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ABSTRACT

To describe and evaluate all the complexities and to develop river ecosystem
management plans, it is necessary to examine all the components at different spatial and
temporal scales. In this regard, a key step for this is hydromorphological
characterization, looking at rivers from a perspective that discloses the relevant
processes and forms. The aim of this study is to classify, evaluate, and determine the
hydromorphological condition of the Khormarud River in Golestan province, Iran, by
employing the integrated application of the Morphological Quality Index (MQI) and
the Morphological Quality Index for monitoring (MQIm). In the first step, using remote
sensing and GIS, field survey as well as some data and hydromophological information,
the river system was divided into spatial units including bio-geographical regions,
watersheds, landscapes, river segments, river reaches, and geomorphic units. In the
second step, the main characteristics studied from the geographical units to the river
segment and reach units were described. The above information is used to determine
the hydromorphological status of reaches by MQI and MQIm methods. Based on the
analysis of MQI, 15 reaches are placed in very poor and poor classes. In contrast, nine
and two reaches are placed in moderate and good classes, respectively. The difference
among MQI index values across the reaches is significant at 5% level. In addition, the
difference among MQIm index values for the two periods, before and after human
interventions, in the investigated reach is significant at 5% level. For most reaches, the
lowest scores are related to the indicators of vegetation, functional, morphology, and
stream changes, respectively. By integrating the MQI and MQIm indices, a more
comprehensive view of the hydromorphological condition can be gained, particularly
regarding its temporal changes, trends, and tendencies. The integration of the MQI and
MQIm indices for hydromorphological condition assessment can be applied to other
river basins in Iran by adapting the methods and approaches presented in the results of
this study.
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Evaluating and Determining the Morphological State... Khosravi and Teimouri
Introduction

To describe and evaluate all the complexities and to develop river ecosystem management plans, it is
necessary to examine all the components at different spatial and temporal scales to describe and evaluate all
the complexities to develop river ecosystem management plans. In this regard, a key step is
hydromorphological characterization, looking at rivers from a perspective that discloses the relevant processes
and forms. The aim of this study is to classify, evaluate, and determine the hydromorphological condition of
the Khormarud River in Golestan province, Iran, by employing the integrated application of the
Morphological Quality Index (MQI) and the Morphological Quality Index for monitoring (MQIm).

Methodology

Hydro-morphological assessment framework and management plan cycle in river basins consists of four main
steps of delineation and characterization of spatial units, hydro-morphological assessment of past, current and
future trends, identification and prioritization of pressures and developing management plan and
implementing measures for restoration and rehabilitation which this paper focuses on the second step of the
aforementioned framework. In the first step, using remote sensing and GIS, field survey as well as some data
and hydromophological information, the river system was divided into spatial units including bio-
geographical regions, watersheds, landscapes, river segments, river reaches, and geomorphic units. At the
second step, the main characteristics studied at the geographical scale include vegetation and climate type; in
the watershed and landscape scales the main characteristics include geomorphology, hydrological balance,
land cover/land use, water and sediment yield, and physical pressures on flow and sediment regime. Also,
these characteristics in both river segment and reach scales include hydrological flow regime, sediment supply
and transport, river morphology, river flow power and energy, distribution and longitudinal continuity, width
of riparian vegetation, and physical pressures. The above information is used to determine the
hydromorphological status of reaches by MQI and MQIm methods.

Results and Discussion

Based on the analysis of MQI, 15 reaches are placed in very poor and poor classes. In contrast, nine and two
reaches are placed in moderate and good classes, respectively. The difference among MQI index values across
the reaches is significant at 5% level. In addition, the difference among MQIm index values for the two
periods, before and after human interventions, in the investigated reach is significant at 5% level. For most
reaches, the lowest scores are related to the indicators of vegetation, functional, morphology, and stream
changes, respectively.

Conclusions

Both the MQI and MQIm morphological evaluation indices are used in different time scales, so they can be
considered as complements and not substitutes for hydromorphological condition assessment. By integrating
the MQI and MQIm indices, a more comprehensive view of the hydromorphological condition can be gained,
particularly regarding its temporal changes, trends, and tendencies. The integration of the MQI and MQIm
indices for hydromorphological condition assessment can be applied to other river basins in Iran by adapting
the methods and approaches presented in the results of this study.
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Table (4): The reach units’ morphological characteristics of the Til-abad watershed
b oy (ke 556 el b 8y o ; Slogs
(m“’)" z )i“ (;;’3 Jf - :;”‘” ’““( s f:’w R s
SYID YE/Y C/B 515 SS C VEYA R
AIVO vy C fIv SS C \YAY R.1.2
Ad 10 C/G ¥/a SS C Y. R.1.3
VY 54 C/G Y/ TW  PC  tsf  R14 O &
YEAID AY/¥ G/C Y5 MB PC VAAY  R.15 Ll 2
Yoo A G/C Y/A MB PC WEY  R.1.6 al
YA~ AD G/C Y4 MB  PC ‘v R2.1 =]
\OYIY AR G/C Y MB C £YYY R.2.2
Yy- \Ye G/C Y/A ™ PC YeYy R.2.3 52
VEV/E Ve AD G/C YIY TW C VWA R2.4
Y0/ VEVO G YIY MB PC YeYA R.3.1 S3
YEA VIO G/C \1As MB PC YsOY R4
YeYy af G Y/ MB PC YYFY  RA4.2 54 ~
Ya- 3 G/S Y¥  MB  PC  T-Ad RS L2
YoV \YAIY G/S VA ™W PC VEYA R.5.2 :
Yy AR G/S Vo TW  PC M- R53 S5 =
VO IA A4/0 G/S Y/A TW C Y#40  R.5.4
VWSV AF/A G/S Y/0 TW PC YYYY  R.S5.5
YV-/A VFIA G/S Y TW PC YFYF  R.6.1
\YY AA G/C YI¥ SS C Ty R62 S6 .
Yev/§ A¥1 G/S WSS PC 1A R63 Lus o
Yo V10/0 G/S VIA SS PC VOYA  R.7.1 =
FOV/f AR VA S/G VIV - Ha YYAD R.7.2 57
V55 ) VAV S/G Vi§ SS U va0y  R.8.1
ey AV/A S/ Si \ SM U  #Y R82 g3 Lus 2
Ve N/o \Ya/Y Fs/Si “IA SM U \WoA  R.8.3

S5 =SM (v g —slasls S5 =SS) JUIS 595 555098 ,90 ¢ yio £ (6lme =Ha d(3g0mmel =U ogame lin s =PC ogame =C) cusgamme g5

=FS anle =S (5 =0 Ko 058 = C oK 565 =B) e Bligany Hhad o Sb i —slaslis sz =MB (s 5 s JGl =TW g, lxs

170

—glasLs

(il =S1 3y dwle



GIFo 9 (59 s ..MQIm 9 Mal ‘_glb da:lm Ga.o.a.b aﬁ)LS

glﬁ- )
\Sdﬂ%\jhiﬁ]j, “u"uuhﬁ e (Slowws w19

102- 103 km?
LU2!

429, p a1 f_
107 - 102 km
03l o u>y f—
10-1- 10" km \

1+3 = channel width
2 = iSland width

(SUly) ST -
STENE S

ST g 59 8 sl slis-

el Sy

agyi oo | L 233 T M5 60 S slatsi-
e Juas i
oy 5 A~ T ‘;’J"J’"
Joo ity sl Shy-
gy 55 i z e J-'.r.-f-
JUIS slat— U3 o (Ko 2 593 S5 sl
)L g o Sy ey =
U Sl 3 9yl S ok~

AT LS ) ME 22, Salys -
(G
JUS" sl y STl (519 (S b syl -

\) 90933 U9 \ .
100- 102 m [EATPRW R T

5 e

= = N

3 b o)l IS S5, 0005 sl - 101 - 101 s
i 5 Gk dib () e 25 " 439,131
(GUS &S5 405 sl 102-10"m

axdllo 090 b9 S0 slruslg LS il po awdiw 1 (2 Lod :(Y) JSC&
Figure (2): A view of the spatial units of the studied watershed

MQI o5l by G50 sl 03L cardy b))

sols Lis O Jgaz ;0 aods jeb 4y calise SIS sla oL sl MQI 05605890 ails g asls 1o 4 by e slajlossl ol
Shasl DMWlas (90 Shos slo azls jlil coS bt oSG Jisn axly sl o3l (gl digad job a0 ¥ JSUo jo cpiores Sl ool
Camdy (awd Gl Coow 4y dildog, CawdVl 51 (L5 job 4y )ls 1,8 God aib 10 0L Y g lawglo aib j0 05L A (s
(P#LS Gl sle el 4 bayye i @ baliel (o ieS da o3l 25T 6l 09 (oo s b ojl (035098 909,000
23S anln 3,90 sl 03l (5ola3 13 GBLS by Jobo 5 (5 Sz 05155 ol €] Sl 5 535158y m 5 o
polie Oglay (g )lo gme pav gy ekaie 4yl Allls (g5l pme g dual ralS « Sludl Olo i g OBl cde 4y 1S
Ll 00 00,91 Jgazx 0 idu pl el ol eolaiwl il s Judos gyl 5l adllas 0,40 (S sloejb oo MQI asLs
shiel .l o sae 0o )0 O s 4o sl 3,50 SIKe slrojl o ;0 MOQI (asls polie S| col jasuin a5 jgb Lo
o3l wyls 18 s L3 aib 05 casl xS ojl plo & cas RI8.2 g R7.T o )les sla ojb 6l o a3l oles
ool & 9,00 352y ol 950l 1 (g3l DLyl g I (s gy 5 Sy wi) et T 8 Sl Cow oo o

ol 423,518 s ok ol 53U Cod 15 Cews Gl Slo o3k gy 5 0Lz w25 9 S3I92i0e S
g9k & Gl Sl o ojl 23els8 90 dhib 5 (aPLE 2 4 by slailiel @l (Sujgledyee ail g el e 4 bgye lajltel b
(59 Sos slo azli Lol o8 bl (S 15w axly sl o3l sl diged ok 4 T KD o ioren Gl il ooly LS B Jga j0 4D
ail 0 o3 VYW wims (L5 dib 005k g0 ) Jgaz gl bl p sl oad ools i Ty dunslie 5 JUI Ol s 5 lawsl Do
259089809 )00 Cardg clawd il Crows 4y dilB0g) CawdWL I IS jebo 4y iy 13 Cgr aib 003l Y g dawgie dids 10 0L A ians
aalpl i 5 $3l58y90 g0kt (AL gy sl (a3 ls 4 bgipe i b Lokl (S o ol 55T gl 05 o0 5 cnd Lo ol
ol ¢ slusl Gls 5 g OMlae e 4y 95 b aidS 5l aslllas 0 )50 gl o5l oled jo BLE g Job g ooy (Siwsm 5 oSy ]
ool ly Judos 9031 5l addllas 8590 SIS laojl opm pasls polie Sgles (gl e rho o p jekie 4 cuwl ably gl Je g uad
5o adlllas 850 e sloojl s o alis polie M| Cunl asuie 45 jsbyled el 00l 0351 F Jgaz 10 (5w (] ks .o eoliiu

vl



S35 995909959 30

‘f"“ OL}.M} 5?‘ .G)Lo.d'b 5“.0)3.}

03L o2l W18 )1y Ciard s dliab 45 5 Cowl ka8 B 03l ylw o3l gly b as i oled Lol . Cul HIo sime S0 yd 5 pxlans

as a9k 9,18 3929 (3] 9p0dB 55 (0L Wls yai g WO T cCawdVl Cguy 5 (L2 w5y i (X85 )18 il cod pogdle b

399 Cawl yioS 1 03l plw 4 S Sl 48,5 1,8 b o3L (ol Jil ol b Cawsd el (s 03b gy 9 ol w255 9 39890

G35 Sl 125 s e CawdWl Cguy 3 b2 w255 yed (58355 )15 J5l Coi pr ogihe B 03 cnl i yls 1,5 inrd (s 4l

Gl 48,5 51,8 b 03L (pl il b Cawd by o 03L Cgmy 9 Bl 235 9 S38188r90 45 o9k 42 0,15 0929 (4] 90l 50

09,koy3 ailsog, (50 (sl o3 sl MQI (539958 5509 )0nd sl a5 Ll :(B) Jgur

Table (5): MQIlhydromorphological indices for the spatial units of Khormarood River
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Figure (3): The score of functional, artificial and channel change indicators in the MQI method for the intervals located in the spatial unit of sector
number 1
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Table (6): The results of the significance test in MQI index values between the studied spatial units
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Figure (4): Values of MQIm indices for spatial interval R.8.2 in two conditions before and after disturbances caused by human
interventions
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Table (7): The results of the significance test of the MQIm indicators for the spatial interval R.8.2 in two conditions of human
interventions using the paired t test
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Figure (5): A view of the longitudinal and depth profile of the recent andhistorical riverbed, an example for the reach of the R.8.3
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Figure (6): A view of the old and new river terraces, example for the reach of the R.8.2 and R.8.1
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Figure (7): A view of the situation of non-principal harvesting of river materials, example for the reach of R.7.2 and R.6.3
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Figure (8): A view of the condition of agricultural lands in the flood bed, an example for the reach of the R.6.1
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Figure (9): An example of the changes in the river plan in the 7th and 8th sectors in three periods of 1955, 2011 and 2017
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Figure (10): A view of the existence of the domain and the sliding and eroding sides, an example for the territory of the reach of the
R.8.1 and R.1.5
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