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Abstract

:

Land use change (LUC) is the most dynamic force in terrestrial carbon stock change, and it is imperative to account for the dynamics of LUC in carbon stock change when forming land use policies. This paper explored the impacts of LUCs on carbon (C) stocks at a county scale and detected changes of soil C stocks within a county-scale land use planning policy. The LUCs within 1979–2006 in Fuyang County (eastern China) and Fuyang Land Use Master Planning (FLUMP) (2006–2020) were selected for this pilot study. The estimates of C stock changes were examined by compiling vegetation and soil organic C density data from six land use types, and through literature reviews and field surveys. The results showed that LUCs between 1979 and 2006 already caused a vegetation carbon (VC) decrease of 273.44 Gg and a soil organic carbon (SOC) decrease of 771.01 Gg, mainly due to urbanization processes. Further, the FLUMP (2006–2020) is expected to lead to a potential C loss of 25.93 × 10−3 Mg C ha−1year−1 for vegetation and 27.48 × 10−3 Mg C ha−1year−1 for soil between 2006 and 2020. As the situation stands, it is urgent to devise rational policies and effective measures to reverse the C loss process.
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1. Introduction


Land use at a global scale has changed notably during recent decades. Especially in developing countries, the acceleration of agricultural production coupled with population growth and urban expansion has led to a daunting transformation in land use and land cover. These intensive changes significantly modify the physical, chemical and biological properties of terrestrial ecosystems [1,2]



Global warming and climate change have been major environmental concerns in the past few decades. The role of terrestrial ecosystems as sources and sinks of C has been highlighted [3]. Soil C including ground (VC) and underground (SOC) is considered the largest C stock in most terrestrial ecosystems. As a consequence, increasing attention has been paid to soil C sequestration over recent decades. Since the Kyoto Protocol was enunciated, such changes in C storage due to land use change (LUC) have been vigorously assessed. Soil C may take centuries to accumulate under natural conditions, but human-induced LUC can have significant direct and indirect effects on VC and SOC stocks by altering the balance between C sequestration and C losses, which are extremely difficult to restore in the short term [4]. Thus, it is important to study the dynamics of current LUC and assess the impact of land use policy on soil C stock change.



Numerous researchers have discussed possible soil C changes in relation to land use and management practices [5,6,7,8,9,10]. In Europe, the dynamics of LUC in the overall carbon balance were assessed by Schulp et al. [11] and Zaehle et al. [12] using high-resolution LUC modelling approaches to analyze the effect of four LUC scenarios on carbon stock changes. Significant differences then were found in the spatial distribution of C sinks and sources between the LUC scenarios, the magnitude of which was influenced by the scale of the study area. Moreover, Batlle-Bayer et al. [13] reviewed publications about SOC stock changes following LUCs in Brazil, finding that intensive agricultural land use has resulted in SOC losses for the top 0.3 m of soil after conventional tillage-based systems were applied. The consequences of LUCs on vegetative carbon stocks were also explored with a combination of direct field measurements and a time series of remote sensing data in Xiamen, China [14] and Seattle, USA [15]. The former study exhibited a rapid increase in vegetation carbon storage from 1972 to 1996, while the implementation of reforestation programs was taking place in Xiamen. Conversely, an average loss of 1.2 Mg C ha−1year−1 in vegetative carbon stocks was detected from 1986 to 2007 in Seattle due to the decline of forest area.



In China, preserving and enhancing soil C storage has become a crucial issue for feeding an increased population and also reducing greenhouse gas emissions. Thus, the effects of LUCs on soil C balance have been extensively investigated in varied landscapes across the country using different approaches [16,17,18,19,20,21]. The Chinese nationwide governance of land use management is in accordance with the Land Administrative Law of China (LAL, formulated in 1986, amended in 1998 and 2004). The LAL provides detailed legal frameworks for establishment of land use policy, explicitly concerning environmental protection. In 2002, the Chinese government passed the Environmental Impact Assessment Law of China, which further required land use plans to undergo environmental impact assessments [22]. However, given that the formal legal arrangement has been documented on paper, environmental impact assessments related to the soil C balance issue remain neglected in fact. Furthermore, limited relevant studies in this field can be found.



In this research, we chose Fuyang County in eastern China as our study area, as traditionally the land use planning at the county level is representative of land use planning systems across China. The aim of this research is to investigate the dynamics of VC and SOC stock changes resulting from LUCs from 1979 to 2006 and to estimate changes of soil C stocks under FLUMP (2006–2020) [23]. The research focus is the role of LUCs in the overall carbon balance of the study area. Additionally, the information gathered would contribute to comprehensive assessment of current land use planning and further revision.




2. Materials and Methods


2.1. Study Area


Fuyang County, which is situated to the north of Zhejiang Province, eastern China, is selected to investigate the C sequestration (Figure 1). The county (119°25′00″–120°19′30″ E, 29°44′45″–30°11′58.5″ N) has a total area of 1831.2 km2, with Fuchun River flowing through it. The geomorphology over the region is constructed with mountains and river valleys, with the relative elevation varying from 1 m to 1063 m above sea level. Amongst the more common landforms, hills and mountains cover 78.61% of the county area, whereby plains and basins only account for 16.36%. The annual mean temperature is 16.1 °C. The mean annual rainfall is 1441.9 mm, and is unevenly distributed throughout the year. The dominant soils in the area are defined as anthrosols and ferrosols with clay loam texture.



Fuyang County is characterized by a large variety of land use types, most of them common to eastern China. Much of the natural vegetation is subtropical evergreen forests, of which, the tree species mainly consist of Fagaceae, Lauraceae, Theaceae, Magnoliaceae, Cunninghamia lanceolata, and Pinus massoniana. Traditionally, agricultural products have included rice, tea and fruit. Since the economic reforms began in 1978, the past three decades have seen urbanization and economic development rise at an unprecedented pace. There has been a massive transfer from agricultural land use to various other land uses in eastern China due to the rapid urban expansion. Thus, the land use data of 1979 were selected as a point of reference before rapid land use changes started in Fuyang County [24].
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Figure 1. Location of study area and spatial distribution of soil sampling sites. 
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2.2. Carbon Density for Land Use Types


VC and SOC stocks were calculated separately for land use types in Fuyang County. Initially, a land use map for 2006 was derived from the results of the Second National Land Survey [25] which had been conducted by Bureau of Land and Resources of Fuyang County at scale 1:10,000. Also, the land use map for 1979 was produced by photo-interpretation of 1979 Landsat MSS images with a spatial resolution of 60 m. Within the GIS environment, all the spatial data were converted into raster layers with 60 m resolution, then geo-referenced to the (UTM) WGS-84 coordinate system and processed using ArcGIS 9.2 (ESRI Inc., Redlands, CA, USA.) software. Moreover, a pixel resolution corresponding to 60 m was chosen to better combine an exhaustive representation of the land use maps with a reasonable amount of data processing. Then, all the data acquired from these land use maps were primarily divided into 57 classes in reference to the criteria of National Land Use Classification (GB/T 21010-2007) (Ministry of Land and Resources of China). Accordingly, six categories of land use (cover) were generalized throughout the reclassification process, and these are: (1) built-up land: continuous urban fabric, industrial or commercial units, and road networks and associated facilities; (2) forest: broadleaved forest, shrub land, and mixed forest; (3) orchard land: fruit trees, and tea plantations; (4)vacant land: bare land, waste grassland, and bottomland; (5) cropland: paddy field, non-irrigated land, and irrigated land; (6) water bodies: rivers, lakes, and ponds (Figure 2). However, due to the low spatial resolution of MSS images in 1979, we were unable to classify the vacant land in that year. Moreover, in line with other C assessment studies [26,27], neither built-up land nor water bodies were assumed to have C stock, nor were they considered for C accounting.
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Figure 2. Land use maps in Fuyang County for (a) 1979; (b) 2006 and (c) 2020. 
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Following this round of data acquisition, to detect the SOC of cropland, a field survey combined with laboratory work was conducted in 2006, and a total of 875 soil samples measured (Figure 1). First, each sample was collected at a depth of 0–20 cm profile and from five localities within 5 m of a specific sampling location, and then they were proportionally mixed. In the meantime, global positioning systems (GPS) were used to coordinate every sampling location. Afterwards, all the samples were air-dried at room temperature, stones and plant residuals in soil sample were manually removed, and the soil samples were ground to pass a 2-mm sieve. Then, SOC content was determined according to the Walkley and Black method [28]. Then, the SOC density of cropland soil was calculated by Equation (1) [29]:


    D  o c   = S O C × r × H ×  (  1 −  d  2 − m m   / 100  )  ×   10   − 1     



(1)




where Doc (Mg ha−1) and SOC (g kg−1) are the density and content of organic C, respectively; r (g cm−3) is the bulk density, H (20 cm) is the thickness, and d2−mm (%) is the coarse fraction of 2-mm soil which is negligible here.



The SOC densities for other land use types and VC densities for each land use type were estimated in Mg ha−1 using values derived from a systematic literature review. Relevant publications were identified through Google Scholar searching (scholar.google.com) using the search terms “Fuyang County” or “China” and “land use” or “land cover” or the name of each land use type, “vegetable carbon” or “soil carbon”. Literature searches were incrementally extended from Fuyang County into Zhejiang Province, and from eastern China into a wider region in China until three carbon values were obtained for each land use type (Table 1). Publications were preferentially selected that referred to data collected in 2006 ± 10 years to be consistent with the soil sampling data used, and that referred to the soil carbon contained in the top 20 cm of soil. Detailed information on how each carbon value has been calculated can be found in the Supplementary Material (Supplementary).
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Table 1. Carbon density (Mg ha−1) for the six land-use categories considered in this study devised from National Land Use Classification (GB/T 21010-2007) classes in China.







Table 1. Carbon density (Mg ha−1) for the six land-use categories considered in this study devised from National Land Use Classification (GB/T 21010-2007) classes in China.







	
Land Use Type

	
Vegetation Carbon Density (Mg ha−1)

	
References

	
Soil Carbon Density (Mg ha−1)

	
References




	
    X —    

	
XMIN

	
XMAX

	
    X —    

	
XMIN

	
XMAX






	
1 *

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
2

	
28.11

	
12.06

	
50.18

	
[14,30,31]

	
55.54

	
25.25

	
77.77

	
[32,33,34,35,36,37,38,39,40,41,42,43,44]




	
3

	
19.38

	
4.04

	
48.93

	
[31,33,35]

	
42.35

	
32.68

	
46.2

	
[32,33,36]




	
4

	
1.24

	
0

	
2.3

	
[35,37,38]

	
16.64

	
4.75

	
27.78

	
[39,40,41]




	
5

	
3.25

	
1.29

	
5.7

	
[31,35,38]

	
42.5

	
2.4

	
81.6

	
-




	
6 *

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-








Note: *: built-up land and water bodies was not considered for C accounting. 1 = built-up land (continuous urban fabric, industrial or commercial units, and road networks and associated facilities); 2 = forest (broadleaved forest, shrub land, and mixed forest); 3 = orchard land (fruit trees and tea plantations); 4 = vacant land (bare land, waste grassland, and bottomland); 5 = cropland (paddy field, non-irrigated land, and irrigated land); 6 = water bodies (rivers, lakes, and ponds).








2.3. Fuyang Land Use Master Planning (2006–2020)


The dynamic changes in soil C stocks from 2006 to 2020 were assessed on the basis of FLUMP (2006–2020) acquired from Bureau of Land and Resources of Fuyang. The FLUMP (2006–2020) firmly restricts LUCs in Fuyang County during this period. Any g organization, business or individual that uses land must act in strict accordance with it. As such, FLUMP (2006–2020) data was considered as the land use map for 2020, and were reclassified into six categories using the classification method adopted in this study.




2.4. Data Process


Both VC and SOC stocks for the years 1979, 2006 and 2020 were calculated by multiplying C density for each land use type linked to land use areas. In the meantime, statistical analyses were performed by using EXCEL 2007 (MICROSOFT Inc., Redmond, WA, USA). Spatial overlay analyses of land use maps and the distribution map of C stocks was conducted using ArcGIS 9.2 (ESRI Inc., Redlands, CA, USA).





3. Results


3.1. Land Use Changes in Fuyang between 1979 and 2006


During the past 30 years, forest was always a predominant land use type in Fuyang, despite that its area slightly decreased 0.6% (from 1140.7 km2 in 1979 to 1133.4 km2 in 2006) (Figure 3). Besides, the cropland area dramatically decreased by 21.1%, from 417.8 km2 in 1979 to 329.8 km2 in 2006. In contrast, built-up land area demonstrated the biggest increase, from 15.8 km2 in 1979 to 157.4 km2 in 2006 (10 times that in 1979), whereas orchard area experienced a significant decrease of 69.8%, from 174.1 km2 in 1979 to 52.6 km2 in 2006. Vacant land area was not compared here due to lack of data in 1979, nor was water body area involved in this research.
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Figure 3. Land use changes in Fuyang County for 1979, 2006 and 2020. 
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The area affected by LUCs in Fuyang was 614.37 km2, representing 33.7% of the total study area (Table 2). In detail, major changes include the conversion from cropland to built-up land (105.8 km2, 25.3% of cropland areas in 1979); from orchard land to forest areas (90.3 km2, 51.9% of orchard land areas in 1979) and from cropland to forest areas (78.4 km2, 18.8% of cropland areas in 1979). Other significant changes were those converted from forest to cropland (66.8 km2, 5.9% of forest areas in 1979), from orchard land to cropland areas (45.0 km2, 25.8% of orchard land areas in 1979) and from forest to vacant land areas (74.6 km2, 6.5% of forest areas in 1979), respectively.
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Table 2. Land use changes (km2) in Fuyang County for the period 1979–2006. See Table 1 for details on the six land use categories considered.
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Land Use Classes (1979)

	
Land Use Classes (2006)

	
Total Area (1979, km2)

	
Area Ratio (1979, %)




	
1

	
2

	
3

	
4

	
5

	
6






	
1

	
4.3

	
1.5

	
0.6

	
0.6

	
8.0

	
0.8

	
15.8

	
0.9




	
2

	
18.5

	
960.2

	
17.8

	
74.6

	
66.8

	
2.9

	
1140.7

	
62.6




	
3

	
16.6

	
90.3

	
11.9

	
8.9

	
45.0

	
1.4

	
174.1

	
9.6




	
5

	
105.8

	
78.4

	
21.6

	
9.5

	
192.6

	
10.0

	
417.8

	
22.9




	
6

	
12.4

	
2.7

	
0.6

	
1.5

	
17.7

	
37.8

	
72.7

	
4.0




	
Total Area (2006, km2)

	
157.5

	
1133.1

	
52.6

	
95.1

	
330.0

	
52.8

	
1821.2

	
100.0




	
Area ratio (2006, %)

	
8.6

	
62.2

	
2.9

	
5.2

	
18.1

	
2.9

	
100.0

	
-










3.2. Carbon Stock Changes in Fuyang between 1979 and 2006


The variation with VC stocks between 1979 and 2006 is shown in Figure 4. The total VC stocks estimated in Fuyang were 3.680 Tg in 1979 and 3.407 Tg in 2006. In the same period, LUCs generated a VC decrease of 273.44 Gg which translated into source of 55.61 × 10−3 Mg C ha−1year−1. In contrast, afforestation contributed to a VC sequestration of 285.7 Gg (Table 3), while deforestation between 1979 and 2006 resulted in the biggest loss of 442.0 Gg VC. Other changes relating to cropland, vacant land and built-up land also caused C loss of 230.1, 218.5 and 118.5 Gg C from vegetation, respectively.
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Figure 4. VC and SOC stock in Fuyang County for 1979, 2006 and 2020. 
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Table 3. Carbon sinks and sources (Gg) according to land use changes for the period 1979–2006. See Table 1 for details on the six land use categories considered.
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From

	
To

	
Total (1979)




	
1

	
2

	
3

	
4

	
5

	
6






	
1

	
0.0 * (0.0) **

	
4.3 (8.4)

	
1.2 (2.7)

	
0.1 (1.0)

	
2.6 (34.0)

	
0.0 (0.0)

	
8.2 (46.1)




	
2

	
−52.1 (−102.9)

	
0.0 (0.0)

	
−15.6 (−23.5)

	
−200.4 (−290.1)

	
−165.9 (−87.3)

	
−8.0 (−15.9)

	
−442.0 (−519.6)




	
3

	
−32.1 (−70.2)

	
78.9 (119.1)

	
0.0 (0.0)

	
−16.1 (−22.9)

	
−72.5 (0.5)

	
−2.8 (−6.0)

	
−44.7 (20.5)




	
5

	
−34.4 (−449.0)

	
195.0 (102.6)

	
34.8 (−0.2)

	
−1.9 (−24.7)

	
0.0 (0.0)

	
−3.2 (−42.3)

	
190.2 (−413.6)




	
6

	
0.0 (0.0)

	
7.7 (15.1)

	
1.2 (2.7)

	
0.2 (2.5)

	
5.8 (75.3)

	
0.0(0.0)

	
14.8 (95.5)




	
Total (2006)

	
−118.5 (−622.0)

	
285.7 (245.2)

	
21.7 (−18.3)

	
−218.2 (−334.2)

	
−230.1 (22.4)

	
−14.0 (−64.2)

	
−273.4 (−771.0)








Note: *: VC; **: SOC.







As regards C stock at a depth of 0–20 cm soil, it is larger than VC in the study area (Figure 4). The total quantity of C at the depth of 0–20 cm soil in Fuyang was estimated to be 8.847 Tg in 1979 and 8.076 Tg in 2006. Nevertheless, LUCs within this period also caused a SOC decrease of 771.01 Gg (156.81 × 10−3 Mg C ha−1year−1, 8.7% of SOC stock in 1979). Likewise, built-up land expansion resulted in a total C loss of 622.0 Gg in the soil between 1979 and 2006 (Table 3). Moreover, the transformation from both forests and cropland to built-up land caused C loss of 102.9 Gg and 449.0 Gg, respectively, despite the fact that afforestation contributed to a SOC sequestration of 245.2 Gg.




3.3. Future Land-Use Change and Carbon Sequestration


In accordance with the FLUMP (2006–2020), the overall VC and organic C at a depth of 0–20 cm soil stock for the Fuyang County are estimated approximately at 3.341 Tg in 2006 and 8.006 Tg in 2020 (Figure 4), respectively. This equals to a potential C loss of 25.93 × 10−3 Mg C ha−1year−1 for vegetation, and 27.48 × 10−3 Mg C ha−1year−1 for soil during this period. In addition, forest is the land use type that contributes to most of the fall of C stocks owing to an reduction of its area of 17.6 km2 (1.6% of forest areas in 2006) (Figure 3, Table 4). Nevertheless, cropland increases the C stocks as a result of an expansion of its area of 20.0 km2 (6.1% of cropland areas in 2006).
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Table 4. Land use changes (km2) in Fuyang County for the period 2006–2020. See Table 1 for details on the six land use categories considered.
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Land Use Classes (2006)

	
Land Use Classes (2020)

	
Total Area (2006, km2)

	
Area Ratio (2006, %)




	
1

	
2

	
3

	
4

	
5

	
6






	
1

	
131.5

	
8.6

	
1.0

	
-

	
16.3

	
-

	
157.4

	
8.6




	
2

	
2.9

	
1107.3

	
-

	
-

	
23.3

	
-

	
1133.5

	
62.2




	
3

	
5.9

	
-

	
40

	
-

	
6.7

	
-

	
52.6

	
2.9




	
4

	
0.4

	
-

	
-

	
90.2

	
4.5

	
-

	
95.1

	
5.2




	
5

	
18.7

	
-

	
-

	
-

	
298.9

	
12.1

	
329.7

	
18.1




	
6

	
0.1

	
-

	
-

	
-

	
0.1

	
52.6

	
52.8

	
2.9




	
Total Area (2020, km2)

	
159.5

	
1115.9

	
41.0

	
90.2

	
349.8

	
64.7

	
1821.2

	
100.0




	
Area ratio (2020, %)

	
8.8

	
61.3

	
2.3

	
5.0

	
19.2

	
3.6

	
100.0

	
-











4. Discussion


4.1. Land Use Changes and Soil Carbon Stocks


Many studies suggest that LUCs have a significant effect on soil C stock dynamics, since land use types differ in the amount of C stored in soil and vegetation and also in the potential rate of C content change [4,27,42]. According to this research, land use in Fuyang County has undergone intense changes in the past decades, manifesting important consequences for both VC and SOC sequestration. Previous studies have reported the VC sequestration rate of 0.64 Mg C ha−1year−1 in Xiamen, China [14] and the loss rate of 1.2 Mg C ha−1year−1 in Seattle, USA [15]; and the SOC sequestration rate of 6 × 10−3 Mg C ha−1year−1 in Wujiang, China [43] and the loss rate of 8 × 10−3 Mg C ha−1year−1 in Murcia, Spain [44]. In comparison with their findings, our research findings in Fuyang demonstrated that the VC rate of loss (55.61 × 10−3 Mg C ha−1year−1) between 1979 and 2006 was slow, but the SOC rate of loss (156.81 × 10−3 Mg C ha−1year−1) was fast.



Since the start of the economic reforms in 1978, there has been a massive transfer of land from agriculture to various construction developments in eastern China caused by rapid urban sprawl [45]. For instance, in 2008, the shift from cropland to construction land was as high as 191.6 km2 in China (0.16% of cropland areas in 2008) [46]. In Fuyang, the built-up land area in 1979 was 15.8 km2, whereas in 2006 it was up to 157.4 km2, about 10-fold higher than the previous figure. This exposes a growing tendency towards the depletion of ecosystems in urbanizing areas, where large plots of fertile land and vegetation cover have been increasingly replaced by impervious surfaces, resulting in both a loss of stored C and a reduction of potential future terrestrial C uptake by the land. Thus, such transformation has caused a tremendous decline in C stocks, with a SOC of 622.0 Gg and a VC of 118.5 Gg, respectively. This is due to the fact that 67.1% of the present county area attributed to urban expansion was originally cropland, and the cropland has higher SOC density than VC density; hence, the loss of SOC stocks has been much larger. Besides, according to the distribution map of C balance between 1979 and 2006 (Figure 5), those regions in which C storage declined steeply were almost always situated in the alluvial valley plain of Fuchun River and alongside its tributaries, where most of the crops are planted because of the flat terrain and access to water resources. Nevertheless, the dramatic sprawl of urbanization occurred and cropland was removed here, leading to an irreversible loss of C stocks.
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Figure 5. C balance between 1979 and 2006. 
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Contrasting with the loss of C stock in the region, the process of afforestation proved to be a positive force in driving C stock change. Fang et al. [47] found substantial increases in C storage of China’s forests during the 1980s and 1990s due to national afforestation and reforestation programs. These afforestation programs in Fuyang have yielded significant growth of forest areas (Figure 3). Furthermore, most of the new forest areas were transformed from cropland and orchard land areas (Table 2). Overall, these land use types are relatively easy to transform into each other because the arable layer of soil is not destroyed. Again, since forests have the highest density of both VC and SOC among land use types (Table 1), C levels were increased through the afforestation process from 1979 to 2006, which almost compensated for the VC loss from the urbanization process. This has also explained the steady rate of VC stock (Figure 4), despite that land use types changed remarkably in the study area in the same period. Nevertheless, the compensation effect on SOC was limited because SOC stocks experienced a much larger loss than they did C sequestration by afforestation.




4.2. Carbon Balance in Land Use Planning


In order to promote and achieve coordinated development of the economy, society and environment, achieving more environmentally friendly economic growth must be a priority in the 12th Five-Year Plan in China. To meet this target, the incorporation of environmental concerns regarding carbon balance in the land use decision-making process is fundamental. This is because the conflict between development and the environment has already posed enormous challenges, as can be observed from two main trends of LUCs in the study area in accordance with the FLUMP (2006–2020) (Table 4). One trend is the increase of cropland area. The prominent position of agricultural production is in agreement with the demand for modern agricultural development according to the 12th Five-Year Plan in China. Additionally, most of the additional cropland areas will be taken as part of forest reclamation. The other trend is a further urbanization process as China continues on its development pathway. Thus, given that the built-up land area will increase slightly according to Table 4, areas of vacant land, most of which are in fact intermediate bare land available for construction, will decrease 5.2% of vacant land area in 2006. As a consequence, both SOC and VC storage in Fuyang County will experience significant loss by 2020 (Figure 4), which should be a concern for decision-makers. As the situation stands, further research is required to comprehensively examine the costs-benefit in relation to the C balance from FLUMP 2006–2020; hence, the overall net economic impacts on C stock loss can be measured.




4.3. Limitations


First, we assumed that the only change occurring in VC and SOC stocks was due to LUCs, while VC and SOC stocks were not receiving or losing C from those areas where land use types remained unchanged from 1979 to 2020. In reality, however, many land use types that have undergone natural succession or anthropogenic activities can experience long-term impacts in their soil C stock [48,49]. Therefore, more in-depth research is needed to assess the changing phases in VC and SOC stocks in those areas where land use types remain steady between 1979 and 2020, so that the methodology applied in this study can be improved. Second, our fieldwork concerning C density measurement for cropland was not extended to all other categories of soil, land, or vegetation cover in the study area, because the detailed fieldwork as such was constrained by the limited project budget and difficulties in conducting it at a large scale. Third, the accuracy and reliability of estimates of C stocks in the study area relied on the quality of land use maps of 1979, 2006 and 2020. However, the maps of 2006 and 2020 underwent official verification by the Ministry of Land and Resources of China, while the 1979 map was validated via complementary historical maps and records in the research.





5. Conclusions


This paper examined LUCs both historically from 1979 to 2006 and by making forecasts (2006–2012), and detected their effects on soil C stocks in a county-scale study area. The study is one of the first county-wide assessments of land use planning that fully accounted for the VC and SOC stock changes in China. Furthermore, the devised method made consistent use of available data at the scale of analysis and is easily applicable to other regions.



The LUCs in the Fuyang County between 1979 and 2006 were highly imperative, affecting 33.7% of the study area. Overall, these changes led to C loss of 273.44 Gg (approx. 55.61 × 10−3 Mg C ha−1year−1) in the vegetation and 771.01 Gg (approx. 156.81 × 10−3 Mg C ha−1year−1) at a depth of 0–20 cm in the soil. Moreover, the SOC loss rate was much faster than that of VC. Behind the scenes, urbanization and afforestation are two main LUC drivers which contributed to the soil C stock dynamics in Fuyang as a whole.



As indicated in the FLUMP (2006–2020), C loss rates are likely to accelerate (25.93 × 10−3 Mg C ha−1year−1 for vegetation and 27.48 × 10−3 Mg C ha−1year−1 for soil) from now onwards, mainly due to a further decrease in forest area and an increase in cropland, coupled with a continuous rise of pre-construction land areas attributed to modern agricultural development and further urbanization processes. Much evidence suggests that significant efforts should be made to reversing the current C loss situation and balance the C dynamics in land use planning.
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