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Abstract In order to reveal the characteristics of land use change in the south loess plateau, this paper tentatively divided Loess Plateau into

North and South under the support of GIS, and then introduced land use spatial temporal dynamic model, analyzed land use dynamic change in

provincial scale. The results showed; during the 25 years, construction land area increased from 3 555.99 km’ to 4 794.28 km’ , unused land

decreased by 0.02 percentage points, forest land area increased from 51 011.31 km”® to 51 066.79 km®, waters increased of 0.01 percentage

points , farmland area decreased to 98 561. 57 km” from 100 004.79 km’, grassland area increased by 0. 08 percentage points. Land use change

important values in province scale on each were not identical, showed obvious regional differences.
Key words Land use and land cover change, Dynamic change, Southern Loess Plateau, RS, GIS

1 Introduction

LUCC (land use/cover change) is one of the main reasons for
global changes'"'. Since the 1990s, LUCC research has become a
27 LUCC affects the interaction be-

tween ecosystem and the surrounding air, water and land system,

hot topic of global change

resulting in a substantial impact on the structure and function of
whole ecosystem, thereby affecting the supply of ecosystem serv-
ices and improvement of human well-being™*™*'. The topography is
complex in the southern Loess Plateau, and there are varied land
landscape types. Compared with other regions of Loess Plateau,
the cities cluster in the densely populated southern regions. Un-
reasonable land use patterns bring land ecosystem under enormous
pressure. For a long time, the domestic and foreign scholars have
done a lot of researches on Loess Plateau and made a series of a-
chievements, but there are few research results on the southern

Loess Plateau’® "/

. In this paper, with the southern Loess Plateau
as the study area, through the field survey, we use "3S" tech-
nique, and apply the landscape ecology theory to discuss the char-
acteristics of land use change in the southern Loess Plateau, in or-
der to lay a foundation for further research on the ecological secur-
ity, land landscape pattern and ecological processes in the south-

ern Loess Plateau.

2 Overview of the study area
Considering the natural and geographical factors in Loess Plateau

(DEM, isohyet, normalized vegetation index, aridity index, hu-
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midity index, accumulated temperature greater than or equal to 10
°C and the average annual temperature) , we adopt spatial overla-
ying analysis to divide Loess Plateau into northern and southern
parts in support of ARCGIS, according to the differences in the
spatial distribution of natural factors. The specific method is to
rank each grid layer, then carry out map calculation of various lay-
ers according to the weights, and finally carry out reclassification
of grid based on the computed score to tentatively divide the line.
Loess Plateau is divided into northern and southern parts, and the
boundary between the two is roughly in the vicinity of 400 mm iso-
hyet, basically overlapping the aridity index line 1.5. The north-
ern landform types of this line are mainly loess hilly areas, and the
average annual precipitation is below 400mm. The vegetation cov-
er is mainly the grassland, desert and steppe desert, with low veg-
etation coverage. The accumulated temperature is lower than that
of southern regions, and the average annual temperature is below 8
°C, but the solar radiation is higher than in the south. The land-
form types in the south of the line are mainly the loess tableland
and valley plains, and the annual average precipitation is more
than 400 mm. The vegetation cover is mainly based on forest and
forest steppe, with high vegetation coverage. The accumulated
temperature is higher than in the north, and the average annual
temperature is above 8°C. It is not difficult to find this line is ba-
sically identical to the Chinese arid and semi-arid sub-humid
boundary line. From social and human point of view, compared
with the northern Loess Plateau, it is densely populated in the
southern Loess Plateau where the economy is developed and social
and human factors have a great impact on land use. Each indicator
layer is shown in Fig. 1, and the scope of the study area is shown
in Fig. 2.

3 Research methods
3.1 Data processing The data sources of this article are as fol-
lows: U. S. Landsat image, TM and ETM + sensor and access
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time (1980, 2000, 2005) ; the southern Loess Plateau DLG in-
cludes administrative divisions, rivers, roads, railways, lakes,
towns, etc. 3 1:50 000 DEM; soil type map, landform map, NDVI
map; land use map, GPS field sample data and fieldwork data.
Remote sensing image pre — processing includes data format con-
version, image stitching, image cropping, geometric correction,
projection transformation, band fusion, the best band selection,
and image enhancement. The image pre — processing and interpre-
tation are carried out in ERDAS9. 2, and the land use data in
1980, 2000, 2005 are derived after importing ARCGISI0. 0.

3.2 Dynamic change of land use Based on the characteristics
of the southern Loess Plateau, Land Use Survey Technical Regula-
tions in 1984 and Land Use Classification in 2007, this article di-

vides land use/land cover into six categories (namely, woodland,
grassland, arable land, construction land, water area and unused
land) ™.

Land use change includes the change in the area of land use
type, the spatial distribution change in the land use type, and the
change in the land quality”””’. This paper uses the land use data-
base established by ARCGIS9. 2 to measure the total area of vari-
ous land use types, and draws on the spatial overlaying function to
research the changes in the spatial distribution of land use type. In
order to reveal the spatio-temporal dynamic change in land use in
Loess Plateau, we introduce the following spatio-temporal land use

dynamic change model ™" | which can be shown in Table 1.

Table 1 Spatio-temporal land use dynamic change model

Classification Name

Expression

Meaning

Land use type change in- Dynamic degree of single
dex land use type

Dynamic degree of compre-
hensive land use

Land use change regional
differences index

Relative change rate of land
use types

Land use change regional
direction index

Land use change type area
ratio

Abundance of

change type

land use

Importance value of land
use change type

U, -U,
U,

a

K=

= XLTXIOO%

where K represents the dynamic degree of a certain land
use type during the study period; U, , U, denote the ar-

ea of one land type in the early and late study period; T
is the length of the study period.

éALu,, ; 1
L :[7' : ]x—xloo
23p 4 T

where Lu, is the area of land type i at the beginning of
the study; Alu, ;

land type i transformed from land type i during the study
period; T is the length of the study period.

is the absolute value of area of non —

R=(K,/K,)/(C,/C,)

where K, and K, denote the area of a certain land type
in a region in the early and late study period, respec-
tively; C, and C, denote the area of a certain land type
in the whole study region in the early and late study pe-
riod, respectively.

S
B == x100%

where B is the change area ratio of a certain type of land
use; S, is the area of this land use change type; S is the

total area of this region.

J

D—Af 100%
—NX ‘0

where D is abundance of a certain land use change type;
N, is the number of pattern of this land use change type;
N is the total number of pattern of all land use types in
this region.

IV=B+D

where IV is the importance value of a certain land use
change type; B is the area ratio of this land use change
type; D is the abundance of this land use change type.

It signifies the number changes in a certain
land type in the study area during a period
of time.

It signifies the number changes in the land
type in the study area during the study peri-
od.

It reflects regional differences in LUCC,
and if the relative change rate of a certain
land use type in a region R > 1, it indicates
that the change in this land type in this re-
gion is intenser than in the whole region.

This ratio indicates the spatial distribution
characteristics of land use change.

Abundance can quantitatively indicate the
distribution of land use change type in the
region.

Importance value can quantitatively indicate
the degree of importance of land use change
type to the region, and is an important ba-
sis for determining the direction of land use
change.

4 Results and analysis

4.1 Spatio-temporal dynamic change of land use In order
to reveal the spatio-temporal dynamic change in land use between
different provinces in southern Loess Plateau, we carry out the a-

nalysis of spatio-temporal dynamic change in land use according to

different provincial units. Land use map is shown in Fig. 3, and
land use change map is shown in Fig. 4. From Table 2, we know
that the regions are sequenced in terms of the dynamic degree of
construction land use from 1980 to 2005 in descending order as

follows: Shaanxi, Ningxia, Henan, Gansu, Shanxi. It indicates



Bin GUO et al. A Probe into the Dynamic Change of Land Use in the Southern Loess Plateau 71

. . o /7
Elevation (unit) S -a Wi 4270 0N Isohyet (unit) : }[\
= 72610 L 644-1 978 s - — Taehget P
40° (7 0N | 610934 mm1 9782 384 o ) ! )
19341 183 WM2 3842 915 | S o j" I ieh: 950.2
1 188-1 412 WM 915-3 528 ¢ = i Low: 122.6

-l %
1 412-1 664 W3 5285 [?4- 2 40°0 0N

00N
300N
36°0 0N
360 0N
M0 0N TR —
1000 0 10°00E 10°00E 111°00E 114°0 0 10620 0B 110°0' 0B 114°0' 0B 11820/ 0B
NV A Aridity index
40° 0 N Value? 40°0/ 0N — Iso-aridity index line
High: 0.412 ™ High 12 825
Low: -D. 608 i
37° 30 0N 37° 30 0N
3500 0N 3500 0N

102°30/0”E 105°0/ 0”E 107°30/ 0E 110°0/ 0/E 112°30/ 0”E

Accumulated temperature - The annual average cib, .j; K
> 10C (unit) i | temperature b y
40°0/ ONE Iso-accumlated 40°0/ 0N} — Isotherm
témperature line » High: 15.3 b
™ High:4 910.1 / . 131 "
= Low 0 £
380 0N 3820 0N
36° 0 0N 36°0 0N
34° 0 ONp : 40 0N
102°0/ 0" 106°0" 0'E 110° 0 07E 114°0' 0’ 102°0" 0" 106°0/ 0B 110°0/ 0" 114°0/ 0
Humidity index A
40°0V 0N — Iso-tumidity index line
= High: 118.75
s Low ~48. 61
37°30 0N B,
3520 0N
102°30 0“E 105°0/ 0E 107° 30/ 0E 110°0/ 0”E 112°30/ 0’
Fig.1 Distribution map of natural factors in Loess Plateau
that the construction land area in Shaanxi Province was expanded construction land area in Shanxi Province was also expanded, but

rapidly, with the greatest growth rate in the study area, and the the rate of expansion in the study area was the lowest; the unused
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Fig.2 Administrative division map of the southern Loess Plat-
eau
land area in Shaanxi Province experienced the fastest decline rate
in the whole region, and the unused land area in Gansu Province
was increased in some local areas. The regions are sequenced in
terms of the absolute value of dynamic degree of woodland use in
descending order as follows: Ningxia, Shaanxi, Gansu, Shanxi,
Henan. The woodland area in Ningxia and Shaanxi experienced a
slight increase, but the woodland area in other provinces was de-
creased ( Gansu with the highest decline rate). The regions are
sequenced in terms of the absolute value of dynamic degree of wa-

ter area use in descending order as follows: Henan, Gansu, Ning-

Legend
B Construction land
o () mm Unused land
380 0N o Wood land
mm Water area
Arable land
Grassland

xia, Shanxi, Shaanxi. The waters area in Henan and Shaanxi was
increased slightly, but the waters area in other provinces was de-
creased ( Gansu with the highest decline rate). The regions are
sequenced in terms of the absolute value of dynamic degree of ara-
ble land use in descending order as follows: Shaanxi, Gansu,
Henan, Ningxia, Shanxi. There was a slight increase in the arable
land area in Ningxia, but the arable land area in the remaining
provinces was reduced ( Shaanxi with the highest decline rate).
The regions are sequenced in terms of the absolute value of dynam-
ic degree of grassland use in descending order as follows: Henan,
Gansu , Ningxia, Shaanxi, Shanxi. The grassland area was in-
creased slightly in Gansu, but it was reduced in the remaining
provinces ( Henan with the highest decline rate).

4.1.1 Dynamic degree of single land use type. Based on the sin-
gle land use dynamic change degree model, we derive the dynamic
degree of single land use type during the period 1980 —2005 under
the support of ARCGIS9.2, and the dynamic degree of single land
use type is shown in Table 2.

4.1.2 Dynamic degree of comprehensive land use. The dynamic
degree of comprehensive land use during the period 1980 —2005 is
shown in Table 3. From Table 3, we know that the regions are se-
quenced in terms of the dynamic degree of comprehensive land use
during the period 1980 — 2005 in descending order as follows:
Henan, Shaanxi, Ningxia, Gansu, Shanxi. It indicates that there

Legend

B Construction land

mm Unused land

mm Woodland

mm Water area
Arable land
Grassland

380N

36°0 0N 36°0 0N
,{i -
U,
40 ON -
MV oN
0 50 100 200 km [] 50 100 200 km
105°0/ 0”E 108° 0/ 0”E 11° 0 0”E 114°0 0" 105° 0 0”E 108°0/ 0”E 111°0 0"E 114°0/ 0"E
1980 1985
Legend
B Construction land
o (v
oo ZEi
mm VWater area
Arable land
Crassland
360 0N .
—— h o
R e MR it
40 oN :
0 50 100 200 km
105° 0/ 0”E 108° 0/ 0”E 111° 0 0”E 114°0/ 0"
2005

Fig.3 Land use map of the southern Loess Plateau
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Fig.4 Land use change map of the southern Loess Plateau
Table 2 The dynamic degree of single land use of provincial units during the period 1980 —2005 Unit: %

Dynamic degree of Dynamic degree of

construction land use unused land use woodland use

Dynamic degree of

Dynamic degree of Dynamic degree of Dynamic degree of

waler area use arable land use grassland use

Gansu 1.4147 0.2555 —-0.0243
Ningxia 1.9679 0. 1662
Shaanxi 2.0468 —-1.3055 0.0530
Shanxi 0. 8966 0. 0000 -0.0231
Henan 1.5733 0. 0000 -0.0103

—-0.2958 -0.0801 0.0877
-0.2206 0.0610 -0.0841
0.0592 —-0.0835 -0.0049
—-0. 1960 —-0.0190 -0.0029
0.5622 —-0.0792 -0. 1449

were the most dramatic changes in land use in Henan in the study

period, and the smallest changes in land use in Shanxi.

Table 3 The dynamic degree of comprehensive land use during the peri-
od 1980 —2005 ( Proportion // % ; area//km’)

The dynamic degree of comprehensive land use

Gansu 0.0412
Ningxia 0.0438
Shaanxi 0.0449
Shanxi 0.0293
Henan 0.0679
4.1.3 Relative change rate of land use types. The relative

change rate of land use types during the period 1980 - 2005 is
shown in Table 4. From Table 4, we can find that the regions are
sequenced in terms of the relative change rate of construction land
in descending order as follows: Shaanxi, Ningxia, Gansu, Henan,
Shanxi. Except Shanxi, the relative change rate in other regions is

higher than in the whole region, indicating that the construction

land changes are more violent than in the entire region. The re-
gions are sequenced in terms of the relative change rate of unused
land in descending order as follows: Gansu, Shanxi, Henan,
Shaanxi. Except Shaanxi, the relative change rate in the remai-
ning areas is higher than in the whole region. The regions are se-
quenced in terms of the relative change rate of woodland in de-
scending order as follows: Ningxia, Shaanxi, Henan, Shanxi,
Gansu. Except Ningxia and Shaanxi with relative change rate
higher than in the whole region, the relative change rate in the re-
maining regions is lower than in the whole region.

4.1.4

land use change type area ratio model and abundance model, we

Importance values of land use change type. Based on the

get the land use change type area ratio and abundance during the
period 1980 — 2005 using ARCGIS9. 2, and further calculate the
importance values of land use change types. During the period
1980 — 2005, the changes in four land types in Loess Plateau were
sharp. In terms of the degree of changes in descending order, they

are as follows: the change of arable land into other land, the
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change of other land into construction land, the change of other
land into grassland, the change of other land into woodland. The
importance value results are shown in Table 5. Hereinafter " —"
represents " turns into" , for example, " woodland— construction
land" means the land type changes from woodland into construc-

tion land.

Table 4 The relative change rate of land use types during the period

1980 -2005

Gansu Ningxia Shaanxi Shanxi  Henan
Construction land ~ 1.0040 1. 1066 1.1212 0.9080 1.0335
Unused land 1.3614 0. 8620 1.2798  1.2797
Woodland 0.9928 1.0404 1.0121 0.9932  0.9963
Water area 0.9196 0.9383 1.0077 0.9444  1.1326
Arable land 0.9943 1.0301 0.9935 1.0098  0.9946
Grassland 1.0193 0.9765 0.9962 0.9967 0.9613

Table 5 The importance values of land use change types of provincial u-
nits during the period 1980 —2005

Importance values Gansu  Ningxia  Shaanxi  Shanxi Henan

Woodland—

construction land

0.0676 0.0000 0.2629 0.0782 0.1277

Water area—>

. 0.0209 0.0000 0.0492 0.0204 0.1657
construction land
Grassland—
. 0.3549 0.1710 0.2702 0.3199 0.2844
construction land
Arable land—
2.7009 0.6236 7.4023 2.6508 7.3652

construction land

Arable land—

unused land

Arable land—

woodland

Arable land—

water area

0.0190 0.0000 0.0000 0.0000 0.0000

1.0270 1.1374 1.7437 0.4397 0.3019

0.1122 0.0000 0.6823 0.6583 2.2870

Arable land—

6.1374 3.5498 2.8844 1.0227 0.5608

grassland

tion land—>
Construction land 0.0358 0.0000 0.0082 0.0040 0.0000

grassland

Unused land—

0.0000 0.0000 0.0158 0.0000 0.0000

grassland
l.
Woodland— 1.9001 1.1113 0.6727 1.0556 0.997 4
grassland
Water area—
0.1021 0.2583 0.2437 0.1887 0.1149
grassland
struction 1
Construction land= ) 119 0.0000 0.0040 0.0000 0.0000
woodland
Unused land—
0.0000 0.0000 0.0963 0.0000 0.0000
woodland
Water are.
ater area— 0.0103 0.0000 0.0448 0.0120 0.0203
woodland
Grassland—
1.1469 1.1463 1.0589 0.4233 1.7082
woodland

From Table 5, we know that during the period 1980 — 2005,

for Gansu, the greatest importance value of land use change type

is arable land—grassland (6.1374) , and the smallest importance
value of land use change type is unused land—woodland, unused
land —grassland (0) ; for Ningxia, the greatest importance value
of land use change type is arable land —grassland (3.5498) , and
the smallest importance value of land use change type is woodland
—sconstruction land, water area—construction land, arable land—
unused land, construction land—grassland, unused land— grass-
land, construction land—woodland, unused land—woodland, wa-
ter area—woodland, arable land—water area (0); for Shaanxi,
the greatest importance value of land use change type is arable
land— construction land (7.4023), and the smallest importance
value of land use change type is arable land —unused land (0) ;
for Shanxi, the greatest importance value of land use change type
is arable land—construction land (2.6508) , and the smallest im-
portance value of land use change type is unused land — grass-
land, construction land—woodland, unused land—woodland, ara-
ble land—unused land (0) ; for Henan, the greatest importance
value of land use change type is arable land— construction land
(7.3652), and the smallest importance value of land use change
type is arable land—unused land, construction land—grassland,
unused land — grassland, construction land — woodland, unused

land—woodland (0).

5 Conclusions and discussions

(i) The change in the amount of land shows that during the period
1980 - 2005, the construction land area increased from 3 555.99
km’ to 4 794.28 km’ in the southern Loess Plateau; the unused
land area was slightly reduced; the woodland area was slightly in-
creased, from 51 011.31 km” in 1980 to 51 066.79 km® in 2005
the area of waters was slightly increased, only increasing by 0. 01
percentage points; there were dramatic changes in arable land are-
a, decreasing from 100 004.79 km’ to 98 561.57 km’; the grass-
land area was increased. During the 25 years, the land use struc-
ture in the southern Loess Plateau remained basically stable. The
land use types in 1980 are sequenced as follows in terms of the ar-
ea proportion in descending order; arable land (44. 69 % ),
grassland (29. 76% ), woodland (22.80% ), construction land
(1.59% ) , water area (1.08% ), unused land (0.08% ). The
sequencing of the land use types in 2005 in terms of the area pro-
portion does not change, indicating that the land use structure re-
mains stable, and arable land, grassland and woodland are the
main land landscape types in the southern Loess Plateau.

(ii) Land spatial variation shows that the change of arable
land into construction land is mainly concentrated in Guanzhong
Plain, Fen River Valley and Northwest Henan. The regions with
increased construction land area are basically consistent with the
regions with decreased arable land area. The area of waters is in-
creased slightly, mainly in Weihe River banks and Huanghe River
banks.

(iii) There are significant regional differences in the degree
of single land use dynamic change, the degree of comprehensive

land use dynamic change, the relative change rate of land use



Bin GUO et al. A Probe into the Dynamic Change of Land Use in the Southern Loess Plateau 75

types, and importance values of land use change types in provin-
cial units.

(iv) There are many reasons for significant regional differ-
ences in the degree of single land use dynamic change, the degree
of comprehensive land use dynamic change, the relative change
rate of land use types, and importance values of land use change
types in the provincial units. They are not only affected by natural
factors, such as climate, topography, precipitation, vegetation,
soil and hydrology, but also affected by social and human factors,
such as national policies, regional customs, the people’s way of
life, and level of economic development. The reason for land use
changes is the combined action of the above natural and human
factors.

(v) Land use change is closely related to climate change and
ecological security. On the one hand, land use change has a pro-
found impact on the natural environment by influencing climate,
soil, hydrology and other factors; on the other hand, it causes
ecosystem nutrient cycling and energy flow as well as the dramatic
changes in biodiversity and landscape structure. In different lev-
els, it causes changes in the structure, processes and functions of
the ecosystem, having a direct impact on the water and heat bal-
ance, carbon adjustment process of the ecosystem, energy bal-
ance, service function, and climate change.

Therefore, the study of land use change is the basic work for
assessing the ecosystem service value, dynamic change in the
landscape pattern and ecological processes. The results of this
study will lay the foundation for future studies, and it is necessary
to further carry out assessment and research of dynamic change in
landscape pattern and the value of ecosystem services in the south-

ern Loess Plateau.
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