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Ecological risk assessment based on information network model
CHEN Shaoqing, FANG Delin, CHEN Bin "

School of Environment, Beijing Normal University , State Key Joint Laboratory of Environmental Simulation and Pollution Control, Beijing 100875, China

Abstract: The natural properties of ecosystems have been widely altered by human activities, which in turn cause the
endangerment of a range of species that will eventually affects humanity. Ecological risk assessment (ERA) is capable of
modelling and quantifying the potential impact on ecosystems and their components ( such as species and communities )
initiated by human disturbance. In this study, a conceptual conversion of flow currency in network was accomplished, i.e.
from the material/energy flow to the information flow. Based on the introduction of control allocation analysis and the
estimation of the components’ sensitivities to the stressor, we developed a new type of network analysis for holistic ecological
risk assessment, so-called information-based network model. The reservoir ecosystem intercepted by Manwan Dam was used
as a case study, The initial environmental risks were calculated based on the changes of three heavy metals (Hg, Pb and
Cd) , and the propagation of resultant risk between all functional components of the ecosystem was tracked. By incorporating
both direct and indirect ecosystem interactions, the risk conditions of the whole ecosystem and its components were
quantified and illustrated in the information networks. The results showed that: (1) on both ecosystem level and component
level, there were significant differences between integral risk and initial risk after disturbance due to network amplification
effect; (2) Hg seemed to cause the most highest integral risk to the ecosystem among the three heavy metals (3) almost all
components had multiple sources of risk rather than solely received from the original input source ( except the absolute

controller, who only gives off risks but never receive one from other components) ; (4) the number of risk flow pathways
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notably increased from the input situation to network direct situation and to integral situation, implicating that the dynamics

of the ecosystem are better manifested through a network perspective.

Key Words: Ecological risk assessment; Ecological network analysis; Information theory; Reservoir ecosystem
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Table 1 Routine of ecological risk assessment based on information network model
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Fig.1 The energy flow digraph and its flow matrix ( F')

HRZE B G SC AL BRI UBAEL (32 1) Al o0 A O & 158 1 ARG TH0R R GE N R 2520 73 18] )
IS A B 15 5, T XUBS: (12 WL, H3 R H4 15 A) B8 04 £ LE MR v o, MR AU 7 128 IX 42
3 B 13 B AR AR (18] 2) 19 2 B XURG 265, 8 o #d M PETRIRELR: (R) B9 D7 237t AU e 8 D 1) i 2
525 JE 28 RN T A5 2 AR GELH 0 8] A 38 A AUR L (B 1 G0 B M B2 AR 30 ) , A T 81 e i Tt

http ; //www.ecologica.cn



7 39 WREARG 25 105 B 2R ) A 25 KU A 2231

SR A S5 24 25 UG T ( P 3 ) , b o e 45 IR LR R

122 VWA
0.0339 023
- ( 231

=

« > » Hl p 1 kv’:
=/ k7 RO/ A7 ‘q \7
@QQ&\' A LY Qﬂ’;; A 8%, Q’Q(C:\W A %%,
NI g os~0 N a 6o > NN =y oG
N a AN 7 g 6 )R LN g NN
- = P . S P . S (P
- T A . Ob . . . I\ . =
¢ H4 - - - -0.0020- - -» H2 ¢ H4 - - - -0.0007- - -» H2 LA H4 - - - -0.0005- - -» H2
0.1008 - - - -0.0007- - - > 0.0339 - - - - 0.0002- - - > 0.0231 - - = = 0.0002- = = P
® ) *® 1 ¥ !
h7) ' \/’ \0 1 (’)/' \0 . /’
‘0, A ‘0 9 K2 \2
iz ' N %, 1 o Tp 1 4
LA ,Q?' ° ,Q,% 70 ,Q'Q
- = ) v’ - *\ ’ 2 o ’
¢ L
0.2520 8 0.0847 H 0.0576
Hg Pb cd

Bl 2 B X R 24 1) B d RUBG %338 P R EE XS RZ%E B (R)
Fig.2 The direct risk flow digraph and matrix (R)
HELARTR RS IR 3l , 55 BE 1 L ) SR AR I3 5 ol AR [ 41 505 R ) XS (A T 0 g XS ) A7 o8 P v 80 5 S AR IE T 7 3R AN R B R 3

HI g':‘ 10( P H1 T&; 0 Mu P H1 ?\ ( l
T YRS /‘e/ S
A . N N
s & s Wy & 3 %
Q0 ig 9‘; N Q0 Eg 0/\\ 7Qr i§ )\)
TR S > H2 o " 4 e S > H2 o A g4 oo L H2
0.1008 }—0,0027 0.0339 |r 0.0009 0.0231 : 0.0006
AN ! A A ! A ' A
% ! & N ' i N% | Wi
o | I\ ) 1 S N{7) | AV,
o Yo L9 R RN
_ ~\x 1 /// _ -\;z /// _\\*, /,
o " H3 o A 3 o H3
0.2520 0.0847 0.0576
Hg Pb Cd

B3 RS 8 A R A i B (A KU A ) RS RZAERE (R )

Fig.3 The integral risk flow digraph and matrix ( R )
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Table 3 A comparison of input risk, direct risk and integral risk condition among communities
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