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Figure 1. Location of the study area between Markazi and Hamedan provinces
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Table 1. The amounts of developed network ANN (MLPLM)
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Table 2. The amounts of developed network ANN (MLPBFG)
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Figure 2. The first model sugeno fuzzy model with two rules and its equivalent ANFIS system

Table 3. The amounts of developed ANFIS network

a8l axwgd ANFIS aSis wlijp -V oo

bl Shde le g
&6 sl Sugeno-type
Uoisel sl adgl FIS Genfis
o639, dlaa Y
Silwdigg b9y Hybrid
aigs dliss A
o)f sy Oy Voo
adgl dls yo 03l A
als yo ojluil rals &5 QAR

als e ojl0l ials #

\

odlawl b lab oyl clyoss aioly a8 polie dsly )25
. = i ifmin) (\")
=z =z

ilfmax) ~ <i(min)

P el (5L 95 gl s )l Sl
TDS EC yolae sanding sly .l oads 03y9] ¥ Jgio
Ogldio 4y dng L cliaddod (gla Jio 5l odlazwl L pH 4


http://dx.doi.org/10.52547/jwmr.12.24.54
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.5.2
http://jwmr.sanru.ac.ir/article-1-1051-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.22516174.1400.12.24.5.2 ]

[ DOI: 10.52547/jwmr.12.24.54 ]

Lojly cpuomo 5 0l2y0 Gk (oo hgide

oA (OlneS €usd) (o ol oS S0 Sl Juloos jolatods Jlolipse 9 Miadign (sl S (obj)l g duslie

2
"L (P,— 0))?
RMSE = ||27“1( i 0)

N n

()

9 d‘o.\m‘_..ﬁ.o )IJ.EA O; 9y cJAA )‘ d))gi){ )l.).ﬁn P; 9X as
il o odld sl N

oy g b

S amdee Ui S glajally Sl Sl L)
4S5 by (] Cume JS5a TDS 9 EC Wy, b
Cudd Cang ddlaie &) basype ods Cof polde [y iy
4 Loy cpl PH 5y50 30 Lol bl o (Cubd She 2)))
o 59 b oS cuwl Cllas () Sl g 039 yaie JS5
o3l ey ol PH ke «csd Cow dilaie ULl
¥ JS8) 48 (oo

TDS

b plp Zi(Min) a5 590 odls pdlie b plp Zi o] ;5 &
oal> Jlade b ply Zi(Max) olai 5yg0 odby lade oy yieS
sl Hla3 5500 0305 0l Jloy yje b sl Xi g 45 590
Sy Wodls aoy Ve gl lslinl 51 s Simeds ol 5o
B e SrwCous (glp ble Moy Yo g higel
g e lEley 5 Ll pelel p Gilele ol
IS s Gl b e odh cudgasme
LY oV Loy, wlol 5 diadisn 4 sl o (lags )l
e 05ke sl 5 (RY) st (sl lone S ool
d)ge (Prwiono g ghjgel dpe 93 )3 (RMSE) lallas
Je cnyiee oMb pasdie Jlam (V) €85 )13 (o)
Jidley 4 dbgsye slaodls PH 4 TDS EC 0o (ol
ool gy 4 pll g us eals Jlasl ArcGIS 10.3
235 dalllao 3y50 ddlaie ;0 b yielyly

o G -ENGEY 2 (v)
R = JInZxF - CxlFlnzy? - ZyF]

pH EC

_ OM@)@A})&)’?J"PHBEC@&AQlM.ﬁ’)Oy}T_“J&z B )
Figure 3. Trend test of spatial variability of EC and pH of groundwater of Komijan Plain
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Table 4. The result of semi-vibrational assessment of groundwater quality variables
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Table 5. The results of geostatistical methods in estimating groundwater quality variables
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Figure 4. The distribution of estimates of groundwater quality variables and their actual values for the pH variable
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Extended Abstract

Introduction and Objective: Nowadays, with development of urban, industrial and
agricultural, apply of groundwater is more important. So sustainability and development the
exploitation of groundwater for types of different customers and goals, it is necessary that
guantitative and qualitative characteristics it be investigated and evaluated.

Material and Methods: Fuzzy Adaptive Neural Network (FANN) and Geostatistical method
on based Geographic Information System are used for Komijan plain, Markazi province, Iran.
The first, data 36 wells was collected from Rural Water and Sewage Company. Then using semi
variogram types such as: gussian, linear, spherical and also Kriging and Co-Kriging methods,
geostatistical model was evaluated using indicators: R? and RMSE. Then, for Fuzzy Adaptive
Neural Network model Membership functions such as: triangular, generallzed bells and
gaussian was investigated and the best model was determined using indicators: R* and RMSE.
Results: According to results R? and RMSE in geostatistical, spherical, linear and exponential
modle was selected as best for EC, TDS and pH variables, repectively. Also on based semi
variogram, Kriging method has a better performance than the cokriging method for all studied
variables with high determination coefficient 0.73, 0.66 and 0.85 respectively for EC, TDS and
pH and lower in RMSE. The results showed in Fuzzy Adaptive Neural Network, EC variable,
the fuzzy generalized bell function with a correlation coefficient of 0.98 and mean square error
of 144.59 in the test stage, is good. For TDS variable, gaussian function with a correlation
coefficient of 0.98 and mean square error of 0.33 119 at the test stage is best. also for pH
variable, the generalized bell function with a correlation coefficient of 0.99 and mean square
error of 103.10 at the test stage has a better performance than other fuzzy functions in the
modeling. By comparing the results of Geostatistical and Fuzzy Adaptive Neural Network, it
can be seen that the FANN model has a higher efficiency than Geostatistical model.
Conclusion: Regarding the results of zoning maps, it is shown that in the northern part of the
plain, EC has low, while in the central and west, EC is above 2000 pSiemens/cm. Also for TDS
variable, t is low in the northern part of the plain, while in the south and southwest, is above
1000 mg /lit. Alos changes in pH value showed that variation of this variable is low and the
highest level of pH is in the northern part and the lowest in the southern part.

Keywords: Artificial Neural Network, ANFIS, Co- Kriging, Electrical Conductivity, Kriging
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