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3- Temporal distribution pattern of rainfall
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Fig. 1. Distribution of rainfall intensity histogram in Qoltuq
Station, Zanjan for (2001-2011)
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Fig. 3. A view of designed rainfall simulator and erosion

plots used in the study
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Fig. 2. Temporal distribution of rainfall intensity in some of
natural rains of the region in Qoltuq Station, Zanjan
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Table 1. Temporal distribution patterns of rainfall
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Table 2. Soil properties of studied soil

e S sl S
Value Soil properties
56.2 Sand () (1) oy
23.1 Silt () (1) S
10.43 Gravel (/) (1) o3 Ko
144 Bulk Density AL o sata o
(g.cm”) (oS e Bl 20 5)
241 Particle Density Sk 0 geae b o
gem) (e o gl 0.9)
a8 MWD ol s Gl gl
(mm) Grabee)
7.5 pH R
594 EC Sl culaa
(dsm™) o r pias 3 gwo)
1.05 Organic Matter (1) (1) Jesks
13 Calcium Carbonate ) Jstas .
Equivalent (/) ) e s S
13.7 CEC Sl b
@mOlkg) (A8 1k de AL

3y90 S g el Jlesle b ol ow) o) 3L sl als
/) olre eeds Ol S b Slade gl ol b 4 anllas
CW\ S wl:)‘} ;;AT 6\.&&[)— ojji):)ebﬁ (M)J
s O3 sl Gl gl B s S g pd il
AL opate o 03p W Corpe 0 S 5 o ke
Sy SK Gl s 0 Sl S5l Dol e b s S
J)JQJ:JL“LVS(JTOJLA)&))LSM‘)E
Sl S Sl o (Sl e Sl 0sa3T s el
ShesleSs Sl oS5 I ctleS 8 SHok
ol (P Jsde) Sl sy S s 5 Ololy, W s
o)oujsg.lﬂjb;J})QQJJASQTJ?)l{.Jﬁ;J})LfQJA
0 o310 & 55 (S S p sl Lol il (il sl s B (adds
S LD o pe g sbse 53 pl 5 (1 adr) S3L LAl aids
G S Sl e 5 s Sl My 5l Sl
Sl sl (G5 8 5 el i) Sl o S s
[T 0Len 5 dam! glaasly b b ol sl Saulo s Lo
m8 Sl @Sl as sl Ol Ol S sy ool dls & ke
Sl gme Sl Coya 5 Ololy, W Ol Sl

IYAF bl - YA 8 ylows — o JWo

\Y

Jloel 5 g GRINY x 1SS 0) 238 bl aals (55 s
5835 Gand gy 5 S0l b e OLL sl s
0303 3 010 K w503 S b slon LS 03508 51
el b Wiseld 53 3950 sy iyl s s ails 5 ol
R R PRI P ISTEPRN - K SOt PR (R FC |
G Slus Y] s § i cole Y8 S w3 S sl
gl a Gy OS a 0d cpm) [S e s 3 sy

J.AT Cewd

S sl Sy o -

S o M S gt 5 (Suid S S s e Gl
o310 dj}? A Ay df"ﬁ;ﬂw\" U o Ges 3l auly S 3
a el 1] G assden oy a (G 5 She (08 3
DM sk s 4 Gl dals s b (3]s 5 (Sl o)
o S Ao pn V0] e sSy ps & i o st p
AT Gl 5 s 4 Jolas dS iy $ Y] iy i
oo 3l asliad L pldl JS oyl s Sl () ST
Shesliad b Ll K oslas 5 Sl colaa 5[] 2 pH
Joee O 9ol 53 riomen L LAS S Se3[YA] 26 EC ol&as
Dk Sl eslinal b g a2 pass p o (S el Sl
e e O e Sl b hs g e il 0 gl 4 VY] 5k
sbhalisls 5 5 S gy ool g dlss glul s S
Yo o b SO o8aus aewy &0 e e A BV L3 L
a3 555 eSSle 5 (Sl aids S e @ adds 3 0
T8 3 8 o L slalass

Laosls fuloes —

5l besls (St a5 STty gbeesls 4 3l i
s ol Suis 5 S ool 5l eslizal bz s Jo
bt Sl esliad b 5 Jbe e slaesls .3 8515 L)l
5 ololy W 5 ool s S Jby (s Lde) Jseme
5 ety e St b S oSl e Sl Sy sus
sl iz A ey ot O3 Lol pS Sl oS
1) Sk eSS Ol Sk b e 5 Slol, s
ol o 53 S0l Sle 4l Ol 5l estaad L (X
oy Uil 5 St b psia Olpe  alatly A3 oy /00
(b 5 oo (o) Clien wlgs Sl eslizad b LOLL S 3
Slp o dd s R s o 2 0 AL il ()
e St 3 VA a5es SPSS il 5 Sl bl slaslS pl
3,8 eslnal YoV o asels Excel J\)-_él(ajj Shla pove

o 9 b

Ol 851536541 ooin 5 oghe



S e 5 S0l Cal Sbyls 4 —Ed s
SHL Gl mig il b S
Table 4. Analysis of variance of runoff and soil loss

between nonuniform patterns and uniform pattern
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Table 3. The mean differences between runoff and soil loss
in the nonuniform patterns and uniform pattern
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Fig. 4. The mean difference of runoff in temporal distribution patterns of rainfall
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Table 5. Analysis of variance of runoff and soil loss in

advanced, intermediate and delayed rainfalls

ol

Slsme plaw  F ax o e
bl Slay e
Significant Mean
df Source
Level Square
0003 6497 2 0732  Runoff
- - 42 0.113 Error st
Soil Loss - ;
0.002 7614 2 17.584 oo
Sk
) ; 4 2300 BrTor

ol s s 5 e sl i oS a4 s Sl A
23 SHL Rl s S 50 cusby W4 O 5t skl
Sl U ol G gl ol 0dE S5 el iy sl LS
3,5 0l o K sty cpl.cils il [0 ] 0L Ken 5 5855,
SIS 4 S S 25 Ol e 03181 i (slaLS ) 55 48
SR 5 b S 5 el (s s S0 e S s
La)l.:f)d.i\ A Ol sl iy s, s S el L;JWW;-
BT (AR P Ve v S S P P I PRI H R W
Azils es S s baslS v cas ) S
daf, K S Coypda 5 Olols, o 45 sl OLES =W
Las sk o (v IS8 cils sy R'=0/V0) (g)ls o
sl il et jgb 4 S b (Olols, il
CF ot Sl W5 Skl slls &8 (SXL 51 e S S35
c>1.>'C)J':;“ij.é.M\JELSJJYQ‘_;J;{Q}:)}@)J4{~U:){

IYAF bl —TYQ 8 lows — oo JW

\o

© O, g Sab G &S das e Ol 5 [YA] o s8
Sldlas el J5e Clolg, W 5 S (g pdid e js Ul
JJWL)AL;)LS) G.JAS:J: OLad 5o [V ] O 5 5255,
el S s s Olols, e
S O S Cdyda &;TQ\}) J:f.:l.:a ds L
sy Olad (o35 15 5 b @bl i) CxlesS e Sl
Sl 5 el iy el @ e by LS, 3 S
Sl Chyas geaen 5 Grede V¥ Ololy, 3 S 0o
O b @l ool (U USKE) 55 F ke (e p S TTY)
g‘KW' SIL a5 L ol LS, 5o oS 5 S PVl
35 e 3 A 33 Sy 25 (S adyl Sy Sl
Ao Sds S o 8 Sl o JalBlb SaoL Lyl
St s g 25 s 4 58 S o O 5 5 ooy s
e Ldg LOLS ) o Jedolu b LS, cpl sl S8l
5 N0l 038 3 SLaLS ) & Cod 5 sl i slaslS s
305 SAOL Lol 53 Lol cpl 53 s S ke St 2o, e
&))M);.JTQ‘)J;S\J})SL}GJM%}JC&Q‘YLQM
J 0T Sad 2alS sy by Sk sl s S
g;_'e))Mjgwl,)dl}'L;ﬁjﬁsjuu,':.alsjsu%wsgp\.u
5 10l Ol o3l i slaylS 5 H3 3 VU Olmes S
S o3 ANAY 5 e s AN LS 5 4 S s e
g P8 G s S o SLolS ) s s e S s sballs
3ol 5 S Ui S s Sk o sl
SIS G S B Sk o RIS L e ST
R ApS (SAL 0ddphd culg 53 5 OLL LS psl s 4
(e S VAN St o ppua 5 ook +/10) Slol,
o8 5 55 sl S O hass ol m A edalia
055 3 saylS, 3 as s S glS L')b_(&ajji ol os [YA]

Ol Sl 5l (owsiaen 9 ool



. A ¢
g | v=21518x+15277
R*=0.7598, p=<0.001 .

7
g
."
Ja 6
=
4 s
@
D 5 4
N =

[=]

4, @ 3
h
X,

1

0 , , ,

0 1 2 3
(o hee) 10055
Runoff (mm)

Gl s Sy de 5 Ololg, o dal, -V S
SHL wg il
Fig. 7. The relationship between runoff and soil loss in
various temporal distribution patterns

&Uo

1. Ahmed, S. 1. Rudra, R. P. Gharabaghi, B.
Mackenzie, K. and Dickinson, W. T. 2012. Within-storm
rainfall distribution effect on soil erosion rate. International
Scholarly Research Network. 4: 1-7.Assouline, S. and Ben-
Her, M. 2006. Effect of rainfall intensity and slope gradient
on the dynamics of interrill erosion during soil surface
sealing. Catena. 66: 211-220.
G. I
improved for making particle size analysis of soils. Agronomy
Journal. 54(5): 464-466.

3. Burt, R. 2009. Soil survey and laboratory methods

2. Bouyoucos, 1962. Hydrometer method

manual (1™ Ed.). United States Department of Agriculture,
Lincoln, 700p.

4. Ciampalini, R. and Torri, D. 1998. Detachment of
soil particles by shallow flow: Sampling methodology and
observations. Catena. 32: 37-53.

5. Corona, R. Wilson, T. D’Adderio, L. P. Porcu, F.
Montaldo, N. and Albertson, J. 2013. On the estimation of
surface runoff through a new plot scale rainfall simulator in
Sardinia, Italy. Procedia Environmental Sciences. 19: 875-
884.

6. Defersha, M. B. and Melesse, A. M. 2012. Effect
of rainfall intensity, slope and antecedent moisture content

on sediment concentration and sediment enrichment ratio.

IYAF bl - YA 8 ylows — o JWo

"1

Soill Loss (gm)

[ ot ol Tl
Bnoff {nam)
L=

Sy 5 Slolyy 5file dmlie -1 K3
it sla,lS ) s
Table 6. The mean differences of runoff and soil loss in
various rainfalls

s D100 S bl 51 s s e £ 55 S sl
Sl b il e b il b s S ol Jlsl ele
o St o 516 5 20 D3 s 4 Skt s Sloly,
o) Gl 53 [TE] P55 slaasl [Y) 5 \V] s Jame
GLObL o 1K ol sbspol S GL2 el ps 2 p )
Ol dl oo 55 53 e Jole SOl &S 5ls 0L 55 ab

D St b da

S 5 o

A o Sl e 5 Slols, A5 S sl 0l s
L oslsl e glaslS, L3 aols L3 (Sl Sl mis oS
Sl Cusby s as (Sasb Ll s 0L VL s s g
SLolS, Sl 5pS Sl o0 Sl W 5 Sy 5
2 SNk SAE S e &S e S LS 5s s Gl
AW g Sl G B S o sl 3 Sk S
Rl bzl (o3l Rl O g3 L bl oy b Sk s
PSS e 0AS wlad 5 OLL eSS ol s 4 J
35 ol sl LS 5 3l sdaline St by 5 S0l Ol e
A5 03 53 ol OLL e S s S0 L
53 S, nl 533 FeS Soe cnl b S 23550 5 ST,
s i 53 5 dewy sl S o 5 ((S0L Sl Ll
e 5 8L Gl Ol A5 S g pd s il Jals
5 ol s ((SUL sl b s As St a5 e
credul 3 ba LS ol 5 YL Olomen St by yds amd o
w)ﬁﬁﬂsfowdiﬁjkd\@uéfjjb@.V\JJ){LA)SJ
50l W Ol 4 0 2 sl SHL s Sl S
s ¢S g AT el g5 oLl Sl iy e
e adlane G 53 LOLL Sl b 335 55505 55 Sk Sl

'”de‘ CEU

Ol 851536541 ooin 5 oghe



363 p.

18. Kavian, A. and Mohammadi, M. A. 2012. Effect
of rainfall type on runoff and sediment yield in plot scale.
Journal of Range and Watershed Management, Iranian
Journal of Natural Resources 65(1), 117-130.(In Persian)

19. Klute, A. 1986. Methods of Soil Analysis, Part 1,
Physical and Mineralogical Methods (2" Eds.). Madison,
Wisconsin, 87 p.

20. Liu, H. Lei, T. W. Zhao, J. Yuan, C. P. Fan, Y. T. and
Qu, L. 2011. Effects of rainfall intensity and antecedent soil
water content on soil infiltrability under rainfall condition
using the run off-on-out method. Journal of Hydrology. 396:
24-32.

21.  Mamdov, A. I. Huang, C. and Levy, G. J. 2006.
Antecedent moisture content and aging duration effects on
seal formation and erosion in Smectitic soils. Soil Science
Society of America Journal. 70: 832-843.

22.  Mojaradi Gilan, H. R. Salajeghe, A. Jafari, M.
Ahmadi, H. and Bihamta, M. R. 2008. Evaluation effect of
rainfall temporal pattern on runoff producing and rainfall
erosivity using rainfall simulator. In: 4th National Seminar
on Watershed Management Sciences and Engineering, 20-21
Feb., Tehran University, Karaj, Iran.(In Persian)

23.  Nichols, M. H. 2006. Measured sediment yield rates
from semiarid rangeland watersheds. Rangeland Ecology &
Management. 59: 55-62.

24.  Ollesch, G. and Vacca, A. 2002. Influence of time
on measurement results of erosion plot studies. Soil & Tillage
Research. 67: 23-39.

25.  Page,M.C. Sparks, D. L. Noll, M. R. and Hendricks,
G. J. 1987. Kinetics and mechanisms of potassium release
from sandy middle Atlantic Coastal plain soils. Soil Science
Society American Journal. 51: 1460-1465.

26. Parsons, A. J. and Stone, P. M. 2006. Effects of
intra-storm variations in rainfall intensity on interrill runoff
and erosion. Catena. 67: 68-78.

27. Rao,K.P.C.Steenhuis, T. S. Cogle,A. L. Srinivasan,
S. T. Yule, D. F. and Smith, G. D. 1998. Rainfall infiltration
and runoff from an Alfisoil in semi-arid tropical India. II.
Tilled systems. Soil & Tillage Research. 48: 61-69.

28.  Rhoades, J. D. 1982. Soluble salts, In: Page AL
(Ed.), Methods of soil analysis: Part 2, Chemical and

microbiological properties. American Society of Agronomy,

IYAF bl - YA 8 ylows — o JWo

\V

Catena. 90: 47-52.

7. Donjadee, S. and Chinnarasri, C. 2012. Effects of
rainfall intensity and gradient on the application of vetiver
grass mulch in soil and water conservation. International
Journal of Sediment Research. 27: 168-177.

8. Duiker, S. W. Flanagan, D. C. and Lal, R. 2001.
Erodibility and filtration characteristics of five major soils of
southwest Spain. Catena. 45: 103-121.

9. El Kateb, H. Zhang, H. Zhang, P. and Mosandl, R.
2013. Soil erosion and surface runoff on different vegetation
covers and slope gradients: A field experiment in Southern
Shaanxi Province, China. Catena. 105: 1-10.

10.  Flanagan, D. 2002. Erosion Encyclopedia of Soil
Science. In: Lal, R. (Ed.), New York, Marcel Dekker. Pp:
395-398.

11.  Frauenfeld, B. and C. C. Truman. 2004. Variable
rainfall intensity effects on runoff and interrill erosion from
two Coastal Plain Utlisols in Georgia. Soil Science. 169:
143-154.

12. Gee, G. W. and Bauder, J. W. 1986. Particle size
analysis. In: Klute, A. (Ed.), Methods of Soil Analysis.
America Society of Agronomy, Madison. Pp: 383-411.

13.  Gungor, H. and Dudu, D. 2012. Relations between
erosion and water and the case of Eskisehir. 8" International
Soil Science Congress on “Land Degradation and Challenges
in Sustainable Soil Management”, 15-17 May, Ege University,
[zmir, Turkey, Pp: 318-322.

14. Hamdami, G. Najafinejad, A. Bordisheikh, V. and
Azimmohseni, M. 2011. Nomination of the effect of the
slope and rainfall intensity on the amount of soil erosion by
using rainfall simulator. National Conference on Modern
Agricultural Sciences & Technologies. Zanjan University,
Zanjan, Iran. (In Persian)

15.
semi-arid areas (1" Ed.). Food and Agriculture Organization
of the United Nations, Michigan, 172 p.

16. Jin, K. Cornelis, W. M. Gabriels, D. Baert, M.
Wu, H. J. Schiettecatte, W. Cai, D. X. Neves, S. D. Jin, J.
Y. Hartmann, R. and Hofman, G. 2009. Residue cover and

Hudson, N. W. 1987. Soil and water conservation in

rainfall intensity effects on runoff soil organic carbon loess.
Catena. 78: 81-86.

17.  Jones, J. B. 2001. Laboratory guide for conducting
soil tests and plant analysis (1" Ed.). CRC Press, Florida,

Ol 81031 i 5 ogfe



35.  Vasquez-Mendez, R. Ventura-Ramos, E. Oleschko,
K. Hernandez-Sandoval, L. and Dominguez-Cortazar, M. A.
2011. Soil erosion processes in semiarid areas. In: Godone
D and Stanchi S (Eds.), Soil erosion Studies. InTech, China.
Pp. 25-27.

36.  Westerm,R. L. 1990. Soil Testing and Plant Analysis
(3" Ed.). Soil Science Society of America, Wisconsin, 755
p-

37.  Xue,J.and Gavin, K.2007. Effect of rainfall intensity
on infiltration into partly saturated slopes. Geotechnical and
Geological Engineering. 26(2): 199-209.

38. Zhang, K. Li, S. Peng, W. and Yu, B. 2004.
Erodibility of agricultural and loess plateau of China. Soil
Tillage Research. 76: 157-165.

39.  Zhou, P. Luukkanen, O. Tokola, T. and Nieminen,
J. 2008. Effect of vegetation cover on soil erosion in a

mountainous watershed. Catena. 75: 319-325.

IYAF bl - YA 8 ylows — o JWo

\A

Soil Science Society of America, Madison. Pp. 167-179.
29. Romkens, M. J. M. Helming, K. and Prasad, S. N.
2001. Soil erosion under different rainfall intensities, surface
roughness, and soil water regimes. Catena. 46: 103-123.

30.  Sharon, D. and Kutiel, H. 1986. The distribution of
rainfall intensity in Israel, Its regional and seasonal variation
and its climatological evaluation. Journal of Climatology. 6:
277-291.

31. Thomas, N. P. and El Swaify, S. A. 1989.
Construction and calibration of a rainfall simulator. Journal
of Agricultural Engineering Research. 43: 1-9.

32.  Toy, J. T. Foster, G. R. and Renard, K. G. 2002. Soil
Erosion: Processes, predict, measurement, and control (1
Ed.). John Wiley and Sons, New York, 352 p.

33. Truman, C.C. Strickland, T. C. Potter, T. L. Franklin,
D. H. and Bosch, D. D. 2007. Variable rainfall intensity and
tillage effects on runoff, sediment, and carbon losses from a
loamy sand under simulated rainfall. Journal of Environment
Quality. 36(5): 1495-1502.

34.  Umakhanthan, K. 2002. Estimation of the spatio-
temporal Heterogeneity of rainfall and its importance towards
Robust catchment Simulation, Within a hydroinformatic
environment. Ph.D. Dissertation. Faculty of Engineering.

University of New South Wales, 342 pages.

Ol 851536541 ooin 5 oghe



iRy - sole @ b

Ol 812584l (wsige 5 pols
Iran-Watershed Management
Science & Engineering

Vol. 9, No. 29, Summer 2015 IVAF bl —YQ o )lows — ot JWw

Abstract

Soil Loss under Simulated Rainfalls Rainfall During Events on Runoff and Soil Loss
under Simulated Rainfalls

F. Besharat' and A.R. Vaezi?
Reccived: 2013/04/28  Accept: 2015/01/24

Rainfall intensity is one of the most important factors in soil erosion. Variation of the rainfall intensity
during a storm event which is defined as temporal distribution pattern of rainfall may affect temporal
variation of runoff and soil erosion. This is an essential problem to accurately estimate rainfall erosivity
particularly in semi-arid regions, where various patterns of temporal rainfall distribution occurs during a In
this study, eleven non-uniform temporal distribution patterns with basic intensity of 20 mm.h-1. maximum
5-min intensity of 40 mm.h-1 along with an uniform temporal distribution pattern with 20 mm.h-1 in
intensity were investigated at twelve erosion plots (60 cmx 80 cm) installed in a hillslope with 9% slope
in 2012. Each plot was exposed to five simulated rainfalls. There were significant differences among
temporal distribution patterns in runoff and soil loss. These differences were associated with soil surface
breakdown and declining infiltration rate during peak rainfall intensity period. In the intermediate rainfalls,
which the maximum intensity occurred at the middle time during rainstorm, there was the highest value
of runoff (1.39 mm) and soil loss (30.31 g.m-2). In these storms, soil was slowly disrupted and wetted by
raindrops at early times during the rainfall. However, when rainfall intensity increased, runoff and soil loss
remarkably increased and this condition was approximately constant over time. In the advanced rainfalls,
amount of runoff and soil loss were 98.51% and 98.63% as compared to the delayed rainfalls. In the delayed
rainstorms, although rainfall intensity severely increased at the final periods during the event, the lowest
runoff and soil loss occurred because the duration of the maximum intensity was relatively short and the

rainfall was immediately stopped.

Keywords: Simulated rainfall, Rainfall intensity, Erosion plot, Semi-arid region
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