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Abstract

There is limited understanding about agricultural land dynamic across global drylands and the impacts of different agricultural

land transitions on ecosystem productivity changes. This study attempted to fill this gap by examining the agricultural

land changes and net primary productivity responses in drylands. A data-driven assessment of the effects on the ecosystem

productivity of individual agricultural land displacement was carried out using three methods: the mean difference method, a

newly introduced ridge-regression method, and a proposed method based on actual change excluding climate impact. Increases

in productivity were accompanied by agricultural land transitions from natural land covers, expected forests. The agriculture

expansion mainly replaced sparse vegetation and grassland, and increased the overall productivity of the dryland ecosystem.

Mean difference method and ridge-regression method over overestimated the NPP increase caused by agricultural land expansion.

Land use change contributed more than 70% to increase in net primary productivity in new agricultural area. But land

use change effects less on total productivity in drylands than climate change. Monitoring agricultural land dynamics and

distinguishing productivity changes caused by different agricultural land transitions is helpful to the targeted management and

sustainable development of agriculture in drylands.

1. Introduction

Covering about 41 percent of the Earth’s land surface, drylands are home to an estimated 2.5 billion people,
about 90 percent of them in developing countries. The abundant and unique dryland ecosystem provides
various functions and services that are essential for human survival and development (Reynolds et al., 2007;
Huang et al., 2017). Vegetation net primary productivity (NPP) defines the rate at which all plants in an
ecosystem produce net useful chemical energy, and is an important part of energy and material conversion
within an ecosystem ( Zhao and Running, 2010; Zhang et al. , 2018). Humans influence NPP through
transformation activities that improve production and livelihoods, of which land use/cover change (LUCC)
is the most human-specific activity (Li et al., 2020). The increase in population and corresponding material
demand has meant that the scope of human ecological impacts has considerably increased, which has brought
many potential ecological and environmental problems (Ren and Zhou, 2018; Wang et al., 2020). The scarce
precipitation and lack of water resources mean that the dryland ecosystem is extremely fragile and sensitive
to LUCC (Huang et al., 2018). Under this globalization scenario, studying the impact of LUCC on NPP in
drylands may help improve food supply and maintain ecosystem health.

Land use/cover change is the cumulative results of numerous natural and socio-economic factors that are
related to human activities in time and space (Zak et al. , 2008; Mendoza et al. , 2011; Changet al. , 2018).

1



P
os

te
d

on
A

u
th

or
ea

15
J
u
n

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

22
53

29
.9

14
52

33
4

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Along with population aggregation and economic development, urban and agricultural expansions transform
natural ecosystems into human-dominated or human-naturally coupled ecosystems (Hedal Kløverpris, 2009;
Qiu et al. , 2015; Dadashpoor et al. , 2019). Among them, agricultural expansion is the main reason for
the reduction in natural land cover types (Egeru et al. , 2011; Mao et al., 2017; Gibbs et al. , 2010; van
Vliet, 2019). Agricultural changes are related to food supply and economic development, and have been
studied from regional to global scales (Chen, 2017; Akinyemi and Mashame, 2018). However, agricultural
land changes across global drylands have rarely been assessed.

Land use changes lead to dramatic alterations in ecosystem structure and processes, which subsequently
influence ecosystem services (Cherubiniet al. , 2018; Chen et al. , 2019; Zhang et al. , 2019; Huang et al. ,
2020). Studies have shown that both deforestation and urbanization reduce the NPP of ecosystems (Zhanget
al. , 2018). The correlation analysis of land use intensity and ecosystem services in previous studies can
only qualitatively reveal the impact of specific land use changes on NPP, while the quantitative change
NPP changes related to individual land transitions have been ignored or not effectively assessed (Zhang et
al., 2018; Chen et al., 2019). Confusing the impact of all changes of a certain land use on environmental
change may lead to sub-optimal adaptation strategies, especially on a large scale (Huang et al., 2020). The
potential impacts of different land cover transitions on energy flux were quantified based on ridge-regression
by Duveiller et al. (2018). However, this potential impact does not accurately represent the actual NPP
changes resulting from land use change. The purpose of this study is to propose a method for estimating the
impact of different agricultural land transitions on NPP based on actual changes.

This study aims to monitor agricultural land dynamics in drylands and accurately assess the impact of
individual agricultural land transitions on NPP. Agricultural land changes in drylands between 1992 and 2015
were analyzed. The NPP changes related to agriculture replacing different natural cover types were estimated
by the difference in the mean values and ridge-regression. Furthermore, we also propose a new method based
on the actual NPP variation that can identify the influence of different agricultural land transitions on
NPP. The change in net primary production due to agricultural land dynaimics was estimated based sum of
individual agricultural land transitions. Finally, impacts on ecosystem productivity of agricultural expansion
from different sources, sub-regional land cover changes response to agricultural expansion, implications of
dryland agricultural land dynamics, and comparison of productivity effects assessment methods are discussed.

2. Materials and methods

2.1. Materials

2.1.1. Land cover dataset.

The European Space Agency Climate Change Initiative land cover (ESA CCI LC) dataset was used to map
land use and land cover changes (LUCC) across global drylands. The dataset combines the global daily surface
reflectance data from five different satellite observation systems, and can maintain high levels of consistency
over time. It has provided LC maps over a 24year period from 1992 to 2015 at a spatial resolution of 300 m
(Defourny et al., 2017). In this study, the spatial resolution was resampled to 0.05°.These maps characterize
the global surface using 37 land cover classes based on the United Nations Land Cover Classification System
(UNLCCS), and were designed to overcome previous limitations and reduce uncertainty when representing
land cover and LUCC in climate models (Poulter et al. , 2015; Li et al. , 2018). The highest accuracy values
for agricultural areas, forests, urban areas, and barren land can be used to analyze agricultural and urban
expansion in drylands.

The sub-pixel proportions of each land cover were provided by the Moderate Resolution Imaging Spectro-
radiometer Land Cover Climate Modeling Grid Product (MODIS MCD12C1). The MCD12C1 data provide
a spatially aggregated version of the tiled MODIS Land Cover Type Product (MCD12Q1), which is created
using supervised classification. The product covers 2001 to 2018, at a spatial resolution of 0.05°. The majo-
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rity land cover type percent map in 2015 under the International Geosphere-Biosphere Programme (IGBP)
classification scheme was used to calculate the potential impact of the individual transitions in land cover
on ecosystem productivity.

2.1.2. Net primary productivity data

MODIS Net Primary Productivity (NPP) product (MOD17A3) was used in this study. The NPP product was
produced by the Numerical Terradynamic Simulation Group (NTSG) at the University of Montana, USA
(UMT). NPP comes from gross primary productivity (GPP) minus maintenance respiration and growth
respiration, and GPP is based on the leaf area index (LAI) or the fraction of photosynthetically active
radiation (FPAR) derived from the Terra satellites (Zhao et al., 2005). It is available at a yearly temporal
resolution for 2000–2015, with a spatial resolution of 1 km. The NPP data was also resampled to a spatial
resolution of 0.05 °, which was consistent with the land cover data.

2.2. Methods

2.2.1. Land cover reclassification and change analysis

The land cover was reclassified into eight types so that it be analyzed based on a uniform classification
scheme (Yang et al. , 2017; Huaet al. , 2018). These categories were forest, shrubland, grassland, sparse
vegetation, barren land, agriculture (including when it is mixed in with natural vegetation), urban areas,
and others (including water bodies, ice and snow, and wetland, etc.) (Table 1). In the land cover percent
map, both sparse vegetation and barren land were classified as barren because the two categories were not
distinguished in the IGBP scheme.

Transition matrices were created to record changes in land cover types over each 5-year period: 1995–2000,
2000–2005, 2005–2010, 2010–2015, and for the total period1995–2015. Each cell on the main diagonal of
the matrix contains the surface area (unit: Mha) of each land cover type that remains unchanged during
the analysis period, while the remaining cells contain the area of a given land cover type that changes to
different types within the same period. These represent the LUCC dynamics. The intensity analysis was
based on the transition matrices. From the perspective of system theory, intensity analysis evaluates the
non-uniform degree of LUCC at the time interval, category, and transition levels (Aldwaik and Pontius,
2012). A hierarchical interpretation framework means that the intensity analysis can give a comprehensive
understanding of LUCC processes and the interaction mechanism. This interpretive framework has been
widely used in LUCC research (Zhou et al. , 2014; Da et al. , 2019). The time interval level can show
whether the LUCC in a given time interval is relatively slow or rapid compared to the overall study period.
The category level can show whether the gross loss and gross gain intensities for each type were relatively
active or stable during a specific period. The transition level examines the intensity of the transition from
one type to another.

2.2.2. Assessment of theindividual land transition impacts on NPP

Three methods were used to evaluate the impacts of individual agricultural land transitions on NPP. The
first method was based on the average NPP between 2000 and 2015 for each land cover type. The difference
between the average NPP for agriculture and another land cover type was regarded as the NPP change caused
by the conversion of the land cover type to agriculture. The second was ridge-regression evaluation method
developed by Duveiller et al. (2018). In this approach, the direct effects of land cover change considered
were over a local moving window, and the indirect perturbations due to regional changes outside the window
were ignored (Duveiller et al. , 2018; Huang et al. , 2020). The ridge-regression analysis was repeated for the
entire dryland area so that the NPP response to agricultural land transitions in an arid environment could
be determined. The windows where all the NPP values were zero (representing barren land) were excluded
so that the barren land in the MCD12C1 data set could be matched with the sparse vegetation in the CCI

3
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dataset. The mean NPP changes for each agricultural land transition in all considered windows for drylands
were calculated using the weighted mean (Huang et al. , 2020).

In addition, we propose a novel method to quantify the NPP change related to individual agricultural land
transitions based on the difference between the actual NPP variation and the climate impact. Firstly, the
study area was divided into the land cover unchanged area and the type transformed area. The NPP change
in the unchanged area was considered to be the result of climate change while NPP changes in the type
transformed area included both the NPP change caused by land cover change and the impact of climate
change. The NPP change in land cover type X due to climate change was the difference between NPP at
start and end of the study period in the type X unaltered area. The NPP values at the start and the end were
the average over 5 years, respectively. Subsequently, different sources of new agriculture were discriminated.
In area of new agriculture transformed from land cover type X, the actual NPP variation was calculated
from the average NPP of the area at the start year minus that at the end year of the study period. Assuming
climate change has the same effects on the unchanged area and the land cover transformed area, then the
NPP change caused by transformation from land cover type X to agriculture is

NPP transform = NPP fact −NPP climate (1)

where NPP fact and NPP climate are the actual NPP variation and the NPP effected by climate change,
respectively. In an area where the land cover type changed, the relative contribution of the land cover
change to the NPP change is:

Rtransform = |NPP transform|
|NPP transform|+|NPP climate| × 100% (2)

2.2.3. Estimating net primary production changes

The annual NPP trend was calculated by Sen’s slope estimates, and its significance level was evaluated by the
Mann-Kendall (MK) test (Wuet al. , 2008). The change in net primary production caused by agricultural
land expansion was obtained by area weighting the NPP change. Then, the total primary production change
resulting from the occupation of natural cover by agriculture is:

P =
∑

NPP i •Ai (i = 1, 2, 3, . . . , is the type number) (3)

where i is the type number, NPP i is the NPP change caused by agricultural encroachment onto natural
land cover typei , and Ai is the area of new agriculture transformed from type i .

The method proposed by Hicke et al. (2004) was used to quantify net primary production changes across the
whole dryland area, and to determine the contributions made by land cover change and climate change. For
a certain land cover type, the difference in net primary production (P ) across the study period is calculated
based on differences in area and NPP(S and NPP, respectively):

P = S2 × NPP2 − S1 × NPP1 = S1 ×NPP + S × NPP1 + NPP × S (4)

where S1, S2, andNPP1, NPP2 are the total area and mean NPP of the land cover type at the beginning
and end of the study, respectively. Therefore, the change in net primary production consists of three parts.
The first part (S1 ×NPP ) represents the production change caused by the change in NPP when the area of
the cover type is unchanged. Assuming that NPP remains unchanged, then the change in production caused
by land cover change is the second part (S × NPP1). The third part (NPP × S) shows the production
change caused by the interaction between climate change and land cover change. The relative contribution

4
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(Ri) of each part (Pi) to net primary production is

Ri = |Pi|∑
|Pi| × 100% (5)

3. Results

3.1. Relationship between land cover and net primary productivity

A total of 18.8% of the global 6.4 billion hectares of drylands is classified as agricultural land, including mix-
tures with natural vegetation. The remaining 81.2% is classified as forest (9.3% of total dryland area), shrub-
land (15.6%), grassland (14.5%), sparse vegetation (9.8%), barren land (28.4%), urban areas (0.3%), and
others (3.3%) (Fig. 1a). The NPP gradient was related to vegetation coverage (Fig. 1b). Large differences in
NPP existed between cover types, and the multi-year average NPPs for the five main types of natural cover
in drylands was in the order: forest (0.45 kg C[?]m–2[?]y–1), shrubland (0.26 kg C[?]m–2[?]y–1), grassland
(0.18 kg C[?]m–2[?]y–1), sparse vegetation (0.10 kg C[?]m–2[?]y–1), and barren land (0.01 kg C[?]m–2[?]y–1).
The frequency distributions for the dryland land cover NPPs (Fig. 1) showed agricultural NPP values were
only smaller than forest NPPs and were mainly distributed in the range 0.15˜0.4 kg C[?]m–2[?]y–1. The
multi-year average NPP for agriculture was about 0.30 kg C[?]m–2[?]y–1, which was higher than for most of
natural land types in drylands, except for forest.

3.2. Agricultural changes andencroachment on natural land cover

A total of 41.0 Mha of new agriculture appeared across global drylands between 1995 and 2015. The intensity
of agricultural expansion declined. The agricultural land gains was almost the same as losses during 2010
– 2015, both of which were relatively dormant (Fig. 2a). Agricultural expansion was the direct reason for
the reduction in natural cover. Across all the dryland, the net area of agriculture encroached the natural
land covers is sparse vegetation (˜16 Mha), grassland (˜12 Mha), shrubland (˜10 Mha) and forest (5 Mha)
in order (Fig. 2b). 97% of the net loss in agriculture was due to urbanization.

Large differences existed between global regions (Fig. 3). Agriculture in Asian drylands were mainly located
in Central Asia, and were mostly found in sparse vegetation areas, followed by grassland and barren land.
New dryland agricultural areas in Africa mainly encroached on shrubland and grassland, whereas that in
Australia mainly encroached on shrubland, which were concentrated in the eastern part of the country. 75%
of new agricultural areas in South America came from forests. The agricultural expansion in drylands of
North America and Europe were relatively small, and mainly occupied grassland and sparse vegetation,
respectively. However, the gain area for agriculture from each natural land cover was not always greater
than the loss area at the regional scale. In Australia, Europe, and North American drylands, the forest
area gained from abandoned agricultural areas was larger than the forest lost to new agricultural areas. In
addition, some abandoned agricultural areas became shrubland in the drylands of Europe.

3.3. Net primary productivity change in Agricultural land

In areas of agricultural expansion, NPP was affected when agriculture replaces natural cover (Fig. 4a). Ac-
cording to the average NPP for each cover type, the average NPP for agriculture was 0.15 kg C[?]m–2[?]y–1

smaller than that of forest, and 0.04 kg C[?]m–2[?]y–1, 0.12 kg C[?]m–2[?]y–1, and 0.29 kg C[?]m–2[?]y–1

larger than that of shrubland, grassland, and sparse vegetation, respectively. The ridge regression assess-
ment showed that agriculture replacing forest reduced NPP by 0.44 kg C[?]m–2[?]y–1, but agriculture re-
placing shrubland and sparse vegetation increased NPP by 0.01 kg C[?]m–2[?]y–1 and 0.33 kg C[?]m–2[?]y–1,
respectively. After subtracting the effect of climate change from the actual change in the transformation
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area, converting forest to agriculture reduced NPP by 0.036 kg C[?]m–2[?]y–1; and the conversion of shrub-
land, grassland, and sparse vegetation to agriculture increased NPP by 0.013 kg C[?]m–2[?]y–1, 0.003 kg
C[?]m–2[?]y–1, and 0.048 kg C[?]m–2[?]y–1, respectively. These results confirmed that there was an increase
in NPP when natural land cover types other than forestry were converted to agriculture in drylands.

If the new agricultural areas since 2005 are used as an example, then the results showed that NPP underwent a
transitional change from a decreasing trend to an increasing trend after the land was converted to agriculture
(Fig. 4b). They showed that the overall impact of agriculture replacing natural cover on NPP was to increase
it. The slope of increasing average NPP values for new agricultural land was 2.4 g C m–2y–2, which is higher
than for the original agricultural area (0.7 g C m–2y–2). It means that land cover change increased the
average NPP of agricultural expansion areas. Furthermore, in new agricultural areas, the change in cover
type had a greater impact on NPP change than climate change, with a relative contribution of more than
70%.

3.4. Agricultural impact on net primary production across all drylands

The change in net primary production was obtained by area weighting the change in NPP during the tran-
sition process (Table 2). From 2000 to 2015, the forest, shrubland, grassland, sparse vegetation and barren
areas converted to agriculture were 1.38 Mha, 3.89 Mha, 5.94 Mha, 7.02 Mha, and 2.37 Mha, respectively.
The calculation results based on the average NPP difference and the ridge regression were about 27 and 25
Tg C (1 Tg C = 1012 g C), respectively, while the estimated results based on the actual transition were2.4
Tg C. The three calculation results all showed agricultural expansion increased total net primary production
for the dryland ecosystem.

The NPP of all land covers in drylands increased by varying degrees during 2000 – 2015 (Table 3). The
average NPP across all drylands increased by 5 gC[?]m–2, and the total net primary production increased
by 365 Tg C. Agriculture NPP increased by 6 gC[?]m–2, which is more than that of average increase in
drylands. Net primary production of dryland agroecosystems increased 108 Tg C, and contributed 30% to
total increase in dryland ecosystems. Net primary production in original agricultural areas has increased by
69 Tg C, and area expansion has increased agricultural production by 38 Tg C. The increased production
through agricultural expansion contributed to 35% of total increased production in dryland agroecosystems.

4. Discussion

4.1. Impacts on ecosystem productivity of agricultural expansion from differ-
ent sources

Results revealed that agricultural expansion at the expense of forest reduces ecosystem NPP, while convert-
ing grassland or sparse vegetation to agriculture has been shown to increase ecosystem NPP. The ecosystem
productivity changes mean that the agricultural expansion breaks the energy balance of the original ecosys-
tem. The difference of productivity changes distinguishes the impact of agricultural expansion from different
sources on the ecosystem services. Agricultural expansion from forest area has led to increased CO2 emis-
sions and has reduced carbon sinks, which affects the ecosystem service of carbon storage (Zhang, 2019).
These agricultural areas consume less water and soil fertility than original natural state, but increase the risk
of soil erosion by water or wind. Agricultural expansion from other land cover areas can accelerate carbon
cycling. These agricultural improvements increase the ground biomass of the ecosystem, but have another
negative impact on water and soil conservation. The NPP increase is mainly due to human managements,
such as fertilization, irrigation, and high-density planting (Foley et al. , 2011; Zhou et al ., 2011; Lambin
et al. , 2013), which means more consumption of water resources and soil fertility (Teixeiraet al. , 2014;
Sheikhy et al. , 2017). Further, irrigation and long-term chemical fertilization will cause soil fertility failure,

6
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such as salinization, compaction and acidification (Zhang et al., 2014). Therefore, the impact of agricultural
expansion from different sources on ecosystem services should be treated differently.

4.2. Sub-regional land cover changes response to agricultural expansion

Dryland agricultural expansion mainly invades sparse vegetation and grassland according to our result, which
is different from agricultural encroachment in humid areas. Gibbs et al. (2010) pointed out that tropical
forest is the main source of global new agriculture, mainly due to the agricultural expansion in humid areas.
Dryland populations account for 36% of the global population, and agricultural expansion in drylands has
accounted for 28% of global agricultural expansion over the past 20 years. This suggests that the land
pressure brought about by population growth and consumption increase is mainly exerted on humid areas.
The local ecological environment affects agricultural land dynamics and explains the regional differences
in the impact of agriculture on natural land types. Previous researchers have suggested that agriculture
expansion tends to occur in areas with similar or more fertile ecological environments, while avoiding areas
with poor ecological conditions (such as high altitude, steep slopes, and low available water) (Spera et al.
, 2014; Chen, 2017). Therefore, agricultural expansion mainly invades fertile forest areas in humid areas.
The low exposure area of forest makes agricultural expansion be dominated by invading other land covers
in drylands. Forest areas only account for 9.3% of the dryland, and these are mainly distributed at the
margins of tropical forests in South America and at high latitudes in Asia and North America. Therefore,
new agricultural areas have mainly invaded forests in South American drylands, unlike that in drylands
of other continents. Although agricultural expansion is globally, the natural land cover losses caused by
agricultural expansion was sub-regional due to local environment.

4.3. Implications of dryland agricultural land dynamics

The result show that agricultural expansion in drylands has slowed down from 1995 to 2015. For one
reason, human beings pay more attention to the protection of the natural environment. Corresponding
policies, such as revegetation and ‘Grain for Green’, have been implemented in many regions and achieved
results (McVicar et al., 2007; Geng et al., 2019). For another, increased agricultural productivity caused by
technological development and climatic change has saved land. The increase in overall dryland NPP reflects
the positive effects of climate change on ecosystem productivity in drylands. And the contribution of climate
change is greater than that of LUCC on net primary production of both whole dryland and most individual
land covers (Table 3).

At present, the area dynamics for agriculture are relatively stable, which means that limited agricultural
area will bear more production pressure under the pressure of increasing population. Globally, the growing
demand for food caused by population growth is the root cause of agricultural expansion (Tilman et al. ,
2011). At the same time, human demand for settlements has led to rapid urban expansion and the subsequent
loss of large amounts of original agricultural land (Suet al. , 2011; Jiang et al. , 2013; Shi et al. , 2016).
Therefore, agriculture has expanded into natural areas to meet increased food demand, and to make up
for lost crop production (van Vliet, 2019). Table 3 shows that the main reason for the increase in net
primary production for agriculture across all dryland is not area expansion, but productivity increase. The
NPP in dryland agriculture has exceeded most vegetation productivity in its natural state, and is continues
increasing, so that more productivity means more water and soil resources will be consumed. There should
be a greater focus on how to better manage existing agriculture to mitigate the conflict between increasing
agricultural productivity and sustainable development (Bhardwaj et al., 2011; Tilman et al., 2011; Lambinet
al., 2013; Zou et al., 2013).

4.4. Comparison of productivity effects assessment methods

All three methods confirmed the promotion of agricultural expansion on productivity in drylands, but the
estimated effect degrees differed in the results. Relatively speaking, the average NPP difference and the
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ridge regression method overestimated the NPP changes caused by agricultural expansion. Both methods
consider that the NPP in the new agricultural area is the same as NPP in the original agricultural area. In
fact, the NPP in the new agricultural area has not reached the level of the original agricultural NPP, which
can be confirmed from Figure 5. Similarly, assessment of the agricultural production increase due to area
expansion using method of Hicke et al. (2004) is overestimated. Therefore, the method proposed in this
paper more accurately estimates the impact of agricultural expansion on NPP.

5. Conclusions

This study analyzed the agricultural land dynamics and NPP changes related to different agricultural land
transition. Dryland agriculture expanded 41 Mha, and the expansion slowed down from 1995 to 2015.
Agricultural NPP in dryland exceeds NPP of most land cover except forests. The agricultural expansion
mainly encroached sparse vegetation and grassland, and has increased total productivity of the drylands.
The comparison shows the proposed method can more accurately estimate the NPP increase caused by
agricultural expansion than average NPP difference and ridge-regression method. Climate change, rather
than agricultural expansion, is not the main reason for increased agricultural production. Estimating NPP
changes for different agricultural land transitions can more accurately estimate the impact of agricultural
expansion on the overall ecosystem NPP. It is also conducive to distinguish the agricultural impacts on
different ecosystem services, and make targeted response for sustainable development of agriculture.
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Table 1. Land cover reclassification scheme. The numbers refer to the land cover type codes for individual
products, and the characters in parentheses are the type name abbreviations.

Land cover type ESA CCI LC MCD12C1

1. Forest (F) 50/60/70/80/90 1/2/3/4/5
2. Shrubland (Sh) 100/120 6/7/8
3. Grassland (G) 110/130 9/10
4. Sparse Vegetation (SV) 150 16
5. Barren (B) 200
6. Agriculture (A) 10/20/30/40 12/14
7. Urban (U) 190 13
8. Others (O) 160/170/180/210/ 220 11/15/0

Table 2. Areas converted from different natural cover to agriculture and the corresponding changes in net
primary production in different new agriculture areas from 2000 to 2015.

F - A Sh - A G - A SV - A B - A Total

Area (Mha) 1.38 3.89 5.94 7.02 2.37 20.60
ΔPtransform (TgC) -0.49 0.52 0.20 1.51 0.68 2.42
ΔPestimate (TgC) -6.08 0.39 0.00 22.89 7.72 24.92
ΔPmean (TgC) -2.02 1.49 6.88 13.79 6.85 26.99

Νοτε: ΔΠτρανσφορμ, ΔΠεστιματε, ανδ ΔΠμεαν ρεπρεσεντ ασσεσσμεντς βασεδ ον τηε αςτυαλ τρανσφορματιον, τηε

ριδγε-ρεγρεσσιον εστιματιον, ανδ τηε αvεραγε ΝΠΠ διφφερενςε, ρεσπεςτιvελψ. 1 Τγ ῝ = 10
12
γ ῝. Φ = Φορεστ,

Ση = Σηρυβλανδ, Γ = Γρασσλανδ, Σ῞ = Σπαρσε vεγετατιον, Β = Βαρρεν λανδ, ανδ Α = Αγριςυλτυρε.

Table 3. Changes in NPP and the areas of each land cover type in drylands from 2000 to 2014, the
corresponding changes in net primary production.

F Sh G SV B A U O Total

[?]NPP (g C/m2) 7 16 3 2 0 6 13 4 5?¿?
Area (Mha) –10 3 7 –1 –23 13 12 –1 0?¿?
PCli (Tg·C) 44 163 30 15 0 69 2 8 329?¿?
PLUCC (Tg·C) –43 9 12 –1 –3 38 23 –1 34?¿?
PInt (Tg·C) –1 1 0 0 0 1 1 0 2?¿?
PTotal (Tg·C) 0 172 43 14 –3 108 26 7 365

Νοτε: ΔΝΠΠ ανδ ΔΑρεα ρεπρεσεντ ςηανγες ιν ΝΠΠ ανδ τηε αρεα οφ εαςη λανδ ςοvερ τψπε, ρεσπεςτιvελψ.

ΔΠςλι, ΔΠΛΥ῝῝, ανδ ΔΠΙντ ρεπρεσεντ νετ πριμαρψ προδυςτιον ςηανγες ςαυσεδ βψ ςλιματε ςηανγε, ΛΥ῝῝, ανδ

τηε ιντεραςτιον βετωεεν ςλιματε ςηανγε ανδ ΛΥ῝῝, ρεσπεςτιvελψ, ανδ ΔΠΤοταλ ρεπρεσεντς τηε τοταλ νετ πριμαρψ

προδυςτιον ςηανγες φορ εαςη λανδ ςοvερ τψπε. 1 Τγ ῝ = 10
12
γ ῝. Φ = Φορεστ, Ση = Σηρυβλανδ, Γ = Γρασσλανδ,
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Σ῞ = Σπαρσε vεγετατιον, Β = Βαρρεν λανδ, Α = Αγριςυλτυρε Υ = Υρβαν, ανδ Ο = Οτηερς.
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