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Abstract: As the only one of its kind, China National Digital Geological Map (Public Version
at 1:200000 scale) Spatial Database (CNDGM-PVSD) is based on China’s former
nationwide measured results of regional geological survey at 1 : 200 000 scale, and is also one
of the nationwide basic geosciences spatial databases jointly accomplished by multiple
organizations of China. Spatially, it embraces 1 163 geological map-sheets (at scale 1 :
200 000) in both formats of MapGIS and ArcGIS, covering 72% of China’s whole territory
with a total data volume of 90 GB. Its main sources is from 1 : 200 000 regional geological
survey reports, geological maps, and mineral resources maps with an original time span from
mid-1950s to early 1990s. Approved by the State’s related agencies, it meets all the related
technical qualification requirements and standards issued by China Geological Survey in data
integrity, logic consistency, location accuracy, attribution fineness, and collation precision, and
is hence of excellent and reliable quality. The CNDGM-PVSD is an important component of
China’s national spatial database categories, serving as a spatial digital platform for the
information construction of the State’s national economy, and providing information
backbones to the national and provincial economic planning, geohazard monitoring, geological
survey, mineral resources exploration as well as macro decision-making.

Key words: 1 : 200 000 Digital Geological Map; Spatial Database; Geographical Information
System

Data service system URL: http://dcc.cgs.gov.cn

1 Introduction
The 1 : 200 000 geological map is the most widely used map for geological routine work,

and is of important value for basic geological survey, evaluation of mineral resources,
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groundwater exploration, engineering survey and geological environment investigation and
assessment; the construction of the China’s national 1 : 200 000 digital geological map spatial
database is of great significance to improve the efficiency of the aforementioned geological
work (Liu FY, et al., 2002; Tang HY, 2002; Li J, 2006; Liu YC, 2013).

The CNDGM-PVSD came into being under the background of China’s duration of the 8"
and 9" Five-Year-Plans, when the investment in geological exploration had been decreasing
annually while the ore-searching risks were increasingly soaring. At that circumstances, the
State was eager to deploy reasonably the pre-exploration work so as to ensure the
breakthroughs of geological research and mineral resources exploration. The GIS system was
then recognized as the most advanced technical-aided approach that can precisely detect the
ore-searching perspectives, the CNDGM-PVSD based on GIS system was consequently
defined as one of China’s fundamental databases to be constructed along the process of
incubation, pilot testing, and massive production, which was seriously treated as the first key
project of China’s geology-exploration information system construction.

Table 1 is a brief introduction of the spatial data metadata of CNDGM-PVSD.

Table 1 Metadata Table of Database (Dataset)

Items Description
Database(dataset) name China National Digital Geological Map (Public Version at 1 : 200 000
Scale) Spatial Database
Database(dataset) authors Li Chenyang, Development and Research Center of China Geological
Survey

Wang Xinchun, China Geological Survey

He Chunzhen, Development and Research Center of China Geological
Survey

Wu Xuan, Development and Research Center of China Geological Survey
Kong Zhaoyu, Development and Research Center of China Geological

Survey
Li Xiaolei, Development and Research Center of China Geological
Survey

Data acquisition time 1957—1995

Geographic area Mainly the land area of the People's Republic of China of 72°~138°E and
16°~56°N; all the map-sheets at scale of 1 : 200 000 are coded.

Data format .mpj, .shp, .doc

Data size 90 GB

Data service system URL http://dcc.cgs.gov.cn

Fund project The Geological Survey of the Former Ministry of Geology and Mineral

Resources Project and China Geological Survey Project (S3.2.1.1-27,
19961831004015-225, 199918310102-08, 19991831008015,
199918310120).

Language Chinese

Database(dataset) composition The dataset consists of 1 163 digital maps at scale of 1 : 200 000; and
each of the digital geological map (i.e. a map-sheet) contains the
following files: a map-sheet grid data file, all-factor vectored geological
map data files, MapGIS graphic layers data files (including data in both
Gauss\meridian formats), ArcInfo graphic layer data, EOO data files, and
attribute database (*.DBF). Main electronic documents: metadata
(illustrations for map-sheet, graphic layer, and graphic layer attribute,
etc.), illustrative documentation (on legends and decorations, modified
field, annotation graphic layer for map-making).
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2 Method of Data Collection and Processing

The geological data of most provinces and autonomous regions used in the construction of
CNDGM-PVSD is mainly sourced from the measured 1 : 200 000 regional geological
exploration reports, geological maps, mineral resources maps that were fulfilled over the 3
decades from mid-1950s to early 1990s; the other vital sources data include the “Correlation
Researches on Provincial Multiple Stratigraphic Divisions” , the  Provincial Regional
Geological Memoirs”, the results of 1: 50 000 regional geological surveys, the related
geological reports, research reports, and the thematic geological maps. Data collection and
comprehensive processing is one of the key steps in constructing the 1 : 200 000 CNDGM-
PVSD.

2.1 Data Collection Process

Data collection for the database construction is completed by MapGIS 6.7; and the
process of collecting data can be divided into 5 stages:
2.1.1 Preparation Stage

(1) Data preparation. According to the selected map-sheets, relevant information
(including maps, reports, analysis data, original filed records cards, and record books) are
collected and trimmed to meet the needs of constructing the database.

(2) Document preparation. Before constructing the database, a highly practical operation
instructions is compiled based on the Guidebook for the Constructing Geological Map Spatial
Database (2.0 version); efforts are also made to compile various attribute cards (tables),
working logs, self-inspection tables, mutual inspection tables, group inspection tables and other
documents.

(3) System database preparation. On the basis of the MapGIS system database, a variety
of rock symbols, line patterns, color box, and indices tables of cartographic parameters are
modified or supplemented.

2.1.2 Data Collection Stage

(1) Scanning the paper-back maps to form digital grid files. When scanning the polyester-
filmed base geological maps or the original copies of paper-back geological maps (or geology
and mineral resources maps), the sharpness and complexity of the original maps are essential
factors for selecting the appropriate scanning resolution in every effort to reduce the scanning
error. Color scanning should be above 150 dpi, while the black-and-white scanning should be
above 300 dpi.

(2) Graphic data collection and editing, i.e., the editing and modification of the spatial
data of points, lines, polygons and other graphic elements. In order to ensure the quality of the
spatial database, knots shall be created between the digital graphic lines; all the polygons shall
be enclosed; the graphical data and attribute data shall be corresponded one to another
respectively; and any graphic error that goes beyond the standard for mapping on relative
scales shall be avoided; especially, the spatial error standard should be obeyed. The line
patterns, rock symbols, legends and various point parameters shall all follow the relevant

national, ministry and industry standards. Therefore, for line or point, their attributes should be
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selected in advance and then are collected separately.

Before the collection of graphics according to the vectorized layers, a series of standard
folders are set up, and the system path is well laid out. In the process of graphic vectorization,
all the geological factors are vectorized in different layers. Digitalized collection of layered
graphics shall be according to the following sequence: internal graphic frame — meridian
nets — rivers — lakes (reservoirs) — faults —dikes — Quaternary strata — intrusives — volcanic
rocks — quasi-strata — other strata. In other graphic layers, there is no need to repeatedly use
the graphic layer factors, hence, the vectorization sequence can be determined at will.

After finishing the editing of elements of points and lines, the digitalized plain-colored
geological map can be modified and corrected. The plain-colored map can be output after the
aforementioned modification and correction. The map-sheet self-checking and mutual
inspection and team check can be done later.

2.1.3 Making Map-layers and Attribute-editing Stage

(1) Setting up graphic layer files. According to the graphic layer hosting the geological
body, the data file (of Polygons, Lines and Points) is extracted from the comprehensive
polygon data files respectively from the different graphic layers. The line-graphic layer data
files can be established respectively through the transformations from the arcs to the line files.
The Points are created independently in their original layer files using their hosting layers
respectively.

(2) Establishing the attribute structure and inputting the attributes. According to the
requirements for the data fields in the attribute structure of each layer, the geological experts
check the data from geological reports, explanatory notes to the geological maps, and many
other related references, and then collect the attributes of various geological factors in the
geological maps in different layers, and finally collate them on the comprehensive temporary
map.

2.1.4 Projection-transforming and Format-transforming Stage

The graphic layers are put into the projection transformation in batches to form the digital
results of the Gauss Beijing Coordinate System and the meridian non-projection coordinate
system (with per second as the unit). Then the file formats are transformed; i.e., the MapGIS
files are transformed through its own dual-precision output function to the E00 files which are
later used to obtain the PC ArcInfo data, and meanwhile the topological relationship is re-
established.

2.1.5 Final Inspection and Self-checking Stage

Checking whether the files in each folder are placed correctly, and whether the all-factor

digitized geological map is in conformity with the specification, and documents are complete.

The MapGIS data collection work flow is shown in Fig. 1.

2.2 Data Processing
According to the basic comprehensive processing methodology and technical flowchart,
the MapGIS format data processing can be treated in 2 ways: (1) the treatment of full map-

sheet standard data, and (2) the collation of non-full map-sheet crossing provincial border data.
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2.2.1 Full map-sheet standard data processing and its technical work flow

For the convenience of operation and quality control, the processing of the MapGIS
format data is divided as 6 steps:

(1) Preparation. Inspect the conditions of the all the provincial map-sheets, including:
whether all the documents for the full-sized map-sheet are ready, what the projection
parameters are, what the coordinate system of the original geological map is, whether the full-
sized map-sheet is trans-provincial boundary, whether the data for the full-sized map-sheet is
complete or not; after all these are ensured, efforts should be made to output an international
map-sheet index diagram which embraces the whole national boundaries at scale of
1 : 200 000.

(2) Directory trim and graphic layer nomination standardization. Standardize the full-sized
map-sheet directory strictly according to the requirements, and establish 8 corresponding
standard folders. Select the graphic layer, delete all graphic layer attribute files that are
contained in the trimmed map layer files and those that are not identified by the ‘Guidebook for
the Constructing Geological Map Spatial Database (2.0 version)’, and modify the graphic
layer names to make them be standardized.

(3) Attribute structure of each graphic layer standardization. Modify the name of data
entries, sequence, types, and length in the graphic layer attribute structure according to the
Guidebook for the Constructing Geological Map Spatial Database (2.0 version), supplement
the lacked data entries and delete the unnecessary entries.

(4) Code’s standardization of the map elements in each graphic layer’s attribute entries.
Check if any of the line’s or arc’s lengths in the graphic layer LO2H, D01J (D02J, D03J, D04J),
L02S, DO1D exceeds more than 500 points above the coordinate point; these exceeding ones
would be re-processed, and their topological relationship should be re-established and
compressed/saved into the disc; and furthermore, their codes should be re-coded.

(5) Projection transformation and EOO format output. Create meridian folders respectively
before projection transformation so as to load the graphic layer files preparing for the
projection transformation. Projection transformation is fulfilled in batches according to the
directory, avoiding projection error of individual file. File format transformation, i.c., the
MapGIS format data is output as EOO format data, the name of latter one is coded as that of the
standardized graphic layer.

(6) Inspection. The aforementioned integrated data should be undergone 100% self-
inspection, mutual inspection and team inspection.

2.2.2 Non-full map-sheet crossing provincial border data processing and its technical
work flow

(1) Preparation. Do as the same as that of the full map-sheet standard data processing; and
check the layered data files and graphic data files for further processing.

(2) Directory trimming and standardization of nomination of the graphic layers. Do the
same as that of the aforementioned full map-sheet processing.

(3) Standardization of graphic layer attribute structure. Modify the attribute structure of
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each related provincial layer file respectively, and improve them to the level of standardization
using the same methods as the aforementioned in the full map-sheet processing.

(4) Graphic layer data collation. Use a certain provincial boundary and the inner map
frame to create the cutting-frame; if there is no provincial boundary in the geological body
boundary (D01J.WL), then extract the provincial boundary from the polygon graphic layer, and
connect it to a straight line so as to combine it with the inner map frame to form the cutting-
frame. In addition, when the provincial boundary is actually a river, use the river bank
stretching curve as the provincial boundary and make it as the partial of the cutting-frame. The
cutting frame is used to cut the graphic layer data. After cutting, the layer data of 2 or 3
provinces are added together separately, and then collate them together; meanwhile, check the
errors of topology and correct the errors till no more error occurs.

(5) Standardization of codes of map elements in the attribute data.

(6) Projection transformation, and E00 format output.

(7) Inspection.

The last three steps are the same as that of the aforementioned full map-sheet processing.

3 Data Sample Description

A standard map-sheet data sample mainly includes the following files: grid data file, all-
factor vectorized geologic data file, MapGIS graphic layer data files (including two formats:
Gauss/meridian, Arclnfo layer data files, EOO data files, attribute database (*.DBF), and main
electronic documents which embrace meta-data (illustrations of map sheet, map layers, map
layer attributes), and illustrative documents (illustrations on legends, modified field names,
annotation graphic layer for map-making).

The 1:200 000 CNDGM-PVSD includes such three kinds of graphic layers as
geography, geology and decoration. Geographic map layer contains only water system data; as
for the boundaries, residential places and traffic data, please directly use the National Basic
Geographic Information Center’s 1 : 150 000 topology database; the decorative map layer is
mainly used to simulate the output of geological map and has no attribute data. The division of
water system and geological map layer includes concrete map layer division, nomination, and
storage structure rules (Fig. 2).

MapGIS system manages the spatial data and attribute data in the form of files, with one
file representing a map layer. According to the different geometric elements of the spatial
factors, MapGIS stores the data of point, line and area map layers respectively in the forms of

* wt, *.wl, and *.wp files.

4 Data Quality Control and Evaluation

The quality of 1 : 200 000 CNDGM-PVSD project includes the data quality and the
software system quality. As for the data quality, it is valued by the degree of deviation of the
spatial precision and the attribute information accuracy between the comprehensively collected

and processed digital information and the original paper-back data; while for the software
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system quality in this project, it refers exclusively to the stability of the accessing system under
all the inquiring operations and running environments when the users are fully served with the
highest satisfactions.

The quality standards of the 1 : 200 000 CNDGM-PVSD follows the requirement for data
quality specified in the Guidebook for the Constructing Geological Map Spatial Database (2.0
version) and are referred to the then being-calibrated Regulations on Digitalization Quality
Monitoring; meanwhile, the essentials of the ISO9000 19113 Basic Principles of Geographic
Information Quality, 19114 Geographic Information Quality Evaluation Process, and the
TC211 serial standards have also been systematically added to guide the construction process
of the 1 : 200 000 CNDGM-PVSD.

For the digitalizing processes of the geological map, the following related regulations and
requirements are also adopted: Legends for Regional Geological Maps (at scale of 1 = 50 000)
(GB958—89), Regulations and Graphic Patterns for Geological Map-Oriented Geographic
Base Map (at scale of 1 : 200 000) (DZ/T0160-95), and Standards and Principles for
Geological Coloring(DZ/T0179—1997) as well as the requirements for formal publication of
geological maps at scale of 1 : 200 000.

The software system quality standards are adopted from that of the relevant national
standards and from the software engineering regulations exclusively for geological survey
industry.

The organizations and experts who have participated and are hence responsible for the

database constructions are shown in Table 2.

Table 2 Organizations and experts responsible for the 1 : 200 000 CNDGM-PVSD

Serial Map-sheet
;r:l Regions :::lzu:ﬁ s Organizations Experts
1 Tibet 12 Tibet Institute of Geological Survey Xu Kaifeng
) Tibet 16 Shandong Information Center of Land & Li Jun
Resources
3 Shangdong 15 Remote Sc?nsing Cente?, Shandong Bureau
of Geological Exploration
4 Shandong 3 Shand.ong Institute of Geological Sciences
Experiment .
s Shandong 3 Shan.dong Information Center of Geology 1 Jun
& Mineral Resources
Shandong 7" Institute of Geological
6 Shandong 3 E .
xploration
Jiangsu 14 Jiangsu Institute of Geological Survey Yao Wenjiang
8 Hunan 24 Hunan Institute of Geological Survey Yin Jiansheng
9 Sichuan 70 Sichuan Institute of Geological Survey
Geochemical Exploration Team of o
10 Sichuan 10 Sichuan Geology and Mineral Resources He Sibin
Exploration Bureau
11 Gansu 76 Gansu Institute of Geological Surve Xu Dong,
& Y Li Wensheng
12 Jilin 34 Jilin Institute of Geological Survey Liu Jianmin
i o Qigihar Branch of Heilongjiang Institute =~ Wang Yuping,
1 Heil 15
i i of Geological Survey Ma Liling
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Continued table 2

Serial Map-sheets

Shunjin, Li Jianhao

S5 How to Use the Database

The data in this dataset is of standard shapefile, which can be accessed by mainstream
GIS software. The system adopts an advanced systematic framework, and operates in an open
client/server (C/S) model with fast data response speed and swift feedback to any accessing;
the data operation and management is strong and powerful with the data accessing and
managing being of internationally advanced spatial database management model (ArcSDE +
Microsoft SQL Server 2000). The user-friendly interface is aided with menus and toolbars
which can be easily operated and used. Users can adopt SQL Server and other mainstream
database programming languages to apply the relevant functions to access the database and to

enable data being in batch processed.

No. Regions Amount Organizations Experts E
14 Inner. 68 Inner Mongolia Institute of Geological Zhao Tun :
Mongolia Survey '

15 Shanxi 9 Shanxi Institute of Geological Survey Sun Chunjuan E
16 Hubei 20 Hubei Institute of Geological Survey Song Lixia E
. . . . Li Wenxin, E

17 Guangxi 48 Guangxi Institute of Geological Survey Ma Longwen E
. o . Cao Jingping, Hu E

18 Anhui 35 Anhui Institute of Geological Survey Haifeng, Xu Wei :
19 Shaanxi 33 Shaanxi Institute of Geological Survey Cai Bo, Xi Xiaobo E
Hou Yuancai, E

20 Qinghai 66 Qinghai Institute of Geological Survey Hao Weijie, Qi
Lanying '

21 Xinjiang 120 Xinjiang Institute of Geological Survey Xiao Zhijian
Liaoning Institute of Geol Mineral :

” Liaoning 41 iaoning Institute of Geology and Minera Yang Shiguang :
Resources !

23 Hainan 11 Hainan Institute of Geological Survey He Guowei E
24 Zhejiang 28 Zhejiang Institute of Geological Survey Cai Zihua E
Jiangxi Institute of Geological Survey, E

25 Jiangxi 30 Information Center of Jiangxi Geological ~Gu Min E
Exploration Bureau E

26 Henan 14 Henan Institute of Geological Survey Meng Shenghua E
27 Guangdong 42 Guangdong Institute of Geological Survey Deng Yong :
28 Hebei 26 Hebei Institute of Geological Survey Hu Dianchang E
Regional Geological Survey Team of |

Yunnan Geological Exploration Bureau, :

Information Center of Yunnan Geological He Jiaxue, :

2 >Y 4 stoond A . |
? unnan 0 Exploration Bureau, The 1%, 2 d, 3 d, 4" Xie Yunhong !
and 5" Geological Teams of Yunnan E

Geological Exploration Bureau I

30 Ningxia 19 Ningxia Institute of Geological Survey Li Tianbin E
31 Guizhou 41 Guizhou Institute of Geological Survey Zhang Zebiao E
y y . 4 Pan Jindian, Zh :

32 Fujian 31 Fujian Institute of Geological Survey an mdian, Zhang |

Acknowledgements: During the 8-year hard-working construction of the 1 : 200 000
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CNDGM-PVSD, a large number of skillful experts have directly participated in the project,
and many administrative officers have specifically coordinated the crucial stages of this
project; still, a group of senior geological experts and colleagues from the other industrial
departments have also provided their precious technical guidance and consultation to the
construction. Names of the main contributors are as follows (ranked by provinces and then by
ascending sequential of their surname’s strokes in Chinese):

Hebei Province: Wang Liya, Liu Enhua, Song Chaohui, Zhang Yeqing, Zhang Aili,
Zhang Chongshan, Li Shulin, Hu Dianchang, Xu Yan.

Shanxi Province: Wei Gen, Fang Lihe, Wang Meifang, Ren Cuifang, Xian Xiaoqun, Liu
Shiyu, Liu Kunzao, Liu Deyou, Liu Huimin, Sun Chunjuan, Yan Jin, Wu Shaorong, Song
Yuping, Song Hongmei, Zhang Yaxian, Zhang Qingmei, Zhang Guiying, Zhang Suzhen,
Zhang Fuzhong, Li Yonghou, Li Hongxia, Li Zhenguo, Li Xiaoguang, Li Xueping, Li
Desheng, Li Huiqin, Yang Bingquan, Yang Yanli, Shen Yuling, Chen Zhigang, Yue Weiqian,
Zheng Qincheng, Hu Ruixiang, Hu Ruifeng, He Wenlian, Zhao Juan, Zhao Shanfu, Guo
Liging, Qian Zhaohui, Gu Qichang, Gao Jianping, Shang Peilin, Cao Yixuan, Cao Runhua,
Liang Baoli, Liang Baozhen, Xu Shichao, Dong Xiaolei, Xie Guifang.

Inner Mongolia Autonomous Region: Ma Liping, Mao Depeng, Wang aishun, Wang
Tao, Cong Lijuan, Sun Yumei, Sun Zhengping, Zhu Shenyu, Wu Zhili, Zhang Lili, Zhang
Tong, Zhang Mei, Li Yuxi, Li Jianli, Yang Wenhai, Shen Cunli, Su Hongwei, Shao Heming,
Chen Shaohua, Ming Zhu, Wu Hongwei, Wu Yueyong, Feng Shukai, Hu Fengxiang, Zhao Jun,
Xu Zongpei, Chang Zhongyao, Liang Lixin, Huang Zengfang, Liao Lei, Cai Hongjun.

Liaoning Province: Wang Liyan, Yang Guang Shi, Qiao Xiufen.

Jilin Province: Wang Limin, Shi Xinzeng, Guan Jian, Liu Yebing, Liu Jianmin, Lyu
Zhenjiang, Zhuang Yumin, Xu Liangjiu, Wu Yuzhang, Li Shutian, Wu Guilu, Zheng Chuanjiu,
Zhao Qingying, Cui Guanghao, Liang Weijie.

Heilongjiang Province: Wang Yueping, Wang Lin, Qu Guansheng, Liu Zhonghua, Liu
Xiaoguang, Zhang Wei, Li Xiaoying

Jiangsu Province: Ma Qiubin, Liu Xiaoling, Liu Cong, Hua Jianwei, Zhu Jiannan, Zhu
Jingping, Xu Hongji, Zhang Yu, Li Xiaoyan, Li Weijia, Li Feng, Lu Ruibao, Zhou Jie, Yao
Wenjiang, Zhao Lihong, Tang Haiyan, Xu Rong, Yuan Xiaojun, Xie Zuqi, Xie Zengping, Xue
Ningju.

Zhejiang Province: Ye Jianping, Bai Shiqiang, Wang Qinghua, Lu Zuda, Chen Guofeng,
Tang Lijuan, Yuan Hang, Xie Huai Sheng, Cai Zihua.

Fujian Province: Wenfei Cheng, Shi Jianji, Xu Yongbo, Song Yongxian, Zhang
Minghui, Zhang Shunjin, Li Jianhao, Lian Tianping, Chen Mingguang, Chen Yong, Lin
Xiongda, Guo Xiaoping, Gao Haiqing, Huang Heng, Pan Jindian.

Anhui Province: Wang Yimei, Wang Wenlian, Wang Yongmin, Wang Xiaomei, Liu
Lili, Xu Wei, He Yiquan, Li Ming, Yang Shixue, Lu Wuyun, Hu Yajun, Hu Haifeng, Tang
Yongcheng, Xu Juping, Gao-Zhanghong, Chang Danyan, Cao Jingping, Liang Shanrong, Pan
Yanji, Dai Feng.
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Jiangxi Province: Liu Jun, Zhao Mingyong, Xu Tao, Gu Min, Hua Ge.

Shandong Province: Ding Hui, Yu Guangting, Yu Xuefeng, Kong Yan, Yin Qi, Wang
Fenghua, Wang Shijin, Wang Fang, Wang Hong, Wang Haiqin, Wang Min, Wang Jingjie,
Feng Qi, Shi Hui, Tian Wenxin, Ai Xiansen, Zhong Weiguo, Ren Zhikang, Liu Shucai, Liu
Wei, Liu Fukui, An Yuhong, Ji Zhaofa, Ji Jun, Song Zhilong, Zhang Fan, Zhang Qing, Zhang
Chengji, Zhang Xiangfeng, Zhang Shufang, Li Jun, Yang Donglai, Yang Zhe, Chen Baomin,
Fan Cunguo, Xia Lixian, Chai Benhong, Sheng Wenjing, Huang Wenhui, Xie Liye.

Henan Province: Ma Xueqin, Ma Ruihua, Ning Shuyun, Guan Baode, Zhu Yufen, Yang
Wenzhi, Ban Xiaozhang, Han Shenyou, Meng Shenghua, Cai Dongmei, Yan Changhai.

Hubei Province: Ma Ying, Wang Ying, Wang Zhiyuan, Wang Jianhui, Liu Youping, Wu
Chuanrong, Wu Xisong, Song Lixia, Yang Jinquan, Chen Xiaolin, Zhou Xiaojuan, Jin Jingwei,
Zhao Wenjian, Huang Jianjun, Huang Xiangzhi, Shu Guoqing, Xie Mingying, Pan Yuqing,
Pan Jiefeng.

Hunan Province: Ma Aijun, Yin Jiansheng, Wen Ning, Che Qinjian, Li Yuanzhuo, Yang
Xiaoqing, Su Xiaoyan, Zhou Guoxiang, Hu Nengyong, He Ansheng, Zhao Xiaohong, Yin
Ruxin, Jia Baohua, Cao Xiangtan, Peng Sheng, Zeng Qinwang, Cai Rangping.

Guangdong Province: Deng Yong, Liu Zuojian, Xu Hansen, He Hongyao, Yu Zhou, Li
Jun, Li Haixin, Du Haiyan, Yang Hui, Zhou Guoqiang, Zhou Juxiang, Lin Qinghua, Lin
Huijuan, Luo Xin, Huang Yuhui, Xie Huifang, Tan Jian.

Guangxi Zhuang Autonomous Region: Ma Longwen, Wei Qiuni, Wei Shengliang,
Ning Xiongrong, Shi Jianlong, Liu Mingzhang, Liu Zhen, He Cuiyun, Wu Yi, Zhang Geng,
Zhang Yacai, Zhang Weitian, Zhang Zhongwei, Li Wenxin, Li Yukun, Li Zhicai, Yang
Xiufang, Lu Huali, Chen Yulan, Chen Lingyun, Zhou Huailing, Zhou Juanhua, Lin Chongxian,
Shu Gao, Hu Zining, Zhong Shiquan, Tang Juanhong, Liang Baoding, Huang Zhiqiang, Huang
Zongxia, Jiang Yanling, Cai Heqing.

Hainan Province: Ding Shijiang, Wang Daying, Wang Yihe, He Shenghua, He Guowei,
Lu Qing, Chen Yuwen, Chen Chaolan, Zhuo Yaoqing, Fu Cerui, Huang Xiangding.

Sichuan Province: Yu Shu, Ma Hongman, Deng Xiaoli, Lan Jun, He Wei, He Sibin, He
Yao, Wu Andong, Zhang Xiangdong, Zhang Yun, Zhang Ping, Li Min, Li Yinbing, Yang
Fang, Yang Rong, Chen Bin, Zhou Xuemei, Yao Dongsheng, Luo Yaonan, Ling Xiaoming,
Tang Caiqiong, Qin Juli, Huang Yuneng, Lai Shaomin, Lai Xiangyou, Liao Min, Wei Ping.

Guizhou Province: Zhang Pu, Zhang Lin, Zhang Quanli, Zhang Zebiao, Du Qianfeng,
Wang Yugqiong, Yue Yunru, Yuan Yisheng.

Yunnan Province: Ma Teng, Wang Chenxing, Wang Shuqiong, Wang Jue, Wang Tao,
Bao Jiafeng, Tian Hongliang, Liu Wenhua, Liu Deli, Lyu Shikun, He Jiaxue, He Yanli, He
Zhide, Yu Liwen, Wu Jianzhong, Zhang Xiufen, Zhang Duxin, Zhang Fuliang, Zhang Rong, Li
Wenchang, Li Hua, Li Hong, Li Dingping, Li Jing, Yang Zhiyong, Yang Jianbo, Yang
Ronggen, Su Lan, Chen Fei, Chen Shaoling, Zhou Yun, Zhou Yaojun, Yue Wei, Shi Jianping,
Hu Jugui, Hu Zhongfu, Xia Yinghong, Qin Dehou, Zeng Xianhua; Zeng Xiangwen, Jiang
Chengxing, Xie Yunhong, Lei Jiuyun, Xiong Jiayong, Cai Lingting, Yan Jingyao, Wei Fuyu.
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Tibet Autonomous Region: Wan Linna, Xiao Qimi, Zha Sang, Wang Jishun, Zhang
Xuequan, Du Guangwei, Chen Fuqi, Chen Dequan, La Zhen, Luo Fengcai, Zheng Youye, He
Li, Xu Kaifeng, Qin Li, Hui Jianche, Qiong Da, Jiang Guangwu, Wei Ling.

Shaanxi Province: Feng Wengqing, Tian Xiaoyu, Xu Li, Xu Chunyi, Zhang Shuanhou, Li
Tie, Yang Ni, Sha Jiang, Zhuo Lianchang, Zhou Xuan, Xie Xiaobo, Cai Bo.

Gansu Province: Ma Huiping, Wang Jun, Bai Guorong, Sun Jinlan, Tang Hua, Zhang
Yuping, Zhang Xinhua, Li Tianzhu, Li Wensheng, Du Luping, Chen Jinming, Xu Dong, Gao
Shanmei, Tong Xiaohua, Huo Renfu.

Qinghai Province: Wang Dongqing, Wang Zhanchang, Liu Yongan, Liu Chun'e, Qi
Lanying, Li Pingping, Li Chaolan, Chen Zhengxing, Chen Li, Chen Lijuan, Hao Weijie, Hou
Yuancai, Cao Shengxiu, Qi Yan'e.

Ningxia Hui Autonomous Region: Zhang Xiaomei, Zhang Guiying, Zhang Fuzhong,
Zhang Tao, Li Tianbin, Li Ningshun, Fan Jin'an, Zhi Yumian, Zhao Juan, Gu Qichang, Pan
Xingshi.

Xinjiang Uygur Autonomous Region: Wang Xueyan, Wang Xiaolin, Wang Rui, Sun
Haifang, An Desheng, An Desheng, Bi Wu, Tong Meihua, Wu Guangtao, Zhang Peng, Zhang
Yuping, Zhang Daole, Li Wanzhong, Li Tianhu, Li Yuan, Yang Chun xiao, Xiao Zhijian, Zhou
Jun, Zheng Lixin, Duan Xinli, Hu Huahui, Zhao Jie, Zhao Xinling, Ni Ying, Xia Jianxun, Yuan
Erqian, Han Xiaoming, Pan Zhaoxia.

Beijing: Zuo Aili, Ren Xiaoying, Liu Hongguang, Liu Hairong, Liu Fengying, Chi
Jingyun, Wu Zhongyu, Wu Liwen, Zhang Bin, Li Jingchao, Li Yuwei, Li Chaoling, Yang
Donglai, Qiu Lihua, Chen Hui, Lang Baoping, Zhao Jingman, Cao Ruixin, Liang Li, Zeng
Qingshi.

Experts participating in the data processing are: Yang Donglai, Liu Fengying, Wang
Xinchun, Chi Jingyun, Liu Hongguang, Liang Li, Kong Zhaoyu, Lang Baoping, Liu Hairong,
Zuo Aili, Li Jingchao, Li Chaoling, Qiu Lihua, Cao Ruixin, Chen Hui, Zhang Bin, Zeng
Qingshi, Li Jun, Wang Fang, Ji Jun, Chai Ben hong, Kong Yan, Liu Wei, Sheng Wenjing,
Wang Jingjie, Ding Hui, Zhao Jun, Zhang Tong, Zhang Mei, Huo Gailan, Zhang Lili, Cong
Lijuan, Liao Lei, Liang Lixin, Tang Haiyan, Zhu Jingping, Xue Ningju, Zhang Yu, Li
Xiaoyan, Zhu Jiannan, Xie Zhenping, Ma Qiubin.

Administrative officers and experts who have participated in the project
management and coordination are: Jiang Chengsong, Ye Tianzhu, Zhou Jiahuan, Liu
Lianhe, Jia Qihai, Wang Baoliang, Ye Mao, Qiu Xinfei, Tan Yongjie and Yan Guangsheng,
Qihe Rige, Yu Qingwen.

Technical consultants: Huang Chongke, Chen Keqiang, Qian Dadu, Gao Zhenjia, Tian
Yuying.

Special thanks shall be given to: Senior Prof. Huang Chongke for his long-term and
high-quality guidance and help.

The authors also feel grateful for the strong support by: Prof. Wu Lun at Peking
University, Prof. Dang An’rong at Tsinghua University, Prof. Wang Donghua at National
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Geomatics Center of China, Mr. Hu Jianguo at Furong Science and Technology Co., Ltd., Mr.
Xu Haibo at Beijing Shunhe Co., Ltd., and Prof. Xiao Keyan and Prof. Zhang Yongbo at

Chinese Academy of Geological Sciences.
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