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ENTOIIEMOYL OPEINON OI'KQN ZTHN ®YZIOI'PA®IKH ENOTHTA ZAGROS
RANGES (IPAN) AIIO TO WYH®IAKO MONTEAO EAA®OYZ GTOPO3(0"
I.X. MHAIAPEZHT'

ZYNOWH

H 11e00S0A0Y ¢ CUTOUGTOTOIUE VOU EVTOTLOROT 0QEWVMV Gy zemv-ano to GTOPO30) tporomouityze e£aiti-
05 TOV IOTEQMV YEMUOQGPOUETOIAMNY LHOUATNOIOTIZOV TS TEQLoYNS nekétg Zagros Ranges oto lodv. Tupa
N ZATATUNGN TOV PNpraot LOVIEAOU SIZGTTETUL OTUY TQOTEYYILOVIUL Tir ONUEL TOL AVIZOLV OTO BAQOYOU-
PUro SHTVO #al ZOTA VTGV TOV TOOTO ETMTUYYAVETUL 1) ZUTATUION TV OQELVIY Gyrow 010 BA tunua dou
TUOATNOOVBVTCLL PO YL UE TTORD UEYRAES XAGELS 2L 0L 0QEVOL Gy 20U SLaywICovTaL o TOAU OTEVES mtn-
NG HOAGIES. O 0QELVOL Y20l TOU evTOn{atixay €(VOL 68 CUUGOVIL UE TC ODELVE AVTUZEEVE TTOV EQUIVETO-
VIO (ITd TOV %(OTI) ORLAOUEVOU vAYADQOL TS TEOLOYIE UEAETNS.

ABSTRACT

In a previous research etfort a methodology (DEM-to-Mount transtormation) was developed for the extrac-
tion of mountains from the GTOPO30 digital clevation model (DEM). The GTOPO30 DEM represents the
earth’s relief at regional scale with spacing 30 arc seconds. The method was implemented in SW U.S.A (Basin
and Range) where the crust is under tensional forces, thins by normal faulting, and results in an array of tipped
mountain blocks that are scparated from broad plain basins. The methodology integrates certain geomorphometric
techniques (runoff simulation) with the digital image processing techniques (segmentation, connected compo-
nents labelling, small objects climination) and it is actually a region-growing segmentation algorithm that uses
the ridge pixels as sceds and a growing criterion based on gradient.

The objective of the present rescarch cffort is to implement (and modify, if needed) the DEM-to-Mountain
transformation to an arca of compressional stress such as the Zagros Ranges where collision of the Arabian
shield with Tran has shortened and thickened the crust to produce a spectacular mountainous physiography. The
linear topographic highs rcpresent huge folds (NW-SE anticlines), marked by SW facing topographic escarp-
ments while the geometry of anticlines indicates the cxistence of basement (high angle) reverse faults that do
not cut the overlying folds. In the SE portion of Zagros Ranges broad gently sloping valleys are observed in
between the mountain features. On the contrary in the NW morc tightly spaced mountain featurcs arc obscrved
whilc narrow, decp, and high sloping valleys are developed in between them.

In order to cope with these conditions, the method was modificd and the valley pixels were not allowed to
participate in the region-growing segmentation process. More spccifically, gradicnt and the aspect were com-
puted on the basis of the Z-operator and the Sobel operator. Then, runoff simulation was implemcented using
the stecpest-descent flow accumulation algorithm and ridge pixels and valley pixels were labeled on the basis of
their runoff accumulation value. Two thresholds were identified through a trial and error procedure and the
pixcls with upslope-runoff greater than 9 were labellcd as ridge pixels while those pixels with downslopc-runoff
greater than 7 were labelled as valley pixels. Finally an iterative region-growing segmentation algorithm was
applied. During the first iteration, the ridge pixels formed the initial sct of mountain pixels while the rest of the
pixels formed the current set of non-mountain pixels. In each iteration, if a non mountain pixel satisfied the
following three conditions (a) it’s gradient was > 6°, (b) the pixel was an 8-connected neighbor to the current set
of mountain pixels and (c) it did not belonged to the set of valley pixels, then it was tlagged as a new mountain
pixel and the current set of mountain pixels was updated. The segmentation stopped if no more pixels were
added during the current iteration.

The output was a bit noisy due to the very small isolated islands ot mountain pixels that represent either
small remnants or artificial error peaks. Additionally some small islands of non-mountain pixels on mountaintops
represent flat or gently sloping areas (gradient < 6°). To correct these artifacts, a connected component-label-
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ling algorithm was applied and both foreground (mount terrain class) and background objects (non-mount ter-
rain class) were identified and shorted in ascending size order. Then, small isolated islands with sizc less than 60
pixels of mountain pixels were removed (assigned to the background). Additionally, small islands (size less than
40 pixels) of non-mountain pixels standing on mountaintops and surrounded by mountain pixcls were merged to
the mountain terrain class.

The segmentation of Zagros Mountains was judged trom the visual interpretation with the computer-shaded
relict map of the DEM of the study arca (location of the simulated sun was 30 above the horizon at NW).
Digital shuded=relief maps are a valuable tool for the computer visualization of landscape morphometry, allow-
ing the surface features to viewed m a broad regional context. Borderlines of the mountain objects were deline-
ated and superimposed on the shaded-relief map. The extracted mountain objects were interpreted to be in
accordance the mountain features interpreted visually from the shaded relicf map. The methodology allowed
the extraction of mountain features in an arca with different regional geomorphic conditions than thosc ob-
scrved in the Basin and Range physiographic province. In the future, the mountains will be represented by a set
of numerical attributes and the landscape will be characterized on the basis of the morphometry of mountains.

AEZEIL KAEIAIA: Katdtunon mediov, emuoggopetoia, Ynouear exegeoyaoia erndvag, Moggotertoviny,
Fewuopgoroyla wxeng whlarac.
KEY WORDS: Terrain segmentation, Geomorphometry, Digital image processing, Morphotectonices, Global
geomorphology.

1. EIZATQI'H KAI ZTOXOI

TMorrég epevvnuneg mooomaleies oto TeReROSY Zatévoapay v oxE€on mg LoQEoloyicg Tou eddqoug ne
v textovien (Merrits zad Ellis 1994, Keller wot Pinder 1996, Summerficld 2000). Opwg péxor ovjpepa, ov ogo-
oelQ€g 0ev €youv BemomBel oav ot BaCtES LOQEOTERTOVIXES OVIOTNTES UE @UOLOYQUPLAY ®A(aAa ot OV
Evve TQOOoRdBeLa va eviomofoty and ynguard uovréha edAGous (TOsOTRGG-0agns 0QLOUOL) #aL Vi TEQL-
YOA@OUV LaBNUOTUAG (TUQOUETOLAY VATHQAOTACT TTOU ETUTRETEL OTATLOTLAN GUYROLON “at Onuovyic moti-
TOV).
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yjua 1. H wegioyif uéerns oro guotoygagixo ydory rov Ipav (Asfar et al. 1976).
Figure 1. The study area within the Zagros Ranges physiographic zone (Asfar et al. 1976).

Sjueoa 1o Yo noviéro edagove GTOPO30 ue néyebog ravvafov 30 devrepa mg noipag (US Geo-
logical Survey 1998) RN BIRMQONSR, (REABRICTRS i MHIHEE SRAWIRSHATT R s inciecr, vy avamriybnze

uebodohoyint evromouot tov opewvadv dyrov axd o GTOPO30 (Miliaresis xau Argialas 1998a, 1998b, 19994,
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1999b). H uétodos equroudothpie omy guotoyodgr evomnra Basin and Range (N.AL FHLITAL) drov ggerav-
OTUZES TAUELS ONULOBOYOUY Wi L0 (TG UUVUUETOES LUl AELIUEVET 0QOUELIQES VENEGX (O Oyed(V emime-
deg aemaves andleong (THowell 1995). Avtd W epeuvnuzn mpoomdleid aTooZoTel OV EHUOLLYY ZitL TYO-
mortenon (eav avto ZowWel axaoamro) e we0000A0Y S EVIOTOROT TV OOEIVOIV OYAMY OTNY QUOLOYDpLAT
evomte Zagros Ranges wie Teologt] ol T¢ HOOGOTEATOVIZG OEQOREVH (VUL DIOPOQETIAR GRS (VT TS EVO-
s Basin and Range (Obcerlander 1985, Tucker xan Slingerland 1996, Koot xat Beaumont 1996, Sceher et al.
1997). Ketra caotd oy 160 Oa avamrgOel g nefodoroyic wov Ou eTOETEL TNV ZQTHTUNTN TV 0QOOETOMY
O V1LV ZAMOAG ETTQETOVTOS THV STOTOTUA] GUYROON (UOLOYOUELANOY eVOTHTOV Zul TNV nednuatizorotion
™me GUoToYOGELES avarvong. I uc0odoroyic viomote(tut oto roviouwd teotparov GeolLogic Shell mov ducerl-
fetc oto OtdizTeo oty Otetiuvon http:/miliaresis.tripod.com/ ¥ http:/members.nbet.com/miliaresis/ .

2. ME®OAOAOLIA

H meproy] ugrémg elvan n guotoyougay evomnta Zagros Ranges (Eyijua 1) omrov Aafiaiver xooa 1) ot-
YAQOUOY TNE Apafiiznc Textoveais ahdxag ue to loav (Summerficld 1991). Ov opevol dyrot (emwngen Teudyn
ne drevluvon BA-NA) eivat 1o 1poidv g atiomons g€ ouvdnaoud we iy SQGa 0o-gRupuvELANY (vaoToo-
v QNYUATOV e ok ueydrn »hion (Berberian 1995). To im0 novegro ma eotoyic uerdmge (Zyfjua 2)
SLoo0MON7E YEMUETQUAR £TUL HOTE 1 MAOTUON TOU Vi eivee 920 HETOM 7l zariatel aeolimor 330.000 yan’,
Yyouetoies Tonég (Xjuc 3)@toderavtiony 3Tt oL 0Q00EL0ES VUTTTHOTOVTHL OF (BSUVOIEVO MPOUETOO (1510
NA 7oog 1o BA, Edv cvaardooovtay oTo (810 TaVETiredo, TOTE 0 €VTOTONOS  TONS HITOQOVOE VL YIVEL UE
AQTATUNOT TOU LOTOYORRIETOZ OUYVOTHTUS TOU UPOUETOOL AL ETLOHUIVOY CAOV TV £1IZ0VOTTOE{0OV TOU
PNEUZOT LOVTERO €3GEOUS 1E VPAUETOO EYUANTEOO (TG AATO TUU] (VPOHETO0 TOU TVETITEdON).

. - ks . . -._,;_,_/ /
0 100km ‘h&

Zypifua 2. To yygiaxs vipopetgixo povrélo g meproyrs pelétns. To vpouetgo (and 0 €wg 3000 u)
rwrononjbiyxe oro didotnua {255 , 0] "Etot 600 @OTEVOTEQO EIVaL VA OHUEID TOTO HIXGOTEPO EIVAL TO VPOHETRO
TOU.

Figure 2. GTOPO30 DEM of the study area. The elevation (I to 3.000 m) was rescaled to the interval 255 to ()
(the brightest pixels have lowest clevation).
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Zyijua 3. Eyndooa (1) zar exynjxns (2) vpouetoueij romoyoapizij rouij.
Wneiakn BIBAeBsKR:"RepRpagiospraiipa MNewoyiag. A.MN.0.
- 2019 -




Or Myhrieogong xe Aoyiahas (19984, 1999, 1999h) ootetvey nic ug8odo it TOV £ VIOTONG 0QEIVOV 2
N OQEWVOV steotoymy amd to GTOPO3I0. H udlodog yonolpomote( To teTQ0 TE #AONC el Ti TOTUAR UEVIOTEL
TOU vy koot (V00070TeS). THO GUYREZOUEVH TOWTM OQILETL EV(L LOYLZO TUVOAD (TG ONUEL-OTGQO LS TOL
UVZOUY OTLS OOELVES TEQLOYES (VOROHOITES). ZTNV GUVEYELL VEQ GNILE TOL YPLUZOD HOVIELOD TOOOTIEVTAUL
GTO UOFLAO TUVOLO, UE BROT TV EYPUTITC TOVS HE TNUELE TOL E70 0N 110N TUEvoun (el 0TS 00EIVES TEQLOYES il
@O0V TO LETOO TS ZAIOTS TOUS SETEQVA TIE 6 HOES:

2TV OUYZEXQUEVT TEQTTMOT TEETEL V(L £TAVATROGOLOOIGNEL TO UVENTIZS ZOITNOLO 2L TO GUVOAD TOV
COYIZmY onuelmy oéomv: TTouwra vrokoyCetar To nETeo e rlone (Zyjna 4) zor n dedlovan me (Zyrjuc S).

Scale

6 100km “___

Zyijua 4. To uérgo s xiions eivar oro dwdornua [(°,44°] ot tvroxonjthyxe oto didotyua [255,0]. Voo
QPOTEIVOTEQD E(VAL EVA ONUEID TOOO JIRQOTEQY £(val 1} #AL0N.
Figure 4. Gradient. The pixels (in the range ( to 44°) were rescaled to the interval 255 to 0 (the brightest pixels
have lowest gradient).

Zyijua 5. To dwdvvoua g #Aions Temomoujusve otig 8 dievfHuvoeis Tov 0piloviat oe uid Yigraxiy eixova
((A=1, BA=2, B=3, BA=4, A=5, NA=6, N=7, NA=8)). To 0 éet yonqownomomnlel yia exineda etxovoototyeia
(uétoo g wiions <2°).

Figure 5. Aspect. The aspect was quantified to the eight directions (East=1, Northeast=2, North=3, North-
west =4, West=5, Southwest=6, South=7, Southeast=_8) defined in a raster image. Zero labels were used for flat
terrain (gradient < I").

MeTd TOOO0QILETHL TO BOQOTOAELZS dITLO (Exiua 6) Za ot vdgoroites (Zyua 7) we v 1ehodoroyi
npooorolmong pong (Mark 1984).

[TeQroydg exmaidevong LITOAELAVBOUY GTL B.A. avamtiocovTan Guodyyic ue zhion neyariiteon amxo 6°. Auvtd
ONREIVEL OTL UE GUSNTIZD ZOITHOLO «UETQO TG ZAONG > 6 0L 00 VoL G201 OEV UITOVOTY v Zetatintoly 0To
B.A. rivjua. T avtd n uelodoroy (it toomoote (tal, mg €51g:

Ter oNueld 0Tooot eivat ot LORVXOTES (Zyjua 7),

[ R S

TO ALSNTEG ZOITNOLO TAOGUEVE] I £5€ i i .
B ST ) ] L‘Pr(]’(PIdK E{[&Xloﬁr}f}(ﬁ( J'Oso%pecxmog" - Turll.‘m st)\oxla%.,A.l'l.O. . ) .
HOVO OV 1) %ATATUNON TOU OIAZOMTETHr OTAY TQOFEYYILOVTL T(! TN TOV VI ZOUV OO LOQOYOUPLZO

JixTLo (Zua 6).
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Zyrjua 6. Ydgoypaguxd dixtve, Exovoorovgela (62327 af 16.15%) ue dvvauino ooijs (pood ratdvry 1ng
xhiomg) > 7.
Figure 6. Ridge pixels. Downslope runoff threshold > 7. Pixels labeled 62327 (16.15 %)

Zyrjua 7. Yopoxpites. Eixovoorogeia (45031 1f 11.7%) pie Suvauuxo porfs (poga avaviy tig xiiong) > 9.
Figure 7. Ridge pixels. Upslope runoff threshold > 9. Pixels labeled 45031 (11.7%).

Zyjua 8. Ta eixovootorgeia mov TaSvorijdnxay oTis 0QEIves TepLoyEs Exovy amcixoviotel dompa.
Figure 8. The pixels labeled white represent the mountain terrain class.

Mt eTuvarn Ty OLad£aa(0 AUTATUNONE EGUOUOCETUL AU €VU OIIULELD TOL YPHPLULAOD LOVIEAOU £0GG0UE
Tov elvel S-auinjz-otvoeong veltovee (Ihjtrag 1996) o 10 UTVORO THV COYLAOV UETMV-OTGQMV, OVUTEQL-
AMUPAVETUL OE GOTEE, €2V TO UETEO TG AAMONE TOU EIVEL HEYUATTEQO (0 6 HOIRES 7t OEV (VIAEL OTO 1OQOYOU-
L0 OtTvo. To Tehx0 anoTéheone LETH TV £avaTaSVORnon wizomv yiofdmy (Ihjtes 1996) wremoviCeta
OTO Xy 8.

O opevol Gy2oL Tov evIomodnNZuyY €(VUL U8 CUREOVIH RE TU 0QEIVE GVTHAEUEVIL TTOU EQUNVETOVTHL UT0
TOV (0T xlaoudvor avayrugor (Reichenbach et al. 1993) mig e ptopnic ueheme.
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Zpjua 9. Ta dpia TV 008v6y avTuxeiusvoy (alpes yoauuss) o vagplean otov ydotn ortaouevon
avayAtgou Ts aepioyifs pedETys.
Figure 9. The border-lines (shown black) of the mountains superimposed on the shaded- relief map of the study
area.

3. LYMIIEPALMA

[T 100000Vt HUTOUUTOTOMUEVOD EVTOTIOUOT 00tV Gyzov axd 1o GTOPO30 toozomonUne eSati-
(S TOV IOWTE QMY YEOHOOEORETOIAMY YULOUETOOTIANY TS TEQLOYXHE uekémg Zagros Ranges oto Todv. Tooa
N ZCTATUNGN TOU PNGEIEAOT ROVIELOU DIUZOTTETUL GTUV TOOUEYYLOVIOL Tet ONUEL TOV UVITZOBY OTO BADOYO-
A0 OIATLO il AT GUTAV TOV TOOIO ETTIYLAVETUL 1] ZOTATUNOT TOV 0QeVOV dyzmv oto BA tinjua drouv
TUOUTNOOVVTUL (UYL JE TOAD PEYARES RAMOUEIS %ot 0L 0QEVO( GYZOL OLLmOILOVTUL (10 TOAT OTEVES £sTune-
21)C ZOLRGOES. O 00EIvOT GyA0L TTOL eVTOTITONLOY EIv GF CUIEOVICL HIE TC OQEIVEL AVTIZE (HLEVIL TON £0pNVETO-
VIO (TG TOV LGOT OZICOUEVOL (VEYALEON TS TEO0YNS LEAEME. ZTO WELAOVY 1] OUYZOLAT TV TUOUUETOIAMY
UVUTUOUOTATEMY TOV 0QEIVIY GyZmv Ot 0OYHOEL 0TNY GUVOEGN EQUNVEVTLAMY LOOOTELTOVIAMY LOVTEAMY,
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