(I REFRE ST
BR5K

o WEE FRE B O LN % %

- & F § F F F F 5

=
. . 5 o e P s £
4 e I N 4

- B y

o -\ = i

T eay T8 A 5

5
— -4

= H# 4 & K i




BEIREHFHESTRRES KK

y.

HEG FRR MW Al FOE

@4 F % M B

b &t



m B B N

A A5 2 M A U R U A R I E S L E DEM IR A L4
LA St X 3 - v B TR A B I AT 0 R SR LA L IR A i 22 oK BT Ah SE b
LIV ARSS & MO KB SRS A& . MRS 20
SrTASS A, BRSNS A S —-RIPFR L, BET &5
A CHET DEM Y8 + @& BUECF B o OB s S k. B8 T —Ht A
S R LR . AP LAEBONLRALINZE, N DEM fE, RE. #ik
5 B, MR RIS R R, Mo AR A0 Oy i B2 R T o &
[EEREE

AP A M BT, AR . ML FRARSE Ll (B AT A B ARk B R
ANABEES%,

BB EMS B (CIP) BiR

HEREBERFHEMTRR SIS/ HZEE —dun. B# s,
2015.3
ISBN 978-7-03-043034-2

[. @ 0. O 0. OB FHA-NH-# + 8 78 &0 b -t

75 IN. OPY42. 407. 4-39
o E AR AR B AR CIP BUdiE T (2015) 4 009466 5

TAEGE . RiER FHIE ) RAEE. ROE O RER
WA R . RO/ HEkt. £

@4 F & Moa i
AR BRI ST 16 5
BB 4G : 100717
http://www .sciencep.com

FRMAZH T EIR
Flog i Mt k4T A abE R AN 28
2015 4F 3 S — ML FFA. 787X1092 1/16

2015 4F 3 I —KEDRI  EPgk. 23 3/4
T8 563 000
Effr: 129.00 5T
CUn A B 2Re T3 o 1) 0, 44 B 32 9 400



]$

REATHFENMATANELHYE, EFERUXRLKRANE FE
B, UHEAWE LR, ETEANEL MR XA BENLEEZM, U
FEK-AXKEHREERATHER S MR TEAmE L TH, HEHL
REEAHFEFENENHER R —, GRZREHMKAFTHEHFHY R
—AARRRENEEZE SR, B, REAELRE. £+ 5 EFHE
FIE, ELHAD TN, ELIEFBRAESIERGHRBEES THOHAR
HWEATHRANONS ., EHEIHHEOFHRT L, WERGTERAOKE. HF
¥, ARHEGCEHRFERANBRGLE, HHEANMELIN T EF KT
—EAUNTE, HY BTN BEAALSEA, AT H T EHEA
(DEM) EFEAMELFETHRPE T, HEMBPEZH EFIRRE 247,
MO ARTEREAMFRRAAEE THAMARETEE, ARAERE
TGN X THVEN MY 27k, B, REXWAHMBEEENE T,
WHFREITTRER KX ERENBFHT 2o KR AT WA &1,

LA ERHBZATIANBEFHB N RAH R4, K20 F %k —H#
RTHRFEREBAREFHV TN ERE FEHAR., 21 L4, AR
AFRAEZNEELEATHE, R EERE T H LML AT 0 H
k. LER, WEEBREABFRLELTNE, EXSIHXNEARASE
HEFENIFT, TE LT RBFHEHEANHE, URELHERFH
Wam B E#iTTERNRANKER, EE60MELTEMT EH . #
NEEN, EHEZEE. BN 5456, X2 5V EH SR AN L, #—
FSRHUT BEH IS EMLHATNFT . BIHREELIERESHRE
DEM R EHME., ELEEBFTHELONAORERNE, ELH5REHHEHM
EERB G, ELEEHAMEERELW FEEFTH, BT EEHhE
WAlHE T ERH., A EEF (FLHRERFHE L TEETES LK) o2
EHRLrARRRNBEEME LS, dAFHREHEK., FF —EXHAT
HALHFAEEEMERMEE S, RAXRIANMEXKZRUATHES.
BURARENAERMELE RN G R FE, TELHEHHEAL
. ZWoRERE. B FECNEEHRTENNAF. 2 EHRE, BT
HELHREMRELXEAEN AR, W ZELIR AL RALBESLEABEE
BIBWERBETHFRE, AEZLEXTEAHBELERGIS 2 H 4

1 -



WHEMNEERRMFFAFTREARNRR, TE2REZMREERK R REH
FHERETEREZ,

BR, AEHxFHRE LN ERLBRBERNN R I EF
(Geomorphometry) E R AW HNFHEE L L¥F., ECL LG AT EEIRK
Wit EF ALY, FRABHBEAELEALEREFT LAY B, £
TREAEZABNAXRCHRINEREATH AT, RELEFHELAMEET L
BEXNEAFENEARBRAK, EmFEHAEMEREATR. 45H#
B, BPREHBZFHEV IV ERRITEFHAIOREM EHE, #—F
RAREBFRXAEE LT EAR LWERAEH A, H GISH B EELR,
M4 R R IR R G A F o &R E R RN BT

W ﬂ%‘m&&%@[\%

20154F 2 H 1 H



Foreword

Loess landform in the Loess Plateau of China is famous for its thick loess deposits,
variouslandscape types, serious soil erosion and unique geomorphology formed by hu-
man-nature interaction under the background of globe change during the Cenozoic Peri-
od. Therefore, the Loess Plateau is hailed as one of the most valuable areas for earth
science research of the world., it is also been regarded as the important stage for Chinese
earth science researchers to make world-leading research achievements, which can be
exemplified as formation and micro properties of loess, paleo environment of the Loess
Plateau, pedology characteristics of loess and loess geomorphic features. At the same
time, outstanding achievements have been made in loess geomorphology research. In re-
cent years, the formation and development of modern geographical information science
and technology has brought a revolutionary change in traditional geo-science analytical
methods. All kinds of land surface derivatives and terrain features can be derived auto-
matically using the technology of digital terrain analysis (DTA) based on digital eleva-
tion model (DEM) . Thus, it laid the foundation and opened a new way for in-depth
knowledge discovery in geo-science, which fundamentally changes the traditional meth-
ods of terrain analysis based on topographic maps. Meanwhile. the establishment of na-
tional basic terrain topographic database also provides advantageous conditions for
multi-scale digital terrain analysis in the Loess Plateau.

The researchteam led by Professor Tang Guoan has been studying the theory and
methods of digital elevation model and digital terrain analysis in the past 20 years. In
the beginning of this century, he had taken the lead to propose a slope spectrum analysis
method for the investigation of loess landform. when he was a postdoctoral fellow in the
Department of Geology, Northwest University. In recent years, under the support by
projects of the National Natural Science Foundation of China. National High
Technology Research and Development Program of China (863) etc. , he has made more
deeply and systematically explorations in the construction of DEM and method of DTA
for the study of the Chinese Loess Plateau. The group has made important theoretical
innovation and methodological breakthroughs, especially in the high fidelity DEM, scale
effect on DTA, extraction and analysis of topographical features and terrain information
spectrum in loess landform. This monograph., Exploration and Practice of digital ter-
rain analysis in the Loess Plateau is the summary of previous research results. and will
be published by Science Press. The authors have been exploring and investigating loess
landform spatial variation from micro to macro scale as well as the landform evolution.,
through a combination method of field surveys and virtual experiments, typical sample
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area and regional differences, theoretical research and applicable extension. This study
has deepen the understanding of loess landform formation and evolution in the Loess
Plateau of China, and provided a scientific basis for the implementation of the loess soil
erosion conservation and ecological reconstruction. This monograph is also an important
study of earth scientific issues based on basic geographic data and GIS spatial analysis.
and is expected to enrich the theory and methodology of earth system science.
Nowadays, Geomorphometry, developed on the basis of digital terrain analysis,
has been an important sub-discipline of geomorphology. Among the total 4 times of
Geomorphometry International Conference. 2 of them were hosted by Prol. Tang Guo’
an and his research team in Nanjing Normal University. which shows the research a-
chievements in the Geomorphometry field are accepted by the international experts. 1|
hope the authors can [ocus on the Loess Plateau. keep up closely with academic {rontiers
and national major demands, actively promote digital terrain analysis and Geomorphom-
etry. in order to enhance our research leading position of the LLoess Plateau in the world
and make due contributions to a well combination between GIS and earth system sci-

ence.

Zhang GuoWei
Feb 1. 2015
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Preface

The Loess Plateau of China has been regarded as one of the most unique geographic
region for geo-research in the world. It is the cradle of the Chinese nation and the birth-
place of Chinese civilization. The Loess Plateau is famous for its continuous distributed
and thick loess strata, typical loess landforms. severe soil erosion and brilliant history.
The loess research also arouses wide interest in modern geographical research. For more
than a century. researchers from all over the world have achieved many important re-
sults, such as loess origin, paleogeographic environment of the plateau, micro-material
properties of loess, pedogenic environment of loess and the characteristic of soil erosion.
After more than two million years of loess deposition and sculptured by water and wind
erosion forces. the loess landform, with complex and diverse landscape as well as specif-
ic spatial distribution pattern, has been formed on the basis of the inheriting of the un-
derlying palaeotopography. During the Quaternary period, the tectonic activity within
the Loess Plateau performed integrated and intermittent uplift in the middle, but ongo-
ing depression on the edge. and the spatial variance of soil erosion condition from north
to south. which contribute together to the unique and specific loess landform combina-
tion. The research on the spatial pattern of loess landform has important theoretical sig-
nificance and broad application prospects in revealing how the material and energy
shaped the landscape. the spatial variance of loess terrain characteristics and the inner
mechanism of the formation and soil erosion process of loess landform. This research al-
so plays an important role in guiding the ecological restoration and regional sustainable
development on Loess Plateau.

Since the 1950s, many scholars have been engaging in the loess landform research.
Loess landform classification has been investigated qualitatively or semi-quantitatively
from the perspective of tectonic, erosive, morphological characteristics. On a basis of
the loess landform genes and its morphology, the classification system of loess landform
has been improved and perfected. geomorphic maps with multiple scales have been com-
piled, and the development pattern of loess landform has been cleared. They also ana-
lyzed the combination and distribution of loess landform, proposed the basis methods of
loess landform research quantitatively, established a theoretical model to classify the de-
velopmental stage of watershed landform, and studied how erosion intensity changes ac-
company with the evolution of watershed landform.

With the development of RS and GIS, the researches on the Loess Plateau opened a
brand new page. Especially in recent years, the establishment of DEM dataset with dif-
ferent scale and the continuous improvement of DTA methods laid a solid foundation on
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revealing the spatial regulation and distribution of the landform in the Loess Plateau.
The concept of DEM was put forward by Miller for the first time in 1958. After decades
of development, many basic theoretical issues such as the DEM data model. the method
of digital terrain analysis, theaccuracy and scale problems of digital terrain analysis were
studied thoroughly. The theories and methods of digital terrain analysis based on DEM
become gradually mature.

The school of Geographical Sciences in Nanjing Normal University has been
engaged in the research of DEM based digital terrain analysis in the Loess Plateau of
China. Back in the 1990s, our research team has already done the research of the loess
shoulder lines and loess gully heads. Since the 21st century, the team has attracted
scholars majored in digital terrain analysis from the country. With the support of a num-
ber of National Natural Science Foundation and the National 863 Project. the team car-
ried on a deep research on digital terrain model construction and uncertainty analysis,
especially the exploration of the theory and methods of digital terrain analysis used in
the Loess Plateau of China. And finally, the team summarized [our major digital terrain
analysis method including terrain derivatives extraction, terrain feature extraction, ter-
rain geo-statistical analysis and geo-modeling. The research team also made several sig-
nificant achievements like fidelity DEM building in a complicate loess terrain. accuracy
and uncertainty of loess terrain feature extraction, loess landform analysis based on ter-
rain information TUPUet al.

However, the DEM is essentially a discrete point cluster with different sampling
methods to record the elevation of surface. The geomorphologic features showed from
DEM can only represent the surface morphology and spatial variation. It is a clear and
difficult problem that whether we can on a basis of DEM data and innovative digital ter-
rain analysis method, to investigate the loess landform formation mechanism and the
scientific problems fluvial geomorphology. In particular, the existing digital terrain anal-
ysis methods are mostly based on the calculation method of 3 by 3 grid window analysis.
It is a dilficult problem in {ront of us to break this “myopia” analysis method and imple-
ment a macro loess landform analysis method for regional scale. To solve
aforementioned problem., under the support of the key project of National Natural Sci-
ence of China named “DEM based research on the spatial pattern of loess landform in
the Loess Plateau”, we has made a further study on the DTA method used in loess land-
form. We have proposed a list of new DTA methods. such as keyterrain derivatives sys-
tem in loess landform, slope spectrum analysis, terrain feature point cluster analysis,
terrain texture analysis. slope-landscape analysis. hypsometric integral analysis, land-
form inheritance. We try to reveal the spatial pattern and genetic mechanism of loess
landform under a new vision.

This book is a comprehensive summary of the research work composed of a list of

published papers in recent years. This entire book is compiled by Tang Guoan. Li
JB.



Fayuan, Yang Xin and Xiong Liyang. The compilers of each chapter are as follows: the
first chapter are Tang Guoan and Li Fayuan; the second chapter are Li Fayuan and Yang
Xin; the third chapter are Wang Chun, Dong Youfu, Zhang Ting, Zhan Lei, Zhao Wei-
dong, Zhu Shijie, Jiang Ling and Xiong Liyang; the fourth chapter are Tang Guoan and
Yang Xin; the fifth chapter are Tang Guoan, Li Fayuan. Wang Chun, Zhang Wei, Tao
Yang and Liu Kai; the sixth chapter are Li Fayuan, Zhu Hongchun, Luo Mingliang,
Xiong Liyang, Zhou Yi. Song Xiaodong, Yan Shijiang and Zhang Lei; the seventh chap-
ter are Yuan Baoyin, Xiong Liyang, Cao Min, Wang Chun and Zhu Shijie.

Finally, we would like to express our gratitude to all those who gave our team a lot
of specific guidance and help during the writing of this book. They are Prof. Yuan
Baoyin from the Institute of Geology and Geophysics, Chinese Academy of Sciences;
Prof. Lu Zhongchen from the Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences; Prof. Zhou Chenhu from the Institute of Geographic Sci-
ences and Natural Resources Research, Chinese Academy of Sciences; Prof. Yang
Qinke and Li Zhaoshu from the Northwestern University; Prof. Josef STROBL from
the University of Salzburg; Prof. Gan Zhimao [rom the Shanxi Normal University;
Prof. Zhang Pingcang {rom the Yangtze River Water Resources Commission; Prof. Lv
Guonian, Xie Zhiren, Huang Jiazhu, Liu Xuejun. Wei Yuchun and Long Yi from the
Virtual Geographic Environment of Nanjing Normal University. We also thanks to the
field work support from Upper and Middle Yellow River Bureau. Suide Soil and Water
Conservation Experimental Station and Xifeng Soil and Water Conservation

Experimental Station.

Tang Guoan
July 2014
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