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ABSTRACT:Land�use/ cover change, w hich in China is characterized by urbanizat ion resulting in a decrease in arable land

in the east along w ith a large area of grassland being cultivated in the w est, has been accelerated by rapid economic devel�

opment in the last years. A ll of the above changes will affect sustainable development in the nex t centur y. The Chinese A�

cademy o f Sciences is conduct ing a study of land�use/ cover change over the last ten years based on t he integration of re�

mote sensing and G IS technolog y to establish a multitempo ral database covering all of China. Fundamental data for land�

use/ cover for the year 1996 has already been developed by the Chinese Academy of Sciences. I n order to reconstruct fun�

damental land�use/ cover data for the year 1986, a centr al data processing and analyzing system and a reg ional data acquisi�

tion, processing and analyzing system have been established and are jo ined together as a netw ork. After the 1986 database

is established, the comparative research on the reduct ion in arable land, urbanization, desert ification, changes in fo rest

and gr assland, and lake and wetland land�use/ cover change will be carried out. In addition, a transect for a key regional

comparative study w as selected along the Changjiang ( Yangtze) River. The dr iving forces of these changes also will be ex�

tracted. The result of this study w ill be not only make a contribution to global land�use/ cover change research, but w ill al�

so support decision making for sustainable national development.
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1 � INTRODUCTION

T he recent and future development of space�
based remote sensing technolog y has brought a refor�
mation to research w ork as w ell as formulat ing suit�
able policy for populat ion, resources, environment

and development. Through real�t ime and periodic ob�
servat ions of a large area of the earth s environment

and natural resources, the spat ial information tech�
nology plays an indispensable role in surveying re�
sources, monitoring env ironment , and est imat ing

crop production areas. Especially w ith the need for

nat ional and even global�level sustainable develop�
ment , the sustainable management of land resources

has been highlighted. Land�use intensity, land�use
diversity and land cover are land quality indicators for

sustainable land management. T o be able to assess the

indicators and then to judge the implementation of

sustainable st rateg ies, w e need to depend on the spa�
t ial technology that has special characteristics to meet

those need. Nowadays spatial technology is an inte�
grated methodology and technology, incorporating

satellite technology, remote sensing technology, and

temporal�spat ial GIS technology for ret rieving and

representing data sets. Studies of the physical charac�
terist ics of earth s surface and ongoing processes of

change have entered a quantification stage, w ith the

w hole data acquisit ion accomplished w ith spat ial
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technolog y. Historical observation data and survey

data can be transformed into spat ial systems under the

support of spatial simulat ion models. Then a spatial

informat ion system integ rated by social, economic,

environmental and land�use/ cover change data can be
built up to reconstruct the contemporary processes

since the historical data were produced, and to sup�
port the further quant ified research work on the inter�
act ion process betw een nature and human beings.

It is now universally recognized that indisputably

huge economic, social and cultural development has

occurred in the past few years in China. All Chinese

people hope that the process will be a cont inuous one,

or in scient if ic terms, a sustainable development. But

in fact , in the past ten years due to the single�minded
enthusiasm for economic development on the part of

some reg ional authorities, many environmental prob�
lems have occurred, w hich could disrupt the sustain�
able developmental foundat ion. land use and land cov�
er change( LUCC) can indicate land quality and envi�
ronmental change and provide information about the

result of the interact ion betw een human and natural

driving forces. LU CC also can cause regional and

even global climate change through changing the en�
ergy exchange substance cycle w ithin terrest rial e�
cosystems. In addition, because the Chinese govern�
ment is making great efforts to manage its land re�
sources in a sustainable w ay, LUCC data for the re�
cent years and the regional driving forces should be

applied by the government through the use of spatial

technology. Under the above circumstances, the Chi�
nese Academy of Sciences ( CAS) is carrying out a

study of the land�use/ land change over the past ten

years based on the integrat ion of remote sensing and

Geographic Informat ion System technology to estab�
lish a multitemporal database covering all of China. A

brief descript ion of the project will be presented in

this paper, including what the object ives are and how

the object ives and purposes can be reached.

2 � OBJECT IVES

( 1) With the anxious need by the Chinese gov�

ernment for a variety of data sets covering the whole

country, a fundamental land�use/ cover dig ital tempo�
ral�spat ial database, which can reconst ruct the history
of land�use/ cover change during the past decade in

China, should be built through integ rated applicat ion

of spat ial informat ion technolog y.

( 2) LU CC mechanisms should be studied under

the impact of env ironmental dynamics and human ac�
t ivity . Research should be done on the interact ions

betw een land�use and terrest rial biophysical processes
and to further ident ify current LUCC trends so that

future land�use/ cover changes can be foreseen and

rigorous decision support can be provided for sustain�
able land use management .

( 3) Keeping pace with significant internat ional

research projects on global environmental changes,

the LUCC research project in China should focus on

some key research subjects with high compat ibility

w ith the International Geosphere�Biosphere Pro�
gramme( IGBP) and the International Human Dimen�
sion Program ( IHDP ) on Global Environmental

Change.

3 � RESEARCH FOCI

3. 1 � Constructing a TM Image Database and Land�
Use M aps in M id 1990s

( 1) T he CAS has completed the const ruct ion of

a TM image database covering the w hole country

w ith images dat ing f rom 1995 to 1996. T he images

have been rect ified and registered to a consistent pro�
ject ion system w ith the same parameters, w hich w ill

also be used to const ruct the image database f rom the

TM images dat ing f rom the mid�1980s.
( 2) Also the CAS has made a digital land�use

map at the scale of 1!100 000, including an ecology/

environmental background spat ial database ( L iu,

1996) . These databases w ill provide fundamental da�
ta for reconstructing the historical situat ion.
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3. 2 � Reconstructing the Land�Use Dist ribut ion in

the M id 1980s

3 . 2 . 1 � Const ructing the image database covering

the w hole country in the mid 1980s

T he success of t rial applicat ions of remote sens�
ing in China in 1979 has lead to the development of

w idespread aspects of the implementat ion of remote

sensing. Ground stat ions in China were built in the

mid 1980s, and they have received and distributed a

large amount of mult i�temporal and mult i�sensor re�
mote sensing image data. At the same t ime, with

help from some other related research projects, many

other types of multi�temporal remotely sensed image
data covering various regions have been collected,

w hich reinforce the data sourced from the satellite

g round stations.

M ining and manag ing the various existing aerial

and satellite remotely sensed data obtained since the

1980s has an indispensable role in understanding the

nat ional land resources and environmental situations

of the m id 1980s. On the basis of the image databases

for the mid 1990s, the nat ional database for the mid

1980s w ill also be created to meet the project needs

and to further provide the data foundation for an even

longer temporal series of land�use/ cover change research.
3 . 2 . 2 � Rep resenting the national land�use spatial

di st ribution in the mid 1980s

T he research project plans to reconstruct the his�
torical land�use/ cover and environmental situations as
of the m id 1980s w ith the applicat ion of remotely

sensed images and spatial technology.

Since the 1980s, the cont inuous economic devel�
opment in China has had more and more impact on

the land resources and environment both in quant ity

and in ex tent . The usage style of land resources and

resource structure has been changed very seriously.

As a result , resource shortages and eco�environmental
crises have received broad at tent ion from all of the

w orld, and these situat ions can hinder China s sus�
tainable development strategies. Understanding the

chang ing condit ions of nat ional land resources in re�
cent years, we can create the data foundat ion to pre�

serve and explore the land resources ef fect ively in a

sustainable w ay and put forw ard decision support for

preserving and reforming the environmental conditions

to realize regional sustainable development in the future.

Remote sensing technology is an important path�
way to acquire spat ial and temporal series of data.

The land�use situat ion, w ith spat ial and temporal

characterist ics, is a direct indicator of human act ivity

on the land conjoined w ith the natural impact on it.

The remotely sensed data that w ere received by the

ground stat ions in China since their const ruct ion be�
came a most important informat ion source for recon�
structing the history of the land�use/ cover situat ion.

Depending on the abundance of remotely sensed

data and the integrated technology of remote sensing

and Geographic Informat ion System, the project w ill

reconstruct the land�use history in the m id 1980s w ith
man�machine interactional interpretat ion w ithin an

overall dig ital working environment. Comparing the

land�use situat ion in the mid 1980s w ith that of the

mid 1990s, the modern change process and the

change t rends on land resources and ecological envi�
ronment can be derived in order to prov ide useful in�
formation on forecasts and decision advice.

3. 3 � Research on Regional Characteristic of Land�
Use Dynamics in the Past Ten Years

As a larg e country , China exhibits great differ�
ences in natural resources and social econom ic devel�
opment. Obv ious regional characteristics also ex ist in

land�use pat terns, land�use structure and land�use in�
tensity . T he purpose of spat ial comparison and analy�
sis in land�use and land�use change in different areas
is to get a full understanding about spat ial land�use in�
formation and the spat ial characteristics of land�use
change, and thus to assure the validity and ef fect ive�
ness of making decisions. It w ill also be helpful for

the sustainable development of natural resources and

environment, w hich can be used as a way to achieve

the sustainability of regional economic development

and ult imately to realize the concordant and further

development of the nat ional economy.
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T he establishment of ∀ Nat ional Environment and

Resource Database and Informat ion System# provides

not only the data resource for comparison and analysis

of the spatial characterist ics of land�use, but also the
technique and methodolog y are needed in such kinds

of studies. In addit ion, it is the premise for improv�
ing quality analysis. On the basis of the comprehen�
sive and systemat ic study of time�serial data covering
the mainland of China, this project w ill explore the

temporal�spat ial dynamics of national resources and

environment as w ell as their characterist ics in differ�
ent regions. Examples are: ( a) The regularity and re�
g ional characterist ics of land�use. ( b) Spat ial land�use
st ructure and its regional differences. ( c) Land�use in�
tensity propert ies and their reg ional dif ferences. ( d)

Quantitat ive descript ions of the characteristics of

land�use change processes in the past ten years by use
of the new concept of ∀ land�use change degree# and

forecasting the change tendencies in land�use pat�
terns, land�use st ructure and land�use intensity.

T he research emphasizes the follow ing aspects:

( a) Changes in urbanization and basic farmland re�
source dynamics. ( b) Forest resource dynam ics. ( c)

Lake dynam ics. ( d) Desert ification dynamics in semi�
arid and arid areas.

T he analysis and tendency forecasts in land�use
change characteristics w ill be performed in six zones:

Northeast China, North China, Northw est China,

Southw est China, Central China, and East China.

3. 4 � LU CC Contemporary Processes and the Driving

Forces in Typical Research Zones

In the past ten years, w hile the economic zone a�
long the Changjiang ( Yangtze ) River has achieved

g reat prog ress in economic development , but environ�
ment problems have occurred. T he project selected

this zone as a case study area because of its unique

characterist ics w ith mult iple land�use categories, dif�
ferent econom ic development levels, and different

landscapes. Through the case study, we can get the

premier data material to construct and rebuild the

mutual effect betw een the LU CC and the driving

forces f rom nature and from human beings. Accord�
ing to the landscape of the Changjiang River, four re�
search dist ricts are dist inguished. They are:

Changjiang River delta, M iddle Changjiang River

plain, Three Gorges Reservoir, and Changjiang River

upper reaches area.

4 � METHODOLOGY

Historical remotely sensed data is an important

informat ion source to reconstruct the history of land�
use/cover. Since the 1970s, larg e amounts of these

valuable data have been received f rom the satellites

and those data have been preserved as dig ital image

data or photos. Relying on the historical remotely

sensed data and some other point data sources and

survey data sets, the land�use/ cover situation and

other relevant terrest rial environmental conditions of

the t ime can be reconstructed through interpretat ion.

Through comparing the historical condit ion w ith the

recent one, the environmental change characterist ics

during this period can be revealed. Assisted by spa�
t ially disaggregated socio�economic data, the environ�
mental and human driving forces, and the interacting

process betw een them, also can be ident ified. Ac�
cording to the above idea, the experts group of the

LUCC research project puts forward a methodology to

study the land�use/ cover change in the past ten years
( 1985- 1995) almost covering the w hole country.

The methodolog y is as follow s:

( 1) Interpret ing the historical remotely sensed

data sets of the year 1985 and the new ly developed

data sets of the year 1995 through overall man�ma�
chine interact ion before the land�use/ cover change de�
tect ing operat ion.

There are two main w ays to detect the LUCC

using remotely sensed data imaged at dif ferent dates

f rom the remote sensing plat forms. One is to compare

the tw o images direct ly using digital change�detect ion
techniques. T he other w ay is to interpret the images

and change detection. Advantages and disadvantages

both ex ist in the tw o methods.

With regard to the first method, although it
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needs less labor and has higher processing speed in de�
tecting changes, it also has rigorous demands for im�
age quality and consistency in sensor type, imaging

dates and overall image characterist ics, and so data

pre�processing requirements are crit ical. The histori�
cal remotely sensed data for the m iddle of the 1980s

for China have just been acquired from different re�
mote sensing plat forms and from dif ferent sensors. In

other w ords, it is impossible to make the data sets of

the tw o dates compat ible thoroughly over the large

area of China. In addit ion, the change detect ion re�
sults obtained in this w ay contain much false informa�
t ion, in that the detected changes are probably not

true land use/ cover changes but are only due to differ�
ent imaging dates.

By comparison, the post�classif icat ion change de�
tection process by overall man�machine interact ion in�
terpretation does not have the crit ical requirement for

image quality and precise comparability. Further,

this interpretat ion method has very high accuracy due

to the experts  integ rated geo�scient ific knowledge

involved in the classif icat ion process. Generally , a

classificat ion criterion should be pre�const ructed be�
fore interpret ing the images, so that consistency be�
tw een the land�use/ cover maps can be ensured. As an
input to this project, the land�use maps at scale

1!100 000 for the year 1995 have been completed af�
ter about tw o years of w ork, and the interpret ing

process on the image data for the m iddle of the 1980s

is now gett ing underway. The personnel in charge of

this interpret ing w ork are almost the same as for the

mid 1990s data. Therefore, the comparability be�
tween the two dates of land use maps w ill be very high.

( 2) Construct ing data criterion and operat ionalizing

standardization in the temporal�spatial dynamic database.
In order to manage the mult i�temporal series of

data efficiently and ensure the consistency betw een

the series of land�use maps of mult iple dates, data cri�
terion, data operat ing standardization, and a tempo�
spat ial database including data management and data

maintenance, should be established.

( 3) Developing land�use/ cover temporal�spat ial
database system and metadata database.

Relaying on the two date series of nat ional agri

cultural land resources databases at the scale of

1!100 000, and with the consistent data and metadata cri�
terion support, the project will build up both an integrated

temporal�spatial database and its metadata database.
( 4) Generating the land�use temporal�spat ial

themat ic data sets.

A dynamic database at the scale of 1!1000 000

w ith different themat ic subjects including farm land,

urban area, forest and lakes for all of the country as

w ell as desert if icat ion dynamics in sem i�arid and arid
reg ion w ill be developed by overlaying the land�use
data of two different periods ( mid 1980s and mid

1990s) . The contemporary land�use/ cover change

processes from the end of the 1950s along the

Changjiang River w ill be derived using spat ial analysis

tools and the LUCC process database of different case

study areas w ill be derived by employing the land use

data of the tw o periods and other relevant data.

5 � DISCUSSION

This LUCC research project is supported by the

Chinese government, so it w ill serve the government

at the nat ional level directly. The implementat ion

plan w as brought into pract ice tw o years ago. During

the former process, we confronted many new mat ters

that had not appeared before. However, by t rial and

error, w e tackled these problems through developing

expert ise, and as a result plenty of experiments have

been obtained. With the support f rom these two peri�
ods of databases and these valuable experiments, we

can research more t ime�slices of land�use and cover
history, reconst ruct ing the historical condit ions and

change processes, and understand the role of change
in the terrest rial biosphere under the interact ivit ies

betw een humans and nature.
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