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Abstract

Introduction

Estimating groundwater recharge using other affecting factors such as hydro-meteorological, and physical factors, is the main
way to understanding, predicting the sustainability and availability potential of aquifers. The objective of this research was
investigating the efficiency of some individual and ensembled models and the effect of the ensembling on promoting the
efficiency of Bayesian and Random forest models.

Materials and Methods

The required environmental layers (DEM, aspect, slope, curvatures (profile and plan curvature), lithology, landuse, soil
texture, NDVI, fault distance, river distance, SPI, drainage density, TWI), were prepared by ArcGIS 10.6 software for the
study area. the Bayesian theory and Random Forest models and ensembling of these models were avaluated. To consider the
ensemble effect of these models, input layers were used in two models and then the models were ensembled by several
scenarios, which were based on the principles of basic mathematics. The double-ring infiltrometer method were used for
understanding the spatial variability of groundwater recharge potential (GWRP). The performance of the models was
evaluated using statistical measures. ROC, CCl, and TSS indices were used for evaluating the results of implemented models.
Finally, GWRP mapping prepared and the percolation of the study area was classified into five classes: very high infiltration,
high infiltration, medium infiltration, low infiltration and very low infiltration.

Results and Discussion

The sandy-clay-loom soil texture and the Quaternary sediments (Qft2), rangeland and agriculture areas (in landuse layer),
showed maximum percolation. The results indicated that the random forest (RF) model was identified as the superior model
compared to Bayesian and ensembled models, by ROC, TSS and CCI indices (ROC= 0.983, TSS= 0.86, and CCl= 93.9,
respectively). Also, among the ensembled models, the RFBa5 model (based on the fifth scenario) was evaluated as the most
efficient model through ROC, TSS, and CClI indices (ROC= 0.984, TSS=0.76, and CCl= 87.94, respectively). Based on the
first individual model (RF), 11% of the study area had moderate to very high infiltration potential. This despite the fact that
the 89% of the study watershed was found with low and very low potential. While according to RFBa5, 30% of the study
area were estimated with moderate to very high potential and 70% with low and very low potential. The Bayesian model was
observed as the weakest model. But based on the ensemble of this model with the random forest model, under different
scenarios, the strengthening of this model was observed. These results show the positive effect of ensembling the models.

Conclusion

The GWR potential maps are useful in planning with more accuracy for implementation of artificial GWR, soil protection,
aquifers and watershed management projects in order to protect water and soil resources by directing runoffs to preventing
the soil erosion and aquifers recharge. It is recommended to study different suitable models and their ensembling in this field
or other watersheds and select the best model to get the best performance and obtain an accurate map.
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Figure 1- Location of Marboreh Watershed and field survey samples, Lorestan Province, Iran
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Table 1- Model's ensembling scenarios in the current study

S P e )yl ala,
RFBal B! + R? )
RFBa2  (2xB)+R a
RFBa3  (2xR)+B @
RFBa4 SxR ©)
RFBa5 g(iu é*té)C; R)+(BXAUCB)/(AUCR ¢

! Bayesian Theory
2 Random Forest
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Table 2- Predictive performance indices propertises
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Table 3-The consepts of Predictive performance indices
)Ll popde ROC CClI TSS
S >0.9 0.8-1 0.8-1
RS 0.8-0.9 0.6-0.8 0.6-0.8
Jod S 0.7-0.8 0.5-0.6 0.4-0.6
Cnd 0.5-0.7 0.3-0.5 0.2-0.4
g sl <05 0-0.3 0-0.2

! Receiver Operating Characteristics
2 Sensitivity

3 Specificity

* Area Under Curve

® Correctly Classified Instances

® True Positive

" True Negative
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Table 4 - Corrolation between condition factors and infiltration samples by Bayesian method

B G bn JuSy Slas by bop g Ll S i
0-4 1844076 64.8 632 7.477

4-8 615821 21.7 146 -2.585

G 8-12 253365 8.9 32 -4.838
12-25 112292 3.9 5 -4.227

>25 18692 0.7 0 0.000

ans 576515 20.3 196 1.555

Jles 431496 15.2 279 -1.780

G S B 623015 21.9 195 0.695
g 685272 24.1 144 -0.190

Jurye 527948 18.6 1 -0.011

s 1714508 60.3 521 2.126

s gl e 1 0.0 0 0.000
e 1129737 39.7 294 -2.126

s 1547970 54.4 432 -0.813

by sl Yo 1296275 45.6 383 0.813
e 1 0.0 0 0.000
0-0.28 805615 28.3 58 -12.070

0.28 - 0.56 704174 24.8 156 -3.680

S S|y 0.56 -0.83 652752 22.9 284 5.274
0.83-1.11 459612 16.2 269 12.481

1.11-1.39 222093 7.8 84 2.568

1442 - 1964.8 935613 32.9 507 16.770

1964.8 - 2487.6 1013536 35.6 166 -8.879

DEM 2487.6 - 3010.4 666086 23.4 142 -4.019
3010.4 - 3533.2 171875 6.0 0 0.000

3533.2 - 4056 57136 2.0 0 0.000

Cm 39 0.0 0 0.000

Edv 23698 0.8 0 0.000

H 51951 18 0 0.000

JKbl 120967 4.3 0 0.000

Jph 617131 21.7 6 -8.837

Jss 2299 0.1 0 0.000

Kgr 91361 3.2 1 -3.295

Klsol 92562 3.3 0 0.000

KPegr-di 13413 0.5 0 0.000

Ksm,| 11880 0.4 0 0.000

P 41084 14 0 0.000

pCgn 56574 2.0 0 0.000

e pCmtl 12800 0.5 0 0.000
el S pCmt2 87173 3.1 0 0.000
pCrr 47360 17 0 0.000

Pd 10839 0.4 0 0.000

Pda 8090 0.3 0 0.000

Plbk 3897 0.1 0 0.000

Pml 62347 2.2 0 0.000

Qfty 11082 0.4 33 13.380

Qft, 957294 33.7 773 22.670

TRav 57905 2.0 0 0.000

TRavt 8645 0.3 0 0.000

TRkk-nz 18970 0.7 0 0.000

TRmI 122349 4.3 1 -3.598

TRuJm 312536 11.0 1 -4.608
0-5.78 1271422 44.7 201 -11.125

5.78 - 11.56 806504 28.4 389 11.923

JuS 5l alole 1156 -17.34 341201 12.0 138 4.309
17.34 -23.12 250481 8.8 39 -3.980

23.12-28.9 174638 6.1 48 -0.298
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Table 4- (Continued)
EiagkiS 1410103 49.6 535 9.009
24 o 49756 17 0 0.000
S 59910 2.1 0 0.000
g lS &b 65233 2.3 2 -3.186
i Sy 1233215 434 276 -5.433
S 359 9491 03 0 0.000
SsSno ailaie 15280 05 2 1111
o 1244 0.0 0 0.000
-0.183 _-0.02 30730 11 3 -3.991
-0.02 _0.15 16878 0.6 3 -4.979
NDVI 0.15-0.31 9732 0.3 7 3.882
0.31-0.48 265827 9.3 79 4.674
0.48 - 0.64 2521079 88.6 723 4.396
0-0.52 1005005 35.3 435 10.534
052-1.11 769942 27.1 208 -0.995
L1554 3l ol 1.11-1.78 569213 20.0 122 -3.581
1.78 - 2.66 388194 13.6 50 -6.050
2.66 -5.34 111892 3.9 0 0.000
o8) s 135699 48 10 -4.38
b comty stk 364700 128 23 -7.67
o8 298335 105 0 0.000
) 158230 5.6 0 0.000
Sk el S5 08 431358 15.2 7 -7.98
) (s 406674 14.3 1 -4.91
o5 oy s 396266 13.9 756 3235
o b 407749 143 18 -8.40
w5 ) 245221 8.6 0 0.000
0.89 -5.22 674830 23.7 38 -5.234
. s 5.22 -9.56 1213874 42.7 320 -1.983
Cugby padls
Sl 9.55-13.89 654072 23.0 289 1.345
13.89 -18.22 233962 8.2 122 3.776
18.22-22.55 67508 2.4 46 4.877
6.26 - 10.228 614338 21.6 232 4.565
10.228 - 14.196 952572 335 288 1.024
Ol @8 asls 14.196 - 18.164 812108 28.6 179 -4.085
18.164 - 22.132 371452 13.1 75 -3.093
22.132-26.1 93776 3.3 41 2.880
49°100"E 49°50'0"E 49°10'0"E 49°50'0"E
33°50'0"N 33°50'0°N
(<al)
Ot ke
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Figure 4- Groundwater recharge potential zones, (a) Bayesian Theory, and (b) Random forest models (reclassified in ArcGIS 10.6)
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Table 5 - The area of predictive recharge potential classes
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Table 6 —Performance of predictive models

TSS CCl ROC sl
0.16 58.68 0.756 eiw Jie
0.86 93.19 0.983 ey K Jse
051 75.51 0.985 RFBal
0.66 83.99 0.984 RFBa2
0.47 73.53 0.984 RFBa3
0.70 85.05 0.986 RFBa4
0.76 87.94 0.984 RFBa5
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Figure 5 — Groundwater recharge potential zones according to RFBa5 ensembling scenario
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Figure 6 — Overlaying the Marboreh GWR potential map with plain layer
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Figure 7 — Overlaying the Marboreh GWR potential map with aquifer layer and pisometric wells
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