guo et al.,
2018). The NDVT is a popular technique for identifying and estimating
forest area (Xue and Su, 2017). In this study, the NDVI was used to
analyze the macroscopic characteristics of forest cover changes in
collective forests and household forests in the study area from the
1990s to the present.

Considering the availability of remote sensing data in the study
area, we extracted bands from Landsat 5 TM, Landsat 7 ETM,
Advanced Land Observation Satellite (ALOS) and Gaofen-1 Satellite
data (Table 1). The spatial resolutions of the four phases of image data
were 30m, 30 m, 10 m, and 8 m, respectively. Atmospheric corrections
were performed on all four images before using the data to detect
changes in forest cover. For each atmosphere-corrected image, a cloud
mask method called CF-mask was used to remove clouds, cloud
shadows and snow pixels to obtain effective observation data. The
method is suited to prepare sensing data for detecting NDVI dynamics
(Huang et al., 2021). Then, the NDVI was extracted for each valid
observation. Prior to NDVI change analysis, four land cover maps
were resampled using the 30-m resolution map of 1994 to improve
data integration for change detection analysis. The geographic
boundary data of collective forests and household forests in each
community were obtained via focus groups with participatory
mapping exercises. We created a polygon layer representing the
boundaries of each community collective forest and household forest,
digitized from paper maps and manually geo-corrected with reference
to 2010 ALOS imagery. We used this layer to mask the NDVT raster
for each community as the unit of comparison in the analysis. The
average method is used to extract the NDVTI data of all pixel time
series in each community collective forests and household forests in
the study area one by one.

2.2.3. Forest condition measures

Focusing on the impact of different forest management methods
in CFTR on forest conditions, we measured the composition,
structure, diversity, biomass and soil fertility of collective forests and
household forests in each village community through field forest
observations. To minimize the influence of confounding biophysical
factors, all the plots were situated on the eastern side of the west bank
of the Lancang River basin, predominantly facing east or southeast.
The four communities we selected, one at low elevation, one at high
elevation and two at medium elevation, to illustrate the differences
between riverside and riparian upslope communities (Figure 1). This
sample exemplifies the logic of maximum variation sampling,
capturing a wide range of variation within a population to ensure a
comprehensive representation in a limited sample. We recorded the
physical characteristics of forest communities, small landforms and
the surrounding environment, prominent ecological phenomena and

TABLE 1 Image data.

Acquisition Satellite Spatial

date resolution
(m)

1994 Landsat 5 ™ 30

2000 Landsat 7 ETM+ 30

2010 ALOS AVNIR-2 10

2014 Gaofen-1 PMS 8
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human disturbance in each plot. Based on forest management types
and a set of biophysical criteria designed to maximize comparability
across sites, we systematically selected plots in the study area. At each
site, we marked a group of plots. We selected household forests of
5-6 households in each community to set up plots. There were six
plots in each households forests, and each plot size was also
10m x 10 m. The subsets of households were selected based on wealth
rankings or criteria derived from questionnaire surveys of project
participants. We then selected a representative site in each village
community’s collective forests. At each site, six plots were set up,
each with a size of 10 m x 10 m. The species, height, cover, diameter
at breast height (DBH), number of plants in the tree layer and the
species, height, cover, crown diameter (CD) and number of plants in
the shrub layer were investigated in each plot. Four I1mx1m
herbaceous plots were set up in each 10mx10m plot, and the
species, height, cover and number of plants in the herb layer were
recorded. A total of 24 collective forest plots and 96 household forest
plots were surveyed in four village communities during July and
August 2014.

After removing forest litter from the soil surface, the soil profiles
were excavated at five selected points in each plot in an S-shaped
manner, and samples were taken from three deep layers (0-20cm,
20-40 cm, and 40-60 cm). Then, we mixed the three layers of soil in
each plot to comprise a 1-kg test sample. The samples were sealed in
self-sealing bags and taken to the laboratory for testing of physical and
chemical properties. We selected pH, hydrolyzable nitrogen, total
nitrogen, soil organic matter, available phosphorus, available
potassium, total potassium, and total phosphorus to represent the soil
fertility of the forest community. For details of the specific
measurement methods for each indicator, see Li et al. (2020). A total
of 24 collective forest soil samples and 96 household forest soil samples
were collected from four village communities.

2.3. Data analysis

2.3.1. NDVI extraction

The NDVI was extracted from remote sensing images by the ratio
of the near-infrared band minus the red band to the near-infrared
band plus the red band (Rahman et al., 2004). NDVI values range
from —1 to +1. NDVI values close to +1 indicate the highest forest
cover, while negative NDVI values indicate non-vegetated areas.
Bands 4 and 3 of Landsat 5 TM, Landsat 7 ETM, ALOS and Gaofen-1
are the infrared band and near-infrared band. The formula is
as follows:

Band 4 — Band 3
Band 4 + Band 3

NDVI =

2.3.2. Forest community composition

We selected the Jaccard similarity coefficient (J) and importance
value (IV) to measure the composition of forest communities. Both J
and IV are important quantitative indicators of forest communities.
The former is used to compare the similarity of species composition
between different communities, and the latter is often used to compare
the importance of a species between different communities. The
formula is as follows (Krebs, 1999):
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i

a+tb+i

IV =Dr+Rc+Fr
where Dr is the relative abundance, Rc is the relative cover, and Fr
is the relative frequency.

2.3.3. Forest species diversity

The Shannon-Wiener Wiener index (H) and Simpson index (D)
were selected to measure the species diversity of forest communities.
The diversity index is a mathematical measure of species diversity in
a given community. The two indices capture different aspects of
diversity and provide complementary information. The formula is as
follows (Gotelli and Chao, 2013):

S
D=1-YP}
i=1

S
H'=->"PInP;
i=1

where S is the total number of individuals found in the plot and P
is the relative abundance of the i-th species.

2.3.4. Forest aboveground biomass

Forest aboveground biomass is the embodiment of the carbon
sequestration capacity of forest ecosystems and an important indicator
for measuring forest conditions. The tree biomass equation based on
allometric growth theory has the advantages of accuracy, efficiency
and simplicity. It is the most commonly used method to estimate tree
and forest biomass at various spatial-temporal scales (Paul et al., 2016;
Luo etal., 2020). A tree biomass equation is a quantitative relationship
between tree biomass and one or more simple, readily available tree
measurement variables, such as DBH/CD and height. It provides a
general and reliable method for estimating the biomass and net
productivity of forest ecosystems. In the late 1970s, China began to
study measuring tree biomass and establishing biomass equations
(Pan et al., 1978). Subsequently, many studies are extended to almost
all climatic zones and forest types in China (Luo et al., 2014). Pinus
yunnanensis is an endemic species in the mountains of Southwest
China, and it is also an absolutely dominant tree species in the tree
layer of the forest communities in our study area. Considering the
geographical location of the study area, we selected the single-tree
biomass equation of P yunnanensis in northwest Yunnan constructed
by Liu (2015) to estimate the biomass of the tree layer in each plot.
Quercus acutissima is the subdominant species in the tree layer, and
we followed the model of Xu et al. (2011) to estimate its individual
biomass. Coriaria nepalensis, Rhododendron simsii, Vaccinium
bracteatum and Viburnum cylindricum are dominant species in the
shrub layer. We selected the individual biomass equation of the above
shrub species constructed by Luan (1989), Zhang and Chen (2006),
and Li (2010). Finally, the aboveground biomass of each plot was
obtained by multiplying the single-tree biomass by the number of
trees. The biomass calculation equations of the different tree species
are as follows:

P yunnanensis: W=0.0479(D*H)****
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Q. acutissima: W=9.3540 x 10~*D*% 1154
Other mixed tree species: W=0.0460(D*H)**>*
C. nepalensis: W=66.1690 (C*H)**5*

R. simsii: W=1.4337(C*H)*%%

Other mixed shrub species: W=—-1.9560+11.8320C - 0.2800C*

where W is biomass, C is crown diameter, D is diameter at breast
height, and H is height.

Student’s ¢ test was used to assess whether there were significant
differences in diversity, biomass and soil fertility between collective
forests and household forests. Case comparative and qualitative-
inductive methods were used to compare patterns of community
behind the
implementation of CFTR choices. We also used inferential statistics

institutions and community leader behavior
complemented by qualitative data to compare household livelihoods
across communities. Identifying how community institutions
distribute resource use and using field measures and remote sensing
data to measure the environmental impacts of forest use enable us to
assess patterns across communities, with the goal of causal explanation

of variation in forest conditions.

3. Results
3.1. Forest cover change

From 1994 to 2014, the NDVI change trends between collective
forests and household forests in each village community were
consistent (Figure 2). The NDVI of collective forests and household
forests continued to increase in three village communities during the
study period but not in village community 123. There was no
significant difference in the NDVI between them in 1994, 2000, 2010
or 2014 (Table 2). These results show that both community-managed
forests and household-managed forests have gradually recovered over
the past 30 years, showing a trend of increasing area.

3.2. Species composition and diversity

Both collective forests and household forests have evident vertical
stratification characteristics. Their species composition was similar in
the tree layer, shrub layer and herbaceous layer. P yunnanensis was the
dominant and common species in the tree layer (Table 3). There were
no significant differences in the Shannon-Wiener diversity index and
Simpson diversity index of the tree layer, shrub layer and herbaceous
layer between the collective forests and household forests at either the
village community level or plot level (Figures 3, 4). Therefore, at the
local scale, CFTR likely did not play a significant role in forest species
composition and diversity in the study area.

3.3. Aboveground biomass

At the village community level, there were no significant
differences in number of trees, height, DBH/CD or aboveground
biomass between the collective forests and household forests
(Figure 5). At the plot level, in 75% of the village communities,
collective forests had significantly higher tree height, DBH/CD and
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FIGURE 2
NDVI change trends of collective forests and household forests in four communities in the study area. (A) 112; (B) 111; (C) 123; (D) 124.

TABLE 2 Comparison of NDVI between collective forests and household
forests in 1994-2014 (Samples sizes are n =4 and 4, respectively, for
collective forests and household forests groups).

Collective forests Household
forests
Mean Standard Mean Standard
deviation deviation
1994 0.33 0.14 0.35 0.12 019 | 085
2000 0.34 0.03 0.36 0.04 092 | 0.40
2010 0.36 0.06 0.34 0.06 —026 | 0.80
2014 0.46 0.05 0.45 0.02 —026 081

aboveground biomass than household forests, but the opposite was
true for number of trees (Figure 6). In summary, tall and larger trees
are commonly grown in collective forests in our study area, while

Frontiers in Forests and Global Change

household forests are populated by denser but slender, shorter trees
(Figure 7).

3.4. Soil fertility

There were also no significant differences in soil pH, organic
matter, hydrolyzable nitrogen, available potassium, available
phosphorus, total nitrogen, total phosphorus or total potassium
between the collective forests and household forests at the village
community level (Figure 8). In only one village community, the
total nitrogen, total phosphorus and total potassium of the
household forests were significantly higher than those of the
collective forests at the plot level (Figure 9). These results also show
that CFTR is likely to have no significant effect on forest soil fertility
in the study area.
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TABLE 3 Comparison of species composition in tree layer, shrub layer and herbaceous layer between collective forests and household forests.

Species Collective forests Household forests Jaccard similarity
coefficient (%)
Importance value (%) Importance value (%)
Tree layer Pinus yunnanensis 84.19 80.38
77.92
Quercus acutissima 7.28 8.13
Shrub layer Coriaria nepalensis 10.77 10.61
Vaccinium bracteatum 8.79 12.9
51.28
Rhododendron simsii 7.72 9.45
Viburnum cylindricum 11.01 3.89
Herbaceous layer Ficus tikoua 18.59 15.30
Elsholtzia ciliata 9.53 8.86
Imperata cylindrica 9.26 7.04
Epimeredi indica 3.93 8.35
50.00
Arthraxon hispidus 4.33 7.65
Artemisia carvifolia 4.95 6.40
Digitaria sanguinalis 4.78 6.39
Dumasia forrestii 8.18 /
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FIGURE 3

Comparison of Shannon-Wiener diversity index and Simpson diversity index of tree, shrub and herbaceous layers at the village community level.
Samples sizes are n = 4 and 4, respectively, for collective forest and household forest groups. Error bars indicate the standard errors. Bars followed by
the same letter are not significantly different at p <0.05.

3.5. Socioeconomic observations the way households utilize forests. Quantitative data from household
questionnaires and qualitative data from focus group discussions were

Policy enforcement rules, forest managers and ecological used to summarize socioeconomic observations in the four
compensation are designed to improve forest conditions by improving ~ communities. Stabilizing forests and communities was the main focus
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of CFTR implementation in the mountain hinterlands. In almost all ~ both the collective forests and household forests at their discretion.
households surveyed, community residents may collect nontimber  Firewood, including dry wood and miscellaneous wood, is exclusively
forest products (pine needles, mushrooms and medicinal plants) in  allowed to be collected freely in household forests. Pine tree harvesting
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was formally prohibited in the collective forests. There is a significant
difference in the harvesting weight of firewood and wood between the
surveyed households in collective forests and household forests. On
average, household members in households forests harvested a higher
weight of firewood and wood compared to households in collective
forests (Table 4). Every household in the study area was eligible for
forest ecological compensation annually after CFTR was implemented.
Annual payments vary from 50 to 390 yuan/household, accounting
for 0.50-8.96% of the total household income in 2013 (Table 5).

4. Discussion

Our results show an overall trend of increasing forest cover that
could be interpreted as successful forest expansion policies. There
were no significant differences in plant diversity or soil fertility
between collective forests and household forests. Moreover, the
aboveground biomass of collective forests was significantly higher
than that of household forests. Based on all the above findings, CFTR
likely does not account for the variation in community-level forest
conditions in the study area. The large number of different ethnic
groups in China, which have different institutions and different rates
of population growth and market development, and the inherent

Frontiers in Forests and Global Change

climate, ecological differences, and the extent to which formal
government can influence local tenure arrangements are all possible
reasons for the variation observed (Place, 2009). The redistribution of
rights to forestland affects hundreds of millions of people who depend
on it as a source of livelihood. It is not surprising that CFTR shows
uneven performance. Policy prescriptions often have tensions with
each other and with local practices, which lead to different and
creative local implementation strategies (Lind-Riehl et al., 2015). The
impacts of CFTR on community-scale forest conditions in the study
area are thus likely to be closely related to its differentiated
local implementation.

4.1. Relationship between CFTR
implementation and local-scale forest
conditions from socioeconomic evidence

In the past four decades, Chinese state authorities have launched
a series of payments for environmental services (PES) projects to
promote forest transition, typically represented by CFTR and RFFP
(Delang and Wang, 2013; Liu et al,, 2016; Hua et al., 2018b). Forest
cover is the “hard” policy component that is used to quantify official
performance, while plant diversity, soil fertility and biomass are the
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“soft” policy components that evade quantitative and systematic
assessment. As politically appointed officials, senior administrative
officials at the national, provincial and even municipal levels are more
concerned with the coming years than with longer-term goals,
resulting in excessive indulgence in expanding afforestation areas and
reforestation (Yin et al., 2013). This is probably the key reason for the
increases in cover of both collective and household forests in the study
area. Most studies of PES projects have also shown a positive
correlation between payments and forest cover (Min-Venditti et al.,
2017). From 1982 to 2016, the total area covered by trees globally
increased by 224 x 10* km? (Song et al., 2018). The recent expansion
of planted forests, mainly in temperate regions, has resulted in a
decline in net forest loss (Kohl et al., 2015; Song et al., 2018; Zhang,
2019). This could frame global forest trends in the optimism of forest
transition (Walker, 2021). We also found evidence of local loss in
forest cover. From 2006 to 2011, the Comfortable Housing Program
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project was implemented in community 123, and households were
supported in building new houses. More than 40 respondents said the
building boom was responsible for the cut down of almost all large
trees. The NDVI index of collective forests and household forests
declined sharply in 2010 (Figure 2C). After that, timber regulations
were reinstated. The end of the building boom and the current
reduction in timber requirements for new homes allowed forests to
recover, as evidenced by an increase in the NDVTI for forests in 2014
(Figure 2C). Nearly 50% of China’s collective forests are natural forests
(Hua et al., 2018Db). Further expansion of planted forests in the future
is unlikely due to pressures from economic development, urbanization,
environmental protection and land suitability, and a key element of
management strategy is to radically improve how existing forests are
managed (Hou et al., 2019).

Regarding the impact of CFTR, the surveyed residents were
concerned about forest guarding, logging restrictions and ecological
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TABLE 4 Comparison of harvesting weight of firewood and wood for surveyed households between collective forests and household forests in 2013
(Samples sizes are n =104 and 104, respectively, for collective forests and household forests groups).

Collective forests

Household forests

Mean Standard Mean Standard

deviation deviation
Firewood 326.92 1692.03 5448.08 7194.712 ~7.066 0.00 ‘
Wood 0.00 0.00 200.96 1132.96 ~1.809 0.07 ‘

TABLE 5 Characteristics of different forest management patterns in CFTR
implementation.

Collective Household
forests forests
Management subject Community collectives Individual Households

Collective decision- ,
Management style Households” consciousness

making

Straight and larger pine Stabilizing forests and
Management goals

trees communities

Collect dry wood and

Rake up fallen pine miscellaneous wood as

needles, collect firewood, grazing, rake up
Utilization activities
mushrooms and fallen pine needles, collect

medicinal plants mushrooms and medicinal

plants

Pine trees can be logged by

Logging restrictions Logging prohibited

application

Annual economic Ecological compensation, 50 yuan/household - 390

returns yuan/household (Annual payments)

The data is from the questionnaire survey and focus group discussions.

compensation rather than possible access rights changes due to
changes in land use rights. At any of the study sites, residents were free
to collect non-timber forest products (pine needles, mushrooms,
medicinal plants and bamboo poles) in their own and others’
household forests or collective forests as long as the trees were not
destroyed (Table 5). Pine trees are both the subject of state restrictions
and surveillance, and they serve as a major source of firewood, which
is vital in the daily lives of households in the study area. Local forestry
officials began banning the cutting of pine trees after CFTR was
implemented. Each community has employed forest rangers who are
responsible for patrolling the community forests, implementing forest
rules and overseeing forestry programs. However, the focus of CFTR
in the region is on “stabilizing forests and communities,” and rather
than imposing tenure designs, local authorities are implementing
loose buffers (Colchester, 2002; Zinda and Zhang, 2018; He et al,,
2020). In practice, forest managers and rangers practice leniency,
allowing residents to collect the firewood they need from household
forests. Dead or fallen trees and shrubs, except protected plants, can
be collected at will in household forests (Table 4). Signs of
deforestation—piles of wood, tree stumps and pine bark cut open for
firewood—can be found in each household forest in the study area.
Moreover, many households have planted walnut trees in household
forests, as well as a few chestnut and other fruit trees. As long as the
surveyed plot is a walnut forest, households can obtain material and
economic benefits from it. Residents fear that if successors replace the
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trees with native vegetation, they will be reclassified as collective
forests. In the field survey of forest plots, we found many walnut
seedlings in most household forest plots. In questionnaires and focus
group interviews, households stated that to make walnut trees grow
faster and healthier, they would apply chemical and compound
fertilizers to walnut trees planted in household forests. These fertilizers
were given away free by the government to encourage the planting of
walnuts, a tree that has both ecological and economic benefits (Zinda
and He, 2020). Chemical fertilizers and compound fertilizers are rich
in nitrogen, phosphorus, potassium and other elements, which may
be an important reason why the soil fertility of household forests was
higher than that of collective forests in some communities. Most of
the local households interviewed also grazed their livestock (e.g., pigs,
cattle, goats and sheep) in the household forests, although they were
aware of the degradation these activities caused to canopy density and
tree size. P yunnanensis was the dominant and common species in
both the household and collective forest plots studied (Table 3). The
concern for P yunnanensis in forest management indicates the
extended concern for pine trees. To promote pine growth, residents
were called in to trim the lower and curved branches of pine trees in
the collective forests. These actions show that local forestry stations
are managing forests with the goal of cultivating straight and larger
trees. Restrictions on pine trees and firewood harvesting and grazing
access in collective forests probably led to the general growth of tall,
large trees with higher aboveground biomass, while extreme
disturbances from forest use activities resulted in the general growth
of dense but slender, shorter trees in household forests (Table 4 and
Figure 6). The policy’s single-minded focus on certain types of trees
neglects other parts of the forest. The degradation of household forests
is likely to have adversely affected forest dynamics and associated
biodiversity, ecological functions and ecosystem services over time
(Jameson and Ramsay, 2007).

Economic compensation is the key to better promoting sustainable
forest management among rural households in China (Liu et al., 2017a).
In southeastern China, the devolution of forest management to
individual households has had a high impact on poverty reduction, with
increased incomes and improved quality of life (Chen and Innes, 2013).
Once households have enough income, they pay more attention to
ecological well-being. The economic returns of household forests in the
study area are mainly the compensation paid for forest ecological
benefits. The logic of forest ecological compensation echoes that of PES
and is increasingly popular in international environmental management
(Muradian et al, 2010). The household share of collective forest
compensation rights is fixed at 70 years. Local forestry agents responded
to the challenges of forest boundary demarcation and forest access by
allocating ecological compensation payments based on household size.
Annual payments range from 25 yuan/person (50-70 yuan/household)
in the most populous village to 390 yuan/household in the ridge village
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with the largest collective forest area (Table 5). Most of the interviewed
households indicated that the compensation amount was too small to
be an effective incentive for them to actively manage household forests.
The precondition for forest compensation payments should be effective
forest management. However, no one we interviewed could recall these
forest compensation payments being withheld if forest management
failed. Accordingly, the small amount of forest compensation and the
very loose terms of compensation payments are also the key reasons
that CFTR does not have a significant effect on forest conditions at the
community scale.

4.2. Reflection of the CFTR

Policy is the primary tool that society can use to change outcomes,
but we lack information on the conditions that lead to successful
policies. Strong rights can improve forest conditions and livelihoods
only with multidimensional support (Gilmour, 2016; Katila et al,,
2020b). Studies on CFTR to date have found mixed results (Archibald
etal,, 2009; Zhang et al., 2012; Xie et al., 2013; Xu and Hyde, 2019; He
etal,, 2020). The options set out in the CFTR policy statement clearly
state that village communities have the right to flexibility in
implementing collectivized arrangements. There are differences in the
extent and duration of household or collective arrangements. Qin et al.
(2011) found that households were very concerned about the type of
rights provided by the contract and only considered the land as their
own when the forestland tenure was as long as 75 years. Moreover, the
economic benefits and the degree of promotion of the forest rights
market circulation were uneven in the case of forestland parcelization
(Xie etal, 2014). In some areas, timber markets monopolized by local
traders and lack of access to wood quotas prevent households from
investing in better forest management (Siikamiki et al., 2015). Full
logging rights for standing trees and relaxation of restrictions on
logging quotas would have a positive impact on forestry investment
(Lin et al, 2020). Of all forest resources, wood is most tightly
controlled by national authorities. Homeowners building houses must
submit a proposal for approval by the township forestry agency stating
the amount and location of harvested timber in the study area
(Table 5). Only a certain number of households were allowed to build
houses every year. It is still difficult for most local households to obtain
harvest quotas. Households are unable to realize benefits from
household forests, although they have secure forest rights (He, 2016).
Well-designed mechanisms are needed for forest investments in
sustainable forest management. It is crucial to take into account local
management practices, community participation, and institutional
arrangements when promoting sustainable forest management.

Policymakers need to be cautious about the large body of evidence
of the positive impact of CFTR. The discrepancy between the officially
assigned tenure and the actual practice of rural residents and officials
stems from the local government’s response to the need to generate
policy output while avoiding social chaos. CFTR and a series of
supporting measures did not encourage rural households in the study
area to invest more in forestry, most likely because of the lack of adequate
financial support and institutionalized enforcement rules. It is necessary
to further analyze the interaction between different policies and between
policies and background variables, such as government capacity,
property rights systems and biophysical conditions (Min-Venditti et al.,
2017). Context-specific approaches are critical to provide smallholder,
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indigenous and local communities with the right to use, manage and
benefit from forest resources and to participate meaningfully in decision-
making involving these rights (Katila et al., 2020b). Decision-makers
should encourage a diversified approach to forest management, taking
into account the specific needs and characteristics of different regions.
Attempts to formalize forest tenure rights must be flexible enough and
adapted to the local environment so that changes induced by the CFTR
can improve and benefit from local access to forest resources.

4.3. Limitation

Due to the use of cross-sectional data, it is not possible to
completely eliminate the potential for selection effects on forest
conditions or capture long-term dynamics. Although the confounding
biophysical influences were minimized (sunlight and precipitation),
and the comparisons of NDVI prior to the new round of CFTR in
2003 showed no significant differences were observed between
collective forests and household forests groups (Table 2). Not directly
selecting natural villages with and without CFTR implementation for
comparison may lead to certain limitations. Regional sampling and
small geographical coverage limits our assertive claims about how
CFTR and related socioeconomic processes play out in other regions
and on a larger scale. In the future, we plan to incorporate permanent
sample plots or conduct longitudinal studies to gain a more
comprehensive understanding of the long-term impacts of
management practices on forest conditions. Broadening the
geographical coverage and incorporating a greater variety of study
sites would enhance the applicability of the findings. These methods
will allow for a better elucidation of temporal dynamics and the
establishment of causal relationships. We hope that the insights from
this study will help clarify these crucial links between CFTR policy
implementation and change in coupled human and natural systems.

5. Conclusion

Overall, our findings suggest that the devolution of forest
management and use rights from community collectives to individual
households in CFTR may not have fully achieved the improvements
in local-scale forest conditions expected by the government.
Differentiated access and use, low forest ecological compensation
standards and loose compensation payment conditions were likely the
key reasons affecting forest conditions in the study area. Strengthening
and formalizing households’ de facto rights over forestland under the
premise of effective forest management is of great significance for the
successful implementation of CFTR in the region.

Land management programs target different sectors of the
landscape, but their impacts are tightly connected through livelihood
activities. Different forest owners may have different goals in
managing their forest properties. Many rural households benefit from
the increase in forestry income from CFTR, but it also causes forest
fragmentation (Liu et al, 2017a). Forest fragmentation is an
important cause of biodiversity loss (Betts et al.,, 2017; Chase et al.,
2020). The impact of CFTR on forest fragmentation is also an
important future research direction. To enrich and deepen the
understanding of CFTR, larger-scale and longer-term empirical
studies should be conducted in the future.
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