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Abstract:

This study evaluates the storage efficiency and environmental sustainability of the Duhok Dam
reservoir in a semi-arid mountainous basin of northern Iraq. An integrated GIS and remote
sensing approach combined with RUSLE—SDR models was employed to quantify soil erosion,
sediment yield, and monthly water balance for the period 1981-2024. Datasets from NASA-
POWER, FAO soil maps, Landsat-8 OLI (2025), and SRTM-DEM (30 m) were analyzed to

determine hydrological-geomorphological interactions.

The results indicate that the watershed extends over 134.4 km? with slopes exceeding 60%
across 97% of its area, reflecting high erosion susceptibility. The average annual soil loss was
estimated at 42 tons ha™' yr!, while the actual sediment yield reaching the reservoir reached
0.18-0.20 million m? yr'—equivalent to 0.4% of the design capacity (52 million m*)—causing
an annual storage reduction of about 1.2%. The seasonal water balance revealed a surplus of
3.5 million m* month™" during the wet season (January—April) and a deficit of 1.0 million m?
month™ during the dry season (June—September), with evaporation losses reaching 32% of total

inflows.

Findings confirm that Duhok Reservoir is gradually losing its functional and ecological
capacity due to sedimentation and excessive evaporation. Sustainable management should
focus on vegetation restoration, soil-conservation measures (P < 0.6), and dynamic water-level
regulation. Each 1% reduction in active storage corresponds to a 2—3% deterioration in water
quality, making storage efficiency a critical indicator of reservoir sustainability in arid

mountain regions.

Key words : RUSLE—SDR model; Sediment yield; Water balance; Environmental sustainability
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(Morris & dgslial) Gobal) (alsa¥l 8 dggplal) luhal) 08 LS (ol g pa Al Lginn
. Fan, 1998 USACE, 2013)

.‘._.,-».AJ;\J\ slal) Cviai—7
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_u - £ -
i) aadl) C(C duca ) Al
) factor)
Wischmeier & Smith (1978); Renard et al. 0.00 1Ll sl ol
(1997) ' )
Renard et al. (1997); Panagos et al. (2015) 0.02 Sl slal) glazl)
Brhane & Mekonen (2009); Karydas et al. 0.15 il é’m\ o Uas
(2014)
Wischmeier & Smith (1978); Renard et al. "
’ 4 )
(1997) 045 A
bl 8 daudall cilwjaliPanagos et al. (2015);
) 0.20 Lol yandl 3haluall
dla giall
Aalal) s cliall 3 dglie il (e e o slaall =y
) 0.25 )
Barzinji, 2003)¢(Karim et al., 1998 Ll

:Wischmeier & Smith (1978); Renard et al. 4Gl aabyall Je alaicYh Galll alac): juaall

(1997); Panagos et al. (2015); Brhane & Mekonen (2009); Karydas et al. (2014); Karim et al.
(1998); Barzinji (2003).
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Bals) (A ydlie U lageuts lsad s Gags B (b baatll 5l Slhay dlall sl Clalis
Gl & dgalia paleal o Gl il 4T Lo gy (Bl A Cuailly il Y aee
(Renard et al., 1997; Morgan, 2005; Panagos et al., 2015).48lal) 4.é
slhal) dida o SIKR Gl e SBI DA e QL) daedle @iilS Jaall Slglad L
Gl cele) Gand) Ul Cundn sie dpdadall dandll sale] e Dlad (DEM 5 agall 353ng ayY)
NDVINDWI ciyise e sl (s cdibae Ghlia cduiuay elya gl cChana ol ciiS
(ol (g5ise e € dalal alual) s giall Glaa 8 6lldg Clelian) Gladly «gpad) 3aills

) slaall Jail mibal) Lpslien pu) 438 S Aacally dalisall (e Db
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(K-Factor)dyaill 4l 4LB Jalas Glua =3

Leemilass Al 255 e sLae YL lgns sus a8 el ) 2IE 303 (5o
Aliie (alpe SO Adlaall 38 (Badinn ualles Adaa Slulys ) goa ) pe Al
s 55Ul a0l yanil (Shapefile) Aot yisgl) il Ak Aasiod 5 31 Gl L) Caias Ly
(Wischmeier & Smith, _uleall ) 13liu) Jasy/ds, (<O Al Qm}\ g K: a3 agall
i) algdll Cua (e Al dae gl pailadll (389 <Ol ¢fja) ae ¢( Renard et al., 1997¢1978
EPIC Sharpley— iblee alaiiuly ollyy «(uililly cdagls «sseanll sgimally ccbaly cyppilly cylal
Anhuasl) alilndl 343 e Williams

Aghs duw gags A dewyl lghlails (K-Factor) Al ual) ALB Jalaa aid (4) Jgaad)

2 2 . aae
e ardigh (ol K e ) “ “
/ ’ ol 5)@3&.«.“ dalall ua.‘abaﬁ\ Mﬂ‘ hﬂ/@")
)a<N-a >
0.28-0.35 (G Sl Alpaia &y — oy plsh (3l A Fipaa
.Jj..\;.a ‘;‘3):_
0.22-0.30 Al Lot ASulata & — s alg ¢ AefOM cdnlin S
Galyas) ¢ ileSilfara (AaiS Ay
0.15-0.24 d / | e olh i s
Ul
S e eVl Gl alacl: Jiaal)

Wischmeier & Smith (1978); Renard et al. (1997); Sharpley & Williams (1990); Lal (1994);
pailadll ) s LK Jalal daxs jall asdl) slaicl ¢ Panagos et al. (2015); Karim et al. (1998).
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R=10.7397 %P>

Al e sl Jandd) iy Pt 3
a3 335 260 Jawsgian ¢ Al fAcle [, 120420 G zslBR ad o) dabaill il ekl
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Pl aild) dppenll Loapes SY1 58 Gaagall Go (Bodl) el all o ) odlall 13 u
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aldlly HUaedl (ggiad) Jasall (2) IS

N




2025 /10 (5y:532d! (4) rodal! (129) :5ual) el jdly & s I T Lo, dne

ISSN: 2392- 5418 e-ISSN: 2520- 7423 DOI:10.59799/SQZH5356

el (IS il alasily ) Aanal) e ofily Slgad s By 50US s

R A
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sin(Slope = 0.01745) l; FA = CellSize\"
0.0896 22.13

Llall hasial) 8 12> 5 ddaciall Ghlial) 8 0.1 on zsbB LS ad of daslill dday Al el
589 ¢ (30%>)sndll Gjlaaiy) (glalia aa dadijpall adll gola Jaadlg 4.8 Jacgian ¢ pdan ial
o Aganiall )l Apag¥) b dald ccmill d8la g lily adacd) Glial) deje Cielin e L
Dyaall ga Gopaill Jale o rags g U Y19 LS com Bl y¥) 138 cBpadl b oo 3 il gial

DAY JA13 ) ety &l Y ana 8305 8 Gl

(P-Factor) Slaladiud) dles Jalaa  —

DR RUSLE z3sad o8 st} dusadll U3€al aaf (P-Factor) clehiain) dgles Jalae 3e3
568 Akl Aupatl) e 3a) 3 Aoy dac)) 3lls Aprigh lehadia¥) H S (Aol (gyiall 2l
Aol s b Jasadll ) ) alblal)l clahaane) Gadas e L5l edl) 2l docs 00
Gt ) i (P=1.0) dadll o8 adey Llaall @leha) Lllad byl pnids died of
s lajlas 3gas Ao J5(0.6-0.1) U8V adll Laiw (G ALlS dujatg ddailal) ilalasin)
= ol phiie Jla Cipea alis Galaig )3l ciladaal) elialy odysi€ll Al 3l (fia ogen ) 22dl
(Wischmeier & Smith, 1978; Renard et al., 1997; Panagos et al., 2015)?\:““
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O Laadl caganall lall elaally (>30%) sundd) cllasiyl <l L jally 48,0 Llledll #siul) 8
(L JbSa/ ol 5-0) 2ll Y aea S0 o Dandand) olally ot ALl elasll 3 3lalial
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Landsat 8 OLI (2025). (3 a)¥) slatll jsa5 ¢FAO (2009) (e 5l Ll g )a(30

>100 530l dupeil) 25) paim 4 (asal) dalia (al8% sai o) Slas) ddaill e i
R36% ) G (L SESa ol 10025 dacgiall Ll Gaad6% ) 5 o( i/ JlSa/
o (ggiedl sml) il alall acugiall glusg o(Ain/ HlSa/ ()l <25 daidie ¥ ara el dalisdl)
(bl Dl ady A ey ddadi dunglsdygagen Ay ey Lo i/ )Sa/(4ha 42

b eondn Jhs ol Wlall chaasiall & 55w 138 oY) shbiad) o) dadl) el (Wi
oul) el i€ ) el Lo cand) a8 s 3 oad) Gagiall sas dgatiall duagY)
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ol 3l mladsly s ) STy Coua

" Hotspots Lialull 5l aaat =i 3 « RUSLEZ 3sail W) Gk Bl (4)ddasall oda 2ef
Winaal 55 WS colually duall 8)lals dlanll clehya] aumngil 4ul<a 5ac 18 JKiig ¢ msall (i duyaill
oied) Jaeall o ) sl ity cdlsnn aus By 8lS o Cuall SN A1 i 8
s O3 gyt OB ) (5350 e cdina 05240.45-0.65 <l OPAN Jah Slugal) ol
Sl sl ~ Sy Ll dglas el Gt e Lo 58y caasealll dxadl (50 %1.2

Morris & Fan, 1998).¢ Panagos et al., 2015¢(Renard et al., 1997

(Sediment Delivery Ratio — SDR)Slugusyl) asdudi Jala — 2

G G A A paia) A (e Auledll o) a0l eS8 i Ligunl) oles Jaloa 235
) il g RUSLE (e dainall ugen 3881 (g Jan 45) (6 ag¥) 30 ) ol pamiall
4day;al) ( Van Rompaey et al., 2001 ¢ Renard et al., 1997¢Walling, 1983 ) hall S gyl die
(S sapl) 2l Jlas) ) Gasall (e daylall Apgenll Algenll dus sl SDR el ¢ (4)
Ablaally Ll aie jials
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ArcGIS 10.7 iy (asSDR JalaasRUSLE z3sa3 cila e e alaie Wl Gaalll dlac) jaiadll
NASA POWER (1981~ ¢se sUadY) cililug ¢)sSRTM-DEM (30 a8l ¢ Ui )¥) z3gai pladinly

Landsat 8 OLI (2025). (e (sa)¥) eladll Hgems <FAO (2009) (e &5l Wil g <2024)
zex GIS 4w Jals Bale SDR gzisal iy cpagall gfiua o ddjaiall Ll eoana 58
Dbese oy ccpeaill A5 ABS  laat¥) e OS o ading 3) cdansly puglly dadlpe suball alsall
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SDR —

p(0.5xIC)

e(0.5xIC) | .3

N

SDR =




2025 /10 (5y:532d! (4) rodal! (129) :5ual) el )y & s U T le ) Ane

ISSN: 2392- 5418 e-ISSN: 2520- 7423 DOI:10.59799/SQZH5356

el (IS il alasily ) Aanal) e ofily Slgad s By 50US s

chasiall Ga BlayV) il (e Y Lol dadall 4 sy BUad o axdind daaall sdag

srvel) Ja Bl e duagY) Al

doad duw Baay gal Aflalatly agend) (3001 Sl Al Jilatl) -
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o anisis sl Gl aSl5 Bhaia aadiud 3) (RUSLE z3seis (ogell Sl sl 35a30)
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) ol el sat dgatiall dupall Augially 48,8 Aledll chsidl sl el S
23l deall a2l v i al) Caadtl L o Bl gl ) ol et
oo Ugae sl dalue 520% sn3 o) (A i S Jawi ghang ¢ A3 Cunil) (3halie
oasll (sl 38l haugie o Bl (sl ) dlalsll dnsnll Alsaal)  Jlas) e %70-60
Byad) Jalae ) Gled dlalgll Agasdl )3 SDR 0.46 aobecl) Joles Jagiag dics/ iSa/lad?
Lnesanaill daadl (30 0.4% Lf ol (Ainffa 95:040.18-0.20 Joley Lo (5] cdin/ 5la2.6x10° say
Lllally 5pradll Caaalgall i3 syaall Cilgiaadl JUA20-30% sty ducaill 038 255 ¢(3a (ysale 52)
0.3-0.35 Panagos et al,) | <l e & aidsg (20195 1993 Jig) sadll
. (Borrelli et al., 2018¢2015
sn ) i L 0,46 Lawsin0.1-0.9 on S cpls ) (p 30) 38y dauidSDR A s
Al Gl e L/ 508/ 0019 ol Jares ¢Aag¥) A<0d ) Glad Jas 48 mial) L0l (046%
) ey ¢ (>25%)8080) hpasiall b Al 3L (30.7) oY) aidl) Ji cBpead) Mlia o
zisall JLESDR  zisas aeh lliyg caud) o dbasidll Ghlall & S (<0.3) dcabiial
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