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Rank Decision of Ecological Environment Assessment Field
Introducing Fuzzy Integral
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ABSTRACT

This study was carried out to provide guidance to environmental policy makers when deciding which
assessment fields (biotic, abiotic, qualitative, functional) should have priority for ecological preservation and
to develop an objective and scientific methodology by introducing the engineering concept of the fuzzy integral.
The grant of weights was used the eigenvalues calculated by factor analysis, and the converted values of
indicators were obtained in multiplying the arithmetic values and eigenvalues.

The results of the appropriateness and reliability of assessment fields were examined over 0.6, and the
results showed that the design of questionnaire presented no great problems. When the fuzzy integral was
calculated to determine the rankings at A =1, 2, 3, 4, 5, respectively, they were 0.646, 0.630, 0.943, 1.423,
and 1.167 for the biotic field, 1.298, 1.400, 0.901, 0.580, and 1.456 for the abiotic field, 0.714, 0.674, 0.346,
0.674, and 1.610 in the qualitative field and 1.000, 0.973, 0.943, 1.024, and 1.008 in the functional field.
The sensitivity to A value showed that A =4 was the most suitable. In comparison with A =0 (the arithmetic
mean), the range of change was narrow. Because the range for A =4 was narrower than any other values,
A =4 was sure to be available in ranking-decision. The fuzzy integral is expected to be a method for analyzing
and filtering human thoughts. In the future, in order to overcome linguistic uncertainty and subjectivity, other
fuzzy integral models including Sugeno’s method, AHP, and so forth should be used.
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Table 1. The selection of assessment indicators

Fields Criteria Indicators
Structure Density(BF1), Coverage(BF2). Frequency(BF3), Importance value(BF4), DBH(BF7), Plant height
(BF8), Plant width(BF9), Stratum layer(BF10), Sociality(BF14), Dominance(BF15)
. . No. of individuals(BF5), No. of species(BF6), Species diversity index(BF11), Species abundance(BF12),
Biotic Diversity Max. diversity index(BF13)
Resource Vascular plant(BF16), Endemic plant(BF17), Naturalized plant(BF18), Rare and endangered plant

(BF19), Community of specific plant(BF20)

Soil components

T-N(AF1), T-P(AF2), Scil pH(AF3), Soil hardness(AF4), Soil property(AF5), Organic matter(AF6)

Abiotic
Physical condition | Slope angle(AF7), Altitude(AF8), Aspect(AF9), Topography(AF10)
Disturbance Hemeroby degree(QF1), Tmpact rating class(QF2), Degree of green naturality(QF3), Land use pattern
(QF4), Naturalized index(QF10), Urbanized index(QF11)
Qualitative Actual vegetation(QF5), Stand age(QF6)., Forest size(QF7), Vegetation covering(QF8), Landscape
Stability and state | fragmentation(QF9), Connectivity(QF12), Vegetation type(QF13), Restoration(QF14), Succession(QF15),
Landscape diversity(QF16)
Control Protection of landslide(FF3), Protection of soil erosion(FF4), Protection against wind(FF5), Conser-
vation of ecosystem(FF6), Maintenance of biodiversity(FF7), Offer of habitat(FF8)
Finctional Acceptance Offer of recreation(FF10)
Productivity

Goods production(FF1), Improvement of air quality (FF2), Protection of water resource(FF9)
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Figure 1. The process of rank decision
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Table 3. Fuzzy integral of biotic field

Indicator® Weight Converted Gap Fuzzy measure Fuzzy integral
value A=l| A=2| A=3| A=4| a=5| A=1| A=2| A=3| A=4 | A=5
BF15 7.564 1.001 0015 0071 | 0059 | 0103 | 0.045 | 0.069 | 0001 | 0.001 | 0.002 | 0.001 | 0.001
BF2 7.564 0.986 0.016 0.146 | 0124 | 0212 | 0097 | 0161 | 0,002 | 0.002 | 0.003 | 0.002 | 0.003
BF14 7564 0970 - 0062 0225 | 0196 | 0338 | 0158 | 0281 | 0014 | 0012 | 0021 | 0.010 | 0.017
BF9 7564 0.908 0.030 0304 | 0270 | 0474 | 0225 | 0432 | 0,009 | 0008 | 0014 | 0007 | 0.013
BF3 7564 0878 0.008 0385 | 0350 | 0539 | 0300 | 0623 | 0,003 | 0003 | 0004 | 0.002 | 0.005
BE7 7564 0.870 0.000 0471 | 0437 | 0793 | 1424 | 0.870 | 0,000 | 0.000 | 0.000 | 0.000 | 0.000
BF8 7564 0.870 0453 0562 | 0533 | 0986 | 1702 | 1159 | 0255 | 0.241 | 0477 | 0.771 | 0525
BF11 2440 0417 0012 0608 | 0584 | 1041 | 1876 | 1323 | 0.007 | 0.007 | 0012 | 0.023 | 0016
BF12 2440 0.405 0.045 0654 | 0636 | 1089 | 1922 | 1507 | 0.029 | 0.029 | 0.049 | 0.086 | 0.068
BF4 2440 0.360 0,005 0696 | 0686 | 1.132 | 2049 | 1.260 | 0,003 | 0003 | 0006 | 0.010 | 0,006
BF13 2440 0.35 0.071 0739 | 0733 | 1175 | 2388 | 1416 | 0052 | 0052 | 0.083 | 0170 | 0101
BF10 1757 0284 0.001 0.774 | 0775 | 1176 | 2503 | 1558 | 0,001 | 0.001 | 0001 | 0.003 | 0002
BF19 1.501 0.283 0.000 0808 | 0819 | 1188 | 2623 | 2067 | 0,000 | 0.000 | 0000 | 0.000 | 0,000
BF6 1.757 10283 0.065 0846 | 0870 | 1198 | 1677 | 2242 | 0055 | 0057 | 0078 | 0109 | 0.146
BF1 1757 0218 0.010 0875 | 0893 | 1090 | 1749 | 2406 | 0009 | 0009 | 0011 | 0017 | 0024
BF5 1501 0.208 0.007 0903 | 0916 | 1.061 | 1822 | 1484 | 0006 | 0.006 | 0007 | 0013 | 0.010
BE20 1183 0201 0.010 0930 | 0935 | 1060 | 0950 | 1587 | 0.009 | 0.009 | 0011 | 0010 | 0.016
BF17 1183 0.191 0,034 0956 | 0955 | 1.057 | 0.980 | 1692 | 0033 | 0.032 | 0036 | 0.003 | 0.058
BF16 1183 0.157 0.002 0978 | 0973 | 1.014 | 1.008 | 0.969 | 0002 | 0.002 | 0.002 | 0.002 | 0.002
BF18 1183 0.155 0.155 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0155 | 0155 | 0.155 | 0.155 | 0155
Sum of (converted value gap x fuzzy measure) 0646 | 0630 | 0943 | 1423 | 1.167

- *: BFl: Density, BF2: Coverage, BF3: Frequency, BF4: Important value, BF5: No. of individuals, BF6: No. of species, BF7: DBH,
BF8: Plant height, BF9: Plant width, BF10: Stratum layer, BF11: Species diversity index, BF12: Species abundance,
BF13: Max. diversity index, BF14: Sociality, BF15: Dominance, BF16, Vascular plant, BF17: Endemic plant, BF18: Naturalized plant,
BF19: Rare and endangered plant, BF20: Community of specific plant
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2 coll Wt 103 WA 4o] Az, o] wgag <l
FE3SHE c=00730] Hh. Wt 97 =3 A
B3 REolA Aust A o] 38 £ 9o, HF
HAHEGE 1.298¢] HAE A1=2, 3, 4, 54 @ A
B 747} 1400, 0901, 0580, 145623 &= %ch

Table 5= 23 F79 AANFEGES Yehd ACE
A 3ol 120622 7P & 53] =(QF2) A
Y 7 32 03045 7H 93 (QF6) 7 74 3
FE2 Ygsdt 1=1¥9 9 g &2 g (QF
2) =1206¢, g (QF2, QF1) =1413+2.378¢, -, g4 (QF
2, QF1, QF4, QF3, QF8, QF1l, QF10, QF16, QF15,

Table 4. Fuzzy integral of abiotic field

QF13, QF7, QF12, QF9, QF14, QF5, QF6)=0002
B+0,040¢+0.365¢+2.262c2 +10,266¢ +35.132c+92.
4447 +188.934c%+300.757¢ +371.474¢° +352,082c™+250.9
15¢"+129.925¢>+46.083°+10.000c 24 c&] 153 WA 4]
o] 5, cofl thalA AN EH ¢=0071°] Fr}
2 & o183 HA SEF Wag] IFE F3Y
AP 07142 HAZERe] EE2HATE 4=2,
3,4, 59 o) HAHEZEL 0674, 0346, 0,674, 16102
2 EHE

Table 62 7154 F-29 HAHEZE UYeRd 28
24 Wsigho] 71 & A BRI (FF9)AMFH 7t
2 ZE MAA AZ(FF8)7HA 3 Aol AAH
Ack A=1Y o c3h& A=3Y, g1 (FF9) =1.299, g
+(FF9, FF10) =1603+2533c, - gi(FF9, FFI0,
FF4, FF2, FF3, FF5, FFL, FF6, FF7, FF8)=0815
%+8.494¢°+39,649¢3+109,165¢" +196.321c™+240.974¢” +
204450 +118 413 +44.801c*+10.000cZ Uehln, c=
00727} Btk webA, A5 HIHX 9} catd FAIEH,
2:(FF9) =1.299x0,072=0,093, g:(FF9, FF10)=1603
x(0072)%+2533x(0.072) =0190 22 7& ¢ Ux
A2 PR AHEZL 10022 Yedth 1=2 3, 4,5
o o HAHE-Z 77 0973, 0943, 1.024, 1.0080]
o

Indicator* | Weight | 7 | Gap Fluzy measure Plazy ntegral
value A=1| A=2| A=3| A=4 | A=5] a=1| A=2| A=3| A=4| A=5
AF3 5519 1768 0119 | 0129 | 0062 | 0080 | 0028 | 0088 | 0015 | 0007 | 0010 | 0003 | 0010
AF1 5519 1649 0040 | 0264 | 0127 | 0154 | 0058 | 0207 | 0011 | 0005 | 0006 | 0.002 | 0.008
AF5 5519 1609 0054 | 0412 | 0587 | 0234 | 0089 | 0371 | 0022 | 0032 | 0013 | 0005 | 0.020
AF? 5519 1555 0039 | 0571 | 0705 | 0318 | 0123 | 0593 | 0.022 | 0027 | 0012 | 0005 | 0.023
AF4 5519 1516 1073 | 0745 | 0833 | 0406 | 0.158 | 0.889 | 0799 | 0894 | 0436 | 0170 | 0.954
AF§ 1203 0.443 0043 | 0801 | 0875 | 0404 | 0170 | 0988 | 0834 | 0038 | 0017 | 0007 | 0.042
AF10 1203 0400 0023 | 0853 | 0011 | 1160 | 0714 | 1087 | 0020 | 0021 | 0.027 | 0016 | 0.025
AF8 1203 0377 0006 | 0904 | 0950 | 1128 | 0081 | 1189 | 0005 | 0.006 | 0.007 | 0.000 | 0.007
AF9 1203 0371 0058 | 0955 | 0985 | 1043 | 0993 | 0913 | 0.055 | 0.057 | 0060 | 0058 | 0053
AF7 1203 0313 0313 | 1000 | 1.000 | 1000 | 1.000 | 1000 | 0313 | 0313 | 0313 | 0313 | 0313
Sum of (converted value gap x fuzzy measure) 1.298 | 1400 | 0901 | 0580 | 1.456

*: AF1: Total nitrogen, AF2: Total phosphorus, AF3: Soil pH, AF4: Soil hardness, AF5: Soil property, AF6: Organic matter,

AF7: Slope angle, AF8: Altitude, AF9: Aspect, AF10: Topography
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Table 5. Fuzzy integral of qualitative field

Indicator* Weight Converted Gap Puzzy mezoure Puezy integrel
value A=1| A=2| A=3| A=4| A=5| A=1| A=2| A=3| A=4| A=5
QF2 4493 1.206 0034 0.086 | 0070 | 0012 | 0070 [ 0060 | 0003 | 0.002 | 0.000 | 0002 | 0.002
QF1 4493 1172 0043 | 0177 | 0147 | 0022 | 0147 | 0683 | 0008 | 0.006 | 0.000 | 0.006 { 0029
QF4 4493 1129 0.094 0271 | 0232 | 0030 | 0232 | 0932 | 0025 | 0022 | 0003 | 0.022 | 0.08
QF3 4493 1.035 0337 | 0365 | 0320 | 0038 | 0320 | 1227 | 0123 | 0108 | 0013 | 0108 | 0413
QF8 2618 0,698 0060 | 0433 | 0387 | 0041 | 0387 | 1476 | 0026 | 0023 | 0002 | 0023 | 0.089
QF11 2618 0638 0040 | 0498 | 0452 | 0043 | 0452 | 1721 | 0020 | 0.018 | 0002 | 0018 | 0069
QF10 2618 0598 0121 0561 | 0518 | 0.045 | 0518 | 2026 | 0068 | 0063 | 0.005 | 0.063 | 0.245
QF16 1.597 0477 0024 0614 | 0575 | 0045 | 0575 | 2268 | 0.015 | 0014 | 0001 | 0014 | 0.0
QF15 1.597 0453 0021 0667 | 0631 | 0046 | 0631 | 2714 | 0014 | 0013 | 0001 | 0013 | 0.057
QF13 1597 0432 0015 0718 | 0662 | 0131 | 0662 | 2999 | 0011 | 0010 | 0.002 | 0010 | 0.045
QF7 1.597 0417 0.033 0769 | 0694 | 0122 | 0694 | 2153 | 0025 | 0023 | 0.004 { 0023 | 0.071
QF12 1.376 0.384 0.007 0817 | 0749 | 0102 | 0.749 | 2.364 | 0.006 | 0.005 | 0001 | 0.005 | 0.017
QF9 1.376 0.377 0,005 0866 | 0792 [ 0102 | 0792 | 1.647 | 0.004 | 0.004 | 0.001 | 0.004 | 0.008
QF14 1.376 0372 0064 | 0915 | 0856 | 0101 | 0856 | 1.795 | 0059 | 0.055 | 0.006 | 0055 | 0115
QF5 1.141 0.308 0004 | 0957 | 0815 | 0101 | 0915 | 0831 | 0004 | 0004 | 0.000 | 0004 | 0004
QF6 1141 0,304 0.304 1.000 | 1,000 | 1.000 | 1.000 | 1.000 | 0304 | 0304 | 0304 | 0304 | 0304
Sum of (converted value gap * fuzzy measure) 0714 | 0674 | 0346 | 0674 | 1610

*: QF1: Hemeroby degree, QF2: Impact rating class, QF3: Degree of green naturality, QF4: Land use pattemn, QF5: Actual vegetation,
QF6: Stand age, QF7: Forest size, QF8: Vegetation covering, QF9" Landscape fragmentation, QF10: Nafuralized index, QF11: Urbanized index,

QF12: Connectivity, QF13: Vegetation type, QF14: Restoration, QF15: Succession, QF16: Landscape diversity

Table 6. Fuzzy integral of functional field

Indicator* | Weight | | gy iy messue o e
value A=l| A=2| A=3| A=4| A=5| A=1| A=2| A=3] A=4| 2=5
FF9 4570 1299 0065 | 0093 | 0071 | 0079 | 0069 | 0.062 | 0.006 | 0.005 | 0.005 | 0.004 | 0.004
FF10 4570 1234 0056 | 0190 | 0153 | 0155 | 0152 | 0.140 | 0.011 | 0.009 | 0.009 | 0.009 | 0.008
FF4 4570 1178 0056 | 0291 | 0242 | 0234 | 0253 | 0.23 | 0,016 | 0.014 | 0.013 | 0,014 | 0.013
FF2 4570 1122 0028 | 03% | 0339 | 0316 | 0372 | 0354 | 0,011 | 0009 | 0,009 | 0.010 | 0.010
FF3 4570 1.094 0178 | 0505 | 0445 | 0401 | 0517 | 0498 | 0.09 | 0079 | 0.071 | 0.092 | 0.089
FF5 4570 0916 0028 | 0604 | 0546 | 0472 | 0658 | 0.650 | 0017 | 0015 | 0013 | 0018 | 0.018
FF1 4570 0888 0120 | 0707 | 0653 | 0542 | 0852 | 0.848 | 0.085 | 0.078 | 0.065 | 0.102 | 0.102
FF6 2.109 0768 0009 | 0801 | 0.754 | 0605 | 1.098 | 1003 | 0.007 | 0.007 | 0.005 | 0.010 | 0.009
FF7 2109 0759 0017 | 0899 | 0867 | 0626 | 1280 | 0782 | 0.015 | 0015 | 0.011 | 0.022 | 0.013
FF8 2.109 0.742 0742 | 1000 | 1000 | 1,000 | 1000 | 1.000 | 0742 | 0742 | 0742 | 0742 | 0.742
Sum of (converted value gap x fuzzy measure) 1000 | 0973 | 0943 | 1.024 | 1.008

© FF1: Goods production, FF2: Improvement of air quality, FF3: Protection of landslide, FF4: Protection of soil erosion,

FE5: Protection against wind, FF6: Conservation of ecosystem, FF7: Maintenance of biodiversity, FF8: Offer of habitat,
FF9: Protection of water resource, FF10: Offer of recreation
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Table 7. Change of fuzzy integrals and ranks by A-value

9, 2eUE AREHA A=0% Hx¥ o FH FEH
7158 B2 oo 949 A2 T 5 A}
A=59 A% HEHR FEL 1167, FAEH RELS
1456, A4 2L 1610, 7153 FE2 100809, &
AE 39, 259, 159, 44892 97 F33) HE
7] ANFE 98 ART g o182 F g
B
&, A=47} oHAR AT HUCE ALEHEY
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1 259 A Aad ksl B4 4%
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Change of A-value
Field -
A=0 A=1 A=3 A=4 A=5
Biotic 253,340 (1) 0646 (4) 0.630 (4) 0.943 (1) 1423 (1) 1167 (3)
Abiotic 109.240 (4) 1.298 (1) 1400 (1) 0901 (2) 0.580 (4) 1456 (2)
Qualitative 138239 (2) 0714 (3) 0674 (3) 0.346 (3) 0674 (3) 1610 (1)
Functional 128,650 (3) 1.000 (2) 0973 (2) 0943 (1) 1.024 (2) 1.008 (4)

() Rank
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