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An Erosion-Based Land Classification System for
Military Installations
STEVEN D. WARREN vides an estimate of current average annual sheet and rill
VICTOR E. DIERSING erosion based upon factors representing climate, soil erodi-
PAMELA J. THOMPSON bility, topography, cover, and conservation support practices
WILLIAM D. GORAN The erosion estimate is compared to erosion tolerance values
US Army Construction Engineering Research Laboratory to produce an expression of the current erosion status. An
Environmental Division index of inherent site erodibility is also achieved through ma-
PC Box 4005 nipulation of the USLE. Based on published soil surveys, sat-
Champaign. Illinois 61820. USA ellite imagery, and ground-truth vegetation transects, data

layers are created within GRASS for each of the component
ABSTRACT / The universal soil loss equation (USLE) has factors of the USLE. Appropriate mathematical operati-ns are
been integrated with a geogaph c information sytem known performed with the data layers, and color-coded maps are
as the geographical resources analysis support system produced that represent the erosion status and erodibility
(GRASS) to create a land classification system for use by -r"ex for each 50-in x 50-m area of soil surface. These
military trainers and land managers to minimize tte environ- maps aid military trainers and land managers !n scheduling
mental impacts of military raining activities The USLE pro- appropriate kinds and intensities of military training activities.

In recent years. there has been a growing interest Agriculture, Soil Conservation Service (Klingbiel
within the military community regarding the environ- 1958), are qualitative in nature and are based upon
mental condition of military training areas that have agronomic land uses. As such, they have only limited
supported intensified training activities, paricularly applicability to military needs and concerns. Soil ero-
armored vehi(le training (1)iersing and SeNcringhaus sion, however, is a quantifiable variable, the conse-
1984, Eriksson 076, (oian and others 198",Johnson quences of which are easily understood bv military
1982, Severinghaus and Goran 1981, Severinghaus trainers and natural resource managers. The most
and others 1979, Stewart and others 1987). Of partic- widely accepted, user-friendly erosion prediction
ular concern to militarN trainers and land managers is model currently available is the universal soil loss
the potential for damage to vegetation and soil and equation (USLE) (Wischmeier and Smith 1978). The
subsequent soil erosion (Coler 1987, Marsh 1986). As equation has the form:
the frequency and intensitv of military training in-
creases and the soil surface becomes increasingly dis- A = R x K x LS x C x P

turbed, the protective vegetation may be lost and soil and provides an estimate of current average annual
erosion accelerated. If allowed to con tinue unchecked, sheet and rill erosion (A) as the product of factors rep-
extensive damage 11-rmm gullying, sedimentation, and resenting climate (R), soil erodibility (K), topography
fol(ding may occur. Such damage is not only expert- (LS), cover (C), and conservation support practices (P).
sive to repair, but also diminishes the realism and Ion- Although not a part of the equation per se, a soil loss
gevit, of military training lands and jeopardizes the tolerance (7) factor is also commonly used in conjunc-
safety of soldiers and equipment. In order to minimize tion with the USLE. The USLE is not without limita-
maintenance costs and ensure the long-term utility of tions, particularly when extended to nonagronomic
military training lands, it is necessarv to inventory and environments (Blackburn 1980). Hlowever, when used
classify the lands relative to their environmental condi- with due caution, the USLE can be a valuable deci-
tion and their abilitv to sustain various kinds and in- sion-making tool for land managers (Wischmeier
tensities of military training in the future. 1976).

Many existing land capability classification systems, The comnpoents of the USLE are geographic in
such as the one developed by the US L)epartment of nature, thus lenditg themselves to manipulation by

computerized geographic information systems (GIS).

KEY WORDS Geographic information system: Universal soil loss Integrations of the USLE with GIS have been accom-
equation Remote sensing, Satellite imagery, Erodibility plished for agricultural lands (Gilliland and Baxter-
index, Erosion status Potter 1987, Spanner and others 1982). Th- objective

Environmental Management Vol 13, No 2, pp 251 257 5 © 1989 Springer-Verlag New York in%



of ourll research was to integrate the VSt.F. with satel- inannt 198 1, %lsm hincer and Smith 1978). or it (dii be
lite imagery and GIS Iii ordler to create anl autiomated, cakculated (Wischnecier 1959, ()nchev 1985) or esti-
erosion-based idild classification system for tionagri- matedl (Arnoldus 1980) fronm local precipitation data.

uLltural lands, part icuilarly miiaytraining lands. It is At Fort I lood, R? is appIroximately .1680) NJ X rnin x
beyond the scope and intent of this article to evaluiate hia 'x hiR- x X yr - (275 It-tons X in. X 10-2
he acuracy and techical limitations od the I.SLE, re- acre - x hiR-- X yr 1) (Wi. c hmeier indl Smith

mote iniager, interpi-t.nton. and (JS5 systems. 1 978). Because R) is generally constant within an area
Readers interested in those topics are referred to the size of* a niilitarv installation, there was no need to
Wischmeier (1976), Camipbell (1987), and Walsh and create a special diata layer for this falctor wvithin
others (1987). respetivelv. GRASS.

A'. [his factor reflIects the nau't,,ral erodihility of'
Geographic Information System soils. It is dependent upon soil texture, orga.,in matter *

Geogaphi inormaionsystms a,(,desined totcoutnt. Structure, and permeability. The A 'factor tor
sogrmanpulate nnati, m IIsytmsare spigedtoe nmany soil series is published in local or- regional soil

stoe, aniulae. naftedi( Idislayspaialdat ol'~ siirvev's. Ini the absence (of a soil survey, K miay be de-

ri~ o fom ~amei f artgrahic nd hemtic teriined using a soil erodlibility n omograph (Wisch-
sources. The (.1S selected for this pri~Je'i wats the geo- nicier and Smith 1978) and inif ormation fromt labora-
grap)hic resources analvsis support system (G;RASS) tory analyses of soil samples collected in the field. K
(Westervelt and others 1987), at p. blc doinain system fatctors for the soil series ocrurring on Fort Hood were
dleveloped by the LIS Armyi Corps ofI Engineers, Con- available in a county soil survey (Mctaleb 198 5).
striiction Engineering Research laTaoy Ihe (ilt- Values r-anged 1roni0. to 0.05 t x hR x Mj - x
tographic anl themnatic da~ta needed lot t his study n1111tY (0.10-0.37 t x hR x 10)2 X ftl- 1 X
were c~onverted to 50-in grid-cell (raster) fnIlai lpriorI with larger numbers reflecting greater erodibility.

i taaly'sis. Griid cellts witliii il eai Ii Ia a Iei repre- U Jsing these valliies, at ex istinlg Si l series datat laver
senteol the respective ph ysical land attributes of 50-in wats reclassed by assigning the AK values to the respec-
x 50-in areas oil tlie grouind. tive soils. The result was a K data layer representing

the relative erodibility of* soils at Fort Hood.
Study Area LS. The rate of soil erosion by water is significantly

The site selected for studiy was the Fort P(Mod Mili- affected by both the length and steepness of' land

tary Reservation near Killee Iit, Texas. Fort Hlood enm- slo .pes. T'he LS factor provides a. qtuantitative represen-

compasses approxinmately 86i,700) ha in cent ma. Texas Ultion of' these topographic effects. At Fort Hood,
(it which about 53,400 hit .ire iuitensiveh uised 1( ar- slope length ailo gradient were determined in the field
noted vehicle rnmeivers (US D~epartmentc of' the at 32() points Ii a stratified rand~oin fashion accordling

Army 1978). Approximatev 25. 100 hat am-e tused its a to soil series. Slope length was measured ats the over-

artillery impact area. while 8200) hat are included land odistance fromn the point of ir'igmn of' runoff to a
within Ithe cantonment (built-up) area. V'egetationl point where the slope gradient ciecreased sufficiently

types include woodlands, scrublands, and grasslands. to cause deposition of suspendled sediment or to a
A long historN of heavy grazing both before and after point where ruinoff entered a defined chaninel. The

acquisition by the Armiy has undoubtedly countribulted slope length and gradient values for each sampled
to the low ieraf plant commlllunities that currently exist poi .nt were entered into a slope effect chart (Wisch-

in many areas at Fort Hood. ineier and Smith 1978) to derive a unitless LS value.
'[he soil series data layer was reclassed using a mean

Factor Estimation I.S value for each soil series. thus i reating ant LS data
Liver. IS values at Fort 1-10o( ranigedI froin 0.2 to 4. 14.

R?. Soil erosion is greatly inf lueno ed by the ititensity with tile higher values indicating greater erosion po-
and duration of precipitation events and by the tential.
amoutin and rate of- resulting runoff. '[he I? factor is a C. '[his factor recflects the degree of' erosion pro-
quantitative expression of the erosivily of local alverage tection affbrded by various soil covers. On rangelands,
antnual precipitation atio ruriolf '. It c:an be obtained C is dependent upon the kind and amlouint of cover in
f romn government land matnagement agencies orI front contact with the soil, and the height and extent of veg-
isoeriudetit maps pubmhlishled iii a variety of sources (e.g.. ettive canopy. Ini order to estimate C, at LANDSAT
D)e Boodt and( Gabriels 1980, Rogler and S5 hwert- niultispectral scanuner (MSS) image (#850871 16251 X0,
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July 20, 1986) was obtained for the Fort Hood area. A Products
computer-generated, unsupervised classification wasmade of the image based upon spectral signatures in By itself, the annual soil loss estimate (A) provided

by the USLE is of little practical value in developing a
the green (0.5-0.6 jim), red (0.6-0.7 l.Lm), and twoneat-infrared (0.7-0.8 l.Lm and 0.8-1.1 Itm) wave- land classification scheme. An erosion status or ratio ofestimated soil loss to soil loss tolerance is a more accu-
length bands. This classification process resulted in 23 rate index from which tc evaluat, the condition ofthe
land-cover categories. land e th tot

Whereas previous attempts to integrate the USLE land, hence the equation
with satellite imagery have lumped spectral categories Erosion status = (R x K x LS x C x P)/T
into broad agronomic classes with predetermined Cfactrs e~g, GschandNauge 1S4,Spanerand The solution to this equation was produced by per-facto rs (e.g., G esch and N au gle 1984 , Span ner and f r i g t e m t e ai a p r t o s w t i R Sothers 1982), we determined C using information forming the mathematical operations within GRASS

on a cell-by-cell basis. For Fort Hood, this involved ap-from 122 permanently established point-intercept veg- er-byell basis.0ForpFrt Hoodltis ed ap-etation transects sampled during July and August proximately 352,000 separate calculations, each with
1986. Covraues wame derine buly entengte the potential for a different answer. The resulting datavegetation data into a C-factor table for permanent layer was reclassed into six categories, each reflecting apasture, rangeland, and idle land (Wischmeier and range of erosion status values (Figure 1). Erosionpastreranelad, nd dle and(Wichmierand status values less than 90% indicate that current soil
Smith 1978). Each of the spectrally recognized land- sts aes lesan 90% iite tacencove caegores as dfind acordng o th men c loss estimates are safely belo soil loss tolerance, andco ver catego ries w as d efi n ed acco rd in g to th e m ean C t e e o e r p e e t v r i g d g e s o ai f c o y s i
value of the transects representing that category. therefore represent varying degrees of satisfactory soil
Land-cover categories at Fort Hood had C factors erosion status. Lands included in the third categod '
ranging from 0.02 to 0.17. (90%- 109%) are considered marginal, while lands

rangng fom .02 o 0.17.with erosion status values greater than 110% depict
The C factors, as well as the resulting erosion esti- w ith resingusasatr than

mates, may be considered conservative, since they do Aeas of incany st to conditn.
not account for the physical disturbance caused by mil-
itary training maneuvers. Research does not currently manager is the inherent erosion potential of the land.

The only component of the USLE that is altered fromtraining activity. year to year by man's use of the land is the vegetativeP.hi factris acover factor or C factor. Once determined, all otherP. This factor is a quantitativen-suppo te factors remain constant for any given grid-cell. Bymitigating effect that conservation-support practices
(e.g., contour tillage, strip cropping, terraces, etc.) substituting T for A in the USLE, and solving for the

have on the erosion process. Such conservation prac- reciprocal of C, the equation becomes

tices, however, are generally incompatible with military EI = (R x K x LS x P)/T
training. Therefore, P was assigned a constant value of
1, such that it had no effect on the erosion estimate The product, El, can be considered an erodibility
provided by the USLE. ir dex. Areas with erodibility index values greater than

T. Although not actually a component of the 8 are considered highly erodible land (Benbrook

USLE, T is nonetheless an important element in the 1988). At Fort Hood, El values ranged from 2 to 100

development of an erosion-based land classification (Figure 2).

system. It is an expression of the soil loss tolerance, or
the amount of soil erosion that can be sustained on an
annual basis without causing significant reductions in Applications
long-term plant productivity. It is dependent upon lo- A land classification system based upon soil erosion
cally intrinsic rates of soil formation and soil depth. has a broad range of applications that are of potential
Annual soil loss tolerance values generally range from value to military trainers and land managers. They in-
2.2 to 11.2 t/ha (1-5 t/acre). T factors are often pub- dude:
lished in soil surveys but may also be obtained from 1. Land condition inventories. Color-coded maps
government land management offices or may be esti- can be provided that graphically illustrate the current
mated based upon the rooting depth of the soil erosion status, erodibility index, or any of the USLE
(McCormack and others 1982). Using published T component data layers, thus providing a visual inven-
values (McCaleb 1985), a T data layer for Fort Hood tory of the land condition or characteristics. In addi-
was created by reclassing the soil series data layer. tion, GRASS can be used to produce a numerical or

7
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E 0-49 3 OF TOLERANCE

,E;50- 89 3 OF TOLERANCE

90-109 3 OF TOLERANCE

D @110-149 3 OF TOLERANCE

SCALE Li 150-199 * OF TOLERANCE

.10.KM I >20 3 OF TOLERANCE

I WATER
PqM 1. Erosion status map for Fort Hood, i exis. Erosion status is the ratio of estimdted soil losu to the level of soil loss
tolerance. Values less than 90% indicate that current soil erosion estimates are safely below tolerance limits. Areas in the
90%-109% range are marginal; values 110% and greater reflect levels of increasingly unsatisfactory soil erosion status.
Training areas are bordered in white.
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SCALE U,03
10 KM [j7 f 100

Fig" 2. Erodibility index map for Fort Hood, Texas. Index values have been rounded to the nearest whole number. Small
values indicate low erosion potential; soils with values greater than 8 are considered highly erodible. Training areas are bor-
dered in white.
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tabular accounting of the extent ot ,arious (ategories and St'()l inager-N Can in'pr,'.e the grid- cll rsl -

within a given data laver. (.o))arisons of maps or re- tion to 30 m or 21 in. tespetine. I fhe I.ANI)SA I
ports of the erosion stattlr dta la'.er fro tn ear to year thematic mapper and other sour-es promide electtr-
can reveal trends of inpr itg ,,r de linig land con- magnetic spectral hands that are una%alable from tile
dition. LANDSAF inultispectral scanner. I he lise of thle ad-

2. Iraning s hedules. Based tpon the spatial dis- utition-l band, ol us telhnique, stw h as hand rart.
tribution of erosion stattus and erocdibilit', index catego- may enhance the user's abilit, to a(,luratel. Idetif'.
ie,,, ,.arious tpes of nilitar. training atti'ities can be and differentiate between land-urmer (at-g.o-ies

schedciled in areas moist capable of sustaining them. Advances in erosion modeling will also add signili-
Intensive activities such as tracked vehicle maneuvers cantle to the utility of the classification s,%steni. lhe
should be scheduled to av oid severel% degraded and uniersal soil loss equation is undergoing ic ,isions in
highl' sensitive areas. In addition, a mean erosion the methods used to calculate the IS and C factors
status or erodibilitv index can be calculated for indi- (Renard 1U87). In addition, an altcrnati'e to the
vidual training areas at a given military installation to USLE, currently being developed bv the US Depart-
facilitate scheduling based upon the ability of the re- mient of Agricultur., Agricultural Research Service, is
spective areas to support military maneuvers, scheduled for general release in 1992 (Foster and

3. Training area demarcation. The erodibility Lane 1987).
index data laver can be used to demarcate training
areas at milita-v installations such that the land in- Conclusions
cluded within each training area is relatively uniform
in terms of its inherent capacity to withstand training Many of man's activities, including militarN training,
pressure. This will gready simplify the management have the potential to adversely affect the environment.
and scheduling of training areas. As stewards of the land, it is our responsibility to miti-

4. Land rehabilitation. The erosion status data gate these impacts to the best of' our ability. The land
laver is useful in identifying areas that are potentially classification system described herein incor porates
overused or badly degraded and that are in need of state-of-the-art erosion modeling, remote sensing, and
rest or some form of land rehabilitation treatment. geographic informatior processing. While none of
These areas should be removed from training these technologies is perfect, their integration provides
schedules until their condition has improved to the a graphic, quantifiable appi oxiniation of the sensitivitN
point where they can again support training activity and current condition of land resources as they relate
withc;- exceeding tolerable levels of soil loss. to soil erosion. Although developed primarily to ad-

5. Land acquisition. Both the erosion status and the dress militar' land management concerns, the svstem
erolibility index can provide valuable criteria for eval- should have utility for managers of nonmilitary lands
uating sites proposed for acquisition. Lands identified as well.
as badly degraded or highly erodible should not be
considered for purchase or lease.
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ENR Team )istribution List

Chief of Engineers TRADOC (16)
A'ITN: CEHEC-IM-LH (2) ATTN: Envr Office
AITN: CEHEC-IM-LP (2)
A'TFN: CERD-L NAVEAC (7)

ATTN: Envr/Natural Res Ofc
CEHSC 22060
ATTN: CEHSC-FN Fort Belvoir, VA

ATFN: CECC-R 22060
US Air Force Command

ATTN: Envr/Natural Res Ofc Defense Technical Inlo. Center 2239
Andrews AF13 20031 A'TTN: DTIC-FAB (2)
Wright-Paticrson AFB 45433
Randolph AFB 78150
Maxwell AFB 36112 84
Elmendorf AFB 99506 02/91
Scott AFB 62225
Hickam AFB 96853
Peterson AFB 80914
Offutt AFB 68113
Langely AFB 23665
Bolling AFB 20332

HQ USAEUR & 7th Anny
ATFN: AEAEN-FE-E 09403

V Corps 09079
ATTN: AETV-EiIF-R

Infonnation Systems Command
A1TN ASII-DEII-B

USAMC Instal & Srvc Activity
ATTN: AMXEN-U 61299

Air Force Engr & Srvc Ctr
ATTN: Envr[Natural Res Ctr

WESTCOM 96858
ATTN: Enrv/Natural Res Ctr

AMC - Dir., Inst.. & Svcs.
ATTN: Envr Office (18)

FORSCOM (24)
AI"TN: Envr Office
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