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Abstract: Vegetation plays a very important role of carbon (C) sinks in the global C cycle. With its
complex terrain and diverse vegetation types, the Lancang River Basin (LRB) of southwest China has
huge C storage capacity. Therefore, understanding the spatial variations and controlling mechanisms
of vegetation C storage is important to understand the regional C cycle. In this study, data from a
forest inventory and field plots were used to estimate and map vegetation C storage distribution in
the LRB, to qualify the quantitative relationships between vegetation C density and altitude at sublot
and township scale, and a linear model or polynomial model was used to identify the relationship
between C density and altitude at two spatial scales and two statistical scales. The results showed that
a total of 300.32 Tg C was stored in the LRB, an important C sink in China. The majority of C storage
was contributed by forests, notably oaks. The vegetation C storage exhibited nonlinear variation with
latitudinal gradients. Altitude had tremendous influences on spatial patterns of vegetation C storage
of three geomorphological types in the LRB. C storage decreased with increasing altitude at both
town and sublot scales in the flat river valley (FRV) region and the mid-low mountains gorge (MMG)
region, and first increased then decreased in the alpine gorge (AG) region. This revealed that, in
southwest China, altitude changes the latitudinal patterns of vegetation C storage; especially in the
AG area, C density in the mid-altitude (3100 m) area was higher than that of adjacent areas.
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1. Introduction

The carbon (C) cycle is the Earth's largest material and energy cycle, in which carbon dioxide
(CO2) in the atmosphere is turned to organic matter through vegetation and used as the most basic
material and energy source for human life and production [1]. Amid the growing concerns about
global warming due to increasing greenhouse gases (GHGs) like CO2 since the industrial revolution,
the C storage of terrestrial ecosystems, a key C sink, has an important role in the global C cycle [2–5].

Globally, a total forest C sink amount of about 4.0 Pg (1 Pg = 1015 g) was estimated based on
forest inventory data and long-term ecosystem information from 1990 to 2007, and globally, forests can
sequester half of the fossil-fuel derived CO2 emissions [5]. China’s forests had a biomass C sink of
1896 Tg (1 Tg = 1012 g) during 1977–2008, with an annual C sink of 70.2 Tg/year [6]. However, due to
low stand age and a lack of forest management, mean C density in China was quite low compared to
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the world average. On the other hand, with large forest area and the implementation of sustainable
forest management, China’s forests have great potential for C sequestration in the future. From 2005
to 2050, an annual C sink of 70.2 Tg /year was predicted by Hu et al. [7]. Therefore, C storage by
vegetation is an effective way to address global climate change, and it has become a basic consensus
of the international community and a cutting-edge hotspot of research on ecology, attracting special
attention from scientists and governments [8,9].

Spatial patterns of forest C storage at different scales have received considerable attention [10–14].
Terrain factors including slope and altitude have significant effects on C storage distribution [15,16].
Investigations on the changes of vegetation C storage with altitudinal gradients provide important
data for local forest management [17,18].

In China, more than one-half of forest C storage was in the southwest and northeast areas,
while the highest average C density was observed in the southwest [19]. Influenced by the uplift of
Qinghai-Tibetan Plateau, the latitudinal distribution of vegetation C storage is changed by complex
terrain in the Lancang River Basin (LRB), especially altitude, which affects the spatial patterns of
C storage significantly. Therefore, it is an ideal region to study the spatial patterns and influencing
mechanisms along that altitude. The main objectives of this study were to: (1) estimate vegetation
C storage and explore its latitudinal pattern along the LRB; (2) analyze the allocation and variance of
C storage in different vegetation types and dominant trees; (3) reveal the influencing mechanisms of
C storage with regard to altitude at multiple scales.

2. Study Area

The LRB is part of the Pacific River System and originates in the north foot of the Tanggula
Mountains in central Qinghai-Tibetan Plateau (Figure 1). The Lancang River flows through Qinghai,
Tibet and Yunnan from north to south before exiting from boundary at Xishuangbanna and is thereafter
referred to as the Mekong River. In the Chinese territory, the area of the LRB is 16,480,000 ha [20,21].
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Across 13 degrees of latitude from north to south, the LRB is characterized by complex terrain,
great altitudinal range and various types of climate, and containing almost all types of climate [22].
According to geomorphological types, the LRB can be divided into the flat river valley (FRV) region,
the alpine gorge (AG) region and the mid-low mountain gorge (MMG) region. Above 4000 m, the FRV
region is located in river source regions, and characterized by gentle mountains and a flat shallow
valley. The AG region is located in the core area of the Hengduan Mountains, characterized by a deep
river valley and steep mountains, and thus forms the typical north-south “V” valley. The MMG region
is located in a downstream area, and the river valley is still characterized by a “V” river valley, with
gentle slope [22,23].

3. Methods

3.1. Data Collection

In this study, 500 plots of forest C storage, which were investigated over the past few decades in
southwest China, were collected to determine the model parameters. Among them, 490 plots were
collected from DSIESS (Data Sharing Infrastructure of Earth System Science), which were compiled by
Luo [24], and 10 from published literature [25]. Specifically, the location, vegetation type, dominant
tree species, stand volume and biomass were recorded.

Forest area were obtained from the local Forest Resource Inventory database (2004–2008),
investigated based on sublot every five years. Specifically, the spatial distribution, location, area,
altitude, forest types, tree species, number of trees, diameter, height, age, stand volume and so on
were recorded.

Shrubs of 50 plots were harvested for biomass determination from 2009 to 2012. Grassland types
and their distribution areas, including 129 types in 11 categories, were derived from the Grassland
Resources Map of China in 2000 (1:1,000,000), and the grass production of each grassland type was
extracted from China Grassland Resource Data [26]. Other vegetation types and their areas were derived
from the Vegetation Map of China in 2000 (1:1,000,000).

3.2. Estimation of Vegetation C Storage

Because the vegetation types were very diverse, in this paper, we estimated biomass of forest,
grassland, desert and swamp, respectively. A coefficient of 0.45 was used to convert biomass to
C storage [27].

Forests included arbor forests, shrubs, economic forests and bamboo. Arbor forest biomass was
determined using a volume-derived approach because the data from the forest inventory only provided
information on stand volume. Therefore, a biomass expansion factor (BEF) was used to convert stand
volume to total biomass [28,29], which has been widely used at different scales [13,16,30,31]. The
formulas are written as follows:

BEF “ a `
b
V

(1)

B “
ÿ

BEFi ˆ Vi ˆ Ai “ a
ÿ

Vi ˆ Ai ` bA (2)

In Formula (1), BEF represents conversion factor and V represents stand volume; a and b are
constants. In Formula (2), B represents biomass; BEFi, Vi and Ai represent biomass conversion factor,
average stand volume and planting area of tree species i respectively; A represents area of town or
sublot. The principle and calculating process are detailed by Fang et al. [32]

According to the Formula (1), we developed new conversion parameters (a and b) between stand
volume and biomass based on 500 plots investigated in southwest China (Table 1). Parameters for
some species, due to data availability, were cited from Fang et al. [33]. Regional arbor forest biomass
was estimated based on Formula (2).
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Table 1. Conversion parameters between stand volume and biomass for arbor forests in
southwest China.

Forest Type a b n R

Abies and Picea 0.3809 62.8917 122 0.9123
Cypress 0.5137 31.0518 12 0.9855
Evergreen and deciduous broadleaf mixed forest 0.6011 97.3843 9 0.8287
Pinus armandii, P. densata 0.4758 26.6772 31 0.9594
Larix 0.6433 6.8686 22 0.9619
P. massoniana 0.6404 7.3645 14 0.9995
Tropical rain forest, monsoon forest 1.1243 18.5632 12 0.9946
Mountainous poplar-birth forest 0.5671 48.0016 21 0.8641
Cunninghamia lanceolata 0.4634 30.3323 36 0.8344
Subtropical evergreen broadleaf forest 0.8879 29.0708 158 0.9366
Evergreen sclerophyllous broadleaf oaks 0.5363 84.7126 9 0.9254
P. Yunnanensis, P. kesiya var. langbianensis 0.7685 1.5945 44 0.9955
Alnus 1.0054 4.4856 10 0.9994
* Betula 1.0687 10.2370 9 0.9770
* Eucalyptus 0.8873 4.5539 20 1.0000
* Lucidophyllous forests 1.0357 8.0591 17 0.9100
* Tsuga, Cryptomeria 0.4158 41.3318 21 0.9400
* Populus 0.4754 30.6034 10 0.9290

Note: * means that parameters are cited from Fang et al. [33]; a and b means that parameters are obtained
through Formula (1); n and R stand for the number of samples and the correlation coefficient respectively.

Shrub biomass was estimated at an average of 28.312 t/ha, which was calculated from 50 samples
investigated in research area. Economic forest was estimated at an average of 23.7 t/ha [33], while
some special economic forests cultivated at a large scale were estimated separately. Rubber forest
biomass was calculated using the model: y = ´0.136¨ x2 + 13.12¨ x ´ 65.86 (R2 = 0.983, p < 0.001), where
y represents biomass per rubber tree and x is forest age [34]. An average of 22.7 t/ha was taken for
tea plant [35], and 0.0225 t/strain for bamboo [36]. Grassland aboveground biomass was estimated
by grass yield deducted by water content, which accounts for 15% [33]. Belowground biomass was
estimated using shoot/root ratios from published literature [37]. Crop biomass was ignored due to the
short harvest time and fast rotation [38]; desert biomass was estimated at 0.2 t/ha and swamp biomass
at 40 t/ha [33].

3.3. Data Analysis

To explore their spatial pattern with latitudinal gradients, vegetation C storage and density
were estimated using Formula (2) at township scale. Also, we drafted the scatter diagram between
vegetation C density and latitude at town scale and 1˝ latitudinal scale.

To a large degree, regional C storage was determined by local vegetation types and formation. We
estimated C storage and density of all vegetation types and dominant tree species using Formula (1).

Vegetation C storage was affected by terrain with varying degrees in different geomorphological
types, and we focused on the altitude factor in this study. Firstly, the differences in C density of
vegetation, altitude and altitudinal range among three geomorphological regions were tested using
one-way analysis of variance (ANOVA) with Duncan tests. Furthermore, a linear model or polynomial
model was used to identify the relationship between C density and altitude in three geomorphological
regions at two spatial scales and two statistical scales (plot and 100 m altitudinal scale), respectively.
At township scale, vegetation C density was analyzed for all towns in the LRB. At sublot scale, forest
C density was analyzed by sublots of typical regions in three geomorphological types. Yushu Prefecture
(258 sublots), Diqing Prefecture (4698 sublots) and Xishuangbanna Prefecture (1024 sublots) represent
the FRV region, the AG region and the FRV region, respectively. The C density of sublots was estimated
using Formula (2).
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Spatial analysis and maps were produced using the ArcMap software (version 10.1). Statistical
analyses and graphs were conducted using the SPSS software (version 17.0) and Origin software
(version 8.5).

4. Results

4.1. Spatial Distribution and Latitudinal Patterns of Vegetation C Storage along the LRB

A total vegetation C storage of 300.32 Tg was estimated in the LRB, including 326 towns, and the
C density ranges from 0.09 Mg/ha to 90.40 Mg/ha (1 Mg = 106 g), with an average of 18.89 Mg/ha
(Appendix A, Figure 2). According to published literature [26,37,39], China’s terrestrial vegetation
C storage ranges from 4.77 Pg to 6.42 Pg, 4.68%–6.29% of which is stored in the LRB, though the land
area takes up only 1.67% of the national total.

Vegetation C storage showed nonlinear variation with latitudinal gradients, which had
two maximum value at N21˝ (Xishuangbanna) and N27˝ (Diqing) (Figures 2 and 3). In three
geomorphological regions (Figure 3), the FRV region was located in the upstream area of the LRB,
characterized by high latitude and high altitude. The vegetation was dominated by grassland, resulting
in low C density, usually below 10Mg/ha. The AG region was located in Hengduan Mountains,
characterized with complex terrain and large altitudinal range, resulting in huge difference of C density
at same latitude. As it was also dominated by Abies and Picea, vegetation C density of Diqing Prefecture
was more than 50 Mg/ha. The MMG region was located in the downstream area of the LRB, and
vegetation C density decreased with the increasing latitude. With an average of 54.16 Mg/ha, the
vegetation C density of Xishuangbanna Prefecture was nearly three times that of the LRB. Particularly,
the average C density of some towns could even reach 90.40 Mg/ha.

Figure 2. Spatial distributions of C storage and density along the LRB.
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Figure 3. Latitudinal patterns of vegetation C density along the LRB (one plot represents one town).
The blank, red and blue colors represent the FRV, AG and MMG regions, respectively.

4.2. C Storage of Vegetation Types and Dominant Tree Species

Forests were the most important C pool with 276.27 Tg C, accounting for 92.13% of the total
vegetation C storage (Table 2). The average C density was 37.09 Mg/ha. Arbor forests contributed the
greatest C storage, which was 10, 22, and 75 times that of shrubs, economic forests, and bamboo forests,
respectively. Bamboo forests had the highest C density of 64.57 Mg/ha, higher than the national
average (32.96 Mg/ha), but lower than that of Yunnan Province (90.31 Mg/ha) [33]. In comparison
with the results at the same latitude, the figure was higher than Makino bamboo (49.8 Mg/ha) and
Moso bamboo (40.6Mg/ha) [40]. The C density of arbor forests reached 47.95 Mg/ha, higher than the
national average (41 Mg/ha) [29]. Grassland, storing 21.10 Tg C, played a significant role, accounting
for 7.04% of the total vegetation C storage. The average C density was 2.92 Mg/ha, lower than the
national average (3.46 Mg/ha) [29].

Table 2. C storage and density of vegetation types.

Vegetation Type C Storage Tg C Density Mg/ha

Forest

Arbor 238.64 47.95
Shrub 23.81 12.97

Economic forest 10.64 19.86
Bamboo 3.17 64.57
Subtotal 276.27 37.09

Grassland 21.10 2.92
Desert 0.09 0.09
Swamp 2.40 18.00

Oaks forests were widely distributed in the LBR and hold the highest C density (63.26 Mg/ha),
followed by Abies (62.37 Mg/ha) and Picea (60.52 Mg/ha) (Table 3). The C density of Eucalyptus was
only 4.47 Mg/ha, far lower than the level of other species, which could result from great cultivation in
the downstream area in recent years, and the dominance of man-made young forests. In general, the
C density of coniferous forest was higher than broadleaf forest.

Regarding dominant tree species in different regions (Table 3), few forests, mainly Sabina tibetica,
were distributed in the FRV region, with an average forest C density of about 20 Mg/ha. The AG
region, particularly in Diqing Prefecture, was dominated by dark coniferous forests, mainly Abies, Picea
and alpine oak, with an average forest C density above 60 Mg/ha. Characterized by rich biodiversity,
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the MMG region, especially in Xishuangbanna Prefecture, contained a large amount of tropical seasonal
rainforest, tropical montane rainforest, monsoon forest and subtropical evergreen broadleaf forest, and
has huge C storage.

Table 3. C storage, density and distribution of dominant tree species.

Tree Species C Storage
Tg

C Density
Mg/hm2

Distribution
Region Tree Species C Storage

Tg
C Density
Mg/hm2

Distribution
Region

Larix 0.16 42.97 AG Betula 0.66 33.41 AG, MMG
P. densata 0.40 33.32 AG Eucalyptus 0.25 4.47 MMG

Abies 6.92 60.52 AG Populus 0.15 31.56 AG, MMG
Picea 2.09 62.37 AG Castanopsis 0.79 35.49 MMG

P. armandii 0.61 30.61 AG, MMG Alnus 1.80 31.57 AG, MMG
Cypress 0.17 21.21 AG, MMG Schima 0.16 26.85 MMG

C. lanceolata 0.17 22.40 MMG Cassia siamea 0.02 25.67 MMG

Tsuga 0.59 50.83 AG, MMG Anthocephalus
chinensis 0.02 21.48 MMG

P. Yunnanensis 7.82 26.60 MMG Tectona grandis 0.03 37.57 MMG
P. kesiya var.
langbianensis 23.95 31.32 MMG Hevea 9.34 22.57 MMG

Oaks 55.23 63.26 FRV, AG,
MMG Sabina tibetica 0.18 20.97 FRV

4.3. Altitudinal Patterns of C Storage in Three Geomorphological Regions

There was no significant difference in C density between the AG region and the MMG region, both
being higher than that of the FRV region (Figure 4A). Altitudes of the three regions were statistically
different (Figure 4B), and the altitudinal range of the AG region was significant larger than the other
two regions (Figure 4C).

Figure 4. C density, altitude and altitudinal range of different geomorphological regions. Panels (A–C)
represent C storage, altitude and altitudinal range, respectively. Data were averaged and the error
bar represents standard error. Data with the same small letter in each panel indicates no significant
difference at the p = 0.05 level (Duncan test).

At town scale, vegetation C density decreased weakly with increased altitude in the FRV region.
Altitude could explain 21% of the variation in vegetation C density at plot scale (Figure 5A), and up
to 30% at 100 m altitudinal scale (Figure 5B). Vegetation C density first increased and then decreased
with increased altitude in the AG region, peaking at 3100 m and exhibiting an inverted U shape curve.
Using the polynomial model, altitude could explain 46% of the variation in vegetation C density at
plot scale (Figure 5A), and up to 65% at 100 m altitudinal scale (Figure 5B). In the MMG region, there
was a significant negative linear correlation between vegetation C density and altitude, which could
explain 33% of the variation in vegetation C density at plot scale (Figure 5A), and up to 30% at 100 m
altitudinal scale (Figure 5B).

At sublot scale, forest C density, with small variation range, exhibited a similar altitudinal pattern
to town scale, and tended toward 20 Mg/ha (Figure 6A,a). Forest C density exhibited a significant
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inverted U-shape curve for altitude both at plot scale and 100 m altitudinal scale in the AG region
(Figure 6B,b), peaking at 3100 m, the same as town scale. Altitude could even explain 77% of the
variation in forest C density at 100 m altitudinal scale (Figure 6b). Conversely to town scale, forest
C density presented an inverted U-shape curve for altitude at sublot scale, which could explain 27%
of the variation in forest C density at plot scale (Figure 6C), and up to 67% at 100 m altitudinal scale
(Figure 6c).

Figure 5. Altitudinal patterns of C density of different geomorphological regions at town scale. Panel
(A) was plot scale (one plot represents one town) and panel (B) was 100 m altitudinal scale. The blank,
red and blue colors represent the FRV, AG and MMG regions, respectively.

Figure 6. Altitudinal patterns of C density of different geomorphological regions at sublot scale. Panels
with capital letters (A–C) were plot scale (one plot represents one sublot), and panels with small letters
(a–c) were 100 m altitudinal scale.
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5. Discussion

5.1. Error Analysis of the Accuracy of C Storage

Due to the impact of the uplift of the Qinghai-Tibetan Plateau, terrain conditions were extremely
complex in southwest, China, making it very difficult to estimate local vegetation C storage accurately.
It was necessary to evaluate the accuracy of the results.

At province scale, compared to vegetation C storage in Qinghai-Tibetan Plateau by Li et al. [41], the
error was 11% for towns in Qinghai Province (19.7 Tg vs. 17.53 Tg), and 1.5% in the Tibet Autonomous
Region (65.61 Tg vs. 64.53 Tg). No available study for comparison in Yunnan Province, while C storage
was estimated based on the local Forest Resource Inventory database and model parameters, and the
error was controlled within 5% [19]. Overall, these results were highly comparable.

Among vegetation types, arbor forest C storage was estimated based on the Forest Resource
Inventory database, which was characterized by detailed classification for conifer trees, but not for
broadleaf tree classification. The downstream area of the LRB, especially in Xishuangbanna Prefecture,
where a large number of subtropical evergreen broadleaf forests were distributed, may arise in errors
regarding C storage accuracy. Based on the grass inventory database, aboveground C storage of
grassland was relatively accurate with an error of less than 10% [26], but errors may arise regarding
underground C storage, estimated using shoot/root ratios from published literature. Average C storage
data were used in estimation in other vegetation types, and error may arise from the large difference
between vegetation types and regions. However, the overall effects were limited, considering their
small distributions.

5.2. Influencing Mechanism for C Storage by Altitude

Generally, vegetation C storage increased with decreasing latitude [42]. However, in the southwest
of China, especially in the Hengduan Mountains, the uplift of the Qinghai-Tibetan Plateau had changed
the latitudinal distribution character of vegetation [43]. The terrain factor also affected spatial pattern
of vegetation C storage significantly, which exhibited nonlinear variation with latitudinal gradients
(Figure 3). We stressed the influencing mechanism for C storage by altitude in three geomorphological
types. In the FRV region, the vegetation C density slightly decreased with increasing altitude, mostly
less than 10 Mg/ha. With a small variation range, forest C density mostly was about 20 Mg/ha. In the
AG region, the altitudinal range was obviously larger than the other two regions (Figure 4A). It had an
inverse U-shape curve between C density and altitude both at town and sublot scale because a strong
Foehn effect exists, which was caused by the specific terrain and resulted in the dry-hot valley [44].
Thus, the vegetation in middle altitude area was the richest and the C density was high, while the
C density was low in the high and low altitude areas. In the MMG region, the C density descended
with the increasing altitude at town scale (Figure 5A), while there was a conic relationship between
C density and altitude at sublot scale. The C density was highest at the altitude of 1000 m. We found
that 1000 m was the upper limit of rubber plantations. This was probably due to the destruction of
natural vegetation and the substitution of plantation below 1000 m.

Comprehensively, the altitude had the strongest impact on the vegetation C density in the AG
area, and changed the latitudinal pattern, resulted in higher C density in mid-altitude (3100 m) than
adjacent areas.

5.3. Tradeoff between C Storage and Local Development

There was enormous vegetation C storage in the LRB, though it was severely disturbed due
to economic development. In the upstream area, height, coverage and aboveground biomass
of meadow communities were significant decreased with the increasing grazing intensity [45].
Also, in Xishuangbanna, driven by economic interests, seasonal rain forest had been replaced by
rubber plantations and conserved only in the protected areas. C density in rubber plantations
was 83.86–123.49 t/ha, which was lower than that of seasonal rain forest of 244.95–377.87 t/ha [46].
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The area rubber plantation had reached 376,600 ha in 2014, three times in 1990 [47], resulting in
huge C losses. Research indicated that deforestation, especially destruction of tropical rainforests,
was the second-largest source of increased atmospheric CO2 concentration, following only fossil
fuel combustion [48–50]. It suggested that tradeoff between local development and C was an
important issue faced by all governments. They should abandon the completely short-sighted focus
on economic interests and take a holistic view to reserve the ecological land for ecological balance.
For over-developed regions, it is necessary to appropriately adjust the industrial structure and guide
economic behavior of local residents, so as to restore the ecological balance. The results of the study are
help for understanding the spatial patterns and controlling mechanisms of local vegetation C storage,
which could be useful to balance C storage and local development.

6. Conclusions

We estimated the vegetation C storage of the LRB, and focused on the influence of altitude. As an
important C sink in China, the vegetation C storage of the LRB(300.32 Tg) accounted for 4.68%–6.29%
of the national total, with only 1.67% of the land area. And the majority of C storage was contributed
by forests, notably oaks, Abies and Picea. Further, different from the general pattern, the vegetation
C storage exhibited nonlinear variation with latitudinal gradients, which had two maximum value
at N21˝ (Xishuangbanna) and N27˝ (Diqing). As the main influencing factors, altitude affected the
distribution of local vegetation, and then changed the latitudinal patterns of vegetation C storage,
especially in the AG area. The C density in the mid-altitude (3100 m) of the AG area, which was
dominated by dark coniferous forests, mainly Abies, Picea and alpine oak, was higher than that of
adjacent areas.

The study provided insights into the spatial pattern of C storage in complex terrain regions.
Further study would integrate more influencing factors, including meteorological factors, other terrain
factors and the human disturbance factor, to reveal deep controlling mechanisms for the spatial
patterns of vegetation C storage in complex terrain regions.
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Appendix A

Table A1. C storage and density at different administrative levels in the LRB.

Province/
Autonomous

Region

Prefecture/
City/

District
County

Number
of

Towns

Area 104

ha

C
Storage

Tg

C
Density
Mg/ha

Area
Percentage

%

C Storage
Percentage

%

Qinghai Yushu
Nangqian 10 120.70 4.94 4.09 7.59 1.64

Yushu 3 70.71 2.52 3.56 4.45 0.84
Zaduo 8 356.55 12.25 3.43 22.42 4.08

Subtotal 21 547.96 19.70 3.60 34.46 6.56

Tibet

Chaya 13 79.79 10.61 13.30 5.02 3.53

Changdu

Changdu 15 104.39 25.81 24.72 6.57 8.59
Dingqing 8 30.86 0.51 1.65 1.94 0.17
Gongjue 4 3.96 0.14 3.60 0.25 0.05
Jiangda 5 32.85 1.61 4.91 2.07 0.54
Leiwuqi 10 57.52 11.06 19.23 3.62 3.68

Mangkang 11 47.61 11.71 24.60 2.99 3.90

Zuogong 6 15.53 3.72 23.98 0.98 1.24

Naqu Baqing 1 16.46 0.43 2.61 1.04 0.14

Subtotal 73 388.97 65.61 16.87 24.46 21.85
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Table A1. Cont.

Province/
Autonomous

Region

Prefecture/
City/

District
County

Number
of

Towns

Area 104

ha

C
Storage

Tg

C
Density
Mg/ha

Area
Percentage

%

C Storage
Percentage

%

Yunnan

Baoshan
Changning 8 13.49 2.00 14.82 0.85 0.67
Longyang 3 3.75 0.91 24.18 0.24 0.30

Dali

Dali 11 7.64 0.81 10.64 0.48 0.27
Eryuan 12 21.07 2.77 13.17 1.33 0.92
Heqing 1 1.92 0.20 10.17 0.12 0.07

Jianchuan 7 17.58 2.82 16.02 1.11 0.94
Nanjian 6 9.04 1.04 11.45 0.57 0.34
Weishan 8 21.30 2.70 12.65 1.34 0.90
Yangbi 11 13.95 2.18 15.62 0.88 0.73

Yongping 8 32.62 11.22 34.40 2.05 3.74
Yunlong 10 36.22 7.41 20.46 2.28 2.47

Diqing Deqin 4 21.37 8.17 38.23 1.34 2.72
Weixi 8 29.41 13.57 46.13 1.85 4.52

Lincang

Cangyuan 7 10.11 3.59 35.52 0.64 1.20
Fengqing 13 14.74 3.81 25.84 0.93 1.27
Gengma 4 9.35 3.60 38.47 0.59 1.20
Linxiang 5 6.16 2.01 32.64 0.39 0.67

Shuangjiang 6 14.61 4.65 31.83 0.92 1.55
Yongde 1 1.40 0.29 20.44 0.09 0.10
Yunxian 11 18.87 4.84 25.62 1.19 1.61

Nujiang Lanping 8 35.49 9.06 25.52 2.23 3.02

Pu'er

Jiangcheng 1 7.26 0.85 11.69 0.46 0.28
Jingdong 5 12.00 2.21 18.44 0.75 0.74

Jinggu 11 52.59 16.76 31.87 3.31 5.58
Lancang 19 51.73 18.87 36.49 3.25 6.28
Menglian 4 4.89 0.91 18.58 0.31 0.30
Ning'er 4 11.80 2.00 16.96 0.74 0.67
Simao 4 16.97 6.57 38.72 1.07 2.19

Zhenyuan 5 14.64 2.78 19.00 0.92 0.93

Xishuangbanna
Jinghong 8 58.24 31.17 53.51 3.66 10.38
Menghai 10 22.56 12.52 55.49 1.42 4.17
Mengla 9 60.33 32.75 54.28 3.79 10.90

Subtotal 232 653.11 215.01 32.92 41.08 71.59

Total 326 1590.04 300.32 18.89 100.00 100.00
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