[ Downloaded from jwmsei.ir on 2025-12-27 ]

[ DOI: 10.22034.19.70.6 ]

woole 4 s

Ol ool (owaiges 9 p5le
Iran-Watershed Management
Science & Engineering

Vol. 19, No. 70, Fall 2025 VFeF 5ml -V o)lond — o555 Jlw

An Analysis of the Joint Performance of ALOS Satellite and UAV Technologyfor
Flood Simulation in Two Hydrological Basins with Contrasting Characteristics

Masih Zolghadr!* "', Mehdi Sohrabi**~*, Fatemeh Rustapour? =, Mohammad Reza Kargar®
Received: 13-09-2025, Revised: 31-10-2025, Accepted: 15-11-2025, Published: 16-11-2025
https://doi.org/10.22034/19.70.6

Extended Abstract

Introduction

A key component in flood simulations is the Digital Elevation Model (DEM), which provides a numerical representation of
topography and governs flow routing and floodplain delineation. In recent years, a wide range of DEM sources have become
available, ranging from high-resolution Unmanned Aerial Vehicle (UAV)-derived models and LiDAR systems to ground surveys
and freely accessible satellite data. UAV-based DEMs offer centimeter-scale accuracy, making them well-suited for small-scale,
urban, or complex terrain. However, their limited spatial coverage, operational constraints, and high costs restrict their large-
scale applications. In contrast, satellite-based DEMs, such as those provided by the Advanced Land Observing Satellite (ALOS),
are globally available, free of charge, and cover extensive and inaccessible areas. Despite these advantages, concerns remain
about their accuracy in representing micro-topographic features, especially in urbanized basins with significant anthropogenic
disturbances. This research addresses the fundamental question: to what extent can ALOS-derived DEMs be trusted for hydraulic
flood modeling in basins with contrasting characteristics? To answer this, two hydrologically distinct catchments in Iran were
selected: the heavily urbanized Darvaze Quran basin in Shiraz, which has experienced severe anthropogenic modifications
and devastating floods, and the relatively undisturbed Maroon basin with stable topography and minimal land-use change. By
comparing the performance of ALOS and UAV DEMs in two-dimensional HEC-RAS simulations, this study provides new
insights into the applicability and limitations of satellite DEMs for flood risk assessment.

Materials and Methods

Two contrasting watersheds were analyzed to evaluate the reliability of DEMs from different sources. Darvaze Quran basin
in Shiraz, characterized by rapid urban expansion, road construction, and structural interventions-such as six detention dams
built after the catastrophic 2019 flood-represents a highly disturbed environment. Conversely, the Maroon basin, located near
Paskouhak in northwestern Shiraz, is a relatively pristine catchment of 4.3 km? with gentle slopes, loamy soils, and natural
vegetation dominated by wild pistachio and rangeland species. UAV imagery was acquired using a Phantom 4 Pro UAV to
produce centimeter-scale DEMs. Satellite DEMs were obtained from ALOS with a spatial resolution of 12.5 meters and calibrated
against UAV-derived control points. Both datasets were processed and integrated into HEC-RAS 2D. Independent grids were
generated for each DEM: a 2x2 m mesh for UAV-based DEMs and a 5x5 m mesh for ALOS. Simulations were performed for
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multiple flood return periods in the Darvaze Quran basin and for observed rainfall-runoff events in the Maroon basin. Calibration
and validation were performed using local rainfall data, river discharge records, and the optimization of Manning’s roughness
coefficient. Model outputs included peak discharge, time-to-peak, hydrograph shape, and flood extent. The comparison of results
between UAV and ALOS provided a basis for assessing the spatial and temporal accuracy of satellite DEMs under varying
geomorphological and anthropogenic conditions.

Results and Discussion

The results showed clear contrasts between the two study areas. In the Darvaze Quran basin, ALOS-derived DEMs significantly
underestimated the effects of structural flood-control measures, with UAV simulations indicating a 47% reduction in peak
discharge and a 36-minute delay in time-to-peak, compared with only an 11% reduction and an 18-minute delay from ALOS.
ALOS also produced flood-routing times nearly twice those of UAV outputs, reflecting the inability of 12.5 m resolution data to
capture fine-scale terrain features and leading to attenuation underestimation of up to 36%. In the Maroon basin, however, UAV
and ALOS simulations closely matched observed hydrographs, with similar rising and falling limbs and minor deviations in
peak discharge; the main difference was ALOS’s consistent underestimation of time-to-peak due to smoothed micro-topography.
These results demonstrate that in stable basins with limited disturbance, ALOS provides sufficiently accurate, low-cost inputs
for flood modeling, whereas in urbanized or topographically altered basins it can misrepresent flood dynamics. Temporal factors
further contributed to discrepancies, as UAVs capture current land use and structural changes while ALOS, last updated in
2011, cannot reflect recent development. Overall, UAV DEMs offered higher precision, but their limited coverage suggests that
combining UAV data for critical hotspots with satellite DEMs for broader areas provides an optimal balance between accuracy
and efficiency.

Conclusion

This study demonstrates that UAV-derived DEMs offer superior accuracy in simulating flood hydraulics, particularly in
complex or urbanized basins, by capturing detailed topographic features that influence flow paths, flood peaks, and timing. In
contrast, ALOS DEMs, despite their lower spatial resolution and outdated acquisition, remain valuable for large-scale, stable
basins where anthropogenic disturbance is minimal. In such contexts, they provide cost-effective and reliable inputs for flood
modeling. The contrasting results between Darvaze Quran and Maroon basins emphasize the conditional reliability of ALOS:
effective in relatively undisturbed terrains but prone to errors in disturbed or urban areas. The research further underscores the
potential of a hybrid UAV-ALOS approach as a balanced strategy of both datasets. Practical implications include improved
decision-making for flood management, particularly in regions where high-resolution UAV surveys are impractical due to cost
or accessibility constraints. The study also highlights the role of rainfall-driven boundary conditions in simplifying hydraulic
modeling by bypassing separate hydrological simulations, and the advantages of finer temporal resolution in UAV outputs for
capturing rapid flood dynamics. Future works should focus on integrating advanced UAV sensors, multi-UAV coordination
protocols for larger coverage, and employing machine learning algorithms to enhance DEM calibration and flood prediction. By
addressing the inherent limitations of both UAV and satellite DEMs, such approaches can pave the way for more robust, scalable,
and cost-effective flood risk management strategies.

Keywords: ALOS satellite, UAV, HEC-RAS 2D, flood modeling, DEM accuracy

Article Type: Research Paper

Acknowledgements

The authors would like to express their sincere appreciation to Fanaavar Payeshgaran Farasanjesh Tabiat Fars Company for
their cooperation and assistance in providing aerial surveying equipment.

Conlflict of Interest

The authors declare that there are no conflicts of interest regarding the authorship and publication of the contents of this

research.

VEoF by Vo 0 lodd —oasjg3 Jus a oIl & o] it 3 sk


http://dx.doi.org/10.22034.19.70.6
http://jwmsei.ir/article-1-1210-fa.html

[ Downloaded from jwmsei.ir on 2025-12-27 ]

[ DOI: 10.22034.19.70.6 ]

Data Availability

The data and results used in this study will be made available upon reasonable request through correspondence with the
corresponding author.

Author Contributions

Masih Zolghadr: Supervision, conceptualization, results verification, drafting the initial manuscript, editing, and manuscript
revision, Mehdi Sohrabi: Software-based analyses of the Darvazeh Qur’an watershed, Fatemeh Roustapour: Software-based
analyses of the Marun watershed, Mohammadreza Kargar: Consultation, aerial surveying, results verification, and manuscript

review.

Citation: Zolghadr M, Sohrabi M, Rustapour F, Kargar MR, An analysis of the joint performance of ALOS satellite and UAV
technologyfor Flood Simulation in Two Hydrological Basins with Contrasting Characteristics. jwmseir 2025; 19 (70):91-107

Iran-Watershed Management Science & Engineering, Year 2025, Vol 19, No 70, PP 91-107

Publisher: Watershed Management Society of Iran © Author(s) L(®‘m
VEF 5l Ve olond ~pdjei Jl \ Olot! 153550l (gt 5 sl


http://dx.doi.org/10.22034.19.70.6
http://jwmsei.ir/article-1-1210-fa.html

[ Downloaded from jwmsei.ir on 2025-12-27 ]

[ DOI: 10.22034.19.70.6 ]

409> 95 33 O (Silwdms Cg She 5)5w3u»5110)15AhJ S slos 9 Jukxd
SIEC e S T

T S5 Lo e T gy ekl T g e FREIPEY
VECF/ AT LS e ,B VFF/ A YF 5y eyl VPP A /08650l el VFF /0 8IYY 1l 5 b
https://doi.org/10.22034/19.70.6
el 0dd ok O mikign 55 Sl iR 4 OO G55 5leand 1 (DEM) o)l 058, sladdbe 51 eslitul o5l (glaans 3
(s Wesls WU bl 55 0% 54 o)l gale cpl b (83 2S5 o151 L s Jds 4 (ALOS) w81 dile glolgale slasals Ol cnl 53
Joes ol gen (o sline sladases 55 slgy O gmed (553055 SIS b analie 43 Laesls ol 33 Ol5me (b ol b alas B 415z 55 3, 90
Sl abg,l cragn ol OBaa das o 3 Ad g Cod oyl b anglis ju 1, 5 K> 5 (sl gioe shags (s 9ld K a Ll 03 g oy
gl St 51 Sglie gad g 53 50 OF 5 Shes anslie b oo (S pdkd (g5lwand 53 sy (55513 HUS 5o e T glaesls 4y slezs
Byl 3 1) 5led s o Jled 5o Dgole ad g 5 (Mdd Ol i 5 (6 Anm s 1) 5108 013 305,35 adgm 5 (93,90 andllan g5 ol oo
HEC- (s348 Jdo (539,9 Olge 4 sbgy 9 w8l slresls 5 sddz| Sl DEM sdae addllas g5 55 dd O (aBlitaw g 9 oanb
23) dm g BLE 1y Uas TEA 3 9d> dla 000 285k 0,08 53 sl Jke (g4 allate 55 oS 5l DL s W LA 4B S 54 (gdn g5 RAS
245 I s eyl sk gl 0Ly 5 gl (2 ;,3!, 53 T e e drs o OLE 70 1) Glo) 0,55 et sbgp dobe 53 Lol (Sl o 5
slaesls &8 ool 0T 3 S badl cus e et Lajda o hd g lwand I F 5, 5oy Sy RIS 4 Jde g3 2 zb . (srmb addaie
(03 ) 353 5 (5 b Gblo 53 Lol uizeas S5 B (iles S5 4 205 1y (3L (Slasl s 5 1S 00 5 Sl ek Ole) b &S plaad g 55 ]
3 e Sy ke gl 03l pie QLRSI 3 A pl das S Bly Tl 5 5 pmlie a3l 515 e slgy H5Le g s slaesls LS
S PL ST BT LR

‘;‘SA &;&5 ss..)y-_vu ‘U"J_&a JJ.G “'g‘ﬁ 6)‘.5}3 4-:«.24' 3 6)‘}&‘& :&03'5 v\&lr

s Wi £

L;)'L..mric,.g;_-:l?eu;)jtéjwjlic)lﬁbdf“v:“;ﬁwﬂ&?bd.L,é)Mjf)1544.¢lé)ﬁL:w))¢§¢€,adljg.w4c,,¢).!ﬂlp.::lﬁw|
VeV =AY VN VB E Ol sl dige 5 pke Dslie Sla Shis b adsm 53 53 SVl
V=AY i Vrojled V4 o3 VErE L Ol pl (6ol p] g 5 pske

Qo8

[\~ v e OBk 5 © Ol auls sl il 10

zolghadr.masih@jahromu.ac.ir :J gt odies 55 .01l ¢ w5 Ao oLl u' el ffl'; 055 )L..sl.w;l -\
Q]J.v\ cw)lﬁ ‘CJP lg.w.v\i Adwiﬁ)‘jd)b\ Jv.u)\ wb)gw}al wg':—Y
oo Ol 6)‘Jﬁu‘jﬂcu(}sa‘)‘é\)jl)‘wh)‘ obs,8 =Y

VEoF by Vo 0 lodd —oasjg3 Jus e oIl & o] it 3 sk


http://dx.doi.org/10.22034.19.70.6
http://jwmsei.ir/article-1-1210-fa.html

[ Downloaded from jwmsei.ir on 2025-12-27 ]

[ DOI: 10.22034.19.70.6 ]

Ol et 53 D1 &) 4 5 03 (5 20 VY0 (SlacSiyl 5 50
2 JAXA 50 ASF ke gladlesle v baasls ol 3)ls 5l 3
okl Solise by islad Wesls opl Ll S 15 oz
Llods ¥ owdia el 5w IS VY /0 235 L oS s
[Ve]

S S il g p b ge ol 55 ke s S sl G
e ilard )2 0305 e DB D3 sty la i
) TAas @L

aar 5 s 83 (s3lwdde gl g sl o)l sale glaesls Ll
Loadke 55 Sl ol @ mol gl Shaea ST LG GbLs
St 013 03l ad s SO Lol Slstl slate gla S5 s
2 sladle by anils 13 5l g0 O yle s oS
slacslo s 5 slescsle (g 08 H3 Gledes Sl a8
S0 1A Ul 5L e O w2 5 Sl 03 S w2 | (6 e
S 03 1S a5 L anb glaikaie &S O g5l 4 (6 Koo
el Sk b A R sl

o= 95 a5 sl Sldlas js S ol S e
39,9 Olge 4 sl 5 sl slaesls 5l oLzl el GLWDEM
=S @Li. 5 Lledd 3 ,me gda s HEC-RAS" (ssue Juko
D3 aslie 3550 e SIS 550 5 5l Ol sl (2o ol
as s 55 3kg 5 sl oslsale slaesls S 5L VAT Llas S
Ssder slaeile Sl S6 ) a4 Gled 15 o5l
lasl ol aestls  cilsea iS5l o 53 OO Hlgs
e S (S3land T lgale slaesls L 1y as - IS
b Losed oleand baw cx L sble js ) slg slaesls
O C)\ oA 5 ege LU ade L 4%-)545513& oS
Gl S JS ISS 5 o0l SO Ol il b 4
2> essa bl ol oa 4 Sosp el o lsale 5 sl Sl ol
S 03 ol g e edis gldaSe LB glac sl o bla
<=L>.=_}l Ossbe s 3 Wk &S (6 s andlas 5 &S
Sov o5 b sbaesls L LSs 4 st i S p ks A2
b o Slkil s g ol (ilaand sll o)l pale slaesls L
LSS an (o5 om gadsn eed i K
bxMe LB ole 5 (O55k) b S s sl 5 sl esls
slowl 1y Wlis opl ol Ga (013 6315,0) [Kos 4y o Lol
@ oslize gl S boadlie s Ol s Oly 4 LS e
Oads lmd 5503 5038 a1y (S anw s S Sisusb
Gl Sns b b oaas o 1) Ol ol b edile 3L s
ssba |y Gloylsale GLDEM s Slae 50 Ll ol a5 5 S5
r.MS LSS ("‘L"“‘

6. Alaska Satellite Facility
7. Orthorectification
8. Hydrology Engineering Center-River Analysis System

VF ¥ smb Ve o5lond — o235 JUw

q0

-

o0

Ol 3 b L 5 5 e S D
(Sl 0328 Sl Cage dle &S al e i
GOV P VA UG ¥] ST | R VWS S S B 23 I T\ Wl
‘r:m UVt - LN E U S VI P VR o S . | T30 1
S plide 5 fow glaslas, a5 Slsl 3 2l Bl J<~=
O, 335 (slwand dialy pl 55 Kilesy els sladlae o oo
DFS05 2 S e S pdih o 5 b slall
SN s e O Sy Zunde glaly
Sl eshs sladte agsluand ol o alS slaad s
sl gode O son | dikie 31 S 5 55 oS Lzes '(DEM)

Llasl axw o DEM W &5 ‘5‘ﬁu¥k”@h“ﬁ"‘ sledle s
Rl ol Lediils 5y slaesls 4 Ol g5 o0 aOT Ole 31 a8
éuw RN IS Wik 2(UAV) sl Dl 4 4S5
Sloslgale glaesls 5 ¢ oo (ol paid gbaalls LiDAR?
S Tros b ol Loy sdacils  glaesls 5 S 6 Ll
ol 5y g pdicilanl 5 LB (o see S35 YLl
Sales S Iy Jowe Sl 53 age ol (il adls
© (ALOS) * 1 J1 ol sals dsle (glol pale (glaosls o3 (g g
5 oolde ) Slalas 53 03 28 il s N o s
lasl Slls s )l G sellcas bl

laesls 3l a.k..»c\fr:w:\ SWDEM > Shae Ll cpl 555 L
b A Loyl sen ol aibe 5585 slaesls b anslie 53 ol
S5 Tros 4 Llesls 0L (g3dat Sladlas .ol 05 45 4l 50
Slwand 3 L35 JalS 4 e loslsale GWDEM ol
L;Jal.u):ok}@dbdl.sﬁf&;ww}jcjl&mw
S Dl 5 ks la Sop s o8 bl b 5,6
S plaas i 53 blie 53 5500 e LUiS (Kles S 25 1y e
Sl S ile g oo (1S gy 58 D d g Ol (b
Sl il Ja3 LB s s Shee slo)lsale sladbe

233 53 G glaoslsale o Sags | S ALOS )l ol
Slulely 5 L S(TAXA) by olas Ll v 5 oS el
ol e GOl patd s g AIS AE e ylale pl Ll su
Wl o sdaome Dleis o) 2 5 WOl on o e ek ol
(e 3 o2l 5es ALOS ojlgale YoVY o 5 il 05 S
STl B 5 (5 a5 G Sileys ) 305 015
28 el 1 O gy gele OLL Lo s JAXA e o "‘“«”;Cw
B s ol G K8y ) £ e)lsale ol Sl S8

1. Digital Elevation Model

2. Unmanned (Aerial Vehicle

3. Light Detection and Ranging

4. Advanced Land Observing Satellite
5. Japan Aerospace Exploration Agency

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.70.6
http://jwmsei.ir/article-1-1210-fa.html

[ Downloaded from jwmsei.ir on 2025-12-27 ]

[ DOI: 10.22034.19.70.6 ]

s w3l a8 Joes Slallas 3 Ll e S 5l S 55 0T
S 3 N ] slandlas s .55 Bl A sl X4l YL
ol gl Sl 5 abtsy, sJUS g5kl 43 DEM I
oIS S b bigladie &S A S a5 A S )
o 3 Al Cel oS WHls ey Goslee ol sen 4
N )

S Gl ol ) Olge 4 HEC-RAS  Ju
ol S ks Gl [V ] sl o B yme ladlae el 3 (g s
O3k Gble 53 OV Gas 5 S Ga 5o VL B e
Slolsale SGLDEM s 53 Y] oman 315 (580310l ol
o & HEC-RAS Jus 5> (ALOS, 2SRTM, *ASTER) _ilzses
e csbie D3l Oy slaas 58 Olis 53 ALOS 45ty dess
ey e dll il 53

sl laesls a5 das o Ol 2o j5b 4 Slalas 5,0
Shle D3 ehisar (med Golpeal G35 3lusl s QYL 23
/L:._MJ 3 s Sease sl J»_,ﬂ slaesls . Wols (g e
o el D3l OKSL, slaay S Ols L3 Ll &l 5
Joly Ll e e 33 Rl S5 e e L Sl s 23
i s 5l okt 8l obese

Sy s glealy Kl o dlie cpl glaasl colg s
syp0 033 g bl 5 OF wlie Oludign 5 O8L S aas
O 4 a5 b oz 3L Dl slacgslaaccd 3 oslinud
53 01 lacus suma 38 anls el LJ»}JT slaesls 05
s Sl 3 el Cilise (slae s

b g5 9 Mg

i sladde 5 Slas SLsl pskea (ash ol e
SIS e S5l ol gass 3wl Line b el )|
o5l 505 b g Lol Ol sliate (6354 U 5 oglite LT 4
aiain 53 Ogole 4y 5 Ludd Glod) Dl is 4kl L 5105 013
2005 S8 Sl (S 5 b Ry b S sSy
sl oS Cmy 4 9= 53l 3550 53 (A fead 4 sl

aalas 5,50 gl 4l g (S 2

Lo mr kS YO/N Cans 4 5l d 013 o3l 4y
53 A3l les Rl w5l (S S o oS b aal
Aol VWA (3558 55 5 ek &3l Sl @IONS B0 Jles
L;Laobw)@l},;)uu@ﬁm6>ﬁjﬁlﬁ,w&i@§)
Sl 4 g 55 (6t b de il sl ol Sl e A S
}L;)bﬁsl;'-‘@m;u,‘d,@.;w,:Jﬁjwu?;ﬁ\.@ﬁ
035w L S s s (So) s (b Ol s

2. Shuttle Radar Topography Mission
3. Advanced Spaceborne Thermal Emission and Reflection
Radiometer

VF ¥ smb Ve o5lond — o235 JUw

a1

St S35 5 OV Lo e O3 B ) Coeal e 5L
Jeolss 5l (S Olgeas o) a5 e g5 Sl (S5 on
@odaie mlie s g o it b lads (g 5 S35 e 53 (SUAS
Lgl.a(.:‘.w daslg sleddils 5 glaesls o anslie 5 o) 4
ol s Klasls p ALOS wsls (gloylsale (slacsls 3 LIDAR
woo) Gl 53 eddelil Sllllae o Sage il (o500 A
35 e 4

slaasls 5l edia) ¢ GWWDEM aS Wlesls glis 1 ladlas
S Dl 3 8es el 5 s Gble o ek olg
LiDAR (55t 5l [A] Jle gl . dols OV (g3ludde 5o
adbe S5 OO Goleand Gl p ol s 2 sldea
a e YU S s a8 Wl OLES 5 s S eslanal Sliea S
Sl 5 o3 slaanl il 53 o5 s O S18, 51 6 ot
Sl 8y sladde Lo 08 5 [Yr ] opioman 358 0 Sy
Sp 5 LS anslie g Ve Gladia L Ly e oY msos L
SIS e Gble 3 0Lz Ges 3550 53 o3 Y/
DEM 45 Wwsls oLid FLO-2D  Jdwe 31 eslanal L5 L[Y] sls
5 Sams et 03 ) esd Slaesls b aylie 3 sl sla
lresls a0l Sldllas 55 501 (6 YL Jlews S35 OV es
S sS Gble 53 LIDAR - sl 0035l e Olyess sbg
G532 5 e S S e 4 58S By o gt (LA b pne
g )

Olge 4 2\Y /0 S S5 L (ALOS) el o)l 5als
Glagsloand 55 0328 b 4 DEM UKL sl 51 S
D] Slalas > sl ol a3 S 580 S s5dn 5 (50548
R 205 ) B @t.a L oawslas o u‘)ﬂ laesls &3s
bl ol 31,85 5L bl 3 8 sl 0Lt gl 5 258 )3
Lola el aibe Jodomy Gble jo Js oyl Lo ys YA L 55 o0
e DEM [1] adllas 3.l o L2alS OF ds Sls S bl
Silwand gl ALOS aax 3l ol sale ki 5 sl 5l odiiass §
Cns Slosl sale gladde oS 51 OLES @Li. s aslie OOw
S Sl GLls 0Lz ol ot 5 0les 550 5 05 sl
ar g el Sl (o5l se Gl Gble 5054 s
ol s o)l 5abe GLMA{C,V.\.MJJL;«: CBs Lo a5 il
W3 Sa b 81 goallms 5 oy Gblis 3 OF 5l eslizal (Lol
4 plted &S Sl 5o b gl ke 5 4 sl Ll
Codsdons Ot 5 O sl o558l b ey 55158 (slaesls
]

Sl oIl 5 skay laesls oS 5 glas S0 51 (S
OR5 03 el ey A Yo cds o ol & ol
5 (GCPs') ey J 28 bl 31 eslizal L (ool slaesls [o]
S c,l:g S35 Jeol= (65335 DEM G Wl o, S LIDAR

1. Ground Control Points

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.70.6
http://jwmsei.ir/article-1-1210-fa.html

[ Downloaded from jwmsei.ir on 2025-12-27 ]

[ DOI: 10.22034.19.70.6 ]

Reach Start
654438.11 mE
3284889.50 m N

ALOS DEM

UAV DEM
Reach End

651603.85mE
3279858.60 m N

53 3 WYY T3 esless as s 3 4S A plowil 55 et Slay o
wioy ot slie cpl Ol Che sl os g e AN G5l s g
S 3yls (o)lsabe 5 slgy) anslin 5,50 laesly S0 SS& s
A M‘?&;@GTJJJA‘)J

HEC-RAS 3 51 ol Sids il 8l
ol OVslee (g3de = gxe oS A olanal RS asld
bl wadlls 55 a5 o J}J@uv.?&ui))b.‘ GospS
Al | I DEM - s gl et (gio i b (glmgd & 50
ol oslsale oyl ey sladie 1w 35,5 slaesls
5 013 oleys adsm 3 Ol s Soyda Jals slg
Ll Ol 4= 55 S5

L]

O 3 030953 ad g (A

03553 4l o5 o Slaghats 53 (S ssden s Sla s >
ol el s sl iie (o eslad JK8) A e O3
35 Sl uéala gl 3 Ol Ges 5 2 Sl e pdy e
St Sileand sl s A5 bl bl ey IS
Lyl 5) o5l s g odasOLES WS Lals god ol s A edalise
Sk whitout &jle cpiamen Al o (3l cxle 31
oo 3l Sl i dal

Sl sbaosle ol IS 5k 4558 e cdalin o5 sb0Les
53 Slog bl ramen 5 2ol o3 Al 4 e O
oSSl b sla IS 4 a5 L s e OVl wini sl
WA 5wk s sl sladde 53 O 5 53 o sl
Sloesls Slodd o o)l ey Jde ol syl @35 Y
o e Cond L OO ol Oles 3 i U sl
Vs b gsdsn cpl s ez e 0L il o)lsale ol

1. Shallow Water Equations

VF ¥ smb Ve o5lond — o235 JUw

Reach Start

61937493 m B
Boundary 328963338 mN

v

Reach End
623232.05mE

ALOS DEM 3292050.55 m N

UAV DEM
Boundary

Main River

03 5 ohes cpe Jld s Ol 4 Jlie s AT
o S Y 2 sl Cmlis 4 5 0l W8l S Sy adkate
B Gy Jild b dy 5 (e S Sl 2 L
03,50 a s L BS s 8 dd SledS 5 o3 10 OLALS
) Camt g 5 I e 5 B (6 et ann i adke )Ll
Sl K eslad IS5 s il sile LIl ot sladle b
OLLS sl ahows a4y iy 5 el 5 pwy 5590 49> 35 IS
RGSUW IS AP
¢ !, Phantom 4 Pro  Jue slg 5l s 93 a5
Ao eslinal el gy dde 4 OF LS 5 olsn gla s
Shles o35de 3 ot wlolos 3l eslanad Uzl s o
se GPS 5l eslital b e 5 ks (giluesly J S bl
o A S T Clase et dlle 4 fate S
ol S Slaia 5 sl sleslial b ey Olles ¢w 3
o5 by plal e A el al5e (U1 2 peaS Sles
b S (SIS a5l 0T gy 5 CahS Ol 5 0l
lawl 5 4% Jize Agisoft metashape |33l [SURE rolas ol 3l
LS5 bl O 5 e 3 g ol 5 S5 blE
G olg 2 s LS e e ) IS DG I eslind
@Sre BB ks 3 s Sl e 00 5 SV same i
ALOS 31 (sl sale (slassls .Sl 50 55551« polii)) o 53, Joba
G DEM 1 eslinad Y /0 S K& L PALSAR
S8 bl a8 Sl adeie sl slosl sale
Sl B (s oplad J2) A5 a5 B ol Jie b S 2l
@ e besls (53l 5 .53 8 L L0 3s &l 5 Shas
C3s g el iy S CB b el ) sadde A5
S S35 L el olsale lassls s e Sle g5 (65 sas
5 dwslie CLB U a8 sl slaesls SLS 4 e\ Y/0
sl Jbe aslis a5 il Sh (U'\I S VI PR G [ SR W1 N EY
Sl s ale Gi b 5l T el pale slg o) e85

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.70.6
http://jwmsei.ir/article-1-1210-fa.html

[ Downloaded from jwmsei.ir on 2025-12-27 |

[ DOI: 10.22034.19.70.6 ]

51°0'0"E 52°0'0"E 53°0'0"E 54°0'0"E 55°0'0"E
1 1 1 1 1

30°00"N
1

Ol e asg

29°0'0°N
1

Sl el el aog

T
28°0'0°N

28°0'0"N
1

e e s Kilometers
0 25 50 100 150 200

1 1 ] 1] 1
51°0'0"E 52°0'0"E 53°0'0°E 54°0'0"E 55°0'0"E

T
27°0'0°N

27°0'0"N

5‘:‘;@.‘, e QG odd Sl gle 05 gdowe (s?-‘: Cow) CJTJS o319 5 (Sl Camw) OJJLAJ'.UJ L ‘;\S sk - JSJ
Fig 1. Overview of the Maroon watershed (right) and the Darvazeh Quran watershed (left), along with the areas surveyed using UAV.
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Fig 7. The Darvazeh Quran watershed over time: (a) 2003, (b) 2011, (c) 2016, (d) 2024.
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