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Article type: This research, to quantitatively assess the groundwater sustainability of the Izeh
Research Article Plain, adopted an integrated approach combining Inverse Distance Weighting

(IDW) and Thiessen polygon methods with hydrogeological water balance
calculations. Monthly groundwater level data from 10 wells were analyzed in a
Geographic Information System (GIS) and a representative hydrograph was
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Extended Abstract
Background and Objective

Despite extensive research on groundwater resources in Iran and numerous studies on
interpolation methods, no study has yet conducted an integrated evaluation of the Izeh plain
aquifer's stability by combining simple, practical interpolation techniques (Thiessen and
IDW) within a GIS framework alongside groundwater budget calculations. Previous research
in this domain has either relied on complex numerical and artificial intelligence models or
remained confined to separate analyses; consequently, the synergistic combination of these
straightforward interpolation methods with balance calculations to simultaneously analyze
spatio-temporal variations of water levels and derive an accurate representative hydrograph
has been overlooked. This research addresses this gap by presenting a systematic integration
of Thiessen and IDW methods in GIS with groundwater budgeting to comprehensively
evaluate the stability of the Izeh plain aquifer.

Methodology

Local methods, such as inverse distance weighting (IDW) and radial basis functions
(RBF), perform prediction based on a subset of adjacent points and are classified as accurate
(Exact Interpolators) in terms of values, meaning that predicted values at the sample locations
are equal to the observed values.

In the inverse distance weighting method (IDW), which is known as a deterministic
approach in spatial interpolation, the weight of each sample point in determining the value of
unknown points is calculated according to the inverse distance from that point to the expected
position.

In the applied part of this study, which is focused on the Izeh plain, the IDW method was

used for interpolation of groundwater and rainfall data.

For spatial analysis of point data and providing continuous maps of hydrogeological
parameters (such as surface water level), deterministic spatial interpolation methods were
used.

Spatial-temporal analysis of the hydrogeological variable in the Izeh plain using the
IDW interpolation method based on monthly data was performed.
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Findings
The infiltration rate was 714 mm at the Izeh station, and with an aquifer area of 313
square meters, the effective infiltration volume was calculated.

Applying an effective diffusivity of 20%, based on previous studies and the dominant
lithology of the area (silty sandstone), this volume is estimated to be approximately 18.9 m?
per year.

Side currents were assessed to estimate lateral flow, initially by determining the hydro
field potential using Surfer software.

Subsequently, the hydraulic gradient (i) was calculated based on the difference in water
level at the boundaries of the aquifer.

The effective cross-sectional area of flow was obtained by multiplying the distance
between streamlines by the effective thickness of the aquifer.

Using a hydraulic conductivity coefficient (k) of 0.22 m?*day, extracted from previous
studies, the discharge of lateral inflow was estimated using Darcy’s equation and based on
the dimensions of the entrance boundary (750 m), resulting in 69 m3/day and an approximate
annual volume of 295 m?.

Similarly, the lateral outflow rate was calculated as 76 m3/day, and the annual volume is
close to 824 m?, considering the dimensions of the output boundary (450 m).

In the remaining portion of the budget, the annual withdrawal from the aquifer, based on
official statistics from the regional water organization for 10 wells, was estimated to be 200
m?.

Conclusion

The results of this research with an integrated and operational approach to assess the
stability of the Izeh plain and comparison of simple interpolation methods in hydrogeological
analysis.

The results clearly showed that integration of spatial - temporal variations analysis using
deterministic methods such as inverse distance weighting and thiessen polygons, provides an
effective and efficient tool for monitoring and understanding the dynamic situation of
aquifers.

This approach allows the drawing of more accurate representation of hydrograph without
requiring complex and expensive numerical modeling.

Quantitative evaluation of different components of the balance revealed the warning of
the studied aquifer and showed a negative balance and a continuous drop in the water level.

These conditions confirm the hydrodynamic instability of the reservoir and the increased
pressure induced by the operation beyond renewable capacity.

In general, the findings of this study emphasize the necessity of adopting immediate and
sustainable management strategies to control the discharge and restoring the balance of this
vital resource.

The proposed integrated approach, as an extensible analytical framework, can be used to
monitor and evaluate the initial evaluation of other aquifers in the restricted area.
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Figure 1. Location of the study area
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Table 1. Hydraulic conductivity values

Material Maximum Minimum  Average
Clay 0.05 0.0 0.02
Sand Clay 0.12 0.03 0.07
Silt 0.19 0.03 0.18
Fine Sand 0.28 0.10 0.21
Medium Sand 0.32 0.15 0.26
Coarse Sand 0.35 0.20 0.27
Gravel Sand 0.35 0.20 0.25
Fine Gravel 0.35 0.21 0.25
Medium Gravel 0.26 0.13 0.23
Coarse Gravel 0.26 0.12 0.22
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Table 2. Comparison of Thiessen polygon method and
inverse distance weighting method

Specifications Thiessen's Inverse distance
Polygon Method weighting method
Method type Non-interpolative  Interpolation and
and deterministic accurate
Parameterization Parameterless Requires
parameterization
Computational Nearest neighbor Weighted average
basis area allocation based on distance

Sensitivity to point
arrangement

Very sensitive

Average with
parameter
adjustment

Application in Area- Preparation of

hydrogeology representative water level
hydrograph alignment maps and
calculation and continuous spatial
initial averaging analyses

Suitable for Qualitative data, Continuous

fast calculations

quantitative data

Uncertainty

Does not quantify
uncertainty

Does not quantify
uncertainty

Nature of output

Discrete and
stepped surface

Continuous and
smooth surface

Mathematical basis

Analytical
geometry

Local statistics
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Table 3. The values obtained from the inverse distance
weighting method and thiessen polygon method

Value

The value . The
. obtained .
obtained from . difference
Month . from inverse
the Thiessen . between the
olygon distance two methods
POyE weighting
April 830.4218923 827.2 3.221892307
May 832.41645 829.4 3.016449958
June 832.3259623 829.34 2.985962293
July 832.1746086 829 3.174608557
August 832.0066987 829.16 2.846698711
September 832.0523217 828.98 3.072321678
October 831.9600282 828.67 3.290028192
November 832.0391674 829.12 2.919167406
December 833.5960556 830.6 2.996055578
January 833.5545939 830.45 3.104593931
February 833.8183047 830 3.818304749
March 833.8421578 830.2 3.642157774
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Figure 3. Comparison of ground water unit hydrograph
of izeh plain with Thiessen and idw methods
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Figure 4. Images depicted in the GIS, from the left to right, April to March, respectively.

ol olssal lisy onds S0 g Gl ln adron
S

Grre Bl Fg 0 ey Ol 0, ol
5 oz goae slagiludoe a4 ligsn 1) a8
D3l oo o Ay 30y

Condy Dby bt gbadie o5 b))
‘_,,5l:> 9 Sgd )Li,ﬂ l) asJllas S50 Qlj:};ﬂ amo)|m

S5 doi-F

o Slles g 4L 69,509, b Lhagn ol
6&&5) s lio 9 of).,g‘ Casd u‘jpui 6)“5:‘.L.L (S'L’))‘
sy So5eleise e sla el )0 ool oliygye
‘5..145 6‘.&&2’45) )| oolazw! L ‘gi @la..u ‘ssLA)—‘sv&a
L s 6'-”‘5'-]*44-'-"' 9 alold LJ,.;}S.-.A S®90)9 aile

Onie g el 6ol (i @l oM Sl



VE 0 o) o)lads ¥ 090 qonldl poii 5 of milie

gl s cdle S g ol (O)
S5y 2 Sedsd la)elS caal o5 oy slejee
e slacidls n 5l 65 gl g Lol

Szl s G ol mlie a4z by o e ()
@ als oSl b gl asdel plr b
ol

i Jlasl 5 i rgylo e e Cu e ()
4.)&:.7 aYlo ul.»L..u}.» u,ul...u‘).» l.»e.» 6)‘0)._»0)4@ )L‘;u
.Q|5:}q|
O olla>dle
Segi 3N Jaol 5l 59,

ool kel g pldl o 1) (BB Jaol (B ann g
Sl o)9e gaoge (nl g 0ogei Cule, ele ook
RLAVIRIER ST

doosls Slos oy p (60Kl Bbese BT
Wlie e Gmib g ORlny @B S5 (oleial,

9 6)5Téo_?' I, bosls PP VE PR IN NN RUESSN
el 1, (6l oo 5 55l e 5 p0i oo

ol
&lo o)las

filie s alis () g el L
0l
Sl o>

Cdh)o ool dyia SIS S me Aegh o
w‘ oQ)SJ
E3)s o

Sl g S5 CSle Ghagn cnl QB
505 obwyer ol Gladhie O flojle 511, 05

o2 o oo Ml 5ls 0,90 DMl ols 13 Lo

3 0w Swlzogyue g labl als ol
S U T ST 3 PR R L R e

JRCCP ol I ol pdssass

352000 334000 396000 200000

Figure 5. Map of the contours and flow lines of the study
area
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