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A Tipping Point of Evaluation on Fragility 
Effected by Climate Change in China 

Huanyu Dong, Hebao Zhang, Wenshang Ji 
College of Qianhu, Nanchang University, Nanchang, 330031, China 

 
Abstract: Climate changes has made great influences on instability. It is of vital importance to establish an 
efficient evaluation system, which meet the following requirements. Figure out when and how climate change 
force a country become more fragile. Based on the principles of mode and average, we identify the tipping 
point of 15 factors separately. We define the average as tipping point 1 of transforming from stable to vulner-
able, mode as tipping point 2 that turning vulnerable to fragile. If the sum of all the representative numbers is 
over 22, the country is in fragile status. Then we utilize optimized ANN-Markov model to predict the devel-
opment trend of China, which proves that it will not fall into fragility in future years. 

Keywords: ANN Markov chains Fragility 

 
1. Introduction 
Climate change has been widely regarded as a driver of 
change in shaping the future of most areas and at scales 
ranging from individual to the global [1]. Climate change 
amplifies the negative effects on the areas, which su er 
from common environmental problems. The negative 
issues increase likelihood on climate shocks. Those areas 
in long run can fall into the degree to which an exposure 
unit is susceptible to harm due to exposure, to a perturba-
tion or stress, in conjunction with its ability to cope, or 
fundamentally adapt [2], which is called the fragile state. 
Thus it is crucial to assess country vulnerability, which 
can reflect the general process of social ecosystems under 
climate change [3] 

2. A Tipping Point 
The condition of any country cannot stay the same in the 
development process. It is essential to figure out the ex-
act tipping point to prevent from falling into the fragile 
state. We define the tipping point by considering the vul-
nerable status of the 15 indicators. We obey the principle 
of mode and average. The average of data set given by 
Fund for Peace is set as turning point 1 of transform from 
table to vulnerable status. The mode of data set 
represents the turning point 2 that turning the vulnerable 
to fragile status. 
 

Table 1. The Turning Point of 15 Factors based on Fragility 

 Security 
Apparatus 

Factionalized 
Elites 

Group 
Grievance 

Uneven 
Economic 

Economic 
Inequality 

Human Flight 
and Brain 

Drain 

State 
Legitimacy 

Public 
Services 

Turning 
point 1 5.7 6.5 6.2 5. 7 5.9 5.7 6.1 5.5 

Turning 
point 2 7.2 8.2 7.8 7 7.6 7.5 8.2 7.9 

 Human 
Rights 

Demographic 
Pressures 

Refugees 
and IDPs 

External 
Intervention Precipitation Temperature Natural 

disaster  

Turning 
point 1 5.8 5.8 5.3 5.8 5.8 5.2 5.1  

Turning 
point 2 7.8 8.1 7.3 7.6 7.7 7.4 7.6  

 
We value the diverse number in different weights, which 
is shown as follows. 

1 0
1 2 1

2 2

num ber tippingpoint w eight
tippingpoint num ber tippingpoint w eight

num ber tippingpoint w eight

≤ =
 < < =
 ≥ =

 

If the sum of all the representative numbers is over 22 
points, the country is probably in fragile condition. The 
less number means the more stable condition. 

3. Evaluate the State of China 
The complex indicator of China from 2006 to 2015 is 
shown in table 2. We conclude the fragility of China is 
under 22, which means China has been a stable but quite 
vulnerable status for a decade. 
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Table 2. The Complex Index in China 

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Complex index 16 15 15 17 17 14 13 15 14 13 

 

4. Evaluate the State of China 
The prediction on when a country may reach the tipping 
point is based on the ANN with additional momentum 
optimized by adaptive variable step model. We set pre-
vious and the other separately as the training and test data 

set. It is obvious that China will not reach the tipping 
point in the future. However, there is huge gap between 
expected and predicted results. To deal with this, we 
combine the advantages of ANN and Markov chain. 

Conceptual 
framework

Build a suitable 
neural network

Initialize 
neural network

Training neural 
network

Finishing training 
process

N

Calculate 
the mean 

value of the 
error 

sequence

Establish the 
standard of 

error 
classification

Determine 
the error 

correspondi
ng to the 
status of 

each period

Calculate 
the mean 

value of the 
error 

sequence

Neural Network 
Prediction Test data

Markov chain to amend

Neural Network Prediction
the residual value

Markov Chain

Neural Network Construction

Neural Network Training

Y

Figure 1. The Flowchart of Optimized ANN-Markov Model 
 
To reflect the effect of optimization model clearly, we 
compare the relative value between the ANN and im-
proved ANN-Markov Chains model. The relative error 

has largely decreased, identifies the proposed ANN-
Markov Chains has well performance on diminishing the 
error. 

 
Table 3. The Comparison of Relative Error between ANN and ANN-Markov Chai 

Year The complex index 
ANN Markov Chains 

predicted value relative error modified value relative error 

2006 82.5 71.2 0.14 80.8 0.02 

2007 81.2 68.6 0.16 80.1 0.01 

2008 80.3 67.8 0.16 78.3 0.02 

2009 84.6 68.7 0.19 81.7 0.03 

2010 83.0 68.5 0.17 80.5 0.03 

 

5. The Effects of Climate Change on Fragili-
ty in China 
Figure 2 intuitively reflects the impact of climate change 
on fragility in China. The darker color represents a more 
fragile state. There was a slight impact of climate 
changes on vulnerability in the western China from 2006-
2015. But the fragility of south area was deeply influ-

enced by the climate change. Those western area due to 
its location can prevent themselves from being influ-
enced by extreme disasters. North area is the most stable 
region of China. 
Overall, those area nearby the ocean are the most likely 
to be influenced by climate change, which has the closest 
connection with fragility. 
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Figure 2. The Predictive Trend of Vulnerability in China from 2006 to 2017

 

Figure 3. The Influence of Climate Changes on Fragility in China 
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