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Abstract

If the channel network map of a region is not suitable for
modeling water and solute transport processes, the underlying
river network should be extracted by the relating algorithms
given the critical area as the input. The goal of this study was
to (1) extract the critical area in the second and third order river
basins in Iran, and (2) investigate the relationship between the
critical area and physio-climatic characteristics of the basins
with the aim of determining the most dominant factors
controlling the critical area. To this end, the closest critical area
to reality was determined by minimizing the difference
between the drainage density of the extracted river networks
using the D8 method and the one known as the base map of the
river networks. Results indicate that the spatial resolution of
the digital elevation model between 30 m to 200 m does not
impose significant impact on the magnitude of the estimated
critical area. In addition, direct relationship holds between the
critical area and the soil permeability and erosion rate, while
the correlation is negative between the critical area and the
vegetation density. Critical area is smaller and larger in the
temperate and warmer climates, respectively. Furthermore,
increase in the average slope and the average annual
precipitation height decreases the critical area. Nevertheless,
the correlation between the critical area and the studied physio-
climatic quantities is insignificant, highlighting the need to
determine the critical area of a given river basin using
approaches other than physical-mathematical relationships.
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Fig. 1- Extracted river network for the Central Desert subbasin with the D8 method. Very small slope in
some areas resulted in the generation of channels that contrast the tree structure of a river network.
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Fig. 2- Spatial distribution map of regions with non-hierarchical channel networks. These regions are
recognized by the long parallel rivers.
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subbasin. This power-low form holds for any river
basins.
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Threshold Area-Soil box plot
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Fig. 7- Boxplot of critical area with respect to soil type in the third-order subbasins of Iran. Critical area
increases with the soil permeability.
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Fig. 10- Boxplot of critical area with respect to climate class in the third-order subbasins of Iran. Critical
area is smaller and larger in the temperate and warmer climates, respectively.
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Table Al- Critical area and dominant physio-climatic charactersitics of second-order subbasins in Iran
Olnl 93 423 (ades 5 5 AL ol § (S 38 Oluogad 5 (J1ou Colus —Cuvgn ) Joi>

Subbasin code  Critical area (km?) Arvaeilr’]?gﬁ ?:qrr‘#)al S(Io%p)e Clilgwsaste Soilc?ggssion Soil type
11 7.8 331.3 22.6 Bsk 11 Rocky Land
12 8.7 1065.2 31.8 Bsk 11 Inceptisol
13 3.7 426.9 19.9 Bsk 1 Rocky Land
14 4.2 922 36.9 Csa 11 Rocky Land
15 4.8 679.4 29.1 Csa 11 Rocky Land
16 14.6 633 22.3 Bsk 11 Mollisol
17 11 323.8 18.1 Bsk 11 Aridisol
21 3.6 493.4 23.6 Csa 11 Rocky Land
22 55 4534 18.4 Csa \Y Rocky Land
23 6.5 626.8 234 Csa \% Rocky Land
24 12.8 417.1 17.8 Bsh v Bad Land
25 4.2 332.7 18.4 Bsh v Bad Land
26 4.3 3134 20.0 Bsh v Rocky Land
27 7.3 198 215 BWh \Y% Aridisol
28 8.9 216.1 17.5 BWh 11 Rocky Land
29 6.3 154.3 155 BWh 11 Rocky Land
30 34 370.3 18.9 Bsk | Rocky Land
41 10.2 277.2 15.0 Bsk I Aridisol
42 121 195.2 15.3 Bsk 1+11 Rocky Land
43 8.3 366.3 16.7 Csa v Aridisol
44 8.1 148.9 134 Bsk 1+11 Aridisol
45 6.3 180.4 135 BWh 11 Aridisol
46 8.8 97.2 13.0 BWh I Aridisol
47 13.6 159.7 11.6 BWh I Aridisol
48 12.8 106 13.6 BWh 1+11 Aridisol
49 10.1 1221 13.6 BWh 1+11 Aridisol
51 10.9 179.6 12.8 BWk 1 Aridisol
52 12.9 90.3 10.7 BWh 1 Aridisol
53 5.2 107.1 16.1 BWh 11 Rocky Land
60 11.4 258.3 16.1 Bsk 11 Aridisol
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Table A2- Critical area and dominant physio-climatic charactersitics of third-order subbasins in Iran
Ol paw 42 )3 (SBAses 55 > I couldl g (S 508 Oluogad g 2 Colue —Cuwgn ¥ Jooa

. - 2 Average annual Slope Climate Soil erosion .
Subbasin code Critical area (km?) rainfgll (mm) (0/5 class class Soil type
111 12 217 15.3 Bsk v Rocky Land
112 7 383.1 205 Bsk 11 Inceptisol
113 5.3 345.7 345 Bsk v Rocky Land
114 9.9 339.1 25.1 Bsk | Rocky Land
115 7.4 260.4 15.3 Bsk v Rocky Land
116 16.6 276.2 22.3 Bsk v Rocky Land
117 5.3 204.8 20 Csa v Inceptisol
121 6.3 946.1 39.8 Csb 11 Inceptisol
122 11.8 11725 26.4 Csa | Inceptisol
131 3.1 9404 26.1 Csa | Inceptisol
132 3.9 386 19.6 Bsk 11 Rocky Land
133 3 550 404 Csa 1 Inceptisol
134 2.9 411.1 34.4 Bsk 11 Rocky Land
141 3.1 964.6 34.7 Cfa 11 Rocky Land
142 4.3 921.7 46 Csa 11 Rocky Land
143 6.9 860.2 33.7 Csa 11 Rocky Land
151 4.6 714.2 42.1 Csa 11 Rocky Land
152 54 737 26.9 Csa 11 Rocky Land
153 51 698.9 31.3 Bsk 11 Rocky Land
154 3.9 630.8 24.8 Csa 11 Rocky Land
155 4.3 404.3 125 Csa 11 Mollisol
161 17.5 659.7 24.3 Csa 11 Mollisol
162 14.2 628.9 22.8 Bsk 11 Mollisol
171 17.2 259.8 10.6 Bsh 11 Mollisol
172 6.8 2725 19 Bsk 11 Rocky Land
173 104 300.6 17.8 Bsk 11 Rocky Land
174 7.2 413.3 21.6 Bsk 1] Rocky Land
175 13.2 341.2 24.8 Bsk 11 Rocky Land
176 15.6 313.1 21.9 Bsk 11 Avridisol
211 2.9 557.5 32.9 Csa 11 Rocky Land
212 4.2 639 31.7 Csa v Rocky Land
213 5.1 476.9 22.6 Csa v Rocky Land
214 2.6 468.6 23 Csa \ Rocky Land
215 2.7 342 22.8 Csa v Rocky Land
216 4.9 284.6 18.2 Bsh 11 Rocky Land
221 7.5 295.9 135 Bsh v Rocky Land
222 35 550.5 26.9 Csa v Rocky Land
223 5.6 486.7 22.9 Csa v Rocky Land
231 16.4 138 4.1 BWh 1 Entisol
232 7.5 645.8 295 Csa v Rocky Land
233 4.3 716.2 30.9 Csa v Rocky Land
241 13.8 341.7 16.5 BWh 11 Bad Land
242 11.4 544.3 24.1 Csa v Bad Land
251 4.6 2454 12.9 Bsh 11 Bad Land
252 3.8 4225 22.2 Bsh v Bad Land
253 4.5 2116 16.8 Bsh 1l Bad Land
261 4.3 3194 21 Bsh v Rocky Land
262 4.9 279 20.2 BWh v Rocky Land
271 7.5 224.3 234 BWh v Aridisol
272 6.3 196 23.1 BWh \Y% Bad Land
273 7 97.9 20.2 BWh \Y Entisol
274 Not delineated river 63.8 16.8 BWh | Bad Land
network
281 17 216.9 21.8 BWh 11 Rocky Land
282 8.6 240.1 18.9 BWh | Rocky Land
283 6.7 136.2 18.7 BWh v Rocky Land
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. i, 2 Average annual Slope Climate Soil erosion .
Subbasin code Critical area (km?) rainfall (mm) (%) class class Soil type
284 1.7 254.3 22.7 BWh v Rocky Land
285 9.1 236.2 22.2 BWh 11 Rocky Land
286 8.2 241.9 18.7 BWh 1] Rocky Land
291 10 166.2 9 BWh 1] Entisol
292 7.5 180.7 174 BWh 11 Rocky Land
293 12.6 122.4 11.2 BWh 11 Entisol
294 5.6 1855 21 BWh 1] Rocky Land
295 7.9 74.9 11.6 BWh 1] Entisol
296 4.9 166.8 19 BWh 11 Rocky Land
297 7.5 117.2 18.7 BWh 1] Rocky Land
301 3.8 389 214 Bsk | Rocky Land
302 34 479.1 24.4 Csa | Rocky Land
303 2.7 467.9 222 Csa 11 Inceptisol
304 1.9 3731 20.7 Bsk | Inceptisol
305 5 388.8 18.4 Bsk v Inceptisol
306 2.9 330.6 20.7 Bsk | Inceptisol
307 Not delineated river 485 4 Bsk | Inceptisol
network
411 8.3 319.2 13.7 Bsk 11 Inceptisol
412 10.1 282.6 16.4 Bsk 1 Rocky Land
413 15.2 168.6 16 BWh 1+ Aridisol
414 8.8 95.3 9 BWh 1 Avridisol
415 18.3 345 20.8 Bsk 1] Avridisol
416 Not delineated river 12.9 75 BWh 1 Aridisol
network
417 10.7 150 104 BWh 1 Salt Field
421 2.2 2325 15.3 Bsk 1+11 Rocky Land
422 0.1 136 14.6 Bsk 1+11 Avridisol
423 Not delineated river 88.3 7.4 Bsk 411 Aridisol
network
424 Not delineated river 75 7.9 Bsk 411 Aridisol
network
431 0.3 366 16.9 Csa v Aridisol
432 Not delineated river 366.5 19.2 Bsh IV Rocky Land
network
441 12.6 114.1 12 Bsk 1+11 Avridisol
442 15 158.8 12.3 Bsk 1+11 Aridisol
443 16.5 190.7 134 Bsh v Avridisol
444 15.6 173.6 11.7 BWk | Avridisol
451 09 264.5 17.9 BWh | Avridisol
452 Not delineated river 184.2 13.4 BWh 1 Aridisol
network
453 0.1 125.6 15.3 BWh 1] Avridisol
454 Not delineated river 1263 17.9 BWh | Aridisol
network
455 Not delineated river 18.6 132 BWh | salt Field
network
461 1.1 168.5 12.2 BWk 1 Rocky Land
462 Not delineated river 95.4 13.9 BWh 1 Aridisol
network
463 42.6 84.2 12.2 BWh | Avridisol
464 0.1 94.8 13.1 BWh 1 Avridisol
465 Not delineated river 765 19.7 BWh [ Avidisol
network
466 5 1234 145 BWh 1] Avridisol
467 0.2 98 12.2 BWh 1] Avridisol
468 0.2 153.1 145 BWh 1 Avridisol
469 Not delineated river 431 157 BWh 1 Aridisol
network
471 15.6 174.1 15.2 BWh 1] Avridisol
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. i, 2 Average annual Slope Climate Soil erosion .
Subbasin code Critical area (km?) rainfall (mm) (%) class class Soil type
472 13.7 91.8 10.8 BWh 1 Aridisol
473 12.3 76.6 11.8 BWh 1 Aridisol
474 10.9 149.8 11 Bwh 1 Aridisol
475 10.8 178.7 11.7 BWh 1l Aridisol
476 16.8 189.5 12.2 Bsk Il Aridisol
477 8.9 198.3 14.6 Bsk 11 Aridisol
481 12.4 1324 14.1 BWh I+ Aridisol
482 15.3 104.8 13.8 BWh 1+ Aridisol
483 5.1 73.3 13.6 BWh I+ Aridisol
491 10.2 1232 14.9 BWh I+ Aridisol
492 7.4 91.4 15.6 BWh 1+ Aridisol
511 11 190.3 13.1 BWk 1 Aridisol
512 11.2 171.3 16 BWk 11 Aridisol
513 10.2 153.4 15.6 BWk 11 Rocky Land
521 7.3 152.1 14.3 BWh 1 Rocky Land
522 10.3 50 9.8 BwWh | Aridisol
523 12.1 110.9 12.7 BWh | Rocky Land
524 10.5 50.2 7.2 BWh | Aridisol
525 15.1 1155 11.3 BwWh 1 Aridisol
526 18 61.3 13.1 BWh 1l Rocky Land
527 12.6 86.9 16.1 BwWh 11 Rocky Land
528 8.9 28.8 54 BWh | Aridisol
529 Not delineated river 33.3 6.7 BWh | Aridisol
network
531 6.1 106.2 19.4 BwWh 1l Rocky Land
532 4.4 108.3 14.7 BWh 1 Rocky Land
601 6.9 294.9 27.1 Bsk 11 Rocky Land
602 25 214 12 Bsk v Rocky Land
603 15.2 285.9 18.4 Bsk 1 Aridisol
604 5.3 102 19.9 Bsk v Aridisol
605 13.6 2504 14.3 Bsk 1 Aridisol
606 10.5 230.1 13.3 Bsk Il Aridisol
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