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Design and implementation of the land ecological security warning system*
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(1. Zhejiang Guangsha College of Applied Construction Technology, Dongyang 322100, China; 2. Hebei GEO University,
Shijiazhuang 050031, China)

Abstract: Land ecological security is one of the core issues in regional ecological security. Quantitative, visual, and automatic
evaluation and prediction of land ecological security status and real-time warning are of great significance for the sustainable use of
land resources. Taking Hebei Province as an example, an index system of land ecological security was constructed based on the
pressure-state-response (PSR) model. In addition, a projection tracking model was used to evaluate the land ecological status, a
principal component correlation analysis model was used to identify the main influencing factors of land ecological security, and the

spatial difference coefficient model was used to analyze the spatial and temporal pattern of land ecological security. The Markov
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prediction model was adopted to predict the land ecological security level, an early warning mechanism was established by dividing
the early warning levels of land ecological security, and the land ecological security warning system was developed by using the
graphical user interface (GUI) of MATLAB. The results showed that: 1) From 2010 to 2018, the land ecological security index of
Hebei showed an overall increasing trend, shifting from 0.300 to 0.611, with an average annual growth rate of 12.92%. The status of
the land ecological security had changed from “deteriorating grade” to “sensitive grade”. The warning level had changed from
“super-severe warning” to “moderate warning”. However, the overall level of land ecological security was still low. 2) The main
limiting factors of land ecological security were population density, industrialization rate, pesticide input per unit area of cultivated
land, load of industrial wastes per unit area of land, proportion of urban construction land, proportion of industrial land, and energy
consumption per 10 000 ¥ GDP. 3) The regional differences in land ecological security in different prefecture-level cities of Hebei
Province had been decreasing continuously and became stable in recent years. By 2018, the coefficient of spatial difference was
32.54%, and the differences between cities still cannot be ignored. The state of land ecological security in most prefecture-level cities
was at “sensitive level”, and the warning level was “moderate warning”. The level of land ecological security needs to be further
improved. 4) From 2019 to 2025, the land ecological security index of Hebei Province is predicted to show a steady upward trend,
and by 2025, it predicted to be 0.834, reaching the “less security level,” with a warning level of “slight warning.” There is now
greater potential for land ecology to develop in a benign direction.

Keywords: Land ecological security; PSR model; Graphical user interface (GUI); Warning system; Hebei Province
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Table 2 Classification system of land ecological security warning
Order Comprel?enswe Security state Warning Warning situation
safety index level
1 >0.90 ) ) The land ecosystem is in an ideal state with complete structure and perfect function.
Security No warning  The ecological environment is basically undisturbed and there is no ecological dis-
aster. The ecological self-recovery ability is strong, the relationship between man and
land is harmonious.
2 (0.80, 0.90] ) Slight The damage of land ecosystem is small, the structure is basically complete, the func-
Less security warning tion is relatively perfect with good ecological environment, less ecological disasters.
Ecology can restore itself, and the relationship between man and land is relatively
harmonious.
3 (0.60, 0.80] o Moderate The land ecosystem is moderate}y dgmaged, the structure i; relatively incomplete,
Sensitivity warning and the basic function can be maintained. The ecological environment is damaged to
some extent, and ecological disasters happen occasionally. Ecological restoration is
difficult, and the relationship between man and land is affected.
4 (0.40, 0.60] ) Severe The land ecosystem is des'troyed ob\'/iously: the structure is damaged, the function is
Risk warning degraded. Ecological environment is fragile and ecological disasters often occur.
Ecological restoration is difficult, and the relationship between man and land is
threatened.
5 <0.40 o Super-severe Land ecosystem is dest.royed .seriously, structure is broken, function is lost. The
Deterioration warning ecological environment is fragile and ecological disasters occur frequently. Ecologi-
cal recovery is extremely difficult, the relationship between man and land is imbal-
anced
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uil=uimenu(h,' s
3) MATLAB GUI
EXCEL
[fName,pName,index]=uigetfile('*.xls','
. PSR xls");
4) MATLAB GUI

uigetfile

plot

sxtl=plot(x,y,'r+');

ql=title(’ ";
xlabel(’ ";

ylabel(' s

5) MATLAB GUI visible

position=get(gca,'position')

if position==[0.15,0.05,0.7,0.45] |
position==[0.15,0.64,0.7,0.2]
set(allchild(gca),'visible','off');

end

set(allchild(gcf),'visible','off");
set(findall(gcf,'type','uimenu'),'visible','on");
6) MATLAB GUI uiputfile

[fname,pname,index]=uiputfile('*.xls',' ,
xIs");
printpreview(gcf);
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Table 3 Evaluation index weight of land ecological security in Hebei Province
Index Weight Index Weight Index Weight
-0.079 -0.077 ive irri i 0.079
Population density Cultivated land area per person Rate of effectlvea;:;gated cultivated
Natural growth rate of 0.035 . . 0.067 || Investment in social fixed assets per ~ 0.025
. Proportion of urban construction land .
population unit land area
GDP

0.082 0.031 i i i i- 0.078

Urbanization level Proportion of industrial land Proportion ofmvest'men't 1n envi

ronmental protection in GDP
. . L . . GDP
Proportion of agricultural -0.048 Grain yield per unit cultivated land 0.080 . 0.083
GDP per capita
economy area

L. -0.073 . . 0.079 . L 0.041

Industrialization rate Economical density Proportion of tertiary industry

GDP GDP
0.052 . 0.070 Proportion of green agricultural 0.066
GDP growth rate GDP energy consumption .
production land
Pesticide input per unit culti- -0.049 0.082 Harmless disposal rate of household 0.084
Forest coverage rate
vated land area garbage
Fertilizer input per unit culti- -0.083 . 0.074 Proportion of industrial solid waste 0.068
Urban greening level .
vated land area disposal

i i —-0.050 0.080 0.082

Load of mdustrlal wastes per Coordination of water and soil Proportion of afforestation area

unit land area
Proportion of natural disaster -0.034 Proportion of water loss and soil 0.083 . . 0.075
. Soil erosion control rate
area erosion area

R4 2010—2018 EMibE L HERTLZ SRR

Table 4 Land ecological security situation of Hebei Province from 2010 to 2018

Year  Pressure index Status index Response index Com}i);fil;insive Security state Warning level
2010 0.420 0.209 0.262 0.300 Deterioration Super-severe warning
2011 0.462 0.253 0.286 0.336 Deterioration Super-severe warning
2012 0.462 0.303 0.334 0.371 Deterioration Super-severe warning
2013 0.485 0.374 0.427 0.438 Risk Severe warning
2014 0.430 0.430 0.541 0.483 Risk Severe warning
2015 0.446 0.537 0.509 0.508 Risk Severe warning
2016 0.549 0.609 0.535 0.574 Risk Severe warning
2017 0.532 0.652 0.622 0.617 Sensitivity Moderate warning
2018 0.468 0.687 0.631 0.611 Sensitivity Moderate warning
2018 43.60%, «“ ) ,
, 2015 «“
2018 30% « oo ,
> b 5
5
3.3.4 , ,
2018 , ,
11 ,
4 ,2018
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Fig. 2 Correlation between land ecological security index and
each evaluation index in Hebei Province

1 The names of the indexes are shown in the table 1.
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Fig. 3 Space difference of land ecological security index in Hebei Province
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Fig. 4 Spatial pattern of land ecological security of cities in PSR
Hebei Province in 2018
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Table 5 Prediction results of land ecological security in Hebei Province from 2019 to 2025
Year Press index Status index Response index Comprehensive index Security state Warning level
2019 0.566 0.758 0.618 0.659 Sensitivity Moderate warning
2020 0.568 0.784 0.693 0.697 Sensitivity Moderate warning
2021 0.525 0.824 0.750 0.719 Sensitivity Moderate warning
2022 0.548 0.887 0.753 0.747 Sensitivity Moderate warning
2023 0.586 0.934 0.774 0.782 Less security Slight warning
2024 0.582 0.968 0.823 0.811 Less security Slight warning
2025 0.574 1.010 0.855 0.834 Less security Slight warning
F6 WitALHMETREMMRENST
Table 6 Error analysis of prediction about land ecological security in Hebei Province
Year Original value of comprehensive index Predicted value of comprehensive index Residual Relative error
2010 0.300 0.300 0.000 0.000
2011 0.336 0.357 —-0.021 —-0.061
2012 0.371 0.397 -0.026 -0.070
2013 0.438 0.432 0.006 0.013
2014 0.483 0.475 0.008 0.016
2015 0.508 0.518 -0.010 -0.019
2016 0.574 0.553 0.021 0.037
2017 0.617 0.587 0.030 0.048
2018 0.611 0.624 -0.013 -0.021
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