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1-Introduction

Groundwater provides freshwater for nearly 50% of the global population and accounts for 43% of all water used
for irrigation (FAO, 2010). The Marboreh watershed is one of the vital areas in Iran that is being threatened by a
high level of groundwater exploitation due to the rapid expansion of human activities. Thus, groundwater recharge
is essential for sustainable groundwater management. Groundwater recharge refers to the deep percolation of water
from the land surface through the vadose zone and replenishing the groundwater aquifer (Rukundo and Dogan,
2019). To meet the established goal for sustainable management, identifying potential zones, and prioritizing a
susceptible area for groundwater recharge is a necessary process (Kalirajet al., 2013). Also, groundwater sources
must be protected against both point and diffuse pollution (Sasakova et al., 2018). Therefore, zoning provides one
of the primary means of implementing a general policy regarding recharge effectiveness. Furthermore, with the
increasing availability of spatial databases and the analytical capabilities of Geographic Information Systems (GIS),
more effective decision support systems can be developed for landscape planning (Londono et al., 2016) in
achieving sustainable development. Related to this study's objective, the maximum entropy model has been applied
for identifying the potential recharge zones in the Marboreh watershed, Lorestan Province, Iran. Also, we used
Jackknife tests to investigate the relative importance of causal factors on groundwater recharge potential zones.

2- Material and methods

The Marboreh watershed (33 12’- 33 51'N, 49 03'- 49 57'E) in Lorestan Province, Iran, covers an area of about 2560
Km2, The average annual rainfall and temperature over the watershed are 490 mm and 13.8°C, respectively. The
groundwater recharge map was randomly split into two dataset groups: (a) the training dataset (comprised 70% of
the samples); (b) the testing dataset (comprised 30% of the samples). Here we applied the MaxENT model, which is
based on the statistical physics principle of entropy maximization (Banavar et al., 2010) derived from information
theory (Ruddell et al., 2013) and is pattern-oriented. On the other hand, the model extracts the driving factors, their
importance, and interactions, representing the observed potential infiltration patterns without making a priori
assumptions on these factors. In the present study, fourteen conditioning environmental factors that influence
groundwater recharge is considered: Elevation, slope, aspect, drainage density, soil texture, lithology, distance from
faults, distance from river, land use, Normalized Difference Vegetation Index (NDVI), Topographic Wetness Index
(TWI), Stream Power Index (SPI), plan and profile curve. In addition, the jackknife test was used to determine the
Influence of Predictive Variables (IPV). Finally, the tested dataset was compared with the MaxENT model,
generated groundwater recharge potential (GWRP) map. Finally, the dataset was evaluated using four indices,
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which have been widely used for the data-mining model's evaluation: area under the receiver—operator characteristic
curve (AUROC), Correctly Classified Instances (CCl), True Skill Statistic (TSS) and Cohen's KAPPA coefficient
(KP).

3- Results and discussion

Based on the Jackknife test, soil texture with 59.2% variable contribution (VC) and lithology with 38.9% VC are
the main factors influencing the GWR. The generated map was reclassified into four classes of recharge potential
based on natural breaks classification. The resulting GWR map is based on the maximum entropy containing
0.02%, and 3.1% of the total area falls in its very high and high potential zone. In contrast, those of the intermediate
and low classes contained 0.7% and 96.18% of the total area. The results demonstrated well to excellent
performance with area under the Receiver-Operator Characteristic Curve (AUROC = 0.95), Correctly Classified
Instances (CCI = 86.6), True Skill Statistic (TSS = 0.75), and Cohen's KAPPA coefficient (KP = 0.75). The greatest
potential was observed in the middle part of the watershed, the plains. Areas with a low slope gradient, sandy soil
texture, and quaternary sediments showed the highest groundwater recharge potential.

4-Conclusion

Recharge is a critical component of sustainable groundwater management. The present study used an entropy-based
MaxENT algorithm for groundwater recharge potential mapping and identified the main factors influencing the
recharge. According to the results, the plain areas of the Marboreh watershed are suitable for groundwater recharge.
This study indicates that the MaxENT model can study groundwater recharge potential in the Marboreh watershed.
Furthermore, soil conservation practices in the Marboreh watershed could reduce runoff or increase percolation by
increasing the runoff water residence time.

On the other hand, managing the amount of runoff and flooding caused by precipitation and snow melting makes it
possible to strengthen the groundwater aquifers. This paper applied the Jackknife test to the relative importance of
causal factors in mapping the groundwater recharge potential. Future research would be interesting to compare
different filter algorithms under the spatial casual factor important ranking. Another potential future development to
improve susceptibility models is to combine ensemble methods to obtain a more accurate and reliable model.
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Fig. 1. Geographical position of study area and location of sampling sites.
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Table 1. The information of Landsat 8 image.

Row Band

Imaging date
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17.06.2018
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Table 2. The Land use classes of study area.

Lu class Area (Km?) Lu class Area (Km?)
Agriculture 1269.1 Rangeland 1109.9
Bare land 44.8 Rock 8.5
Forest 53.9 Urban 13.8
Garden 58.7 Water 1.1
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Fig. 2. Environmental factors used for maximum entropy modeling.
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Fig. 4. GWRP areas in Marboreh watershed by using MaxENT model.

Table 3. The area of GWRP classes by MaxEnt model.

Class Area (Km?) Area (%)

Low 2462.5 96.18
Moderate 18.2 0.7

High 78.4 3.1
Very high 0.7 0.02

50 (V= YA) Faghohun adlas b s g axies jiies 3985 dntuns
9 5 398 p HeSL (n i See Sgletd Y Wb atie oS 4
s ;e (V219) o) 5en g SEIVAM Ly 435 &0 Jiogh b
oo 5 glaleog, b wly «s5,0leS Gl oo lis as
slocl alss a0 5 cpdded gl @Y deily Gl
bgi oads plodl aslllas b (raizmen o)l Cillas aited (o))
olis a8 5 )b pleal 5l pas s (YY) () Ses o Nasiri

hls @5 b langte o 525 5 (6535155 (oulidime; b (bl ol

AR

308 iu g o3 @i ye g (SliadsS Biee aslllae 8)90 059>

292l ol 39 sl by Gt Bl o S Spgan o
Gblis a5 059> Slo slociond j0 (s Lng;ﬂ EYREP T
G5 Sloeadg ol 3blis ol ap0,F eanlie bl e b0
Baoe 28l oS ol doy0 b gibls «(699,5 sloa¥ b alall) oo
5 =l Slaims) 9557 &5 6515 Slgw; ol b (S0
Slllas b b cpl asols plas |y il o idon «0gs (55 0
Tl slyls blas b ylSe 5,50 50 (YY) f, 52 3 HUANG
o5 et b ablie ols ylis aS el 50 ue s slao! adss



\§ o)l.e.ifa AR o)gé AR R ULM)

N

i SO oS ey T Y,

s bl goin Al ROC e @l., 2017
Ll 00l o0l ul.w.: I\ a)LQ..i} Jg.w 5 Sleds O ygea 5fdm>}ﬂ.:

ol e s, 0 o Slee sl arls S0 4 base polie
2 0dguzme dy Aol b .Cawl ool &l £ o led Jeam 0 ipgh
» 0wl Cowdy )Jol.o.a =9 “ o)Lo.JL Jﬁd}) Lﬁua.’>l.w )| ,alof
Li et al., 2017; Rwanga and ) wuas ob;,) Je aib ;o
(Ndambuki, 2017

Juo (Zew L
eslnl b Jow 5l ol b ol asds cmiey <do
a0 ¢ AUC rle 4 baye a0l b)) ROC e
e ool oals @l P ojles Jgaz 0 ol Lelel  mls Lol
J9oz & azgil 45 00,5 aulos <120 il adlhs sl AUC
Wil oo Jow bawsi ool plowl cnies o9 Jle ovumolas oF
Marker et al., 2012; Liu et al., 2017; Sekertekin et )

AUC el i liel ongaome - Joux
Table 4. Threshold values for Area under the ROC (AUCROC).

Category

AUROC

Poor
Fair
Good
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Fig. 5. ROC curve for predicted areas of GWR potential base on MaxEnt model.
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Table 5. Threshold values for Cohen’s kappa statistic (KP), true skill statistic (TSS) and correctly

classified instances (CCl).

Category KP TSS CClI

Excellent 08-1 08-1 08-1
Good 0.6-0.8 0.6-0.8 0.6-0.8
Fair 04-0.6 04-0.6 0.5-0.6
Poor 02-04 0.2-04 0.3-05
Fail 0-0.2 0-0.2 0-03

A PAS g pa> sleasss (T Como Lgl).g D)S.l.o& Lngua}Lf: )%QLB.Q—? Jgu=
Table 6. The values of classifying model predictive accuracy.
Index CCI (1-100) | TSS (1) KP
Value 86.6 0.75 0.75
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