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Abstract: In this study, the change detection techniques were applied by using maxinmum
likelihood supervised classification and post-classification on the Landsat images acquired
1997 and 2000 for the Lar Dam water level changes in Northern part of Iran. Three different
classification of minimum distance, parallel piped and maxirmum likelihood were carried out
on two different date of images individually with the aid of ground truth data. Ground truth
as control points were collected during four field trips conducted between 2003 and 2007
(the Lar Dam office has helped to provide some ground truth data) which have supported
with the recent recorded discharges. Using ancillary data, visual interpretation and expert
knowledge of the Lar Dam basin through field further refined the classification results.
Calculation of the accuracy was used to produce change image through cross-tabulation. The
results revealed that the reservoir level changed about 6 ki due to the seepage development
in karsts formation during the study period.
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INTRODUCTION

The aim of this study is to detect the Lar lake fluctuation using remote sensing data which in case
of a satisfy results can extended to the similar basins where we have no any adequate hydrometric
station. The dam created to provide water for reservoir on the Lar River which is established by the
Iranian Ministry of Power. The dam is located 300 m downstream from the area where the delichai
tributary flows into the Lar. Lar River is 11 m wide and its average water discharge of 10 years
hydrometric data equals 13.6 m® sec™. The construction of this dam started in 1974 and operated in
1984. One of the aims for building the Lar Dam was to supply part of Tehran and its adjoining rural
areas drinking water and the production of electric power. Latter the dam failed to operate efficiently
by its full capacity due water seepage problem. The dam is 105 m high, with a foundation accounting
for 10 m of its height. The reservoir is 18 km long and its width is ranging from 1 to 6 km. The
inclination of the reservoir's bed is 0.55%. Total water surface area of the reservoir is amount to
33.5 ki and the volume of water 960 millionm’. The average armual influx of water from the Lar and
its tributaries estimated about 429 million m’. The heavy rain and snowfall supply an additional
amount of water to the reservoir every year. The prospective reservoir's annual water consumption
supposed to distribute in the following way: about 100 million m? of water will be supplied to Tehran
and 289 million m® will be used for irrigation of some 105,000 ha of land in the Mazandaran plains.
Besides, using the difference in altitudes between the Latian and Lar reservoirs, it is planned to produce
annually around 100 000 kW of electric power.

Satellite remote sensing provides a meaningful method for detecting land changes (Howarth and
Wickware, 1981, Solaimani and Modalladoust, 2008; Quarmby and Cushnie, 1989; Singh, 1989;
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Dlouat ef @l 1993 Ivlavey chavge detection tec hnigues have been developed since the early daye of
earth ohservation. Thew can be broadly grouped into three categories: (1) visual inte rpretation, (2)
pixel-based methods and (3) object-based approaches (Desclée ef @l 2006). Llmost, all of the
researchesbelieve that land nse change is ore of the most important factors in rany hazardous events
such as flood (Sulltvan ef 2, 2004), soil erosion and sedime nt weld (beselrnan of @l 2003; Glade,
2003}, ecological and ersriroreme nt dymarnics and soil properties changes (Fu ef @f., 2000; Islam and
Weil, 2000%. Also, change detection with remote sensing data helpe to monitor the complex and
expensive surve ywand hydrograpte of water wolurne of dams. There are many e thods for perforrang
change detec ion and varions change detection techndgues which achiewe different levels of success in
monitoring avarietsof land-cover changes (Qi-Jing ef @l 2005, Sldbbe of ol , 2002). These techrigqes
include image regression, irmage subfracton, post-classification comparison, rulti-date principal
compobe hts analyels, multi-date Tasseled Cap transformatior, change vector analysis and nemal
netwotss (Fanfivann of @l 20013, The changes in landscape level canbe easily detec ted by coraparing
the rnages taken in different titne (Jarvis, 19043

MATERIALS AND METHOD 5

Study Area

The Lar Darn is located in Morth of Tran, Mazandaran Province with A: 52° 00 and & 35°88"
Figure 1 shows the geographical location of the studyarea in Morthem part of Tran. This dara is one
of imporant dams it Iran for its water supply to the capital ity of Tehran with a population of
16 million. Therefore, the fluetoation of water volurme in this reservoir can be cansed many social
problers for the capital city of Tehran. Thiz darn is geologicall v located in & mountainons catchonent
with a doninated forrnation of Kast whichwas created sorne unexpected engineering problems to the
lake.

Data Source

The stody used two types of cloud-free Landsat irnages fromm ETT sensor (Enhane ed Te mathic
Dlapper) of suremer 1997 and the sarne sowrce of satellite data fror 2000 to detect the changes. The
Images wele takenin the same season with anintereal of 4 years. The recorded weater level of 1996 and
2000 frorn the darn ressroir gauging statiors and ente irg water discharee o the darn was collected for
this studyras the ground control data.

Eemotie Sensing Data Pre-Processing
Geometric comection i very important for preparing a suitshle data for the  software
errvitontnent and a sighificant phase to gain change detection. Therefore, for each image, mote than

Fig. 1. Geographical location of the Lar basin
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Tabk 1: Growmd tnoth pivele for 3 type of uced classificstion smethod from ETR 1007

Type of method Clss WFter Earth Total
hlimaronn distatuce Eatth 1} 1] 0
Thulassified 1 1162 1163
Water 1] 1604 59 160459
Total 1 161621 1616232
Madmonn likelhood Thuclassified 1] 0 a0
Water 1 1162 1163
Earth 1] 163701 163701
Total 1 1a4863 ladaad
Paralle lpiped Thuclassified 14 1108 1124
Water 1 1144 1147
Earth 1] 162593 2271
Total 17 164847 lad864

Tabk 2: Gromd tnith pivele for 3 type of ueed claccification rmethod froen B TR 2000

Frod. acouaracy TlzeT 4000 40 Frod. accwracy Tzl ac Omacy

Type of mredhod Clase  oeeeoooeeooooeoo- L 0 B -
Dlivdronn distarce Whter 100 10000 .30 116201162

Earth 802 10000 1604 59/163701 1604 59/1604 59
hlvaonn likeldwood Whiter 100 10000 100 116201162

Earth 10000 10000 163701163701 16370163701
Puaralle lpiped Whiter 100 QE A2 100 11461162

Earth 0032 10000 162503/ 163701 162503162593

Fig. 2: 3D wigwof the Lar Dam basin

50 Ground Control Points (GCF) were selected. Geometric correction was performed by using the
fonrth polymornial method and the ervorof Boot Tlean Souare (RWS) was controlled within each pixel.
The next stage was pursued by processing the data inthated with nage classification. In this study 3
types of classification rethod were exarnved onrnages. The mairomm likelibood, ranimum distance
and paralle] piped were applied to identifyr the watervolurne changes as a nsual method in satellite data
analysizs. Two classes were selected in these images for classification and caleulate the ground trth
pixels on the grven images. Table 1 and 2 incloded ground truth picels of the used rnages (Fig. 2).
Thete are two methods o extracting water from the earth. Howenrer, the visnal classification 1s
cornfortdhle way for this air bt it is not weryacourate method due to the possible deletion of mansy
pixels fromn the edgzes of phenoteta. Stodies with orentation on the aerial photographs showed that
wisual rethod is also efficient in inteyretation cornpark o image classification methods. The rate was
nged from some critera of accuracy for represe nting of ace wracy such as overall acowrac sy producer

576



Ras J Emviron. Soi, 3 (30 374580 2009

accracy and Kappa coefficient. The third stage iz calenlating the area of water lewel in Lar Dam and
detection of the changes during 1997 4o 2000.

The next stage was grerlaying the extracted maps to detecting the fluctnations of the lake with
nsing remote sensing process. The threshold-based procedure was applied to deterraning the
tlue tnation and stability of the water hody classes on different irnages.

RESULTS AND DISCUSSION

The rermote sensing data of Landsat satellite showed there has been a clirnatic drought due fo
decrease of precipitation frorm 1997 o 2000, Therefore, the Lar reservoir wolurne had a considerdble
thuctoation with & lower level in 2000 corpared o 1997 The nght image of ETI which was acomired
i surerner 2000 1s showing a decreasing of the reservoir aea than the last 4 vears of 1997 image which
1z clear in the middle and west to east direction of the Lake Lar (Fig. 3a bj.

The maxizaum likelihood method has proved to be the best type of methods for the water
detection by comparing the ground true pivels and Kapm coefficient exbracted from the images.

alAre 3l X are e EE

I535°E

Fiz. 3: EThIimages of the Lar Lake in surianer (a) 1997 and (b) 2000
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Table 2: Producer accumacy std user ac auracy of the Landeat BT 1887

Type of method Chss WFiter Earity Total
hlimaronn distatuce Eatth 1} a 0
Thuclassified ) 2014 2016
Water 6l 176002 1rrnss
Total 63 179006 1ran6s
Mladronn likelhood Thurlassfied 1] ] 1]
Water 4 2020 2022
Earth 55 19702 197081
Total 57 190046 199103
Paralle lpiped Thurlassfied 1] 2 2
Water ) 2019 2021
Earth 56 157963 158019
Total 58 150954 lano4a
Tahle 4: Producer accimacy std mser ac amws oprthe Landeat ETRHI 2000
Frod. acouaracy TlzeT 4000 40 Frod. accwracy Tzl ac Omacy
Type of mredhod Clase  oeeeoooeeooooeoo- L (Pieley-omoeeme oo oo
Mlingronn distatice Witer 200 arnG o1l 20142075
Earth 2o a1 Ao a7 17aRaar1970Te 176092077053
Mlwdronn likelhood Witer 200 AT 35 oy .68 20202075
Earth oo og Ao a7 1P026/ 197074 19026197021
Paralle lppiped Witer 200 a0 491 20192075
Earth 20.15 Q0BG Lo7R63197074 LayR63058019
Dowction of Lar Dlam wakzmlume chang
F ||y
Lo et
b I
[] Changm = | ;
Bl o dos T N
¥ JI'"\": H"“T"‘"‘
LU R A S {F
o 1,
1200,772

Fiz. 4: Water level changes in Lar Dam reservoir

Therefore, the ghven statistic al results of the classified image s of Fappa coefficient have caleulated to
gain ah accurate coraparison. Table 3 and 4 indicating producer ac curac v and user acourac v which is

I portant for the Fappe accuracy estimation.

The orverall accaracy and Fappa coe fficient have been calculated to indicate that which e thod
is better than others after calewlation of producer aceurac yand user acourac 7 (Table 5).

The maxirnum likelihood method is recogrized as a best method for detection of changes
(Fig. ) and weater volurne was derme d using overlaying lavers of water level by cormparing the data of

1997 and 2000 nages (Table 6).

Finally, the analysis of the satellite irnages and the ground control data revealed that the water
cover of the Lar Diam reduced frora 11.3 to 484 km® in 2000 ( Takle 7).
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Table 5: Overall accuracy and Kappa coefficient from image classification

Images Type of method Coefficient Pixels per total Percent
1997 Minimum distance Overall accuracy 161621/164863 98.03
Kappa coefficient 0.411 -
Maximurn likelihood Overall accuracy 164863/164863 100.00
Kappa coefficient 1 -
Parallel piped Overall accuracy 163739/164863 99.32
Kappa coefficient 0.6702 -
2000 Minimum distance Overall accuracy 179006/199149 89.89
Kappa coefficient 0.1505
Maximurn likelihood Overall accuracy 199046/199149 99.95
Kappa coefficient 0.9749
Parallel piped Overall accuracy 159982/199149 80.33
Kappa coefficient 0.0751

Table 6: Pixel counts changes in 2 state, derived by overlaying maps
Tnitial state (pixel counts)

Final state Water 1162p. Earth 163701p. Unclassified Row total Class total
Unclassified 0 0 0 0 0
Water 2075 points 9261 0 0 9261 9261
Earth 197074 points 0 174650 0 174650 174650
Class total 9261 174650 0 0 0

Table 7: Quantities of water volume changes

Subject Entrance Reservoir Water level Area

year discharge (m sec™!) storage (m’) area (km?) changes (km?)
1997 138.943 17.53=10° 11.298230 -

2000 105.130 12.30x10° 4.845704 6.45

The entrance discharge decreased about 30 m? sec™! during 4 years. The main reasons of such
decline relates to the climatic changes or reduction of precipitation and snowfall. As studies shown
changes in water volume in reservoir of dams are related to different reasons such as evaporation,
geological formation, discharge and etc. One of the main aims for building the Lar Dam was to provide
part of Tehran's drinking wrater; it could not operate at its nominal capacity however, because of water
seepage problem. Today, water requirement is increasing by the rapid population growth in urban
areas. Such situation dictates the water authorities to take a firm action to save the water resources and
also the optimum utilization could help to alleviate the shortage of water. Remote sensing technique
is one of the best tools for the change detection and surveying in particular cases of the non-gauging
area for different purposes such as water level changes, volumetric analysis and the reservoir detection.
With a general investigation on overall accuracy and Kappa coefficient it can be concluded that,
maximum likelihood is the best method for change detection of water volume changes using remote
sensing data. According to the extracted results from satellite images, tables and pixel-base method for
change detection is credibility approach for this purpose and post-classification process provides
detailed information of a possible change between two used periods.

CONCLUSION

It can be concluded that satellite data is constructive for inadequate hydrometric stations such as
the Lar Dam basin. Sequential data from remote sensing techniques proved to be efficient for identify
change detection. The maximum likelihood confirmed the accuracy of this method compared to other
conventional techmques. Also, the method is time and budget-saving especially in developing countries
where the financial matter is an important point of concern. Despite the advantage of this method it
needs to be carried out by other complementary methods like aerial photos, maps and more
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importantly ground controlling. Tt could be recommended that to promote the accuracy of the method
it requires more higher resolution satellite data for long time duration as sequential data to monitor the
darm reservoir.
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