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Foreword 
Because ol the key role that soil and water managerment play in improving

productivity in se:i-,"'Id IrCions, an agreement was developed between the Agricul
tural Research Servicc kARS of the U.S. Department of Agriculture (USDA) and the 
Bureau fhr Science and Technology of the U.S.Agency for International Develop
meit (AlD) to provide technical expertise for improving manaiement of soil and 
water resources in the developing WOld. This agreement resulted in the currera 
project Technoloov for Soil Moisture Management (TSNIM). 

To develop i0re sListainalble agricu,ltural systems in the developilg \vorld. 
resource management m111address the problem of soil erosion and watler runotT.st 
TSM M is addressing the problem of low productivity in many soils which is the result 
of improper soil management practices also resulting in erosion and enviro,-miental 
dc,_-radalion, hoth on- and off-site. The integrity and stability of the environment is 
increasingly recognized as a major locus of international levelopment. What is not 
as well recognized is the extreine scarcity of reliable quantitative data on erosion and 
runoff which constrains our ability to develop and implement effective strategies. 
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The urgent need for increased public awareness and planning to reduce soil 
erosion requires maximum use of whatever qualitative or empirical inforimation is 
available in the absence of quantitative information. Dr. Mlanrique's previous expe
rience with the International Potato Center in Peru, and more recently with the 
International l3eochmark Sites Network for Agrolechnology Transfecr Project has 
provided hili' with a broad-based experience in climatic and soil data analyses and 
interpretation. His innovative ability to relate his experience and technual abilities 
to practical and realistic ends is evident in this puIblication.

Soil survey information isfrequently available InvarioIs fornlats but is rarely
used to the extent desirable. Survey information based on Soil TI.Ionoliv contains a 
wealth of inl formai ion for various uses that can be ext +,'tedby technically trained ar.! 
qualified individuals. This publication is a result olan :Itteni pt to make maximum useof soil survey information. It provides one more appln,, Ihto use in planning for 
improving the appropriate placement of investments in those agricultural areas of 
greatest needs and returns for improved productivitv and environm.-.ntal qiality. 
TSMM is pleased to assist in this effort. 

Raxmnontd E. Meyer 

Soil and Waer Iafla(eel Specialist 
Of'ce of Agriculture 
Bureau f/t Science and Teclology 
Agenc'fir International Development 
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Preface 
Land erodibility assessment in developing countries is often constrained by

the lack of a methodology capable of assessing, from limited and often incomplete
soils and climatic data, the potential erosion risk of aIrictultlural lands. This hook 
describes the Iaind Erodibility Assessment Methodology (LEA M) designed
primarily )for use inldevelopilng countries. LEAM assesses the potential erosion risk 
of lands in quantitativC and operational temis by using ilformatil contained in soil 
surveys based on Soil i.xonom,tv. Assessment of potential erosion risk iSbased on 
three land characteristics: (/)slopc hazard, (2) rainfall erosivity risk, and (3) iilirinsic 
soil erodibilitv. Each land charactlerisic is st bseq uen tly ICfined by other land char
acteristics such as slope steepness and legth, soil moistlure regime. and particle-size
class and mineralogy class. The LEAMI rating framework provides basic information 
as to whether a given land has a certain potential risk, and describes the agricultural 
limitations associated with that risk. 

Luis A. Murique 
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Part One 
INTRODUCTION and Smith (1965) dcvevlped a parametric model 

known as the Universial Soil Loss Equation
The constrainine factor of land crodibility (USLE) which iS CxprCsed in the eCqLUAtion,
 

assessment inl dCveoping counLiCs is often the
 
lack of a nmelhodolov capable ol asessii,, potlen- A = R x K 
 x L x S x C x P I]
tial erosion risk of agricuuIt ralIlands from li m iteCd whcre, A issoil loss. R is rainfhal erosivity, K is soil 
and ofhen incomple.t soils and climatic data. Soil erodihility, L is slope length. S is slope steepness, 
surveys compile large CLuant ities ol'data, however. C is crop manacement, and P is conservation 
only a small fraction can be used Ior erosion practice. Equnation II I rclates the expected soil 
assessment. InCfficient use of soil survey data loss, A. to land erodibility as ,xl)ressed by land 
arises becatse the in formation is rarely presented characteristics R. K, L. and S, and to the current 
in ways that can benefit people who have a limited type of land use as expressed by C and P. In spite
background in soil erosion and soil conservatlion, of numerous sOil loss studies conducted to lest the 
The Land Erodibililty Assessment Methodology usefuless ofl he LISLE, some parameters of EquIa
(LEAM) is de.igned primn,.rlV for use ill develop- tion I1 ], particularly those necessary toassess land 
ill" countries, using a ,vsic-matic proc' Inhr'e which erodihility. are still not readily available (Arm
extracts information 1rom onsoil surveys based strong etau., 1980 ). Thi:; has precluded more exten-
Soil TIAx,Mv (Soil Survey Staff, 1975); that si\e use ofthe USLE. The rainfall erosivity (R), for 
information is then used to define and categorize example. is probably one of the most difficult 
potential erosion risk in quiant itative and opera- parameters to obtain, especially in areas with in
tional terms, sufficient weather records (Lal et al., 1980). 

RATIONALE METHODOLOGY 

Land erodibility Iesults from the int-rac- Land erodibility is clefined in this study by
tion of land characteristics such as slope steepness, three major land characteristics: (i) slope hazard, 
slope length. soil permeability, soil texture and (ii) rainfall erosivity risk, and (iii)soil erodibility 
structure, crop cover, rainfall duration and ineni- K. Each ma jor land characteristic is subsequently
sity. among many others. A practical way to assess defined by other land characteristics known as 
land erodibility is to predict soil losses from a diagnostic criteria (Table I ). In the absence ofmain 
particular land under a set of environmental condi- diagnostic criteria, alternative diagnostic criteria 
iions and crop management practices. Wischmeier are provided for each land characteristic. 



Land Irmlibili//y AS('sss11eft MethodoKV 

Table 1. Diagnostic criteria used to define land characteristics associated with land erodibility. 

Land Characteristic Main Diagnostic Criteria Alternative Diagnostic Criteria 

Slope Hazard (S) Slope Factor (LS) Slope Steepness 

Rainfall Erosivity Risk (RR) Modified Fournier's Moisture Availability Index 
Index (RI) (MAI),Sol! Moisture Regime 

Soil Erodibility (K) Soil Erodihility K Particle-size Class and 

Assessing Slope Hazard 

Slope steepness (S) and slope lenlith (L.) 
determine the topograpllic inpul in the Il.SL. Of 
the two land cha ractriist's,. slope steepness Is 
generally available in mos soil surveNs. In areas 
with n preVions history ol''oil S1IIVC\ sludies, the 
use of aerial liot(graphs and1 pllotointerpretationi 


greatl a 
ranking the slope steepness oflphxsi graphic units, 
On the other hand. shpe lengtlh is di fficulIt to assess 
Ironli soil UI rvv data tin less large tO 

techn iujes can be ()f \ILc iln separat inge .ad 

(1poSI!-Ihic 
maps are available. The slope faclor (L.S), is dc-
lined in the USL .,is the d iagnostic criterion used 
illLEAN/I to asess slope haizard (Tabhe 2). and is 
calculated by the foliow\ ins uCltation (N itchell aInd 
13uel./cnr. 19 ()8): 

LS = (X/22.13)'x Q.(065 + 
0.045 x S + 10.0065 x S) 21 

is slope lginl i 
factor depending upon slope ,teepness, and S is 
percent slope steepness. The following algorithls 

whereXN meers, isa,cortuit 

.7 ).

apply I mr/1 ( ischni ~ier. and Smith. I978). 

If S < I then n = 0).2 
If I < S <3 thenm=(03 

I1'5 < S > 3 then m= 0.4 


If S >_5 then m = 0.5 


If slope length is unavailable, then the slope lazard 

Mineralogy Class. 
and Mineralogy G(roup 

isassessed solely from slope steepness (Table 2). 
The I.SSuml1lptionl is thit with increasing slope steep
ness. slope leilgth decli nes and so its effect oil 
erosion (L., 1976). 

Defining Rainfall Erosivity Risk 

Mlodified Fourniers Index. The main 
diagnostic criterion proposed for rainfall erosivity 
risk in the LEAMNI is the modilfied Fournier's Index 
(R,) which is defined as follows (Arno1lus, 1980): 

12
 
RI = (MIR)-/ AR 


I 

where, MR and AR are mn1th1ly and ann1ual miilli
meters of rainfall, respectively. A close relation-

Table 2. Main and alternative diagnostic 

criteria used to develop slope hazard classes. 

-Slope Slope SlopeHazard Factor Steepness
C lass (LS) (0 ) 

SI Low 0-2 0- 10 

S2 Moderate 2-4 10-20 
S3 Higzh 4-6 20-30 
S4 Very ligzh > 6 > 30 

131 
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ship ( 2 = 0.813 and 0.72, respectively) w:s found Table 3. Modified Fournier's Index (RI) values 
between RI and the R factor of USLE when tested for soils vith dilTerent soil moisture regimes.
in West A frica (11= 177 stations) and the Uiited 
States (0 = 244 stations) (Arnohdius. 198(). 

To study chanri,:eS in RI With chang.1es in soil Soil RI value 
illOiStur rI'eg
miCs,RI \aILuCS Were Calcilated from
 
rainflall data fair soils w,here Selected leeorolorgi- P'crudic AMoistre (egime

cal stat ions werC locaed (,Appendix I).So Inames illo 
 302.79
 
were otlained bv d i lviyiI the soil series of the i
Tajos 303.53
 
selcctel n leorohlical stitions 'sin la,_,
c22sc, 3 3.53soil[sLIr\'e llmips T i 1 t?I tx ono n t~l ' 11ai 11 a t Iliet Coari 292....
So S"Iurv,\ct IMIfT. ,il MI 15 \',r TllC ' il5- Poniapefar ieSt 7 ws314.06 420.65 (79.13Y)
 
amicd front the soil serie,; inamc (SC'S. 1978). The
 

RI valLIes fIr llCsC sClcCld soi s increased as thc
 
soil ucoisttr, iceines bcame wetter K'able 3. Udic Moisture Reginte
Extrcme soil In)isture iceiltes. that is. the perudic ('uri'itibaI 126.73
 
ndaridIric. had di sti niti\ye RI VaIne>S: \wheric s. 
 01 a 225.3
 

some ovcrfappinu iIRI VaIlCs \was tt.d 
 1110 Charleston 122.2
 
inltcrilne(liatc soil ioistlu-1r-i'2im scl. 17.23
-
Ml'oisture'A ialahiiit, Inde. .',\nother atl- Olypi11(7.5 6),AyWipil 157',.53(7.6 
tcrnative d1 agnostic cricrion proposed for rainfall
 
crosivity risk is the nloistlIIi'C availalilit' index Uqic Moisture Regime
 
(N'lA I) \whihl is deli ned as the followin (HIar
creaves., 1977,: Aracaiu 150.03 

Rio de Janeiro 106.93
AMA I = 1 BrownsvillePD / ETP 141 Lhe147 70.82 

LihuLC 104.71 
San ,\ritriio64.50
 

where. P) is dependablc rai ulall (feterm ined by tlie San Antonio 69.50Meha/l 99.40 (34.22)75(% probability of rain f'all occurrence. and ETP is 
potential C\'ilpolranispiration. Although M,\ was Xeric Moistutre Regime
lesi 2ncd to inldicatC nioisti're adeqlUicv for plant B ehr 10.06 

growth. it caI be Lised to predict ainac needs La Roa 45.80(I-aricaves. 1977). In environiints haig Ior Ria 45.80M'ean, 27.93 (25.27) 
2 nisonlh witi VailUC,, ()f MAI > 1.3. f'or example, 
surface drai iiagC was gOenerally ttilid to pr ldtice Ariic Moisture Regime
large benefits oin slopes up to(2(. aiI Oin ireeul arslopes up tO 3,. SL1 El Paso(,(-orIo HIP lluIL 21.5 164.13 

The ratioIalC of using MAI as a diagnostlic Honrlul 64.3711LuAnda1fcriterion for rainf all crosivity risk is based on two 78.3654.67 (29.58)
factors. First, MAI is computed coi 75% proba

tl'iri O criIif l l"'l t i riCCri Miileth frio af ncl ' Numbers inparentheses are standard dev;ation values. 
raZinfl'aIl OIc lcc, thuLs nli i miI1ilehe isk of' an 
inaccurate ai;:essmnat of' raiin f'alleros ivi, risk in 
areas with large rainf'all variability. Second, MAl 
directly expiesses tihe potlenti'kl crop yield i'lationl- Consecquently. the likelihood of greater yields, as 
ship to water availability: and indirectly expresses water availability increases, is also matched by
water availability relationship to erosion risk. greater erosion risk. 

3 
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Table 4. Proposed criteria used to rate rainfall erosivity risk classes of the LEANi based on R1 
and NIAI values, and soil moist ure reimes. 

Rainfall Erosivity Diagnostic Criteria 
Erosivity Risk 
Class Main Alternative 

RR 1 Vcr,7 Low RI < 50 All 12 nontls wiilh MAI < 0.5 and I( moinths or more 
with MAI < 0.25. or 'mnridic moisture regine. 

RR2 Low RI 50-10(0 All 12 niontis \\ iii NI >.25 and 5 mloliLls or i'(.)l 
with MAI S (.§ ,I 'all 12 nt ts \iIth MAI < ().5 
and () monlv, o) lh's with MAI <10.25. ()1-a 'iic 
moisture regili e. 

RR3 Moderate RI 100-200 All 12 monlhs ,, ith N"Al > (.5 and 4 milonths or less with 
MAI > 1.(0: r ,ill 12 months w'Ith MAI _> .25 and 4 
months (o Ic-,,, \\ i I.,I 0.5. or nustic mioisture 
regime. 

RR4 High RI 200-30(0 \11 12 months with N\IA\ > 0.5 and 4 t iimonihis with 
.\] AI > U. or aill dic moisttire re givie. 

RR5 Very Higl RI >301) All 12 months ,ith NIAI > 0."-and 9 monlhs or more 
v ith MAI U I.). oir a )erudic moisture regime. 

S-ileMoie Regime. TIhe soil rnoistlrC 
regimes descrnibcd inl Sa! (Soil SLi rveV 
Staff. 1975) 11Va, USCdatl,, 11CI 11t1atiVC (Iia/nostic 
critcrafbrrainfallerosi\'itv risklz, and :neerfrcsselsimc 

..in lerms l 'l-\ 1(TL:Ilc *). The criclnm tor chatr1ac-
teritine Soil ilmistuic terii,- ill tcrl, ,!MA I vwas 
dCvClop)Cd b N.,an rkJmeC ( 1),2) who malyzed soil 
water balhan"-ces (1' tle soil )rolilCs incinldC(I iin SOil 
Ta. ,,o)v'x ,.lppcnfXi 4. The lo ic of thai criteria 
was tested hy pariie a'ls 0I soil nois, MAI 
tirc rc-imeCs for soils where selected meteCroloi-
cal stations wer located (Appendices I and 2). 
Perudic, xeric. and aridic moisture regi mes had 
MAI vxalIsC (Table 5) that igrecd (luite well with 
the crileria proposed for sLtch moistfiure reegi mes 
(Table 4). Soine uileC ricni sttr, egimes had at least 
three months with v tlCs of NIAI < (.25. and this 
dif fered sigenificantIv Iroi the pr-p)Sed critera 
that udic moisture reuimes should have val ties of 
MAI > 0.5. These udic regimes apIparIeIlly had dry 
periods that were lon2 cnoueim to make them tran-

siti rtal to fistic miloistuI'regime.,Cs. Similarly, tWo 
111, 1 months with values oftic reg inies had 9 to 0 
MIl < (.25: these soils seem to have a moisl ire 
i drier thaln fistic. More MAI data from 
diffellnt soil moisttt iVre2.mCs arC nIeed(ed to rcline 
the criteria esta lislcd in Table 4. Meanwhile, 
rom a practical standpoint, the proposed criteria is 
WomplrChCnsivC Cnogh for MAI ',lUes to reflect 

(Ii fferclccs ill soil moistIiiVe regiies. 

Determining Soil Erodibility 

The soil erodibility flactor can be deter
mined from soil characteristics (Wischmcier and 
N'annering. 1969: Wischieier et a/., 197 1 ). The 
S)il erodibility nomograph developed by Wisch. 
nwier ci a/. 197 1) \was used in this study to 
clcutlate 1Kof'the .surface layer of 74 United States 
soils ItidinSail Ta.xonwn0v',s \All/'ndix 4. and 
12 Panamanian soils (Jaramillo e al., 1985). The K 
values for a! soils are shown in Appendix 3. 

4 



Soil perneability values needed to coin- Table 5. Number ot'months within MAI range
pIe K were obtained bv relati , Soil texIt 'e to a for soils with dilferent soil moisture regimes. 
specific perineahililv clas.s Table 6). The K VaILIes 
for S6 sodis, gromped aco nn to particle-size and MAI Range

lllil l'O,.Uv CISS , and i l _il
",iSI-a e Soil 

___,_ _j)reCsci,.ed in Table 7. To !ook at miwsd mileralo- >1 .0 1.0-0.5 0.5-0.25 < 0.25 
.ies iin iiort dletail with rec'ard to thiir intriisic soil 
Crodibilitv, soils hlave',iin, ilare Class Per 
artd heloiwiit to the sme niiralo .v class re [lilo i1I I () ()
,.'0ronpCd vccor,dinL, to their d(ollinant clay mirieral Alt Tafpajos 7 2 1 2 
cLontilt basCd on approfimate wveihtract ions (X- (oari 7 2 3 0 
I'IV ). StIh C jlh.li parltil lliilU ot lliixed 1innCrahocy ln.'l.pe 12 0 0 
c . ,,C into diffcrItCn 1 ii la oo , r 1p5 allO,.,.'" VlCh, 9.3 1.3 1.0 0.4 
adjwutinciis to he llidc on K Imr he dominance ol 
a ei\'C cla\ mineral. Udic 

\erv lom, and 1o,. K values I< 0.20) were Curitiba 1 9 2 0
 
found in said. particlc-sizo clas,,c with mixed or ()linda 3 1
2 6
 
siliceous ini cralo,,ic,. and in claycy partic ie-size Charleston 0 5 6 1
 
e,'lass1s Woidic orI- kaolinitic mineraloics Olymipia 6 0 2 4\il 

alel 7'. ("orr-loa-il and cha\e\ soils also had .lh'/lt 2.5 4.0 2.8 2.8 
low K \ aluc, <-(.20f) \l hcin their irxed mineral
opy "as doniimitlVl\a liiiic. halloysilic, or \,ci-- Uslic
 
incuilitic. Thixotrop ic 
 soils had huth K VaiiiCs ,AacJIu 1 3 1 6
coinlmae 
 1) lC low VaLuCS ICliser i N \ olcanic Rio de Janeiro 0 2 7 3 
slh soils from I iawaii (DaiiLdcr etrid/., I1)76). This l3 rownsville 0 0 2 10 

may hC dIuC to theI low soil leCrme1ahiliy Va!ies Used LiLIuc 0 4 3 5 
in cstiinatimil K. lude.r field conditions, however. San Antonio () 0 3 9 
volcanic ash soils haC high soil Ie)Creahilit ,'fiiNl 0.4 1.8 3.2 6.6 
comparallc I)salnd\ r)Ihiehly erceatel soils. 
Soils with fine-loanm,. line-silty. or line particle- Xeric 
size chassCs, and nixed ini l l lanl!tI' lechar 0 00 12 
n'ontnorillonitic: ani soils with cla:ev particle- La Rioja 0 0 0 12 
size class and imontnoriIlonitic nineralogy had A'Ic/1 0 0 0 12.0 
VallCeS of K > 0.30. \Within these particlC-size 
classes, soils with mixed n'inrloahy hlit doni- Aridic 
nantly kaolinitic or halloysilic had values of El Paso 0 0 120 
K < 0.30. The dala in Table 7 indicate aclose re- HoniolIlu 0 0 0 12 
lationship) between 1K VallIeS aldi particlo-siz' and Lulda 0 0 1 1I 
mineralogy classes and nlineralogy g'IpL)S. '[his .,can 0 0 0.3 11.7 
c!ose relationship was used as rationale to selcte, 
particle-size class, mineralogy class, and mineral- Source: Manrique, 1982. 
ogy gMroLiJ as alternative criteria to ,estiiale K. 
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Table 6. General relationshipl)between soil textural classes, particle-size distribution, mean 
diamefer, anid soil perlfealbility (SP). 

Textural Sand Silt Clay Mean Diameter SP Permeability Class 
Class (%) (%) (%) (ram) (cm/li) (SCS, 1951) 

Coars,.e sand 	 .. .. .... 492.) Rapid 
Sand 95 3 2 0.29 49.3 Rapid
 
Fine sand .. .. .... 19.8 Rapid
 
Very line sand .. .. .... 9.8 Rapid
 
l.oan sand 83 10 7 0.25 5.0 Moderately Rapid
 
Sand,\1 loai 55 25 20 0.,7 1.0 Moderate
 
Veline and loaml ... .. ... 0.5 Moderately Slow
 
loam 40 40 20 0.12 0.2 Slow
 
Silt lom 22 65 13 0.07 0.1 Slov,
 
Silly,clay loam i0 55 35 0.04 0.05 Vel\ Slow
 
Silt\ chlv 6 47 47 0.02 0.11 \"er\' Slo\\
 
Cla, 4) 1(1 5(0 0.12 0.005 Very Slow
 

Source: Horn, 1971. 

Table 7. Soil erodililitv (K) values grouped according to particle-size class, mineralogy class, 
and illilneralogy, groups. 

Particle-size Mineralogy Mineralogy No.
 
Class Class Group Soils K
 

Loam, -skelcta lixed All "oil. 3 (.41 (0. / 
Clyc,,-skclctal \,ontmorilho itic. kaiolinilic All soils 2 0.24 (0.12) 
Sandy Sili ConS,. uied All soil', 5 0.08 (0.0/) 
Loamy Mixed All soils 3 0.23 (0.10) 
Coarse-loam, Mixed 0.33 < VR < (0.50 2 0.18 (0.00) 

.Mixed 0.05 < KK < (.2(0 2 0.32 (0.01) 
Mixed All soils 8 01.32 (0.12) 

Fine-loamy Siliceous All soils 2 0.22 (0.14) 
Mixed 0.21 < KK / KI I < (1.50 4 0.29 tO.05) 
MIixed 0.05 < NIT < 0.33 5 0.38 (0.07) 
Mixed All soils 13 0.31 (0./0) 

Fine-silty Mixed MT > (.33 3 0.42 (0.09)
Mixed 	 0.20 < VR < 0.50 2 (.38 (0.041 

Mixed 	 All soils 8 G.43 (0.08) 
Clayey 	 Mixed 0.05 < KK /VR < (.50 3 0.19 (0.02) 

Mixed All soils 5 0.25 (0.0,8) 
(xidic. kaolillitic All soils 6 0. 18 ((.04) 

Fine 	 Montiorillonilic All soils 8 0.36 ((.06) 
Mixed 1.33 < MT < 0.50 2 0.35 (0.0,) 
Mixed 0.33 < KK / KIt < 0.5(0 4 0.29 (0.05) 
Mixed All soils 13 0.30 (0.07) 
Oxidic All soils 2 (1.2-1 (0.00) 

Very Fine MontnloriIlo itic All soils 3 (.22 (0.02) 
NIixed All sAoils 3 1.22 (0.00) 

Th ixotropic 	 .\ni u s soils 0.28lrpho, 	 All 4 (0.0S, 

Approximate weight fraction (X-ray): VR is vermiculite, KK is kaolinite, MT is montmorillonite, and KH is halloysite. 
*Numbers in parentheses are standard deviation values. 
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L.A. Manrique 

Part Two 
THE LEAM SYSTEM 

Rating of Land Characteristics Raiffill Erosivi,. ArInolds (I)H()) Uses 
the Modif'ied Fou,'nifr's Index (RI) to CompileThe rclevalce of, tile ILAN1 s,.'steli if] croslvi ty vmaps )ireastntceiral Al'rica. Erosiv

.IsSCssiri. ciodliIit' ol :Wicuiuriil l(1d resides ity isol irnsui ne RI valtesol(),50, 1()0. 200.500,

oi the cii tAialUsed t0 charalcterizC SI)o-hazard. 
 100(, 15)00. aild hilhr werCised to dCvelop these
 
rainl'll rosi,'it risk, aId so1 Crodibilit,: but. erosivity maps.
 
uLpIIlm l ratti incil'. the
th, 13CCausC of Soil ErodibilitV. Dalnolcr o a!. (1976)
importance (o ratin, in the ovcrall asscssmllent 1ro1up erodihili v K valuCS into 6 classes: 
plrocess. SC\'Cll studies dcescrihinie criteria to rate (I) very low (0 to 0. 10). 
ptrallicters associatcd with crosioln are I'irst dis- (2) low (0. M0 to 0.2(0).ctisseod. (3) ilOLCratC (0.20 to ().30),

Slope Steepness. The soil map oftllie world (4) mode ralcly' high ().3() to 0.40),
indicaitcs 3donmi nat slope classcs: (5) hi-h ((0.4(0 to 0.50). and 

(I) 0 o 8H/. (6) very hicLi (>0.50).
(2) 8,ItI 3% and I turn. PauwCls CI a1.(1980) ,1rou ) K valies illto 
(3) > .0(/( (Ainoldtis. 1977). 4 crodibilitv classes: 

FIluidson (1977) usesslS esof0' 1227,36 42. 65%, (1) low to very low (<0.25).
and higher as criteria to assess land classes I'rom i (2) moderate ((0.25 to 0).35),
to 6 in humid ar.ea':IS. In the Philil)pines, slope.; of (1) hligh1 (0.35 to 0.45). and 
3,8,15, and 25,, are assiored classes A throu.gh D (4) very high (> 0.45).
to denote increasii_ order of1 suiscel~tiility to ero- Flro, the relationships dleveloped to de-
Sion (Hiccins. 197T7). Mol leChiauer (1980) divides scribe slope hazard, raiifall crosivi'iv risk, and soil


slope gradientc lasses into 5 cateTori-s: erodibilitv K (as diSctiSSod Co
erliCr iilChapter 3 and
(1) 0 to . ,ased ol ilte above review of, IiteratlirC) each land 
(2) 3 to 9(/, cha.ra.cteristic li.sted as a LEA NI diainostit cri c
(3) 9 to 17(/; "io%illTahle I Call he indeIendently rated into
(4) 17 to 36,. and slope hazard (Table 2). rainffall erosivity risk
(5) 36 to 58%. (Table 4), and soil erodibility classes (Table 8). 
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Establishing the Framework 

The frimework of LEAMNI is simple., and is 
arrangied in t\o cate!ories: class and sul)class 
(Table 9J.The class reflects the deg ree of potential 
erosion risk: whlereas. the sub)class rellects the 
kinds of limitations vithin each class. A smbol 
E2-S I RR4K 1,for examp lc, indicates the soil has 
been placed in er ICljhi i tv class F2 Md ,uK lass 
S I RI 4K I. and has a in deratc potential cro,,ion 
risk. llacement ola soil in class I-2 reu Itslr mllthe 
comlinatin of lope hazard. rtinlall Crtosi\itv 
risk. anid soil crodihilit\ classes (fables 2.4 and , 

Laud Frodihiliujv ,.'SCNN/11'n ,1AMhodohog

Table 8.Soil erodil)ility (K) ranges used to 
levelop soil erodibility classes. 

Soil Erodibility 
Erodibility Risk 
Class 

K I 
K2 
1K3 
K4 
K5 

K6 

Very Low 
Low 
Moderate 

K Range
 
(Dangler et al., 1976) 

0.00-0. 10 
0.10-0.20 
0.20-0.30 

Mloderately Iligh 0.30-0.40 
II 2ll 0.40-0.50 
Ver, l-igh >).5() 

Nine subclass a1re._inclIued inClassLI_,El_
 
(Appendix 4). Classeo, F2. [E3. 1:4. and [ 5 ha\c 24. 
30. 3(). and 18 sitlhclasss, recC,..ticl\. The I uC 
num hCr of subclahssC, 11Classes I 3 aid 1-4 results ()ne can expect subclasses a.t ibilitv cateeach ,rod 
froll the lare nlltihelr of colll ilatcl,,ion s ,,arV orv to accollmlodalte Ist siltuations, Cclrrint 
for ranking aisthe potentialaInsil m ri,,k increases, under fil cond itions. 

Talie 9. Ilralnewvork oflthe Land lirodililitv Assessment Methodology (1,EAM). 

Erodibility Potential 
Class Erosion Risk 

EI I.o,. 


E2 Mvloderate 

E3 HigYzh 

E4 Very, High 

E5 Extrenely 
High 

Subclass 

S I. RIR R-1013. K I -K3 

S I. t,,4-R,5. K I - K3 
S. RR I -R 3.1K4-K, 
S2. RI A1-),. K3K I-

S I. Il<4-Rl,5. K4-KO 
S2. I<I4-RR5.K I -K3 
S2. RR I-1RR3. K4-K6 
S3. IRI-10R3. K -K3 
$2. R14I-RR5. K4-K6 
$3.1<14-1R5. K I-K3 
S3. R< I-I3. K4-K6 
S4. RkII- RR3. K I-K3 
$3.RP,4-1<1<5. K4-K6 
s4. RI<,4-1,R5. K I -K6 

Description 

Lands high suitable 10r food crop 
Plltdction withl minimum 

C(IISCI'Vat ioll practices. 

Lands sitablC for 1 tod crop pri)tIlction 
with conventional conser\ation 
pralct ices. 

Lands suitalle for food crop production 
with special soil erosion control 
practices. 

Lands suitable for food crop production. 
Agriculture use should he limited to 
permaelcnt pasture rrIdLuctioli. 

Lands unsuitatblC for any kind of 
conVcntional type of agricultural 
prodl uet ion. 

S isslope hazard class. RR israinfall erosivity class, and K is soil erodibility class. Acomplete list of subclasses within 
each class isgiven inAppendix 4. 
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L.A. Ma'ique 

Part Three 
TESTING OF LEAM )iv. To pre\'ent tiII ssit tlt ion, soillIs o1on1c series that 

diffelrCd in both tCXtturC of the Soil surlace alnd in 
Using Hawaiian and African Soils sl)C StCel1CSs \vcrc divided int)phatscs. This Was 

doC to qluailtily potential crosion risk of several 
Soil sLI\'cy dta11 ol 19 Soil SCries inl low phases within a .,ivcn sil series. 

rainfall areas (< I00()0 mi/\ear) on l lawaii and Ionthllv rainlall lata wCrc obtained from 
Ma.i islids.,. and I) soil series of .\lal. \West metcro.loir:al Stat ions located ncr each Soil se-
Africa wCre usCd to test L[ANI W )te CIid., 1972: ries (AppI'eIdix 5 ). To illustratC tile dilfe'rceiCCs in 
Sato et al.. I973: TA.MS. f98 ). ()n the Ishlnd of rainlfall pattcrns. rainfafll data oftwo rc presentative 
IIlawaii IocatCd hCt\vCCn I () and 2() N Lit, lost of soils Ilron11 a-ai ian Nil ll arc shovn in F iCures I 
the soils are lsed for catt le ia/inc. I low.er. dic and 2. Table 1(0 shows tihe Soil7"'.volaonv classili
to extreme rainf[ill variabi lilv. o irc liuction catl0io fsoiIs used to test the LEAM.1FI1C 
varies creatlv From year to veau. ()n the Island of Land characterislics alon,, with dlata in 
Maui locatcd bet \c\_n 2(0 and 21 N Lat. soils of Alptend, x 7VC re used to coll)Ute LS and RI 
low rinifiIall rCas V ICd m11inl for irricated accCOrin.'c1iito Eqluations 121 aid I1I. andi tile results 
Sulc'oil nllv lc\'cl or nlodratl\ sloping are Stliiari eZl_in Table I I . The K Valties 1kw 
lowlands. and fork incapple. at I-la%%aii obtained froml• and iiuiC Oil steel and NIZau i soi!s were SCS 
IaIlIds. ( 198 I ):ald KvaltiCs for Niali soils were estiialed 

IMall is located in West Africa hetecl I(, Il-0mn sil Itxlii andI 01l1.1.nric) Mattelr properties 
and 20" N Lat. A1rIic.ultural pIrdtiction is strictly ising a -rolcedluredeveloped by ARaS/USDA ( ie, 
cotndlucteld tildCr rainletl conditin1ts as aoutr%6(/ MitchellI and 13uICnzCr. 1980). Slope leglil is 
olthC cotlr receives less than 40(0 mn a nlot norl-malkl availahlC in soil Stirvevs. Therefore.;m ear. In 
addition. Mali's soils are extremly poo 1'0r this situdy. and to pernlit coi)utation of LS, all1)r in nutri-
ents. where 65(14 of the counlr" s land consists of soils were assumed to havC aslope length of 50 ill. 
low orcalnic imatiter. nuitrient-lef icilent, salld soils. 
About 15, Of the land is considered arabl. hti Developing a Computer Program 
onlv 2%,7 is currnltlv undler agricuIltural i-dtMitioi 
(TANIS, 1983). Using aStatistical Analysis System (SAS) 

Tlie crodibility assessllcilt at the soil series program (SAS, 1982). an Expert System computer 
category lay ineltde +Soilsthat mect the reqti re- program (Appendix 6) was leveloped to (i) first, 
illilts ofthC Soil series. btit have different erodibil- comLlute LS and RI: and ii), then ilatch values of' 
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LS. RI, and K with the diaIgnostic criteria devel- The SzS program was used hecause ii 

oped for slope hazard (S), rainiilfrll crosivhv risk provides Ilic toos nccded IOr this kind ol expert
(R13). and ;oil crod hi lity (1K (wc Tahles 2. 4. and system dcv:-lopimn. The S-\S prograivi has two 
8,).Results rom these ratcliings w+ere used to seps: the )ATA STl'FIand thec PROC STEP. The 
place each soil into the LEANI lraniex\\ork (Table !)AIA SH;P Ce'i ns %kith the iitroduct ion of soil
9). TIle 1otatiI1 aseCd in the comp1uter program is and climatic data into a SAS data set. Once the 
uven iI Appendix 7. 

Talle 10. Classification of, the Hawaii andI Mali soils. 

Soil Series Soil Classification 

lslad ofllawaii 

Apaki e 
Hanuli)oe 

Medial 
Medial 

over cindery isomesic "ypic Vitrandepts 
isoll eic Typic l)vstrandepts 

Sliwi 
Kawallao, 

Fine. Iiallsitic isoliyperthermic Typic Listropeps
Medial. ashi]isoh perrllrnic tistollit Canilborthids 

Kilolhna lMedialisomesic \ollic Vitrandepts 
Pakiri 
NaalAhu 

Mcdial 
ledial 

iht)vpCrtherniC Ty'pic 1:111 rnd,2pAS 
i,,llperlterl it 'Iv leh F.,]]ntrandts-l 

PUL pa1 Medial over l-agental isothcrinie t- tollic uitrandpets 
\Viinea Medial i'otlicrmiic Typic IFtitrallcpts 

Island of Mlaui 

tH-al i1mai i Fine. kaoliunitic i.<,tthermiC Ty pic GihsiIhu mox 
lao Fine. kaolinitic i.'hrt herin it' Typ-ic I 1hpuIStO\ 
Kaharua Clhve\ . kaollinilic isolhtirnic TropCiic I lplIusix 
KeLhua .ClaVc\'.kaollinitic isoh'lpcri hcruic T pic Torrox 
Lallaina Clayey. ktolinitic ilh\ptrtherm ic lpic "orrox 
Kull. "Medial isothermict Tylic Futralndpt 
:Ma.ikcna.t ('oars'-loaI\. 1l1h\ is,,ll ermit' Arid' tYt llustol s 
Paia Fine. kaolinitic iohypxllhcrinic Tvpic Ilaplustolls
W\ahikuli ('layc\, kaoliniticit l pcirtherinic Tropeptic l-aplustolls 

Republic ol'Mali 

D2 Typic Torripsanirents 
)5 P.nsamnmentic -laplargids 

[)A2 Typic I-Iaplai. ills 
DA4 Ustalf'ic I laplar,,iids 
P1.6 hltic,T[\ p I lliiustUllfs 
PL 10 IlinthitC Ilahplurl l 's 
TC4 T'pic CuirtltsiIS 
PL I I Oxic I lplustults 
PL13 Oxic lhtpluiSIlS 
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Figure 1. Rainfall (istrilbution o1 the lakini soil (Havaii, USA ). 
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Figure 2. Rainfall distribution of the 1)5 soil (Republic of Mali). 



SAS data set is created, the SAS system is able to 
produce new SAS data sets from e iStin, ones 
according to the ditasatcnient.s. The l'fllowing is 
an example. 

IF RI < 50 THEN CLASSRI 1: 

Tile above data statement creates ;a new 
SAS data vth data meei.tini, thoseCrequire,.uCnts. 
Tic SAS swstei ret urns. alter anI, to tile initial 
statement. rcad..\ Itn lh\ the ic \t instruction. 
Tik PrtoclurC (.ntllitLtCs until all dtl;t sltatemcnts 
have been executed. It shuld he It0intCd oit that 
the (tianoticcriteria dcvclopcd f1r slopc h/ard, 
rainfall ersi,'it\ risk, and sot(il crodihilit', are i,&'tu-
ally Ie eCntd in the S\S pioRa1n h t , )r 
scveral data statenlts. 

InI tile PROC ST .T the SAS,,plrnram 
conducts certain function staled in the PRO (U ate-

mont. For example. PROC PRINT: VAR SOIL 
TAXA IANI)I CLA S ;I. CLASS _RR 

CLASS_ K commands the S\S s\stern to mnatch 
the inpul dlata with the dia;LAI( stic criteria for each 
13ind claracleristic a0d aloAso1 print a list o oUtp)Ut 
values such as LA-NI) IH.('LASS S. and so forth. 

Sensitivity Analysis 

Erodihilitv .;scsnlcnts of Oxisols and 
Inceptisols on Maui were compared with the 
USLEI soil loss (A) Values 1t test the accurl-acyl ol' 
lANI. Soil loss wa;lS conIlUted accord ing to 

Eluatio n I 11. Rainfall CeoSiviv ) Values of1me-i(R 
tCerol .iCal stations locate neatr each soil were 
olhtainlcd rvill (;ianihelil..' 1,,. 198)( and 
Ro ( IIat, (C) and COlS r).(). (('tICop Cellt 
vation pr,'clice (l valuCs u1Cd in 1te UiSL coin
puttation ,.\k ere . I Ind 1.0. tenle iv'ly. 
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L.A. Mlanrique 

Part Four 
RESULTS been cropped with sugearcane for several decades 

Ll., n, ftlrrow irlrigation. Soil losIOccurilrine in these 
Most oftI Fl 1 a; i sol ii letd to test LEAM solls can be atri bulcd to impnlper water manage

wcire Inceptiscl s.Oxiols. \lolli sols. and AridiLisls nent rather than rui nfall crosiviity. 
(Tabl I()). on bothIi ceptisol sand Oxiils had K \alues Or InceiA.Sols lHawaii 1d Mauli is

. 17 (l'hle I I). HAilislawl had 1K lands arc pla:ced in c!ass E2 or higher, and exhibitlfisols 

Valies of' (.28 More. I lawali and Maui,
or OP Iiodcrae to higher potential erosion risks. These 
respect i\'ely. 45 .i and 57 of)the soils had shlpes soils are fowiuid in nat oltra.l] or improved pasture and 
greater than I()(. The Nlali soils stidied were plroah,hly wtlld noti experience severe erosion 
Aridisol-,, A,1i 1s. Ulliisols. and Entisols (Table undetfr the pruCaililiL, Iland use. However, a high
I()). The 1K Vaties ranged from 0.05 to ().12 for potential croson risk exists ifthe present land use 
Entisols and Aridisols: Alfisols and UIltisols had K is changced to one that could expose the soil strface 

ailues higher than (.27. Most of Mali's soild had to direct raindrop imn pact. Overall, the crodibility
slopes maller than I()' (Table I I ). ratings of Oxisol s and lucentisols are consistent 

With studies thit indicate youner soils are more 
Erodibility Assessments Susceptible to erosion than older and highly weath

ered ;ils (El-Swaify and Dangler. 1982).
Soils of '.tawaii. On and Maui of Mali. Mali'sHawaii Soils Entisols and 

islands, slope steepness is the raill factor (loter- Aridisols are placed in class El and possess low 
mining placement of the soils into 6ifi'erent eroli- )otentia! erosion risk (Table I I). These soils are 
bility classes (Table I I). Except for extrele cases, found on n1early level, sandy plains and stabilized 
such as the Kawihac and Pakini soils, K valties are !and dunes in the northern, driest area o1 the 
relatively uniform among soiIs: hence. their contri- country. Ultisolsand Al fisols are placed in class E2 
bution to the overall erodibility a.ssssmenl is vii- or hit)hCr. Such placelent is the result of highl
ually constant. B3y Imiting the erodibility assess- rain fall erosiv ity risk and/or hi gh soil erodibility. 
ient to soils recei\ ing less than I()(() m peryear, These soils are round on sibhllmlid. nearly level 

the Hawaii soils included ill this SItidy possess low plains which characteristically have 1)linthite in 
potenitial erosion risk due to rainlall, as was cx- their lower horizons. In Sm.mnllnary, slope steepiess 
pected. is not aiia j(;rconltri but in factorito erosion o Mali 

Maui'; Oxisols arc p lced in crodibility soils. The deu,7'rce to which these soils could tin
classes E l and E2. and possess low to moderate dergo severe erosion depends primarily upon their 
potential erosion risk (Table I I ). These soils have intrinsic ability to resist the potential erosivity of 
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Land lrodibilit .'vc.usm Ajt'1fMehoidulnoy 

the erratic, short-lived but highly intensive rain- Table 11. Soil and site properties and related land 
falls ol West Aflri. 

Erodibility Class vs. Soil Loss SOIL PROPERTY 

Erodibility classes and the estimated soil 
loss valies C0rOxiSo(l,; and IIcepCltisol s on M aui 

Annual 
Rainfall 

Slope
Steepness 

Soil
Erodibility 

island were cimared (FiguCres 3A.B1. The regres- (am) (%) (K) 
sions showed r val ues of 0.86 and 0.90. respec
lively. The liih ly sigen ificant correlations betweenI Islantd of 11a waii 
erodihility classes and soil loss \'aLies illustrate Ihe 
accuracy with which the I11AM assessed potential Al)ALIie 120 16 0.17 
erosion risk. Apku

Hanipoe 
1120 
112(1 

16 
16 

0.17 
0. 17 

CONCLUSIONSi 
Kawaihae 

1300 
205 

3 
9 

0.17 
0.28 

LEAM 
ErLodibililt)' a-,e.ments 
correspoided closely 

of the soiIs uiS, 
to the estimated 

Kilohmna 
Pakini 
NYlc lI 

575 
1056 
1183 

16 
4

22 

0.10 
0.43
0.17 

USLE soil loss valutes, indicatinL that L.EANINi'tlu 1 205 85 0.17 
adeC1 uately rates potenlial erosion risk ilnqtLntitl- Waiica 674 16 0.17 
ive and operational ten s. The close a.rceIni'Cllt 

between erodibility classes and soil loss \'aluCV, I 
indicales that reliable estimates ol potentiatl ero
sion risk can be obtained hV usilng the LEAN1. 

The LEAN is desigied to pro\vide quiIck
and reliable estimates of potenial erosion risk 

Hallilla'ii 
htIo 
Ki 

1168 
703 

I229 

5 
5 
5 

0.17 
0.1!7 
0.17 

whcnever.S'oi Invnzv is used illthe soil surveys KeIhla 1168 5 0.17 
available. To asses;- potcntial erosion risk, major Kuki 851 16 0.17 
land characteristics which ave readily obtainable M KuLIa 851 26 0.17 
the soil urves are selected. The land-ratingil 491 2 0.17 
framework of LEA N] provides bhsic inlormation ,Makezia 861 9 0. 17 
as to whether a gi\yen land has a specific potential aia 1274 5 0. 17 
erosion risk, and to the limitations associated with 
lind use. It is emphas ited that LEANM's erod:hililty WaihikL i 491 5 0.17 
assessmenlts sihould be rec:ir(led as a guilde to be 
eventual ly replaced by more relined predictive 

Republic of Mali 

techniqIue;, of erosion assessment and control. D2 196 4 0.05 

ID5 506 4 0.05 
DA2 196 4 0.05 
DA4 418 4 0.12 
PL6 531 1 0.05 
PLIO 1052 1 0.27 
TC4 1118 I 0.38 
PLIO 1052 1 0.48 
PL 11 996 1 0.12 
PL13 996 1 0.27 
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L.A. AM1hpique 

haracteristics used in the erodibilitly assessmenil oi' Ihe Hawaii and Maii soils. 

LAND CHARACTER!STIC ERODiBILITY ASSESSMENT 

Slope Rainfall Soil 
Hazard Erosivity Erodibility Class Subclass Potential 

LS Rating RI Rating K Rating Erosion 
Risk 

3.7 S2 114.8 RE3 (0.17 K2 E2 S2RR3K2 Moderate 
3.7 S2 114.8 R0 KRR 1" 0.17 K2 E2 S , K2 Moderate 
0.4 SI 11.8 WO 0.17 K2 SIR R1 LEl 3K2 
1.5 SI 23. RR1 0.28 K3 El SIRRI K3 Low 
3.7 S2 50.0 RR2 . K0K2 [2 2RR21K 2 Moderate 
0.5 S I I)2.1 RR2 0.43 K5 12 SI RE2K5 Moderate 
0,3 Si 112.4 RI3 0.17 K2 F4 S4RR3K2 Very I-11,h

76.4 s1 23.3 RRI (0.17 K2 E4 S4Rl2IK Very Iligh
3.7 S2 64.5 RR2 0. 17 K2 1,2 S2RR2K2 Moderate 

0.7 SI 129.2 17 ElRR3 (). K2 SI RR3K2 Low 
0.7 SI 8 2.X RR2 0.17 K2 E l SI RR2K2 Low 
0.7 SI 121.1 RR3 0.17 K2 EJ SIRR3K2 Low 
0.7 SI 129.2 RR3 0.17 K2 El SI RR3K2 Low
3.7 8,;2 7().9 RR2 0.17 K2 12 S2RR2K2 Moderate 
8.5 S4 79.9 RR2 0.17 K2 E4 S4RR2K(2 Very -igzh
(1.2 SI 62.7 RR2 0.17 K2 El SI RR2K2 Low 
1.5 SI 77.5 RR2 0.17 K2 El SI RR2K2 Low 

0.7 SI 113.0 RR3 0.17 K2 EI SI RR3K Low 
0.7 SI 62.7 RR2 0.17 K2 El SIRR2K2 Low 

0.5 SI 59.2 RR2 0.05 KI El S IRR2K I Low 
0.5 SI 135.6 RR3 0.05 KI El SIRR3K1 Low 
0.5 SI 59.2 RR2 0.05 KI El SIRR2K I Low 
0.5 SI 115.2 RR3 0.12 K2 El SIRR3K2 Low 
0.1 S1 128.4 RR3 0.05 KI EI SIRR3KI Low 
0. I SI 215.5 RR4 0.27 K3 E2 SIRR4K3 Moderate 
0.1 SI 239.6 RR4 0.38 K4 E3 SIRR4K4 High
0.1 SI 215.5 RR4 0.48 K5 F.33 SIRR4K5 I-lhi 
0.I SI 191.5 RR3 0.12 K2 El SIRI3K2 Low 
0.1 SI 191.5 RR3 0.27 K3 El SIRR3K3 Low 
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y = 1.0549 + 5.1890e-2x r2 = 0.856 
4-A 
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y = 0.99660 + 4.7143e-2x r = 0.896 

4 AA A 
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Erodibility
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Figure 3. Erodi!ility classes in relation to the USLE soil loss for (A) Oxisols 
and (B) Inceptisols of Maui, Hawaii, USA. 
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Land IrhodiilitvAssc.NJc/nltAfethodolo.V 

Appendix 1.Location of the meteorological stations and soil names. 

Meteorological Station Name, 
Location and Soil Name 

Latitude Longitude Elevation 
(m) 

Hilo. HI, Dysic isohypertherndic, lithic Tropofolist 19 43'S 1550 4'W Ii 

Alto Tapajos. Brazil. Orthic Forralsol (Oxisol) 7°2 I'S 5703 I'W 125 

Coari. 3razil. D'stric Gleysol 40 5'S 630 8'W 48 

Ponape, USA.not deterivI ined 6058'N 158 13'W 46 

Curitiba. lBrazil, claycy, kaolinitic thermic, 
Typic 1-aph)hmLult 

21023'S 490 1O'W 908 

Olinda. Brazil. clayey, oxidic isohyperthermic 
Rhodic PaleudIult 

CharlCston, SC,fine-loamy siliceous, therrnic 
Acluic Paleudult 

80 9'S 

32054'N 

34055'W 

800 2'W 

10 

15 

Olyirpia. WA. Brown Podzolic 46058'N 122 054'W 61 

Aracaju. Brazil. claNey, mixed isohyperthermic 
Plinthic PaleustuIt 

10055'S 37" 3W 6 

Rio de Janeiro. Brazil. clayey, kaolinitic Oxic HaplIIstalf 22°54'S 431 O'W 27 

Brownsville. TX. fine-silty, mixed, hyperthermic 
1llVentic 1-apIlustollI 

25054'N 97 026'W 6 

Lihue. HI. clayey, kaolinitic 
Tropeptic Eutrustox 

isolypertliennic 21059'N 159 021'W 45 

San Antonio, TX,fine. rmontmaorillonitic, thermic 
Petrocalcic Pa leistoll 

290 32'N 990 28'W 242 

Bechar, Algeria. not determired 31 038'S 20 15'W 806 

La Rioia. Argentina. Haplic Xerosol" 29°23'S 66 049'W 430 

El Paso, TX,loamy-skeletal, mixed, 
Typic Paileorthid 

thermic 311°48'N 106°24'W 1194 

Honolulu, HI. fine. kaolinitic isohyperthermic 
Aridic Haplustoll 

21 021'N 157 056'W 5 

Luanda, Angola, not determined 805 I'S 13 14'E 70 

*Food and Agriculture Organization (FAO) soil names. 
U.S. Soil Classification System (1938). 
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Appendix 2. Xloisture availability index (IAl) values for diterent meteorological stations. 

Station' Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

tuo (PE). 1.14 1.75 1.55 1.55 1.23 0.93 1.310 1.39 1.(09 1.51 2.66 2.28 

Alto rapajos 
(111") 

.122 3.02 2.92 2.06 0.59 0.09 0 0.03 0.75 I.22 2.01 2.40 

Coari WP) I.92 1.72 1.72 1.91 1.52 0.77 0. -5 0.31 0.49 0.74 1.02 1.26 

Ponape I:) 1.56 1.22 1.72 2.35 2.93 2.45 2.24 1.99 2.25 2.28 2.32 2.60 

Curitiba IiD) I.16 0.97 0.74 0.55 0.55 0.77 0.48 0.44 0.88 0.87 0.51 0.86 

Olinda (II) 0.(0,1 0.14 0.49 0.90 1.55 1.73 i .20 (.65 0.2 1 0.09 1.06 0.06 

Charleson 
(LI)) 

0.66 0.65 0.46 0.29 0.26 0.39 0.70 (.6() 0.50 0.18 0.44 0.68 

()Impia (aI)) 6.72 4.22 1.86 0.46 0.22 0.07 0.03 0.06 0.28 1.78 3.91 9.52 

Aracaju (US) 0.06 0. 10 0.29 0.61 1.28 0.95 1.15 0.55 0.21 0.09 0.04 0.06 

Rio de.Janeio 
(US) 

0.46 0.40 0.49 0.63 0.43 0.25 0.23 0.16 0.30 0.36 0.45 0.57 

ilronsville 

(US) 

Li( (US) 

0.12 

0.6(1 

(.12 

0.59 

0.08 

0.49 

0.(018 

(.32 

0.11 

0.20 

0.07 

0.14 

0.05 

0..18 

0.12 

0.21 

0.33 

0.18 

0.26 

0.40 

0.15 

0.59 

0.14 

0.81 

San Antonio 
([US) 

(.25 0.21 (0.14 0.23 0.26 0.13 0.06 0.08 0.15 0.10 0.18 0.28 

Bechar (Xt ) 0 0 0 0 0 0 0 0 0 0.01 0.01 0.02 

La Rioia XEI) 0.12 0.14 0.23 0.01 0.01 0 0 0 0 0.01 0.05 0.11 

El Paso (AR) 0.05 0.03 0.01 0 0 0.01 0.07 0.07 0.01 0.05 0 0.05 

Honolulu (AR) 0.24 0.25 010 0.04 0.05 0.01 0.02 0.03 0.05 0.10 0.13 0.25 

Luanda (AR) 0.01 0.03 0.11 0.44 0.01 0 0 0 0 0.01 0.05 0.02 

Source: Hargreaves, 1977. 
PE is perudic, UD is udic, US is ustic, XE is xeric, and AR isaridic. 
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Appendix 3. Soil erodibilitY K value.s for selected soils. 

Number Soil Name 

u ,.LIItO fi n,:C t111 0I T y p ic ,A i ll. 11-10 0 1 l h1 itiC " 

2 AIlL.1 ic A.l.'iudoll. linC tnontniorilloMitic 
3 Aridic ,1rih1Coll. line mnimol-tllonilic 
4 Udic .A\rtitstoll. clacv-skcltal motmotrillonitic 
5 tdic Nairiloroll liC-lalily mixd (?) 
6 1vd icI D\ ,trancdept. thixotropic 
7 Iypik inhriacluLt. fin-loam\ silicO',
8 I listic lltnaqluept. line ilitic__ 
9 LI,, Ihfhluall.ffine-shitv mixed (?) 
10 .\ndic 1)\ tOCl tii\o0tropic 
11 Aeric (IlshRqLullf. 11XLfin-silty mixed 
12 Mollic I lploxerall f.ie,.-Ioamv mixed () 

13 Typic I h( do,.ra'F.f. ,.rv filinmixed (VR2,MT2) 

14 Ultic Itl.rl .lll. line-,iltv mttnorilo nitic 

15 Typic tlapnludtlt. fine' mixed C.?) 

16 TV,pic -auldtdall , CineC mix\Cd ? 


17 Typfic \r-iacloll. line mixed ' 

18 Tyic'. Arilhorfll. lin('-hatH\ mixed(?) 

19 P.amminiiC-tic I al)I udIIl'. COarSeIO-hlamy mixed (?) 

20 Typic Albactn If. line n iXed (?) 

21 Pl1iihic Paleudtlt. Ii nc-loam \ silicCoL. 
22 Typic Agrudhl f. linc-silty nixed (VR- -i14) 
23 3orollic Ntrartid. ine montmori I lonitic 
24 Typic NatiraquallF. rinc-si!tv Inixcd '?) 
25 Typic ItIaplorthld. coarse-loamu ini ixed (?) 
26 Typic Fra. iorthod. coarsc-loamy in ixed (VR4) 
27 Crvic I1hcoliuniod. thixot tiopic 
29 Tvpic DytrochrI.tine-,ill inixed (VIR3) 
33 TPropeptiic 1-hplolrt hox, clavey oxidic 
31 Typic Cani ol-hid. loan-skel ctal, inicd (NI13) 
32 Tpic Acrusiox, cl'c'y oxidic 
37 Aridic Calcixcroll. hoamv-ske lelal carbonatic 
40 Petrocalcic Paleareid. loamv-skeletal mixed (?) 
44 Alfic -hlaplorihod.coarsc-loam1ini ixed 2) 
51 Tvpic PaleidalI. VCrV uie \'CrIniiculitic 
53 Typic DILtrixerialf. coarse-loany mixed (M13,KK3)
60 Petrocalcic Paleaig id. loamy mi:xed (MT3) 
61 Typic Calciorthid. sandy mixed (?) 
63 Typic Dutorthid. loanmy mixed (?)) 
64 Typic Paleorthid. loamly n ixed (?) 
69 Typic TortipsaiuICnit mixed (?) 
70 Typic Usiipsammunlent mixed (?) 
71 Typic Cr\'andept thixotropic 
102 rypic Acrortlox. claycy oxidic 
103 Haplic ,\crorthox. clayey kaolinitic 

Pedon number inSoil Taxonomy's Appendix 4 (Soil Survey Staff. 1975). 

(Jaramillo et al., 1985). 

K value 

0.3 9 

0.30 
0.26 
0.32 
0.16 
0.20 
0.12 
0. 
0.52 
0.25 
0.34 
0.13 
0.22 
0.52 
0.36 
0.4() 
(0.28 
0.36 
0.50 
0.30 
0.32 
0.41 
0. - 8 
0.51 
0.28 
0. 18 
0.39 
0.35 
0. 17 
0.50 
0.15 
0.28 
0.44 
0.29 
0.38 
0.48 
0.19 
0.08 
0.16 
0.35 
0.09 
0.09 
0.26 
0.16 
0.17 

OOOP ispedon number for Panamanian soils 

.. Dominant clay rrineral by weight fraction (X-ray). Minerals listed as the following: VR isvermiculite, MT ismontmorillo
nite, MI ismica. KK iskaolinite, KH ishalloysite, MV ismontmorillonite-vermiculite, and ?means unknown. 
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L.A. Mar'iqt, 

Appendix 3. Soil erolibility K values tor selected soils--oltinu,itd 

Number' 

119 

I08 


41 

55 

8( 
81 

82 

83 

92 

110 

112 

11-1 

I I0 

4Aeric 

1Is 
120 

121 

124 

126 

Ii 
122 

54 

56 

57 

58 

59 

79 

87 

96 

97 

99 

13() 
123 

0031P 

005P 

006P 
((SP 
0091' 
0121) 
01 3P 
004P 
0051P 
014P 
016P 
01 71) 

Soil Name 

Tlpic Rhodudult, claVeV oxidic 

L,riC tlIap lAtLuOd. cla\'ev oxidic 

Typic Salortlhid. verv-inc mlontll I liol it ic 

Typic Palexerall. tine lllOIllll i llon iliic 

Typic Dvstrochrept. fine oxidic 

Typic LutlopCpt. ifieCiixed (IT.4)

Typic Argialhboll. Ii Bc monimoli lohnitic 

Tv.pic ArgiaquCOlI. fine liiOIII1liloflitic 

TVpic A.'r..ciuStoll. 1inC n lnorill itjic

Typic F'lacohti lod. Na\dV SiliCCoLS 

Tvpic Allimqtult. clayev mixed (?) 

Oxic Pli llhacjuult. ci,,c\ mixed (KK5)

T"ly'pic iropo0hluniil. clavC\ oxilic 


(;]oNCa tIaIl . fi ne-,,itIv iiixed (NIT4)

Typic Ilapludt., clayey mixC1 d \;R2)

Typic TropdniUll. cia\C\ mixe(n I\"3 

T'piC Ilallutull. cliv\ mixed (

A c1ti! c (hl-(IluLKIdcii. 'er\ ni itic
IIe 1110111fn1orilIo 
Udic (']il'OIH lCl't. \''\' fiN[ 111 1orllimo rilIonit ic 

Xrice5 -laphloininnt. clav\ kauliniic 

Typic 1aploxCruIlt. Iie-l, aln liixecd (N'T3.VR3) 


I4atixeral . iie-lanI ' mixed (MTF3.KK3)

Typic DIrar,,id, line li xed (Ni13) 

Typic Haplar,..1id. line-loamv mixed (NIT.MI13)

Typic Natrare id. fine-loam mixed (NMTNNIl_2)
Typic F'aleargid. fine iixed (IMT3,M13.KK3)
Typic Xerochirept, cotarse-loamy mixed (VR4,K K3)
Typic Natriboroll, coarse-loam\, mixed (M12.KK2.VR2)
Typic Arixeroll. Iine-loaly, lyixed 1N'l14,KK I1 
Pachic Calcixeroll, fine-silty mixed CM'IT5.KK2)
Pachic Ilaploxeroll, coarse-loamy mixed MI 2.KK2)
Typic Haploxcroll. I lie-lom, mixed (KK4.M13)
Typic Torrcrt, ver,, fline mixedlMV3) 
Aqjuic Hapltudoll. fine iixed (KK3)
Aeric Tlnopajualf. fine Aloysitic
Acrc Tropakuept. fine mixed (KK4)
Vertic HaplustallI. verV fine niixed (K[13)
Udic H-lapIlustalf. Ilie niixed (KK4) 
Typic HuImitropept, fine mixed (MT3)
Oxic Hu1i1mitropept. claVey-skeletal. mixed (K-13)
ACii ic Hapil udollI. fine-loainiv mixed (KK3)
Fl u\Vltic Ustropept. fine-loaiv lixed (MT3)
Typic Plinthudut. fine mixed (KK3) 
Typic Tropoliuniul. fine-loamy mixed (KH3) 
Utic TroLpLdai', fline-loamy mixed (KK4) 

K value 

0.17 
0.09 
0.24 
(.44 
0.20 
0.29 
0.38
 
0.39 
0..,_32 
0.06 
0.33 
0.18 
0.17 
0.40 
)0.18

0.2 I
 
0.35 
0.21 
0.20 
0.27 
0.38 
0.45 
0.36 
0.28 
0.44 
0.41 
0. 18
 
0.31 
0.28 
0.35 
0.32 
0.28 
0.22 
0.33 
0.28 
0.32 
0.22 
0.23 
0.15 
0.15 
0.36 
0.37 
0.27 
0.26 
0.27 

'Pedon number in Soil Taxonomy's Appendix 4 (Soil Survey Staff, 1975). OOOP is pedon number for Panamanian soils
 
(Jaramillo et al.. 1985).
 .. Dominant clay mineral by weight fraction (X-ray). 
 Minerals listed as the following: VR is vermiculite, MT is montmorillonile, Ml is mica. KK is kaolinite, KH is halloysite, MV is montmorillonite-verrriculite, and ?means unknown. 
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Appendix 4. Erodibiiity classes and subclasses o' the LE.AMI framework. 

Erodibility 
Class 

Subclass 

El SIRRIKI 

SIRR3KI 

SIRRIK2 

SIRR3K2 

SIRRIK3 

SIRIR.3K3 

SIRR2KI SIRR2K2 SIRR2K3 

E2 S IRR4K I 

SIRRIK4 

S IRR3K4 

S2RR IK I 

S2RR?K I 

S IRR4K2 

SIRRIK5 

SIRI3K5 

S2RR IK2 

S211R3K 2 

S IRR4K3 

SIRRIKO 

S IIR3K6 

S2RR IK3 

I2_IR3)K3 

S2RR5KI 

SIRR2K4 

S2RR2KI 

S2RR5K2 

SIRR2K5 

S2RR2K2 

S2RR5K3 

SIRR2K6 

S2RR2K3 

E3 S IRR4K.4 

S2RR4Kl 

S2RR IK4 

S2RR3K4 

S3RRIKI 

S3RR3KI 

l RR4K5 

R2R141(2 

S2RR IK5 

S21¢RK5 

S3RRI K(2 

S'RR3K2 

SI RR4K6 

S2RR4K3 

S2RR IK6 

S2)R3K' 

S3)RR IK3 

S3R,3K3 

S IRR5K4 

S2RR5K I 

S2RR2K4 

S3, R2K I 

SI RR5K5 

S2RR5K2 

S2RR2K5 

S3RR2K2 

SIRR5K6 

S2RR5K3 

S2RR2K6 

S3RR2K3 

E4 S2RR4K4 

S3RR4KI 

S3RP,I K4 

SIRR. K4 
S4RRIKI 

S4RP,3K I 

S2PRR4K5 

S)RR4K) 

S3RRIK5 

S3RR3K5 

S4RR I K2 

S4RR.K2 

S2RR4K(" 

SR4K3 

S3RR IK6 

S.3RR3K6 

S4RRI 1K3 

S4RR31K.1 

S2RR5K4 

S3RR5KI 

S3RR2K4 

S4RR2K I 

S2RR5K5 

S3RR5K2 

S3RR2K5 

S4RR2K2 

S2RR5K6 

S3RR5K3 

S3RR2K6 

S4RR2K3 

E5 S3RR4K4 

S4RR4KI 

S4RR5KI 

S3RR4K5 

S4RR4K2 

S4RR5K2 

S3RR4K6 

S4RR4K3 

S4RR5K3 

S3RR5K4 

S4RR4K4 

S4RR5K4 

S3RR5K5 

S4RR4K5 

S4RR5K5 

S3RR5K6 

S4RR4K6 

S4RR5K6 

S is slope hazard, RR is rainfall erosivity risk, and K is soil erodibi ity. 
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Appendix 5. Ionthly rainlall data for tie Hawaii and Mali soils. 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

W'and 0f lawaii 

Afakuie 115 125 167 1!,8 62 20 41 89 47 75 122 146 
Ilanip-, 115 125 1()7 1 18 62 20 41 89 47 75 122 146 
HIawi 132 III 14 I'5 87 76 103 105 64 83 121 136 
Kawaihac 45 22 is 15 14 8 4 9 10 15 16 28 
KdIohana 62 58 71 54 53 27 33 37 46 45 39 44 
Pakini 137 100 104 8N 6() 59 55 74 68 93 98 107 
Naaieiiu 165 120 141 88 58 41 45 88 76 95 129 132 
PuII pa 45 22 18 15 14 8 4 9 10 !5 16 28 
W\ainmca ,84 80 84 67 -12 21 34 45 29 39 63 82 

blland ofMaui 

tllimaii 173 154 157 115 53 22 35 50 40 60 123 179 
lao 119 105 92 69 31 9 15 20 17 39 74 104 
Kahana 17() 125 143 120 71 45 67 64 45 70 129 174 
IK-'cahua 173 154 157 115 53 22 35 50 40 60 123 179 
Kula 135 96 80 86 51 42 46 51 52 52 57 95 
l-ahaiu 98 67 6() 38 19 5 9 13 14 23 52 87 
N'lakcna 125 93(I 85 71 57 49 47 48 70 68 56 86 
i1ia 138 1) 146 124 79 63 87 89 59 88 128 144 
Wahikuli 98 67 60 38 19 5 9 13 14 23 52 87 

Republic 9f lali 

D2 0 0 1 1 3 17 47 89 34 4 0 0 
D5 0 1 0 5 17 65 58 215 118 24 2 1 
DA2 0 0 I 1 3 17 47 89 34 4 0 0 
DA4 0 0 0 1 I1 44 118 166 67 11 0 0 
PL6 0 0 I 5 24 58 144 186 92 20 0 
PL10 I 4 17 65 141 204 333 213 66 7 1 
TC4 I 0 1 12 44 157 246 354 224 71 7 1 
PLII 0 2 4 31 66 139 220 285 182 57 8 2 
PLI3 0 2 4 31 66 139 220 285 182 57 8 2 
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Appendix 6. An expert systemi coniputer programi for the LEAMNI. 

I data one: infile n firslohs=3:
 
2 input soil Ss x k inrlr2 mr3 mr-4 min5 nira nir7 nr' mr nrl()

3 1rW I in 2 ar taxa S r:
 
4 :1his isacOmluter program for LFAl\M, a land cr (dihilitv assessment
 
5 melhodology developed b\ I~uis A Nanrique, I)ept. Agronomy and Soil 
6 Sci..,Ii . T)(2/88:I aWali %1. Q.. 03/88: V3.)0/88) x= Slope
7 length, s= sope steepn.ss, i= constall factor. ri= nodiflied toulrnielrs 
8 index k= soil CrodibilitV,. ar= annual rainfall. mr -I-nri 2= m(nthly"V-; rainfall, is= slope factor. r rainfall factor froml. . soil
 
It) loss (t(on/'La ycar). aI-a0= ;oil hos at valties ot c= 0.05, 0. 10,
 

=1I 0.20, 0.30. 0.10. ;nd 0.50, rcspectively, s()iH= soil name, taxa

12 soil ormer:
 
13 ::('1n1)mtatio)n 01 INieu, i1,is:
 
-1 if x=. then = 5(): 

15 if s 5 or S>5 thei m= ().5:

16 if sW3 or s>- :.nd ,<5 then n N.4:
 
17 if s=I wn3
or s> I and lieni= 0.3: 
18 ifS< I Ihen Ill=- .:
 
19 s2- ,s:

20 Is-- ux/22. 13)y:: :m 0;:.:(0.)5 + 0.(45*s + 0.0065:" " "
 
21 :( OInptiLt Iioll ()f ii hb,ins:
 
22 =i-I I*1m War:
 
23 r2=( mr2 nir2 )/ar:
24 . ..
 

25 r4=inr4munr4)/ar:
 
26 r5=( mr5 :mn r5 )/ar:
 
27 r6( ir6 n:mr()/ar:

28 rT=i mr7 in r7)/ar:29

2)9 r8=( ii . :mnr')lar: 
30 r =(m1 )/a 1r: 

33 r 2=(imr 1 2rl 0)/ar:

32 IIinl m I1)ar
34 ri-n I+r2+ r3 +mrSr+r6+r7+r8+r9+r I O+r I l+r1 2: 
35 ::Ra in,, ()f indiv idual land characteristics hegins;

36 if ri<5) then class-rr 1:
 
37 if ri=5() or ri> 50 and ri< I00 Ohen class-rr=2:
 
38 if ri= 100 )r ri> 10O and ri<20() then class-rr=3:
 
39 if ri=2() or ri>(200 and ri<30() then class-rr=4:
 
40 if ri=3() or ri>3() then clas-n-5:
 
41 ifls<2 than class-s= I:
 
42 if Ns=2 or s>2 and Is<4 then class-s=2:
 
43 if s=4 Or Is>4 and ls<6 then class-s=3:
 
44 if ls=6 or Is>6 then class-s=4:
 
45 if k<0. 10 then class-k=l"
 
46 if k=0. I0 or k>. 10 and k<0.2() then class-k=2:
 
47 if k=0.20 or k>(.20 and k<0.30 then class-k=3:
 
48 if k=0.3() or k>0.30 and k<().4() then class-k=4:
 
49 if k=0.4() or k>0.4) and k<0.5() tOen class-k=5:
 
50 if k=0.50 or k>0.5() then class k:-6:
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Appendix 6. An expert system computer program for the LEAM--Conil(' ,d 

51 Erodihi lit v assessment bills: 
52 
53 
54 
55 
56 
57 
58 
59 
6() 
C)I 
62 
63 
64 
65 
66 
67 
68 
69 
7() 
71 
72 
73 
74 
75 
76 
77 
78 
7' 
80 

if'class-s= I and (class-rr= I or class-rr=2 or class-rr3)
and (class-k= I or class-k=2 or class-k:3) then land-e= : 
itfclass-s= I and (cla s-rr=4 or class-rr=5) and (class-k= 1 
or class-k=2 or cl ass-k=3 ) then land-e=2: 
ilclass-s= I and (class-rr I or class-rr=2 or class-rr=3)
and (class-k-4 or clas.,,-k=5 or class-k=6) then land-e--2: 
if class-s=2 :mid1 class-rr I or class-rr=2 or clss-rr=3)
and (class -I orI-c s.=. or class-k=:3) then laind-e-2 
iI class-s= I and (class-rr=4 or class-rr=5) and (Wcass-k=4 
or class-k=5 or class-k=( ) then land-c=3: 
it class-s=- and (chtss-rr=4 or class-rr=5) and (class-k= 1 
or class-k=2 or class-k=3) then land-e=3: 
itfclass-s=2 and (class-rr- I or class-rr=2 or class-rr3)
and (class-k=4 or class-k=5 or class-k=6) then land-e=3: 
il'class-s=3 and (class-r- I or class-rr=2 or cl.ss-rr=3)
and (class-k= I or class-k=2 or class-k=3) then land-e=3;
il'ctass-s=2 and (class-rr=4 or class- rr5) and (class-k=4 
or class-k=5 or class-k=6) then land-e=4: 
if class-s=3 and (class-rr=4 or class-rr=5) and (class-k= 
or class-k=2 or ctass-k=3 ) [hen land-c=4: 
il'class-s=3 and (class-rrI or class-rr-2 or class-rr3)
anid (class-k=4 or class-k=5 or class-k=6) the2n land-c=4: 
if class-s=4 and (class-rr=I or class-r=2 or class-rr3)
and (class-k= I or class-k=2 or class-k=3) than land-e=4: 
if class-s=3 and (class-rr=4 or class-rr=5) and (class--k=4 
or class-k=5 or ctass-k=6) then land-c=5: 
if"ctass-s=4 and (class-rr=4 or class--rr=5) and (class-k=I 
or class-k=2 or class-k=3 or ciass-k=4 or class-k=5 or 
cha.-k=6) then land-e=5: 

81 
82 
83 
84 
85 
86 
87 

i'Iland-eC lthen per= 'lo ;' 
i land-c=2 then per='imod'
it'land-e=3 then per='hi gl"
if tand-e=4 then per=' vl ii.h 
if l'ind-e-5 then per= 'cligl ' 
*iI-tiilitioli tf soil loss hegins:
a.=r:':k:'ls;':2.2: 

88 
89 

:In the calcu lat ion of soil loss for a hare soil, it was 
assumed that c was equa.l to 1.0 and p was 1.0. The flctor 

90 2.2 converts ton/acre year iotoil/ha year" 
91 a I=a:::).05: 
92 a2=a:IO. 10: 
93 a3=a: .20: 
94 a4=a::).30: 
95 a5=a.: 0.40: 
96 a6=a0.50: 
97 proc print: var soil taxa land-e class-s class-rr class-k: 
98 // 
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Appendix 7. Notation ol abbreviations and lerms u~sed in the LEAM expert system 
computer program. 

Code Description 

a USLE's soil los; 

al -a6 Soil los at (ifferetnt values oftC 

ar Annual rain'fall 

c Crop manalyc;ienlt factor of the USLE 

class-k Class for soil erodihility 

class-rir Class for rain fall eros ivity isk 

class-s Class for slope hazard 

etp Potential evapotranspffiraion 

k Soil erodihility 

land-e laml erodihility class 

lean Land erodibilitv assessment metliodology 

Is Slope factor of the USLE 

In Constallt 1'-aCtOr used in the com1putation of Is 
mrlI-mrl12 M/onthly t-aintall 

mai Moisture availability inIdex 

) Conservaltion practice factor of the USLE 

pd Dependable rainfall 

per Potential erosion risk (low low, mod = moderate, high = high 
vhigh = very higlh. ellihl= extremely high) 

r Rainalll erosivit\' factor of tile USLE 

rl-r12 Partial valucs of the Modified Fournier's index 

ri Modified Fournier' s ind"x 

s Slope steepness 

slrrlkl Land erodibility subclass 

soil Soil name 

sp Soil permeability 

taxa Soil classification at order category 

usle Universal soil loss equation 

x Slope length 
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