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Preface

River regime refers to the plane form and development variation trend of river
course flow. River regime evolution process is the plane form variation process of river
course flow, and is also the inter-acted and inter-affected results from both inflow and
in-sediment conditions and riverbed boundary conditions. The Yellow River, known as
the top of sediment-laden rivers in the world, has a continuous deposition-induced
riverbed rise and a great river course flow wandering in the downstream, resulting in the
unique Yellow River regime variation phenomenon. Flow creates river channel while
river channel restricts flow. Combination of various inflow and in-sediment conditions
creates various channel forms and gradients, and change of boundary conditions affects
flood and sediment discharge in river channel consequently. The downstream Yellow
River regime is in such an endless variation process.

The Yellow River has less water and more sediment in the downstream, and the
inharmonious water-sediment relationship leads to the wandering of river course,
disposition-induced riverbed rise, and great river regime variation in the downstream.
Such phenomenon as “transverse river reach” or “deflective river reach” is apt to appear
at flood time with great potential, destroying farmland and villages in flood plain in the
downstream. In case that flood strikes directly upon the Yellow River embankment,
inrush will probably occur, which will drive the life and property of the downstream
people into great danger. Therefore, information about river regime variation has always
been one of the important basises for Yellow River downstream flood control decision.

River regime monitoring aims at providing information about river regime variation
for the Yellow River flood control decision timely, preventing disaster in advance for the
purpose of lessening loss, and providing basic information for river evolution rule study
and engineering planning and design as well. The main task of river regime monitoring is
to conduct observation of riverbed plane form and flow form. At present, river regime
monitoring is conducted before and after flood each year in the way of inspecting river
form by staff along river in boat, observing main current in river course based on
previous experiences and in-hand observation instrument, drafting main current line
manually on river course topography in scale of 1:50000, and producing river regime
map. A great deal of people and materials as well as more than ten days are required for
each inspecting. During flood, for the safety of boating in the river, observation of local



river course flow form can conducted by staff only on the bank of vulnerable sections,
and river regime variation trend during flood can be speculated with reference to the
river regime map coming from inspecting which is conducted before flood. It can be seen
that the river regime information obtained in this way is of great limitation.

In recent years, with remote sensing technology development and its broad
application in water conservancy field, monitoring river regime with remote sensing
technology has become an inevitable trend. Due to the characteristics of powerful
macroproperty, quick information obtaining, non-restricted site condition, etc., remote
sensing technology has played an important role in Yellow River downstream ministering.
Analyzing the work of the recent years finds that process of remote sensing of river
regime mainly includes acquisition of remote sensing image, pre-processing of remote
sensing image, interpretation of river regime information, drafting river regime map by
remote sensing monitoring, comprehensive analysis of river regime, preparation of river
regime monitoring report, etc., in which interpretation of river regime information is the
key link and also the most complicated and difficult link.

The process of river regime interpretation is the process of interpreting river regime
factor with remote sensing image. Based on the analysis of river regime monitoring in
the recent years and with consideration of actual requirements for flood control, the
remote sensing monitoring factors of river regime can be summed up as 3 major
monitoring factors, namely, dynamic tracking, fixed boundary, and specific river reach.

(1) Monitoring factor for dynamic tracking mainly includes main channel of river
course, water area, water margin line, main current in river course, braded flow, chute,
and sand bar, etc. They change with the change of inflow and in-sediment conditions,
and are the important information about river regime variation. (2) Monitoring factor for
fixed boundary mainly includes vulnerable sections, river course control works, flood
plain protection works, nodes and natural boundary (e.g. natural mountain bend, and
bend with fine sediment), etc., and water retaining structures and over-river structures
(e.g. bridges, floating bridges), etc. They are the fixed and certain boundary conditions in
long term which shall generally be monitored once a year. (3) Monitoring factor for
specific river reach mainly refers to the monitoring of key items in specific river reach,
generally including monitoring of unusual-shaped reach, lotusroot-shaped reach, and
river facies of river reach, river reach scouring-deposition analysis and monitoring, as
well as bankful flow analysis (uncondcted yet), etc., in which water area of river course,
water margin line, main current in river course and some other factors describe the
variation of river course flow dynamically, especially reflecting main current line of river
course main current, they can be deemed as the essentiality of river regime map and are



the key factors to know and control dynamic river regime variation. Monitoring factor for
dynamic tracking and monitoring of specific river reach are the key items discussed in
this book.

Main current of river course is the flow belt with maximum flow velocity and strong
flowing form in the river course flow, reflecting the location where the maximum
momentum in river course flow exists. In flood control, centerline of main current belt is
often adopted to indicate the main current location, and the centerline of the main
current belt is named as main current line. Because remote sensing imaging mechanism
for main current of river course is very complicated, further continuous study on remote
sensing monitoring technology for main current line shall be conducted by more related
people, and the technology shall be continuously developed and improved through
long-term practice of river course remote monitoring. At present, intermediate results
have come from 2 projects, namely, Yellow River Flood Control Science and Technology
Project— Study on Main Current Line Interpretation Technology for Yellow River
Downstream River Course Based on Multi-sources Remote Sensing Data (Contract No.
2006101. The Project is implemented jointly by Information Center of Yellow River
Conservancy Commission (referred as YREC hereinafterJand Computer Science and
Technology School of Northwestern Polytechnical University), and Returned Student
Science and Technical Activity Project Financed by China Human Resource Department
in 2007 —Automatic Interpretation Technology Application of Main Current Remote
Sensing Image for Yellow River Downstream River Course. The results have been
preliminarily applied in remote sensing monitoring of river regime.

In specific river reach monitoring, river regime variation monitoring of
unusual-shaped bend reach is an important item. The unusual-shaped bend is a
common phenomenon in sediment-laden river, and it is a result from unharmony
between river form and inflow and in-sediment process and from automatic adjustment
process of riverbed plane form. Unusual-shaped bend in Yellow River Downstream has
great impact on river regime, and it often leads engineering works away or half-away
from the river, and creates transverse river reach and deflective river reach, greatly
endangering the embankment. Remote sensing monitoring shows that during generating,
progressing, vanishing, and regenerating of unusual-shaped bend, the degree of
twisting-induced bend deformation governs the unusual-shaped bend evolution process.
However, in the present bend study, result on twisting-induced bend geometry
deformation has not been obtained yet. In the study on Yellow River downstream
unusual-shaped bend monitoring, for the first time, the concept of bend normal angle is
adopted to quantitively describe twisting-induced deformation degree of unusual-shaped



bend and to quantitively analyze the normal angle sensitivity in unusual-shaped bend
evolution. The application of bend normal angle concept will provide new thought for
study on unusual-shaped bend evolution rules.

In lotusroot-shaped reach monitoring, the advantages of remote sensing technology
are adopted to conduct integrated monitoring and quantitive analysis to lotusroot-shaped
river course in the Yellow River downstream, and the technology will promote analysis
and study on river regime variation rules of lotusroot-shaped reach. In Tiexie-Gaocun
reach in the Yellow River downstream, there exist many lotusroot-shaped reaches in
various widths, with wide and shallow river courses, many islands, quite dispersive
current, and complicated river regime. The remote sensing monitoring images for 2002 -
2008 river regime map are adopted to analyze the characteristics of lotusroot-shaped
reach from Huayuan Township to Zhaogou, and new analysis method for river regime
variation of lotusroot-shaped reach is-developed.

In remote sensing monitoring of river facies of river reach, river facies reflect the
riverbed configuration under the conditions of a certain inflow and in-sediment and
riverbed boundary. The monitoring of river facies coefficient can briefly describe
scoring-deposition balance degree of river course quantitively. In actual application, due
to limited routine monitoring information, river facies coefficient of cross-section is often
adopted to describe characteristics of river course, leading to great limitation. In remote
sensing monitoring of Yellow River downstream, the conception of river facies coefficient
for river reach based on remote sensing image is proposed to speculate the average
water surface width and average water depth of the river reach with reference to
hydrologic information, and the analysis and study on river facies coefficient of river
reach have a remarkable progress.

Scouring-deposition-induced river course variation is one of the internal reasons for
river regime variation. The basic thought for analyzing and remote sensing monitoring of
scouring-deposition river reach is to acquisition the remote sensing image of river flow
plane form of a certain time during a flood, collect observation data about level and
discharge at this time, analyze and establish the level and discharge relationship of river
course and plane form of river course at this time, and the comparison of previous
relevant relationships at various times can lead to the knowledge of river course
scouring-deposition variation degree of the river reach. This method provides a new
approach for analyzing scouring-deposition variation and river regime variation of river
reach during flood.

The deep impression resulted from practice of remote sensing monitoring for many
years is that the present remote sensing technology is in a rapid progress. The State



Government has been increasing fund input into this aspect year by year, and great
attention has been paid to remote sensing application. However, the advantage of
remote sensing technology is obvious in some work while difficulty for actual application
still exists. The main reason for the difficulty comes from the phenomenon of “the last
kilometer”. To solve such problem, the State Government is proposing “popularizing
remote sensing as business” and promoting quick progress in remote sensing
application. When remote sensing technology is facing multiple aspects of application
business, “bring-in” of the technology does not mean effective application. For the
purpose of the effective application, remote sensing personnel shall carry out careful
and specific business application study on specific business application problem to
transmute the technology into the productive forces as soon as possible. The technology
of monitoring factor for dynamic tracking discussed in this book is an application study
on interpreting flood information with remote sensing image, especially the study on
interpreting the main current of river course will solve the problems referred to as “the
last kilometer” in remote sensing monitoring of river regime. The discussion on
monitoring factor for specific river reach in this book is to explore the way for combining
remote sensing information and routine hydrologic information, find a new approach for
solving the actual problem, and further extend the application of remote sensing
information.

This book is in 4 units for documentation structure. Unit 1 includes Chapter 1,
Chapter 2 and Chapter 3. In Unit 1, the basic knowledge of river regime characteristics
and monitoring factors and other business for Yellow River downstream is introduced,
remote sensing monitoring procedures and monitoring items for Type Ill downstream
river reach factor are briefly described, and processing method of image enhancing is
discussed for monitoring practice of river regime. Unit 2 includes Chapter 4, Chapter 5,
Chapter 6 and Chapter 7. In Unit 2, monitoring technology for dynamic tracking
monitoring factor is introduced, such as water area, water margin line, main current in
river course, etc., and specific characters of main current spectrum of river course and
method and technology to monitor main current line of river course with application of
multi-spectrum image and SAR image are discuses. Unit 3 includes Chapter 8, Chapter
9, Chapter 10 and Chapter 11. In Unit 3, monitoring method and technology for specific
river reaches are discussed, such as unusual-shaped bend, lotusroot-shaped reach,
river facies of river reach, river reach scouring-deposition, etc. Unit 4 includes Chapter
12. In Unit 4, software for monitoring main current in river course is explained with
examples from application. Unit 2 and unit 3 are the focuses of this book.

This book is executed by Prof. Liu Xuegong and Prof. Zhang Yanning. Chapter 1 is



prepared by Li Xudong and Liu Xuegong. Chapter 2 is prepared by Liu Xuegong and Han
Lin. Chapter 3 is prepared by Han Lin. Chapter 4 is prepared by Zhang Yanning and She
Hongwei (Section 2 by Liu Xuegong). Chapter 5 is prepared by Han Lin and Wu Yan.
Chapter 6 is prepared by Zhang Yanning and She Hongwei (Section 4 by Han Lin).
Chapter 7 is prepared by Zhang Yanning, Li Ying and She Hongwei. Chapter 8 is
prepared by Han Lin, Liu Xuegong and Ling Xudong. Chapter 9 is prepared by Han Lin
and Li Xudong. Chapter 10 and Chapter 11 are prepared by Liu Xuegong and Li Xudong.
Chapter 12 is prepared by Zhang Yanning, She Hongwei and Duan Feng. Han Lin
prepared about 90000 words, She Hongwei prepared about 55000 words, Li Xudong
prepared about 55000 words.
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