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Abstract—In recent years, most of the regions in the workdl a Il. MATERIALS AND METHODS
exposed to degradation and erosion caused by Binga 2.1. Study Area
population and over use of land resources. The rstateling of With an area of more than 66 km2, the Aliabad basin
the most important factors on soil erosion andreedt yield are |ocated at 50’ 17’ to 50’27’ longitude and 32’39 3@'46
the main keys for decision making and planningthis study, the |atitude. The basin is divided into 7 hydrologicteraheds.

sediment yield and soil erosion were estimated taedpriority of ; :
different soil erosion factors used in the MPSIACtmoe of soil Figure 1 shows the location of the study area.

erosion estimation is evaluated in AliAbad watetsire southwest

of Isfahan Province, Iran. Different informationyéas of the

parameters were created using a GIS technique. ,Tlaen
multivariate procedure was applied to estimatersedt yield and

to find the most important factors of soil erosinrthe model. The

results showed that land use, geology, land arldceger are the

most important factors describing the soil erosastimated by

MPSIAC model.

Keywords—Iland degradation, Soil erosion, Sediment yield,
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I. INTRODUCTION

OIL erosion is the most important limitation foreth
sustainable development, optimal land and water
management and development. In recent years, most_o . .
the regions in the world are exposed to degradatiog 22 Physical properties of watersheds .
erosion caused by increasing population and overafs | "€ Physical properties of the watershed used iSME
land resources. Logan et al., [6] expressed thantred for &€ used in the GIS techniques.
quantifying soil erosion processes and factorsnassaential . .
task for investigators. These factors include einfunoff, 2-3- Satistical analysis _ L
soil physical properties such as structure, texiufdtration !N order to define most important factors of saibsion
which are used in different empirical methods foosion ~Pased on the MPSIAC method, multivariate techniquere
estimation like MPSIAC (Modified Pacific South waster ~a@Pplied. These multivariate techniques are “Priakip
Agency Committee). Zachar [7] stated that natumal a Component Analysis, PCA” which |s_used to f!nd _thest
human factors are the most important factors dffgcsoil ~ ffective factors and “ Cluster Analysis” whichapplied to
erosion by water. Johnson and Gebhardt [5] intredua classify the watersheds based on the most impofaaturs
modification of the PSIAC method called” Modified derived from PCA . Multivariate techniques are coonm
MPSIAC”. This method has 9 parameters: surfaceaggol methods for classifying physical and statisticaltada
soil, climate, runoff, relief, land cover, land usaurrent Principal components and cluster techniques are insthis
status of the basin erosion and river erosion.dfatal., [2] Study to find the most important factors on sodséon and
demonstrated the advantages of the modified mettioch 1€ classify the watersheds based on these factors.
can be used in regional decision making and manegem o )
planning. 2.3.1: Princi pal Component Analys_s _ _

Soil erosion in Iran is increasing in recent yeansl has ~ Principal Component Analysis” was first applied to
reached to an alarming stage which needs urgestiatn, educe a large data matrix into some importantofact
In this study, the MPSIAC method was applied toneste  (Principal Components). The first principal compoinés
soil erosion and sediment in the ungaged Aliabairhaear the linear combination of the original variableattbaptures

Chadegan in the western region of Isfahan Province. as much of the variation in the original data assfirle. The
second component captures the maximum variationisha

uncorrelated with the first component, and so on.

Fig. 1 The location of the Alibad basin
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2.3.2. Cluster Analysis
The use of cluster analysis involves the groupirfg o
various observation or variables into clustershshat each

Vol:4, No:4, 2010

TABLE llI

EROSION CLASSES OALIABAD BASIN (GHOLAMI, [4])

lust . d of ob ti iableg Erosion sign of Definition of Erosion Area % from
cluster is composed of observations or varial eangal type erosion type types Km2) | total
similar characteristics such as geographical, aysi 1 Eo Initial surface erosion | 5 og 7.48
statistical or stochastic behaviour. We apply thaimm Surface erosion and
hierarchical type of cluster technique in this stuthere are 2 El low rill erosion 432 | 646
several methods in hierarchical cluster and thed/aethod surface erosion and rill
is used with the best results (Gabson, 1992). erosion and low gully
3 S1R1G1/Scrfchl erosion+ soil creeping| 5.70 8.53
+ rock debris + river
erosion
I1l. RESULTS AND DISCUSSION '-OWdSU'fE(‘jce etfos_ilfn
. P and moderate ri
3.1 Physical characteristics , , 4 S1R2G1/Scrfch erosion and low gully +|  5.48 8.20
For applying the GIS techniques, the physical pridge of soil creeping + rock
the watersheds are used such as area, perimeiee, &nd debris + river erosion
use and other essential parameters are used MRISSAC ahg"rvnz‘égfgfefﬁ‘l’séﬂﬂy
method. Table 1 shows these properties of the alaes in 5 SIR2G2ISceh| oy icion + soil creepind 244 3.65
Aliabad basin. +_river erosion
Moderate surface and
TABLE | 6 S2R2G2/Scch ”S"O?Infrg:g% grfs'rﬁ,”e: 2342 | 3504
PHYSICAL PROPERTIES OF THE STUDY AREAGHOLAMI, [4]) erosion
Basin ) Area Area | % from basin type Moderate surface and
name | circumference (km)| (km2) total
- 7 S2R2G1/Scch| filerosionandlow |52, | 4q g6
D 7.79 1.37 2.05 Non-hydrologi gully + soil creeping + ’ '
S11 16.27 10.02 14.99 hydrologic river erosion
S12 10.29 3.84 5.75 hydrologic 8 S2R2G2 Moderate surface and|  ; 251
S2 24.99 13.20 19.75 hydrologic rill and gully erosion
S21 14.06 8.20 12.27 hydrologic High surface rill
S211 16.79 12.89  19.29 hydrologic 9o | s3R3G2Scch| Slosionandmoderatel gy | g 7
S2112 10.20 6.00 8.98 hydrologic O o mrosion9
S2111 14.82 11.31 16.92 hydrologic Urban N
Total 66.83 | 100.00 - ) 0.19 0.29
Based on the information, the parameters of the IMES TABLE IV
method were calculated. The score of the 9 paramased SEDIMENT Y IELDED IN AL'AEFAD BASIN .
f : . Annual Sediment
in f[he rl:/IIZISIAC method are presented in Table 2 frhe Subbasin| ATe2 W;g:a%liagld Sediment | Turbidity | Delivery
watershea. name (km?) | (mesec-km?) yield (mgr/lit) Ratio
(1000 ton) (SDR, %)
TABLE Il s11 10.02 0.91 0.36 1.26 45
MPSIAC PARAMETER SCORE FOR EACH WATERSHE(GHOLAMI, [4]) S12 3.84 0.41 0.31 6.27 52
bsalgijn Y1 |Y2] Y3 Y4 Y5 | Y6 Y7 Y8 Y9 sum S2 13.2 3.27 0.83 0.61 43
S11 | 65| 58 6] 91| 46 4p 1214 7B 6|7 6p4| S21 8.2 1.69 0.52 1.19 46
S12 98| 5.7 6 4.1 2. 4 117 6.p 8j4 q9 S211 12.81 1.23 0.49 0.98 44
S2 | 72] 53] 6| 329 64 4F 119 5B 67 859 or117 | 1139 0.78 0.52 193 1l
S21 | 46| 54 6] 164 7.8 4p 118 d 8l4  7B.6
So11 | 44| 54 6| 124 78 4p 1 9B o 7hel 2112 6 084 055 343 49
s2111| 43| 61 6] 78 9ok 4B 135 i 117 76| total 65.5 0.95 0.32 0.17 31
S2112| 45| 66 6] 84 o9p 80 d 105 117 7p9
total | 59| 57] 6| 96| 49 4% 11y 7F 4B 60.2
TABLE V
RANKING OF WATERSHEDS BASED ON SEDIMENT YIELD
Based on these scores, the erosion severity clasgbe subbasin Seﬂg‘dem turbidity SDee?i'\?;?;t
basin were estimated and the area of these clagses o
calculated using GIS techniques. The erosion ctasse 6 4 4
shown in table 3 with their corresponding area. S12 7 1 1
Using the sediment equation of MPSIAC method, the S2 1 7 6
sediment yield of each watershed was estimated thed
) i S21 4 5 3
watersheds were ranked according to sediment yikhe. So11
results of sediment yield estimation and waterstatking > 6 >
are presented in table 4 and 5, respectively. Fghows the 52111 3 3 5
spatial groups of the erosion classes. S2112 2 2 2
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Vol:4, Mooki@01T he highest score of the second compdsaemith
ground cover (Y=0.95) which is significantly reldteo land
use and has the same effect on sediment yield. mide
important factor in the third component is chanesdsion
which has a whigh results in proportion of sedimgatd in

rban the watersheds.
- The results of the use of the hierarchical clustealysis
on the parameter values of each factor in eachrslegd are
shown in the form of a dendrogram (Fig. 3).
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Fig. 2 Spatial map of erosion classes in the whests
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3.2. Satigtical Analysis
We use PCA on the parameters of MPSIAC. The resiilts Fig. 3. Dendrogram of the watersheds of Aliabadrblaased on

the PCA are presented in table 6 showing the vegian the Ward method

explained by each factor. For example, the firshgonent

described 53 variance between the parameters used j!N€ dendrogram shows that most of the watersheds ha

MPSIAC method. It is obvious that 3 components aipl similar conditions of soil erosion an_d sedimentdidn the

more than 90% of the variance between differerR€NS€; the management of erosion could be uniformly

parameters. Using the VARIMAX rotated method, théPPlied in the watershed and there is no significatial

loadings of each parameter in each factor are et difference between erosion factors in the basin.

Table 7 shows the loading of each parameter in &axtbr.

TABLE VI IV. CONCLUSIONS
VARIANCE EXPLAINED BY EACH COMPONENT The results of this study show that the applicatdisIS
Total Variance Explained techniques in the study of erosion has high paéritr
Exiraction Sums of Squared decreasing computer time used and increasing ancuria
S e P L peaensisasaapd Lo | the sediment and erosion estimation. However, ildide

e | Ten_Lvuee ot e o toa e Lot useful to find a spatial relationship between thesien
2.093 26.166 80.027 2.093 26.166 80.027 1.991 24.890 55.932 factors USIng Statlstlcal methods The prlnclpaﬁ]ponent

834 10.431 90.458 .834 10.431 90.458 1.954 24.431 80.362

6% | 7879 | 983%7 | 630 | 7.879 | 98337 | 1438 | 17974 | 9837 analysis shows that land use, geologic formatiod lamd

112 1.396 99.733

® N oA W N

Lscor0z | 196 | 99.920 cover are the most important erosion actors. Ttdama that
P e as | oess | 00000 the human management of land use and land covgs pla
Extraction Method: Pincipal Component Analysis. key role in erosion control and decreasing sedirgihd.
TABLE VI REFERENCES
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Component journal(Iranian).
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a. Rotation converged in 5 iterations.

control potential with conservation tillage in theke Erie basin:

estimates using the universal soil loss equatiahtha land resource
Table 7 shows that the most important factor il lage infolrmegion system (LRIS). Reprinted with permissiof Journal of

_ L . Soil and Water Conservation, 37: 50-55.

(Y7=0.95) but the effect of la_nd use Is in C_ontm’ﬂh th(—?‘ 7] Zachar, D., (1982). Soil erosion, development ihswence, Elsevier

geology effect (Y1=-0.89). This means that if thad use is scientific publishing company. C. Zechelarakia. B47.

suitable for a region, the effect of water on gegalo

formation could not result in high a sediment yiglth the

other hand, the improper land use will result inr@asing
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