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Abstract: During the 21st century, policies toward agriculture, forestry, and urbanization have emerged to ensure food security, ecolo-
gical restoration, and human well-being by managing land in Northeast China. However, the integrated effects and relationships of vari-
ous policies are still not well understood. This study observed the land use land cover changes in Central Jilin from 2000 to 2019 and, by
considering policy involvement, aimed to understand the effects and trade-offs of policies. Results showed that the cropland, including
dryland and rice paddy, and the forest, including coniferous forest and deciduous forest, are dominant land types in Central Jilin. During
2000-2019, the land changed diversely, of which the main changes were the expanded dryland (+0.43 million ha), the increased decidu-
ous forest (+22 million ha), the decreased coniferous forest (—0.08 million ha), and the expanded urban settlement (+0.04 million ha).
With these changes, despite the unit grain yield showing a rising trend, the yield contribution of Central Jilin to the national total de-
creased. The poor cultivating structure made for the cropland expansion and reduced the implementation space of environmental restora-
tion projects such as the Grain to Green. Thus, in Central Jilin that transits from the agri-food production zone to the eco-regulation
zone, environmental projects coexisted in a trade-off manner with agricultural policies that aim to liberate agricultural productivity. In
the key urban agglomerations of Central Jilin, the increase in the proportion of green space improved the thermal environment and car-
bon balance. The gross domestic product of the large city and its local proportion also rose. These improvements benefited from the pro-
motion of development policies and urbanization policies at key time points. In the future, it is necessary to coordinate agricultural
policies and environmental projects and promote the progress of small- and medium-sized cities to ensure the equality of regional devel-
opment. This study has implications for making decisions to revitalize Northeast China and researchers who inform decisions.
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1 Introduction systems, is rich in ecological functions and biological
flows but very sensitive to human activities (Ye and
Ecotone, the transition area between two dominant eco-  Fang, 2012). Because both agricultural production and
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ecological conservation are critical to national security
and local sustainability, the land change of agriculture-
forest ecotone affects food supply, climate regulation,
water yield, efc., and thus human life. However, little at-
tention on the agriculture-forest ecotone has been stud-
ied, especially for countries where the land system un-
derwent rapid alteration, such as China. Policies are the
primary driving factors of land change (Bryan et al.,
2018; Kuang, 2020a); however, it is undetermined that
policies realized various objectives, e.g., promoting
food production while preserving environments, in the
ecotone.

Land use land cover (LULC) changes, with the deep
relationship to administrative measures, are affecting the
biogeochemical process, wildlife habitats, energy ex-
change, and thereby on climate change, biodiversity,
and public health (Lammert and Allan, 1999; Feddema
et al., 2005; Liang et al., 2010; Houghton et al., 2012).
The wealthy society could invest huge funds to reforest
the poor land, preventing floods and sandstorms (Bryan
et al., 2018). However, improper interventions could
cause financial loss, biodiversity loss, and biomass loss
(Liu et al., 2014; Lai et al., 2016; Ren et al., 2019). Ag-
riculture ecosystem is the most important source to
maintain human life, which encroached primary ecosys-
tems and formed transitions from cropland to forest,
grass, water, efc. (Ye and Fang, 2012; Liu et al., 2017;
Wu et al., 2019). Previous studies indicated that proper
land management could boost agricultural economy
(Wu et al., 2019). However, cropland expansion stressed
climate change in local agriculture-forest ecotone (Liu
et al., 2017). To maintain the ecotone in a safe operat-
ing space (Rockstrom et al., 2009), assessing LULC
changes is critical.

On the road of land exploitation-economic progress—
ecological restoration, China’s LULC changes affected
by administrative measures in decades. For example,
forests were exploited for supplying food and energy
before 1978; hereafter, the central government invested
huge funds for land management to restore land sys-
tems (Liu et al., 2008; Bryan et al., 2018). However, the
pace of Northeast China is different. The economic
downturn and poor industrial structure made the land
use in Northeast China unbalanced, e.g., the proportion
of cropland has exceeded 1/3 (Mao et al., 2019). On the
other hand, dual tasks of national importance, i.e., food
production and ecological restoration, guide the land

management in Northeast China; thus, LULC changes,
represented by cropland expansion and forest restora-
tion, were complicated (Chen et al., 2015). In the 21st
century, a series of administrative measures were un-
veiled by the central government for ensuring economy
recovery, grain production and ecological restoration,
which collectively drove LULC changes in Northeast
China. For example, when the Grain to Green project
was fully implemented in 2003, the forest area in-
creased (Zhao et al., 2019b). In 2009 with the national
plan of securing food supply announced, cropland ex-
panded for more yield (Mao et al., 2018).

The coexistence of various policies potentially forms
trade-off relationships. Previous studies indicated that
agriculture and forestry policies constituted trade-offs;
agriculture policies encouraged cropland expansion that
exacerbated forest clearing, hindering ecological restor-
ation (Lai et al., 2016). Under economic development
goals, disordered urban expansion encroached on crop-
land, weakened grain production (He et al., 2017). With
the implementation of various policies and projects, the
agriculture-forest ecotone of Northeast China, central
Jilin Province (JLC), is suitable for looking back at
LULC changes and policy interrelationships. The meas-
ures include environmental projects such as the Grain to
Green; the development strategy such as the Northeast
China Revitalization; and agricultural policies such as
abolishing agricultural taxes; the total number of twelve
measures is outstanding in Northeast China (Mao et al.,
2019). However, it is undetermined these policies were
synergistically achieving their respective goals by driv-
ing LULC changes. As a result, decision-makers cannot
properly adjust policies and projects that originally
served to revitalize Northeast China and achieve sus-
tainable development.

To assist the government and corporations in making
decisions on policy and investment, as well as research-
ers who inform these decisions, we aim to explore the
LULC changes and policy evolution in JLC. The present
study developed a 15 m resolution LULC dataset with a
S-year interval from 2000 to 2019. The LULC dataset,
combined with socio-economic statistics, matches the
time nodes of various policies, which could be used to
learn the influence of various policies on both land and
socio-economy. We answered two key questions: 1)
how the LULC changed and its effects in JLC during
20002019, and 2) whether policies, through affecting
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LULC change, formed trade-off interrelationships. To
revitalize Northeast China and ensure regional progress
equality, this study proposed policy options and land use
issues that need attention.

2 Material and Methods

2.1 Study area

An agriculture-forest ecotone in central Jilin Province
(JLC), Northeast China, was selected for this study
(Fig. 1). JLC consists of four cities, including Chang-
chun, Jilin, Siping and Liaoyuan, with an area extent
about 10.9 x 10° ha and a population about 16.0 x 10°.
JLC has comprehensive LULC types include forest, cro-
pland, water, bare ground, built-up area (Zhao et al.,
2019b; Dong et al., 2020a); diverse landforms with an
elevation of 103—-1399 m; and the temperate continental
climate. As an agriculture-forest ecotone, JLC was
risked by long-term human activities, resulted in habitat
degradation, water loss, and sandstorms (Kuang and
Yan, 2018; Mao et al., 2019). During the 21st century,
JLC underwent various administrative measures of agri-
culture, forestry, and urbanization. The projects of Grain
to Green, Three-North Shelter Forest, and Natural
Forest Conservation aim to plant more forest in poor

lands. According to the National Eco-Function Zoning
Plan (MEE, 2015), approximately two-third area of JLC
is the agricultural food production zone. JLC also in-
cludes an ecological regulation zone that aims to restore
the environment through environmental projects. Be-
sides, Changchun City and Jilin City integrated into a
key urban agglomeration that is located on the cross of
the Belt and Road.

2.2 Data and preprocessing

By using Calibrated Top of Atmosphere Reflectance
(TOA) images, which were captured by Landsat instru-
ments Enhanced Thematic Mapper Plus (ETM+) and
Operational Land Imager (OLI), LULC data of the
present study were generated in Google Earth Engine
(GEE). For each year, approximately 150 images of
path 117-119 and row 29-30 were used. Based on
phenological difference, the vegetation land types such
as coniferous forests and deciduous forests were
mapped. Thus, the fluctuation of the vegetation index
during the year was used to filter the images (Dong et
al., 2020b). Within a mapping period, such as the grow-
ing season, all TOA images with cloud-likelihood of
less than 25 were used and reduced into one image by

median stacking for mapping LULC. Furthermore, the
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spatial resolution of TOA images was enhanced to 15 m
through a sliding-window algorithm that built on the
GEE environment (Dong et al., 2020a). Through this ap-
proach, original spectral information of TOA images
was saved and thus served for constructing finer resolu-
tion spectral indices include Normalized Difference Ve-
getation Index (NDVI) and Modified Normalized Differ-
ence Water Index (MNDWI) (Dong et al., 2016; Yang et
al., 2020).

NDVI=(Buir—Bred) /(Bnir+ Bred) (D
MNDWI= (Bgreen_Bswirl)/(Bgreen+Bswir1) (2)

where Byreens Breds Bnirs and Bgyir denote spectral reflect-
ance measurements acquired in the green, red, near-in-
frared, and shortwave infrared-1 bands, respectively.
Also, the shortwave infrared-2 band (SWIR2) and
thermal infrared-1 band (7/R1) were applied to map set-
tlements and eliminate building shadows, respectively.
The NDVI was applied to simulate phenology (Dong et
al., 2020a). For reducing the saturation effect of NDVI,
the index Fraction of Vegetation Cover (FVC) was con-
structed to extract vegetation (Yang et al., 2020).

FVC=(NDVI—-NDVIj)/(NDVIyes — NDVIi1) 3)

where NDVI,., and NDVIy; were quantified from the
NDVI histogram; NDVI; is the average of 0-0.5%
value segment; NDVI,, is the average of 99.5%—-100.0%
value segment.

The VIIRS nightlight images (VIIRS NT) were ap-
plied to extract the urbanized area. The product
MOD11A1.006 was employed to simulate land surface
temperature (LST) (Dong et al., 2016); its bad pixels
were masked by the 8-bit quality band. The product
MOD17A3HGF was employed to simulate net primary
production (NPP). The product Global Annual PM, s
Grids was applied to simulate Fine Particulate Matter
(PM,5) during 2000-2016 in urbanized areas (van
Donkelaar et al., 2016). Besides, the annual record of

cg

crop yield was collected from Statistic Yearbooks of
Jilin Province (downloaded via http://tjj.jl.gov.cn/).

2.3 Mapping land use land cover by Multilevel De-
cision Rule classifier

Considering the environmental background and map-
ping capacity, we defined a LULC category of the
forest, grassland, wetland, water body, cropland, imper-
vious, and bareland (Table 1). The shrub was integrated

Table 1 Land use land cover category and image examples from Google Earth in Central Jilin Province, China

LULC category LULC category
Google Earth example Google Earth example
Tierl Tier2 Tierl Tier2
Forest Coniferous forest Cropland Rice paddy
Deciduous forest Dryland

Grass Impervious Urban settlement
Wetland Rural settlement

Water Bareland
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into the forest category because the plant structure can-
not be specifically defined. Instead, the forest category
was classified as coniferous forest and deciduous forest
by simulating phenology. The cropland category was
further classified as rice paddy and dryland. The imper-
vious category was further classified as urban settle-
ment and rural settlement.

The Multilevel Decision Rule (MDR), a JavaScript-
based LULC classifier, was used in this study (Dong et
al., 2020a). The MDR is an automatic process that can
extract LULC orderly through thresholding spectral in-
dices or bands. As the component of the MDR, each de-
cision rule segments an image into two classes of pixels
(Dong et al., 2020b). For example, within an NDVI im-
age, setting pixel values of less than 0.01 as the water;
and regarding others as the non-water area (Mao et al.,
2018). To determine thresholds, the OTSU algorithm
was employed (Otsu, 1979).

The indicator day of year (DOY) was applied to guide
median stacking that constructs a single image that rep-
resents a period of interest; thereby, mapping target
LULC according to phenology. For example, vegeta-
tion extent was classified by a single FVC image that
represents the median value during DOY of 180-250
(Fig. 2). The forest extent was mapped based on medi-
an NDVI during DOY of 120-170 when the daytime ac-
cumulated temperature less than the standard of 1900°C
for crops growing. The extents of coniferous forest and

deciduous forest were identified based on median NDVI
of the withering period, i.e., DOY of 25-75 and
300-325. For grassland mapping, we applied median
SWIR2 to extract grass. In cropland extents, the rice
paddy was mapped by using median MNDWI during the
start of the transplanting period (Dong et al., 2016).

The non-vegetation area includes impervious, water,
and wetland. The preliminary impervious extent was
mapped by the shortwave band; the SWIR2 was used be-
cause of fewer dispersions compared with SWIR1. By
using VIIRS NT (nighttime light) data, the impervious
was classified as urban settlements and rural settle-
ments. Because the water area is dynamic in a year, we
firstly mapped the water surface area of big reservoirs
during the year. Results showed that images from April,
May, September, and October could be used to obtain
the maximum extent of water; thereby, we mapped wa-
ter extent by median MNDWI of these four months.
Hereafter, we mapped the wetland, defined as flooded
vegetation, by setting the Boolean rule of median MND-
WI less than median NDVI. Furthermore, we removed
shadows from water by adjusting 77R1 (Dong et al.,
2020a).

2.4 Accuracy assessment

The accuracy was assessed by a statistically robust
method, based on the sample count matrix and the areal
weight of LULC (Olofsson et al., 2014). We applied a
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Fig. 2 The flow chart shows the sequence of land use land cover mapping. The filtration of images was according to phenology and
properly adjusted DOY to ensure the image quality. FVC: fraction of vegetation cover; SWIR2: shortwave infrared-2 band; NDVI: nor-
malized difference vegetation index; MNDWI: modified normalized difference water index; TIR1: thermal infrared-1 band; VIIRS NT:
nighttime light; DOY: day of year. T1-T8 are thresholds that segment an image into two types of pixels
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published sample set collected from high-resolution
satellite images of 2016 and 2017 for assessing our 2015
LULC map (Zhao et al., 2019a). The set includes 258
cropland samples, 395 forest samples that did not be
classified as coniferous forest or deciduous forest, 115
grassland samples, 384 impervious samples, and 354
water samples. The set also contains 238 forest samples
from the withering season of 2016, which were used to
assess the accuracy of mapping result coniferous forest.
Furthermore, we randomly collected 216 deciduous
forest samples, 204 rice paddy samples, 256 dryland
samples, 100 wetland samples, and 153 bareland
samples from 2014-2016 images of Google Earth. Be-
cause definite samples of urban settlement and rural set-
tlement cannot be collected, we tested the accuracy of
mapping result impervious. The result reported that the
overall accuracy of our LULC data reached 0.939 +
0.016 (Table S1). Especially, tier-2 LULC types, includ-
ing coniferous forest, deciduous forest, rice paddy, and
dryland, showed high user’s accuracy (> 0.910 = 0.03)
and producer’s accuracy (> 0.875 £ 0.04), laid a good
foundation for observing LULC changes.

2.5 Analysis of land use land cover change

Changes in land cover were directly computed in the
software ArcGIS 10.2. The forest and grassland were
merged as green space to observe urban land changes
(Ren et al.,, 2019; Kuang, 2020c; Kuang and Dou,
2020). To track the spatial trajectory of urban land
use, the patch density (PD) was computed by using the
software Fragstats 4.2; the centroids of land patches
were obtained by using the software ArcGIS 10.2. Fur-
thermore, we computed the crop yield based on LULC
data.

Yik =TYix/Aix 4

where Y, denotes the yield per hectare of the crop type i
in year k. The TY;, denotes the total yield. The 4; de-
notes the area of dryland or rice paddy from our maps.
This study analyzed two types of crops includes major
crops (of dryland) and rice paddy to coordinate with the
land category of dryland and rice paddy. The major crop
type is the total of maize and soybean. The cost and
profit information of crop cultivation was collected from
the National Agricultural Product Cost-Benefit Collec-
tion (https://www.yearbookchina.com/).

3 Results

3.1 LULC change and its effect on agriculture pro-
duction

The cropland was the most covered LULC type in JLC
(Fig. 3). During 20002019, the dryland area increased
from 4.87 x 10° ha to 5.31 x 10° ha; the rice paddy area
slightly changed around 0.65 x 10° ha after the expan-
sion in 2000-2005. The forest was widely distributed in
the east JLC. During 20002019, the coniferous forest
area slightly decreased from 1.57 x 10°ha to 1.49 x 10® ha;
however, the deciduous forest area increased significant-
ly from 1.05 x 10® ha to 1.28 x 10° ha. During 20002005,
the urban settlement area was unchanged as 0.07 x 10° ha;
after 2005, the urban settlement expanded to 0.11 x 10° ha
in 2019. By contrast, the rural settlement area lost signi-
ficantly from 0.88 x 10° ha to 0.22 x 10° ha during
20002019, especially in the west JLC (Fig. 3). Among
other land covers, the area of water body fluctuated
between 0.13 x 10° ha and 0.14 x 10° ha; the wetland
area decreased from 0.05 x 10° ha to 0.02 x 10° ha; the
grassland area increased to 0.01 x 10° ha. The change of
bareland area showed a v-trend as decreased in
2000-2010 and increased in 2010-2019, resulted in
0.13 x 10° ha in 2019.

Although the cropland area increased continually, the
importance of the agricultural economy decreased. The
contribution of the agricultural sector to total GDP de-
creased from 9.2% to 3.5% (Fig. 4b). The increment of
major crops yield was similar to the dryland expansion,
from 2.0 x 10° kg/ha to 3.5 x 10° kg/ha (Fig. 4f). However,
with the agricultural GDP proportion decreased, the
major crop yield decreased from 2015 to 2019. The
rice yield increased slightly from 4.3 x 10° kg/ha to
4.6 x 10” kg/ha; whereas compared with the continuous
increment in national yield, that of JLC was discrepant
(Fig. 4e). What is more, after 2005, the yield proportion
of JLC to the national total decreased by 0.61% and
0.2% in major crops and rice, respectively (Fig. 4d). The
situation likely related to the Grain to Green project that
was fully implemented in 2003 because the net area of
cropland to forest had reduced since the period
2005-2010 (Fig. 4a). Moreover, the proportion of rural
population decreased after 2005 (Fig. 4¢), indicating the
decoupling of grain yield and rural human power. In
general, despite the cropland area increased continually,
the agriculture development of JLC was lagging to the


https://www.yearbookchina.com/
https://www.yearbookchina.com/

DONG Yulin et al. Land Use/Cover Change and Its Policy Implications in Typical Agriculture-forest Ecotone of ...

267

Area/10°ha

2000 S ey

0 50 100 km
——

»z

2005

2010 AT
- A
{

0 50 100km
S —

S PR == ==
o No b B v

Land use land cover type

Fig.3 Spatiotemporal changes in land use land cover (LULC) of JLC during 2000-2019

B Coniferous forest (CF)
[ Deciduous forest (DF )
"] Grassland (GL)

W Wetland (WL)

] Water body (WB)

M Rice paddy (RP)

["] Dryland (DL)

[l Urban settlement (US)
[ Rural settlement (RS)
| Bareland (BL)

wl

Land use land cover type

DL Us RS BL

8
® 5 |® ©
6 g 1t 1
£ 8 &
€% , 8 £
B3 ~ - y=-1l10x+470 | § 2
g 8 T~ _ R=034,P=020 S £
28 2 ~ 2 B
E S ~ E} N
3 -
§% © g E
3k é : | O OC—~—0—0—0
-2 S @ JLC total ] @ JLC total
{Or Agriculture proportion O Rural porportion
-4
o A0 ) \9 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
a8 ) )
qu‘J/ qu‘f 'LQ\Q/ '19\5/ Year Year
5 Period 7 7
s | @ Major crops @) (e) = ®
< | (O-Rice 6 % 6
g4l < g
8 fi+) =
E 3 £
S Z
£s| . O\,O/O—O_O é \
2 § :
é 2 = 3 23
27 g ]
[}
% o——0—0—0 | 32 52 -
| & o 4 National total
1 2 @ National total | § OLC
& & {HILC £
0 =0
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year Year

Fig. 4 The change of agriculture-related factors of JLC in 2000-2019. The type of major crops includes maize and soybean



268 Chinese Geographical Science 2021 Vol. 31 No. 2

national development.

3.2 LULC change and its effect on urban environ-
ment

In the key urban agglomeration, the expansion of green
space and urban settlement was observed (Fig. 5). Dur-
ing 20002019, urban settlement expanded approxim-
ately 17.2 x 10’ ha in Changchun and 2.7 x 10’ ha in
Jilin, respectively. The expansion was obvious after
2005; however, the expansion direction was different in
cities, i.e., northeastward in Changchun while north-
westward in Jilin (Fig. 6). Besides, during the period
considered, the area of green space increased from
1.0 x 10 ha to 7.3 x 10’ ha in Changchun City and from
0.3 x 10° ha to 1.4 x 10° ha in Jilin City. In both cities,
the increment of green space could be divided into two-
phase including 2000-2010 and 2010-2019. Although
the total area of green space was distinct in the two cit-

ies, the proportion was similar, i.e., increased from 1.4%
to 10.2% in Changchun City and from 1.4% to 7.3% in
Jilin City.

The spatial trajectory of settlement and green space
was divided into two phases by the year 2010. The PD
of green space increased dramatically in 2000-2010
while kept slightly changing in 2010-2019 (Fig. 6a), in-
dicating urban greening turned from rapid to slow. By
contrast, the PD of settlement turned from decreasing to
increasing in 2010 (Fig. 6b), indicating urban sprawl
boosted after 2010. Nonetheless, the settlement and
green space were sprawled in similar directions (Fig. 6).
This spatial trajectory of gray space and green space
mitigated the urban thermal environment and air pollu-
tion.

The settlement expansion that generated paved areas
could increase the LST and air pollution in the outer
city. The history centroid of maximum LST and PM, s

(a) Changchun
—— Urban boundary in 2019

A

60 16
@ Urban settlement 4@ Urban settlement
@ Greenspace -® @ Greenspace _9®
2 2
50 ® = 14 - B8
3 2 o« = . s
> - > =
= 40r . =127 .y
i |0 i
30L 2t
10 | (¢) Changchun (d) Jilin
-9 -9
. s 2 _-e-—o-
oLe-——-® . . . oLe-—-@® . . .
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year

Fig. 5 Spatiotemporal changes in urban settlement and green space in Changchun and Jilin cities of Central Jilin Province, China
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approximately shifted along with the direction of settle-
ment expansion, i.e., northwestward in Changchun City
and northeastward in Jilin City (Fig. 6). During
20002015, the shift of PM, 5 centroid matched with
settlement centroid; and the average PM, s increased
significantly from 23.89 pg/m’ to 70.02 pg/m’ in Chang-
chun City and from 25.91 pg/m’ to 60.22 pg/m’ in
Jilin City (Fig. 6e). Nevertheless, the maximum LST
and NPP obtained mitigation. During the period con-
sidered, the urban NPP increased from 247 g C/(m*yr)
to 349 g C/(m*yr) in Changchun City and from
308 g C/(m*yr) to 441 g C/(m*yr) in Jilin City (Fig. 6d);
the maximum LST decreased from 48°C to 42°C in
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Changchun City and from 46°C to 41°C in Jilin City, re-
spectively (Fig. 6¢). These changes, coupled with the in-
crement of the green space (Fig. 5), suggest the import-
ant role of urban green space in carbon balance and
thermal mitigation. Before 2010, the green space area
increased rapidly but of gradual fragmentation (Fig. 6a),
which merely generated a short improvement of LST
and NPP (Fig. 6c¢, Fig. 6d). By comparison, after 2010,
the PD of green space increased mildly in Changchun
City and temporarily decreased in Jilin City, which,
however, formed robust biomass to sustain improve-
ment of thermal environment and carbon balance. In this
regard, to enhance the urban environment through urb-
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an greening, more attention should be paid to spatial
configuration rather than merely areal increment.

4 Discussion

4.1 Policy related trade-offs between agricultural
development and environmental restoration
Northeast China, with fertile soils and flat landforms, is
suitable for agricultural development; thereby, its natur-
al ecosystems have altered to cropland for securing the
national staple food supply (Chen et al., 2015; Luo et
al., 2018; Mao et al., 2019). As the transition from the
agriculture supply zone to the ecological conservation
zone (MEE, 2015), JLC is an important component of
food production and environmental restoration in North-
east China. This study observed the decoupling of crop-
land expansion and agricultural development in JLC
(Fig. 3, Fig. 4). Since policies are the primary driver of
the LULC change and have been shifting to environ-
mental conservation in China (Kuang, 2020b), it is ne-
cessary to ensure the cropland change would not impact
restoration projects.

During the 21st century, twelve administrative meas-
ures covered JLC (Table 2), revolved around the North-
east China Revitalization that aimed to recover the eco-

nomy, agriculture, and environment. Two policies, in-
cluding the Agriculture Tax Abolition and the National
Eco-Function Zoning Plan, liberated agricultural pro-
ductivity and ensured that food supply is the major task
of JLC. Echoing these policies, during 2000-2010, both
cropland area and yield increased (Fig. 3, Fig. 4). The
net area that transformed from forest to cropland has
also increased by approximately 160% in 2005-2010
compared with that of 2000-2005 (Fig. 4a), even under
the project Grain to Green, i.e., returning cropland into
forests. After 2010, due to national policies, including
the Three-North Shelter Forest and the Commercial
Logging Prohibition, shifted to environmental restora-
tion, cropland immediately net converted to the forest
(Fig. 4a); thereby, the yield began to descent and indic-
ated that grain production is sensitive to administrative
measures. What is more, after 2015, the major crop
yield ratio of JLC to national total decreased by 0.53%
(Fig. 4d), despite the national total yield increased by
2.26% (Fig. 4f); in other words, the JLC’s functionality
of food supply weakened. Therefore, in JLC, environ-
mental projects and agricultural policies that try to in-
crease grain production form a certain trade-off relation;
to achieve environmental restoration, it is necessary to
control the cropland area to a certain extent.

Table 2 The brief introduction of administrative measures that cover JLC during 2000-2019.

Year Measure Attribute Reference
2001 Joined the World Trade Organization Economic (PHRC, 2009)
2003 Drafted the Northeast China Revitalization Economic, Environmental, Agricultural (PHRC, 2009)
2003 Fully implemented the Grain to Green project* Environmental (CSC, 2002)
2005 Abolished the agriculture tax Agricultural (PHRC, 2009)
2008 Announced the National Eco-Functional Zoning Plan Economic, Agricultural, Urbanization (MEE, 2015)
2009 Affirmed the strategy of Northeast China Revitalization Economic, Environmental, Agricultural (CSC, 2009)

2011 Implemented the Targeted Poverty Alleviation project Economic, Agricultural (CCCPC, 2011)
2011 Implemented the 5th batch of Three-North Shelter Forest project Environmental (NFGA, 2013)
2013 Announced the Belt and Road Initiative Economic (Mao et al., 2019)
2014 Prohibition of commercial logging Environmental (Mao et al., 2019)
2014 Initialized the National New-Type Urbanization Plan Urbanization, Agricultural (CCCPC, 2014)
2016 Invested the Northeast China Revitalization Economic, Environmental, Agricultural (NDRC, 2016)

Notes: “The pilot project of the Grain to Green started in 1999, excluding Northeast China; it was officially executed nationwide in 2003
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Since the farmer’s income relies on grain cultivation,
agricultural development is deeply related to poverty al-
leviation. In JLC, although GDP increased with the an-
nouncement of the Northeast China Revitalization
strategy in 2005, the agriculture contribution dived
sharply by 5.8% during 2000-2019 (Fig. 4b). As the
major purpose of the strategy is to recover industry, the
share of the agricultural GDP inevitably decreased, des-
pite agricultural GDP increased during 2000-2015
(Fig. 7c). Nevertheless, farmers might not receive more
benefits because the crop cultivating structure in JLC
was poor. In the past two decades, the proportion of
maize planting increased significantly by about 30%;
and it remained above 80% during 2015-2019 (Fig. 7a).
In contrast, the proportion of rice cultivation was relat-

sol el
@® e
<70 LT
< -
Eeo0f o
5, =
g o lo” - <> Maize
% [ O Rice
240 A Others
& [J Soybean
5
g 30
[=]
B
g 20
3
<10} =
ol e e O
1 1 1 1 1
2000 2005 2010 2015 2020
Year
© o)
% 80 | P
C { \
] / 3
Z ’ \
S 60 / \
5 S )
£ \
Q F
: , ©
’
2 40 - ’
g) ’
/
g O
-~
< 20 1O
2000 2005 2010 2015 2020
Year

Cost-profit ratio per hectare / %

Cash-profit per hectare / (CNY/ha)

ively stable at around 12%-14%, while the proportion
of soybean cultivation declined by about 12%. These
changes probably were because maize (523 CNY/ha)
(CNY is Chinese yuan, yuan (RMB)) generated higher
cash profits than soybean (265 CNY/ha) (Fig. 7b), and
the water shortage limited the expansion of rice cultivat-
ing. However, cultivating maize also generated fewer
profits because its cost-profit ratio was —12%/ha (Fig. 7d).
As a result, a potential causal cycle of ‘poor cultivating
structure-low  cash-profit-cropland expansion’ was
formed in JLC. Due to the decoupling between grain
yield and rural human resources (Fig. 4), the policy
could majorly stimulate agricultural development. The
path to further promote agricultural development should

be to optimize the local cultivating structure rather than

900 - ®)

®

(=4

S
T

3
[=3
S

=)
[=3
S

w
(=3
(=}

400

300

200

100 -

Soybean

Crop type

20

@
15

10 [

Maize Soybean
]

Rice

-10 |

-15 1

Crop type

Fig. 7 The change of areal ratio and profit of crop types. (a) Change of areal ratio in crop types. (b) Cash-profit per hectare of major
crop in 2015. (c¢) Change of agriculture GDP in JLC. (d) Cost-profit ratio per hectare of major crop types in 2015. CNY: Chinese yuan,

equivalent to yuan (RMB)



272 Chinese Geographical Science 2021 Vol. 31 No. 2

to expand cropland. The Grain to Green project, in this
way, could have more room for operation and thus boost
the pace to restore the environment. Besides, an appro-
priate increase in the subsidy of forestry projects is an
option for strengthening the momentum of environment-
al restoration.

4.2 Policy-driven LULC changes improved urban
environment

The key urban agglomeration gathers most of the resid-
ents and economic output of JLC (Fig. 8d, Fig. 8e);
however, the urban environment needs to be improved
(Mao et al., 2019). By our observation, policies exerted
a positive influence on the urban environment through
driving LULC change, e.g., improved thermal environ-
ment and carbon balance (Fig. 6¢, Fig. 6d), which is
also reported by previous studies (Ren et al., 2018; Ren
et al.,, 2019; Dong et al., 2020a). Policies promoted
these improvements at key nodes, e.g., the Northeast
China Revitalization drove the first ascent of green
space ratio during 2000-2010 (Fig. 8c). After 2010, the
National New-Type Urbanization Plan that asked for
mitigating pollution and achieving urban sustainability
drove the second ascent of green space ratio (Fig. 8c),
which made for reducing LST and PM, 5 as well as in-
creasing NPP (Fig. 6). Under that China’s cities have
been filled by impervious during the 2Ist century,

Changchun is representative in synergizing urban ex-
pansion and environmental improvement (Kuang,
2020b; Kuang and Dou, 2020), which manifested China’s
development vision of ‘ecological civilization’.

Policies also boosted the economic progress in the
urban agglomeration, which, with greening urban,
shows the harmony of humans and land. For instance, in
Changchun, GDP increased with the two rapid ascents
of 2000-2015 and 2015-2019 (Fig. 8a). In this regard,
at key time nodes, policies pushed these ascents. The
first ascent was driven by joining the World Trade Or-
ganization and formulating the Northeast China Revital-
ization (Fig. 8a). Nonetheless, with the decrement of
GDP proportion and population proportion in Chang-
chun, the importance of the key city weakened. The af-
firmation of the Northeast China Revitalization strategy
in 2009 rescued the absorption effect and the growth
momentum of economy and population in the regional
key city, Changchun (Fig. 8a, Fig. 8d). The Belt and
Road Initiative, the National New-Type Urbanization
Plan, and the investment of Northeast China Revitaliza-
tion extended the economic progress and population
boom after 2010 in Changchun (Fig. 8d, Fig. 8e). It is
noted that both the GDP proportion and population pro-
portion of Jilin showed a downward trend (Fig. 8d,
Fig.8e), which resulted from a strengthened absorption
effect of the regional center city. Future policies need to
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promote regional equality of development by guiding
progress in small and medium cities.

The critical issue is the expansion of cities that en-
croached on cropland, although this trend was waning
(Fig. 8f). The issue existed for a long time (He et al.,
2017; Qiu et al., 2020), which was linked to economic
development in JLC. For example, the reduction in the
occupied cropland concurrently with the economic
downturn in 2010-2015 (Fig.6f, Fig. 8a). To prevent the
loss of cropland and ensure food production, urban de-
velopment boundaries need to be established and super-
vised. In this regard, the National Eco-Functional Zon-
ing Plan and the National New-Type Urbanization Plan
have been launched to restrict disorderly urban expan-
sion; the restrictive effects of these policies on urban ex-
pansion and the impact on food production need to be
observed in the future.

5 Conclusions

The present study considered the evolution of policies
and LULC in a typical agriculture-forest ecotone JLC.
Five time-slice LULC maps with 15 m resolution were
generated to match the time nodes of various policies
during 2000-2019. Our observations show that the crop-
land expansion in JLC was obvious; however, it was ac-
companied by a decrement of agricultural GDP propor-
tion and a slight increment of grain yield. With the net
conversion area of forest to cropland in a decreasing

trend, the deciduous forest area increased. In the key
urban agglomeration, with the increment of the urban
settlement area, the green space area also increased. The
raised green space ratio made for improving the urban
thermal environment and carbon balance. Through con-
sidering twelve administrative measures shows that
policies and projects have driven LULC changes. Agri-
cultural policies strengthened agricultural productivity
and promoted the cropland expansion; however, the ex-
pansion did not generate substantial profits because of
the poor cultivating structure. Thus, the implementation
space of the Grain to Green project was compressed,
constituted a trade-off relationship between environ-
mental policies and agricultural policies. The economic
and urbanization policies guided the economic develop-
ment, greening, and environmental improvement of key
urban agglomerations, forming a harmonious develop-
ment of humans and land. JLC, as an ecotone integrat-
ing agri-food production zone, eco-regulation zone, and
key urban agglomerations, demonstrates the complexity
of current major administrative measures that aim to
promote land use optimization and sustainable develop-
ment in Northeast China. In the future, decision-makers
should focus on optimizing crop planting structure to
achieve the synergy of agricultural development and en-
vironmental restoration; besides, policies should also
ensure the equality of socio-economic development
among cities.

Appendix Table
Table S1 Accuracy assessment of land use land cover maps
LULC Accuracy Forest Grassland Wetland Water body Cropland Impervious Bareland
Tier-1 type UA 0.967 +0.02 0.705 +0.07 0.902 + 0.06 0.975+0.02 0.923 +£0.03 0.954 +0.02 0.935+.04
PA 0.881 +0.02 0.030 = 0.00 0.968 + 0.07 0.945 +0.02 0.992 + 0.04 0.887 +£0.02 0.670 = 0.03
OA 0.939 +0.02
LULC Accuracy Coniferous forest Deciduous forest Rice paddy Dryland
Tier-2 type UA 0.926 +0.03 0.875+0.04 0.978 +£0.02 0.937 +0.03
PA 0.910+0.03 0.897 £ 0.04 0.910 +0.02 0.897 +0.03
OA 0.889 +0.03 0.795 +0.03

Notes: Accuracy is presented with a 95% confidence interval. UA: user’s accuracy, PA: producer’s accuracy, OA: overall accuracy
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