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Abstract: Land use and land cover change is a major issg®obal environment change,
and is especially significant in rapidly developimgions in the world. With its economic
development, population growth, and urbanizationatgzhou, a major metropolitan in
South China, have experienced a dramatic landnéaad cover (LULC) change over the
past 30 years. Fast LULC change have resulted gmadation of its ecosystems and
affected adversely the environment. It is urgentgded to monitor its LULC changes and
to analyses the consequences of these changedantorprovide information for policy-
makers to support sustainable development. Thadystmployed two Landsat TM/ETM+
images in the dry season to detect LULC patterd®88 and 2003, and to examine LULC
changes during the period from 1998 to 2003. Tipe,tyate, and pattern of the changes
among five counties of Guangzhou Municipality wearalyzed in details by post-
classification method. LULC conversion matrix wasguced for each county in order to
explore and explain the urban expansion and crdplass, the most significant types of
LULC change. Land use conversion matrixes of fisanties were discussed respectively
in order to explore and explain the inherence ofllase change. The results showed that
urban expansion in these five counties kept an ewaén of increase, while substantial
amount of cropland vanished during the periocs Hlso noted that the conversion between



Sensors 2007, 7 1324

cropland and orchard land was intensive. Forest laecame the main source of new
croplands.

Keywords. Land use and land cover change; Urban expansiapl&rd loss; Guangzhou;
China; Landsat imagery.

1. Introduction

Land use and land cover (LULC) change is a maguesof global environment change. Scientific
research community called for substantive studyaofi use changes during the 1972 Stockholm
Conference on the Human Environment, and again €drsylater, at the 1992 United Nations
Conference on Environment and Development (UNCEDXhe same time, International Geosphere
and Biosphere Programme (IGBP) and Internationaim&tu Dimension Programme (IHDP) co-
organized a working group to set up research agandgromote research activity for LULC changes.
The working group suggested three core subjectsLtltC change research, such as situation
assessment, modeling and projecting, and concegtalhg. The ultimate goal of global change study
was to assess the impacts under each possibleriscamal suggest preventive actions. Equally
important was the impact of these regional and alabanges on society and environment. Lots of
researchers found that LULC and its change hadrbecd key to many diverse applications such as
environment [8], forestry, hydrology [6], agriculeu [26], geology and ecology [42]. These
applications referred to urban expansion, croplasd, water quality change, soil degradation, and s
on. At the same time, in the past decade, a majernational initiative to study land use change, t
land use and LUCC (land use and land cover chgmo@ct, had gained great momentum in its efforts
to understand driving forces of land use changeniyméhrough comparative case studies), developed
diagnostic models of land use change, and prodzgienally and globally integrated models [23, 28].

Historical changes in land use types such as uelspansion, cropland loss and forest cover were
addressed in summary fashion. As Houghton (1994) pbinted out, the major reason of land use
change was to increase the local capacity of lamdsipport the human enterprise. Yet, together with
the “positive” changes — i.e., those that made lande productive- there were also unforeseen ingpact
that could reduce the ability of land to sustaie tluman enterprise. Today, localized changes around
the world added up to massive impacts. Thus, itdcbe argued that even modest changes in land use
had some unintended consequences. So it was ngcasshscuss the impacts of land use change on
society, environment and economy, especially ecangmowth in developing country such as India
and China.

Satellite remote sensing had been widely appliedeiacting LULC change [7, 40, 15, 24, 25, 48,
41, 42, 43, 44] especially urban expansion [39,34h,41, 42, 43, 44, 28], urban planning [49] and
cropland loss [43, 27, 31]. Many change detectemhniques, which was the process of identifying
differences in the state of and object or phenomdnoobserving it at different times [18, 38], were
used in these studies, such as image differengiaggtation index differencing, selective principal
components analysis, direct multi-date classifargtiunivariate image differencing, image rationing,
change vector analysis and post-classification sman [29, 38, 1]. At the same time, these were
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available in achieving different level of successmonitoring a variety of LULC changes [38, 9, 22,
23, 3, 13, 5, 21]. Among these methods, post-dleason was a common-used method for detecting
land use change and also was used in various sueasssfully[38, 9, 22, 3, 5].

In past two decades, China’s economy had expeerazical changes. With the rapid growth rates
of economy, widespread land use had taken placehwias more serious in the coastal areas, such as
Guangdong, Shanhai, Jiangsu and Zhejiang provioic&sutheastern China. As the economic center
of Pearl River Delta and Guangdong, Guangzhou Mpality was one of the cities with the fastest
economy development in China from 1978 to 2004.hWhie rapid economy growth, rampant urban
land expansion and massive cropland loss had hamlesenvironmental and social consequences [41,
43]. So there was an urgent need for studying lesgdchange for sustainable development of this area

The Pearl River Delta was one of three major ecgnoonridors of China (the other two daBeijing
-Tianjin-Tangshan corridor and Yangtze Rive Delta Area), many researchers paid their attentions to
the land use change of this area. Among theseestuslystematical and profound works were finished
by Li, Yeh, Weng, Kaufmann and Seto mainly. Thesaarches discussed LULC changes of this area
based on different point of views, and the timegeanf research was very wide, from 1978 to 1997
[26, 42, 44, 21, 35, 36]. Their studies were alkdzhon the classification results of one scene émag
rather than the subset images, and took 5 yeaasr@search cycle to discuss land use change. It was
useful to analysis macroscopical structure of lasd change by using large scale image, but many
detail information of land use change maybe be tosome extent. So, in order to get microcosmic
land use information, subset images were introdurcedis study. These subset images were not only
helpful for improving the classification precisiobut also helpful to understand the relationship
between land use changes and related socioecorbamacteristics under GIS [43].

The primary objective of this paper was to quantfiyd characterize county-level land use change
of Guangzhou Municipality in past five years (198@83) using Landsat TM/ETM+ images, and to
compare the urban expansion and cropland loss aatkd$ocations among these five counties. These
five counties had different types and intensitieaod use, so it was expected that the trend ahgh
would also differ in type and magnitude. At the satime, the economics of these five counties were
not at the same level, so discussing the relatipnisetween economic growth and cropland loss in
these areas was vital.

2. Study area

The study area of this paper was Guangzhou Mudityipa South China. Guangzhou is located in
between 11%7°E to 1143'E and 2326'N to 2356'N, which uses approximately 7434.4 %m
(Guangdong’s Statistical Bureau 2003) with a cempsmilation of 9.94 million in 2004. Guangzhou is
the geometric center of the Pearl River Delta abeanded by the Pearl River to the east and south,
Zhongshan city and Foshan city to the west, Dongguig and Huizhou city to the east and Qinyuan
city to the north (Fig.1). Guangzhou was compriséden urban districts (Panyu, Huadu, Yuexiu,
Dongshan, Haizhu, Liwan, Tianhe, Baiyun, Huangpd Bangchun) and two subordinate county-level
cities (Conghua, Zengcheng). Guangzhou is a paljteconomic, educational, cultural, as well as
scientific and technological center of the Guanggdprovince and South China. Guangzhou is located
in the piedmont and coastal plain physiographicoregy declining from the mountain areas in themort
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to sea level at the confluence of Pearl River m ¢buth. The annual rainfall in this area was about
1689.3-1876.5mm. Being at the central locationhef Pearl River Delta, Guangzhou was historically
an intensive agriculture area embedded with a p@sid system [41]. Agriculture and fishing were the
two important human activities in Guangzhou Munratity, and leading planting crops are fruit and
vegetable. Fig 1 showed the location of Guangzhaonitipality in the Pearl River Delta.

Qingyuan

G

Figurel. Location of study area: Guangzhou Municipality @sdnain administrative districts.

3. Methodology

3.1 Data

In this study, two scenes of predominant cloud-ftaadsat TM/ ETM+ images (WRS path 122,
row 44) of the Guangzhou Municipality were acquimedDecember 22, 1998 (TM) and January 10,
2003 (ETM+) respectively. The resolutions of twoageries are 30 meters. These two scene images
were obtained in the dry season (October to Maldgause the study area was located in the
subtropical area (2123°N), which was mostly cloudy during the rainy seaéapril to September). In
this study, band1-band5 and band 7 of these twgeshavere used as primary data to detect land use
change of study area. Band1-5 and 7 of each image stacked into single image with BIL format
respectively. The stacked TM 1998 image was geed¢dd ETM+2003 image by “map to map”
method and was re-sampled using a nearest neigiiporithm with a first-order polynomial. The
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number of ground control points (GCPs) used forstegfion varies by image was about 52. The Root
Mean Squared Error (RMSE) of the registration pssagas 0.49 pixels after verification calculation.

Other useful data included the co-registered veemdministrative boundary and county level
socioeconomic data. The administrative boundarg dadre generated by ArcView GIS 3.0 based on
topography map (the scale is 1:1200000) of Guangnhanicipality, which were used as masks to get
subset-images of each county. Due to the restingtof Guangzhou, some of the boundaries had been
re-delineated, so the restructured administratmendaries data are used in this study to subssé the
two time remote sensing data. The socioeconomig, cadinly was Gross Domestic Product (GDP),
were used to analysis the relationship betweenanddoss and economic development. BDP data
were obtained from the Guangzhou’s Statistical eaks (from 1999 and 2004) officially published
by local government.

3.2 Image classification and accuracy assessment

The maximum likelihood (ML) procedure was chosertlassification method because of its ready
availability and the fact that it did not require axtended training process [30]. The ML was
processed in ENVY 3.6. The training polygons were digitized on-soreased on terrain knowledge
acquired during fieldwork and distributed throughthe study areas. The pixels in the polygons that
were selected as representative of each class platted in spectral space and a visual check was
made that all classes could be separated in dtdeascombination of bands.

The classification processes was as follows: ($g8an fieldwork and visual interpretation of each
subset-image, a supervised classification was pedd using ML algorithm; (2) 7 types land use were
identified which included urban (URB), forest (FQR)opland (CRO), orchard (ORC), water (WAT),
dike-pond (DIK) and developing land (DEL). Amonge#ie land use types, URB means residential area
which was one of prevalent land use types whichewsually covered by group of buildings and its’
accessories, in this study URB included old redidearea and new residential area but don’t inelud
factory. FOR included low-density forest and higinsiity forest. CRO included rice land, dry land and
vegetable land mostly. ORC included lichee, barsrhsome other land use types. On these land use
types, lower trees were planed but higher treesH®R. The DEL was a typical land use type in Pearl
River Delta and other industrial areas in Chinaiciwlwas composed of a block of ground level land
mainly from agricultural or non-construction lanftea primary developed.

Accuracy assessment was critical for a map gercefaten any remote sensing data. Many studies
had focused on the proper sampling scheme andasthnechniques for the assessment [16, 4]. The
most common way to represent the accuracy is irfiaime of an error matrix which could be used as a
starting point for a series of descriptive and wial statistical analysis. Random sampling for
accuracy assessment can be used to compare ths oésthange detection and the ground truth which
can be obtained from aerial photos or field vi&i. error matrix that indicates the concordancehef t
results of change detection and the ground trutiidcbe constructed from the comparison. Many
measurements had been proposed to improve theretation of the meaning of the error matrix.
Among these methods, the Kappa coefficient is dnéhe@ most popular measures in addressing the
difference between the actual agreement and chagmement. The kappa was a discrete multi-
variates technique used in accuracy assessmenarjd]had many attractive features as an index of
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classification accuracy. In particular, it mad some compensation for chance agreement and a varianc
term could be calculated [33, 10, 12].

3.3 Post-classification change detection

In a variety of studies, the post-classification change detection method was found to be the most
suitable for detecting land use change. In the post-classification technique, two images from different
dates are independently classified [19, 38]. Accurate classification was imperative to insure precise
change detection results [11]. Preliminary classification was performed on the 1998 and 2003 images.
The classification of the 1998 and 2003 images with the highest overall accuracy were used in the
change detection process. The classification images were combined to create a new change imag
classification, which indicated the changes “from” and “to” that took place. However, image
classification and post-classification techniques are iterative and require further refinement into order
to produce more accurate change detection results.

4. Results

4.1 LULC patternsin 1998 and 2003

The classification images of land use in 1998 and 2003 for five administrative areas in Guangzhou
municipality are shown in Fig 2. The accuracy of the classified images was checked by a stratified
random sampling method. Considering the fact that post-classification change detection technique may
result inaccurate change detection as a result of misclassifications from different dates, the
classification accuracy of each land type was tested (Table 1).

Tablel The classification accuracy results of each land type.

Land type URB FOR WAT DIS CRO ORC DEV
Classification accuracy of 1998  94.2% 86.4% 89.9% 76.5% 78.5% 72.6% 73.1%

Classification accuracy of 2003 96.2% 90.1% 89.7% 77.4% 85.2% 76.1% 74.9%

The process of classification accuracy test was as followed: 1) 2250 and 2370 samples which
distributed into 7 land use classes were selected from 1998 and 2003 imageries respectively, thes
sampling data were collected from fieldwork and the published land use map; 2) after selecting
samples from fieldwork, corresponding sites were checked in these two time classification images
according to geographical coordinates; 3) and then, right classification land use type sites were pickec
and counted; 4) at last, account of these right sites was compared with that of samples in each kind o
land use types. The overall accuracy of 1998 classification image was 89.61% and that of 2003 was
93.24%, and the Kappa was 0.79 and 0.86. Among these types of land use, urban land had highes
classification accuracy; cropland and developing land had lowest classification accuracy.
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Figure 2. The classification images of land use in 1998 2008 for five administrative areas in
Guangzhou (A: Guangzhou 1998; B: Guangzhou 2008{uadu 1998; D: Huadu 2003; E: Conghua
1998; F: Conghua 2003; G: Zengcheng 1998; H: Zesnygl2003; I: Panyu 1998; J: Panyu 2003).



Sensors 2007, 7 1330

4.2 LULC changes of five counties from 1998 to 2003

In order to obtain the information of land use cersvon, post-classification was carried out in
ENVI™ 3.6 using classification images of 1998 and 2@Dassification image of 1998 which was
defined “initial state” image and classificationage of 2003 which was defined “final state” image
were put into the post-classification procedurgeetively. Through this program, conversion matrix
of each county was got. The results are shown IleTato Table6.

Guangzhou (Table 2) was the economic and cultunéec®f the study area, of which urban was
main land type which increased 1.04%with the rate of 0.08% during this five years. tAe same
time, cropland and dike-pond also increased rapithig increase area were 66.00 and 57.08 km
respectively. Other land types decreased in these/éars. Urban of Huadu (Table 3) increased 49.43
km? and the rate reached 13.30%; the developing ilecreéased 10.92 kinand the rate was about
3.18%:; the orchard increase 36.81%kmnd the rate was 5.74%. At the same time, lotsrapland
deceased in this district. Conghua (Table 4) wasady county, and the dominant type of land was
forest. Although the area of urban was much sm#i@n other counties of Guangzhou, the change rate
of urban was quite fast in these five years. Tamrncreased 64.02 Krand the increase rate were up
to 41.10%. The developing land increased 132.1F ith the rate of 47.47%. The reason of urban
and developing land had so fast increase area aedwas that Conghua was presently in the
preliminary stage of economy developing. Zengch@rable5) was the biggest agriculture county in
Guangzhou. Historically, lichee and bananas wemmiiant planting crops in this area. However,
being closer to Guangzhou, Zengcheng's economygoadh great development in these five years.
From Table 5, it could be found that the area biuarincreased 24.43 Krwith the rate of 4.38%; the
area of developing land increased 4.4% kmith the rate of 3.53%; Cropland and orchard deszd
143.13 knd and 150.89 kAwith the rate of 3.17% and 4.68% respectively. Thange rate of forest
and dike-pond were in the extreme. The changirg faatforest was only 1.56% (from 486.74 %t
524.72 kn with the changing area of 37.98Rmand the changing rate for dike-pond was as taage
16.44% (from 46.46 kfto 84.65 kr with the changing area of 38.19 YmBecause of convenient
transportation and beautiful surroundings, Panyabl@6) was becoming a perfect residential area of
Guangzhou. On the other side, a lot of dike-pordi@addy field were distributed in this county, ke t
land use changes of Panyu must be characterizéduibain expansion and dike-pond and paddy field
losses. Urban of Panyu increased 86.37 from 89.96 krfi in 1998 to 176.33 kfin 2003, and the
increased rate reached 19.20%. Comparing with atbenties, urban increasing rate of Panyu was
very faster. From 1998 to 2003, cropland of Pangareased 107.61 Kmand the decreased rate
reached 4.03%. The forest and orchard had demtedigaeat changes: although the increased area of
forest was 17.19 kfmand orchard was 31.84 kniTheir change rates were very faster, which redche
11.66% for forest, and 19.50% for orchard. Dike-ghatecreased 22.59 Knin the five years from
252.14 knito 2299.55 krh Because the radices of dike-pond were still varyer, the change rate of
dike-pond was relatively smaller (only1.79%).
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Table2. Land use change matrix in Guangzhou from 1998a8 (knf).
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Table3. Land use change matrix in Huadu from 1998 to 2G6%).
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Table4. Land use change matrix in Conghua from 1998 @84@nf).
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Table5. Land use change matrix in Zengcheng from 1998a8 (knf).

URB FOR CRO ORC WAT DEL DIK 1998
URB 54.32 4.17 28.79 9.17 154 291 10.80 111.78
FOR 4.66 368.31 77.31 28.51 0.20 4.62 2.58 486.74
CRO 50.13 134.36 570.49 99.94 2.00 15.38 31.52 904.02
ORC 13.18 6.61 53.63 3541 0.47 2.04 9.83 121.31
WAT 2.38 8.55 6.20 1.65 13.09 0.53 10.69 43.28
DEL 6.12 1.15 11.68 0.98 0.39 3.19 1.50 25.02
DIK 5.38 0.65 12.62 5.92 3.36 0.75 17.68 46.46
2003 136.24 524.72 760.89 18162 21.11 29.45 84.65 1738.68

Table6. Land use change matrix in Panyu from1998 to Z868).

URB FOR CRO ORC WAT DEL DIK 1998
URB 47.88 1.28 20.75 1.63 0.34 10.21 7.81 89.96
FOR 0.78 17.91 5.99 2.13 0.01 141 1.27 29.49
CRO 57.99 194 303.47 4549 0.60 54.33 52.65 534.18
ORC 1.78 3.53 14.9 9.05 0.03 1.75 1.61 32.66
WAT 1.63 0.09 0.86 0.05 113.86 21.70 1.99 141.61
DEL 36.60 0.94 28.19 1.30 0.24 7.69 37.34 112.36
DIK 29.53 3.52 52.15 4.79 18.60 131.92 11.14 252.14
2003 176.33 46.68 426.57 64.49 13493 22955 113.88 1192.43

In summary, from the analyses of these five conerrmnatrixes of land use, it could be found that:
(1) urban expansion encroach a lot of croplandhanet and development soil, mostly was cropland;
(2) the areas of cropland transformed to other laacke very excessive; and (3) Table2 - Table 6 had
proved that the transformed area between cropladdoachard were tremendous. The commutative
change extent between cropland and orchard was/atgcextensive. (4) Fig.3 contrasts several kinds
land change rates of five counties.
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Figure 3. The changing rates of urban/built-up, croplandgtigping/barren land, forest and orchard
in five cities of Guangzhou.

It was very obvious that the urban expansion anetldeing land had same increase trend. That is
to say that: when one county experience high uesgmansion, lots of developing soil also appeared at
the same time. (5) Cropland loss had higher negatorrelation with other land use change. If the
county had a higher cropland loss rate, the urbg@aresion rate, forest increase rate and developing
land increase rate were also higher which implteat tots of cropland transformed to urban, forest,
and developing land but these land types didnitsi@@med to cropland accordingly. (6) Because urban
had a non-reversible natural attribute, so it wiasassible to convert into other land types, thdyaisa
also explained this point. (7) The high correlatibetween forest and cropland change was the
accessorial evidence showing that the transformvdssi cropland and forest was also intense.

4.3 Urban expansion of five counties in 1998-2003

Urban of these five counties had different increasas and rates between 1998 and 2003 (Fig. 4,
Fig.5 and Fig.6). Among these five counties, Pdmyd the largest increase area which reached 86.37
km? and Guangzhou had the smallest increase arealdiyknf. At the same time, Guangzhou had
the slowest annual increase rate (0.08%), but Paaguvery faster annual increase rate (19.20%).
However, Conghua had the fastest annual incredse4dal0% although its increase area was not
larger. Huadu and Zengcheng were another two aiti#fs higher increase areas and annual increase
rates. The urban of Huadu increased 49.68 with annual rate 13.31% and Zengcheng increased
24.46 knf with annual rate 4.38%.
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Figure 4. The land use change areas of five counties of areou Municipality from 1998 to 2003.
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Figure 5. The annual change rates of land use in five catresthe whole Guangzhou Municipality.
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Figure 6. The land use areas of five counties. (Each kincbtdr column stands for a county, and
each color column has two parts, which is the laseldata of 1998 and 2003 from left to right).
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During this period, because of the geographic lonaand convenient traffic of Panyu, the real
estate industry of this district bloomed and adbtesidential areas were springing up rapidly éneh
With the habitation function of Guangzhou was pgrated, Panyu was becoming the southern urban
expansion center of Guangzhou Municipality stepstep. Huadu and Zengcheng were northern and
eastern centers of Guangzhou Municipality. Zenggtserdevelopment was profited from the
“agriculture-to-industry economy” reform which skad the expansion of urban. Huadu was different
from Panyu and Zengcheng, whose urban increasedepsnded on the establishing of the new
airdrome (Baiyun international airport) and the lempent of governmental policy for developing
heavy industry like automobile manufacture and poplant. In Huadu, a climax of exploiture was
coming ahead after merging into Guangzhou as amnutistrict since 2000. A lot of cropland, orchard,
forest and dike-pond were converting into urbaedatly or changing into developing land initiallycan
urban later.

The trend of other land types conversed to urbas similar in these five counties. Urban
expansion caused the severe vanishing of cropléhd.area of cropland transforming to urban in
Guangzhou reached 21.36 %rii2.88 kni in Huadu, 48.22 kfin Conghua, 50.13 kfrin Zengcheng,
and 57.99 krhin Panyu. The area of urban growth of Guangzhostijmeomes from developing land,
which reached 53.66 KinConghua mainly comes from forest, which reach@8d knf; Panyu comes
from developing land and dike-pond, which were @b86.60 knfand 29.53 krh respectively.
Spatially, five counties’ urban expansion radiatedhe direction along road network based on their
primary built-up area, the expanded urban areaallysoccurred around roadside (Fig. 2). The road
network around cities became the most importantedrdirection of urban expansion in these five
cities.

4.4 Cropland loss of five countiesin 1998-2003

We compared the increase area and rate of croptesséds in these five cities and found that the
cropland loss was very severe from 1998 to 2002 diopland loss phenomena had taken place
almost in all counties but Guangzhou. The loss efeaopland was 143.13 ¥nn Zengcheng, 107.61
km? in Panyu, 433.95kfrin Huadu and 4.96 khin Conghua. The loss rate of cropland reached 3.17%
in Zengcheng, 4.03% in Panyu, 7.08% in Huadu ahd%.in Conghua.

According to Table 2 — Table6, a significant amoahtcropland had been encroached by other
kinds of land use types. Comparing with urban ezmanproperties in part 4.3, it was clear that the
vanished cropland land converted into urban mosthere exited two types of land use conversion:
conversion from cropland to orchard and the conerrfom cropland to urban and developing land.
The change from cropland to orchard was the resfuligricultural restructuring. Before 1998, the
dominant type of land was cropland in Huadu, Zeerggh Panyu and Conghua, and the planting were
controlled strictly, so the changes between crapkmd orchard were relatively determinate. Buthwit
the economy developing, this simple agriculturdtgra of land use was faced with great challenges
from the market force. The economic benefit of ardhwas higher than that of cropland, so under the
economic driving, more and more peasants plantedrfot corns as before.

Although a lot of cropland had transformed to urbad developing land, other type of land use still
transformed to it, such as forest. It was consilléhat the main component of cropland was forest.
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Form 1998 to 2003, 59.57 Krforest transformed to cropland in Guangzhou, &edareas in Huadu,
Conghua, Zengcheng and Panyu are 29.92 katt.24 krfi, 77.31 knf and 5.99 krfirespectively.

4.5 Urban expansion and cropland loss of Guangzhou Municipality in 1998-2003

Through discussing the urban expansion and crogl@ssdduring this period in whole Guangzhou
Municipality, it could be found that urban areasl lracreased 225.53 Knffrom 572.95 krfiin 1998 to
798.28 kniin 2003), while cropland areas had decreased 623.66(fkam 3781.06 kriin 1998 to
3157.40 Kndin 2003) (Fig.4). The rates of urban expansion empland decreased were 7.86% and
3.30% respectively (Fig.5). According to the stadiy.i and Yeh (1998), the rates of urban expansion
and cropland decreased were 7.19% and 7.23%, amg {2602) whose study indicated that the rates
of urban expansion and cropland decreased werédbatl 6.04 respectively, it could be found that
the urban expansion rate still keeps faster, vithierate of cropland decrease got slower.

The urban changes may be related to industrialldereent as well as population growth during
this period, and the cropland change may be relatéige policy of land use protecting of government
since 1998. At the same time, the spatial procéssban expansion showed a close relationship with
the distance from major roads and from the geometnter of a city, which indicates that the road
was a most important drive to urban expansion &ig.

Developing land was defined as an area that hesntlg been bulldozed to make way for
construction, and thus had a high contrast charstite in remotely sensing images. Usually
developing land was designed for building for irtdas or urban usage by local government. In past
two decades, developing land plays an importamt ilstimulating the local economy in Pearl River
Delta area. So the area of developing land impliet one region had great potential for further
developing. From 1998 to 2003, the area of devetppand in whole Guangzhou had increased
significantly, and the increasing area was 288192 With the increasing rate of 18.78%. Considering
the GDP growth of Guangzhou Municipality (Table if)¢ould be found that the increasing trend of
developing land had no change. With the GDP iningaghe area of developing land in whole
Guangzhou was still becoming greater.

Table7. The 5 years GDP and change rate of Guangzhoudipaitity (Million Yuan).

Year 1997 1998 1999 2000 2001 2002 2003
GDP 164625.67 184160.52 205673.83 237591.29 271890300147.6  349687.87
Rates of GDP 11.87% 11.68% 15.52% 15.79% 10.59% 16.51%
growth

The spatial expansion process of developing lamavet that it was transferring from Guangzhou
and Panyu to Huadu and Zengcheng. During theseyéuaes, the developing land area of Huadu and
Zengcheng expanded 15.90% and 17.70% respectiély5). The developing land area of
Guangzhou decreased during this period (from 14Br@bto 103.10 kriiwith the decreasing rate of
5.80%). Meanwhile, the developing land of Huaduéased from 42.32 Knto 68.63 km with the
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increasing rate of 12.44%. The results indicated tihe urban and economic center of Guangzhou was
extending to the north and the east.

The loss of valuable cropland was very severe. drbpland area of whole Guangzhou decreased
from 3781.06 krhin 1998 to 2040.22 kfrin 2003, and the annual loss rate of croplandhénwhole
municipality reached 3.30%. Huadu had the highss late, reaching 7.08%, Zengcheng had the loss
rate of 3.17% and Conghua had lower loss rate (Orly1%). The similar result was found in
Dongguan between 1988 to 1993 by Yeh and Li (1996jmparing with the result in Pearl River Delta
in 1993-1998 by Yeh and Li (1999) and Weng (20@2¢, suburb county-level city Zengcheng and
Conghua were still in process of rapid loss of ao@, while the cropland loss rate in city of
Guangzhou had decreased a lot.

The reason of the cropland loss was that the incoiteeopland developed as industrial or urban
land was of much higher profit for both farmers dmchl governments than that for cropland use. So
many high quality croplands became industrial arihoi used land gradually. It should be noted that
the losses of cropland would promote the econorowtr, but the land utilization efficiency were
different in different cities. We analyzed the telas between the cropland loss and GDP growthgusin
cropland loss rates of each county from 1998 to32@érived from classification images and GDP
growth rates of each county in corresponding yeaidished by the local governments. The results
were expressed by the cropland consumption of @eaitat million Yuan (RMB) GDP growth and the
ratio of cropland loss rate and GDP growth rateolild be found from Table 8 that the results were
different in these five cities. The cropland congtion was very high in some recent developed city
like Huadu, Zengcheng and Panyu while it kept &tilver in the under developing city like Conghua
and very developed city like Guangzhou city. Theptand consumption reached 0.4226%knillion
Yuan in Huadu, 0.02 kffmillion Yuan in Zengcheng and 0.01 kimillion Yuan in Panyu
respectively. However, it was only 0.001 ¥million Yuan in Conghua and only 0.00000839
km?million Yuan in Guangzhou. For the whole municipalit was about 0.004 kffmillion Yuan
(Table 8 and Fig.7). The ratio of cropland loserahd GDP growth rate demonstrated the similar
trend. The cities with higher ratio indicate thiagit land utilization efficiencies were in lowelage,
such as Huadu, Panyu and Zengcheng. However ties gith lower ratio indicate that their land
utilization efficiencies were in higher stage, sashGuangzhou and Conghua (Table8 and Fig. 7).

It was well known, during the initial stages of Gis reformation and opening to the outside, the
increasing of economy generally cost a lot of auadl and the cropland became a big engine of
economic growth, particularly in the southeasteant jof the country like Guangdong. But now, the
analysis between the cropland loss and GDP growtBuangzhou showed a significant phenomenon

(Fig 8).
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Table8. The cropland losses of per capital Million Yuan.

Regions Guangzhod Zengcheng Panyu Conghua Huadu le\@angzhou
Cropland loss(k) 1.0377 143.13333 | 107.614 | 4.9563 433.95| 689.653
Rate of cropland loss
0.078 3.17 4.023 0.137 7.08 3.2988
(%)
GDP increase (Million| 123691.75 | 8575.83 18103.99 4889.74 10266{31 163227.
Yuan)
Rate of GDP
19.05 14.03 14.81 18.68 16.53 17.98
growth 111
km/Million Yuan 0.00000839| 0.01669 0.005944 0.0010(18.42269 0.00417
Ratio of growth rates 0.0041 0.0073 0.2259 0.2716 .4288B 0.1835
0.045 0.45
0.040 | | == Cropland consumption i 1 0.40
5 0.035 —8l—Ratio of growth rates | o35 2
£ § 0.030 1030 E
=] g <
2 > 0.025 {1025 %
o o o
© < 0.020 {1 020 2
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Figure 7. Comparison of the cropland consumption of pertea@DP growth and ratio of rates
between cropland loss and GDP grow in Guangzhou.
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Figure 8. The relationship between cropland loss rate an& Gidwth rate.
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The result may imply that the pattern of economic increase in this region had moved on a new
developing track. There were several possible reasons inducing these results: (1) in some regions lik
Guangzhou and Conghua, the tertiary industry such as tourism, service and information contribute
greater percentage to the economy growth; (2) the successful transformation of industry structure from
labor-intensive industry to technology-intensive industry; (3) registering and implement of strict land
use control policy nationally and locally; (4) the rational land use planning and moderate urbanization
strategy are adopting. However, for the lower land-use efficiency cities like Huadu, Panyu and
Zengcheng, some political reasons should be noted, including the adjusting of administrative boundary
like Panyu and Huadu's merging into Guangzhou in as an urban distract and urban’s strategic
expansion like Zengcheng’ s extension to the south and west.

5. Conclusions

This paper analyzed the land use change of Guangzhou and its suburban areas from 1998 to 2003
using remote sensing data and other assistant data, monitored the urban expansion and cropland los
and discussed the relationships between land use changes and local economy development. The resu
of this study indicated that there had been important land use changes between 1998 and 2003 in th
area of Guangzhou, with evidence of extensive degradation in cropland and farmland. This process
may lead to a decline in soil fertility and compromise future agricultural productivity and ecosystem
sustainability. In this work, county-level measurements of land use change in the extent of land use
types and respective transitions had been presented, there were obvious urban expansions of these fi
cities from 1998 to 2003. The urban expansion speeded in Guangzhou is relatively slow while the
cities around Guangzhou demonstrate higher urban expansion speed, such as Panyu, Zengcheng a
Huadu. The city of Guangzhou mainly extended to the south, north and east in this period. Amounts of
cropland vanished in the range of 1998-2003, but the decreasing rate for the whole Guangzhou was
diminishing comparing with previous results in Dongguan and the Pearl River Delta. The “cropland to
orchard” and “orchard to cropland” transforming was quite intense and common in this area. From
1998 to 2003, a lot of forest transformed to cropland, became the biggest compensation of cropland
and slowed the loss rate of cropland to a certain extent. The road network and economic center city
played important role in the process of urban expansion. The direction of road development was alsa
the direction of urban development. At the same time, policy and environment were two important
factors to affect the development of urban. Combining classification images of Landsat TM and ETM+
and socio-economic data were an effective way to research land use change dynamically (including
monitoring the urban expansion and cropland vanishing and study the relationships between the lanc
use change and local economy development). And found that the efficiencies of land use in these five
counties were different and lower as a whole. The cropland loss and GDP growth in Guangzhou
demonstrated the difference between these 5 counties and explained different cropland transformn
efficiency of these 5 counties in difference development stages, at the same time, the results impliec
the natural, social, managing and planning as well as political reasons.
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