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Figure 1. Location of Khouzestan Province and meteorological stations
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Table 1. Characteristics of meteorological stations of Khouzestan Province

S kbl oo bl b RESRE Sk lfwiﬂ @il o bl Job RESR
(mm) &Y (a2) (&) (mm) YL (a2) (a29)
YAY vi°of' FASOA Wi vf- yeor.! RN oo o
a-) Tyera' FAFS' Ko s i AANEY FAFY Slal
Yo ryeay' FAYY aloys Ten Yeonn' -y Syl
YYA VYD’ fACLY b Mo atd YAFA' Facoy odyl
2 yeoory! fAYD' RS SOA TyeFy' FaoFA" 3,55,
A ey fAoY. Sl 8 [ ryeys! oo’ SY
YAY Tyeva' ooy 61 Jlo ta) Yyeyy' FAYS' 3t
£\Y YVoYA' Fao¥a’ s Ao 843 Yyeos' ove¥a’ S
Y. ryey.! Faofy S yra ryere! FAS VY odlae
yay Yyeva' Fao¥a' bl 03 Yvs§ Yyeva' A YO PR
VO Yeofn' Fac0n' pllas o> Avs Yo ¥y oeony' Jls )y
AR} rye..! faeys' 51y \irs YYONF' e v Jopolss datd Ao
N\ yeory! o)y Pl S YA« AARLS FAKA LS
YYA ¥ecof! faevy! el a5 Yyesn' TAYQ! Gl gy S
Y\Y yeors! fAOY' S5 Yo- TYovy' FAYS! Jsbs
Yo yeore' e seiale Yo/ ooy FAOY! e s
g ryevy! facya! EYPIEMY avs Ty facoy' Slocly
v yeorq! ooy B s (1985 rYE ryevy' Fac¥y! owile
AN Yeouy! FaoFy! BIEIRVY Yo Yeof.! IS Ol 1505 Ao
A% Yeoon' ooy’ alsly Y\ Yooy, FaoFy Mo 03
0. yye.y! FaoFq g ey Yee0n' o-°vy! SBels (59
YaA Tyevy' FASA' st V) Yieyy' faofs! sy s
\EY yeovs' FASY JESIES T4 Yievy' Faory' SSan
Yoy Ty FASND' Shgd Y\$ Yye.f! FA° Y 45 can
£YY FVYA' faeay S5 aali VA YYOfa' FAC-' Ji e
1% yyewy! FAOY b Sppn YAY yye..! Fae.y' Lt
Y yyey! FADY g



http://dx.doi.org/10.29252/jwmr.9.17.109
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.15.7
https://jwmr.sanru.ac.ir/article-1-690-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.22516174.1397.9.17.15.7 ]

[ DOI: 10.29252/jwmr.9.17.109 ]

Wy Olijob el 3 Gl (Sl p g (SH5k 3505 adld G Ol (o)

2555 50 Jol5 Ken odias i & cunl AIY L il PCI
BLl Laole don ;3 (g5lune jolay S15,L g canl S05)L
8l e

o Tl 4 ysd ()b (Sl 8 pad L
|) (soiimo d.‘a.gl) )m] 0jg> YA dl.mo.)]) =YY L @)99
ol 2ys) Gy PrTP s g g, WVl 555k (o
IS dedie oael aysh asls LMol e
|y LS55k Slale g5 48 ol ol diygb Ladls YIS
(Sl S5 3 5T W e 1 355 i a3 s
i ol e sy Gl e > il
0asls () owadgyl S8l cpl &8y pslatedy S e

vi 2 P el pj Ojgo aly adys

Liz1Pi
MFl = — (v)

Sk lawgie Py (10 L) pliolo (gl (S5l bawgie
oadls anddb ¥ ot 0 (V) sl (o o) YL
Lol oas 451l o C)’Lol 498

Table 2. MFI classification
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1- Gibbs-Martin Index of Employment Diversification
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Table 3. Descriptive statistics of PCI and MFI indices of meteorological stations
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Table 4. Results of interpolation methods evaluation for MFI index
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Table 5. Results of interpolation methods evaluation for PCI index
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1- Cross Validation
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Table 6. Characteristics of fitted model on MFI index
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Table 7. Characteristics of fitted model on PCI index

S ol gl

556 glads

(em) lasad bt (=) ok o) adl il Jae
ov/o Y/ovE ¥/-5 VOOVY Sgene Sizg S ol

A
£E/0 -IF\E -Javy VESAFY ool Kigms S sl
ov/E YIAVE YI¥VE YAFYA- Ssans Ko S
FA/A VA NN VAAYS ol Koy S $95
a-/\ a/voA -IsyY YeSYM Sgene Kiz S W
Y\ A NS\ YYYYY o3l S S o
£¥/0 YIVE Y/£\D WYY Jsans Koo S
FEIY /¥YY -[o¥f \WFD-Y ol iy S s

ol LS &8 0,5 o )8 4l (Lab Sk eg b i
a Lol oyl> STy olo & 5l jiaS 5 0l 0939 (o)l )0 ol
5 ookl U 1y ol (Sl i ¥ IS oy i olo ¥
oobe i S ol by 9 238 kol 45,58 sl
Silelomes ledy) Bl Js ams oo (Ui (w5 95
039 (gw)yy Dyge lelb)gnm dYL u;&.a ui““"S cde 4
and agyed asld Gl eslawl L (V) sdee .l
@l g Sl 03905 45 558 JS (sl |y Ol (Saule b
(oo ledsn & cusl e ol 5l (Sb G
SpeS (Sailujd asls (s piS 0pe Jled 5 ot
b o gl 598 g

obl (Sanlo jolie (pyide AdS & g b
allas 350 ailain Jlod 5 Gyd Jlady> (MFI asls)
C2 g 5> (Sibled polie (g yieS g 390 0
)13 392y i joi bl 3 50 5l (08 g (28

B9y e Sl ool Ly (Su)l 55 505 yas s
N33l ey baee 3 39: (Jgene S sS b9y &5 bl
2 o gl §) ol gl 05 b e ARC GIS
ol 0L oles cowlio gla g,y 3l oalaiw] cuanl 0aiS
oW g 83050 9 (MA) oS g sle b oS (nl gl
Sz S g Jgene S S (b jl eslaiwl L o5 (F)
2L )l o mb cdg0d oy |y 0l 3 ob i ool
(V) OhlSen 5 cniSl i « (V0) LS 5500 (e
sbagbe) (mep L 35 (VW) eysS 9 (V) sl o395
bsbe gl ) S S8 ) laglee il
S oS oh el calie (Sl sla a3l
ol gl ) S S )y 7 (V) ol
D00 e S Cunlio ddyed 9 00 Mol 4g 58 sl
LS Sl mss g S Sl (V) OhlSen 5 )
PCl (Sus)b 35 ye5 padld g 0ad gMol 4558 (s ls
3313 )13 elatl 350 1y Sizm S 2boles b,
PRSI S8 padls & aade i Y JSS
2 8S Cunl puiio B0 BV dids (5 liwjsd il edgae

1- Modified Fournier Index


http://dx.doi.org/10.29252/jwmr.9.17.109
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.15.7
https://jwmr.sanru.ac.ir/article-1-690-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.22516174.1397.9.17.15.7 ]

[ DOI: 10.29252/jwmr.9.17.109 |

A

22-24
24-26

- - 20

[ [ RETPorm

30 45

WAV sl g 5loe 1YY o)led /o Jlo ju5ul 039> o e dolidinghy

Kilometers

Feere iz )S (b ple b9 ekl b (Sl 39505 padld (S Ol 4l Y S
Figure 2. Spatial variation map of PCI using ordinary Kriging method

Bl 180 — 224.484061

@ e stany N
] s s W+E
S
I 492206781 — 90
90 — 120
o 30 45
120 — 150 NN B <ilometers
B 150 — 180

o3l Koz )8 bl Ligy jl edlatwl b osds g Mool dgyed s ls SIS @l yuss adds - S
Figure 3. Spatial variation map of MFI using simple Kriging method

Slagbsnle & Comd @yidn <85l (Jsame Sz S
B e g o ol aysd (adls sl i 4 b obe
oS Il Geod cnl Jl Jols @bt cusl jl)55 50 Sk
ol (ool cuslio (gl gy 5l oolasiwl Cuonl
§ eie £95 4o A (2o Lo gy S ok
03L51 Ui ST, 5 caalllas 390 dilais (glo S coizmed
5 A8 o )y gl <85 degl )T o9 5 (58
o gladlaie ay (o) an ) ddlaie S @l ol el
o s b g dibain 5 gl &5 Casl Y 1 b e
Sl slie B9y S b a4 S plol allin (sly )
Lol 23,5 Jools (yp )50 el g 5185 390 adlaie
paseds culie Jome (paiz slp ol Jlo Sy axly
L a0l e Jimo o) 48 €83 ao lg e S 03l
olaisl 3y5-0 (b 150> Al bl (gl (ool el

s S5k Slogad GLSe Ol ()

o=b sl e ol canl gl oas] slagyaok
Aty B g g )lel e sla b, 3l ealil b idow
s Sl odd gl agygh 5 (S5b 55 o8 slapadls
L ol Jlw (5lel 0y93 (538,57 jlaips b (e Sl pss
ool dBua ol s s (el Cunl oads plsl VAT o
Sl s gl 8,8 L5 oy 390 Waodls 397 Jlo
dLaoaly Cewls (e i 5l dn il o Jloys bodly x505
Cilises @l 8,8 a5 3 b abad g (ylelmes slaisiy,
B9y oobln cqleyd 9 43 byl ety Sl Sepm 5
Lad gpe 60lae iy (2b5) lo)lime 9 Jilite 2Lj))
&l 5 sy MAE) L s 155 (Sile 5 (RMSE)
5 Sobelowes hiole by gy om 1 -ad QB! calie
g 0l Suzm S by ¢ 3T L)“ 50 o ol slad


http://dx.doi.org/10.29252/jwmr.9.17.109
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.15.7
https://jwmr.sanru.ac.ir/article-1-690-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.22516174.1397.9.17.15.7 ]

[ DOI: 10.29252/jwmr.9.17.109 ]

g Olijob el 3 Gl (Sl p g (SH5k 3505 adld G Ol (o)

L gadls opl gandal add aps g odd Mol ad)eb
ol e oS ol s eole SiomS Lbay ) edlizl
s YYF B YR o oliwjed bl odgizee 3 asls
ol 35 6 o8 s Sanlu s SOl ogame (] g Canl
oMol asygh Lasls ) edlizl b ol Saployp ai
ohlt (Sauleyd polie pyiin oS aad e Ll ol
alllas 3y50 atbio Jlod 5 b Jlady (MFI asls)
g g ) (Swled polie p S g 290 0k
B Jlod 3blie )13 3929 (lwjos il 550 9 (28
e s e Sk ddy 4 gl Jd
Olasjg Gliasl blE plo & Cos gyt oLl (Sailo

A

D9 gBly
i 4l 5 (SH)b S e padld (o) @l
lad fliwjed bl )0 (Sw)las o ol esls oyl
50,5 o ol oo Lin 4 dguzee (Sl g 009 LA
ol uzie VYUY 5l (SW,b 58 500 adli lade
oL Jgere (Sl 3505 (adld SlSe Ol il
2 (PCI) (S0l 55505 asli plie iy o 3030
rn)f db‘.m JALwé\S)wa;c o04ud aslllao 3)944.0.‘4@;.)90
Qliwl By Jlod )3 polie (yieS 9 398 (o0 SiS 4
4o uldl g Judin (SW)L BB 4 a5 3)h 3 Gliwjss
oadls gl eslawl b bl (Sasled (edls )y

10.
11.
12.
13.
14.
15.

16.
17.

18.
19.

F)
Abd Elbasit, M.A.M., H. Yasuda, A. Salmi and H. Anyoji. 2010. “Characterization of rainfall
generated by dripﬂer-tyfe rainfall simulator using piezoelectric transducers and its impact on splash
soil erosion,” Earth Surface Processes and Landforms, 35(4): 466-475.
Apaydin, H., G. Erpul, I. Bayramin and D. Gabriels. 2006. Evaluation of indices for characterizing the
distribution and concentration of precipitation: A case for the region of Southeastern Anatolia Project,
Turkey, Journal of Hydrology, 328: 726-732.
Arnoldus, H.M. 1980. An approximation of the rainfall factor in the Universal Soil Loss Equation. In
ﬁsgessments of Erosion, de Boodts M, Gabriels D (eds). John Wiley and Sons Ltd, Chichester, 127—
Behzadfar, M., H. Hassanzadeh and M. Saberi. 2009. Study erosivity index of Fournier in North
E(Ih%rasa_n F;rovince. Fifth National Conference on Science and Watershed Engineering of Iran, Gorgan

n Persian).

. Ceballos, A., J. Martinez- Fernandez and M.A. Luengo- Ugidos. 2004. Analysis of rainfall trends and

dry periods on a pluviometric gradient representative of Mediterranean climate in the Duero Basin,
Spain. Journal of Arid Environments, 58: 214-232.

Daniela, S. and N. Stelian. 2012. The intra-annual and seasonal regime of precipitationin Targu Jiu
gggri%sllln (Gorjului Subcarpathians) over the 1961-2007 period, Fascicula Protectia Mediului, 18:
De Luis, M., J.C. Gonzalez-Hidalgo, and L.A. Longares. 2009. Is rainfall erosivity increasing in the
%ei%léerranean Iberian Peninsula?. Land Degradation Development, 21: 139-144, doi:10.1002/Idr.918,
De Luis, M., J. Gonz alez-Hidalgo, M. Brunetti and L.A. Longares. 2011. Precipitation concentration
changes in Spain 1946-2005. Natural Hazards and Earth System Sciences, 11: 1259-1265,
2011,d0i:10.5194/nhess-11-1259-2011

De Luis, M, M.F. Garci’a-Cano, J. Cortina, J. Ravento’s, J.C. Gonza’lez-Hidalgo and J.R. Sa’nchez,
2001. Climatic trends, disturbances and short-term vegetation dynamics in a Mediterranean shrubland.
Forest Ecology and Management, 147: 25-37.

Everson, C.S. 2001. The water balance of a first order catchment in the montane grasslands of South
Africa. Journal of Hydrology, 241: 110-123.

Ghenim, A.N. and A. Megnounif. 2016. Spatial distribution and temporal trends in daily and monthly
rainfall concentration indices in Kebir-Rhumel Watershed. Larhyss Journal, 26, 85-97.

(232070\£3le2rts, P. 1999.Using elevation to aid the geostatistical mapping of rainfall erosivity. Catena, 34:
Hakimkhani, S.H., M.M. Mahdian, M. Arab Khedri and D. Ghorbanpour, 2005. Rainfall erosivity on
a nationwide survey using Modified Fournier. Third National Seminar on Sediment, Soil
Conservation and Watershed Management Research Center, 281-288 (In Persian).

Hasani Pak, A. 2013. Geostatistics. Tehran University Press, 314 (In Persian).

Khalilil, K., M. Nazeri Tahrudi and F. Ahmadi. 2015. Application of PCI Index in the Annual and
Seasonal Rainfall Pattern Investigation and Trend Analysis of Iran Duration the Recent Half Century.
Iranian Journal of Irrigation and Drainage, 9(1): 195-208 (In Persian).

Klemes, V. 1973. Application of hydrology to water resource management. World Meteorological
Organization, Geneva

Koren, V.l., B.D. Finnerty, J.C. Schaake, M.B. Smith, D.J. Seo and Q.Y. Duan. 1999. Scale
gg%eré%ezncies of hydrologic models to spatial variability of precipitation, Journal of Hydrology, 217:
Mello, C.R., M.R. Viola, S. Beskow and L.D. Norton. 2013. Multivariate models for annual rainfall
erosivity in Brazil. Geoderma, 202-203: 88-102.

Mohammadi, J. 1998. Rain erosivity map production using Fournier index and kriging method.
Agricultural Sciences and Natural Resources Journal, 3(4): 35-44 (In Persian).


http://dx.doi.org/10.29252/jwmr.9.17.109
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.15.7
https://jwmr.sanru.ac.ir/article-1-690-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.22516174.1397.9.17.15.7 ]

[ DOI: 10.29252/jwmr.9.17.109 ]

VWY WAY bl 5 5lee 1Y o)los /otd Jlo jusul 0505 o oo doliing

20.Nourzadeh Haddad, M. 2013. Investigating the rainfall erosivity Index using geostatistics.
International Journal of Agronomy and Plant Production, 4(11): 2816-2821.

21. gzlivseir)b.ls%gl%o. Monthly precipitation distribution: A comparative index. Professional Geographer,

22.Rey, J.C., M.F. Rodriguez, A. Cortez, D. Lobo, F. Ovalles, D. Gabriels and R.M. Parra. 2012.
92?2 Si isl?sf ggm pitation aggressiveness and concentration in Venezuela. Los Andes Region. Bioagro

23. Shesh Angosht, S., A. Alimohammadi and M.J. Soltani. 2005. Geostaistics Models Evaluation in GIS
for Erosivity Map Providing in Latian Wayershed, 84 Geographical Information System
Conference,National Cartographic Center of Iran, 113-123 (In Persian).

24, Shi,P., M. Wu, S. Qu, P. Jiang, X. Qiao, X. Chen, M. Zhou and Z. Zhang. 2015. Spatial Distribution
and Temporal Trends in Precipitation Concentration Indices for the Southwest China. Water
Resources M ana%ement Journal, 29(11): 3941-3955.

25.Tg Ali Pour, Z., M.H. Mahdian, A. Pazira and M. Heidarizadeh. 2009. Spatial Variations
Investigation of Erosivity Index in Daryache Namak Watershed, 11" Soil Science Conference of
Iran,Gorgan, pp: 43-47 (In Persian). _ _ ) o )

26. Winchell, M., V.H. Gupta and S. Sorooshian. 1998. On the simulation of infiltration and saturation
excess runoff using radar based rainfall estimates. effects of agorithm uncertainty and pixel
aggregation. Water Resources Research, 34: 2655-2670.


http://dx.doi.org/10.29252/jwmr.9.17.109
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.17.15.7
https://jwmr.sanru.ac.ir/article-1-690-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.22516174.1397.9.17.15.7 ]

[ DOI: 10.29252/jwmr.9.17.109 ]

Journal of Watershed Management Research, Vol. 9, N0.17, Spring and SUMMEr 2018 ..........ccoreieiiiieieiiiiieeeiit e eeeiieee s 118

Investigation of Spatial Variability of Precipitation Concentration and Rainfall
Erosivity Indicesin Khuzestan Province

Hossein Edami

Department of Water Engineering, Shoushtar Branch, Islamic Azad University, Shoushtar, Iran
(Corresponding Author: eslamyho@gmail.com)
Received: July 26, 2016 Accepted: September 5, 2017

Abstract

Rainfall variability and its impact on water resources are important climatic issues. Intra-
annual variations in rainfall are characterized as precipitation concentration index (PCl).
Another feature that directly correlates with the concentration of precipitation is the rain
erosivity (Modified Fournier Index MFIl). The aim of this study is to investigate the PCI and
MFI indices and map their spatial variations. The Modified Fournier and precipitation
Concentration indices were caculated using rainfall data from 55 meteorologica stations
located in Khuzestan province. To produce the spatial variations map, point information is
converted to regional using geostatistical and deterministic methods. The results indicated that
the ordinary and ssimple Kriging with Gaussian type have highest accuracy for interpolation of
the PCI and MFI indices, respectively. According to the spatia variation map of the PCI, the
highest values of that index are seen in the southern region and the lowest values are in the
north and northeast of the Khuzestan province. The PCI values ranged between 20 and 31
indicating severe seasonality. The MFI values vary from 49 to 224 in which the highest values
are for the northeast region of the province and the lowest ones are for the south and southwest
zones. Generally Rainfall limited in a certain months.
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