
1 
 

Socio-economic modifications of the Universal Soil Loss Equation  

A. Erol
1
, Ö. Koşkan

2
, M. A. Başaran

3 

1
SDÜ Faculty of Forestry, Department of Watershed Management, Isparta, 

aytenerol@sdu.edu.tr (corresponding author) 

Phone:+90246 211 3988  

Fax: +90246 237 1810 
2
SDÜ Agricultural Faculty, Department of Biometric Genetics, Isparta 

3
Western Mediterranean Forestry Research Institute, Antalya 

 

Abstract. While social scientists have 1 

long focused on socio-economic and 2 

demographic factors, physical 3 

modelers typically study soil loss 4 

using physical factors. In the current 5 

environment, it is becoming 6 

increasingly important to consider 7 

both approaches simultaneously for 8 

the conservation of soil and water, and 9 

the improvement of land use 10 

conditions. This study uses physical 11 

and socio-economic factors to find a 12 

coefficient that evaluates the 13 

combination of these factors. It aims to 14 

determine the effect of socio-15 

economic factors on soil loss and, in 16 

turn, to modify the Universal Soil Loss 17 

Equation (USLE). The methodology 18 

employed in this study specifies that 19 

soil loss can be calculated and 20 

predicted by comparing the degree of 21 

soil loss in watersheds, with and 22 

without human influence, given the 23 

same overall conditions. A coefficient 24 

for socio-economic factors, therefore, 25 

has been determined based on 26 

adjoining watersheds (WS I and II), 27 

employing simulation methods. 28 

Combinations of C and P factors were 29 

used in the USLE to find the impact of 30 

their contributions on soil loss. The 31 

results revealed that these 32 

combinations provided good 33 

estimation of soil loss amounts for the 34 

second watershed, i.e. WS II, from the 35 

adjoining watersheds studied in this 36 

work. This study shows that a 37 

coefficient of 0.008 modified the 38 

USLE to reflect the socio-economic 39 

factors as settlement influencing the 40 

amount of soil loss in the studied 41 

watersheds.  42 

Keywords: erosion; USLE; socio-43 

economic factors; physical factors; 44 

adjoining watersheds  45 

 46 

1 Introduction 47 

 48 

Soil erosion is a natural process for 49 

landscape development if accelerated 50 

denudation processes by human 51 

impact. Moreover, it determines the 52 

landscape and the landforms, the soil 53 

and water quality, the vegetation 54 
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recovery and the fate of the societies 55 

(Zhao et al., 2013). This phenomenon 56 

is a globally environmental threat that 57 

reduces the productivity of all natural 58 

ecosystems (Kertész, 2009; Pimentel 59 

and Burgess, 2013; Leh et al., 2013) 60 

including soil where the adaptation 61 

capacity is weak (Cerdà, 2000; Leh et 62 

al., 2013). Pimentel (1993) 63 

numerically stated that between 30 and 64 

50 per cent of the world's arable land 65 

is significantly degraded by soil 66 

erosion. Additionally, erosion-induced 67 

soil quality deterioration is prevalent 68 

all over the world (Harden, 2001; 69 

Zhao et al., 2013) obstructing the 70 

global food source and socio-71 

economic security. Young (1993) 72 

indicated that the challenges of soil 73 

erosion are more severe in the heavily 74 

populated, under-developed, and 75 

ecologically fragile areas of the world. 76 

Lal (1981) and Eswaran et al. (2001) 77 

asserted that misuse of soils, resulting 78 

from a desperate attempt by farmers to 79 

increase production for the growing 80 

population aggravates soil quality 81 

degradation. Tesfahunegn (2013) 82 

further claims that severity of such 83 

degradation is higher in developing 84 

countries where the economy mainly 85 

depends on agriculture.  86 

Soil erosion, which is one of the 87 

primary issues that forestry and 88 

agriculture agencies have to deal 89 

with, is a critical problem in Turkey. 90 

The current population of Turkey is 91 

76.7 million (TUİK, 2014), and the 92 

land surface area is 78 million ha; 93 

this comprises 36% of agricultural 94 

land, 27.6% of rangeland, and 29.8% 95 

of forest and shrub cover, with the 96 

remaining 6.5% of land accounting 97 

for settlements and water bodies 98 

(OSİB, 2005). To put it bluntly, it is 99 

anticipated that there will be a 100 

dramatic increase in settlements due 101 

to rapid population growth which 102 

results in intensive construction in 103 

the mountainous areas of which 104 

especially used for agriculture and 105 

forest. Indeed, soil erosion is a key 106 

issue in mountainous regions 107 

worldwide (Leh et al., 2013; Mandal 108 

and Sharda, 2013; Haregeweyn et al., 109 

2013; Wang and Shao, 2013). 110 

Mountain soils develop in very 111 

sensitive environments subject to 112 

natural and anthropic disturbances 113 

(e.g. Cerdà and Lasanta, 2005; 114 

Vanwalleghem et al., 2011; Van der 115 

Waal et al., 2012; García Orenes et 116 

al., 2012), and they are often located 117 

at the interface with densely settled 118 

areas, which may be considerably 119 

affected by sediment release from 120 

upstream erosion (Ziadat and 121 

Taimeh, 2013; Cao et al., 2014; 122 

http://onlinelibrary.wiley.com/doi/10.1002/ldr.1139/full#ldr1139-bib-0027
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Lieskovský and Kenderessy, 2014). 123 

Similarly, watersheds of Turkey are 124 

located at mountainous areas and 125 

these areas mainly under the effect of 126 

soil erosion impact water quality and 127 

quantity. Furthermore, land use 128 

management practices are becoming 129 

increasingly important due to growth 130 

in improper land use in the country 131 

and existing considerable spatial 132 

heterogeneity in terms of land use 133 

and management, topography, and 134 

socio-economic conditions all over 135 

Turkey.  136 

 137 

Land degradation and especially 138 

soil erosion have long interval been 139 

studied for physical processes such as 140 

geography, geology, agronomy, and 141 

engineering using USLE (Boardman et 142 

al., 2013). USLE proceeds to be the 143 

most widely used model for soil loss 144 

estimations. Several studies have been 145 

performed in India (Ali and 146 

Sharda, 2005; Sharda and Ali, 2008; 147 

Narain et al., 1994) and other 148 

countries (Van Rompaey et al., 2002; 149 

Larsonm et al.,1997) to estimate the 150 

performance of the USLE in 151 

predicting soil loss under different 152 

situations (Mandal
 
and Sharda, 2013). 153 

Besides, in eastern Himalayan region 154 

potential soil erosion rates for different 155 

states of the region were estimated by 156 

collecting data on various parameters 157 

of USLE by Mandal and Sharda, 2013.  158 

However, Castro et al. (2001) 159 

criticized that the USLE has limited 160 

applications.  In the present study were 161 

tried to find a coefficient to modify the 162 

USLE, instead of the RUSLE that is a 163 

better and revised version of the 164 

USLE. The main reason of that data 165 

from previous studies was obtained 166 

from the USLE that is the most 167 

commonly model used in Turkey.  It is 168 

obvious that the use of RUSLE would 169 

be more perfect to achieve better 170 

results when in a similar study 171 

designed using actual data.   172 

Jayarathne et al. (2010) established 173 

that there is a strong positive 174 

relationship between land degradation 175 

and soil erosion, as well as land 176 

degradation and population density. 177 

Strong negative relationships were 178 

also observed between land 179 

degradation and land/man ratio. 180 

Boardman et al. (2003) stated the 181 

physical and socio-economic factors 182 

drive soil erosion; therefore, these 183 

factors need to be addressed in 184 

tandem. However, it is often the case 185 

that the studies on this subject are not 186 

given in an interdisciplinary fashion 187 

(Boardman et al., 2003). Given this 188 

view, evaluating physical factors with 189 

socio-economic factors is the best 190 

http://onlinelibrary.wiley.com/doi/10.1002/ldr.1139/full#ldr1139-bib-0001
http://onlinelibrary.wiley.com/doi/10.1002/ldr.1139/full#ldr1139-bib-0034
http://onlinelibrary.wiley.com/doi/10.1002/ldr.1139/full#ldr1139-bib-0022
http://onlinelibrary.wiley.com/doi/10.1002/ldr.1139/full#ldr1139-bib-0039
http://onlinelibrary.wiley.com/doi/10.1002/ldr.1139/full#ldr1139-bib-0013
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starting point for determining the 191 

degree of soil loss using two different 192 

disciplines. Additionally, Evans 193 

(1996) made an attempt with his 194 

assessment of the socio-economic and 195 

physical drivers, impacts and costs of 196 

erosion for UK and Wales. On the 197 

other hand, few studies have evaluated 198 

both physical and socio-economic 199 

factors, using the effects of settlements 200 

in the USLE method. However, 201 

Veldkamp and Lambin, (2001) states 202 

that the incorporation of socio-203 

economic drivers of land use change 204 

is critical for the accurate 205 

representation of land use change. 206 

Besides, as pointed out by Verburg et 207 

al. (2004), the integration of social, 208 

political, policy and economic factors 209 

into land use change modeling are 210 

often not successful because of 211 

difficulties in quantifying socio-212 

economic factors and integrating such 213 

data with other environmental data 214 

(Leh et. al., 2011). 215 

In the present study, socio-216 

economic factors were spatially 217 

considered as settlements including 218 

humans and animal shelters. Thus, 219 

cropping management (C factor) and 220 

erosion control practice (P factor) 221 

were used to estimate the contribution 222 

of socio-economic factors in the USLE 223 

(Wischmeier and Smith, 1962, 1965, 224 

1978; Lal, 1994). In addition, a 225 

calculation method was suggested to 226 

determine a coefficient that would 227 

consider the interactions of physical 228 

and socio-economic factors using a 229 

simulation method. The amount of soil 230 

loss resulting from human and animal 231 

influence in settlements was calculated 232 

using simple mathematical equations. 233 

Using this method, a coefficient that 234 

could distinguish between settlements, 235 

which consists of both humans and 236 

animals, and physical factors affecting 237 

erosion, was incorporated into the 238 

USLE for two small watersheds with 239 

the similar characteristics.  240 

In this study, we hypothesized the 241 

presence of settlements in the study 242 

area, where the impact on erosion in 243 

the USLE depended on the number of 244 

people and animals due to their 245 

settlements. The main objective is to 246 

determine the amount of erosion 247 

arising from these factors, thus, to 248 

ascertain the contribution of these 249 

factors within the USLE. 250 

 251 

2 Materials And Methods 252 

2.1 Description of the Study Area 253 

Two small adjoining watersheds 254 

(36° 54.074´ N; 30° 31.536´ E) 255 

covering areas of 700 and 800 ha, 256 

respectively, located in a small 257 

Mediterranean Watershed in Antalya, 258 
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western Turkey (Figure 1), were 259 

selected as the study areas. Thus, these 260 

watersheds with similar properties 261 

allow comparison with each other 262 

(Özhan, 2004). Hereafter, the 263 

watersheds were referred to as WS I 264 

and WS II; some of their features are 265 

described in Table 1. Additionally, 266 

open forest was a forest area not 267 

characterized by productive forest 268 

cover, due to destruction. Therefore, 269 

these forest areas were considered as 270 

dense and open forests in two 271 

adjoining watersheds. 272 

 273 

Figure 1. Location of the study area in 274 

Antalya, Turkey 275 

Table 1. Selected features of WS I and 276 

WS II obtained from GIS and past 277 

references (Doğan and Güçer, 1976; 278 

Arnoldus, 1977; Balcı, 1996; Cebel et 279 

al., 2013) 280 

 281 

Land uses of WS I are dense forest, 282 

open forest and lake constituting 630.4 283 

ha, 60.4 ha, and 9.2 ha that comprise 284 

of 90.08%, 8.68% and 1.31% of the 285 

total area, respectively. The total area 286 

of WS I is encompassed forest trees 287 

and other vegetation types. The cover 288 

layer of WS I (i.e., 700 ha) is 68% 289 

(Table 1). 290 

WS II includes dense forest (408 291 

ha), open forest (8 ha), lake (2 ha), 292 

orchard (255 ha), agriculture (68 ha), 293 

settlement (11 ha), and greenhouse (48 294 

ha), which consist of 51%, 1%, 0.25%, 295 

31.88%, 8.5%, 1.38%, and 6% of the 296 

total area in the watershed, 297 

respectively. The cover layer in the 298 

watershed is 40% and the total area of 299 

the watershed (800 ha) encompassed 300 

with forest trees and various types of 301 

vegetation. Altitude of the watersheds 302 

are 664 m and 316 m, respectively. 303 

Soil group and texture of the 304 

watersheds are Red Mediterranean 305 

Soil and clay loam (Table 1).  306 

 307 

2.2 Data from GIS, Previous 308 

Studies, and Use in USLE  309 

The USLE is used in Turkey as the 310 

most common mathematical model for 311 

predicting the amounts of soil loss in 312 

forests and rangelands. Previously, 313 

Turkey has been studied primarily 314 

with reference to the R, C, and P 315 

factors in the model (Doğan and 316 

Güçer, 1976; Çanga, 2006). 317 

The topographic features such as L, S, 318 

evaluation, aspect, etc., and land use 319 

data of the present study were 320 

obtained using GIS and other data 321 

such as soil group and factors in the 322 

USLE, which used to determine a 323 

coefficient in the USLE were obtained 324 

from previous studies (Doğan and 325 

Güçer, 1976; Arnoldus, 1977; Balcı, 326 
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1996; Cebel et al., 2013). Figure 2 327 

shows the working steps of factors in 328 

USLE to determine soil loss with 329 

USLE integrated in GIS (Fistikogli & 330 

Harmancioglu 2002). Parameters 331 

before the step D.E.M such as land 332 

covers and after the step D.E.M such 333 

as aspects, slopes, and LS factor  were 334 

mathematically calculated by GIS to 335 

determine the amount of soil loss for 336 

the watersheds. 337 

In addition, precipitation amounts 338 

were obtained from a single station, 339 

which was close to the two watersheds 340 

(Table1). The reason of that there are 341 

no sufficient meteorological stations 342 

which are both representing the 343 

watersheds. Therefore, precipitation 344 

amounts (1076.7 mm) were taken 345 

from only one station nearest to the 346 

both watersheds (Table 1). 347 

In the present study, slope length (l) 348 

and slope steepness (s) factors used to 349 

calculate L and S in the USLE were 350 

also obtained using GIS (Table 1). R 351 

factor, K factor (Table 1) were 352 

provided from data of previous studies 353 

obtained in the same area by Doğan 354 

and Güçer (1976), Arnoldus (1977), 355 

Balcı (1996) and Cebel et al. (2013). 356 

WS I was found to have experienced 357 

almost no human impacts, whereas 358 

WS II suffered from intensive human 359 

impacts. K factor representing the Red 360 

Mediterranean Soils (0.12) was used 361 

owing to the surface depth of the soil 362 

(Cebel et al., 2013) both in WS I and 363 

WS II. The soil group as the one was 364 

the moderately erodible soils for both 365 

WS I and WS II (Doğan and Güçer, 366 

1976) (Tables 1). Data relating to L 367 

and S of l and s (Tables 1) were 368 

determined to calculate equations from 369 

previous studies (Equations 1 and 2) 370 

(Balcı, 1976).  371 

 372 

Table 1. Soil erodibility factor (K) in 373 

terms of soil group, topographic, and 374 

land use data for WS I* from GIS and 375 

past references. Red Mediterranean 376 

soils (T); slope length factor (l); and 377 

slope steepness factor (s). 378 

Table 2. Cropping management (C) 379 

and erosion control practice (P) factors 380 

for WS I and WS II (adapted from 381 

Balcı, 1996) 382 

The values for the C and P factors 383 

reported by Balcı (1996) were 384 

determined for a study area with 385 

properties identical to those of the 386 

existing study described here; 387 

accordingly, they were considered to 388 

be most appropriate for use in this 389 

study (Table 2). The USLE can be 390 

presented as follows: 391 

A = KRLSCP                        (1) 392 

where, (A) is the annual soil loss 393 

(ton/ha/year). In Equation (1), the 394 
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impacts of slope length and steepness 395 

were usually combined into one single 396 

factor (Randle et al., 2003), known as 397 

the topographic factor (LS) (Balcı, 398 

1996), which can be computed as 399 

follows: 400 

LS=l
0.5

(0.0136+0.00965 s+0.00138 s
2
)(2)                                   401 

s (%) and l (m)  calculated to the LS 402 

factor for the studied watersheds were 403 

1.32 for WS I and 0.714 for WS II 404 

(Table 3). As can be seen in these 405 

tables, the K, R, C, and P factors 406 

established in the USLE for dense 407 

forests, open forests, orchards, and 408 

agricultural lands in both watersheds 409 

were obtained from previous studies 410 

(Doğan and Güçer, 1976; Arnoldus, 411 

1977; Balcı, 1996; Doğan et al., 2000; 412 

Cebel et al., 2013). Finally, all the 413 

factors of the USLE were used to 414 

determine the total annual soil loss 415 

(Table 3). It has been established that 416 

the K, R, L and S factors were 417 

represented in a distinct layer in the 418 

USLE (LIFE+ Programme, 2011), 419 

which explains why the potential and 420 

actual erosion amounts were not 421 

calculated for comparison (Table 3). It 422 

is well known that actual erosion 423 

values cannot be calculated for 424 

settlements and greenhouses. This is 425 

because these areas do not have 426 

enough vegetation cover to influence 427 

the calculations. The USLE can only 428 

be used to calculate actual erosion 429 

values; however, potential erosion 430 

calculations do not take into account 431 

land use and vegetation. As the two 432 

values cannot be compared, potential 433 

erosion values used for settlement and 434 

greenhouse areas. 435 

Table 3. Factors affecting the USLE 436 

and the soil loss amounts for WS I. 437 

Rainfall factor (R); soil erodibility 438 

factor (K); topographic factor (LS); 439 

cropping management factor (C); and 440 

erosion control practice factor (P). 441 

 442 

2.3 Data Analysis 443 

The available soil loss amounts and 444 

the degree of socio-economic factors 445 

for each of the watersheds were 446 

calculated with considering previous 447 

studies. Thus, it was expected that a 448 

coefficient could be added to the 449 

current USLE equation. A simulation 450 

method was used based on FORTRAN 451 

programming. 452 

All data of the study area were used 453 

to evaluate the contributions of the 454 

socio-economic factors to the total 455 

annual erosion (A) and find a 456 

coefficient in USLE. C and P values 457 

for the socioeconomic factors in the 458 

USLE were obtained from the average 459 

of C and P values taking their total of 460 

all existing values. In other words, to 461 

the coefficient for socioeconomic 462 
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factor as settlement were found using 463 

all C and P values to obtain an average 464 

value.  Subsequently, C and P factors 465 

were analyzed to find their averages. 466 

The contributions of socio-economic 467 

factors to the total annual soil loss 468 

amounts were established. In the 469 

process, simple mathematical 470 

equations were used to find the 471 

coefficient (Figure 3). These steps 472 

were shown on a flow chart modified 473 

from Fistikogli and Harmancioglu 474 

(2002) to check over the USLE and 475 

soil loss estimation, and finally 476 

mathematical processes to find a 477 

coefficient.  478 

Figure 2. Flow chart to estimate a 479 

coefficient using USLE in the study  480 

The calculation of the factors 481 

affecting soil loss amounts for WS I 482 

was completed using the traditional 483 

USLE, because this watershed was 484 

assumed not to be under the influence 485 

of any human impact. However, the 486 

annual amount of soil loss in WS II 487 

was determined using both physical 488 

factors used in the USLE and the 489 

modified coefficient in the USLE. 490 

The sequence of calculation steps 491 

aimed to generate the required 492 

coefficient. Accordingly, each 493 

progression was defined separately as 494 

follows;  495 

The total number of people and 496 

animals in the settlements were 497 

described as the socio-economic factor 498 

(Se); it was used to estimate the 499 

amount of soil loss in the settlement 500 

(Se_E). This equation used the ratio of 501 

settlement numbers in total watershed 502 

area (ha) multiplied by the amount of 503 

soil loss (A) from the USLE (Step 1). 504 

The second process was stated as 505 

effect of socioeconomic factors (Soc-506 

e-F_E), which was the amount of soil 507 

loss due to socio-economic factors 508 

were calculated using the amount of 509 

soil loss per person (Pp_E = Se_E / 510 

total Pp) and per animal (An_E = 511 

Se_E /total An) (Step 2) to find the 512 

contribution of socio-economic factors 513 

as settlements in A (ton/ha/year) (Step 514 

3). The ratio of (Soc-e-F_E) to A gave 515 

the coefficient (Step 4). This 516 

coefficient also represented the total C 517 

and P values contributing to the 518 

averages of the available C and P used 519 

in the study (Figure 3). 520 

Figure 3. Steps for calculating the 521 

USLE coefficient that represents the 522 

contribution of socio-economic factors 523 

to soil loss.  524 

 525 

 526 

 527 

3       Results and Discussion 528 

 529 
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The total area and altitude of the WS I 530 

and WS II were 700 ha and 800 ha, 531 

and 664 m and 316 m, respectively. In 532 

addition, slope was 27,43% in WS I 533 

and 14,82 in WS II (Table 1). Crown 534 

closure of WS I was found 40-70% 535 

and 20-35% for WS I and WS II, 536 

respectively. Although vegetation 537 

covers except for the lake areas in WS 538 

I and WS II were 68% and 40%, 539 

respectively (Table 1). We assumed 540 

that there was almost no human 541 

impact on WS I, howerever, WS II had 542 

an intensive human impact. Though, it 543 

should be accepted that the dense 544 

forest changed into the open forest by 545 

illegal logging, which can be called a 546 

human impact. The previous studies 547 

(Doğan and Güçer (1976), Balcı 548 

(1996) and Cebel et al. (2013) had also 549 

assumed that open forest already 550 

included illegal logging. According to 551 

even if only this data, it should be 552 

expected that the amount of soil loss in 553 

WS II would be considerably more 554 

than in WS I even though it had the 555 

lower percentage of slope. Similarly, 556 

dead cover on soil in WS I was 75-557 

85%, although in WS II was 40-70% 558 

(Table 2 and 3). Therefore, C and P 559 

factors for WS I and WS II was 560 

selected as 0.025-0.14 and 1.0 561 

(without erosion control management 562 

practices)-0.40 (with erosion control 563 

management practices) from previous 564 

studies. In this case, it was expected 565 

that the amount of soil loss in WS I 566 

could be less than WS II due to 567 

vegetation cover and structure. 568 

Zhongming et al. (2010) also stated 569 

that vegetation cover has an important 570 

role since the rate of soil erosion 571 

decreases as the vegetation cover 572 

increases. It also roles reduce the 573 

erosive impact of precipitation that is 574 

the same in both watersheds. For all 575 

that, LS in WS I and WS II was 1.31 576 

and 0.714, respectively. This means 577 

that undoubtedly the steeper and 578 

longer the slope, the higher the risk for 579 

erosion in WS II. Besides, P factor in 580 

WS II was 0.40 that it would definitely 581 

result in lower soil loss (Table 1 and 582 

2). In addition to all these, terraces and 583 

tillage methods used such as terraces 584 

and contours in Agriculture and 585 

Orchard land uses probably reduced 586 

the slope length and increased soil 587 

water moisture in WS II that they 588 

would result in lower soil losses 589 

(USDA, 2011) and higher water 590 

moisture in those for WS II and for 591 

Open Forest in WS I because of 592 

vegetation residues and contours. 593 

In the present study was considered 594 

the number of humans and livestock in 595 

terms of affecting the amount of soil 596 

loss in WS II. These values, which 597 

http://www.sciencedirect.com/science/article/pii/S0341816210001086
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consisted of 2,650 people and 3,100 598 

livestock according to the 2007 census 599 

year (Source: oral communication 600 

with Muharrem Akman who is the 601 

village headman), were used to 602 

calculate their effects or contribution 603 

to the amount of soil loss as socio-604 

economic factors in the area. 605 

Boardman et al. (2003) stated that the 606 

socio-economic, such as human 607 

population and livestock, contributed 608 

to soil loss and physical factors drive 609 

soil erosion.  610 

Data analysis was conducted in 611 

order to estimate to contribution of 612 

settlements as coefficient to WS I and 613 

WS II. At the first stage, all mentioned 614 

data was used to estimate to actual 615 

erosion, except for Settlement and 616 

Greenhouse areas due to no have 617 

vegetation cover, using USLE. After 618 

this stage, human and livestock 619 

impacts per unit of the amount of soil 620 

loss were established in the equation.  621 

Then the contribution of settlement on 622 

the total amount erosion of soil was 623 

identified by measuring kg. At the end 624 

of this stage, the amount of soil loss 625 

was calculated using USLE for WS I 626 

and WS II. All different C and P 627 

factors in the equation were simulated 628 

with combinations of them. After then, 629 

the means of the coefficients for each 630 

of combination with the amount of soil 631 

loss was determined. The means of 632 

these coefficients were identified as 633 

the correction coefficient of socio-634 

economic factors, which contribute to 635 

the amount of soil loss in USLE. The 636 

range of determining the coefficient 637 

through simulation was developed as a 638 

mathematical equation. The 639 

coefficient, which can be added as a 640 

correction coefficient, was calculated 641 

as 0.008. Therefore, the modified 642 

coefficient with USLE can be 643 

represented as 0.008A + A that had the 644 

correction coefficient was determined 645 

and stated as ± SE = 0.008 ± 646 

0.000944. This means that the rate of 647 

0.8% could be increase or decrease the 648 

rate of 0.000944 (± 11,8% of the 649 

coefficient). 650 

The calculated results of similar 651 

land uses in selected two watersheds 652 

showed that Dense Forests and Open 653 

Forests in the total area were 90,06%-654 

51% in WS I and 8,63% -1% in WS II 655 

while the amount erosion of those 656 

soils was 0,658 t/ha/yr-3,683 t/ha/yr in 657 

WS I and 0,7115 t/ha/yr-6,4034 t/ha/yr 658 

in WS II using USLE (Table 3). 659 

Besides, the amount of soil loss using 660 

modified coefficient that was 0.08% 661 

were 0,663 t/ha/yr-3,712 t/ha/yr in WS 662 

I while 0,7172 t/ha/yr-6,4546 t/ha/yr in 663 

WS II (Table 4). The results showed 664 

that the increase from modifying 665 
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coefficient was 0.005 -0,029 t/ha/yr in 666 

WS I while 0.0057 t/ha/yr-0.05123 667 

t/ha/yr in WS II, respectively (Tables 3 668 

and 4). Although these increases may 669 

seem less per ha, considering the 670 

increase in the total area of each land 671 

use may be understood that the 672 

amount of soil loss would be very 673 

much in both watersheds. In addition, 674 

the amount of soil loss in Orchard 675 

(225 ha) and Agricultural land (68 ha) 676 

was found 7,364 t/ha/yr and 0,0171 677 

t/ha/yr in WS II, respectively.  As 678 

mentioned above, the total amount 679 

erosion of soils for Settlements (11 ha) 680 

and Greenhouses (48 ha) were 681 

calculated as potential erosion owing 682 

to the lack of vegetation cover in these 683 

land uses (LIFE+ Programme, 2011; 684 

Savacı, 2012). The amount erosion of 685 

their soils were calculated as 1072,83 686 

t/yr and 4681,44 t/yr using l and s 687 

(13.5 m and 14.82%), respectively. 688 

This result also shows that vegetation 689 

cover plays a very important role due 690 

to land use surface. Jones et al. (2004) 691 

stated that its role is a factor mitigating 692 

soil erosion by surface water. Mandal 693 

and Maiti (2015) also stated that land 694 

use and land cover play a significant 695 

role to influence surface run off and 696 

slope material saturation. Besides, it 697 

was stated that socio-economic 698 

demand of the local people would 699 

aggravate the problems of soil loss and 700 

slope failure. According to the 701 

researchers surface water is an 702 

indicator of potential erosion and 703 

instability. In this context, it is 704 

possible and likely that forest and 705 

open forest areas of WS II might be 706 

damaged in case of more settlements 707 

due to more erosion problems. 708 

Changes in the amount of soil loss 709 

determined with the new equation in 710 

the present study were considered to 711 

be the result of human and animal’s 712 

settlements. The values of the amount 713 

of soil loss with the modified 714 

coefficient in the USLE are 715 

symbolized in Figure 4. 716 

Unquestionably, the amount of soil 717 

loss from USLE depended on 718 

biophysical factors as well as socio-719 

economic factors interacting with 720 

other factors such as cropping 721 

management (C) and erosion control 722 

practice (P) factors, however, in 723 

previous studies were not considered 724 

human population and livestock 725 

numbers as erodible factors in USLE. 726 

In view of the above lack, these 727 

erodible factors as called settlement in 728 

the present study were used to find a 729 

coefficient. As Okun et al. (1989) 730 

clearly pointed out that settlements are 731 

connected to ecological systems and 732 

environmental services because the 733 
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exploitation of natural resources 734 

directly impacts economical life line 735 

of the communities and ecological 736 

support of their system and 737 

sustainability of their communities.   738 

Considering that the sustainability of 739 

watersheds containing these socio-740 

economic factors, there is a need to 741 

understand their contribution to 742 

erosion in USLE. Jingan et al. (2005) 743 

and Halim et al. (2007) reported that 744 

biophysical factors contributed about 745 

65% to erosion, while socio-economic 746 

factors accounted for about 35%. The 747 

coefficient showed that socio-748 

economic factors evaluated in the 749 

present study affect the amount of soil 750 

loss in the watersheds, even if only 751 

slightly (Table 4). Undoubtedly, all 752 

factors change depending on 753 

biophysical conditions of watersheds 754 

such as topography, soil properties and 755 

climate as well as their socio-756 

economic factors. Therefore, in the 757 

present study determined coefficient 758 

represents just WS II.  759 

Table 4. Soil loss amounts without 760 

socio-economic factors in the USLE 761 

and with the modified coefficients 762 

 763 

 764 

 765 

4       Conclusions 766 

The settlement area in WS II is very 767 

small, such that the contribution of 768 

socio-economic factors appears 769 

limited. Admittedly, 0.8% of the 770 

increase could be very minimal. 771 

However, it is highly possible that the 772 

amount of soil loss would increase in 773 

large settlement areas. It could be 774 

accepted that coefficient is a safety 775 

factor for WS II due to its unique 776 

properties. The decisions of the local 777 

authorities should be considered in this 778 

context, since Antalya is a resort area, 779 

however, a densely populated with a 780 

terrible air temperature in the 781 

summers. Hence, there are an 782 

increasingly tendency to build 783 

settlements in the mountainous areas. 784 

Therefore, it is highly likely that risk 785 

of soil loss in mountainous areas 786 

described as plateau would increase in 787 

the future.  788 

There is a need to improve existing 789 

methods to estimate the amount loss of 790 

soil. This approach will be studied to 791 

obtain coefficients representing all 792 

socio-economic factors in many 793 

watersheds. Thence, it will be possible 794 

to develop a new method that allows 795 

reducing soil erosion risks and 796 

improving watershed management 797 

plans. 798 

 799 
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Table 1. Selected features of 
*
WS I and WS II obtained from GIS and previous studies, and soil erodibility 

factor (K) in terms of Soil Group, some data from GIS and previous studies
*
 of WS I and WS II. Red 

Mediterranean soils (T); slope length factor (l); and slope steepness factor (s). 

 

Study area features WS I WS II 

Location Antalya Center Antalya Center 

Area (ha) 700 ha 800 ha 

Annual Precipitation (mm) 1076.7 mm 1076.7 mm 

Altitude 664 316 

Vegetation Cover (%) 68 (except lake) 40 (except lake) 
*
Soil Group 

*
Texture 

Red Mediterranean Soils (T) 

Clay Loam  

Red Mediterranean Soils (T)  

Clay Loam 

Human Impact 
*
K Factor 

(0–15 cm) 

Total Area (ha) 

Dense Forest (ha) 

Open Forest (ha)  

Lake (ha) 

Orchard (ha) 

Agriculture (ha) 

Settlements (ha) 

Greenhouse (ha) 

Aspect    

Length 

22,1 

185,5204^0,5 

s (%) 

Max. Length  

Min. Length   

Difference L 

l (m) 

Almost no human impact  

 

0.12 

700 

630,4 

60,4  

9,2 

--- 

--- 

--- 

--- 

Southeast 

4100 

 

 

27,63  

1230 

97 

1133 

13,62 

Human impact  

 

0.12 

800 

408 

8 

2 

255 

68 

11 

48 

Southeast 

3765 

22,1 

170,362^0,5 

14,82  

1230 

37 

558 

13,05 
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Table 2. Cropping management (C) and erosion control practice (P) factors for WS I (adapted from Arnoldus 

(1977) and Balcı (1996) 

 

WS I Dense 

Forest 

(630.4 ha)  

 

 

 

 

Open 

Forest 

(60.4 ha) 

 

Features  

 

Mid-frequency, 40-70% crown closure, dead cover 75–85% of the soil cover, status 

of the flora of the soil cover. Not Protected (Arnoldus, 1977). 

P: 1.0 (no erosion control practice) 

 

Sparse forests or trees deprived of short bushes, 50% coverage,  

40% closure of soil surface  

P: 0.40 (vegetation residues on the soil strips and tillage toward contours) 

 

 

 

 

WS II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dense 

Forest 

(408ha) 

 

Open 

Forest 

(60.4 ha) 

------------ 

Orchard 

(255 ha) 

 

Agriculture  

(68 ha) 

 

Settlements  

(11 ha) 

 

Greenhouse  

(48 ha) 

Often sparse, 35–20% crown closure, dead cover 40-70% of the soil cover, status of 

the flora of the soil cover. Not Protected (Arnoldus, 1977). 

P: 1.0 (no erosion control practice) 

 

Adequate bush or shrub, 25% coverage, closure rate of 20% of the soil surface  

P: 1.0 (no erosion control practice) 

 

------------------------- 

Rare trees, coverage 25%, covering the soil surface flora 20% 

P: 0.90 (agriculture on contours) 

 

Tall grasses (Fabaceae) closure 50%, 95% of the soil surface cover 

P: 0.16 (terracing and agriculture on contours) 

 

Coverage 15%, 100% of the soil close (without C and P factors) 

 

 

Coverage 90%, 100% of the soil close (without C and P factors) 
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Table 3. Factors affecting the USLE and the amount of soil loss for WS I. Rainfall factor (R); soil erodibility 

factor (K); topographic factor (LS); cropping management factor (C); and erosion control practice factor (P). 

 
Watershed    Land Use R  K  LS  C  P  A 

(t/ha/yr) 

Total soil loss amounts in terms 

of land use  

(t/yr) 

WS I Dense Forest 

(ha)  

 

Open Forest (ha) 

415.2 

 

 

415.2 

0.12 

 

 

0.12 

1.32 

 

 

1.32 

0.01 

 

 

0.14 

1.0 

 

 

0.40 

0.658 

 

 

3.683 

414.80  

 

 

222.45 

WS II Dense Forest  

(408 ha) 

Open Forest  

(8 ha) 

Orchard  

(255 ha) 

Agriculture 

(68ha) 

415.2 

 

415.2 

 

415.2 

 

415.2 

 

0.12 

 

0.12 

 

0.12 

 

0.12 

 

0.714 

 

0.714 

 

0.714 

 

0.714 

0.02 

 

0.18 

 

0.23 

 

0.003 

1.0 

 

1.0 

 

0.90 

 

0.16 

0.7115 

 

6.4034 

 

7.364 

 

0.0171 

8449.68 

 

1490.88 

 

54651.60 

 

33.80 

 

Settlement  

(11 ha) 

 

 

Greenhouse (48 

ha) 

 

 

 

 

415.2 

 

 

 

415.2 

 

 

0.12 

 

 

 

0.12 

 

 

l: 13.05  

s: 

14.82% 

 

l: 13.05  

s: 

14.82% 

 

 

--- 

 

 

 

--- 

 

 

--- 

 

 

 

--- 

 

 

--- 

 

 

 

--- 

Potential erosion 

 

1072.83 

 

 

 

4681.44 
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Table 4.  The amount of soil loss without and with modified coefficient in the USLE  

 

 

 

 

 

 

WS I  

 

 

 

 

Area  

(ha) 

The amount of soil loss 

without socio-economic 

factors in USLE (t/ha/yr) 

The amount of soil loss with 

modified coefficient in 

USLE (t/ha/yr) 

Difference between two 

amount erosion of soil 

(ton/ha/year) and contribution 

of coefficient (%) 

    

A (t/ha/yr) 

 

 

0.008A +A  

 

(0.008A+A)-A  

Dense Forest 630.4 0.658 0,663 0,005 

Open Forest 60.4 3.683 3,712 0,029 

 

WS II  

Area  

(ha) 

   

 A (t/ha/yr) 

 

0.008A +A  

 

(0.008A+A)-A  

Dense Forest 408 0.7115 0,7172 0.0057  

Open Forest 8 6.4034 6,4546 0,05123  

Orchard 255 7.364 7,423 0,05891 

Agriculture 68 0.0171 0,01724 0,000137 

 
 

 

 

 

 

 


