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Extended abstract:

1. Introduction

Predicting and obtaining information about stream flows is vital for many practical applications
such as water allocation, long-term planning, catchment management operation, flood forecasting,
optimization of hydropower production, designing hydraulic structures, and so on. On these accounts,
experts have always attempted to accurately estimate river flows and provide contributions to the
existing methods. It is possible to establish a relationship between discharges of catchments based on
sufficient statistics and their geometry characteristics by using regional analysis and multivariate
regression in a relatively homogeneous region in order to estimate discharges of the catchments
without statistics or with insufficient statistics in that region. Owing to the need for a better modeling
of water discharges in terms of seasonal variations, the present study tried to regionally estimate the
monthly mean, minimum, and maximum discharges in Kashfarud Watershed based on
geomorphometric variables in order to: (1) examine the possibility of scientific and useful
generalization of surface water quantity in the whole watershed and (2) identify and determine
important geomorphometric factors influencing the water discharge variations of Kashfarud sub-
watersheds. Kashfarud as a vital flow in this region, including Mashhad plain, has played an important
role in supplying water to the inhabitants of Mashhad metropolis and other surrounding cities such as
Chenaran and Torgabeh. Besides, extensive engineering facilities, such as Golestan, Torogh, Kardeh,
and Ardak dams, have been built on the tributaries of this river.

2. Methodology
The research was grounded upon statistical analysis, including correlation and regression tests. For

this study, we made use of monthly average (low, medium, high) discharge data and resolution of 30-
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m DEM. The discharge data were measured in 10-gauge stations of 10 sub-watersheds over 20 year
(1997-2017). In this regard, we considered the monthly discharge values of 10 stations located in 10
sub-basins during the water years of 1997-2016. The research proceeded as follows: after selecting the
common statistical period, we calculated the monthly average flows recorded in the stations over 20
years. Next, 2 months with the highest and lowest flows were selected in each station. Also, we
considered the values of the two selected months besides the average monthly discharges in the
stations (average of 12 months) as the dependent variables. Afterwards, we embarked upon to
calculate the independent geomorphometric variables (16 variables), which were determined by using
DEM in the GIS environment. The independent variables included perimeter, area, minimum
elevation, average elevation, maximum elevation, elevation range, average slope, maximum slope,
main stream slope, main stream length, total stream length, drainage density, Schumm’s roughness
index, Gravilius coefficient, elongation, and concentration time. After calculating the values of the 3
dependent and 16 independent variables for each station, we tested them based on a two-way
correlation to find out which variables had a significant relationship by means of the correlation
matrix. The significance level of the correlation relationships was <0.05. Finally, we presented an
estimate model of the dependent variables via the independent variables. This was done based on the

dependent and independent variables that had significant correlation relationships.

3. Discussion

The results of the correlation analysis showed no significant relationships between the minimum
monthly discharges and the independent variables. This was probably due to the dryness condition
and small variance in the low monthly discharge rates among the sub-watersheds. In contrast,
significant relationships were obtained among the monthly mean and maximum discharges and 6
geomorphometric variables including the average elevation, maximum elevation, elevation range,
average slope, drainage density, and roughness ratio. The correlation coefficients of all significant
relationships were above 0.6, indicating a close and strong relationship between these variables. The
direct correlation of altitude, slope, and roughness with monthly mean and maximum discharges
indicated that on the one hand, the monthly discharges of the sub-watersheds were strongly dependent
on the altitude variables dominating the other environmental factors while on the other hand, the
roughness intensity and active dynamics associated with the variables of altitude played an important
role in water flowing and transporting from upstream to downstream of the catchments so that the
speed of hydrological responses of the catchments increased by the rise of roughness severity. In
contrast, the negative correlation between the drainage density and the dependent variables was

unexpected and probably associated with hydroclimatic conditions indicating characteristics of the dry
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and geologic conditions, permeability of some formations, and presence of joints and fissures in the
rocks. The predictive regression models of the monthly mean and maximum discharges had good
accuracies and efficiencies and could explain 80 and 90% of variances of the monthly average and

maximum discharges, respectively.

4. Conclusion

Modeling the spatial variations of discharges in watersheds requires consideration of hydrological
limit values both daily and seasonally, along with normal and average values. By adopting such an
approach, the present study aimed at modeling monthly water discharges in Kashfarud sub-watersheds
based on geomorphometric variables. The multivariate regression analysis among the independent
variables including the average and maximum monthly flows and 16 independent geomorphometric
variables revealed that the regression models could be obtained through the variables of average
elevation, maximum elevation, elevation range, average slope, drainage density, and roughness ratio.
These factors could explain the major parts of variance of the independent variables. It is possible to
generalize the monthly mean and maximum discharges achieved in this study to other sub-watersheds
through the resulting models with respect to the low estimation errors and high accuracies. However,
generalization the monthly minimum discharges is not possible due to the lack of a significant
correlation between this variable and geomorphometric variables. It is necessary to estimate the
monthly minimum discharges in Kashfarud Watershed by reconstructing and converting the data or
extending other predictive models. Reliable estimations of low water discharges provide us with
information about water supply for the environment and water quality management for sustainability
of healthy ecosystems. Also, owing to the role of small mountain catchments in the occurrence of peak
flows, prioritization of watershed management measures in such catchments is incumbent to reduce
the risk of floods.

Keywords: correlation, discharge, geometric characteristics, Kashafrood, regression

References:

- Aryal, S. K., Zhang, Y., & Chiew, F. (2020). Enhanced low flow prediction for water and
environmental management. Journal of Hydrology, 584: 124658.

- Besaw, L. E., Rizzo, D. M., Bierman, P. R., & Hackett, W. R. (2010). Advances in ungauged
streamflow prediction using artificial neural networks. Journal of Hydrology, 386(1-4): 27-37.

- Georgakakos, A. P., Yao, H., & Georgakakos, K. P. (2014). Ensemble stream flow prediction

adjustment for upstream water use and regulation. Journal of Hydrology, 519: 2952-2966.



4 Journal of Geography and Environmental Planning, Vol 32, No. 4, Ser No. (84) Winter 2021

- Hadi, S. J., & Tombul, M. (2018). Forecasting daily stream flow for basins with different physical
characteristics through data-driven methods. Journal of Water Resources Management, 32(10):
3405-3422.

- Mohamoud, Y. M. (2008). Prediction of daily flow duration curves and stream flow for ungauge
catchments using regional flow duration curves. Hydrological Sciences Journal, 53(4): 706-724.

- Swain, J. B., & Patra, K.C. (2017). Stream flow estimation in ungauged catchments using
regionalization techniques. Journal of Hydrology, 554: 420-433.

- Wanders, N. and Wada, Y. (2015). Human and climate impacts on the 21st century hydrological
drought. Journal of Hydrology, 526: 208-220.



‘ = e (Sl g Ll aer
% Y& 88 o V8 Oliee) b ot AL by Y L
A EXRVAZAR IR W XNV vi

. G gy M e SaS o s

sy Al
laad g (6 20 gd) 90 85 Sl g g dlabe 05 g Ly, ilwdde 5 Jdou

s

AJJJ_:’.S ﬁﬁ‘ 2...,0‘3:’- J’&A‘gﬁ 43‘9.03

Ol sl sl Gaoms ol (ool p ghe oSl (mnb Ll 05 8 sl & aile o e
abedini@ma.ac.ir
1l sl el Glomn o&ils (olazr! o she oSty gk L1 o 05 8 (5555 s omtils coal3 B0 5 datd
pourfarrash@uma.ac.ir
Il ool e ny) e olRiils (olazrl p glo 0uSiils (395055085 S S52 Sogzlp o
morchorloo@gmail.com

Sosre 2l a3l sz 513 o 5 JLSE b OV I8 ale bbb 51 ol sl T 0L (s3Lede
Slw st Ol ais U LLI js La as g ilabe o SIS ol pois (5ledie 5 oy G b (2 cpl ool
Gl Ly BLl ol (iS5 oS s plandl (g5 Ol 5 Ol 3 @15 35, S 5 o1 Aoy 53 il (5 20 58550585
VU5 als s it Olpeany aslale Lo gt 5 adey @iaS (Sla o> [t 0 ool 0o S 5 (Koot S80 3051
e (P s e L1 B L) S il s s ol 5 8 55 (s ot
ot 5ol poal ol (2S5 (ST 5 nanl )T U b g e ool Bal T b ol Bal T o o g ot ST
@l A S s 1S 5 0/00 dalsy (golalme e b et S 5 Oley s (SAES (eskisl S o 8
31 il Ylazm| S 5500 sy Lits sLs e 5 a0lale iiaS 3 (solsbine a3l OLES Koo s
s Gla o g Jsbae Ll s flieys clbas s 55 g 5o &I('Stf: SOl peis 5 Ko Condy
S5 (SISl O e gLl ST L) el (6 e sh) 50 585 e s wlale Bl
S 5 s 5l ol Jue 5o el anasls e 53 SIS Dl s 51 G S5 sladie B 4 (g5 senl S
s adlabe vt s Ll dis i A g dlale STas s bl Lo ps s 4y 3B Gla s st
Olale s Sl Ol id el s Laa b g ks Ol sast A Ve Solpenl 5 i) Ols pa
Aols s w0 lale i 5 Sl la s 5 4 Comles o (golslie ol Uatl GV o Dlew S antlis

S5,hES Oga S LM (oka SOloo g (o5 1S slasslg

J}}MaM‘}}*

2252- 0910/ © 2021 The Authors. Published by University of Isfahan

NG ND

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses BY-NC-ND 4.0)
i
d http://dx.doi.org/10.22108/gep.2021.128899.1426 '@ 20.1001.1.20085362.1400.32.4.2.9



https://creativecommons.org/licenses%20BY-NC-ND%204.0
https://dx.doi.org/10.22108/gep.2021.128899.1426
https://dorl.net/dor/20.1001.1.20085362.1400.32.4.2.9
mailto:abedini@ma.ac.ir
mailto:pourfarrash@uma.ac.ir

Veor Sls) o)l AL als XY Jlo ( Jaes (535 540k 5 g LS 2 e

dedie .\

Sladlas 3 aads Aty op 5 wlal 1) Lol 015 o a5 il oo Sled 4 (ginjlas (Slads gazms 3 ol (slaas >
PSSl bdes - T e Jsb 5 5t ek pladsly glolbtss ;) glaass o> 50 jled 4 (gladla
S 3 s edge a ) Of el 5 253 o b LalS 508 e e s a5 LaoliSe b 53 0 L0235
Ol Glaas s Sl G el SOPY YA (s els 5 el ) s oo S 50 1 S sl e
Ol a5 L ks g, sl ol i § 90 50 ol il 5 Wl s 5o of L3S Sl 5 S ol s
5 e So 3l Lacdlw 5 La JLaslos (B s S5l sden s laslist; 5o, OF 5y 5 o) oSl
A SL o S5 G 3l slaas s OF b Sl s 5 Cmssl Ll lagsls e 4
31 e dote e Olosles sl 51Ol o e 5 Ol s 40 g e los o8 s W ol ool 3 02801 S
et 53 AV YA OLLSa 5 3lTE o Ad ) ol sl 4l Olgr ol e (a3 iCmer S
i 0,5 S5 s sle JLSis Ol 5 BBl s BT 51 Q015) sl 5 5505 s3ledibe ae)
5o ) s e daly s ol Ol bLE a5l 5 Kaie il e 5 wbay sl dewd 3 BT ol sls oL
gt a5 asd Ol O s slacand 3 o5 ea o mle AS 5 oS S35 el gl JLSis
S o 35055 15 S3ledde 3,555 b 0T s 51 AT 5 baas s sl Ol

Sl ool Garass wile Jas slas )8 51 (ol 1y s s, 0L 55ls Sledbl (S 5 i i
s STasdar sl b (216 W5 Giletng Do i i b s o pde Dllee ey
by 23 Canys e Gl o)l sen Olaasiis 5, ol 31 «(Swain and Patra, 2017: 421) ol sl (s 4l
S o A s e Sla i, G

gl ile Laasless, Al Ol 5551 5 5 oledie Gl lodamy 5 0505 el 5 Laly, 0 4ST
sl &1l b g S iy 5 (L) o 5 Sl 5 Gl s 68 el =ik o seie sa Sl
23 Amd g (S sby g0 55 Olwo st leslaul sy ol 53 (VoA Y40 LS 5 (655508 ewnd) ol
Lol 5l cmmdly ol (0 YA OLSan 5 Js) 358 o0 Al el 5 alal -85 &G ghdlsodes (olede
Ol Csmoin bad = 53555 2ok b (K55 5l slaled Olpsa S5 mul &5 5,8 o il
okin Sl 5 B s s Sl = E0L Al cpl s (Mohamoud, 20081 706) 555 e o gues 45l23 3
coad Ll St (s O (6 olie S S50 535 b i bl 5,8 e Sy s sl A
=l Aol o s S g 1 (S5 sds i Sl Ay en Sy &S el aBl LSS Ly 2S5 oSS
IS A6 s T R B R T G g S B

5 Ol 53w gl s (6l IS o b a5 L5 Ol 4 ALS iy 5 534S

1. Wanders
2. Wada



Al OKen 5 udle oo Lad s (50085 Do sas 5 Slabe 03 o By, G3ledas 5 Jdos

sl IS5 5bar 5 (et 5 Sladadd SUAL (G805 s Olges O Sk 5 Sl maz 3 ( SL g5
OV YA (k) 5l 1 alS by (ST 5 S dew s 5 B2 s 0F Jlis 4 5 adlais

ldlas fnwe 55 ¢ Joms 5 (glailaie ((glo sl Cilises gla b 53 Liailsg, OF 0L o oo ) Coeal
ol sl 05330555 L gy O Ol (Sletend 5 iy

o patadis O g S 5 ko 31 IS ol Ble SCISBT 4B s 0L 5 Sla e Loy (512 (2008) 5 gols 50
2 Solpeals ol 5 1 la e sls QLIS il s S eslinal bead s 1S 558 Sl st ull
Ll 035 e S St s OS5 b st (05) Ol g5 4 o

Dltag; sland pm 3 o sims oas 303 sy elal 35, 0L 3550 b (2010) '0LiSKes 5 sl
5 oo ot s S8 b 4 Dl past SUT el 4 A el S e 8 e s W15 PSP
L3S oledl bdde _says

sotr by s Sl i L el 0L Olais o SLdl BT 035 Lld L (2014) "ol Ses 5 o sSSL- 4
Slm ol sbay o gemn pae I 5 S S5 S et Gladis 4 Loy it opl @ Lol L2
s Ao alaze 5 (5ole 0L L sleals

Sl 3L — e Bl o 5 o e S5 slade LIS 4 (2018) TU g 5 s3la
Do g oo SUT a4 5 L prean 5 S 0Ll &S 5 Ol Bl L5 3 i) Ol
O lwdls 53 Slo gast pl @ a5 D0 4 da by 2B 5 eld)) 5 cod b ile (S50
R R

Sl 5528 5 080 s (S 0k ) ol sla s 53l sl s (2020) "0, 5 JUT
315 0L LT S8 8 58 Sl past Ly S sla 3 Sion ooy L3S s3linal laosls s 5,
o=l b ot daly ab s Sl S J s )b sy dd s il QJVS Ol o olsbos (Siran
SORRON R

Glwdids Sl o pitedior Dsem S5 5 £ 5eme mas 42 s Sl eslitad L OYAT) 0L 5 Lo,
Cols Josle ool O g S5 Aslae j3 s S eIl 5 g5 A laas s 05 55 ol sla oo (slads
L oyt e Sdle b g S5 o S e Dl Al (00 e 5 45

Ogen S5 ol Lo Jold oo (glacilate Jdos la g, dmglie b (VYAQ) 0L Kes 5 25 5L
5 (gl pite) (Dl (3 e e 5 ilin Ssem S5 Alaily 4 (55 50 5l Al 53 s 5 o it
Al s (Je gla ita) SIS 5 Sla ie

1. Besaw et al.

2. Winooski

3. Georgakakos et al.
4. Hadi and Tombul
5. Seyhan

6. Aryal et al.



Veor Sls) o)l AL als XY Jlo ( Jaes (535 540k 5 g LS 2 *Y

e sled gy Sl e Ol i pl b s Ol Sl s 5550 )y O74E) Shse 5 S5l
ls dntls ite (st U 2S5 WST 5 b bl s 3l 0L ele Lo s dnes o g

Slale 0L 2 paeds Sl mendl S35 5 0 pite ki O S5 e 53 51 (W40) OLISGes 5 (55,508 auns
> s gla bl on 55 ols 0L sy S s S eslinal ad i (315 5508 5 (ol sl oine &L
el 039 4 g IS5 5 esdisl § ol ol il ol s ol al T b ol Glale s 5550

Sl o 5 e z3h =3 e s Sk Dol glade Gl L (1744) OSGes 5 L il
23 d 5 St (S (Bl lS Jelse sl DL el s OVl (bt 55 3o s
L5 e M55 Sl e

3 e o s ST ls s sl i O Kiagn jrie das e OLES sddplonil Sldlas (5550
o e e Css Co e 5 el Sisaal 4SSl s saslandls ax oS 5 Bl sl
Lol i ol 00l 5 olate pslie JUS 3 o5 lad &S 5wty polie 53 a0 S b s
B iy 5 oS (Sl sl s lailaie (3ladde 3 aw (30T (S3ladia 53 Sjs s ol oS Ly
3 e L ond O Vsl Gy b s B ol (55 Ol o Ol 3 315 355 23S 53 4T 25 5 lale
e 03 S o505 e Jolse Lol 555 o503l a0 5,208 IS 53 e ol a8 Sl e 5

Db s 5 plolid 555 iiS Slaas ) o3 Dl

sy 5 3lse Y
JSs) el a8 513 3o e vied" Boae YY' U LUl as sladsb 5 Jlas Yve ¥ o Yoo YV oo
by ades )l dilae ol Sl 0L LS Olseas 5,008 sl a3 S sl plid 5 Ol 8 S s Ol ol
s asl ad b Ot dile GLLI Glaed sl s dgie g 30N OUSLe (6l OF ol 3 age Lo gl
Sla| 4_:l>-.>‘5) u_~’~\ LSLAA}-LJJW S cS‘J‘)‘ 9 c.))ls céj.b gdw le.ﬁ.l.m Lile LS“’-’fwg w.k..@_ﬁ QWE
Q)HM‘MJ@L}?{.@‘))jﬁéﬁdb»&)bf}}bﬁkf}fLﬂj})‘w@kgb‘})waﬁé?W‘OM
abl-l s o slly 5 il 5o domens )l Sl b 305 Cgr = o 8 Jled lialy L ol iS (glas 5
)‘w_ijbﬁgjwﬂJ}@JM&U&ﬁfIJM)‘ﬁwyéuﬂfij‘ajjwﬁ:ub-bj)C,wu\c.u
):)_‘iwu_ibuyéjgf):l_iﬁéa“jlﬂ\‘\‘h UYVe ela,l jslie das o |5 1) OlicaS 5


https://fa.wikipedia.org/wiki/%D9%87%D8%B2%D8%A7%D8%B1_%D9%85%D8%B3%D8%AC%D8%AF
https://fa.wikipedia.org/wiki/%D8%B1%D8%B4%D8%AA%D9%87%E2%80%8C%DA%A9%D9%88%D9%87_%D8%A8%DB%8C%D9%86%D8%A7%D9%84%D9%88%D8%AF
https://fa.wikipedia.org/wiki/%D9%BE%D9%84_%D8%AE%D8%A7%D8%AA%D9%88%D9%86_(%D8%B3%D8%B1%D8%AE%D8%B3)
https://fa.wikipedia.org/wiki/%D8%B3%D8%B1%D8%AE%D8%B3
https://fa.wikipedia.org/wiki/%D9%87%D8%B1%DB%8C%D8%B1%D9%88%D8%AF
https://fa.wikipedia.org/wiki/%D8%AA%D8%AC%D9%86_(%D8%B1%D9%88%D8%AF_%D8%B3%D8%B1%D8%AE%D8%B3)
https://fa.wikipedia.org/wiki/%D8%AA%D8%B1%DA%A9%D9%85%D9%86%D8%B3%D8%AA%D8%A7%D9%86

AAa OKen 5 udle oo Lad s (50085 Do sas 5 Slabe 03 o By, G3ledas 5 Jdos

ke Yoo b ad o sVl 5 Slelil st s 800 51l S Ol e oSt tasd wBl oSl 555 L
MQJHA_,LEEAV.:_LB\)\Q_:&;@Q? ladls gy ol a4 5 s ol 5 S 18 0
e 5l Sl ol o 5 o) Gla JLslis ¢35 tites axlsa Lo blous slacdlw L oSS Llodkal s
Lo Sl ey Bloday lal gLl ol o ol bad s (S5 0s5n 81 2o b Sl i

YA Oes 5 wle 7)Y O Kan a:b’cfé U W Cﬁ-)) X Do S9,aS }ifj

wers L W wre v e
i n A A i

N

e

&

T
N

T
e

e Y A o
A L S—
EA L . 0w e 80
T T T T T T
Wt woeE wuvt Wt wuTt et

(148 OEL, tae) 35,8 5 51 &g Ll i Camdge N IS0
Figure 1. Location of the Kashafrud watershed (Authors, 2021)

o5 ey 5 esls Y LY
laesls Jold sdtoslinl GlalulS mbie A plowil o pazadir Lailsy (oll Jeod alaly S5l Jass,
sl s slaesls 5 e Y0 SIS @, L s> (DEM) gLl 085 Jie 5 (6 e soten slealSanl oo
s Lalliil 23S s s Jsl sl bl 2 Ol (gladlaie O Oloslee 51147140 B VW=V T gladle b
slazel LB 5 SVsb gl Ll zils 5 b [2S1 5 03 Slien S la S5 005,0iiS & yel glaas > 55
Sl gladal b 5l Glaladls 5 o 5503 45 35 s ul & Glen S Slaas s il 23 5515 L
Syl b Siiamy e SLI Jalse U 5Ol de b 5 das s g Sl et 53 e3lsg, il s s
Cordge ¥ SIS Cpama 0 0351 ) s 53 e oSl Vo liasiiin 358 atalS (ol 33l o glailss

s e 0L 1 T sVl slaas o> o5 5 LalSany]



VEre Ol o o)led AL oly XY Jl gd\a.?m Sl g Ll s Y

PP ST R PIALOW JOLISECVIR I PR
Table 1. Chrachteristics of the hydrometry stations of Kashafrud watershed (Authors, 2021)

. 51l ) Lo ol _
WU JL»: &L_\ﬁ\ﬁ} d_}.\o JL_\ﬁlp J’Jc 4&[}'}}) rLJ GLg:\Mi‘ er
() b2 o (e shs) sV
‘Yot yer AV 04-YV-i¢ T-go-Y Sl U5l aad
At 4AA Yy Te—vA-OY -V o-Y0 ol ol 02130 Lal
\Yoy A\ Yeq 04—+1-Y) T-00-Vt ol OISl osl5pbl
1YOA Y144 £Y/0 OA=YA-t+ -0+ -YV S Lo oS
\YoY ARG n0/0 04-Y1-0) S K Sy
yey \FYY £87/0 04-Y4-0A ¥-¥4-vo 63,8 sV 63,8
AAm\a aAl YYY/0 V-V Y0-0T\-V Sl NS Sbe NS
\Yov AYY VA 04-Y§—+¢ Y-)A-0Y S ,el G, olkllS
A% Y014 £V/) 04—+V-0V FA-YI-YY RICON(y RILONLy
\Yo0 1Y YA 04-00-\V ¥A-YV-YE Ldole Ludobe
Il‘):'l w"!I !l")?( OVI‘"l Q‘)?VI l'Vl“I
N
w«#&e £
5

£

x
£ x
-

Ladal
-}

LE
|- :
. D-u—‘-:‘-» 2.

g
S by
High - 3310
Low : 371 - : xml 2
0sSw 2 W W0 ';

T T T T T Y
W wore warrs o T wrr

(148 OB, tae) 39,28 PR I T S PP ST B R WP PAN I USSP Rt
Figure 2. Location of the selected hydrometry stations in Kashafrud watershed (Authors, 2021)

J-"‘f“ﬁ:"‘-’-'dﬂ;JﬁMgu’ﬁwL“‘f alale L>'~'> wﬁjd)bdm Q&a\ WSSy 6‘)”
Sy B
LI J S ol cgolel S i 3 ol 1 e lale Sleg (6 e sl Slislns 5 (3l oslel LAl

‘LSJ—’U U}-Jp DL L f‘JS‘ JL\A Y v‘b L@.AKS«“{" Lf-") ZJLAL&: w.<.rl.:.a :\.....Al:r.a o ) ‘5;'...4).) LBJA.: fL’. LSUMJb



Yo OLKer 5 dle g WBad g (g fe gy 30855 Slo g 5 Slabe o5 o July, ilwdde 5 Jlow

I sleale o 5T0S 5 50l @3l & s Sl (olo 33) (25 BiaS 5 ity b sleale o) 2
Sla e Olgsas (ol VY (1 K00e) oK) o 55 wlale Lo sze o5 BLol asle 93 opl islie L 0US oo o guns
A bl ST (6ol 5 Jamme 3 edio Ll Slilowe LS a3 8 LS 3 el

Glaas s 5 plial sl el Sl 5l (g o535 50555 Slialons 5 bbad s> 5 2l el o
5SS 3 S 4 (GIS) Ll i Sledlbl Slole Jams 53 pUs,l sy dde ol PHICRSN T
dmloes Waas o 5 51 S m sl Jite Sla paie Olgoas (6 058550855 iie VT s A o131 (Archydro)
e S fLETAA) oo e kS Sl dP) 2 s S e Lo s gy 513 cpl a La i (S
A s (HD) e 4y ol )l &sls 2o 4 (HMeAN) Lo e ¢ L)1 (HMIN) 20 4 filas L5l (HMax)
ol il ol b (SMS) Lo 5 sh 4 Jol dal )l s (SMEAN) w55 0 Jaws e s (SMAX) 453 %
o dDD) oo sk S o o shS 0 (285085 (ST WFL) kS baasl ol sk ¢ sazms (LMS) 2eslS
(Kerp) celo 4 gy S 55 505 0oy «(ElONG) S 0i8 «(GF) o5l 51 S o o «(RI) o5 (6] ol

sypme 3l cnl ol o (sl Jitee iz VU5 analy e ¥ sl drlows 5 ey (Sten 03031 2
St 5 LI it oS (358 p e Jols (Soen (il (b 6 a3 (5 8055 (Soes 0505
o A s Ol a3l L s slaesls S ( (Sanan Oga3l plonil 51 St 4l 3ls 35 (sls e
A a8l s xS 5 /00 Ll Saees Laily; (g5lslas

2 s gla e (555 Sl Atls eiie palie o e s Oledie (e 2l o8 05 S5 o
s la st sl A Ll s, 514 05 S s ataaly 5 s (sla e 1 aes O el el o
Wl ) D)3ty 0 rtedin U g S5 Aoles IS IS

Y = by +biXq + Xy + ... + by X \ dal,
SLa iz gl b D B Dy 5 s sl ize X U X el s 0 B el s iz ¥ VL Uslas s

SR sl Y
Slabe g5 w3y N ¥

=3 Bl JIs5 s sad Lo (ol coiie slaas 5 55 pasol Shad Bl 5 eSSl aBT ) slatea,
Dbl b 3 O o2 208 5 ol b 3 sl o iy das o 0L Y IS ol y ol s sas A5 o131
5 L) b Blale o5 5l s A e 55 ailate (65055008 w55 O3 s 5 (Sa (S das s )
Ll o5 st g 30 e Sleals polie b Sl )l 5 a8 Sleale nslie ol Sl s Al s
Lo 48 s 2unS B3l Lol el 4l 5 cano 2o VAL ol 5 S oKyl 3 slocadigus ) s o 5V

MM&L&ALG)J ‘J—.’.J ‘))jumb Lb_"’ab- OKI_WJ“ Q‘)}L;w LMJ@ QLJLJ ‘J)‘L"pﬁbuﬁ)&TJ



Veor Ol £ ojled AL ‘}a_’lﬁ,gf"' Jbg&@dﬁ)uuﬂjglk "

92 J\_AAJLﬁ_A Ql_..:..’ ‘) ML&LA u_oja..,aj.:sl.u cJu.LTj éJ,GL}- Qw c)L..Aﬂ\SB’\S 4L5AL:.» aJ‘fLA\ LSL@J&K.’ZM%‘ ‘ul.:...‘..’lj
L).:H&_JIJ_:)J_?- cﬂ\_:.’l.?j_:g_,\_x_inj;'ﬁ /LA 40 /0Y Llale .E...»:j.’;n L}.’JLQ.SSJS‘\.’CAMJYb 53)5)&&3)' ;-Maj}
'/'Y’LLQLA waﬁf)b%ﬁl@)bﬁ%}@obc&@&b@?&@)) .L’}&L;aujwlﬁwj}ﬁ)

1.80
1.60 —
“ —— —— ——
\
1.40 J Lyy RN A0 ph
'\
1.20 ‘ \ S iyl
\
\ Ue «Sa
1.00 A\
/ \ —— e}
\
” an \
0.80 ',v’ \\«\ O aai VU a3 42
/ ” \
0.60 o ‘\ e <5
/ s \
p— ~ p~ A\ \ R
40 - N
e S \ SO S
< » \ <
( e \~~ i, . - X
¥ 2 X ™ ’
— —_— — ~ —
0.00 ——— — % (S0 ) st y 3 i)

PR ISP I DT PSR

(¥ OB, 1) 25,kiS S G g 5 55 dlale (g3 ek Sls g ¥ S
Figure 3. The Chart of monthly discharge variations in sub-watersheds of Kashafrud watershed
(Authors, 2021)
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Table 2. Geomorphometric chrachteristics of the sub-watershed of Kashafrud watershed (Authors,

2021)
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Table 3. The results of correlation test between monthly discharge (minimum, maximum and mean
rates) and geomorphometric chrachteristics of the sub-watershed of Kashafrud watershed
(Authors, 2021)
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Table 4. Statistics of the predictive regression models of monthly discharge (maximum and mean
rates) in Kashafrud watershed (Authors, 2021)
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