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ABSTRACT

In present research, the relation between stream rank and each of stream parameters such as stream length, slope,
area, bifurcation ratio and stream branch number have been determined using GIS and statistical analysis. This
study determines the best method of stream ranking in Maragh basin (located in Kashan city, Esfahan province,
Iran) using four stream ranking systems (Horton, Srahler, Shidger and Shreve). The results showed that 1- there
was the well-organized relation between the rank and the stream branch number and the rank and the area. They
decreased as a result of increasing the rank. 2- The basin slope decreased as a result of the rank increasing. Also,
according to the results of regression analysis and the correlation among different factors, there were the most
correlation between stream rank and parameters of branch ratio, stream branch number, slope, basin area and
stream length in Strahler method withRP=1, 0.993, 0.960, 0.906 and0.879, respectively. Therefore, Srahler method
is more appropriate than other methods, but in this method, total number of existent streams in drainage systemis
not showed. Hence, Then, one of Shreve or Shidger methods can be used to show the stream number.
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INTRODUCTION

Physical parameters such as linear characteristidshydro-morphological relations are measuredaaradyzed in
basins. It is clear that this analysis is done lagtramatic and statistic models and it needs sort@e geological and
topography information [1]. Hydro-morphologic andomph-dynamic properties of the basin are relatedhto
hydrology. These properties are used in environatenanagement. In order to recognize the hydrolgigstem
of basins, their drainage situation should be su{@&].The topology of stream system has been widghmined
during the last decades using quantitative mettpodsided by Horton, Shreve, Strahler and Tokun@dso, the

relation between topology of stream system and digdical reactions in a basin has been studied ifigreint

researchers [4, 12, 14, and 15]. On the other hahdsstream network has been studied in ordeedognize the
process structure of the sediments transport (im fof bed load), nutrients, coast plant cover aswtifneeded for
aguatic organism by many researchers [2, 3, 5,,8,710, 11, 13, and 16].The research results stiav
morphometric parameters play an important roleyirdlogic behavior of the basin. So, they shouldrvelved in

environment management plans. Ignoring these fadead to increase the costs and non-accessilditthe

complete succeeds in environment management. Asudtrthese studies will play the important ralegérms of
environment, economic and society. Therefore, tnekbpment of a systematic frame in order to stheydynamic
processes in the stream system can be effectitegrims of hydrology, geomorphology, watershed mamege and
ecology. In this study, Maragh basin has been tigeted using statistical tests. In the other wptldis study is the
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investigates hydro-morphometnizopertie and different methods of the streaamking (Horton, Strahler, Shreve
and Shidger).

MATERIALSAND METHODS

Study area

Maraghbasin with an area of 5309.04a is located in 51° 0Qo 51° 30 eastern longitudand 33° 30to 34° 00
northwest latitude andbout 35 krrof west of Kashan city (in Esfahan province, Irdif)e maximum and minimum
height of the region is 3450 ai®600 n from sea level, respectively. The averageuah rainfalland average slope
in this basin is 250 mm and 24%&spectivel. The geological formations ofabgd, Ko', di Es' and K "are observed
in this region (tab. 2).
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Figure 1: location of study area in Esfahan provinceand Iran

Study methodol ogy

In this study, the correlatiorelation between thstream rank and parameters sifean length, slope, area,
bifurcation ratio andtream branclnumber were determined usifgur ranking systeis(Horton, Strahler, Shreve
and Shidger) and Arc G§gand SPSyssoftware's.Firstmaps of drainage network, geology and slope wezpgrec
using Arc GIgs Then, the streametworl was ranked using streamnking methods (Horton, Strahler, Ste and
Shidger) In next stage, the boundary of the basin determined for each of tterean branches and the average
slope, slope ratio, area, area ratio, drainageityeistream length, length ratio abifurcatior ratio were estimated
for each basin. Finally, theeslations between different parameters with theastr rankwere analyzed using
statistical analysis, regression asadrelation betwee different parameters kstream rankinimethods.

Also, in order to determine thafurcatior ratio, (stream number with specific rank 1) to the stream number
with higher ranks Enﬂ), eq. (1yvas use.

_2n
eq. (1) Z(n+1)
The area ratio (Rayas obtained t eq.(2)

Au

ed. (2) R-
(u-1)
Where Au is the average arefthe region irthe rank of u. The relation between lowanks obtained using eq. (3)
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Eq. (3) i=L.R™?

Where i am the stream rank number,id_the average area of the basin branches with & L is the average
stream length with rank 1 and B the ratio of stream lengths in the basin. Tdlation between rank and stream
slope obtained using eq. (4). [2, 5].

Eq. (4) SJ = g.l.&(u—l)

The slope ratio obtained using eq. (5)

Eq. (5) R=[S/S)]
RESULTSAND DISCUSSION

The results of the physiography, parameters reladethe morphometric properties in stream rankingthods
(Horton, Strahler, Shreve and Shidger), the cdimaand regression between stream rank with thenpeaters of
stream branch number, bifurcation ratio, slopea ared stream length were determined.

Form of watershed basins

The basin form affects flood hydrograph. Also, mmaxin flow of flood is higher in round basin rathéran

expanded ones, as the concentration time in roasd$ is shorter and their reaction to the floothwe severe.
Regarding to the results of table (1) and fieldesbations, the studied basin has been almost radadce, the
basin has a lower concentrate time. In this regioa (G") formation has a good potential to make runofsdlthe
formations of gd, K,di and low permeability of £and K ™formations will lead to significant flood in the i,

during severe rainfall (tab (2)).
Table 1: Physiographic propertiesin M aragh basin

Parametel value
Basin length (Km) 13.39
Stream length (Km) 91.72
Basin area (ha) 5309.p
Drainage density 1.72
Basin Perimeter (Km) 34.99
Compactness coefficie 1.3¢
Circulatory coefficient 0.54
Elongation coefficient 0.61
Mean slope (%) 24

Table 2: Geology formation in Maragh basin

symbol age Lithofacies Area (ha
Q7 Quaternary Recent alluvium 612.79
Kt Middle Miocene to upper Miocene Gra){ to'yellowish cream limestone, silty marl aaddy limestone 12512
(coniacian- santonian)
gd Post. M. Oligocene to lower Miocene  Granite-r@iorite 3135.90
di Lower Oligocene Diorite and quartz diorite 230.51

Table 3: Used models and equationsto study the correlation relation among mor phometric parameters

Model Equation
Linear Y= bot+ by X
Logarithmic Y=bg+biInX
Inverse Y = bot %
Quadrati‘ Y= bo+b1X+b2X2
Cubic Y= botbX+bpX2+hsX?
Power Y= by X"!
Compound Y= byt by
S Y=¢€o "%
Growth Y=l o™1T
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I nvestigation of correlation and regression relation among parametersin system ranking methods:

In many cases, the linear regression cannot shevaltbration among variables, thoroughly. In evsspe where
the simultaneous increase of the variables showonstant increase in independent variables, thesges will be
observed. In many cases, the nature of the nomlieégtion is in such way that the common lineamagtors miss
their usual efficiency. In this study, models dflea(2) have been used to study the alterationsngnmependent

and dependent variables.

Hence, according to the mentioned models in taBjethe relation between stream rank with pararsedérthe
stream branch number, bifurcation ratio, streangtlenarea and the slope were investigated. Thenmibdel with
the maximum Rwas selected using the R square obtained from efattte current models. This model shows the
existent variance in data, properly. According be tresults presented in table(4), the most numbestream
branches and stream length were related to rafikerefore, as a result of increasing the streark, rmmber of the
stream branch decreases. Also, the more increhsestream rank, the more decreases the streamageaiiihis

issue occurs because of young age of the region.

Table 4: Drainage networ k quantitiesin Maragh basin- (Horton method)

Rank 1 2 3 4
Rank number 60 12 2 1
Bifurcatio ratio 0 5 6 2
Stream length 56153 14919 7105 13548
Stream Length ratiq  1.32 2.85 3.81 0
Area ratic 0.2 0.€ 2.3¢ 0
Area(ha) 3261.64| 670.72| 405.54| 971.99
Slope ratio 0.76 0.64 1.25 0
Mean slope 65 50 32 40

Table (5) shows the selected models between thabkes of physiographic properties and drainageadteristics
in the studied basin. According to tab. (5), modeks nonlinear. Also, the relation between rank stnem branch
number is in form of Power equation with th&=F0.982. The relation between the rank and bifimoatatio is in
form of Cubic equation with & 1. The relation between the rank and slope fsiim of compound equation with
R?= 0.826. The relation between the rank and aréafisrm of Cubic equation with & 0.736.Finally, the relation
between the rank and the stream length is in fdroompound equation with4R0.791.

Table 5: Results obtained from regression test in Horton method

Variables Stream rank and stream S_tream _rank al_nd Stream rank and  Stream rank Stream rank and
branch number bifurcation ratio slop and area stream length
Equation Power Cubic Compound Cubic Compound
R Square 0.98 1 0.82 0.73 0.79
Model F 106.17 9.48 1.39 7.58
summary Df2 1 3 1 2 1
Df1l 2 0 2 1 2
sig 0.009 0.000 0.09 0.51 0.11
constant 3.98 1 13.33 2.11 3.82
Parameter bl -0.32 3.78 0.96 0 1
estimates b2 -1.42 2.3
b3 0.14 -7.39

Table6: Drainage network quantitiesin Maragh basin- Strahler method

rank 1 2 3 4
Rank number 60 12 3 1
Bifurcatio ratio 0 5 4 3
Stream length 56153 14919| 18028.48 2624.57
Stream Length ratig  1.32 4.83 0.43 0
Area ratio 0.26 1.03 0.35 0
Area(ha) 3261.64| 852.00| 880.51 | 315.74
Slope ratio 0.64 0.85 0.41 0
Mean slope 65 42 36 15
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As it can be seen in table (6), maximum numbehefdtream branch in Horton method was relatedréausts with

rank 1.

bifurcation ratio increases as a result of incregaghe stream rank.

In this method, the more increases theastrrank, the more decreases the area slope. @ecahe

Table (7) shows the models selected between thables of physiographic properties and the drairoperties
in the studied basin. So, models were nonlinearthadelation between the rank and stream numbarf@m of a
logarithmic quartier model with & 0.993. Also, the relation between the rank arfdr&ation ratio is in form of
Cubic model with B= 1. The relation between the rank and the slojre fisrm of Quadratic model with“R 0.960.

The relation between the rank and area is in foi@ubic model with B= 0.906 and the relation between the rank

and the stream length is in form of compound medéi the R= 0.879.

Table 7: Results obtained from the correlation test in Strahler method

Variables Stream rank and stream S‘tream _rank a_nd Stream rank Stream rank Stream rank and
branch number bifurcation ratio and slop and area stream length
Equation Logarithmic Cubic Quadratic Power Compound
R Square 0.99 1 0.96 0.90 0.87
Model F 285.f1 11.9¢ 19.2¢ 14.4¢
summary Df2 1 3 2 1 1
Dfl 2 0 1 2 2
sig 0.003 0.000 0.20 0.04 0.06
constant 3.89 1 5.07 131.98 3.870
Parameter bl -0.72 3.7 -0.7 -0.5¢ 1
estimates b2 -1.2
b3 0.1
Table8: drainage network Quantities of Maragh basin- Shreve method
rank | Rank numbe | Bifurcation ratic | Stream lengt | Stream Length rat | Arearatic | Area(ha | Slope ratit | Mean slop
1 60 0 56153 0.71 0.12 3261.64 0.63 65
2 13 4.61 8611.76 0.72 0.24 407.1p 121 41
3 6 2.16 2863.76 1.21 1.57 99.64 1.2 50
4 4 15 2313.76 1.53 1.7 156.95 0.93 60
5 4 1 3545.7¢ 0.51 0.1¢ 267.4: 0.9¢ 56
6 2 2 902.7¢ 1.98 1.32 52.4¢ 0.6 55
7 2 1 1759.76 0.41 0.17 69.79 0.86 36
8 1 2 358.76 2.04 10.27 12.02 2.06 31
9 2 0.5 1461 0.44 0.68 123.5( 0.5 64
10 2 1 636.76 0.87 0.07 84.14 1.06 32
11 1 2 276.7¢ 1.12 7.2¢ 6.01 0.82 34
12 2 0.E 619.5¢ 2.1¢ 0.2¢ 43.8i 1.8¢ 28
13 1 2 678.76 0.60 241 12.74] 0.92 52
14 1 1 409.76 1.62 0.86 30.75 0.37 48
17 1 1 664.76 1.59 2.65 26.49 1.94 18
18 1 1 1056.76 0.47 0.15 70.22 0.85 35
27 1 1 493.76 0.74 1.52 10.73 0.8 30
28 1 1 367.7¢ 1.52 0.4¢€ 16.3¢ 1t 24
29 1 1 557.76 0.35 0.09 7.64 0.86 36
30 1 1 192.76 0.84 0.73 0.72 0.93 31
32 1 1 161.76 1.07 0.59 0.53 1 29
34 1 1 172.76 0.89 1.27 0.31 1.03 29
35 1 1 153.76 1.66 25.84 0.40 1.16 30
36 1 1 254.76 1.58 0.95 10.37 0.6 35
37 1 1 403.76 2.52 5.50 9.88 1.28 21
38 1 1 1017.76 0.57 0.91 55.26 0.51 27
39 1 1 557.76 4.14 4.57 50.44 1.35 14
42 1 1 2393.76 0.24 0.07 230.959 0.73 19
47 1 1 557.76 1.08 3.29 17.845 1.42 14
48 1 1 619.76 2.37 1.94 58.837 0.9 20
60 1 1 1467.76 0 0 653.114 0 18
26
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As it can be seen in table (8), maximum rank ofdtieam in Shreve method was 60 and the most hiforcratio
in it was related to rank 2. In Shreve method,ttaximum area of Maragh basin was under first ramkndge such
as Horton and Strahler methods. Also, the slopesdses as a result of increasing the rank.

Table 9 shows the selected models between physioigrand drainage properties in the studied basrit can be
seen in this table, models were nonlinear and elsion between the rank and stream branch numhsrimnvform
of S model with B= 0.790. Also, the relation between the rank arfdrbation ratio was in form of Cubic model
with the R= 0.397. The relation between the rank and slopeiwéorm of Cubic model with & 0.323.Finally, the

relation between the stream length and rank wésrin of Power model with £0.513.

Table9: results obtained from regression test in Shreve method

Variables Stream rank and stream S‘tream _rank a_nd Stream rank Stream rank Stream rank and
branch number bifurcation ratio and slop and area stream length
Equation S Cubic Cubic Power Power
R Square 0.79 0.39 0.62 0.32 0.51
Model F 108.77 5.91 15.01 14.4¢ 30.5:
summary Df2 1 3 3 1 1
Dfl 29 27 27 29 29
sig 0.000 0.003 0.000 0.001 0.000
constant 0.614 -4.62 62.77 39.82 825.10
Parameter bl 2.71 73.76 -1.10 -0.28 -0.59
estimates b2 -47.3( -0.01:
b3 6.85: 0
Table 10: Drainage network quantitiesin Maragh basin- Shidger method
rank | Rank numbe | Bifurcation ratic | Stream lengt | Stream Length rat | Arearatic | Area(ha | Slope ratit | Mean slop
2 60 0 56153 0.7 0.12 3261.64 0.63 65
4 13 0.21 8611.76 0.72 0.24 40719 1.21 41
6 6 0.46 2863.76 1.21 1.57 99.64 1.2 50
8 4 0.66 2313.76 1.53 1.7 156.95 0.93 60
1C 4 1 3545.7¢ 0.t 0.1¢ 267.4: 0.9¢ 56
12 2 0.5 902.7¢ 1.94 1.32 52.4¢ 0.6 55
14 2 1 1759.76 0.4 0.17 69.79 0.86 36
16 1 0.5 358.76 2.03 10.27| 12.02 2.06 31
18 2 2 1461 0.43 0.68 123.5 0.5 64
20 2 1 636.76 0.86 0.07 84.14 1.06 32
22 1 0.5 276.76 1.11 7.29 6.01 0.82 34
24 2 2 619.5¢ 2.1¢ 0.2¢ 43.8i 1.8¢ 28
26 1 0.5 678.76 0.6 241 12.74 0.92 52
28 1 1 409.76 1.62 0.86 30.75 0.37 48
34 1 1 664.76 1.58 2.65 26.49 1.94 18
36 1 1 1056.76 0.46 0.15 70.22 0.85 35
54 1 1 493.76 0.74 1.52 10.73 0.8 30
56 1 1 367.7¢ 1.51 0.4¢€ 16.3¢ 1t 24
58 1 1 557.76 0.34 0.09 7.64 0.86 36
60 1 1 192.76 0.83 0.73 0.72 0.93 31
64 1 1 161.76 1.06 0.59 0.53 1 29
68 1 1 172.76 0.89 1.27 0.31 1.03 29
70 1 1 153.76 1.65 25.84 0.40 1.16 30
72 1 1 254.76 1.58 0.95 10.37 0.6 35
74 1 1 403.76 2.52 5.59 9.88 1.28 21
76 1 1 1017.76 0.56 0.91 55.263 0.51 27
78 1 1 557.76 4.14 4.57 50.44 1.35 14
84 1 1 2393.76 0.24 0.07 230.95 0.73 19
94 1 1 557.76 1.07 3.29 17.84 1.42 14
96 1 1 619.76 2.36 1.94 58.83 0.9 20
120 1 1 1467.76 0 0 653.11 0 18

According to table 10 the minimum rank of the stneia Shidger method was related to rank 2 and tagimum

rank was rank 120. Therefore, the stream rank &s&® significantly in Shidger method, in spite thfeo methods.
Consequently, the determination of stream ranksngery time-consuming through Shidger method. is thethod,
the most bifurcation ratio was related to rank 8 84, but the most area of the basin like the otihexe methods
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was under the drainage of the streams with the laak. This issue is derived from high slope amlintainous
condition. Therefore, as a result of decreasingélgeon slope, the stream rank increases.

Tablell shows the selected models between variabf@sysiographic properties and drainage propeitiestudied
basin. According to this table, the models were-lrogar. Also, the relation between the rank areldtream branch
number was in form of S model wit-R0.790, the relation between the rank and therdstion ratio was in form
of Cubic model with B= 0.416. The relation between the rank and slopg iwdorm of Cubic model with &
0.625. The relation between the rank and area wdsrin of Power model with & 0.323. Finally, the relation
between the rank and the stream length was inféower model with B= 0.513.

Table 11: Results obtained from regression test in Shidger method

Variables Stream rank and strean S‘tream _rank a_nd Stream rank Stream rank Stream rank and
branch number bifurcation ratio and slop and area stream length
Equation S Cubic Cubic Power Power
R Square 0.79 0.41 0.62 0.32 0.51
Model F 108.77 7.6¢ 15.01 14.4% 30.5¢
summary Df2 1 3 3 1 1
Df1 29 27 27 29 29
sig 0.001 0.001
constant 1.30 4.37 125.55 79.64 1.65
Parameter bl 2.71 -48.79 -2.20 -0.28 -0.59
estimates b2 181.1% -0.02¢
b3 -76.6(
CONCLUSION

Obtained results from quantifying of morphometragmeters have showed in tables of(4), (6), (8)(ahyand the
results obtained from regression and correlatialysis between different factors have showed itetabf (5), (7),
(9) and (11).According to the obtained results fremorphometric parameter analysis, it can be cordutiat: 1-
there is a well- organized relation between the ramd the stream branch number and it decreasasresult of
increasing the rank. 2- There is a significanttretabetween the rank and the area. Thereforerdagato the
young status of the studied region, the amountreé alecreases because of increasing the rank. +elation
between the rank and the basin slope shows thamtre the rank increases, the less becomes the. sidgo,
according to the results of regression and coiaglanalysis between different factors, in Strandeking methods,
there is the most correlation between stream raittk parameters of branch ratios, stream branch euangbope,
basin area and stream length withRL, 0.993, 0.960, 0.906 and0.879, respectivelycoAding to the results of
correlation status in Horton method and the stareety in this region, it can be noted that thesteat deviation in
Horton method was related to the amount of thees@itnength. So, according to the mountainous gituaf the
area and the lack of land use change, land useyebahave had no effect on this deviation. Theegfibre Strahler
method is more suitable than others, but Strahlethod doesn't show total number of the streamsrainedge
system. Hence, it is recommended that the morphr@mebperties of the basin would be determineaigiStrahler
method and in order to show the number of streamastlhe comparison of the stream changes duringréiit
years, either Shreve or Shidger methods have bsszh According to the increasing of the rank indgar method,
it seems that Shreve method is more appropriatti®raim.
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