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Abstract: Profound and long-lasting effects on ecosystems have occurred during the
past three decades’ development in China, which have threatened the country’s
sustainable development. The extent to which the biosphere’s annual primary
production has been altered by human intervention in China, however, is still unclear.
Human appropriation of net primary production (HANPP) has gained great attention
and been extensively used as an indicator of sustainability in recent decades. Through
the combined use of statistical methods and remote-sensing data, the temporal and
spatial features of HANPP in China have been investigated. From 2001 to 2010,
HANPP in China increased remarkably, rising from 1.85 Pg C/yr to 2.44 Pg Clyr, an
average annual increase of 3.15% per year. Population pressure and rapid economic
development may explain this trend to a large degree. To achieve the goal of
sustainable development and a “beautiful China,” in the coming years more attention
should be paid to increasing the efficiency of land use and biomass extraction, and
reducing environmental pollution.
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1. Introduction

Since China’s economic reform process began in late 1978, China has witnessed
extremely rapid economic development and great improvement in human welfare.
This rapid economic expansion and population growth, however, also caused serious
shortages of natural resources, environmental pollution, and ecological degradation,
all of which threaten China’s long-term growth and sustained development.
Quantitative assessment of these human impacts, employing proper indices, is
urgently needed to define a path toward China’s sustainable development.

Human activities ultimately depend on the earth’s net primary production (NPP)
(Imhoff and Bounoua, 2006). Human appropriation of net primary production
(HANPP) has gained credibility as an aggregated indicator that reflects not only the
amount of land devoted to human use, but also the intensity of that use (Haberl et al.,
2004a; Haberl et al., 2004b). It addresses the basic issue of how much of the
biosphere’s annual primary production has been appropriated by humans (Haberl et al.,
2007b; Peng et al., 2007; Ma et al. 2012). After Vitousek et al. (1986) gave the first
comprehensive description of HANPP, many scientists calculated HANPP on global
(Rojstaczer et al., 2001; Imhoff et al., 2004; Haberl et al. 2007b), national (Kastner,
2009; Kohlheb and Krausmann, 2009; Schwarzimiiller, 2009; Fetzel et al., 2014;
Niedertscheider and Erb, 2014; Niedertscheider et al., 2014), and local scales (O’Neill
et al., 2006). Global HANPP was estimated to be 15.6 Pg C/yr, or 23.8% of potential
net primary production, of which 53% was attributed to the harvest of food and fiber,
40% by land-use-induced productivity changes, and 7% by human-induced fires
(Haberl et al., 2007b). The global distribution of HANPP varies enormously, ranging
from nearly 0% of local NPP in sparsely populated areas to more than 30,000% in
highly urbanized centers (Imhoff et al., 2004). The variation in HANPP at the country
level is also dramatic, and is due to the specific geographic and socio-economic

situation of each country, including such phenomena as levels of economic output,
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economic and population growth, biomass use, and land-use intensity (Krausmann et
al.,, 2012). China’s HANPP plays an important role in sustainable development
worldwide, and changes in its magnitude can significantly influence global biomass
markets. It is, however, still poorly understood (Peng et al., 2007).

Using the social and economic statistical data available in China, and
high-resolution remote-sensing technology, this study has the aims of calculating the
total HANPP in China, and exploring the temporal and spatial variation of HANPP in
China from 2001 to 2010. In addition, the study will also analyze the forces that drive
HANPP in China.

2. Methodology and Materials
2.1. Definition and calculation of HANPP

HANPP is defined as the difference between the potential NPP that would be
available in an ecosystem without human interference and the NPP left in the
ecosystem after human harvesting (Schandl et al., 2002; Haberl et al., 2007a). We
refer to the methodological principles outlined in Haberl et al. (2007b) and
Schwarzlmdller (2009), as shown in Fig. 1. Due to the large uncertainty in the data of
belowground NPP (Schandl et al., 2002), we confined this study to the quantification
of aboveground NPP. To calculate HANPP, some variables must first be determined,

these include:

Potential aboveground NPP available without human interference (NPPo)
Actually prevailing NPP in ecosystems (NPPy)
Aboveground NPP harvested by humans (NPPy)
NPP remaining in ecosystems after harvest (NPPy)
Human-induced land conversion change to aboveground NPP (ANPPy)

Accordingly, HANPP can be calculated as follows (Fig. 1).
HANPP = NPPg - NPP;, with NPP;= NPPy - NPP}, 1)

or
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HANPP = ANPP|; + NPPy,, with ANPPjc = NPPg - NPP, (2
The calculation of HANPP is based on available information concerning land
cover and land use, socio-economic activities of human biomass harvest, and the
overall productivity of terrestrial ecosystems. The results indicated aboveground
biomass flows only, and are presented in petagrams of carbon content per year (Pg

Clyr). HANPP also is sometimes expressed as a percent of NPPy.

HANPP

. NPPh T
NPPO

v
NPPact

Value

NPPt

Components of NPP

Fig. 1. Definition of HANPP and the relationships of its components, from Haberl (1997).

2.2. Data sets

The data on population at national scales from 2001 to 2010 were collected from

the Chinese National Bureau of Statistics (http://data.stats.gov.cn/) to calculate per
capita HANPP. Yearly land use and land cover data were obtained from the MODIS
Land Cover Type product (MCD12Q1) (Friedl et al., 2010), which provides criteria
for characterizing five global land-cover classification systems. We choose the
land-cover classification system defined by the International Geosphere Biosphere
Programme (IGBP), which includes 11 natural vegetation classes, three developed
and mixed-use land classes, and three non-vegetated land classes. These classes were
aggregated to five land-use types, namely: cropland, grassland, forested land, built-up

areas, and other land. The time series for each category was established independently.
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The required climate data, including temperature and precipitation, were downloaded
from the website of China’s Meteorological Data Sharing Service System
(http://cdc.nmic.cn/home.do).

The actual aboveground NPP for China was obtained from MODIS data for the
years 2001 to 2010, using a  product named MOD17A3

(https://Ipdaac.usgs.gov/data_access). Water bodies were considered only as a source

of land conversion, i.e. water bodies had no specific productivity value attached to
them, then the NPP on it was assumed to be zero (Kastner, 2009; Schwarzlmauller,
2009). Using ArcGIS technology supported by land-use and land-cover maps, the
time series of NPP for different land-use types were extracted from the digital NPP
maps.

NPP;, involves all aboveground biomass harvests attributable to socio-economic
activities. Five functional types of NPPy, were distinguished, namely: cropland harvest,
grazed biomass, wood harvest, harvest on built-up areas, and biomass burned by
human-induced fire. Crop harvest and wood harvest also include residues (such as
straw, whether used or left on site). Most of the biomass harvest data were collected
from the United Nations Food and Agriculture Organization (FAO,
http://www.fao.org/home/en/), the Chinese National Bureau of Statistics, and the
China Forestry Statistical Yearbook from 2001 to 2010 on national level. The data in
this study are given in Pg C/yr. As the carbon content of dry biological matter is 45%
by weight (Schandl et al., 2002), the data calculated in the unit of Pg of dry biological

matter/yr were multiplied the conversion factor of 0.45 to convert into Pg Cl/yr.

Table 1

Summary of data sources associated with HANPP

Variable Unit Description / Data sources

Population persons National Bureau of Statistics of China
Temperature T China Meteorological Data Sharing Service System
Precipitation mm China Meteorological Data Sharing Service System

MOD17A3 kg C/m? The actual aboveground NPP of China
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Cropland Production tonnes National Bureau of Statistics of China

Livestock Production  head FAOSTAT 2013
10 thousand National Bureau of Statistics of China and China
cubic meters Forestry Statistical Yearbook

Wood Production

Biomass burned by

. . tonnes FAOSTAT 2013 (dry matter)
human-induced fire

2.3. Methodology

The NPPg for China from 2001 to 2010 was derived from a calculation based on
the Guangsheng Zhou Model, which was derivates processed on similar procedure of
Chikugo Model with some investigated materials that Efimova had collected during
her work on IBP, concerning the characteristic of plant physioecology and
evapotranspiration model (Zhou and Zhang, 1993; Zhou et al., 1998; Song et al.,
2009). This decision was made despite the more complex models that are available,
such as the empirical models (Miami model, Chikugo model, and Beijing model),
solar-utilization models (CASA, GLOPEM, and GEOLUE) the ecosystems-process
models (CEVSA and GEOPRO), and the well-established biogeochemical-process
model of global vegetation (LPJ-DGVM). Compared with those models, Guangsheng
Zhou model combines the ecological physicology and statistics, which integrated
empirical and theoretical characteristics and has been confirmed more effecitive than
Chikugo model especially on the arid and semi-arid area (Song et al., 2009; Zhang
and Zhou, 2010; Sun et al., 2012) and has been widely used to calculate NPP at the
national and regional scales of China, especially it was developed based on the
fundamental situation of China (Zhou et al., 1998; Wang, 2008; Song et al., 2009; Li
et al., 2011). In this study, the Guangsheng Zhou model was used to calculate the
NPPg of each cell and the total NPPq of China.

NPPy, on cropland consists of the primary crop harvest, and the used and unused
crop residues. It was calculated from the Chinese National Bureau of Statistics
database. The data were converted to dry matter equivalents by using crop-specific

data on water content, according to the literature (Haberl et al., 2007b;
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Schwarzlmdller, 2009). Although harvest crop residues have not been recorded in any
databases, they can be derived from primary crop harvest data using harvest indices
and recovery rates (Wirsenius, 2000). The harvest index is the ratio of crop harvest to
the total aboveground biomass of the specific type crop. The recovery rates are
defined as the proportion of the total crop residues used (Schwarzimiller, 2009).
Harvest indices and recovery rates are according to Schwarzlmuller (2009) and
Haberl et al. (2007b).

Owing to few recorded data on appropriation of grassland, the amount of NPPy,
on annually grazed biomass was counted as the difference between livestock’s feed
demand and the feed supply (Haberl et al., 2007b; Krausmann et al., 2008; Erb et al.,
2009). In this study, we considered only the feed demand of the grass-feeding
livestock and feed supply of coarse forage. Because livestock such as swine and
poultry are typically fed commercial feed instead of grass fodder, only asses, horses,
mules, cattle (including buffalo), sheep, and goats were counted as livestock. The data
for livestock production came from FAO databases. The yearly production numbers
for asses, horses, mules, cattle and buffalo, sheep, and goats were converted into
standard sheep units, with each individual of the other livestock types taken as equal
to five sheep units. Each sheep unit needs 1.8 kilograms of dry-matter coarse forage
per day. Coarse forage includes straw fodder and grass fodder (Zhang et al., 2014).
The straw fodder consists of grains, pulses, and straw, and grass fodder consists of
grass in natural and manmade grasslands. Further, straw fodder was calculated by the
cereal’s production and the conversion coefficient of straw, applying the 25% straw
utilization factor (Zhang et al., 2014). The conversion coefficients for rice, wheat,
maize, millet, sorghum, other cereals, and pulses are 0.9, 1.1, 1.2, 1.6, 1.8, 1.6, and
1.5 respectively (Zhang et al., 2014). The feed supply of grassland is equal to feed
demand minus feed supply of straw fodder, thus enabling the calculation of grassland
appropriated annually. The data for the production of cereals were derived from the

Chinese National Bureau of Statistics.



180 Data download from the Chinese National Bureau of Statistics was used to
181  calculate the NPPy, for forestry or wood harvested. The category includes total timber
182  and bamboo production, farmers’ self-use felling, and fuel wood for farmers. The data
183  for 2003 were missing, so they were derived by linear regression from the data in the
184  other years. Considering the method of Haberl et al. (2007b), we calculated felling
185  losses, which were considered to be felling minus removal, using a recovery rate of 48%
186  for both coniferous and deciduous trees. Wood density was used to convert fresh
187  timber to dry biological matter. The calculated forestry production results included the
188  harvest of rubber, turpentine, raw lacquer, tung seed, and camellia seed. For those
189  products, the difference between total harvest and removed harvest was considered
190  marginal, and was not calculated (Schwarzimiller, 2009).

191 According to Haberl et al. (2007b), NPPy, of a built-up area, such as the biomass
192 harvest during gardening, park, and infrastructure maintenance is equal to 50% of
193  NPP4 of the built-up area. We used the amount of built-up area obtained from the
194 MODIS NPP4data land-cover maps to extract the NPP, of built-up areas. Data on
195  NPPy, for burning biomass were taken from FAO databases, which consisted of humid
196  tropical forest, other forests, and organic soils.

197 The data used to calculate NPPy, for example, the amount of grain production,
198 livestock production, and timber felling, were downloaded from FAO databases and
199  the Chinese National Bureau of Statistics, but the data were not identical due to the
200  different statistical standard of each statistical bureau. Data downloaded from the
201  websites were used to perform our own calculations, such as using harvest indices and
202  recovery rates to measure harvest crop residues. The harvest index is the ratio of crop
203  harvested to the total aboveground biomass of the specific type crop (Schwarzimiller,
204  2009). The recovery rates were defined as the proportion of the total crop residues
205  used. Harvest indices and recovery rates were taken from Schwarzlmuller (2009) and
206  Haberl et al. (2007b). The data may have some gaps, because Schwarzimdiller studied

207  Spain from 1955 to 2003, and Haberl studied East Asia in 2000.
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We followed the ‘HANPP efficiency’ definition from Fetzel et al. (2014), which
is the share of used extraction (NPPy) in total HANPP: NPP,/HANPP, to analyze the
efficiency of HANPP used in total and in different land use categories. A high HANPP
efficiency is related to a high share of NPPy, to total HANPP because the bulk of the
appropriated biomass enters the socio-ecological system, while a low HANPP

efficiency occurs when ANPPy. is high (Fetzel et al., 2014).

3. Results

Fig. 2 illustrates the spatial distribution of averaged NPPy and NPP from 2001
to 2010. The maps of NPP, and NPP, presented similar distribution characteristics,
with a decreasing trend from southeast to northwest. The nonvegetated areas in
northwest China had a value close to zero. The national averaged NPPywas 3.90 Pg
Clyr, and the national averaged NPP, was 3.24 Pg C/yr. It can be seen from Fig. 3
that both the NPPy and NPP,; slightly increased with fluctuations from 2001 to 2010.
Overall, NPPy increased slightly from 3.73 Pg C in 2001 to 4.23 Pg C in 2010, with
the highest value reached in 2010. NPP, in China exhibited a wavelike rise, but not a

significant one, as it fluctuated between 3.00 Pg C/yr and 3.36 Pg C/yr.

T TF

Fig. 2. Spatial distributions of NPP; (a) and NPP, (b) in China from 2001 to 2010.

The values for ANPP\. were derived from the difference between NPPy and
NPP., and they showed a fluctuating upward trend, increasing from 0.73 Pg C in

2001 to 1.07 Pg C in 2010, for an annual growth rate of 4.42%. As one of the most
9
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important components of HANPP, NPP;, increased from 1.12 Pg C/yr to 1.37 Pg Cl/yr
during the period of 2001 to 2010. It can be decomposed into several parts, according
to different land-use categories (Table 2). The large increase of grassland, cropland,
and forested area biomass contributed to this change. Grassland biomass made a
significant contribution, which amounted to more than half of total NPPy,. The harvest
from cropland was the second most significant contribution, representing more than
30 percent. The trends of biomass harvested from cropland, grassland, and forested
areas are all characterized by an increase, with annual growth rates of 2.36%, 2.31%,
and 10.17%, respectively. The rate of increase in biomass harvested from forested
areas was the largest. The proportion of biomass harvest on built-up areas through
gardening and park development amounted to approximately 10% of total NPPy,; this
proportion has decreased in recent years. In addition, the proportion of biomass

burned cannot be ignored, though it accounts only for about 0.23%.
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Fig. 3. Components of NPP (a) and trends in HANPP (b) in China from 2001 to 2010.

HANPP is the sum of ANPP; and NPP;, (Fig. 3b). The rise in both ANPP,. and
NPPy, drove HANPP that climbed from 1.85 Pg C/yr (49.54% of NPPy) to 2.44 Pg
Clyr (57.80% of NPPg), with an average value of 1.93 Pg C/yr over the period.
Relative to NPPy and in per capita terms, HANPP grew with subtitle wave-like trend

over the study period (Fig. 4a). HANPP per capita rose from 1.45t C/cap/yr to 1.82 t

10



252 C/cap/yr from 2001 to 2010, with an annual growth rate of 2.58%.
Table 2
Biomass harvest (NPPy,) by land-use category
v Grassland Crop land Forestry land Built-uparea  Biomass burned  Total

ear
value % value % value % value % value % NPP;,

2001 0.5981 53.36 0.3774 33.67 0.0164 147 0127 11.33 0.0019 0.17 1.1208
2002 0.607 53.28 0.3862 33.89 0.0173 151 0.128 11.24 0.0009 0.08 1.1393
2003 0.6408 54.89 0.3674 3148 0.0232 199 0.1284 11 0.0075 0.64 1.1673
2004 0.6782 55 0.3985 32.32 0.0253 2.05 0.1288 10.44 0.0022 0.18 1.2331
2005 0.7181 55.93 0.4096 31.9 0.027 211 0.128 9.97 0.0012 0.09 1.2840
2006 0.7296 55.63 0.4192 31.96 0.0321 244 0.1283 9.78 0.0025 0.19 1.3116
2007 0.7286  55.37 0.4231 32.15 0.0338 257 0.1281 9.74 0.0022 0.17 1.3158
2008 0.7253 53.85 0.4499 3341 0.0391 29 0.1283 9.53 0.0042 0.31 1.3468
2009 0.7292 54.08 0.4532 33.61 0.0344 255 0.1278 9.48 0.0038 0.29 1.3484
2010 0.7346 53.64 0.4657 34.01 0.0392 286 0.128 9.35 0.0018 0.13 1.3693

253

254 During the time period, the HANPP efficiency (NPP,/HANPP) showed

255  fluctuates but decreasing trend on the whole, with an annual decrease rate of 0.87%,

256  and the HANPP intensity, proportion of ANPP,; to HANPP, rose from 39.39% at the

257  beginning to 43.98% in the end. The trend of HANPP efficiency in different land use

258  categories (except biomass burned) were displayed in Fig. 4b, with the highest

259  efficiency over 80% in urban area, while the lowest one is forestry less than 10%.

260  However, massive increases in efficiency were found on forestry, which grew from

261  2.37% to 4.63%, with annual growth rate of 7.71%. Increases were also found in

262  cropland and grassland, which followed forestry listed in second and third, with

263  annual growth rate of 0.56% and 0.28%, respectively, indicating that the ANPP fell

264  over the time period. However, there was a slight reduce in urban area, from 89.95%

265

in 2001 reduced to 87.92% in 2010.

11
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Fig. 4. Indicators of HANPP for China 2001-2010. (a) Indicator of HANPP on total: HANPP
efficiency, HANPP intensity, HANPP as a percentage of NPPg; Secondary axis: per capita of

HANPP. (b) HANPP efficiency on land use classes.

4. Discussion

Miami model relies on the experimental data of NPP, which were calculated
using the temperature and precipitation data of the nearest meteorological stations,
and covered 52 ecosystems (Liu, 1997; Fang et al., 2000). However, the results
always higher than the actual (Song et al., 2009), though it has proven effective for
scientific studies, and been widely used to calculate NPP at the country and regional
scales (Chen, 1987; Mingcan and Jiali, 2001; Shanlei et al., 2010; Mei, 2012). In our
study, the results of Miami model is the highest one, compared with Guangsheng
Zhou model and previous studies (Haberl et al., 2007b; Imhoff, 2004). Guangsheng
Zhou model was developed on the basis of Chikugo model and integrated empirical
and theoretical characteristics, which has been confirmed more effecitive than
Chikugo model especially on the arid and semi-arid area (Song et al., 2009; Sun et al.,
2012). Hence, the results processed by it was applied by this study, which is
consistent with the data in Haberl et al. (2007b).

HANPP is a measure to evaluate the extent to which humans perturb ecosystems,
accounting for the influence of human-induced changes in land use and land cover,

and the extraction of biomass by humans. HANPP values in China, as observed in this

12
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study, have been increasing, and currently account for approximately 58% of NPPy,
while it was about 62% in 2000, according to Haberl et al. (2007b) (Table S1). The
value of HANPP in our study was 1.85 Pg C in 2001 which is consistent with
previous results according to Socioeconomic Data and Applications Center that it was
1.62 Pg Clyr in 1995 in Imoff et al. (2004). Compared with those countries, such as
Austria (Krausmann, 2001), the Philippines (Kastner, 2009), the United Kingdom
(Musel, 2009), Spain (Schwarzimdiller, 2009), Hungary (Kohlheb and Krausmann,
2009), South Africa (Niedertscheider et al., 2012), Italy (Niedertscheider and Erb,
2014), Germany (Niedertscheider et al., 2014), and New Zealand (Fetzel et al., 2014),

HANPP of China to NPP, was at a rationale scale, considering the largest population

and low proportion of arable land (Table 3).

Table 3
Overview of previous work on HANPP at different scales
HANPP
Work Study scale Study period  ( %NPP, on
2000)

Vitousek et al. (1986) intermediate Global 1970s 30.7
Rojstaczer et al. (2001) Global 1980s-1990s 32 (10-55)
Imhoff et al. (2004) Global 1995 14.1-26.07
Imhoff et al. (2006) Global 1995 28.6-55.6
Haberl et al. (2007) Global 2000 23.8
Krausmann (2001) Austria 1830-1995 51
Musel (2009) United Kingdom  1800-2000 68
Kastner (2009) Philippines 1910-2003 62
Schwarzlmuller (2009) Spain 1955-2003 6219
Kohlher and Krausmann (2009) Hungary 1961-2005 71
Niedertscheider et al. (2012) South Africa 1961-2006 21
Niedertscheider etal. (2014) Germany 1883-2007 56
Niedertscheider and Erb etal.
(2014) Italy 1884-2007 56
Fetzel etal. (2014) New Zealand 1860-2005 55

Regarding the relative influence of NPP, and ANPP|. on China’s HANPP, the

13
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study found that NPP,, was the dominating factor from 2001 to 2010, with an average
percent of 66.24 to HANPP In addition, NPPy, in China accounted for 32.43% of NPPy
from 2001 to 2010. This compares with the 2000 global average of 20.4% is
reasonable. However, as to ANPP,. factor, with 16.81% of NPPy, which was far
more than the global average of 5% in 2000 (Kastner, 2009) is evident that
human-induced change in land cover play an important role in HANPP which suggest
that the needs of raising the concern of protecting environment and the government
should pay close attention to reduce human-induced changes in land cover, and the
environmental degradation that attends them, account for the gap between NPP, and
NPP,, especially on the condition that the HANPP efficiency was dropping in recent
years.

China’s high HANPP value reflects the three factors: China is the world’s most
populous country, China has very intense land use, and China has experienced rapid
economic development. Economic conditions affect HANPP, as a rising standard of
living will entail higher per capita food consumption. For example, more NPP is
required to produce meat than to produce the same amount of vegetable food. In
developed economies such as that of the United States, per capita food consumption is
several times that of developing countries (Li and Cheng, 2000). Economic
development also usually correlates with high levels of urbanization and carbon
emissions.

Fig. 5 shows the trends in GDP, carbon emissions, and urbanization rate in China,
which exhibited growth rates of 15.51%, 10.09%, and 3.19%, respectively, for the
period studied. Compared with those indicators of economic development, the annual
growth rates of China’s population was subtle, only 0.55%. Although China’s family
planning policies have limited the country’s population growth to only 0.55%, due to
its enormous population base, within the next 10 years China’s population will grow
by about 64.64 million, more than the current population of either Spain, the United

Kingdom, Hungary, or South Africa. China’s growing population may contribute to an
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increase of HANPP, but economic development will play a more important role. From
2001 to 2010, the average annual rate of GDP growth was 9.5%, while GDP and
carbon emissions increased by about 3.66-fold and 2.38-fold, respectively. However,
higher HANPP does not certify the unsustainable development of China, taking
account of the improvement of people’s life standard in China. In the following work,
we will put strength to quantize the relationship between life standard and the
sustainable development.

In addition, technological development, such as that which could increase the
efficiency of land use, could increase the amount of NPP appropriation. Therefore,
China’s rapid economic growth and relatively slow population growth did not cause
the increase in HANPP equally. In East Asia, the Philippines, the United Kingdom,
Spain, Hungary, and South Africa, the ratio of HANPP to NPP, decreased despite
increasing population, mostly because their efficiency at harvesting biomass increased.
This study also found that increasing land-use efficiency is a way to solve the conflict
between an increasing population and limited land resources (Kastner, 2009; Musel,
2009; Schwarzimiller, 2009). During the past few decades, the government of China
has enacted a series of policies with the aim of achieving a “Beautiful China.” These
policies involve sustainable development, increasing land-use efficiency and the rate
of biomass extraction, controlling population growth, and decreasing environmental

pollution.
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Fig. 5. Comparison of indicators 2001-2010. HANPP in Pg C/yr, Carbon Emission in Pg C/yr and
Population in billion; Secondary axis: Urbanization ratio in percentage, GDP in trillion, per capita

HANPP in t C/caplyr.

This study employed a wide range of data sets, such as the gaps between FAO
and China National Bureau of Statistics on cropland, grass land and forestry, will add
some data quality issues, specifically due to the different statistic method. Though we
derived the missing data in forestry year book by linear regression from the data in the
other years, there may be some gaps between the real data and the result. And the
NPP};, on cropland consists of the primary crop harvest, and the used and unused crop
residues were calculated from the Chinese National Bureau of Statistics database and
the convert indices from fresh to dry matter were using crop-specific data on water
content, according to the literature, which also lead to some uncertainty. However, the
global and national results from Krausmann et al. (2013) and Fetzel et al. (2014)
indicate that the impact is not strong enough to significantly alter general trajectories
and interpretation. Despite these limitations caused by data quality, it is sensible to
believe our results are robust, since the aim of our study is to contribute to a

discussion of general trajectories change in China.
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5. Conclusions

In this study, we quantitatively assessed the human appropriation of aboveground
net primary production in China from 2001 to 2010. Our results showed that HANPP
was characterized by an increasing trend, which rose from 49.54% to 57.80% of the
potential NPP, for an average annual growth rate of 1.73%. Although its absolute
value is a bit large, the rate of increase is not remarkable. An enormous population
and rapid economic development serve to explain the amount of HANPP in China,
which is the world’s largest. Still the improvement of people’s life in China which
was in accordance with sustainable development in China, though it may lead to the
HANPP increases. We now must turn to the question of how much more China will
appropriate in the coming decades and what’s the relationship between improving life

standard and sustainable development.
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