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5- Boolean
6- Multi-Criteria Decision Making; MCDM
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4- Land suitability evaluation
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4- Global Positioning System; GPS
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1- Analytical Hierarchy Process; AHP
2- Weighted Linear Combination; WLC
3- Ordered Weighted Average; OWA
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Figure 1- Location of the study area and sampling points
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1- Management Index; Ml
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2- Triangular conorm
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Table 1- Used Linguistic quantifiers and a corresponding
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Table 2- Summary statistics of studied soil properties and calculated yield in the study area

e

s (Mg oSl S ey e Se g, e
Variable Depth Mean Median  Variance Min Max Standard variation
deviation
. 0-25 5.94 6.00 7.07 2.00 20.00 2.66 45
o 0-50 8.74 7.37 20.53 3.25 21.13 453 52
Sand (%) 0-75 9.69 8.41 27.60 300  22.00 5.25 54
0-100 10.13 8.87 30.51 3.00 23.28 5.52 54
0-25 39.92 40.00 10.64 31.00 46.00 3.26 8
s 0-50 36.85 36.12 12.10 30.25 44.13 3.47 9
Silt (%) 0-75 35.80 35.50 13.36 29.67 43.50 3.65 10
0-100 35.36 34.88 13.61 29.25 42.88 3.68 10
0-25 54.14 54.00 12.12 48.00 62.00 3.48 6
o 0-50 54.41 54.00 16.32 47.00 61.50 4.04 7
Clay (%) 0-75 54.50 54.42 17.07 46.67 62.00 4.13 8
0-100 54.50 54.31 17.66 46.00 61.44 4.20 8
0-25 7.37 7.35 0.02 7.10 7.66 0.14 2
SB Ayl 0-50 7.38 7.38 0.01 7.17 7.66 0.11 1
pH 0-75 7.39 7.41 0.01 7.15 7.67 0.11 1
0-100 7.39 7.42 0.01 7.15 7.68 0.11 1
0-25 0.81 0.77 0.03 0.44 1.58 0.19 23
S cylan 0-50 0.73 0.73 0.01 0.47 1.21 0.13 18
EC (dS/m) 0-75 0.71 0.69 0.02 0.46 1.48 0.15 21
0-100 0.70 0.67 0.03 0.46 1.78 0.18 26
0-25 2.80 2.70 0.42 1.68 5.23 0.65 23
IR PR 0-50 2.62 2.62 0.47 1.87 5.18 0.68 26
ESP (%) 0-75 1.78 1.67 0.20 1.26 3.77 0.45 25
0-100 2.54 2.27 0.69 1.67 5.62 0.83 33
s 0-25 1.41 1.42 0.05 1.00 1.95 0.22 16
“j) 0-50 1.10 1.10 0.04 0.48 1.54 0.21 19
0cC (%) 0-75 1.00 1.00 0.03 0.55 1.38 0.17 17
0-100 0.95 0.95 0.02 0.59 1.30 0.15 16
b Nlas 0-25 3.88 3.95 0.09 3.26 4.38 0.30 7
" 0-50 3.93 4.01 0.09 3.31 457 0.30 7
Predicted Yield 0.75 3.53 3.53 0.09 2.90 4.18 0.31 8
(ton/h) 0-100 3.07 3.06 0.13 2.20 3.73 0.36 11
s28lg 5ySlas
Actual Yield - 3.94 2.07 1.08 2.82 6.6 1.04 26
(ton/h)
Cape padld 0.86
Management - 1.32 1.17 0.18 2.68 0.42 32
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Table 5- Qualitative suitability class using Fuzzy-AHP-OWA method
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Figure 2- Land index mapping using Fuzzy-AHP-OWA method by fuzzy quantifiers (A) a. = 0.0001, (B) a =1, (C) a. = 1000
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Table 6- Comparison of qualitative sutibality class calculated based on the representative soil profile information with the
rest of the observation points for each parametric, Fuzzy-AHP and Fuzzy-AHP-OWA methods in each of the four studied
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Method Depth  Number of observation points Compatible percentage of
(cm) have the same class as the observation points with the
representative soil profile class of repres_entanve soil
profile
0-25 43 86
Parametric 0-50 50 100
0-75 38 76
0-100 49 98
0-25 43 86
0-50 50 100
Fuzzy-AHP 0-75 49 98
0-100 50 100
0-25 50 100
0-50 50 100
Fuzzy-AHP-OWA 0-75 50 100
0-100 50 100
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Introduction: highly increases in population growth rate, in particular in developing countries, cause high
pressure on agricultural resources. In north of Iran, the pressures are compounded by restricted rice paddy fields.
Reliable and relevant land suitability evaluations are vital requirements for land use policy and decision making
to support sustainable rural development. Therefore, it is necessary to employ and compare the classic model
(FAO), new release technique (multi-criteria decision making strategy) and the capabilities of fuzzy systems to
assess land suitability. In recent years, multi-criteria evaluations including Boolean overlay operators and
weighted linear combination methods have been increasingly used. Also, using the Ordered Weighted Average
(OWA) method can improve the above-mentioned techniques. The OWA method is able to calculate the degree
of risk taking and risk aversion of individuals and apply them to the selection of the final option. Therefore, the
purposes of the current study were to explore the most reliable method of land suitability evaluation for rice by
using integrated fuzzy decision making and determine the optimum depth of soil for quantitative land suitability
evaluation for rice production in Amol, Mazandaran province.

Materials and Methods: Two-hundred soil samples from 50 observation points at four depths of 0 to 25, 25
to 50, 50 to 75 and 75 to 100 cm with a constant interval were selected. After crop harvesting and taking soil
samples from four depths in 50 observation points, and from the genetic horizons of representative pedon
excavated in the region, the parameters needed for land suitability evaluation of rice were measured. Then, land
suitability classes were calculated using the parametric (square root), Fuzzy-AHP and Fuzzy-AHP-OWA
methods and were compared in four depths from 0 to 25, 0 to 50, 0 to 75 and 0 to 100 cm. In Fuzzy-AHP
method, Kandel membership functions were used to determine the membership degree and analytic hierarchy
process (AHP) was used to determine the weight of each of the effective land properties in crop yield. In Fuzzy-
AHP-OWA method, criteria weights were obtained from AHP method and ordered weights using linguistic
fuzzy quantifiers.

Results and Discussion: The results showed significant difference between the potential yield (5.5 t/ha) and
the average of actual yield (3.9 t/ha) in the study area. With respect to the same and acceptable agricultural
management of all plots, this difference might be due to soil limitations and subsequently a decrease in the
numerical value of the soil index. Except for 0 to 25 cm soil depth, actual yield for the other soil depths showed
a positive significant correlation with all calculated land indices by parametric, Fuzzy AHP and Fuzzy-AHP-
OWA methods. The compatibility percentage between the representative pedon and observation points was
remarkable for 0-50 and 0-100 cm depths in three studied methods. Considering time and cost consuming for
land evaluation, this finding shows that 0 to 50 cm soil depth information might be a relevant alternative for the
optimal depth to evaluate land suitability for rice in studied paddy fields. The results of the Fuzzy-AHP method
showed that soil texture and organic carbon content were the most important soil properties for rice production.
The results of land evaluation using Fuzzy-AHP-OWA method showed that with increasing the levels of risk
(decreasing the value of a from 1000 to 0.0001), areas with a higher suitability degree occupy greater area. This
can be explained by the fact that the strategy associated with the fuzzy quantifier all (a=1000) represents the
worst-case scenario (the lowest criterion value is assigned to each location) and under the strategy associated
with the fuzzy quantifier, at least one (¢=0.0001), the land suitability pattern is composed of the best possible
outcomes. The highest correlation coefficients (R?= 0.37) were obtained for Fuzzy-AHP-OWA (o=1) based on
correlation between actual yields and calculated land indices for different depths of each parametric method,
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Fuzzy-AHP and Fuzzy-AHP-OWA. This is due to the high trade-off among the evaluation criteria in the half
fuzzy quantifier (a=1).

Conclusion: The proposed approach based on Fuzzy-AHP-OWA has great potential to model land use
suitability evaluation problem. Half fuzzy quantifier is introduced as the best scenario using Fuzzy-AHP-OWA
method for rice land suitability evaluation. This is due to the high trade-off among the evaluation criteria in this
quantifier. Given the fact that the land suitability studies are often costly and time consuming, the land suitability
evaluation by using 0-50 cm results might be a relevant alternative for the optimal soil depth required for land
suitability evaluation in paddy fields.

Keywords: Analytical hierarchy process (AHP), Fuzzy conceptual quantifier, Fuzzy logic, Ordered weighted
average (OWA)



