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ABSTRACT

Today’s population explosion, industrial improvedaagricultural development has increased the exioacof
groundwater resources, As groundwater resourcesthee most important factors for development of aitt
semiarid areas. In this study the geo-statisticshods are used to examine the spatial and timingakdity of
groundwater table of Central region of Hamadan Rnoe in Iran, So the ground water statistical datathis
region were accumulated and a data bank was prapareen the quality and the accuracy of data wergtrolled,
Next the different interpolation techniques inchglKriging, Inverse Distance Weight (IDW) to theveo of 1 to 5,
and Radial Basis Function method (Thin Plate Ra#iahction, Inverse Multi Quadratic and Multi Quadic and
Cokriging method were used; After choosing the lmstrpolation methods using GSD and RMSE the apati
zonation map of groundwater table were drawn by @GI8. The analysis of geostatistical results appdahat the
Spherical model was the best variogram specifiegréaindwater data in 1989, Circular model was thestin 1993
and 1999, and pent-spherical model was the be&0B6. Our findings got from investigation of ingelation
methods by Cross validation showed that in all geafrinvestigation, Cokriging method has had thes lamount
error in estimation and is the most suitable metho&kccording these results the variable table afugrdwater
during the years of our research showed that theemable in this region has decreased noticealnigl the use of
these sources should be limited.

Keywords: Spatial and timing variability, Groundwater taldgel, Land Degradation, Geostatistical interpolati
Hamadan, Iran

INTRODUCTION

About one third of the world population are depemnden ground water and more than 70% of groundwater
resources are used for agriculture; in recent dechdrvesting from above-mentioned resources ltasased by
growing in population and development of agricidtum this situation, ground-waters are the mogpartant
resources for exploiting and developing in arid aediarid areas. Central region of Hamadan Proudetengs to
semiarid according to De matron Climatic classifimaand it belongs to cold semiarid according teb&rger Climatic
classification system [2].

About 88% of water consumed for industrial, agtierd and drinking consumptions in this area has lpgevided
from ground-water resources and about 12% has pearided by superficial water thus, the investigatiof
ground-water changes in this area and permanentigadon of aquifer have special importance [2].
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Various studies have been done in order to invatgignderground water resources and the results dteown this
reality that the best method for investigating thuantity condition of aquifer is simulation by ugimathematical
models with computer that its simulation is verffidult and time-consuming [8].

With regard the importance of groundwater resoyrseseral researches have done to find a replacemethod
with aquifer simulation method that one of the nmiogtortant ones is compartment parameters of agoifeise the
geo-statistical methods. In this direction Theda@sd Latinopoulos (2006), also, Ahmadi and Sedgh&2007)
Showed that many aquifer parameters contain steictuspatial variability, and with investigatiof ground-water
fluctuation, they classify aquifer by using geotistacal methods[1,9].

The studies done by Vijay and Remadevi (2006) stidhat in estimation of groundwater table, Krigimgthod is more
accurate than Inverse distance weight method [10].

Dick and Gerald (2007) consummated the research tifte, Optimization of the models of sampling of
environmental variables using public Kriginig, Netherland. They calculated by investigatihg highest average
of ground-water table, usual Kriging Variance férsamples is 19%, and for 50 samples is 7%, antif@rsamples
is 3% less than usual Kriging method [5].

Safari (2001) achieved the research with tithwestigation of the net of the best measuremiegtoundwater table
of Cham-chamal plain by using geo-statistic methddls eliminated some points of the net, which hadnbee
estimable using adjacent points and in turn sedettte points with the highest errors in estimationrder be added
to the net, and then he investigated the resultegfease in the error of net estimation by incrgpainy of these
points. The acquired results indicate that pravidata is successful application and this modeiase real [12].

Mashal and associates (2006) introduced the rdseatl title, Evaluation of pizometers wells of groundwater ¢abl
using geo-statistic methods in Arak plamumerical data of water table measured in 46 pamB8 different period
(wet, medium and dry). They concluded that Gus rdiag models as the best variogram for these data; by
comparing of Kriging, Cokriging and Inverse Distanmethod, 3 that Cokriging method has less error in
comparison which others[14].

Recent study is going to do spatial and timing alaifity’s ground waters using geo-statistic teclueis| with
investigating different interpolation methods; tlidy is going to introduce the best interpolatimathod for
conducting and classification the underground watafiability in Central region of Hamadan Proving@a
geographic information system (ARC-GIS).

MATERIALSAND METHODS

1. The Position of studied region and characteristics
The domain, which was studied, contains some péxsntral region in Hamadan province with theaao€171699

hectare that are located between North widtiB5f21" to 35°52° and eastern length &8°09' to 48°30°

with the average height of about 1700 meters fremlsvel. In Fig 1, the map of the geographic tpmsiof the
studied area has recognized [2].

The domain of studied plains according to univecsalditions of geology of Iran in the northern damaf Sirjan-
Sanandaj zone in universal trend of Northwest-S@#hin northern part the main steer of Zagrascatéd. It is more or
less similar to central Iran geography conditiorith wegard to Lithology and structural featurese(thck of volcanic
formation of the third periods of geology) and taditions of discontinuity.

According to geology, the studied region is gergrabnsisted of Jurassic exposure frocks to thedtpieriods
(Tertiary) along with related to the fourth periof@uaternary) which include the borders of studpdgins in
northern front of Alvand.

2. Selection of common statistic timing base

The closest meteorological synoptic station for shedding region is Nojeh station, the rainfall aedhperature
statistic from 1986 to 2009 has been selected lamdtatistics of evaporation and transpiration fragteorological
stations of Zehtaran, Amrabad and Qahavand be@ttedl Census data then investigated and theiodier
averages were calculated.

According to variance and standard deviation whigre estimated and the comparison inside groupthexfe
parameters and also by long-termed average, athagteriod which didn’t have meaningful differertban each
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other and total average were selected by SPSStistasoftware; these periods consist of water yd#82-
1993(contemporary with constitution of Mofateh thai power plant) and 1998-1999 (contemporary with
constitution of Vian industrial collection) and ZBQ006 (After expansion of Mofateh thermal powempland Vian
industrial collection). Water year of 1988-89, whiis the first year of studying plain (Before thamy industrial
expansion) selected as an evidence of the regjon [2
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Fig 1: The position map of study region [2]

3. Analysis of Pizometer wellsdata

To do this research out of 47 pizometer wells ledah the region that its data that gathered byMim@stry of
Power an Iran government, in Figure 2 the posititap of these wells accompanied by communicativesveand
villages has presented.

After collecting numbers and data and selectingrdistime base, the available lenses are investijmn case of
quality, correctness and being homogenous of statiby means o8PSSsoftware; in order to investigate test of
being homogeneous statistically the methodRah Testis used. Then normalization test of data donedan
skewness and eventually statistic faults rebuiltising coordinative method of a variable.

In order to generalize point data to a region,alae different methods; in a general classificatiocan divide into
geo-statistics methods and classic methods. B ghidy used the classic methods including inveist&nce
weighting and radial basis function, else the gatistic techniques consisting Kriging and Cokrggin

It is worth to mention that classic methods haviste® before the geo-statistic methods construétei@ct they are
ancient and don’t belong to geo-statistics meth@tisis variogram drawing isn’t needed for these wish

3.1. The method of inverse distance weighting

This method is based on this hypothesis that tfectedf the event decreases by increase of dist&acaearby
samples should have more share than those thdb@ated in farther location in order to estimate tinknown
points

In this way, the more the distances of unknown pdicrease, the more the value of weighting ofahosints

increases and the points that its values are knthey, will be estimated using nearby points of finite radius that
its equation is as follows[4]:

_Z?:c:[z{.f{{hij+s]p]

) E?zn[lf{hijﬂ]?]

*

In this equationZ * is the amount of estimation in the regarded pdnts theobserved amount in a point for the

distance oh from the regarded poinlty is the distance between the observed point fraretitimated point the
factor of equivalence, arglis the weight of point [4].
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Fig 2: The position of grid pizometerein study region [2]

3.2. Kriging method

This method is based on weight mobile average whietermines the extent of estimation error in epahmt
addition to estimated amounts [7]. Using the exelugeature of this method, the parts which contaeamy errors
and need more data to decrease can be distingyshed

Not only weight Kriging method depends on the diseaamong observes and predicted point; but aldepénds
on spatial structure of point, too. For this regs€riging belong; to interpolation geo-statistiode!, this method
has different algorithm that its total equatiomssfollows [5]:

2(s)= ) 4iz(s)

In this equationz(5;) is measured amount in the positionigfand?; is the weight of measured amount in the
position ofiy,, Also s, is the predicted position ardl is the number of measured points or known onesthik
method first suitable variogram has given to spatial sute of data based on the least amount of RMSElza
interpolation be done [5].

3.3. Cokriging method

In some cases, Variable may not be sampled enduxgrt estimation can’t be done based them; in sasdes,
estimation can be revised by help of second vasahising meted coordination between main and secgnd
variables; Of course, because there are some pnebile making models of mutual variogram of variablthe
Cokinging method hasn’t enough validity in applioat

Cokriging do by point and block method like Kriginip fact, says that in classic there are statistidti-variable
methods; in geo-statistic methods, the coordinatimong different variables can be estimate likerigolg method,;
of course, this method can be use on the condttiminthe coordination between two variables is nioae 60% [11].

3.4. Radial Bases Function method

One of the methods of interpolation is the methodiich the level of estimation passes through nteseamounts;
one of the features of this method, which is aestdtthe model of artificial nerve net, is thatrthare the amounts
that are more than observable majority and ortleess observable minority in estimation level.

In inverse distance method, the estimation leeslsps through observable amounts, too but thisothetbes not
estimate the amounts, which are more than majantyless than the minority of observable data [13].

The above-mentioned method does two interpolatianformation based on five different functions timain core
of these functions is the sum of the amounthofR?). The amounts dR & hrelated to the distance from point to
loop according to smoothing factor and AnisotrofpycRescaled factor [3].
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In this study, radial functions were be used thmatansisted of inverse multiquadric, thin platdiahfunction and
multiquadric functions.

4. Examination of suitable variogram method for spatial structure of data

After empirical analysis of data, this action wei@ne using SPSS software for those groups of diataneeded
normalization; in this stage, examination of varag suitable model for structure of data was doneegard with
the amounts of RMSE.

5. The deter mination of the most suitable method of interpolation

In order to evaluate and investigate the methddspatial interpolation the technique of cross datiion be used.
This technique is as follows that, each time whemwlaservable point has temporarily omitted andctdeulation of
estimated amount done for that point through neadigts: at the wad of this operation, a table vt columns
created which consist of real and estimated points.

Having these two amounts the Root mean squar&andral Standard Deviation are determined in eagthad and
the most suitable method can be selected; theedeleglations are as follows [15]:

| N

(1 . RMSE
R.M.S.E = |—Z Z(x;) — Z°(x,))? GSD ==

(N Z(x:)

..J

In above equatiorz*(x;) is the estimated amount of variabfé{x;) is the measured amount of the variable

(observative amount) and(x; ) is the average of observative amouhtshe number of observation. The more the
amount of these two parameters is nearer to Zeeanbre accurate is the above- mentioned model [15]

After analyzing data empirically and accordingeedR.M.S.Ethe measure to create of variogram done suitale f
the spatial structure of data related to groundwiaigle and eventually according to goodness-afest results of
interpolation methods, the map of zonation of gdwater level of studying area in Arc-G1S9.3 softevarovided
and analyzed.

6. Providing a map for groundwater table
The results due to the subtraction of the groundmble height from the definite height of markmnt used to
provide the spatial zonation maps of groundwateletduring the statistic period.

RESULTSAND DISCUSSION

As mentioned before, following empirical analysisdata using SPSS software and according to lessiats of
root mean square error (RMSE), suitable variograsdehfor the conformation of groundwater table didae those
characteristics of suitable variogram of waterddblel for Embedded Parameters showed in Table 1.

In this study the aid variable of (H) is used whistdefinite height of signal point that shows twerelation over
0.8 with investigating variable.

Results from comparison of a mounts of root meaimasg error (RMSE) and general standard deviatioBD)G
related to each of interpolation methods relatepat@meter of groundwater table indicates thistpbit the method
of ordinary Cokriging has the highest accuracy thidner methods during all studying year’s.

Table 1: Characteristics of suitable variogram of water table level for Embedded Parameters

Statistic period Models Kind of Variogram | Correlation Factor
1989-1990 Spherical Semi variogram 0.97
1992-1993 Circular Semi variogram 0.97
1998-1999 Circular Semi variogram 0.96
2005-2006 Spherical-Pentg Semi variogram 0.95

™ Limits of confidence99%

The evaluation results of geo-statistic methodse&immating groundwater table are presented iretablaccording
to the comparison of root mean square (RMSE) anmekrge standard deviation (GSD) and mean estir(idt®)
which been acquired by different interpolation neeth In order to provide the maps for spatial Zonaof
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groundwater table, the results from the subtraatibthe height groundwater level from the defititgght of signal
point used during the statistic period that thelteshave presented in table 3 and figs 3 - 7.

Table 2: Satistical computed parametersof water tableleve for variousinter polation methods

3 . & I nver se Distance Weighting Method
o O = ©
) -; § ; g IDW With 1 Power IDW With 2 Power IDW With 3 Power
8a
=
@ 8 RMSE | GSD MS RMSE | GSD MS RMSE | GSD MS

1989 | 1696.65| 20.35| 0.012 169531 16.91 0.01 1696.50 114.9.009| 1696.64
1992 | 168555 26.19] 0.015 168500 24.23 0.014 1686.24.15 | 0.014 1686.79
1999 | 1679.74 27.38)] 0.016 1677./0 2490 0.015 1678.24.94 | 0.015 1679.9%
2006 | 1673.88] 34.92| 0.02 167238 32.36  0.019 1674.08 5931. 0.019| 1675.0¢

3 o 5 I nver se Distance Weighting Method Thin PlateRadial Fundion
ST |BF g
R4 -g 5 §§ |DW With 4 Power IDW With 5 Power TPR Method
8o

=
2 8 RMSE | RMSE | RMSE | RMSE | GSD MS RMSE | GSD MS

1989 | 1696.65| 15.54 0.009] 1696.50 1549 0.09 1696.37 5512. 0.007| 1696.4§
1992 | 1685.55 24.51 0.014 1686.p0 24.76 0.015 1B86.826.01 | 0.015 1686.57
1999 | 1679.74  25.53 0.015 167965 25.93 0.015 1680.24.80 | 0.015 1679.46
2006 | 1673.88| 31.52 0.019] 167533 31.65 0.019 1675.42 0734. 0.020| 1674.57

Bs |5 é Multiquadric Functions Inverse Multiquadric Fundtions SmpleKriging
59| 8%
235|858 MF Method IMF Method SKR Method
=
@ 6] RMSE | GSD MS RMSE | GSD MS RMSE | GSD MS

1989 | 1696.65| 13.38| 0.008 1696.47 13.38 0.008 169¢.77 3813. 0.008| 1696.71
1992 | 168555 2297 0.014 1686.22 22.97 0.014 1886.22.97 | 0.014 1686.22
1999 | 1679.74 22.72] 0.013 1678498 22.72 0.013 1878.22.72 | 0.013 1678.9
2006 | 1673.88| 31.26| 0.019 167321 31.26 0.019 1678.21 2631. 0.019]| 1673.2]

1o

3 w & Normal Kriging Cokriging
oS T O = ©
3|5 § g NKR Method CKR Method
8 a
=
2 e} RMSE | GSD | RMSE | GSD | RMSE | GSD

1989 | 1696.65| 12.17| 0.007 1696.50 8.19 0.005  1696.61
1992 | 168555 23.18] 0.014 168784 9.55 0.006  1686.8D
1999 | 1679.74 21.91] 0.013 1679.1 11/88 0.007 1878.9
2006 | 1673.88] 31.04| 0.01 1674.03  11.12 0.007  1673.92

Table 3: Survey classification of depth water table level during of statistic period

E., 5O o Surface Area (vertical image above ground)

% g ﬁ 5 (May 1989) (May 1993) (May 1999) (May 2006)

- Hectare | Percent | Hectare | Percent | Hectare | Percent | Hectare Per cent
1 | 1540-1570 0 0.0 0.0 0.0 0.0 0.0 193003 5.2
2 | 1570-1600{ 2598.1 0.7 12990.6 35 48621.9| 13.1 54560.5 14.7
3 | 1600-1630| 92790.0 25.0 119142.4 32.1 103553.64 27.9 70149.2 18.9
4 | 1630-1660| 99842.0 26.9 764589 20.6 58272.1| 15.7 83511.0 22.5
5 | 1660-1690| 50477.8 13.6 54560.5| 14.7 51220.1| 13.8 43796.9 11.8
6 | 1690-1720| 35631.4 9.6 31919.8 8.6 33033.2 8.9 25238.9 6.7

7 | 1720-1750 33775.6 9.1 23754.2 6.4 359812 7.0 24125.4 6.5
8 | 1750-1780| 25610.0 6.9 17815.7 4.8 23383.1 6.3 23383(1 6.3
9 | 1780-1810| 18588.0 5.0 20413.8 55 18558.7 5.0 17073}4 4.6
10 | 1810-1840 11877.1 3.2 14104.0 3.8 8536.7 2.3 10021|3 2.7
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Figs. 3: Theinterpolation map of water tablelevel classified in reference Period
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Figs. 4: Theinterpolation map of water table level classified in the First of Period
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Figs. 5: Theinterpolation map of water tablelevel classified in Middle of Period

2°200M
MWW MIOUN  WISTN 0N 28-IHON

IITH WIOTN TN

WIUH

MAUN  4sSTN

MSTUW  MUWTN BOTN

HTE ANCE WHTE 4 0TE 8 ETE MOTE WWUE 000E WI0E A0TE & 15TE

5310
Scholars Research Library



Mahdi Ahmadian et al Annals of Biological Research, 2012, 3 (11):5304-5312

Figs. 6: Theinter polation map of water tablelevel classified in end of Period
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CONCLUSION

The analysis of geo-statistic of groundwater tagf®ws that the most suitable variogram specializedata
structure in 1989 is the spherical model; on yeb®92 and 1999 is the model of circular and in 2i30e model
of Pent spherical.

The analysis of the methods of interpolation ofapagter of groundwater level with the help of Creabdation
method also showed that in all studying years,Gb&iging method has the least error in comparisith wather
interpolation methods and it is the most suitabilethod.

It is worthy to mention that in Cokriging methodhetvariable H has used as the aid variable; in wayg, the
difference in observable data average and estinddéal in Cokriging method is less than other methand this
result is in accordance with the results from Masaia associates studies 2007, and Safari find20g2.

The investigation of the maps of spatial zonatiérgimundwater table shows that the direction ofugiwater
current in all parts is toward the center of plai at last empties from southeast part. The rechiarge of aquifer
as a result of the expansion of Cretaceous limestord Oligo-Miocene Formation north of the region and in
contrast in western and southwest part inducedargehof alluvium is two slight because of the pneseof
impenetrable of Schist and marn stones.

The comparison of the contour maps of groundwatking the statistic period (1989-2006) shows thecpss of
decrease the level of groundwater in aquifer, abttie lowest scope of groundwater table at thénbéwy of period
1989 was 1595m that at the end of period 2006 aedieo 1544m.

Studies have shown that some parts of plain in kwttie level of water table has been decreasedglthenstudying
period has been expanded from eastern areas tosantisl regions of the plain and at the end ofiyghg period
2006, in central parts of plain, the lowest leviejmundwater table has been created.

The contour maps of groundwater table show alsortality that at the beginning of the period 1988, direction
of the movement of groundwater has been from diffeparts of the region toward southeast of thendad the
total gradient of groundwater also is shaper froonthland northeast than other direction And thetlgeoundwater
tables is 1595m; Among the period 1992, the dioectf water and gradient of groundwater has beesepved
than 1989 and they don’t have conspicuous chariggshe domain of the least groundwater has beeredsed
and has been 1590m. The domain affected by low&rvable expanded but this development is sensiblards
northwest. The procedure in 1993 occurred similamh1999; in addition the least amount of groundwdable
contour has moved to interior area of the plain.

Finally, at the end of the examined period 2006, least amount of groundwater table contour hasedsed to
1544m and has concentrated in the middle parteopthin. This is due to incorrect extraction of grdwater table
in the interior part of the plane especially at683.
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Many industrial units are located in this area Kefateh thermal power plant in North width &5°07" and eastern
length of48%50" and Vian industrial collection North width 035°06" and eastern length 48°48". There are many
deep industrial wells and many un-allowed wellsiuse farming [2].

As a whole, we result that misuse managing andpromanent industrial and agricultural improvemeaenthe
most effect on this condition. So the main wayttnd out against the present procedure of wateedse in this
area and the same areas in which there are sensi@ologic conditions, is to have correct indukaral agricultural
management and adaption which these conditions rateqi the natural sources in line with permanent
improvement.
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