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Abstract. Selecting Jinghong hydropower station as a study case, we studied the spatial-temporal
change of land use and landscape pattern during 2004,2009 and 2013 based on the application of RS
interpretation, ArcGIS 10.1 analysis and Fragstats3.4. The results showed that: 1) Area of tea garden,
traffic land, residential land, bare land, hot shrub grass and rubber plantation was agrowing trend. Area
of dry land, beach, tropical seasonal rainforest, tropical montane rain forest, paddy land, water and
banana was a declining trend. The residentia land and dry has maximum increment and maximum
decrement, which annual changes percentage and increment was 5.11% , 1182.22 hn? and 2.37%,
838.86 hnv, respectively; 2) the landscape matrix showed a trend of fragmentation and discrete
distribution, and the shape of patches became more complex. The fragmentation, aggregation,
heterogeneity and diversity showed decreasing firstly and then increasing trend in the whole.

Introduction

In 1995, International Geosphere-Biosphere Program (IGBP) and International Human Dimension
Program on Globa Environmental Change (IHDP) put forward “land use and land cover changes
(LUCC) of science research plan”, which push LUCC has become the core content of the global
changef1,2,3]. It can bring the huge changes of the landscape structure and affect the material
circulation and energy flow of the landscape, and also has a profound impact on the region biological
diversity, important ecological processes and sustainable utilization of resources and
environment[4,5,6]. LUCC is the result of complex natural environmental and human social
factorq7,8]. Changes of land use pattern is basic of LUCC[9]. In-depth analysis of land use change is
basic of understanding of land use and land cover changerule, prediction of the future trend of land use
change and foundation of the sustainable land use decisiong[10].

Land use changes affect the landscape of the surface and landscape change is the most intuitive sign
of land use change[11,12]. Nowadays, the landscape pattern analysis method has been widely
introduced into the research of land use change[13,14]. Because the hydropower resources are very
richin the western regions of China, more and more hydropower stations or dams will be built in here.
Hydropower development not only bring huge economic, socia and ecological benefits, but also
inevitably change the regional land use situation and reconstruct the landscape framework[15,16]. The
exploitation of the Lancang River basin in Y unnan for hydropower development commenced 60 years
ago. Since the 1980s, Lancang hydropower development has taken place on the mainstream with a
cascade development of eight dams planned. Jinghong hydropower station is one of the six cascade
dams which started in 2002. Jinghong dam is about 5 km from Jinghong city. Dam construction is a
serious impact on the land use and landscape pattern in Jinghong city. In this study, based on the three
periods of remote sensing images in 2004, 2009 and 2013 with the software platform of GIS, ERDAS
and Fragstats, we analyzed the spatial-temporal changes of land use and landscape pattern.
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M aterials and methods

Study area. Jinghong hydropower station is the first large-scale main stream hydropower station in
Lancang River which is located in northern suburbs in Sipsongpanna city, Yunnan(Fig. 1). This
hydropower station is based on power generation and has the comprehensive utilization benefit of
shipping, flood control, tourism. Jinghong hydropower station construction began in 2002 and started
to put into usein 2008. The reservoir capacity and regulating capacity is 11.4 x 10° m®, 3.09 x 10° m®,
respectively. The damis 704.5 mlong and 108 m high. It installs 5 mixed-flow style turbine-generator
units with unit capacity of 350 MW and has atotal installed capacity of 1759 MW and the security of
the 771.9 MW. The average annual energy output, utilization hours of installed capacity, rainfall,
stream-flow, runoff, sediment concentration and temperatureis 78.58 x 10° kW. h, 4409 h, 1161.2 mm,

1820 m¥s, 574 x 10° m®, 1.82 kg/m’, and 22°C in dam site for many years, respectively[17].

Legend

[Province
Hl Yunnan

0 80 160 320
-

N

Legend

Y Jinghong dam
Legend

County region

- Study area

L ICity
I Jinghong

0 80 160 320 480 640
0 80 160 320 480 . Rilomet

Fig. 1 Location of the study area

Data sources and description. Remote sensing images used in this study are derived from the image
dataacquired by Landsat 7 ETM SLC-off and Landsat 8 OLI_TIRS for the NASA. The study selected
Landsat 7-ETM" in December, 2004, April and November, 2009, Landsat 8-OL | in June, 2013 asthe
main remote sensing data sourcesto reflect the spatial data of land use in different periods hydropower
stations construction. The resolution of these three images were 30 m x 30m. We used the geometric
correction of ERDAS 9.2 to geometrically correct and extracted the geographical information first,
and then cut and mosaic images. Finally, combined visua interpretation and automeatic classification
method, the classify images of land use were made. According to present situations of land use and
current land use condition classification criteria (GB/T21010-2007), the classified classes were water,
residential land, banana, rubber plantation, hot shrub grass, tropical seasonal rainforest, tropical
montane rain forest, dry , bare and traffic land, beach, tea garden and paddy field. Actualy, these
land-use maps were made and modified in ArcGIS 10.1 with 97% accuracy, and it is based on field
investigations and Google Earth software (Fig. 2).
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Fig. 2 Distribution of land-use types in different years
Dynamic change of land use. The process and trends of land use changes can be represented by
amplitude of variation, area variance ratio, spatial change speed, regional change trend index and so
on[18]. In Genera, a single landscape dynamic degree is used to indicate area changes of a specific
landscape type in a certain period of time. It can quantitatively describe the rate of regional land use
change, be expressed as Eq. 1[19]:
K :M' 1 100% (1)
a T
Where K isthe annual change rate of aspecific landscape type during the study period; T isthe study
period; U, and U, represent areas of a specific landscape type at the beginning and end of the study.

Selection landscape index. Landscape is a region with high spatial heterogeneity, which is
composed of many different sizes and shapes of patches according to certain rules. The spatia
distribution of patchesis called landscape pattern[20]. Patch isthe basic unit of landscape. Changes of
guantity, area and structure of patches reflect the landscape pattern of aregion. Based on Fragstats3.4,
selected landscape pattern indices has the following several: NP, PD, SHDI, LPI and Al in this study
(Table 1).

Table 1 List of the selected landscape pattern indices in study area

Abbreviation Index name Description
PD Patch density Reflect landscape fragmentation of atypein the
LPI Largest patch index landscape.
Al Aggregation Index Reflect the degree of aggregation of a patch type.
Shannon’s diversity Reflect the heterogeneity of landscape, emphasizes the
SHDI . oo ) )
index contribution of patch types to information.

Reflect the spatial pattern of landscape and used to

NP Number of Patch describe the heterogeneity of the whole landscape.
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Result

Dynamics of single land-use change. Land use change of al types is shown in Fig. 3. The results
show asfollows: areaof teagarden, traffic land, residential land, bare land, hot shrub grass and rubber
plantation was a rising trend during 2004-2013 period. Area of the residential land increased
significantly by 1181.62 hm?, which annual changes percentage was 5.11%; Followed by area of rubber
plantation, tea garden and traffic land was increased dlightly by 221.88 hn?, 149.22 hm* and 107.3hn,
respectively. Their annual changes percentage reached 0.28%, 59.4% and 2.05%, respectively.
However, areaof the remaining seven land-use types were adeclining trend in 9 years. Annual changes
percentage of beach was the largest because of dam construction actuating other land use types
transformed to it. The maximum annual decrement was dry reached 838.86 hn?, which the reduced
rate was 2.37%. The minimum reduced rate was 0.13% for water due to river closure of dam
construction.
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Fig. 3 Dynamic changes of single land-use type from 2004 to 2013

Analysisof characteristicsof landscape pattern in landscape level. The characteristics of patternis
theresult of theinteraction of all kinds of landscape typesin landscape level. According to the results of
Fragstats3.4 calculation, it indicates that landscape structure of Jinghong city has changed significantly
during 2004-2013 period. PD and LPI reflect dominance of landscape. Their more higher value
indicate the proportion of different landscape types exist bigger difference and one or several land-use
types are to be in the ascendant. As shown in the table 2, PD and LPI value were first decreased and
then increased that indicated landscape structure of Jinghong may be influenced by human activity or
local policy the pre- and post-dam periods. Al reflects degree of aggregation and dispersion of patches
of alandscapetype. Thisresearch shown an upward trend for Al value from 88.5535 t0 91.5117 during
2009-2013 period. This may be because of re-planning of the city during the construction of the dam.
However, Al value existed a dlightly upward from 91.5117 to 89.9138. Thisindicated that patches of
landscape types were gradually dispersed during four years. SHDI is comprehensive reflection of
landscape richness and combinatorial complexity and determined by the number of landscape types and
the proportion of all patches of types. Namely, SHDI valueis more higher and arearatio distributionis
more uniform. As shown in the table 2, SHDI has decreased from 1.739 to 1.6941. This change was
explained the land use of Jinghong city may be influenced by human activity, such as residential land
and tropical montane rain forest are largely converted to rubber plantation for the increasing personal
income. NP reflects complexity degree of patches and has highly positive correlation with the
fragmentation. NP value were first decreased and then increased. This trend was largely due to the
strong interference of human activities on land use.
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Table 2 Landscape pattern index at landscape level from 2004 to 2013

Year PD LPI Al SHDI NP
2004 5.0671 6.7648 88.5535 1.739 1518
2009 3.4208 16.642 91.5117 1.5423 1125
2013 4.1649 14.9873 89.9138 1.6941 1375

“-”: SHDI has no unit.

Transfer area matrix of land use types. The land use transfer matrix can be used to describe the
change of landscape typesin the study area. It can not only reflect landscape structure of the initial and
last stage of the study area, but also reflect the source and future development trend of al kinds of
landscape. In this study, al kinds of landscape have different degrees of transformation from 2004 to
2013 (Table 3). As shown in the table 3, the total of area of tea garden, traffic land, residential land,
bare land, hot shrub grass and rubber plantation were increased, and the total area of dry land, flood
land, tropical seasonal rain forest, tropical montane rain forest, paddy field and water were decreased.
The maximum area of growth was residential land. It wasincreased by 1181.62 hm” and increment rate
was 46%. The largest transfer area of landscape types were dry land and rubber plantation and the
contribution rates were 31.27% and 33.67%, respectively. The least transfer area of type was tea
garden with the transfer area was 3.14 hn”. Otherwise, the minimum area of growth was hot shrub
grass, itsincrement was 22.42 hm? and increment rate was 45.83%. Itslargest transfer area of type was
water and the contribution rate was 27.5%; tea garden and banana had no conversion to hot shrub
grass due to location and climatic conditions of it. On the other hand, the maximum area of decreased
wasdry land. It was decreased by 838.86 hm” and its reduced rate was 21.26%. Thetransfer areaof dry
land was 2795.13 hi?. The contribution of residential land and rubber plantation were more larger than
other types, reached 22.77% and 56.04%, respectively. Conversely, the minimum area of growth was
water, its decrement was 9.07 hm” and decrement rate was 1.24%. The transfer area of water was
289.09 hnv’. The contribution of residential land, dry land and rubber plantation were largest reached
33.97%,15.56%and15.08%

Table 3 Change matrix of land-use landscape types in this study {hm?)

013
2004 Ta Tafic Dy Resdemfisl Bae ol Tomal O Buan Ribw T
-, Beach seasonal  montane  shrub - Water .
garden land  land land land . . land 2  plantation
ramforest ramforest  gass
Tea garden 301 314 133 04 138 1791

Trafficland 032 7308 8367 443 13183 407 463 362 103 13 2402 1346 2713 39046
Dryland 808 7801 11511 34 63701 7711 1873 69.7 47 8304 2866 13397 136643 304623

Beach 1143 031 7473 6636 223 804 1176 018 1047 120 018 30852

Residentiallind 540 6781 20086 328 171448 203 2431 2340 500 5164 1127 5743 32 25701
Barelnd 003 185 1103 548 104 251 1241 018 326 1686 794 0119 21123

Topicalseasonal ), 4660 3p3g 384 79 44 1677 216 369 391 29618 41501
raimforest

Topicalmentane 5oy gy 00 yee 4n 141 2957 823 3609 043 88 016 54406 103633
rain forest

Hot shrub grass 031 041 044 1034 1067 804 720 140 011 1802
Paddyland 108 1903 139.08 0104 1301 006 2272 018 48 205 3631 6008 57037
Water 104 4497 191 9821 89 686 886 1962 2713 444 139 4359 73309
Banama 522 1048 3383 12150 1020 604 455 1889 6726 50235

Rubberplatafion 13156 14962 10873 3272 68505 12518 15243 24294 1041 9463 669 10581 57387 9643.99
Total 17743 40777 31074 1452 375172 30126 25083 80020 7134 3478 724 44506 886387 104047
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Discussion and Conclusion

Dam construction can bring huge economic benefits, such as power generation, irrigation, shipping
and so on, to promote the development of the national economy. Meanwhile, it inevitably cause a series
of influence to the stability of ecosystem, the situation of soil erosion, land use and landscape pattern.
Hydropower station construction will cause different degrees of impact and risk to the ecological
security of theriver basin[18,21,22]. In this study, we use the method of landscape ecology to analyze
gpatial-temporal change of the land use and landscape pattern of Jinghong city before and after the
establishment of Jinghong hydropower station, which is supported by remote sensing and GIS
technology.

The results showed that: from 2004 to 2009, land use and landscape pattern of Jinghong city has
been serioudly change due to be affected by human activities during the dam construction period. The
proportion of different landscape types exist bigger difference and one or several land-use types are to
be in the ascendant. The landscape diversity has a dight decline from 1.739 to 1.5432, due to
re-planning of land use for dam construction. From 2009 to 2013, land use and landscape pattern of
Jinghong city was influenced by human activities and local policies during the operation of the
hydropower station. In particular, the construction of the dam further increased the damage to the
overall landscape pattern[23]. The landscape matrix showed a trend of fragmentation and discrete
distribution, and the shape of patches became more complex. The landscape diversity has a slight rise
from 1.5423t01.6941. Meanwhile, it existed mutual transformation between different landscape types.
The maximum and minimum area of increased were residential land and hot shrub grass, which reached
1181.62 hm? and 22.42 hn?, respectively. Otherwise, the maximum and minimum area of reduced were
dry land and water, which reached 838.86 hm” and 9.07 hn*, respectively. In addition, the information
derived from this study can have direct application valuesto state and local agencies, city planners and
government resource managers for land use planning of the city.
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