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Analysis of landscape pattern evolution characteristic in the hilly and gully area of

loess plateau: a case study in Yan’an City, Shaanxi Province
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Abstract: Landscape pattern is the arrangement of landscape embedded blocks of different sizes and shapes. Landscape
pattern changes result from complex interactions of physical, biological and social forces. Human land use has influenced
most landscapes, resulting in a landscape mosaic of natural and human-managed patches that vary in size, shape and
arrangement. The quantitative analysis of landscape pattern is the fundamental of researching the mutual relations of
landscape patterns and ecological processes. Loess Plateau is one of the world’s largest loess areas with a long history of
human activities, and the natural environment is fragile. Research on Landscape pattern evolution in the hilly and gully area
of Loess Plateau has long been a research hotspot. The analysis of landscape pattern changes in Loess Plateau has a crucial
role in understanding the structure and changes of the ecosystem. This study analyzed the evolution characteristic of

landscape pattern and the spatial differentiation of main evolution types in Yan'an City based on landscape ecology theory,
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using GIS technology. 1:250000 landscape type maps in 1985, 2000 and 2008 and digital elevation model ( DEM) of
Yan'an City are used in this research. Considering the local characteristics and referring to domestic and foreign land use
classification system, Yan'an City landscape types are divided into seven categories, namely woodland, bush, grassland,
farmland, settlements, water and bare ground. Different methods such as Multi-Distance Spatial Cluster, landscape
transition matrix, spatial data overlay analysis, were used in this research. The primary conclusions were as follows: the
landscape background of Yan’an City is a composite landscape matrix consisting of woodland, bush, grassland and
farmland. The area of farmland decreased sharply during the study period. The reduced farmland mainly transformed into
forest land, grassland, bush and settlements. Other landscape types except farmland and bare land are increased at different
degrees. The maximum aggregation scale of woodland, bush and grassland decreased from 1985 to 2008, while that of
farmland became larger. The spatial aggregation intensity of farmland and grassland was significantly less than that of
woodland and bush. The evolution of main landscape types mostly occurred at altitudes between 1100 m and 1500 m, and
the gradient of slope was varied in the range from 7° to 21°. The evolution of farmland to settlement occurred mainly at
altitudes between 900 m and 1300 m, and the slope was less than 7°. Yan'an City is located in Loess Plateau which is the
most serious area of soil erosion in China. Therefore, the government has adopted a series of comprehensive measures to
achieve the aim of effective control of soil erosion. Returning farmland to forest, re-building sloping land into level terrace
and strengthening the construction of " Three North" shelterbelt are all in their implementation. Yan'an City is the political ,
economic and cultural center in Northern Shaanxi. The rapid socio-economic development was the main reason for the
landscape patterns’ evolution before 1999; while after 1999, these measures of controlling soil erosion exceed the rapid

socio-economic development, which became the main factors affecting landscape pattern evolution in Yan'an City.

Key Words:; landscape; evolution; Multi-Distance Spatial analysis; spatial differentiation; GIS Spatial Overlay
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Table 1 Landscape area statistics of Yan’an City

— 1985 4F- 2000 4F- 2008 4F
Landscape type TR km? B/ % A km? A/ % TR km? B/ %

Area Percentage Area Percentage Area Percentage
ML Forest 3121.88 8.45 3629.30 9.82 3732.58 10.10
HEA Bush 5500.82 14.89 5608.12 15.18 5980.00 16.18
il Grassland 16511.56 44.68 16122.15 43.63 20752.07 56.16
4 Farmland 11640.18 31.50 11291.87 30.56 6203.05 16.79
% Settlement 29.40 0.08 130.94 0.35 132.83 0.36
JKHA Water body 145.55 0.39 148.39 0.40 148.75 0.40
b Bare land 2.52 0.01 21.13 0.06 2.63 0.01

19854F. 20004F- 20084F-

B A

- SR mm R mm Mt

AR CRE kAR 0 75 150km
B2 EXHENHETEIE

Fig.2 Landscape type map of Yan’an City
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Fig.3 Comparison of landscape type area
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Table 2 Landscape transition matrix of Yan’an City from 1985 to 2000

- . 2000 4E

SOWHITTAAY — — — .

Landscape type it HEA Eith A H Ri& PINE ML

Forest Bush Grassland Farmland Settlement Water body Bare land

1985 4FE #k#th Forest/km? 3057.22 13.59 23.70 25.96 1.01 0.40 0.00
A Bush/km? 63.29 5296.31 71.89 67.23 0.57 1.52 0.00
HiHh Grassland/km? 214.86 212.32 5654.96 405.11 14.82 8.72 0.79
A Farmland/km? 291.88 85.43 367.71 10786.48 86.32 3.66 18.70
R Settlement/km? 0.15 0.13 1.68 0.34 26.98 0.12 0.00
JKA& Water body/km? 1.83 0.34 2.07 6.10 1.24 133.98 0.00
#i4th Bare land/km? 0.07 0.00 0.14 0.66 0.00 0.00 1.65

M\ 2000—2008 4F- 5o Wi 57T 24 Y (1) A8 AL I (3R
3) KT, PRH = ) TR B G  HE K A AR
Sk b R R AR SRR R R T AR
(A FH 2 L A0 Sy Bty E R PR Il 22 Ak T R AT 3

5112.62 km® ,iX 7 2 2 1B Bk Rk R S0 1Y 45
R Ah RIS AR 5 H A LB T S R 2 ]
AR/ D R AR AR SR A 1

R 3 2000—2008 FIE L = VAR T A BIEE RS SE
Table 3 Landscape transition matrix of Yan'an City from 2000 to 2008

S TEAA 20007
Landscape type it A il i 5% Kk B
Forest Bush Grassland Farmland Settlement Water body Bare land

2000 4 HHh Forest/km? 3619.02 0.00 9.62 0.51 0.16 0.00 0.00
K Bush/km? 0.00 5606.84 0.92 0.37 0.00 0.00 0.00
i Grassland/km? 0.00 6.20 20741.41 5.59 0.57 0.48 0.00
A< H Farmland/km? 113.56 366.96 4632.10 6178.09 1.16 0.00 0.00
R Settlement/km? 0.00 0.00 0.00 0.00 130.94 0.00 0.00
7K Water body/km? 0.00 0.00 0.12 0.00 0.00 148.27 0.00
i Bare land/km? 0.00 0.00 0.00 18.50 0.00 0.00 2.63

1985—2008 4 [ 4 22 17 45 53¢ WL BRI C S Y £ 38 78 R4 19852008 FERHERRUHLAR
Table 4 The main types of landscape transformation of Yan’an

BRI BRI T Y B A T SR B AR
TEAR HEHBNAC T 22 [ B4 A 2 4 L R AR T ) SR 9%

City, from 1985 to 2008

PSSR ]

y Mo S AR
M (3R 4)  Horp, 4R 3% A8 S HE A RTAR b 7 T P— Wﬁ;ikmz BUY L1/ %
UG BRI FRAY 49.44% , K EBUNTE 1999 4FEHE Landscape evolution type Eveluion  ThE proportion

of the total

Fre = BB bR (k) 7 S5 K o PR B AR TH area area

75 R L TR ) B IR Bh PR 2 W% A Forest into bush 15.51 0.90
_ MHEE F FEHL Forest into grassland 42.88 2.49

=N Ay b 23 gl A B : °
3.3 EX%E‘E/K'HQE/JI IEﬂﬁ#%m‘Aﬁ MIHbEE Jy4€ FH Forest into farmland 15.11 0.88
331 %X}Q%ﬁ;’éﬂﬂ@&?rﬂ %% %“‘ﬁE HEAEL 3 Mt Bush into forest 64.28 3.74
N N _ . VERFE K 5 Bush into grassland 109.09 6.35
SULATCIAR AL — A S I A . Sl ?E/f\‘ﬁ?;iyizttl Bush into farmland 31.28 1.82
%ﬁj@ﬂ 23 I‘ETJ %% %?Eﬁgﬁﬁiﬁitﬂ DIz @{j\ F I AWER Grassland into bush 238.41 13.87
N . FHEE A Grassland into farmland 214.88 12.50

SV 2h Y o L7 Vg AR i B g = 2K
KRR HAFBLHE0 . BEITERM e sty s Farmland into fores 409.00 23.79
B oS (] AR BB AE v] L B AR S 25516 3h AL A W% A HEAR Farmland into bush 441.01 25.65
AR W55 KB % Farmland into settlement 89.56 5.21
1=} 3 2%

b A FAS SR R R A 23 Total 1671.01 97.20
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Table 5 Max cluster distance and dispersed values for landscape type
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2008 4F 10 11 18 12 55
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Table 6 Elevation classification statistics of main types of landscape evolution

LTI AR ST

Landscape evolution type <700 m 700—900 m  900—1100 m  1100—1300 m  1300—1500 m >1500 m
PRHLEE HEA Forest into bush 0.00 0.00 4.71 32.02 48.00 15.27
MR R B H Forest into grassland 0.00 0.76 9.60 28.15 41.32 20.17
Mt A4 [ Forest into farmland 0.26 2.46 14.67 15.93 40.24 26.44
TEAREL ] MM Bush into forest 0.08 0.50 21.22 43.23 30.22 4.75
TEAEE ] R Bush into grassland 0.07 1.12 27.65 39.04 26.11 6.01
HEAHE N A Bush into farmland 0.75 2.82 25.72 34.17 29.81 6.73
G FHEA Grassland into bush 0.05 1.83 27.15 45.45 20.78 4.74
FHEE R A Grassland into farmland 1.20 4.66 21.19 28.91 25.32 18.71
A H % A Mt Farmland into forest 0.05 3.54 30.69 33.48 23.42 8.82
A % ] HEA Farmland into bush 0.03 1.28 20.09 41.10 32.23 5.27
A< % ] 7% Farmland into settlement 0.14 3.34 46.78 43.94 5.10 0.71
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Table 7 Slope classification statistics of main types of landscape evolution
LA T T AR 2R Landscape evolution type <7° 7°—14° 14°—21° 21°—28° >28°
PRHLEE JHEA Forest into bush 11.61 26.72 29.67 18.65 13.36
PRIBHE F B4 Forest into grassland 11.73 27.36 29.34 18.00 13.57
PRHLEE F 4 B Forest into farmland 19.61 34.53 28.95 13.30 3.61
TE A3 M AR Bush into forest 12.48 29.84 31.47 17.85 8.36
HE S}y FE L Bush into grassland 13.07 29.60 31.09 18.50 7.74
THEAH; 2 4¢ H Bush into farmland 18.79 34.56 27.82 14.31 4.53
HHEE HEA Grassland into bush 13.73 30.63 30.90 17.36 7.37
FEE N A H Grassland into farmland 17.50 33.05 29.20 15.09 5.16
A< %% ] bkt Farmland into forest 16.05 29.45 30.00 17.62 6.89
AR HEA Farmland into bush 12.43 30.24 31.95 18.17 7.21
A< % ] F 9% Farmland into settlement 61.61 22.28 10.82 4.10 1.19
*8 FESMNHETLETXIWESREIT %
Table 8 Aspect classification statistics of main types of landscape evolution
SO AT AR i i [liis]4 [ii] i3] 3] N R At
Landscape evolution type Flat North Northwest West Southwest South Southeast East Northeast
ML HHEA Forest into bush 0.02 10.66 13.99 15.18 14.53 9.09 10.81 12.84 12.88
L s O

M(l&%jj i 0.01 13.10 11.83 12.24 11.95 10.07 10.85 14.61 15.34
Forest into grassland
%i&%ﬁielﬁ 0.03 11.68 9.96 8.71 8.97 10.80 14.96 19.98 14.91
Forest into farmland
Sl A Bk o
@7'(%}]/%% 0.02 13.09 16.89 16.51 12.46 9.12 9.62 10.78 11.52
Bush into forest
A o 5
(&A\%jﬁﬁﬂﬂ 0.01 11.44 11.39 10.79 10.02 11.36 14.06 16.20 14.73
Bush into grassland
S e fife
?%7!945}7121]] 0.03 11.94 10.20 10.27 11.30 10.65 13.64 16.24 15.72
Bush into farmland
ﬁﬂﬁ%jﬁ{%* 0.01 13.60 14.82 13.35 11.96 10.17 10.95 11.90 13.23
Grassland into bush
¥im%jj;.&53 0.04 9.92 10.39 10.36 10.66 11.27 16.30 17.48 13.57
Grassland into farmland
&E%j\j%ﬂﬁ 0.03 12.81 14.63 12.97 10.37 9.07 12.43 14.17 13.52
Farmland into forest
Zzﬁﬂ%ﬁé&* 0.01 12.69 13.36 11.61 9.18 9.22 13.43 15.87 14.62
Farmland into bush
ARG 0.39 8.47 9.01 10.55 13.92 16.07 17.47 13.69 10.43

Farmland into settlement
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