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ABSTRACT

A city usually changes and develops due to variac®rs throughout its life. Urban green space e @f the most
important assets and effective factors for evety. &invironmental effects are the most signifidanttion of urban
green space, which may increase the biological iguadf cities. The present research intends to ystud
Khorramabad'’s physical changes and its urban grepace. It applies the empirical research methodre/aerial
photos taken in 1956, 1974, and 1994 as well asniage captured by Quick Bird Satellite in 2006 evased and
analyzed. First, geometric corrections of the psotere made and their orthophotos were providea. fthysical
changes of the city were specified by means ofadr@al photos and satellite images taken in differgears.
Moreover, dot grid was used to calculate the urlgagen space during these years. Results show ityadrea has
become 2.09 times larger in the 18-year period €:9974), 3.34 times larger within the 20-year pdrid974-
1994), and 1.86 times larger in the 12-year per{@894- 2006). The ratios of the green space arethéowhole
urban area in these years are 10.42, 9.67, 15 anld @spectively. Statistical test results showt twere is a
significant difference between green space pergenta 1994 and those of other years. However, tliemot a
significant difference between green space pergmstaf 1956, 1974 and 2006. In general, Khorramagyseen
space is not proportional to universal standardedahe city’'s green space growth is slow if comdare its
physical development process.
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1. Introduction

1.1. Statement of the Problem

A city is similar to a living organism. The peoged their activities as well as its spirit and anat are like the
body of this living thing. Each city usually chasgend develops because of different factors. Howevgood city
is the one whose structure meets its people’ ndadgo changes with time. Every city has its owarahteristics,
but it is generally similar to other cities regangliits form and duties. Whatever we learn from witugl a city may
be useful in other studies [21].Uncontrolled pofinlaincrease and the enhancing growth of urbaioizdtave been
among the main reasons for changes and develoheantity, especially in developing countries, @cent years
[32].Along with this high rate of urbanization, tlcreasing growth of development plans either ciously or

unconsciously resulted in environmental, economit social warnings in 1970s. In response to thélpros and
crises arisen from the above-mentioned events, auewepts and approaches were introduced, suchstarable
development, environmental equity, modern urbaiimatand more recently, intelligent development. Thp

declaration of sustainable development as the slagan of the third millennium is also due to tlifees exerted
by cities on the biosphere and different aspectsuafian life. No doubt, discussion about stabilitg sustainable
development, without considering cities and urbatiin, is nonsense. In fact, urban stability arabgl stability are
both a single concept [16]. Studies on the faciofisiencing cities and their orientation may seaga suitable
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guideline for better indentifying the effective facs and their rates of effectiveness [10].Droughbot only the
world’s costliest natural event, collectively affiag more people than any other form of naturalandZ30], but it
is also one of the most difficult phenomena to miefiCities, serving as centers for human life actt/iies, must
adopt structure and function from natural systemguarantee their stability. Green spaces, as amabfe and
necessary elements in the skeleton of cities, ptagssential role in this connection; thereforejrthbsence may
lead to serious disorders in the life of cities][2Be green space in each city is one of its miggtificant assets.
Environmental effects are the most important fuorctdf an urban green space, enhancing the qudlitytyolife
[17]. Green spaces, known as the “green lungs”afya are especially important not only in providiphysical and
physiological health but also in ensuring the welfaf people’s city life [13].When we accept tha¢en spaces are
the lungs of a city and their absence means lagihg$ical and mental health in cities, their impade becomes
more tangible parallel with industrial developmébb].It is necessary to use remote sensing datah®rbetter
management of urban development arising from uidctivities [1].Aerial photos are among the oldesiote
sensing data, which have ever received attentiom tdurecording some information on the past eartme
significance of this valuable source doubles whedysng the changes of land cover so that futureeggions will
also need this basic data in spite of using adwheatellite one [27].

1.2. Significance of the Problem

Studies on the physical development of cities andhfluencing factors are one of the ways thap$eis to have a
more realistic prediction. As stated earlier, eaiti has its own characteristics. However, sucldisti many be
effective for decision-making in many respects,vagihg realities in the discussions on urban developmit is
necessary to have a successful and efficient pigriniurban green space and forestry not only émagpudget and
use financial resources, but also to recognizectimglitions, requirements, and potentials of théoregith respect
to its vegetation [31].Thus, if we are interestedhélping people to enjoy a better life in an urlamld, it becomes
immediately essential to study these environmemisusban green space.

1.3. Goals and Objectives
The main goal of this research is to study Khorfaaas physical changes and urban green space tesingte
sensing data. Also, its objective is to provideghecedural map of the spatial changes in Khorradab

1.4. Research Background

Scohottket al.[29] and Dykes [11], pointing to the increase opplation and ecological problems in urban areas,
emphasize the need for an advanced remote seesimgaiogy to obtain detailed precise data on lesedfar urban
management and planning. Using remote sensingadhat&1S, many domestic and foreign researchers stadéed
urban application changes and land cover in cittesne of whom include Rabieit al[24] studying Isfahan,
Jahadi[18] dealing with Rasht, Fattahi[12] studyi@@m, Borgeset al[8] dealing with S&o Paulo in Brazil,
Krundwet al[19] studying eastern Mau in China, as well as 8tostudying Washington in the United States.
Panahi[22]and Andaret al [3] introduce dot grid on aerial photos as aahlé method for estimating canopy cover
percentage in urban forestry. Goel Cohen [9] héimated the minimum standard green space to be 161t per
person according to each country’s climate, hawrigpduced this standard as 20 percent of the whddan area
according to another criterion.

1.5. Questions and Hypotheses
1.5.1.1t is possible to prepare a model for spatial gesnof Khorramabad using remote sensing data.

1.5.2.Changes in Khorramabad’s green space becomeisatifvith time.

1.6. Methodology

1.6.1. Obtaining Data from Aerial Photos and Satelie Image

Required geometric corrections, such as displacechem to height difference and non-horizontal negaplate,
were conducted by means of PCl 9.1 Software antjusie data including camera type, focal distantaginal
points of photos, height digital model, ground cohtpoints and common double points between phatod
surveying obtained from the aerial photos of thgiae. The orthophoto of the region was also prepdoe the
aerial photos at this Software environment [Z3dFig. 1)
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Fig. 1.0rthophoto picture (a), and non-orthophatbype (b)

For geometric correction and geocode of photosgrblind control points in each photo and 11 commuoubbe
points between photos and surveying were used finideareas of such reliefs as road junctions anddarker
lines. After conducting geometric corrections armeparing the orthophotomosaic of the aerial photoban
borders were determined in an Arc GIS environmlerdugh visual interpretation [2] up to the pointsere the city
did not lose its discontinuity, in a way that resitlal areas were compact and continuous, and ispeded
suburban areas were not studied. After locatinglmitrders in each period, its area and place-tieveldpment was
studied by means of Arc GIS. To estimate the grgsace area in different periods, regular dot grith €and
dimensions of 10x10m was used in PCI Geomatic Swéwenvironment [26]. In this study, all the poiltsated on
tree crowns and in the existing green spaces fdrdifit areas are counted. However, if a pointéatied exactly on
the regional borderline, it is counted as half apdoreover, if the larger part of a point is &ed inside the city

border, it is counted; otherwise, it is excluded][35reen space ratio was obtained:by% , standard error Isp; =

+ /@ reliability by E = +Spi X t, and inventory error percent or reliability up@6% probability b§oF =
ii %X 100, whereP;: green space ratio; n: number of points locategrliran green space; N: total number of points
over the city;Sp: standard error; anfl: reliability. The value of depends on the number of samples or points that
must be counted, and is commonly considered as ih.86e equations according to the sample sizartter to
change the population of 1991 to that of 1994, #red population of 1996 to that of 1974, the equmafip =

P(1 + )t was used, wher@,: population in theith year;P: population in the basic year;growth coefficient antd

number of years [6]. Moreovertest statistic is defined by the expression

whereP;; : relative frequency of the phenomenon in the firsie; P,,: relative frequency of the phenomenon in the
second timen;: number of points in the (sample) dot grid of gilenomenon in the first-time, amg: number of
points in the (sample) dot grid of the phenomemothé second-time. If the calculatéés greater than that in Table
1, there is a significant difference between th®saof the phenomenon in both periods, and thehygothesis o

P, = P,,) is rejected [33].

1.7. The Region under Study

The region under study is Khorramabad, capital ofty.orestan Province in Iran, situated at 250,5%0@57,000
meters eastern longitude and 3,714,000 to 3,713rB€@rs northern latitude in universal transverserddtor
(UTM). It is 2,526.3 hectares in area and 1,171emseabove sea level.Khorramabad is limited frontimtyr Kiow

hill being 1290 m ASL, from northeast to the slopé&édit. Kamarsiah (or Makhmalkouh) being 1802 m A%iom
southeast to Mt. Shirkeshan being 1765 m ASL and Ritshteh Hosseinabad being 1550 m ASL. It is also
connected from west to the branches of Mt. Sefittkadvancing to the suburban areas and surroundingity

(Fig. 2)
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Fig. 2.Geographical position of the area under stud

MATERIALS AND METHODS

The present study has used two aerial photos tmk&856 and three aerial photos of 1974 on a suiale10000,
and fifteen aerial photos taken in 1994 on a so&lle8000, as well as a color image of the regiaptared by Quick
Bird Satellite with a ground resolution power o8D.meter in corrected form (without displacemeertmetric, and
radiometric errors) and without different spectrahds (i.e., single band). A height digital modelgared by means
of topographic maps with a scale of 1:25000, wasddsr geometric and displacement error correctidso, the
aerial photos provided by Iranian Surveying Orgatiim on a scale of 1:25000 were used to visualhluate
geometric correctness. Regional population datasidering the censuses conducted in 1956, 19763, 18891,
1996 and 2006, was received from the Statisticat&eof Iran.

3. Research Results

3.1. Khorramabad's Area in the Years under Study

Khorramabad area in 1956, 1974, 1994 and 2006 stanated to be 193.77, 406.07, 1356.74 and 252&c@tes,
respectively. Results show that city area has bec®®0 times larger in the 18-year period (19564)93.34 times
larger within the 20-year period (1974-1994), ar@bXimes larger in the 12-year period (1994-2006).

3.2. Khorramabad's Spatial Development Process ithe Years under Study
The spatial development process of Khorramabaadhguhe years under study is presented in figuteshows that
the city develops in a north-southerly direction.

3.3. Khorramabad's Per Capita Green Space in the Ya's under Study
The results of estimating the green space percemtalghorramabad by means of aerial photos andedlisaimage
are presented in Table 1.

Tablel. Changes in Khorramabad's green space perctamge in different periods

Year | %P SP; B %E
1956 | 10.42| +0.199 | +0.39 | 3.7
1974 | 9.67 | +0.14 +0.27 | 2.7
1994 15 | £0.096 | £0.19 | 1.2
2006 9.1 | £0.057 | £0.11 | 1.2

Results show that Khorramabad’'s green space pegenn 1956, 1974, 1994 and 2006 was 1001299,
9.67+0.14,15.42 + 0.096 and 9.10.057, respectively (p<0.05).
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Fig. 3.Khorramabad'’s spatial development process ithe years under study on a scale of 1:50000; soerccalculations provided by the
authors from processing the aerial photos and the GQck Bird Satellite image

3.4. Statistical Test Results

The results of-test between green space ratios are presentezbie 2.

Table 2. Results ot-test between green space ratios in the years undgudy

Period df (ny + n, — 2) | Calculatedt | Table o1 | P
1956-1974 5948 0.89 1.96 nis
1956-1994 22376 6.33 1.96 * [
1956-2006 25015 1.86 1.96 ns
1974-1994 24286 9.98 1.96 *

Pelagia Research Library
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1974-2006 26925 0.76 1.96 ns
1994-2006 43353 5.96 1.96 *F

Results oft-test show that there is a significant differenegween green space percentages in 1956-1994, 1974-
1994 and 1994-2006 (p< 0.01), and the null hypdshes rejected for these periods. However, therads a
significant difference between green space pergestan 1956-1974, 1956-2006, and 1956-2006 (p<) 00 the

null hypothesis is correct for these periods.

3.5. Khorramabad's Population in the Years under Sidy

According to the censuses conducted in 1956, 19994 and 2006, Khorramabad'’s population was 3883611,
263456 and 333945 people, respectively. Resultw shat its annual population growth rate has be@6% in the
18-year period (1956-1974), reached 9.1% during2wyear period (1974-1994), and amounted to 1.¥B&%iin
the 12-year period (1994-2006).

RESULTS AND DISCUSSION

4.1. Khorramabad’s Development Process

Results indicate that the physical changes in Khoabad have followed an increasing trend, havirecoime
relatively dramatic in recent years. The area @f ¢ity has increased from 193.77 hectares in 185806.07
hectares in 1972. In other words, an area of 1het®ares has been annually added to the city oauwteage. Over
population is the important reason for the risgsrarea. The annual population growth rate in Kiimabad reaches
7.86% within the 18-year period. This rate is mdhan that of population natural growth, showingttha
Khorramabad has faced immigration during the abmestioned years. In 1964, the western army witbgufation
of 20,000 troops was centralized in Khorramabad[Zxmparison of mean annual population growth betwe
Khorramabad city and Khorramabad town (4.92), LmmesProvince (4.18), and Iran (3.96) also confirms
immigration into the city [5]. In the second perjdke area of the city has increased from 406.@7ahes in 1974 to
1356.74 hectares in 1994. Therefore, an area d#34fectares, on the average, has been added toityhe
Overpopulation serves as a reason for the rishkdratea of Khorramabad during this period. Its petfnn natural
growth is 3.8% in 1986, and 1.6% in 1996.Comparisbmean annual population growth between Khorraadab
and Lorestan Province (3.51) and Iran (4.03) revéat the city is faced with immigration (Statsti Center of
Iran). Another main factor in the anatomical depehent of Khorramabad is the presence of suburbaa aneas
with flat lands suitable for urban construction. eDto its development, many rural areas in the dulnfr
Khorramabad have changed into rural towns and ateddo the urban texture [4]. In the third peritite area of
the city has increased from 1356.74 hectares i 182526.3 hectares in 2006. In other words, &a af 97.46
hectares has been annually added to the city onatleeage. One of the reasons for the rise in ita as
overpopulation. In this period, the population ofidframabad has increased from 263,465 people id 189
333,945 people in 2006. This figure shows an anguaith of 1.75% within the 12-year period, indiogt that
pervious uncontrolled high rates have been modiied reached population natural growth in receatsen this
period, mean annual growth rate is 0.88 for Lored®aovince and 1.67 for Iran [4]. Another reason tioe
development of Khorramabad is likely to be peopietsrest in villas. Moreover, people’s interestijtudes, and
social segregation may increase the area of aléyoudpour and Ardalan[10] also state that soaitucal factors
may lead to the development of cities. Town develept plans, along with cession of lands to pedmee also
influenced the development process in recent decakerefore, many towns have been added to theedr this
period. Generally, the spatial development of Kaorabad has increased 13.03 times over half a gentuother
words, it has annually developed for 46.65 hectarethe average. The increase of urban area isreftdicted in
the studies by many researchers, including JahgiB&tahi[12], Borge®t al [8], Krundwet al [19] as well as
Slover. The development process in Khorramabadfigenced by its nature, so that it has selectedt ftat lands
along the river for construction within 1956-1974se more we advance towards the east and the Wést city,
the less utility the lands have due to naturakfsjirock lands, thinner soil, etc.In 1974-1994pkKhmabad reached
its maximum development in eastern and westerrctitires. Wherever a valley is slightly broader witiider side
slops and inhabitable, the city has developed @ direction. Wherever the valley becomes narrotter city also
narrows down and develops towards the north anddhéh. Other than natural barriers, some paresasfern and
western directions are afforested in this periodjhiting the development of the urban area. In4t2006, due to
the special situation of the city’s natural sited dimitation of its anatomical development in eastand western
directions, it has mainly developed in northerlg @outherly directions, mostly subject to Khorraad#\hvaz and
Khorramabad-Kermanshah communication routes. SaMulrini[28] states that road systems are amongrtbst
significant factors influencing the developmentcdfes. Generally, rocky heights and the hills amuhe city are
considered as important barriers of its physicakttjoment. As observed in the photo taken in 260f&rramabad
is limited to rocky heights and dune-bedded hiliseiastern, southeastern, northeastern, northethwastern
directions.
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4.2. The Process of Green Space Changes

In the studies conducted on urban green spacdediegs along city streets and roads were measvitbdlot grid.
This is a fairly good quality of the biometric teitjue of the dot grid on remote sensing data, dhioly aerial
photos and satellite images. Results of compatieggreen space area to the whole urban area stavi@w2
percent in 1956, 9.67 percent in 1974, 15 percedBB4, and 9.1 percent in 2006 was covered witlows urban
green spaces. According to the standard set by Galekn [9], green space percentages are evalusiedsaitable
in all four periods. Results of the statistical ieslicate that there is a significant differenevizeen the percentage
of green space in 1956-1994 and 1974-1994, sdhbajreen space area in 1994 is larger than batiegbrevious
periods. It is due to the forestation formed aseeq belt around Khorramabad during 1974-1994. Aissults of
the studies by Hasheati al[14] and Jahdi[18] confirm a rise in artificial gne spaces. Moreover, test results
suggest that there is a significant difference ketwthe percentages of green space in 1994-20Qge\d0o, green
space area in 2006 is less than 1994, indicatiagishhas not developed parallel with the urbam.a8tudies by
Fattahi[12], Borge®t al [8], Krundwet al [19]all show results similar to those of the mmsresearch. Also, test
results reveal that there is not a significanted#ghce between the percentage of green space 61093}, 1956-
2006 and 1956-2006 and the null hypotheses istegjedhese results can be useful and applicabl¢htourban
planners who usually have a poverty of information.

General Results

1.Khorramabad, like other Iranian cities, has a gngnmrend in its area. This research listed somésofmain
reasons as (a) overpopulation, (b) immigration th#city, (c) addition of rural areas to the ciynd (d) cession of
lands to people, and town development pariBhe area of Khorramabad has spatially developedrds south and
north directions, having faced with physical bagiéke Mt. Sefidkouh and Mt. Poshteh Hosseinabragvéstern
and eastern directiorss.Per capita urban green space in Khorramabad i$ riess than universal standards.
Green space growth in Khorramabad has a slow pacpogiional to the increasing and fast trend of its
development.

It is suggested that remote sensing data and g@éabs be used to study the physical changesaihugreen space.
Moreover, it is advised that similar research bedewted on other Iranian cities. It is also recomdesl that dot
grid method, having the ability of measuring singées, be applied for estimating the green speee a
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