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Abstract

Hydrological status and water table fluctuations are directly related to land use and/or land cover (LULC)
in each area. In this research, the impact of LULC changes on groundwater quantity and qualityMirkd&hain,
in the northern Kanu watersheds, was investigated. For this purpose, Landsat 5, 7 and 8 satellite images a
and OLI sensors were employed to prepare the LULC map of-Khiaa Plain for 2006 and 2016 using the artifici
neural network algorithm. The neural network aildon with the general accuracy of 90/29 was classified into
use classes (agriculture, rangeland, residential areas, rocky and bare lands, gardens and lowlands). A
changes indicated that agricultural and residential uses were increasectjwelspbdy 62.5% and 3.5%. The bigge
change was in conversion of the rocky and bare lands for the agricultural use. Another change was in the
rocky and bare lands and rangelands: these have been converted into to the residential areaszdvfetriqieells
in the plain were also used to investigate the lowering of the groundwater table during the@@e@eriod. The
quality parameters investigated were calcium, sodium, magnesium, potassium, all soluble solids, ¢
conductivity, sulfée, chlorine, bicarbonate, and water acidity (PH). Investigation of the time variation ¢
groundwater quality parameters further showed that potassium, water acidity, and bicarbonate followed ar
trend during the studied time. Most chemical paetars of water had the highest concentrations in the central
area. The results, therefore, showed that increase of degradation and growth of human activities in the re
both caused changes in the LULC, subsequently intensifying the quaetaativqualitative loss of groundwater
the KhanMirza Plain. Therefore, the areas with irrigated agriculture, dry farming, and undeveloped agricultu
been increased. One of the main reasons for lowering of water table in 2016 was the excesstatioexpif
groundwater as a result of the change in agriculture uses.
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1. Introduction been reducel to about 800 cubic meters by
2021, which is lower thanthe dehydration
Factors such as population growth, the need boundary, that is 1,000 cubic meters. It is

for more food, improvenent ofhealth and social therefore, very important to understand land
welfare, industrial development, and ecosystem  usdland cover (LULC)changes becausthe
protectionhave all created a growingdemand processes related tilve human contact with
for water every day.Given the population nature can have widespread impacts on the
growth in Iran and the annual rate of renewable  environment, hydrological cycle alteration,
water resourceswhich was about 7000 cubic biogeochemical conditions size and

metersin 1956 and decreased to 2000 cubic arrangement of natural ecosystems such as
meters in 1996, it is expected that it will have forests and species diversity (Pijanowskial,
2002). Awareness of wer table changes isin
* Corresponding author. Tel.: +883 1290940 fact, needed to understangroundwatertable
Fax: +9831 37935773 status and its optimal management. Assessing
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managing water resourceldnderstandingand
use changes to identify thenderlying factors
andcause®ver a given period can be of interest
to planners (Shaban, 2008)and usecan be
consideredo get plenty of information about
earth's landeatures and various activities such
as uing the land and makg plans for the
future. There are diffenat methods for assessing
the impactsof land use changen groundwater
hydrology. A direct way is to relate land use
change and land cover tgroundwatertable
fluctuations (Scanloet al, 2005). Compared to
the traditional terrestrial methods, satellite

assessment method provides more land use data

at a geographic location, which can save time
and cost at the regional scale (Yuah al,
2005). Land use maps show how people use the
land for agriculture, forestrgnd ranching. Land
use and vegetation changes due to human
activities have direct impacts on the quantity
and quality ofgroundwaterDamset al, 2008).
Compared tdhe traditional terrestrial methods,
satellitebased remote sensing, which greatly
facilitates data collection, provides more land
use data at a geographic location, which can
save time and cost at the regional scale. Remote
sensing data does not have a long historthén
hydrological models, but the works done in this
area are significant. Aot of studieshave been
done to assess the impactld§LC changes on
the characteristics ajroundwateresources, as
mentioned in the following parEkrami et al
(2011) for instance,reviewedthe quantitative
and qualitative changes ofgroundwater
resources in Yazérdakan Plain during the
19971999 period The results indicate a
downward trend irgroundwaterchangessuch
that theaverageannualwater lossvasabout 0.5

m. One of the main reasons for the huge loss in
the groundwater table is the frequency of
drought and the irregular groundwater
harvesting. Bven and Fisher (1996) have
reported that collecting information about soil
moisture, evaporation, transpiration, and snow
coverthroughremote sensing technologgn be
very important for surveying watershed
hydrology.Identification of timely and accurate
land use changescan lead to a better
understanding of human interaction withe
land resources. ldentification of these
relationships leads to the management and
sustainableise of these resources. Satellite data
due totheir specific properties such as wide
coverage, repeatability and multispectral
features, can play an effective role in the
development of land cover and land use

mapping.
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Shakibaet al. (2011) have concluded that
droughts in the eastern part of Kermanshah
have a significant impact orthe groundwater
loss. Regarding the impact of droughts on
groundwater resources, the  correlation
coefficient of the two parameters was calculated
by measuring the amthly fluctuations of the
standard precipitation index (SPIl) and
groundwatertable during 30 years. Singht al
(2010) dso assessed theossibleimpacts of
LULC change and land cover groundwater
resources using remote sensing and GIS
methods. They used IRS and LISS sensors and
groundwater quantitative and qualitative data
for a period ofl7 years The results showed
that the amount ofjfroundwaterwas increased
by natural and artificial chargesuel to an
increase inthe land use change antthe land
cover pattern (Singlet al, 2010). The results
obtained byMortezaei and Kohandel2015)in
Chaharmaha¥/a-Bakhtiari plainsalso showed
the impact of land use changes gnoundwater
resourceswith a negative balance in all plains
except Farsan, Shalamzar, and Gandoman
plains. Further Tabatabai et al. (2010)
assessedhe impact ofland use changes on
groundwater quality in Shahrekord Plain,
showingthat the difference between nitrate and
ammonium concentration and  electrical
conductivity inthe agricultural and urban areas
was significant athe 5% confidence level. They
also stated that the difference between nitrate
amounts in different seasons was also
significant atthe 1% confidence levelRahmati
et al. (2013)alsoinvestigated the impact of land
use and lithology otthe spring water quality of
PiranshahiWatershedIn this study, the impact
of lithology and agricultural activities, the most
important factors affecting spring water quglit
was evaluatedhe results showed that lithology
hada greater impact on the spring water quality
of Piranshahr watershed than land .usko
investigate the impact of land use change on
groundwaterresources in the Sarjung Desert
from the aerial photagphs, Cher(2002) used
TM and ETM satellite images of 1978 and 1998
and the hydrologic data. Their results showed
that groundwatertable was dropped de to
urban and industrial aredRahmaret al (2017)
also investigated theimpact of land use on
groundwateiguality changes in the LajaBasin
using Landsat 5 and 8 satellite images with TM
and OLI sensors and geographic information
system.The results showed no changestlie
water quality due to land use change¥so, to
determine the status gfoundwatercirculation
in Italy, Marengoet al (2007) analyzed 44
wells in terms of 29 chemical and physical
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factors such as temperature, pH, electrical
conductivity, dissolved oxygen, all suspended
solids, all structures, and so dresults revealed
significant differences in the quality of water in
the inhabited villages and uninhabited remote
areas.Furthemore Singhet al (2010) utilized
remote sensors, GIS techniques, IRS and LISS
sensors, andjroundwaterquality and quantity
data of 17 years for land use change and land
cover ona groundwaterresource. The results
showed that the amount groundwaterwas
increased by using natural and artificial charge
due tothe changes inthe land use and land
cover pétern (an increase in the fallow land).
By using of the Indian satellite (IRS) and
preparing a map of the second type salinity
Khan et al (2005) determined the extent of
flooding areas. The purpose of this study was to
investigatethe changes in salinitand land use
units in a period of 14 years usitige existing
satellite data. Regarding the literature the
present study was conducted to investigate the
impacts of land use change on the status of
groundwaterresources in KhaMirza Plain a
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sub-basin of the northern Karun watershed
ChaharmahaVa-BakhtiariProvince

2. Materials andM ethods
2.1. Studyarea

The study areavas Khan-Mirza Plain, with
the northlatitudefrom 31.4 to 31.6andthe east
longitudefrom 51.02 to 51.5. The studyarea in
this research was KhanMirza Plain in
ChaharmahaVa-Bakhtiari Province This area
is surrounded byBorujen fromthe north,Ardal
from the west,Flard district fromthe eastand
Rig villageand the Armand district of Lordegan
in the south ofChaharmahaVa-Bakhtiari. The
locationof plain in the province and country is
shown in Fig. 1. This region has 37 villagewd
a popudtion of 30 thousarsl Its center is
Alouni with thetwo villagesof Khan-Mirza and
Javanmardi, which are among the ifertand
superior plains of the provincein agriculture
The plain watershedis in the nortern and
northhwesern parts of the protected area of
Sabzkouh.
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Fig. 1. The study area

In this studyLandsat images (Table i) the
2 periods of 2006 and 2016 and Atrtificial
Neural Network (ANN) were usetb provide
LULC change maps. In the preprocessing stage,
radiometric, atmospheriand geometric errors
were taken into account with aseries of
operations ortheraw data (before any visual or
digital processing); therefore, identifying and

detecting possible errors the satellite datacan
be very important. After receiving the data, a
thorough geometric and radiometric
investigatiorwasrequired

Even if some corrections have already been
applied to the data, we should be fully aware of
the errors in such data. In order to evaluate the
accuracy of the classified maps, a confusion
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matrix was prepared by adaptitige classified
mapswith the ground reality map from the field
studies the overall accuracy and Kappa
coefficient were calculate@ccordingly Also,
vegetation maps 1:25,000 of the forests and
rangelands organization, topographic maps
1:50000 ofthe experts and field observations
data (60 study points) were usdeinally, the

Table 1 Characteristicef the usedsatellite images

LULC maps of these two periods (2006, 2016)
were prepared and compared. Processing and
analysis ofthe satellite images were donsing

the ENVI 5.3 software and Google Earth
software Also, IDRISI 17, and ArcGIS10.2
were usedo analyze the resultingppformation.
Table 1 shows the characteristicstioé satellite
images used.

Satellite Sensor Date Band Row/Path
Landsat 5 ™ 1996.17.10 7 38/164
Landsat 7 ETM+ 2006.03.07 8 38/164
Landsat 8 OLI 2016.20.06 11 38/164

2.2. Theutilizeddata

The data used in this study wasthered
from the piezometric wells during the 2006
2016 period Landsat 7 and 8 satellite images
and ETM and OLI sensoidable 1)were used
to analyzethe LULC changesbased onthe
sensor image# the studied areéor the two
periods of 2006 and 2016 the ENVI software
also, the ArcGIS softwarewas employed to
calculate the area ofise and to prepare the
output map. In this study, in order to investigate
the chemical quality angroundwaterquality
changes inhe Khan-Mirza Plain, 16 wells data
were collected duringl5 years(2001-2016),
based on He distribution of agricultural,
residential and industrial areas, thepdissionof
wells, and the existence of the data of wells;
then theywere analyzed The chemical quality

parameters of water studied in this study
included residual solutes, electrical
conductivity, acidity, bicarbonate, chlorine,

sulfate, nitrateall anions, calcium, magnesium,
sodium, potassiumall cations, all alkalinity,
temporalstiffness andtotal stiffness indicating
the chemical quality ad the overall annual
trend. It should be noted that quantitative data
about the groundwater table of observation
wells from 1996 to 2016 was investigated. In
order to determine water quality, the statistical
status of the data was first determined, trair
normality was analyzedusing Excel and SPSS
software.

2.3. Classification of satellite imageby the
artificial neural network

Artificial neural networks were first designed
by Rosenblatt in 1985. In thisegard for
network training, theeducational samples are
entered into the network through the input layer
after being multiplied by the neural connectivity
weights, they are entered into the middle layer.
In each neuron of the middle layer, an activity

function is applied to the inputs and the
calculations are sent to the output layer. At this
stage, the network exit is compared with the
optimal value expected from the network, and
the errors of different methods are moderated by
changing the neural coaativity weights.
Typically, algorithms such as Back Propagation
are usedfor this purpose This algorithm
modulates network weights to reduce network
error usng the cost function gradientAfter
classification, all uses of the study areare
classified into five categories (forsds,
rangelands, irrigated agriculture, dry farming,
undeveloped agriculture and residential
regions) then the authenticity of all usewas
obtained. Finally, the obtained layers were
transmitted tahe ArcGIS software to calcuta

the area of use and prepare the appropriate
output map.

2.4. Interpolation of groundwater
criteria by Kriging

quality

Zoning is a suitable methad displaywater
quality data or information such as changing
parameters in the form of a mapata can be
displayed individually with different signs or
continuously with different colors on the map.
In this research, the Kriging method was used
for zoningthe quality parametersKriging is a
well-established and efficient interpolation
method withmany applications to hydrological
datg it could be especially useful for
groundwater table data in this study. The
kriging method comprises a family of
interpolators. The most common rhets in
hydro sciences are the Ordinary Kriging (OK)
and Universal Kging (UK). Kriging is
characterized as the best linear unbiased
estimator (BLUE). The kriging estimator is a
weighted linear function of the data with
weights that follow from the unbiasedness
constraint (i.e. zero mean estimation error) and
the minimum square error condition. The
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resulting system of linear equations is solved to
determine the estimator's weights. The
coefficients of the equations depend on the
model semivariogram, which is obtained by
fitting the empirical semvariogram to the
theorettcal models, or by means of the
maximum likelihood estimation method
(Kitanidis, 1997 Ahmed 2007. The semi
variogram measures the degree of spatial
correlation as a function of distance and/or
direction betweerthe data points. The semi
variogramdetermines the kriging weights and
therefore controls the gality of the estimates
(Mouser 2005 Ahmed 2007). An advantage of
kriging, as compared to the deterministic
approachesis that it allows the estimation of
the interpolation error ahe unmeasured points
(Deutsch andaurnel 1992. In addition, in the
absence of a nugget (e.g. measurement error),
kriging is an exact interpolator atthe
measurement points (Delhompi®74 Ahmed
2007). Optimal kriging resultcan beobtained

if the probability distribution of the data is
stationay in space (spatially homogeneous).

2.5. Groundwatertable

The status of thegroundwatertable and its
loss wasstudied using the piezometric wells
data in the plain durinthe 19961 2016 period.
The relevant information was collected from
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Iran Water Resources Management Agency.
After sorting statisticsthe piezometric surface
hydrograph of the mentioned period was plotted
using theExcel software.

2.6. Processing quality parameters

In this research, the Mann Kendall
nonparametric test wassed to examinghe
quality parameters. This method can be used
identify data changeand their types time is
consideredo determinethe jumping-off points
and the time series trend. Mann Kendall ron
parametric test was originally developed by
Mann and thenappliedby Kendall based othe
data rank in a time series. To study time and
spatial distribution and to present the pattern of
the impact of LULC changes onthe water
quality of the wells studied in this area, the
chemical parameters zoning mapsadeveloped

in the GIS softwardor the period of 2006 and
2016 and then analyzed.

3. Results
3.1. LULC change detection

Following the classification oLULC, the
confusion matrix of the classifying artificial

neural network algorithmwas provided The
results are presented in Table (2).

Table 2 Confusionmatrix of the classifying artificial neural network algorithm

Rocky and Residential Commissiois error

LULC type Garden Rangeland Lowlands Agriculture Bare lands lands (useb accuracy)
Garden 26.9 0.0 0.0 1.2 0.0 0.0 0.7
Rangeland 0.0 25.2 0.0 0.0 350 0.0 55
Lowlands 0.0 0.0 1000 0.0 0.0 0.0 14.7
Agriculture 73.1 0.0 0.0 97.1 0.4 4.3 54.8
Rocky and Bre lands 0.0 74.8 0.0 0.0 64.4 3.1 11.3
Residentialands 0.0 0.0 0.0 1.7 0.2 92.6 130
Omissio error 5 ¢ 74.8 0.0 2.9 35.6 75 1000

(Pr o d uacoaracy)s
Overall accuracy:
90.29percent

total kappa coefficien0.848

Table (2) shows the confusion matok the
classifying artificial neural network algorithm
for 2016. As shown in Table 2lowlands
agricultural and residential lands with 0, 2.9,
and 7.5% errohad the least error amonthe
existing users. The overall accuracy tife
artificial neural netwtdk algorithmwas90.29%
and the total kappa coefficiewas0.848.

In Figure 2, the LULC map of the region is
presented with the supervised classification
method and the artificial neural network

algorithm in 2006 and 2016. The results of
LULC classfication in 2006 indicated that the
minimum LULC was 2% for the garden and the
maximum was 49% for agriculture. The results
also showed that changes in the agricultural,
garden and residential uses followed an upward
trend, involving the reduction of rockand bare
lands, rangelands and lowlands in the region.
Figure 3 presents different uses and LULC
assigned percentages for 2006 and 2016.
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Fig. 2. LULC classification using the artificial neural network algorithm, for 2006 and 2016
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3.2. LULC changes

In this study, after determining the areas
under investigation, two classified images were
comparedusing the CROSSTAB command in
the IDRISI17 software. Comparisons dhe
20062016 classifications are presented in Table
3. One of the most noticeable changes in this
comparison ighe conversiorof rocky lands and
bare lands tahe agriculture landsThis table

represents the number of use changes
different classes in hemtes. Two classification
maps were compared in two comparative
matrices based othe LULC in 2016 and 2006
andthe LULC changes were investigated over a
10-year period. The rows in this table show the
LULC units in 2006, and the columngpresent
the LULC units in 2016 as derived fromthe
information classification.

Table 3 LULC changedor different classeduringthe2006-2016period(in hectares)

2016

LULC

Residential lands 887.7 -
© Rocky and bare lands 65.7 2062.5
S Agriculture 11.2 8.1
~ Lowlands - 18.2
Rangelands 40.8 4.2
Gardens 14 210

Residential lands Rocky and bare land: Agriculture

Lowlands Rangelands Gardens
16730 4.5 - 58.9
8397.8 - 4.4 210
11.2 210.4 15.2 5.6
28.0 - 76.6 42.1
21.5 - 1.4 307.9

The results ofLULC changesfor different
classesn 2006 and 2016 are presented in Table
(3). The most commohULC changedelonged
to the rocky and bare landsvhich had been
changedfor the agriculture usesthis was such
that 1673 hectares of rocky and bare lamdsl
beenchangedinto agricultural lands in 2016

the otherchangechanged was relateih rocky
and bare landsandrangelandswhich had been
changedto the residential areasuch that65.6
hectaes of rocky and bare lands and 40.8
hectareof rangelands had beehange for the
residential use.
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3.3. Piezometric surface

The status of piezometric surface changes is
represented in Fig. 4. As shown, in the recent
years, the level of groundwater in the region has
been decreasing. In general, an increase in the
annual loss of the studied area indicates an
increase in water hagesting from groundwater
resources and an increase in degradation; if
continued, the aquifer may be put into trouble.
Figure (4) shows piezimetric surface changes
and the lowering of the groundwater in all wells
studied in KharMirza Plain during the 1971
2016 period. It could be seen that water table
had been reduced since 2012, with a tension in
the plain aquifer and the d%eter reduction of
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the plain water table in 5 years. The highest
level of groundwater table reduction in the plain
occurred in the @12- 2013 period, with a 7:5
meter reduction in the aquifer only in one year;
this suggests severe pressure on the
groundwater resources. In general, the trend of
water table changes indicated that during the
study, the groundwater table in the area had
been reduced, with its lowest level in 2016.
Finally, an increase in the annual loss in the
studied area, especially in the recent years,
could be indicative of an increase in water
harvesting from groundwater resources and the
growth of degradation; if coimued, this could
cause serious problems in the aquifer.
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Fig. 4. Changes ithe piezometric surface

The status ofgroundwaterloss is given in
figure 5. According to the statistics of the
observation wells (fron1996 to 2016, after
determining the amount of water loss in 15
observation wells, the amount loEsduring 10
yearswas investigated andthe zoning of the
loss of the studied regiowas done using the
Kriging method. As known, the critical points
with a greater water lossvere more in the
central and eastern parts of the plain. The level
of groundwaterloss was between 5 and 31
metersfrom 2006to 2016 Thegreatest amount

of groundwatetossbelongedo the eastern part
of the aquifer. The level ofroundwaterloss
over thel996-2014 periodwasfrom 0.6 to 39.2
meters. Thegreatest amounbf groundwater
lossof this period was in the eastern part of the
aquifer. The loss from 1986 to 1996 was
increased by 3.4 mand decreased b{1.3 m.
The greatest los®f groundwaterof this period
was recordedn the central parts of the aquifer.
Watertablewasincreasednly in the south and
west of the aquiferhowever,in most areas of
the plain, there waalossin groundwater
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The results of the qualitative survey are
given below. Asshown in the table most
quality parameters follogd a significant trend.
Absorbable sodium, sodium percentage, sulfate,
magnesium and, cations were not significant
and did not change much duringetfstudied
period. Finally, the study of the changes in the
distribution maps of the quality parameters of
the wells in the 1@year period showed that the
parameters of potassium, chlorine, sodium,
calcium, anion, total dissolved solids, stiffness,
and eletrical conductivity followed an upward

Table 4 Trendof waterguality parameters

trend atthe 95% confidence leveldecreasing
the quality of water in the region. The general
characteristics of water chemical parameters are
given in the following table. (+) shows
significance at the confidence Ewf 90% and

a Z factor absolute value is greater than 1.67. At
the 95% confidence level, Zvas greater than
1.96 Z.So,if Z factor absolute value is greater
than 1.96, it is significant ahe 95% confidence
level, asindicated by (*) in Table (4) (thkarger
the number of *, the higher the significance at
thehigher confidence levels).

Parameter Start End Z factor significance Line slopeage
Sodium 2001 2016 1.90 + 0.052
potassium 2001 2016 3.9 ik 0.001
Sodium percentage 2001 2016 -0.230 No trend -0.004
Electrical conductivity 2001 2016 1.760 + 6.110
Sodium Absorption Ratio 2001 2016 1.310 No trend 0.007
Stiffness 2001 2016 1.760 + 2.224
Total dissolvedsolids 2001 2016 1.760 + 3.951
Alkalinity 2001 2016 -2.790 ** -0.022
Total anion 2001 2016 1.6M + 0.094
Bicarbonate 2001 2016 -2.90 * -0.035
Chlorine 2001 2016 2120 * 0.111
Sulfate 2001 2016 1.58 No trend 0.011
Magnesium 2001 2016 0.70 No trend 0.014
Calcium 2001 2016 1.8 + 0.020
Total cation 2001 2016 1.490 No trend 0.093
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Fig. 6 (a,b) Groundwatequality parameters
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3.4. Zoning quality parameters inthe 2006
period

Figure 7 shows the zoning map of the quality
parameters using the Kriging method. &8 be
clearly seenin the figure, most of the quality
parameters of the central parts of the plaéal
the greatest value and the least valvas
recordedfor the northern parts of the plain.
Generally, dissolved solids concentratiaasild
be caused by human resources such as
evacuation of domestic wastewater and
agricultural wastewateand natural factors such
as the dissolution of geological formatioithe
pH of the natural water is mainly due to the
lithology of the region, carbon dioxide, and
other atmospheric gases dissolved in water.
Based onthe pH parameter, plain is not in a
good condition, and the greatest valuas for
the southern plainsyhere pH was more than
7.7. In regard tothe parameters of electrical
conductivity and absorbable sodium, the central
parts of the plairwerein a moderate condition
and the northern partserein a more favorable
condition. The most important anions in the
regon were found to bdicarbonates, chlorides,
and phosphatesvith different amount®f water
due to the region conditions. Also, important
cations inthe groundwaterf KhanMirza Plain
included calcium, magnesium, and potassium.
As can becleaty seen the cations and anions
values in 200@&vere similar with low content in
almost all partsexcept in the central parts of the
plain.

3.5. Zoning quality parameters in the 2016
period

The following map shows the zoning of the
quality parameters in 2016. As can be seen, the
status of the parameters was completely
different from 2006 as their values had changed.
The greatest valuesf most quality parameters
were in the central ptr of the plain; also, the
northern and southern parts were in a good
condition, except the parameters of electrical
conductivity and bicarbonate. The map of
zoning cations and anions in the plain had a
condition completely similar to that in 20086,
such tlat most of these parameters were in the
central parts of the plain.

4. Discussion and Conclusion

Use change is one of the important factors
determining the quantity and quality of surface
and subsurface water resources. Quantitative
and qualitativechanges in water resources will

continue both during and after use change. With
an increase in agricultural levels in the studied
area, the demand for water in the agricultural
part has been increased significantly, as
compared to the wells used for expddion.
Such an increase could be observed in the
guantitative study of the plain because the level
of groundwater loss was reduced between 5 and
31 meters from 2006 to 2016. The greatest level
of groundwater loss belonged to the eastern part
of the aquife. Comparing the 10 year
groundwater loss from 2006 to 2016 and from
1996 to 2006 showed that the loss was more
latter than in the former; so this can be
considered as one of the main factors leading to
use changes. In the recent years, the level of
grourdwater table in the region has been
decreasing. In general, an increase in the annual
rate of decline in the studied area indicates an
increase in water harvesting from the
groundwater sources; according to the
hydrograph of the aquifer of Khavlirza Plain

it can be observed that from 2012 onwards, the
water table has been constantly decreasing and
the aquifer status of this e plain is facing
tension, as it has been reduced by about 15
meters from the surface of the plain over a
period of 5 years. The hight level of
groundwater table reduction in the plain
occurred in the 2032013 period; during this
year, 7.5 meters of water table was decreased. In
general, the trend of changes in the surface
water table indicates that during the study
period, the level of groundwater in the
mentioned area has been reduced, with the year
2016 representing the lowest water table.
Reduction of the groundwater table in the
studied area has been synchronous with the
LULC changesThe results of the classification
of satellie images also revealed that there has
been an increase of agriculture, gardens, and
residential classes between 2006 and 2016,
while there has been a decrease of rocky and
bare lands, rangelands, and lowlands in the
study area. Also, areas with irrigated
agriculture, dry farming, and undeveloped
agriculture have been increased. Undoubtedly,
an important factor affecting the aquifer status
of KhanMirza Plain can be use changes. One of
the reasons for the groundwater table loss in the
studied area is the grth of the irrigated lands,
causing an increase in groundwater harvesting.
The studies done on the qualitative changes of
groundwater and also, the investigation of the
most important factors contaminating these
resources show that the major changes
occuring in the existing use can be an increase
in the agricultural and residential use, and a
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decrease of lowlands, rocky lands and the bare
lands. The most common changes belonged to
the class of rocky and bare lands, as they had
been changed for the @gultural use; so the
greatest change was related to an increase in the
cultivated area, which was increased by 8762.2
in hectares. Rocky and bare lands, rangeland
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and lowlands followed a downward trend,
reaching to 15.1%, 1.5% and 0.7%, from 42.7%,
18.7% 23.5%, respectively, in 1996; the
increase of salt concentration in groundwater
and agricultural lands reduced groundwater
table, causing the desertification of the
agricultural lands and rangelands in the region.
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