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Geographic Conditions Monitoring (GCM) refers to a dynamic and 

quantitative monitoring of the national geographic features by 

using 3S (GNSS, RS, GIS) technologies, in order to reflect the 

features’ geo-distribution, and to discover their change trends 

and influencing forces through the comprehensive statistical 

analyses.

1. Brief View of GCM

4
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� An comprehensive observation and 

analysis of geo-distribution and 

change trends of natural & human 

geographic features of China’s territory;

� Mainly focused on

• National Land Development

• Urban Space Utilization

• Overall Regional Development Plan

• Ecological Environmental Protection

• Resources Sustainable Utilization

• 55

� Further reflect socio-economic 

development 
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1. Brief View of GCM
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Application

Monitoring

Surveying

� “Synchronized Surveying-Monitoring-Application” 

Operation Principle

1. Brief View of GCM

� GCM Advantages

� Integrated Indoor & Field Work 

Production Pattern 

� Less than 1m RS imageries Fully Applied

Image data resolution: 0.5m
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• Form regular reporting and monitoring 

mechanisms

• Expand applications and services

• Further conduct regular and 

thematic monitoring

Regular

Monitoring

Census Typical

Monitoring

�GCM Roadmap

7

1. Brief View of GCM

• Carry out National Geographic Condition Census    

(GCC)

• Establish National GCM Information System

• Conduct typical monitoring 

SatelliteSatellite

AirborneAirborne

Other SourcesOther Sources

TopographyTopography

Land coverLand cover

BoundaryBoundary

Basic

statistics

Basic

statistics

Comprehensive 
Geo-statistical 

analysis

Comprehensive 
Geo-statistical 

analysis

Thematic 
analysis & 
evaluation

Thematic 
analysis & 
evaluation

Multi-source RS 
data acquisition GC census

Geo-statistical 
analysis

Technology support

Typical GCM

�GCM Framework for Geographic Condition Census (GCC)

Eco-civilizationEco-civilization

Major projectMajor project

OthersOthers

Spatial 
distribution

Spatial 
distribution

Geo-

information 

dataset
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1. Brief View of GCM
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Multi-source 
dynamic 

observation 
network

GC information 

monitoring

GC information 
spatial-temporal 

database

GC information 
spatial-temporal 

analysis and data 
mining

Multi-source 

RS network

Ground truth 

observation network

Regular GCM Fundamental GC 

spatial-temporal 

database

Thematic GC 

spatial-temporal 

database

Thematic 

monitoring

Disaster management 

spatial-temporal 

database

Spatial-temporal statistic

analysis and data mining

GC information 

spatial-temporal

statistic analysis

GC index framework

Release

monitoring 

results 

and 

analysis  

reports 

GCM technology support GCM mechanisms

Disaster

monitoring

�GCM Framework for Regular & Thematic Monitoring

9

1. Brief View of GCM
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� Provide support for GCC;

� Carry out regular monitoring;

� Carry out thematic monitoring;

� Build a dynamic national geographic conditions 

information system;

� Reflect distribution and utilization of natural & human 

geographic features;

� Provide a basis for economic & social development 

and eco-civilization construction.

� Main Tasks of GCM
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� 28th Feb, 2013,

Chinese Sate Council initiated 

National Geographical Conditions Census (GCC) program

� A massive national geographic conditions information 

system 

� With 12 first-level, 58 second-level, and 135 third-level 

classes.

GCM--Provide Support for GCC

GCC Contents & Classes (1)

Code 1-Level 2-Level 3-Level
Minimum Mapped 

Unit (m2) 

0100 Cultivated Land

2 classes

Paddy field

Dry land

2 400

0200 Garden Plot

7 classes

Orchard

Tea garden

Nursery garden

55

9 400

0300 Forest Land

8 classes

High-forest

Shrubwood

Bamboo forest

55

12
Large area forest:1600

Others: 400

0400 Grassland

2 classes

Natural grassland

Artificial grassland

8

Large area grassland: 

1600

Others: 400
12
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GCC Contents & Classes (2)

Code 1-Level 2-Level 3-Level
Minimum Mapped 

Unit (m2) 

0500

Housing 

Construction 

Area

5 classes

Multi-story Buildings

Low-rise Buildings

Abandoned houses

55

10

Large housing area:

1600

Individual house:

200

0600
Road 

Network

4 classes:

Railway

Highway

Urban Road

County Road

4

0700
Nonbuilding

Structures

9 classes:

Impervious surface

Water Engineering Facilities

Traffic Facilities

City Wall

Industrial Facilities

55

28

Square, open-air 

stadium &C:1600

Parking apron: 5000

Others: 400

13

GCC Contents & Classes (3)

Code 1-Level 2-Level 3-Level
Minimum Mapped 

Unit (m2) 

0800
Artificial 

Built-up Land

4 classes:

Construction Site

Stacked Substance

Open Evacuation Field

55

14 1600

0900
Desert & 

Barren Land

5 classes:

Saline-alkali Land

Rock Surface

Sandy Surface

55

5
Desert :10000

Others: 1600

1000 Water Body

5 classes:

River and Canal

Lake

Sea

Reservoir

55

8 400

14
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GCC Contents & Classes (4)

Code 1-Level 2-Level 3-Level
Minimum Mapped 

Unit (m2) 

1100
Geographic 

Unit

4 classes:

Administrative Unit

Socio-economic Unit

Physical Geographic Unit

Urban Function Unit

30
Not Mapped as

Land Cover Features

1200 Topography

3 classes:

Elevation

Slope

Aspect

3
Not Mapped as

Land Cover Features

15
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31省地理国情现状分布图
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Resources distribution 
and utilization

Ecological 

development

Society and 
livelihood

Regional economy 
Sustainable Urban 

Development

Spatial land 

layout

Ecological 
civilization

Regional 

development

Regional 

economic 

development

Social  

development

Integrated with socio-economic data, to analyze:

GCM--Provide Basis for Comprehensive Statistical 

Analysis

20
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�Achievements of GCM

� An comprehensive observation and analysis of geo-

distribution and change trends of natural & human 

geographic features of China

� Less than 1m high resolution RS imageries covering 

China’s territory fully applied

� Integrated with various industrial and thematic data, 

established a full coverage, spatial continuous, high 

accuracy national geographic conditions information 

system

� Which contains 12 first-level, 58 second-level,135 

third-level classes, and 2.6 billion land type & use 

units

22

� Achievements of GCM

GCC project makes a thorough investigation into:

� Area and spatial distribution of all types of landform

of the entire land territory of China

� Area and spatial distribution of 9 cultivated land types. 

Total area: 1.59 million km2

� Area and spatial distribution of 10 forest and grass 

covered land types

� Total area: 5.96 million km2

� Composition and spatial distribution of water body. 

Area of glacier and long-persistent snows: 47,700 km2



23/05/2017

12

23

� Achievements of GCM

� Categories, area, composition and spatial distribution of 

desert and barren land. 

Total area: 1.32 million km2 ;

� Area, total length and composition and spatial distribution of 

railway and roadway networks. 

Total length: 116,500 km.

� Total area of housing and constructions:153,100 km2

Brief View of GCM1

2 GCM for Urban Development

3

Conclusion & Future Work

Urban Expansion Monitoring Project

4
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Disordered urban sprawl

Irrational urban land-use structure

Uncoordinated population

Atmospheric pollution

CC

Challenges:

2. Geographic Conditions Monitoring for

Urban Development

� RS technology, with advantages of high spatial-

temporal resolution, large monitoring scale and

accurate result, has been widely applied in the

urban monitoring of GCM

� A series of technologies and specifications focusing

on urban monitoring, boundary extraction and

analysis has been developed and applied

� Provide a great practical value for a new urban

development towards a compact, intensive, green

and livable urban agglomeration

3. Geographic Conditions Monitoring for

Urban Development
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� Cartesian point & right-angle side integration 

algorithm for high resolution image residential 

areas traction 

Technologies Developed for Urban Monitoring

Image BinaryzationResidential Area Extraction 

Original Image Thematic Image

After Manual Editing

Building Extraction

� Object-based Morphological Building Index for 

Building Extraction from High Resolution 

Remote Sensing Imagery

Technologies Developed for Urban Monitoring



23/05/2017

15

jk�l� �
jk�l�  

� Object-based Shadow Extraction

from High Resolution RS Imagery

Technologies Developed for Urban Monitoring

� Urban Plot Ratio Estimation based on 

Building Classification & Shadow Region 

Technologies Developed for Urban Monitoring

Calculated Plot Ratios

Case Study of 

Tangshan City
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Road Network 
Preprocessing

Road Network of Fourth Ring Road, 

Beijing

Technologies Developed for Urban Monitoring
� Urban land-use Pattern Extraction based on 

POI & GIS Spatial Analysis

Coordinates 

transform

Data format 

conversion

Class-based 

storage

POI Data 

Pre-processing

POI of Fourth Ring Road, Beijing
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� Overall accuracy: 77%

� Kappa coefficient: 0.72

Land-use Classification Map, BeijingLand-use Classification Map, Beijing 

(Second level)

� Urban Land-use Pattern Classification Modeling

Technologies Developed for Urban Monitoring

� Dynamic RS Monitoring for Illegal Construction 

Detection

Technologies Developed for Urban Monitoring

Integration of monitoring images, land use & urban planning data,

for illegal constructions fast detection

Changed land parcel
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Monitoring Pilot Region—

Datong City

Before: Vegetation & Barren Land

After: New Constructed Building

April, 2016

Nov., 2016

Monitoring Pilot Region—

Datong City
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2016m11n

Before: Barren Land

After: Construction Base

April, 2016

Nov., 2016

Monitoring Pilot Region—

Datong City

April, 2016

Nov., 2016

Before: Barren Land

After: Suspected Construction Site

Monitoring Pilot Region—

Datong City
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April, 2016

Nov., 2016

Before: Vegetation 

After: New Buildings

Monitoring Pilot Region—

Datong City

Monitoring Pilot Region—

Datong City

April, 2016

Nov., 2016

Before: Construction Base 

After: New Buildings
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Newly detected Industrial Land

Monitoring Pilot Region—

Datong City

April, 2016

Nov., 2016

Urban-Rural Integration Demonstration Region--Furong Lake

Improve Government 

Administration & Supervision 

Capability

Provide basis for Land Administration from 

Passive to Active

Seasonal Dynamic Monitoring



23/05/2017

22

opqrs tuvw

x
x

yz{s tuvw

|
|

}
}

~ ~�
�

1 Before: Industrial Region, After: High Density Multi-story Buildings

2 Before: High Density Low Rise Individual Buildings,    After: Building Construction Site 

3 Before: Demolished Industrial Area,                             After : Building Construction Site

4 Before: Demolished Industrial Area, After : Park & Green Land

5 Before: High Density Low Rise Buildings,                    After: Industrial Area to be Built 

� Pilot Project on Old Industrial Town Relocation & 

Reconstruction Monitoring—Land Cover

Urban Boundary

Road

Administrative 

Region

Urban Land

Green Land Stadium

High-rise 

Buildings

Urban Area

Urban Area Urban Area

Urban Area

� Urban Boundary Extraction

Technical Specifications for Urban Monitoring
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Technical Specification for Urban Monitoring
� Urban Village Extraction
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� Urban Boundary Extraction Module

� Plot Ratio Calculation Module

� Building Extraction Module

� Building Shadow Extraction Module

Targetmapper –

Designed for Urban Land Monitoring

48

� The GCM Technologies, Specifications and the 

Targetmapper for urban monitoring have been 

widely applied in provincial, regional and municipal 

surveying and mapping administrations throughout 

China

� Have also been applied by the Ministry of Land 

and Resources, Ministry of Housing and Urban-

Rural Development, National Development and 

Reform Commission, as well as local government
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Brief View of GCM1

2 GCM for Urban Development

3

Conclusion & Future Work

Urban Expansion Monitoring Project

4

3. Urban Expansion Monitoring Project 

� 31 Capital cities of China covered;

� 4 periods selected: 2000, 2005, 2010, 2015

� Monitored and analyzed cities’ development status and 

patterns

� Provide a sound and reliable basis for scientific urban 

plan and urban sustainable development
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31 Capital cities

� Urban Expansion between 2000-2015

� Rapid urban expansion of capital cities between 2000-2015

� Unbalanced expansion speed and expansion proportion 

� Significant regional disparities

Results indicate:

� 2015, total urban area of 31 

capital cities reached 

10369.6km2, a 61.7% increase 

over 2000

� Urban area expansion of first –

tier cities is much higher than 

others

� Average urban area of eastern 

China is higher than other 

regions

� Analysis on Urban Land Area



23/05/2017

27

� Expansion speeds of big-size cities are generally 

higher than small-size cities

� Expansion proportion of western region is higher 

than other regions

� Analysis on Urban Land Area
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� Intensive growth pattern of GDP per Urban Area & Spatial 

Structure

� GDP per Urban Area experienced an exponential growth over 

2000-2015

� Eastern region is the fastest growing part while northeast is the 

lowest.

� Analysis on Urban Land-Use Efficiency
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� Capital cities with high GDP per Urban Area are widely 

distributed

� While cities with low GDP per Urban Area mainly locate in 

western and northeastern parts

� Analysis on Urban Land-Use Efficiency

Optimal value is 1.12 [source: China Academy of Urban Planning and Design].

� urban land efficiency is low when it is larger than 1.12;

� urban problems such as congestion, poor infrastructure, low comfort are

serious when it is lower than 1.12.

Definition:

proportion of urban expansion rate to population growth rate.
� 2000-2015, 31 capital cities all experienced an uncoordinated 

development between urban land and urban population

� Eastern region: urban land expansion laps behind population 

growth

� Northeast and central regions: urban land expansion exceeds the 

demand of population growth
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� Analysis on Urban Expansion Coordination
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0%

20%

40%

60%

80%

100%

Lanzhou
Guangzhou

Tianjin

Shanghai

Urumchi

Shijiazhuang

Guiyang

Hangzhou

Taiyuan

Ji'nan

Lhasa

Wuhan

Changchun

Beijing
Haikou

ShenyangHohhot
Chengdu

Zhengzhou

Xining

Changsha

Chongqing

Nanjing

Nanchang

Fuzhou

Kunming

Nanning

Yinchuan

Hefei

Xi'an
Harbin

Iterior Intensive Ratio Exterior Expansion Ratio

� 12 cities developed as an interior 

intensive pattern, causing a more 

compact and intensive city structure

� 19 cities developed in an exterior 

expansion pattern

Urban Spatial Development Pattern

� Analysis on Urban Spatial Development 

Pattern

Urban Spatial Development Pattern of typical cities 
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� Urbanization process has a severely impact on  land use 

structures of the surrounding area

� Most cities expand by occupying arable land

� Very few grow by taking other land types

� Analysis on Urban Expansion and Occupied 

Land Type

Arable land , 

3580943.5 , 

61%

Forest and 

Grassland, 

462525.2 , 

8%

Construction 

Land, 

1599975.5 , 

27%

Water and 

Unutilized 

Land, 

265389.5 , 

4%

Arable land
Forest and Grassland
Construction Land
Water and Unutilized Land

0.0%

50.0%

100.0%

B
e

ijin
g

T
ia

n
jin

S
h

ijia
zh

u
a

n
g

S
h

a
n

g
h

a
i

N
a

n
jin

g

H
a

n
g

zh
o

u

F
u

zh
o

u

Jin
a

n

G
u

a
n

g
zh

o
u

H
a

ik
o

u

T
a

iy
u

a
n

H
e

fe
i

N
a

n
ch

a
n

g

Z
h

e
n

g
zh

o
u

W
u

h
a

n

C
h

a
n

g
sh

a

H
o

h
h

o
t

N
a

n
n

in
g

C
h

o
n

g
q

in
g

C
h

e
n

g
d

u

G
u

iy
a

n
g

K
u

n
m

in
g

Lh
a

sa

X
i'a

n

La
n

zh
o

u

X
in

in
g

Y
in

ch
u

a
n

U
ru

m
ch

i

S
h

e
n

y
a

n
g

C
h

a
n

g
ch

u
n

H
a

rb
in

Proportion of Occupied Construction Land Proportion of Occupied Water and Unutilized Land

Proportion of Occupied Forest and Grassland Proportion of Occupied Arable Land

� Excessive urban expansion caused a weak carbon sink, reduced 

vegetation cover, and increased land surface temperature

� Further led to a severe eco-environmental degradation

� Urban Expansion and Impacts on Eco-

Environment 
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� Excessive urban expansion caused a weak carbon sink, reduced 

vegetation cover, and increased land surface temperature

� Further led to a severe eco-environmental degradation

� Urban Expansion and Impacts on Eco-

Environment 
� 4567 � 488 � 9:;
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Brief View of GCM1

2 GCM for Urban Development

3

Conclusion & Future Work

Urban Expansion Monitoring Project
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Conclusions

Under the GCM framework:

� Numbers of pilot and thematic monitoring projects on urban 

space development, eco-environmental protection and 

resources sustainable utilization have been organized

� A dynamic national geo-information information system has 

been constructed

� Continually provide fundamental support and spatial reference 

for urban land sustainable development and ecological 

civilization construction

� Consistently releasing spatially and temporally reliable geo-

information, enhance the service capability of information on 

national geographic conditions for the government, enterprises 

and the general public.
63

Future Work

� Based on the existing GCM framework and developed 

technologies, to further establish consistent and in-time data 

acquisition and dissemination mechanisms, so as to 

promote the best application of geospatial information for 

economic & social development, contribute to a robust and 

sustainable urban environment

� Further carry out thematic monitoring projects on state-level 

new areas, typical urban agglomeration and prefectural-

level cities, to clarify their spatial change patterns, so as to 

provide a reliable, spatial and temporal data basis for 

sustainable urban planning and implementation
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