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Calculation of ecological recovery based on bp neural network:. a case study of

Zhuxi Small Watershed in Changting County, Fujian Province
LI Rongli, CHEN Zhibiao® , CHEN Zhiqiang, ZHANG Xiaoyun, ZHENG Lidan, WANG Qiuyun
College of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China

Abstract; Environmental degeneration has seriously restricted the economic and social development of countries around the
world. To tackle the problem, the projects of ecological restoration and reconstruction have been or are being carried out in
many places. Under this background, many scholars try to assess the effects of ecological restoration through statistical
method, comprehensive evaluation method, fuzzy evaluation method and grey evaluation method. However, it is difficult to
discern the non-liner correlation between each assessment indicator and the degree of ecosystem restoration, as well as to
decide the contribution ratio of each indicator. The methods mentioned above were complicated in assessing the contribution
ratio of indicators; whereas, the back propagation neural network can solve the problems about non-linear model and
contribution ratio of indicators effectively through adjusting the weight of each indicator automatically in the training process
of this model. The research focuses on the small watershed of Zhuxi in Changting County, Fujian Province. The data was
acquired from field investigation, lab analysis and remote sensing images which the features are extracted from. The
ecosystem restoration model which can quantitatively evaluate the degree of the ecosystem restoration is built using back

propagation neural network ( BP-NN) by Matlah7.0 software. Firstly, four aspects covering nine indicators are chosen to
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assess the restored ecosystem, including soil physicochemical properties ( soil organic matter, soil total N, soil total P, soil
total K, soil bulk density, pH), indices of species diversity ( Shannon-Wiener ), thermal environment ( surface
temperature) and vegetation structure (vegetation coverage). The nine indicators are the input variables and the values of
ecological restoration are output of the BP-NN. Secondly, the ecosystem restoration model is built by data preprocessing,
sample training and sample test using Matlab7.0 software. Lastly, the ecological restoration of Zhuxi small watershed is
quantitatively evaluated by the model. The results show that the predicted values from ecosystem restoration model are in
accordance with the real situation, which indicates BP-NN model is feasible in quantitative evaluation of restored ecosystem.
The area of extremely low ecosystem restoration in Zhuxi small watershed occupies only 0.94% and the area of medium
ecosystem restoration accounts for 95.48% , which indicates that the measures of ecological protection have achieved initial
results. However, the area of high ecosystem restoration accounts for only 3.62% , suggesting more work should be done in
managing and protecting environment in future. The selection of assessment indicators is another core for building the model.
Based on former researches, we add thermal environment data ( surface temperature) to the model in this study, which can
make the assessment system more comprehensive, and achieve more ideal simulation result. In further research, more
indicators including biomass, composition of litter, arbor density, and height and so on will be admitted to the assessment
system for more accurate result. For direct perception of the output of the model, the dot data of model output was

transformed into the surface data to create the map for the degree of ecosystem restoration.

Key Words: back propagation neural network; ecological restoration; model; Zhuxi small watershed
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Table 1 The sample data of model

. . f*”ﬁ 25 2 2t e i i Shannn-
Type of sample plot No. matter/ Total N/ Total P/ Total K7 density/ ol V?getauon temperature/ errler‘,
Ne/ke) (g/kg) (g/kg) (g/kg) (/em’) coverage/ % /2 SRR EL

R BR 1 62.05 0.86 0.15 4.50 1.00 4.62 1 17 1.905
Evergreen broad- 2 53.24 0.76 0.15 573 1.02 4.64 1 20 1.905
leaf forest 3 67.38 1.00 0.22 3.10 1.14 3.84 1 18 1.905

4 58.28 0.77 0.17 3.78 0.93 3.97 1 20 1.881

5 32.28 0.38 0.14 6.68 1.26 4.87 0.75 16 1.905

6 67.38 1.03 0.19 7.35 0.99 4.60 0.88 17 1.905
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Type of sample plot No. matter/ Total N/ Total P/ Total K/ density/ ol Vegetation temperature/ v\vfene:.,

Je/ke) (g/kg) (g/kg) (g/kg) (g/om®) coverage/ % P LR

7 54.65 0.97 0.16 8.89 0.98 4.37 0.80 19 1.905

RIS 8 23.64 0.46 0.10 6.88 0.98 4.38 0.76 15 1.428
Mixed forest 9 42.18 0.40 0.11 2.20 0.99 4.01 1 18 1.428
10 39.24 0.70 0.18 6.65 1.30 4.66 0.98 17 1.428

11 32.80 0.48 0.12 7.15 0.99 4.39 1.00 16 1.428

12 26.95 0.47 0.11 17.75 1.21 4.63 1 21 1.649

13 38.11 0.37 0.15 16.93 1.32 471 0.97 2 1.428

R ARFNE A 4 5.19 0.05 0.08 14.28 1.27 4.44 0.89 21 1.428
PinusmassonianaLam 15 10.77 0.16 0.13 3.80 1.40 4.61 0.68 19 1.428
and Shrup 16 7.44 0.11 0.13 10.55 1.39 4.69 0.68 20 1.428
17 4.02 0.06 0.07 9.95 1.55 473 0.65 18 1.428

18 4.35 0.05 0.07 4.83 1.33 4.55 0.6 21 1.428

19 8.45 0.19 0.08 19.88 1.24 4.68 0.95 17 1.428

20 6.03 0.06 0.07 9.70 1.38 4.60 0.59 21 1.649

21 11.13 0.14 0.12 9.00 1.28 4.41 0.77 19 1.881

2 5.32 0.06 0.16 4.20 1.31 4.60 0.85 21 1.881

23 10.85 0.16 0.08 4.48 1.18 4.56 0.95 21 1.649

24 6.36 0.05 0.07 11.93 1.21 479 0.70 18 1.649

25 12.66 0.19 0.15 8.43 1.14 4.58 0.76 2 1.428

26 9.41 0.15 0.11 12.33 1.36 4.63 1 21 1.428

27 9.77 0.18 0.11 8.33 115 4.69 0.53 23 1.428

28 6.81 0.09 0.05 25.08 1.39 5.11 0.75 20 1.881

29 7.62 0.14 0.16 7.25 1.25 4.85 0.84 21 1.881

30 5.24 0.06 0.08 6.28 1.38 4.68 0.85 19 1.428

31 12.69 0.18 0.08 14.63 1.28 4.36 0.95 19 1.428

32 24.25 0.30 0.11 3.63 1.36 429 0.70 21 1.881

33 30.80 0.34 0.11 14.88 1.27 4.45 0.83 20 1.428

34 20.05 0.39 0.14 12.63 1.10 4.49 1 18 1.428

R 35 22.53 0.62 031 1.23 1.37 5.13 0.70 21 0.910
Grass land 36 15.06 0.34 0.12 6.15 1.07 434 0.90 16 0.910
37 23.84 0.36 0.13 9.50 1.21 4.58 0.60 16 0.910

38 12.35 0.18 0.10 15.13 1.44 4.55 0.80 19 0.910

39 20.94 0.44 0.16 14.65 118 439 0.87 17 0.910

40 15.09 0.39 0.46 5.40 1.48 5.03 0.90 24 0.910

41 14.63 0.35 0.15 5.73 1.48 4.52 0.76 2 0.910

S 4 29 0.05 0.10 2.73 1.45 4.99 0.10 2 0212
Bare land 43 251 0.04 0.11 435 1.44 477 0.30 20 0.212
44 1.85 0.03 0.01 7.95 1.55 474 0.10 20 0212

45 172 0.03 0.10 8.45 1.58 4.64 0.10 21 0212

46 3.69 0.03 0.05 4.68 1.62 4.89 0.10 21 0212
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Fig.4 BP network model of Ecological restoration
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Table 2 Comparison of expected value and model test results

S0 R A 5 2
; iﬁtﬁjﬁj 7 1 19 31 39 44
PRI H (. Output value of model 0.9940 0.8289 0.6011 0.6257 0.3764 0.2131
W14 H A Output value of expectation 1 0.8 0.6 0.6 0.4 0.2
#5 %15 2% Absolute error -0.006 0.0289 0.0011 0.0257 -0.0236 0.0131
FHXTIR 2 Relative error/% -0.60 3.49 0.18 4.11 6.27 6.15
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Fig.11 Ecological restoration of the small watershed of Zhuxi
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Table 3 The statistic of ecological recovery degree grading area in the small watershed of Zhuxi

HE WK B SR Degree of ecological recovery 1 2 3 4 5

A SR BE V5 ] Range of ecological recovery 1—0.8 0.8—0.6 0.6—0.4 0.4—0.2 0.2—0

T Area/hm? 99.82 1219.94 1216.33 196.52 25.15

AT SVHIFR T 43 L Percentage/ % 3.62 44.24 44.11 7.13 0.91
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