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1. Introduction
1.1 Background of the problem

Concept:  
(1) the health, integrity and sustainability of ecosystems;

(2) the ecosystems services contributed to human welfare.  

Characteristics: 

(1) globality;

(2) nonreversibility of ecological damage ;

(3) chronicity of ecological recovery. 



The situation about the global ecology



Global Ecology Concern ——Meadow Degeneration 
and Environment Pollution



Degeneration of Plantation



Dust storm

1.The sand dust was floating from the 
northwest of African continent to Atlantic

2.The sand dust was floating 
through the Red sea



(1)  The foundation of special research on regional land 
ecological environmental security is weakness,

(2)  The database and index system are lacked of the 
standardization and consistency,

(3)  Research approach and technology of ecological 
security are needed to improve. 

Present questions of current research



1.2  Research objectives

• Land use / land cover change of the study area
• Assessment  of land ecological security
• Pre-warring of land ecological security



1.3 Research methodology

• RS—— Remote sensing data

• GIS—— Spatial analyses

• GPS——Orientation of research area

• EIS—— Mathematic models for assessment 
and pre-warning



Process of 
the research

Sustainable development of regional land ecology

Spatial analyzing of 
the result about the 
assessment and pre-

warning

Problems of regional land ecological security

Theories and methods

Index and criterion

Models for assessment

Analyzing of 
statistical data

Data

TM remote sensing data

RS

GIS & EIS

Analyzing of land 
use / land cover

Assessment of regional land ecological security

Pre-warning of 
ecological security

Land use Land cover



2. Research on land ecological security
2.1 Introduction of the study area



Ecological situation of the study area

Meadow degradation Land salinization

Lake & reservoir wadi Soil desertification



Field work Field work

Saline & alkaline dust storm Result of ecological calamity



2.2 Land use / land cover change (LUCC)

(1)Information of land use / land cover

Data resources

TM remote sensing 
images

(1989 and 2001)

Map of landform map, 
Region map,  
Map of land use,
Map of soil classification, 
Map of water system.



Land use / land cover of the southwest of Songnen Plain in 1989



Land use / land cover of the southwest of Songnen Plain in 2001



(1)The quantity of land use change

(2)The space & time of land use change

(3)The degree of land use change

Conclusions from the two maps:



2.3 Assessment of land ecological security

P-S-R theory frame

The response of the ecological environment

pressure

response response

state

The pressure of the ecological environment

pressure

Pressure from 
human activity 
and nature

state

The frangilibity of the 
ecological  environment 
（External reasons）

The integrity of the 
structure and the 
stability of the function
（Internal reasons）

response

The adjustment of the 
pressure and 
melioration of the state
（social actions）

Resilience of ecological 
environment 
(Internal adjustment）



Index system

Response from 
human being

Rejuvenation of 
the system

Flexibility of the ecological environment

Intensity of human disturbing

The investment of ecology 
construction / GDP
Engle coefficient

Adjustment of pressure 
and improvement of state

Pressure from land 
ecological environment

Quantity of water resource per person

Acreage of plantation (glebe & woodland) 
per person

Pressure from 
nature

Pressure from 
human being

Nature calamity index
Population density

Quantity of foodstuff requirement
Acreage of salina per person

Acreage of sandy land per person

Vegetation fraction

Index of drought
Character of soil

Frangibility of 
the system

Integrality of 
the structure

Stability of the 
function

Intensity of agriculture exploitation

Intensity of stockbreeding exploitation

Fragmentation of landscape

State of land ecological 
environment



Criterion system

<0.010.02-0.010.03-0.020.04-0.03>0.04The investment  of ecological construction / GDP（％）

<0.020.03-0.020.04-0.030.04-0.05>0.05Flexibility of the ecological environment

>0.040.03-0.040.02-0.030.01-0.02<0.01Acreage of salina per person(km2/person)

>0.040.03-0.040.02-0.030.01-0.02<0.01Acreage of sandy land per person(km2/person)

<500600-500800-6001000-800>1000Quantity of water resource per person（m3/person）

>1510-155-101-5<1Nature calamity index(％)

<0.20.4-0.20.6-0.40.8-0.6>0.8Intensity of human disturbing（％）

<0.010.02-0.010.025-0.020.03-0.025>0.03Acreage of glebe per person(km2/person)

<0.0050.01-0.0050.02-0.010.03-0.02>0.03Acreage of woodland per person(km2/person)

<0.0050.01-0.0050.02-0.010.03-0.02>0.03Acreage of plantation per person(km2/person)

>0.90.6-0.90.3-0.60.1-0.3<0.1Fragmentation of landscape

<35-37-510-7>10Vegetation fraction(%)

>5653-5650-5347-50<47Engle coefficient (%)

>3500028000-3500018000-280008000-18000<8000Quantity of foodstuff requirement (kg)

<24-26-48-6>8Character of soil

<12.5-14.5-2.56-4.5>6Intensity of stockbreeding exploitation (10,000yuan/km2)

<58-512-816-12>16Intensity of agriculture exploitation (10,000yuan/km2)

>43-42-31-2<1Index of drought

>160120-16080-12020-80<20Population density (person/hm2)

VIVIIIIII

Standard of Classification
Index



Result of the assessment 1

Baicheng City

Zhenlai County

Da’an City

Songyuan CityTaonan County

Tongyu County

Qian’an County

Changling County

Qianguo County

Fuyu County



Unite：km2，％

9.7649220.38102826.98136133.3516829.5648250435043Fuyu

12.4640123.5275732.5104618.8660712.6640732183218Qian’an

12.8889023.15160228.94200320.33140714.71101669206920Qianguo

5.2129827.6158124.61141033.5619239.0251757295729Changling

4.145022.2826619.423531.0137523.1728012101210Songyuan

12.97105024.38229835.78289712.42100610.4584680978097Tongyu

13.7481822.32127317.8693422.43127819.7692952325232Zhenlai

15.6367124.611250128.41157613.6957014.6681348794879Da’an

7.7738627.42136227.1134725.83128311.8759049684968Taonan

7.0912918.2333137.1167532.985994.598418181818Baicheng

9.97470124.51154229.851406222.311050913.3963104711447114Total

Pro.Acr.Pro.Acr.Pro.Acr.Pro.Acr.proportionacreage

V level
(worst)

IV level
(worse)

III level
(general)

II level
(good)

I level
(best)Total

proportion

Number 
of the 
girdsArea

Results of  the assessment 2
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Results of  the assessment 3

Baicheng Taonan Da’an Zhenlai Tongyu Songyuan Changling Qianguo Qian’an Fuyu

Percentage 



2.4 Pre-warning of land 
ecological security

principle

5  Eliminating the troubles

1 Indicating the troubles

2 Searching the roots

3 Analyzing the warning

Index of the 
Pre-warning 

According with 
the qualification?

4 Forecasting the grade

index

limit

Over the cautionary level

Practical level

time

Below the cautionary level

The cautionary level

Yes

No



(1) Indicating the troubles



Index system of the Pre-warning

<1

<0.1

2-1

0.5-0.1

4-2

0.7-0.5

6-4

1.0-0.7

>6

>1.0

Quantity of agriculture 
product(t/hm2）
Quantity of nature grass 
product（t/hm2）

Pre-
warning 

sign

<0.5

>3

>70

<10

<0.2
>0.9

1-0.5

2-3

50-70

30-10

0.2-0.3
0.6-0.9

2-1

1-2

30-50

50-30

0.3-0.5
0.3-0.6

4-2

0.5-1

10-30

70-50

0.5-0.7
0.1-0.3

>4

<0.5

<10

>70

>0.7
<0.1

Percentage of organic matter 
（％）
Percentage of the quantity of 
total salt（％）
Percentage of the quantity of 
alkali （％）
Vagetation fraction（％）
Use efficiency of the plantation
（％）
Calamity index

Pre-
warning 
source

>60

>60

40-60

40-60

20-40

20-40

5-20

5-20

<5

<5

Degree of land salinization（％）
Degree of meadow degradation
（％）

Pre-
warning 

state

V
Terrible

IV
Serious

III
Moderate

II
Mild

I
Safe

Index



Precaution limit

<0.350.45-0.350.45-0.550.55-0.65>0.65Precaution 
limit

Terrible 
grade

Serious 
grade

Middle 
grade

Low 
gradeSafeGrade of the 

warning



As the mechanism of catastrophology and dynamics of 
the land ecology, the sources of the security are included 
the internal stress, external stress and human stress.

En(t)——Internal stress，soil condition；
Ex(t)——External stress，climatic factors and calamity factors ；
Hm(t)——Human stress, human activities changed the land cover and 

leaded to the land ecological environment problems indirectly.

(2) Searching the roots
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(3) Analyzing the warning



(4) Forecasting the grade



• Preventive measures such as hydraulic 
engineering and biology remediation were put 
forward to the safe, mild and moderate areas.

• Adjustive measures such as remediation of 
land salinization and meadow degradation 
were put forward to the serious and terrible 
areas.

(5)  Eliminating the troubles



In this research, the RS, GIS and EIS were used to studying 
the land use/ land cover change, evaluating and pre-warning the 
land ecological security in the area of the southwest of Songnen
Plain in China.

The result indicated that the state of land ecology in the 
southwest of Songnen Plain was in dangerous. Da’an city was the 
most serious one. Therefore, pre-warning of the land ecological 
security was carried in Da’an city as the sample. Preventive 
measures and adjustive measures were put forward to prevent 
the deterioration finally.

3.Conclusions




