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Abstract: With the fast-growing human population and attendant human activities, eutrophication has become a severe
problem in fresh as well as coastal waters in many regions of the world. Evaluation of eutrophication can provide critical
information for the governance and management of water resources. However, two basic and significant uncertainties, i.e.
randomness and fuzziness, are ubiquitous in water quality evaluation. The cloud model method has been proposed to address
the two uncertainties based on the principle of maximum entropy ( POME) and engineering fuzzy set theory ( EFST).
Poyang Lake is the largest fresh water lake in China with one of the most important wetlands in the world, recognized by the
International Union for the Conservation of Nature (IUCN). Poyang Lake has been severely disturbed by human activities,

such as sewage discharge and sand mining, which has caused a severe degradation of water quality. Previous evaluations of
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eutrophication have mainly focused on the central areas of Poyang Lake, whereas the surrounding wetland has much been
neglected. In this study, we aimed to develop a cloud model to assess eutrophication in Poyang Lake wetland. We also
employed the widely used comprehensive trophic level index ( TLI) and tested whether the two methods generated different
results. We conducted field surveys to obtain the data on water quality at 30 sample sites in Poyang Lake wetland during
September 25 and October 31, 2016. Five key physico-chemical parameters, i.e., chlorophyll-a ( Chl-a), Secchi disk
depth (SD), chemical oxygen demand using manganese ( COD,, ), total nitrogen (TN), and total phosphorus (TP) were
analyzed in the laboratory and used as the input data for the cloud model and TLI. The clouds of each water quality
parameter at five eutrophication levels (i.e., oligotrophic, mesotrophic, light eutrophic, middle eutrophic, and hyper
eutrophic) were generated in Matlab based on the criteria for eutrophication level classification proposed by the Ministry of
Environmental Protection of the People’s Republic of China. The eutrophication level at each sample site was then
determined by the maximum degree of certainty. Both of the two methods indicated that Poyang Lake wetland was overall in
a light eutrophic state. The cloud model showed that seven sample sites were classified as mesotrophic, seventeen as light
eutrophic, five as middle eutrophic, and one as hyper eutrophic, whereas the TLI indicated that twelve sample sites were
classified as mesotrophic, fifteen as light eutrophic, and three as middle eutrophic. The reason for the difference between
the two sets of results was that water physico-chemical parameters were weighted differently in the two methods. Highest
weights were given to TN and TP in the cloud model, whereas Chl-a concentration was the most important variable in the
TLI. Nitrogen and phosphorus were the main pollutants in Poyang Lake, whereas Chl-a concentration was not high, because
the fast flow of water, as well as the high concentration of suspended sediment, limited the growth of phytoplankton. We

thus considered that the cloud model method was more appropriate for eutrophication evaluation in Poyang Lake wetland.

Key Words: cloud model ; eutrophication; water quality evaluation; Poyang Lake wetland
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Table 1 Water quality parameters for eutrophication evaluation and their classification standards

HFRTH Chl-a/ TP/ TN/ COD,/

Nutritional level (mg/m*) (mg/m®) (mg/m*) (mg/L) Sb/m
1 %% 3% Oligotrophic <2 <10 <100 <1 =3
11 5% Mesotrophic <10 <50 <500 <4 =1
111 %)% & & 3% Light eutrophic <26 <100 <1000 <8 =0.5
IV & EF% Middle eutrophic <64 <200 <2000 <10 =0.4
V 5 EF Hyper eutrophic >64 >200 >2000 >10 <0.4

Chl-a; "%t % a Chlorophyll-a; TP ; B B Total phosphorus; TN & % Total nitrogen; CODy, : 15 4fi B2 £ #5 %X chemical oxygen demand using
manganese;SD:iﬁﬁﬁrg Secchi disk depth

; l (1)
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Table 2 Numerical characteristics of the cloud model

B9 Nutritional level Ex En He
I E, =0 Ey=(E,-E ) /3 0.01
I E, = (atb)/2 E,=(E,-E ) /3 0.01
1 Es = (b+c) /2 Es=(E;-E,) /3 0.01
v Ey = (ctd) /2 Ey=(Ey-E3) /3 0.01
v Es=d+e Es=(Es-Ey) /3 0.01

Ex. Expected Value;En;‘klgj Enlropy;He;;@‘klgj Hyper Entropy

(4) 2R AR
PR 22 (1) = BRVECFRRAE S50, (6] MATLAB SIS B = B = B AR e 2 il i 5 4
PR R F ) A
(5) IHELR A E
PEA RS J8 T 5200 AR o BE AT, 3T LUK . A E A AR A, 45 B2 A AR T 5 — 2 0 (R i 5
JEZR SR 5 HAS B 5 KW, S O o JEE T A R B o B Ry 45 SR R T T 1) 8 B SR AR 0
1.2.2 LA BRI
LA B FRIRASHR B S R BT W0 e sl T O P 031 (K PR ) BB SRR VEM iR . BT Chl-a,
TP TN ,COD,,, #1 SD %7K i hr Xt /K A & 5 SR AL B A TP B A
TLi( Y, ) = Y, W, - TLI()) (4)
AP TLI( Y ) FROREEG EFRAREIEEG W RIREE j A SR E SRS B AR A  TLI(j) /R4 j Fh S8
E FRARASTREL
P Chl-a 3EHESH WSS § rh S8 IH— A A E AR
W = J 5
Ty v
X, r, RS WSS RMESEL Chl-a HISCREG m TR TP S50 AL
BIRREIEARWT .

TLI(Chl-a) =10(2.5+1.086InChl-a) (6)
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TLI(TP) =10(9.436+1.624InTP) (7)
TLI(TN) =10(5.453+1.694InTN) (8)
TLI(COD,, ) =10(0.109+2.661In COD,,, ) (9)
TLI(SD) =10(5.118-1.941nSD) (10)
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Table 3 Numerical characteristics of the cloud model for Secchi disk depth

E IR Nutritional level Ex En He E 3439 Nutritional level Ex En He
1 3 0.67 0.01 v 0.4 0.13 0.01
1 1 0.17 0.01 v 0 0.13 0.01
1l 0.5 0.03 0.01
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Fig.2 The integrated cloud for each water quality parameter
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Table 4 Eutrophication evaluation for 30 sampling sites in Poyang Lake wetland

Py BRI R/IR7S SA BRSO
TRE Cloud model Comprehensive trophic level index
Sample & BRI E TR 45 R TLI Z55 B FRIRSHE L BRAETES
sites Degree of certainty of eutrophication level Evaluation Comprehensive Evaluation
1 I 111 v \Y results trophic level index results
1 0.04 0.30 0.38 0.05 0.00 RESEER 44.25 R
2 0.03 0.29 0.46 0.01 0.03 REER 49.52 SR
3 0.00 0.05 0.51 0.01 0.04 REEER 58.59 REEER
4 0.04 0.35 0.39 0.05 0.00 REEER 45.92 SR
5 0.00 0.06 0.49 0.02 0.02 REER 55.66 REEER
6 0.00 0.26 0.20 0.05 0.00 hE R 52.15 REEER
7 0.07 0.21 0.18 0.15 0.25 RS 40.79 SR
8 0.00 0.05 0.47 0.01 0.03 RERER 58.90 RIEEER
9 0.00 0.00 0.33 0.16 0.04 BEEER 62.96 B SR
10 0.00 0.10 0.57 0.04 0.05 RIS R 61.76 PR E TR
11 0.00 0.11 0.56 0.04 0.03 REEER 50.79 REER
12 0.00 0.02 0.61 0.03 0.03 RIERER 53.32 RIER R
13 0.00 0.29 0.14 0.30 0.03 PR B SR 49.83 iR
14 0.00 0.26 0.32 0.13 0.03 RIEWER 47.13 hE SR
15 0.00 0.07 0.17 0.14 0.08 REEER 58.38 REER
16 0.00 0.02 0.36 0.37 0.03 R E TR 54.09 RIEWER
17 0.00 0.16 0.33 0.05 0.05 BRERER 53.38 REEER
18 0.00 0.02 0.19 0.32 0.03 R E TR 54.90 RIEEHER
19 0.01 0.22 0.02 0.30 0.04 PR E SR 51.36 RIEEER
20 0.02 0.27 0.10 0.23 0.04 R 47.35 hE SR
21 0.00 0.02 0.33 0.09 0.04 RIERER 60.78 PR E R
22 0.07 0.22 0.17 0.36 0.03 hEEE SR 41.15 R R
23 0.03 0.28 0.04 0.01 0.11 g 46.15 hE SR
24 0.03 0.27 0.19 0.12 0.03 R SR 44.48 R R
25 0.01 0.46 0.12 0.05 0.00 TR 43.02 hE SR
26 0.00 0.24 0.44 0.04 0.03 RIEEER 49.03 R SR
27 0.01 0.25 0.17 0.23 0.06 hE R 53.53 RIEEER
28 0.02 0.31 0.27 0.02 0.05 g 56.46 REEHER
29 0.00 0.05 0.30 0.13 0.00 BRIEWHER 51.24 RIS HER
30 0.00 0.11 0.55 0.07 0.00 REEER 50.02 REFHER
4 g

ASBIRFE A JH 25 AT 0080 B 389 J] i 3 A AR 35 SR A AR DL BEA T A, P45 R 75 3 B 389 o i 36 b i A A
R bR EFORE, SRR SRR & 8 IR SR R bR B =2 18] ANl 2 B 460 Tin AT A
e PRE T E IR R AP A BEATL A ARSI | ] LA S0 S s R S P 1 i K A T R AR S
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