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Preface

As early as the Western Han Dynasty era, the industrious people of Zhejiang began
continuously to enclose tidal flat soil for cultivation. According to the remote sensing investi-
gation by the authors of this book, up to the year 2001, there has been 3. 54 millions mu
land reclaimed from the sea in Zhejiang, while 2. 55 millions mu tideland was enclosed after
the foundation of the People’ s Republic of China. Until today, there are still 2. 08 and 1. 56
millions mu enclosed tideland used as arable land, which correspond to 6. 65% and 5. 01% of
3. 12 millions mu arable land of Zhejiang Province in 2001, respectively. The cultivated land
area of Zhejiang decreased from 31. 21 to 29. 98 millions mu during 1997—2004 based on the
research report of Zhejiang Academy of Land Investigation and Planning. It showed a net de-
cline of more than 1. 73 millions mu in these 7 years, and 0. 25 million mu farmland was de-
creased annually. However, according to the new survey published in No. 7, 2007 of the
journal Zhejiang Land Resources, there was 0.53 million mu tideland enclosed during
2004—2007,, and 0. 13 million mu per year. Suppose half of the newly enclosed tideland was
used as arable land, 0.07 million mu farmland can be increased per year, then a quarter of
the loss arable land of Zhejiang will be replenished. Moreover, it was suggested in the Mas-
ter Planning of Zhejiang Tideland Reclamation in 2005—2020 that 0. 52 million mu tideland
was planning to be enclosed in these 15 years, and 34.7 thousands mu land could be in-
creased each year. These above have fully proved that enclosed tideland will play an impor-
tant role in dynamic balance of arable land in Zhejiang Province recently or even decades of
year later, which is significant to the sustainable development of Zhejiang social-economy.

The reclamation of tideland in Zhejiang after the foundation of the People’s Republic of
China can be generally divided into three phases according to the utilization patterns and the
scientific and technological level, i. e. simple agriculture land reclamation, integrated agro-
forestry utilization and ecological agro-forestry construction. At present, the tideland exploi-
tation in Zhejiang is marching towards the new era of scientific utilization and safety reclama-
tion. All the practices in three phases of tideland exploitation make clear that it is of crucial
and imperative significance to furnish the technical support for tideland exploitation and sci-
entific utilization through comprehensive research and development of modern information
technology. The formation of this book Development and Application of Information Sys-
tem for Change Detection of Zhejiang Tidal Flat Soil Resources Utilization is grounded on
the six years’ (1999—2004) persistent research work adopting the currently available ad-
vanced information technologies with series of achievements gained, and on the following
three years’ (2005—2007) systematic generalization with analysis deepened and under-
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Preface

standing promoted. As a result, the book is not only featured with vivid and detailed materi-
als, but also with higher scientific and technological level embodied in the functional services
provided by the Web Information System for Zhejiang Tidal Flat soil Resources Utilization
(WISE-TAIRO) .

The highlights of this book are: (Dwith being operated by the Centre for Technological
Development of Tidal Flat Reclamation of Zhejiang Province, the WISE-TAIRO provides
the information technological support for utilization and management of Zhejiang tidal flat
soil resources, builds the information technological platform for further exploitation of tidal
flat soil resources, of which is great importance to the transformation of the information-ori-
ented management for change detection of tidal flat soil utilization; @ the first attempt to
reproduce the process of tidal flat reclamation over 16 hundreds year in Zhejiang gives a good
picture of historical reclamation of Zhejiang tidal flat soil, reveals the development process
of utilization of tidal flat soil, and provides a solid background for the research of historical
culture and tidal flat soil reclamation in Zhejiang coastal region; @concerning the increasing-
ly shortage of water in enclosed area with continuous reclamation of tidal flat, the sugges-
tion of “three-water-saving and four-water-utilization” was put forward on the basis of analy-
sis and assessment of tidal flat soil utilization trend, which refers to the agricultural water
saving, industrial water saving, civilian water saving, the effective utilization of western
water and meteoric water, reuse of waste water, and seawater desalination; @ several tech-
nical breakthroughs or advances were made in this research including the technologies of
cropland grade evaluation based on B/S structure, WebGIS-based coastal paddy field fertili-
sation recommendation, the retrieve of soil organic matter and the properties assessment of
saline soil using hyperspectral remote sensing, the investigation and sampling strategy re-
search for spatial variation of electrical conductivity in saline soil based on co-kriging. All the
results would be helpful to providing the advanced information technologies for further devel-
opment of the change detection system of tidal flat soil utilization.

I would like to express some of my wishes on the heels of the above impression about
this book. Zhejiang has a large population and relatively limited farmland, the per capita
quantity of cultivated land in Zhejiang is only 0. 64 mu, approximately 44. 8% of national av-
erage based on the statistics data in 2004. It will be certain that the arable land decreases dra-
matically with the rapid growth of the urbanization and industrialization. One of the key
measures to guarantee Zhejiang sustainable economy must be following strictly the viewpoint
of the scientific development, and rationally exploiting and utilizing back-up farmland re-
sources with the support of the innovative and high technologies. It is traditionally obtaining
the concurrence from each term of leading groups and vast agricultural scientists of Zhejiang
that “the Red and the Black” are the main reserves of farmland. The former one, Red, re-
fers to the red soil resources distributed in mountainous and hilly region, and the latter,
Black, means the tidal flat soil resources deposited along the seashore. As a soil scientist, 1

was engaged in the initial research work of applied agricultural remote sensing and informa-
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Preface

tion technology in China. From then on, I had a desire to study and develop the information
technologies for supporting the rational exploitation of the Red and the Black. During 1991—
1998, we have been executing the program funded by the European Community and the key
project in the 8th five-year plan of Zhejiang, then accomplished the book of Creation and
Application of Zhejiang Red Soil Resource Information System. This book, published by
the China Agriculture Press in 1999, embodied a concentration display of our fruitful re-
search achievements during these 8 years, and had the honor of being the very first Chinese
scientific monograph about soil resource information system. In 1999—2004, we successively
implemented several projects, including the China-German Ministerial Cooperation Project,
the Key Project from the Department of Science and Technology of Zhejiang Province, one
post-doctoral research project and two projects financed by Chinese National Science Founda-
tion. On the basis of the good teamwork and substantial results of the above projects during
these six years from 1999 to 2004, Dr Zhou Bin and co-authors wrote this book of Develop-
ment and Application of Information System for Change Detection of Zhejiang Tidal Flat
Soil Resources Utilization, which would be published by the China Agriculture Press in
2008. Till then, after the seventeen years’ great efforts from 1991 to 2007, we eventually
achieve the aspiration of these two counterpart-writings about the Red and the Black, the
back-up soil resources of farmland in Zhejiang.

The lead author of this book, Dr Zhou Bin, graduated from Zhejiang University with a
Bachelor’ s degree in geology in 1992.In 1996 and 1999, he respectively received his
Master’ s degree in environmental geochemistry and Doctor’s degree in applied remote sens-
ing and GIS from Center of Remote Sensing and Lab of State Key Environmental Geochemis-
try, Institute of geochemistry, Chinese Academy of Sciences. After that, Dr. Zhou inaugura-
ted his career as a postdoctoral fellow in our institute, and I became his cooperative profes-
sor during his postdoctoral research. Dr Zhou is a high calibre research scientist with expert-
ise in environmental geochemistry and remote sensing, and I was deeply impressed by his
keen interest, his well-designed plans for researches and his dedicated performance of those
projects he involved. In 2001, Dr Zhou was promoted to be an Associate Professor with a
special approval in Zhejiang University. Dr Ding Li-xia and other co-authors are mostly my
students. They kindly asked me to write preface for this book, so I am very happy to do it

with my impression and wishes.

Wang Renchao
2007.12. 23
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Forward

Zhejiang has abundant tidal flat soil resources along its whole coastal region. People in
Zhejiang started to exploit and utilize tidal flat soil resources from the Western Han Dynasty
era with the history of over 2000 years. While the great social-economical benefits being ob-
tained from the utilization of tidal flat soil resources, many problems appeared about exploi-
tation and protection in resources management including overexploitation and environment
degradation. Therefore, investigation and acquisition of the magnitude, quality and its
change of tidal flat soil resources by remote sensing and information technologies, and fur-
ther carrying out the information-based management, are extremely significant to alleviation
of the problem of large population and relatively limited farmland, reasonable utilization of
tidal flat soil resources, and sustainable development of coastal region.

Tidal flat soil resources develop on the fringe area of land and sea with the following
particular attributes distinct from land resources: (D tidal flat soil resources is one of most
important back-up land resources in Zhejiang Province. For thousands of years, with ongoing
development of new tidal flat, the reclamation of tidal flat furnished not only huge areas of
farmland for grain production, but also much construction land for industry, transporta-
tion, habour, town, development zone and tourism which played very important roles in
economic and social development in coastal region by stimulating the booming of relevant in-
dustries. @ tidal flat soil resources has significant spatio-temporal characteristics of dynamics
and diversity with varying from accumulating sedimentary area to reclamation area, from in-
tertidal zone to land zone, from coastal wetland to upland, and from aquaculture to crop-
land, forest, and orchard garden etc. (3 tidal flat soil resources play an important part in ec-
ological balance of coastal region. As an important ecological environmental factor, tidal flat
locates at the fringe area strongly interacted by ocean and land, the status and its change of
tidal flat soil is crucial to balancing the coastal ecology and protecting the environmental sta-
bility. @ tidal flat is one kind of precious wetland resources. At its prior and initial period of
exploitation, tidal flat soil resources become part of coastal wetland having important func-
tions of underwater level adjustment, degradation of pollutant, climate regulation, biodi-
versity protection, waves absorbing and bank erosion reducing. However, tidal flat soil re-
sources lost its above attributes of wetland once they are enclosed for land
reclamation. Therefore, the exploitation of tidal flat soil resources should be cautious and
adequate areas of coastal wetland must be reserved in order to maintain its functions. The ec-
ological benefits can not be ignored while economic and social profits being pursued.

Aimed at implement of economic sustainable development in coastal region, each term
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of leading groups in Zhejiang Province took exploitation and utilization of tidal flat into ac-
count as strategic target of ecomonic development. Tidal flat have been always covering by
the key research projects in each Five-Year Science &. Technology Planning since the Sixth
Five-Year Plan. The scientific management and sustainable utilization of tidal flat resources
rely on our abilities of rapid acquisition of information about tidal flat soil resources and envi-
ronment, and validity of prediction about results from different utilization of tidal flat soil
resources. Integrated application of advanced information technologies such as remote sens-
ing, GIS and GPS etc. can be certain to play a large role in change detection of tidal flat soil
utilization, and provide the current information about tidal flat reclamation, soil attributes,
spatio-temporal variation and landuse change.

In 1999—2004, we successively undertook several projects, including the Task VI-De-
velopment of Monitoring System for Zhejiang Tidal Flat Soil Utilization of the China-Ger-
man Ministerial Cooperation Project-The Integrated Agro-forestry in Salinate Fields of
Zhejiang Coastal Region, the Key Project from the Department of Science and Technology
of Zhejiang Province-Development and Application of Information System for Change De-
tection of Tidal Flat Soil Resources Utilization in Zhejiang Prouvince, two projects fi-
nanced by Chinese National Science Foundation-Study on Soil Interpretation Using Remote
Sensing Based on Spatial Variation and Landscape Model and Quantitative Assessment of
Soil Nutrients Spatial Variation in Farmland Using Remote Sensing and Geostatistics, one
post-doctoral research project-Intelligent Soil Mapping based on Data Mining. We linked all
above projects together by setting up a unique research group. On the basis of the good team-
work and substantial results of the above projects during these six years, the following re-
search tasks were implemented; change detection of soil resources utilization in Zhejiang
tideland reclamation area, investigation of shoreline change in the accumulating sedimentary
coasts of Zhejiang, development and application of web information system of soil resources
utilization in Zhejiang tidal flat area, spatial variation of saline soil attributes in representa-
tive tidal flat area, retrieving and assessment of soil attributes based on hyperspectral meas-
urement. A series of intensive studies and exploratory researches were carried out including
how to increase accuracy on landuse classification by remote sensing, correlation between
soil mechanical composition, organic matter content, total nitrogen content and reflective
spectrum band, hyperspectral modeling of organic matter content of rice paddy soil, spatio-
temporal variation of saline soil in tideland reclamation area and its application on precision
management, intelligent mapping of soil resources. All the results of those researches are be-
lieved to be very helpful to any further studies on exploitation and sustainable utilization of
tidal flat soil resources.

Based on the above research achievement, a web information system for change detec-
tion on tidal flat soil resources utilization in Zhejiang (WISE-TAIRQ) was developed by
using present-available advanced information technologies such as spatial database engine,

WebGIS, Web3D, Microsoft Reporting Services and dynamic website design. In addition,
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two specified web information systems for cropland grade evaluation and paddy field fertiliza-
tion recommendation were developed on the platform of WISE-TAIRO. All those systems can
offer not only basic data and scientific references for potential research of tidal flat reclama-
tion and rational exploitation and utilization of tidal flat resources in Zhejiang Province, but
also furnish the advanced technologies for developing large-scale change detection system of
tidal flat soil utilization in coastal regions which can serve for cropland quality evaluation,
agricultural regionalization (landuse zoning), and precision management of farmland.

Being divided into three sections, this book describes in considerable detail how the
trend of soil resources utilization in Zhejiang tidal flat area, and WISE-TAIRO was devel-
oped and applied. Section I is the Introduction of Coastal Soil Resources in Zhejiang Prov-
ince, which introduces briefly the background of the Zhejiang coastal region and soil re-
source types in tideland. The main part of this book, Change Detection and Web Informa-
tion System Development of Soil Resources Utilization in Zhejiang Tidal Flat Area, is
presented in Section I, gives a panoramic view of our research works on land use change de-
tection in Zhejiang coastal region of being enclosed for cultivation, investigation of coastline
shifting in the accumulating sedimentary coasts of Zhejiang Province; monitoring the tidal
flat soil resources in the representative study area, integrated designing and development of
the WISE-TAIRO. The last Section, Development and Application of the Specified Web
Information Systems, illustrates two pilot studies on the applied subsystems of cropland
grade evaluation and paddy field fertilization recommendation in coastal area on the platform
of the WISE-TAIRO system. The contributors of this book are Zhou Bin, Ding Li-xia, Shi
Zhou, Zhou Lian-qing, Wang Xin, Zhang Xin-gang, Wang Fan, Huang Ming-xiang,
Zhou Qing and Li Yan. Professor Wang Ren-chao implemented a great deal of organization
and coordination works in the process of the research, provided a lot of valuable suggestion
and help during the forming of manuscripts, and wrote the preface of this book. We, the au-
thors, would like to express our sincere gratitude to him.

On the occasion of the publication of this book, special thanks to the Project of National
Sci-tech Supporting Plan of China (2006 BAD10A07) “Integration and application of various
information service technologies for primary rural areas”, Chinese National Key Discipline of
Soil Science, Institute of Agricultural Remote Sensing and Information Technology Applica-
tion of Zhejiang University, and Key Laboratory of Agricultural Remote Sensing and Infor-
mation Technology of Zhejiang Province for their kind support and fund.

Authors
2007.11
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Abstract

1. Introduction

China has a large population and relatively limited land. The per capita quantity of land
in China is only 0. 777hm?, approximately 33. 33% of world average based on the statistics
data in 2003. As one of the most advanced provinces in eastern China, Zhejiang is facing
more serious problems of human and land. The per capita quantity of land in Zhejiang is
only 0. 23hm?, equals to 9.87% of world average and 29.6% of national average, respec-
tively. Since the starting of Reform Movement and Opening-up police in late 1980s, Zhejiang
has a blooming land requirement for urbanization and industrialization associated with the
rapid growth of local social economy. As a consequence, the area decrease and quality reduc-
tion of arable land has been becoming one of the main impediments of sustainable socio-eco-
nomic development in Zhejiang.

The Red (red soil) and the Black (tidal flat soil) are main potential resources for
farmland in Zhejiang. Thus, the exploration and reasonable utilization of red soil and tidal
flat soil are always included in the key economic development strategy by each term of lead-
ing groups in Zhejiang Province. Especially since the Sixth Five-Year Plan, the red soil and
tidal flat soil have been covering by the key research projects, and to some extent, the a-
chievement of those projects lightened the burden from land demanding.

In order to implement tidal flat soil exploration and rational utilization, we must make
clear the history and effect about the reclamation and utilization of tidal flat, and try our
best to make good prediction for the consequences of the different land use patterns. For this
purpose, we should develop firstly the technology for change detection of tidal flat soil utili-
zation, and apply it on the monitoring of tidal flat reclamation, land use change, temporal
and spatial variation of soil attributes. It has been proved by practical experience that no tra-
ditional technologies but only the development of information system, which integrates the
advanced information technologies including satellite remote sensing, GIS, GPS, internet,

simulation and modeling can meet those above requirements.

2. General technical methods

The development of a routinely operated system for change detection of tidal flat soil
utilization with high standard needs not only solid professional knowledge and reliable latest
e 1 .



