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Extended Abstract:

Introduction:

Rivers react to subsidence at their baseline by cutting and digging topographic features. The
development of an upstream incision is often accompanied by a steep fracture called a river break
(Loget & Van Den Driessche, 2009). The presence of river breaks in a geographical landscape is an
indication of a steady-state in river systems. Therefore, the presence of knickpoints shows the system
instability. The study of knickpoints can be used in the field of studies related to the evolution of
valleys, identification of tectonic active areas and rock outcrops, river surface changes, erosion and
sedimentation, and geomorphological changes in river systems. The basin studied in this study is
located in the Qaleh Shahrokh-Chelgard area in the northeastern part of Chaharmahal and Bakhtiari
province, Iran. The reason for selecting this basin is the extensive activities of the Zagros fault along
the northwest-southeast and the existence of a hydrographic network affected by the trend of faults
and the potential for knickpoints.

Methodology:

In this study, the locations of knickpoints were detected from the Radiometrically Terrain-
Corrected (RTC) model which is extracted from the active microwave sensor ALOS PALSAR with a
spatial resolution of 12 meters (Logan et al., 2014) as input data to the MATLAB executive toolbox
called Tec DEM. Tec DEM is an executable toolbox in MATLAB software and uses a Digital
Elevation Model (DEM) as input for morphotectonics in the basin. Tec DEM tool can be used in a
variety of fields in the analysis of surface anomalies, drainage network and surface dynamics of
basins, production of base maps, incisions (local roughness), vertical dissection and drainage density
of basins and sub-basins, determination of turning points or knickpoints, hypsometric analysis and
slope and concavity index of canal profiles (Shahzad & Gloaguen, 2011). The determination of
knickpoints according to the shape of the longitudinal profile of the river is done semi-automatically.
In this study, these points in the study areas were investigated according to field observations.

In this study, geological variables and geomorphic variables related to knickpoints were used to
identify the knickpoints. Information layers including geology, distance from the fault, distance from
the boundary of geological formations, surface roughness index, fractal dimension, base surfaces, local
roughness, and the vertical dissection as predictor variables and the layers of knickpoints as the



e (Sl 5 Ll aer

W ZVA e Db e ) slad AY il Y DL
oy Wl gy

RANNVNY 2 0 YWRUANY 5 s

b Sisg, sbwl p S5 Jelge w3 GVl gHlude

s

FAL ki b g o S5 (Sl o A jeS 1 g5 & ged

Ol ol o oS5 s oS oSS« ams o ske 5 Ll jhor 0uSls )93 51 o Hllial sl sl
h.adab@hsu.ac.ir
ORI g (8013 S oy aroap sl gl horodKLila (59585085 eSS (S 755 O e g
mahnaz.shiran@gmail.com
Ol Il e siplal il Ll jaor 05 8 (53505590 532kl it 3 53 (5hgads
Ims97300@gmail.com

oS>

Gda b s pl Al el Gl s et J o 3 & L laibray ) ol L;Larj.'e.xj Sl SKasy,
S 3healial b el axls Lo s d gy bl datee bl s 5 (Sasg, sl 5 S5 elee lulis
b LT Bl e 5 L Slot) 08355 3loml 330 Jalge 5 glaie s w0 el (b Stz O g S5
Lo mote e 5 om0, 5 W61 50 Ol 5 D850 (o e aolsl 3 oy b Sing, ST,
5 im0l sadalyl Jde s pledCans 005l b A plil b ine ol (505 Seteard O g S
Slapaxly 5o jlade LAl L das e DL il ot L lsbas Jde s wliinems sladisle glas e 5l alols
OS2y s Jexl (508 p RIEIL 5 el Gl gl Sl ol wles sk 5 S,
Sly Jlagas 3 Oe3l Glaesls Ao ,sAV EBs i el (sladaly eddeslizal Jolse e 55Los b e Ll
Sl 05 yerld s ol FAL s Lo gy Sangy b cans yeskil s dde sl s SOl
L die Osasl glaesls (gl osar o Sissy bl Jlax! Cunds 5 s SOl Bl 48 ol /AT 05T (gloesls
Slalie polia U1y sy 00 a 3ls s polas a8 ol /0 0031 (glaonls (gl LIS 33155 s Ao L das o OLES
o b Sasy, slasy 5o BI85 5 bl sbdsle (rass ol el elely e e 0L sy bla
.w]ﬁsjjtjﬁjﬂuiﬁL;\ﬂwtﬁd.,\.a‘Ewbw;)jx)bwﬂzﬂwbaﬁdﬁ
L;YL«&-\L;)'LAJ.L:gaidi;})gwuﬂijACﬁuuuuy:hajb.\zJS

3 5e oy 5%
Copyright©2021, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and

share it with others as long as they credit it, but they can’t change it in any way or use it commercially.
Doi: 10.22108/gep.2021.125425.1365



file:///C:/Users/tpanahi/Downloads/10.22108/gep.2021.125425.1365

Ve Sle ) aled AV by Y Jl s 55,40l 5 5 Wi i

VRV

I3 35 53 mld ol ald a5 S5 aile Jlelse 5 o Bl Aile ) Jolge (25 s
sy Slb i s Lo ool (Son (S350 slacllad (S 55 lab bl 53 3l lailsa sy (slaptgw
SIS U e sLa S5 i 5 JUIS e (SASaS L O S ks s 5 JUS ok 3 i b
293 GlaadS ) o gladnl b o )5 el I el sl (S el Ghle s (S350 85 SIS
23 sl gy gla s 53 0l 4 «(Alexander and Leeder, 1990: 461) tas o 41,1 S 5555 glacdlas 31 s
DL sy 5 S35 580 5055 (slnas gams 53 | oy (2815 sl S0 1t (S35 Jlab glae s 0 DI
as g oy B8 s G b ] plaw st b e ladbiag, e

N AT S P PR VP SR U PP SUNE J U TR JOWE R SRE I SO
Loget and Van Den ) 50>  Ss Jslse ;5 5 s b Olie o $55d 51d i pm Comline alas 3l dlisis
Gl aS lslra g, SO Jyb s e 03 cdin Sl Sanss SKaw (Sasy, ble (Driessche, 2009: 376
o olmal (sloms 4 (s (e b o 3500 SLET L OIS S0 4 5 s e anl ol JUS b Sl i
(Berlinand Anderson, 2007: 1) 555 .« #5315 SIS w8 et b 0Ll S s VL 0Ll § K e oS ol Wl

ols Iyl g kS 03 51 iy (sles S sbas oS Cdone sla b 5 48l 2T JUB s oy slaly sl 3l sl 5
dr)\ag,ﬁ_; Bltagy Jsb & e .(Gonga-Saholiariliva et al., 2011: 395) » .5 s eslea ‘O_i;;,) i o
2l s Bl (ST sla Sai il ) tlae (K558 50 85 dals o5 w315 355 pn adeal 50355 Y pene
2 LarSlang, saiam o ol Sl Gla gy Job e 53 Los e Sk 5 lag; ol il b Szasl
b i 55 (65 bl b s 1 Ll Sl s e LS 3o St
{(Peifer Bezerra and Persano, 2017: 1) das . oLas |, (o (SOILL Az s 5 ol (gl

L ol (ST Jalse L iy 5 s e CLSL 1) slailrag s sladl b osline Loyl 5 la Sy
52 SLSL ol 5 Saail 5y 0 e S, 1555 «(Mackey etal., 2014: 925) W 55 o J 28 S5 95
= 3 S Sad S e la ST Sl el b ) S0 BB ) 5l (b Al & e
Heine and Lant, 2009: ) J,l8 s 3L Sl e (55058050555 5 S5 50008 2 oSt Ll glac b
ol A e O lge CndVL a5 s Salus lodsds 5 20 L) Sl sl 51 e Ss 55 bl (233
So Sy, BLi U5 e ep |y 5L s 3l 5 5558 0 FUSVL 5 0 ey el b sl sl & s
Lo sdome 53 (S55dshs 50555 il 1 Gslise la (S5 6 diS o sl e e — Oyt =042 5l I8

1. Knickpoint

2. Knickzone

3. Steepened longitudinal river profile
4. Headcut
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Figure 1. Location of the study area (Ghaleh Shahrokh Basin) in the structural zones of Iran
(Authors, 2021)
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Figure 2. Information layers including geology, fault, surface roughness index, fractal dimension,
base surfaces, local roughness, vertical dissection (Authors, 2021)
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regression method (Authors, 2021)
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prediction variables were used for modeling. For geological and tectonic studies of the region,
geological maps of 100,000 sheets of Chadegan and Fereydunshahr and 250,000 sheets of Shahrekord
were used. A total of 8 raster layers were used to analyze and predict the possibility of the presence of
a knickpoint in the study area. Since 8 layers have different units and are not suitable as direct input
for logistic regression, the input parameters were normalized in the range of 0 to 1. Nominal layers,
such as geological data, became sequential variables between 0 and 1. All of these layers were then re-
sampled as a network format with a cell size of 195*195 m using the nearest neighbor method, to
allow all layers to be combined. Then, a matrix of square cell structure was prepared for the study
area. It consisted of a matrix of 273 rows and 273 columns representing a total of 39,650 cells. Of
these, 74 cells were identified as knickpoint points. These areas were identified with code 1 (presence
of knickpoint) and the rest of the cells that did not have knickpoints were recorded with code 0
(absence of knickpoint).

Discussion:

The probabilistic relationship of the presence of a knickpoint as one of the important results of the
research was obtained by the logistic regression method. This relationship predicted the probability of
the presence of knickpoints based on geological and geomorphic variables. The probability map of the
knickpoints in the study area was obtained based on the statistical relationship. According to the
results, there is a possibility of river knickpoints in the southwestern regions and parts of the
northeastern Basin. The results of the probability ratio test to determine the statistical significance of
each of the independent variables in the proposed model showed that the geology and the distance
from the boundaries of the geological formations in the model were significant. The results of the
Yuden index for the training dataset, validation, and test data were equal to 0.72, 0.76, and 0.66,
respectively, which indicated the accurate information on the probability status of knickpoint points,
especially for the test data of the model. The results of the Kappa agreement coefficient for training,
validation, and test data were also equal to 0.62, 0.73, and 0.60, respectively, which indicated the
agreement of both methods with the observed values of knickpoints.

Conclusion:

The results of this study showed that at the boundary of lithology, because of the presence of joints
and cracks due to differences in the type of rocks, the probability of the presence of river break was
more than other parts of the region. Although the presence of some relatively high slope knickpoints
indicated active tectonics in that area, in the present study, the effect of the fault system or active
tectonics in the formation of knickpoints was not statistically significant. Particularly, the reduction of
local roughness index and baselines was associated with less tectonic activity, but in this study, the
appearance of knickpoints has been associated with a decrease in these two factors.

Keywords: Ghaleh Shahrokh Basin, Logistic Regression, Knickpoint, Probabilistic Modeling.

References:

- Alexander, J., & Leeder, M. R. (1990). Geomorphology and Surface Tilting in an Active Extensional
Basin, SW Montana, USA. Journal of the Geological Society, 147(3), 461-467.

- Aman, M. A, Yunus, A. P., & Javed, A. (2020). Fluvial Knickpoint Identification and Their



Journal of Geography and Environmental Planning, Vol 32, No. 1, Ser No. (81Spring 2021 3

Characterizations in the Drainage Basins of Western Ghats, India. Spatial Information Research,
1-10.

- Ayalew, L., & Yamagishi, H. (2005). The Application of GIS-Based Logistic Regression for
Landslide Susceptibility Mapping in the Kakuda-Yahiko Mountains, Central Japan.
Geomorphology, 65(1-2), 15-31.

- Berlin, M. M., & Anderson, R. S. (2007). Modeling of Knickpoint Retreat on the Roan Plateau,
Western Colorado. Journal of Geophysical Research: Earth Surface, 112(3),1-16.

- Bishop, P. (2007). Long-Term Landscape Evolution: Linking Tectonics and Surface Processes. Earth
Surface Processes and Landforms. The Journal of the British Geomorphological Research Group,
32(3), 329-365.

- Boulton, S. J. (2020). Geomorphic Response to Differential Uplift: River Long Profiles and Knickpoints
from Guadalcanal and Makira (Solomon Islands). Frontiers in Earth Science, 10(8), 1-23

- Bowman, D., Shachnovich-Firtel., Y., & Devora, S. (2007). Stream Channel Convexity Induced by
Continuous Base Level Lowering, The Dead Sea, Israel. Geomorphology, 92(1-2), 60-75.

- Gardner, T. W. (1983). Experimental Study of Knickpoint and Longitudinal Profile Evolution in
Cohesive, Homogeneous Material. Geological Society of America Bulletin, 94(5), 664-672.

- Gilbert, G. K. (1896). Niagara Falls and Their History. USA: American Book Company.

- Gonga-Saholiariliva, N., Gunnell, Y., Harbor, D., & Mering, C. (2011). An Automated Method for
Producing Synoptic Regional Maps of River Gradient Variation: Procedure, Accuracy Tests, and
Comparison with Other Knickpoint Mapping Methods. Geomorphology, 134(3-4), 394-407

- Hayakawa, Y. S., & Oguchi, T. (2006). DEM-Based Identification of Fluvial Knickzones and Its
Application to Japanese Mountain Rivers. Geomorphology, 78(1-2), 90-106.

- Heine, R. A, & Lant, C. L. (2009). Spatial and Temporal Patterns of Stream Channel Incision in the
Loess Region of the Missouri River. Annals of the Association of American Geographers, 99(2),
231-253.

- Kamintzis, J. E., Irvine-Fynn, T. D. L., Holt, T. O., Jones, J. P. P., Tooth, S., Griffiths, H. M., &
Hubbard, B. (2019). Knickpoint Evolution in a Supraglacial Stream. Geografiska Annaler: Series
A, Physical Geography, 101(2), 118-135.

- Lee, S. I, Lee, H., Abbeel, P., & Ng, A. Y. (2006). Efficient L1 Regularized Logistic Regression. In
Aaai, 6, 401-408.

- Loget, N.,, & Van Den Driessche, J. (2009). Wave Train Model for Knickpoint Migration.
Geomorphology, 106(3-4), 376-382.

- Mackey, B. H., Scheingross, J. S., Lamb, M. P., & Farley, K. A. (2014). Knickpoint Formation,
Rapid Propagation, and Landscape Response Following Coastal Cliff Retreat at the Last
Interglacial Sea-Level Highstand: Kaua ‘i, Hawai ‘i. Geological Society of America
Bulletin, 126(7-8), 925-942.

- Marrucci, M., Zeilinger, G., Ribolini, A., & Schwanghart, W. (2018). Origin of Knickpoints in an
Alpine Context Subject to Different Perturbing Factors, Stura Valley, Maritime Alps (North-
Western Italy). Geosciences, 8(12), 443.

- Miller, J. R. (1991). The Influence of Bedrock Geology on Knickpoint Development and Channel-
Bed Degradation Along Downcutting Streams in South-Central Indiana. The Journal of Geology,
99(4), 591-605.

- Muehlbauer, J. D., & Doyle, M. W. (2012). Knickpoint Effects on Macroinvertebrates, Sediment,



4 Journal of Geography and Environmental Planning, Vol 32, No. 1, Ser No. (81) Spring 2021

and Discharge in Urban and Forested Streams: Urbanization Outweighs Microscale Habitat
Heterogeneity. Freshwater Science, 31(2), 282-295.

- Nakas, C. T. (2014). Developments in Roc Surface Analysis and Assessment of Diagnostic Markers
in Three-Class Classification Problems. REVSTAT — Statistical Journal, 12(1), 43-65.

- Ouimet, W. B., Whipple, K. X., Royden, L. H., Sun, Z., & Chen, Z. (2007). The Influence of Large
Landslides on River Incision in a Transient Landscape: Eastern Margin of the Tibetan Plateau
(Sichuan, China). Geological Society of America Bulletin. 119(11-12), 1462-1476.

- Pavano, F., Pazzaglia, F. J., & Catalano, S. (2016). Knickpoints as Geomorphic Markers of Active
Tectonics: A Case Study from Northeastern Sicily (Southern Italy). Lithosphere, 8(6), 633-648.

- Peifer Bezerra, D., & Persano, C. (2017). Identifying Knickpoints Using Elevation Breaks and
Offsets in Slope-Area Scaling. Geophysical Research Abstracts of EGU General Assembly
Conference.

- Phillips, J. D., McCormack, S., Duan, J., Russo, J. P., Schumacher, A. M., Tripathi, G. N., ... &
Pulugurtha, S. (2010). Origin and Interpretation of Knickpoints in the Big South Fork River Basin,
Kentucky-Tennessee. Geomorphology, 114(3), 188-198.

- Saadat, M., Khandelwal, M., & Monjezi, M. (2014). An ANN-Based Approach to Predict Blast-
Induced Ground Vibration of Gol-E-Gohar Iron Ore Mine, Iran. Journal of Rock Mechanics and
Geotechnical Engineering, 6(1), 67-76.

- Schumm, S. A., Dumont, J. F., & Holbrook, J. M. (2002). Active Tectonics and Alluvial Rivers.
Cambridge: Cambridge University Press.

- Shahzad, F., & Gloaguen, R. (2011a). TecDEM: A MATLAB Based Toolbox for Tectonic
Geomorphology, Part 1: Drainage Network Preprocessing and Stream Profile Analysis. Computers
& Geosciences, 37(2), 250-260.

- Shahzad, F., & Gloaguen, R. (2011b). TecDEM: A MATLAB Based Toolbox for Tectonic
Geomorphology, Part 2: Surface Dynamics and Basin Analysis. Computers and Geosciences,
37(2), 261-271.

- Verdel, C., Wernicke, B. P., Ramezani, J., Hassanzadeh, J., Renne, P. R., & Spell, T. L. (2007).
Geology and Thermochronology of Tertiary Cordilleran-Style Metamorphic Core Complexes in
the Saghand Region of Central Iran. Geological Society of America Bulletin, 119(7-8), 961-977.

- Viera, A. J., & Garrett, J. M. (2005). Understanding Interobserver Agreement: The Kappa Statistic.
Family Medicine Research Series, 37(5), 360-363.

- Wohl, E. E. (1992). Gradient Irregularity in the Herbert Gorge of Northeastern Australia. Earth
Surface Processes and Landforms, 17(1), 69-84.

- Zhu, W., Zeng, N., & Wang, N. (2010). Sensitivity, Specificity, Accuracy, Associated Confidence
Interval and ROC Analysis with Practical SAS Implementations. NESUG Proceedings: Health
Care and Life Sciences, Baltimore, Maryland, 19, 67.



