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Abstract—-The method for the determiaation of soil characteristics that are used in the WEPP (Water Erosion
Prediction Project) model or the basis of data on soil aggregation is suggested. The coefficient of soil aggrega-
tion is considered a key parameter for the WEPP. This parameter has already been measured or calculated for
most Ukrainian soils, which makes it possible to use the parameter in the model and predict soil erosion on the

territory of Ukraine.

INTRODUCTION

There is good reason to believe that extensive data
accumulated during the study of soil resistance to ero-
sion can be successfully applied in the WEPP model. In
our study, we tred to determine the values of intemill
and rill erodibiliry of soils (X; and K,) and the critical
tangential tension (T.) on the basis of data on soil aggre-
gation (K, coefficient of soil aggregation) with consider-
ation for $0il particle-size distribution, cation exchange
capacity, coefficient of sodium adsorption, and the con-
tents of magnesium, aluminum, and iron.

The general siructure of the WEPP model was
described in the papers published in the fifth number of
the Pochvovedenie (Eurasian Soil Science) journal in
1997. Those who would like to learn more details on
the model can read the report of the USA National Soil
Erosion Laboratory (USDA, Water Erosion Prediction
Proj;ct: Hillslope profile version. NSERL, Report no. 2,
1989).

General problems ofesoil physics and erosion and
soil resistance to erosion were described in [1, 5, 7, §,
10-16).

MATERIALS AND METHODS

In our previous works [2—4], we identified the rela-
tionship between soil aggregation and soil resistance to
erosion. We also suggested that the coefficient of soil
aggregation (K,) is suitable to be used as a pedogenetic
parameter of soil susceptibility to erosion. A range of
experiments were performed to validate this hypothe-
sis. The s0il Joss induced by rainfall of 10% probability
(with respect to such basic parameters as rainfall
regime, size and velocity of raindrops, and their
kinetic energy [9]) was determined. The intensity of
potentially erosive rainfall was equal to 52.5 mm per
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40 min; the maximum intensity reached 4 mm/min.
The cumulative gradient of watering was cqual to 5 mm
per 10 min, 15 mm per 15 min, 35 mm per 20 min,
45 mm per 25 min, and 52.5 mm per 40 min.

Rainfall imitation performed using an Era-3 original
laboratory device [6]. The device had been subjected to
various tests and received the metrologic certificate. It
permits one to imitate rainfall with preset parameters.
More than a hundred experiments were performed to
cover possible variation in all factors of rainfall-
induced erosion. The only constant parameter in the
experiment was the runoff distance. The latter was
determined by the size of the experimental plot (1.5 m?,
2.14 % 0.7 m). After this, we selected about 30 expert-
ments (in four replicates), in which the differences in
soil resistance to erosion couid only be connected with
the differences in the coefficient of soil aggregation
(K,). The slope gradient was equal to 12% (most of the
experiments were performed at this gradient). All the
experiments were performed in conditions of clean fal-
low.

RESULTS AND DISCUSSION

Statistical analysis made it possible to conclude that
autonomous loamy-clay chernozems are characterized
by a tight correlation between the K, and experimentally
registered soil loss (x, t/ha) during a model rain (y). This
correlation may be described by the following equa-
tion:

X =a+bx+cx, 1))

where a = 26.873, b = -71545, ¢ = 54.662, and R (the
correlation coefficient) = 0.97 + 0.04.

We suppose this to be persuasive procf for the cor-
rectness of using the coefficient of aggregation as a



PRIMARY VERIFICATION AND ADAPTATION OF THE WEPP MODEL 89

quantitative parameter for determining soil resistance
to erosion.

It can be assumed that there is a stable correlative
interdependence between the K, values and the afore-
mentioned parameters of the WEPP model—K;, K,
and 1.. This can be confirmed by statistical data
obtained by the authors of WEPP when they performed
particular experiments to reveal X, X, and 1. Thus, for
the Joamy-clay soil, the corresponding regression equa-
tions are expressed as follows:

K, = a-bx;

K, = a+bexp ;
T. =33,

where a, b, and c are the regression coefficients, and x
is the clay (d < 0.002 mm) content in the soil. Similar
equations were obtained for sandy and sandy loamy
soils. Geunerally, X, K,, and 1, depend on the content
of clay, sand, and organic matter in the soil. The inter-
dependence between these parameters is also weil man-
ifested. ‘Therefore, in order to avoid the separation of
the erosion curve into several parts, we should find
some universal parameter that would allow erosion pre-
diction by the WEPP model. It is worth noting that the
dependencies found cannot be directly used for soils
that were not experimentally tested. In this case, certain
interpolation of the results is required. However, it may
be complicated by a number of nonlinear dependencies
of K, on the genztic nature of a soil [3, 4].

The arguments of these dependencies are the afore-
mentioned indices of the particle-size distribution and
humus state (especially, humus composition). It is
obvious that these parameters and K, should have a
common nature.

It should be emphasized that the indices K; and K,
are the factors of soil erodibility, i.e., the soil loss
increases with an increase in these factors, all the other
indices being stable. The T, index is inversely propor-
tional to erosion intensity, i.e., the soil loss decreases as
1. increases. The coutributions of all these indices to the
resulting erosion are different. Computer modeling
enabled us to put these indices into a simple equation
that takes into account individual effects of these fac-
tors on the total soil less () and sums them up to a sin-
gle index:

o= (K;+K.)/(10+71.). (2}

We have found an almost functional relationship
between K,(x) and o(y) that is expressed by the follow-
ing equation:

G = axbexp“, 3).
wherea = 2,119, b =-3.120, c=2.549,and R=0.99 %
0.001.
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Thus, an inverse exponeptial dependence takes
place in this case (Fig. 1).

Such a close relationship is not coincidental. The
equation (3) was obtained in the following mannper.
First of all, the specific weight of each factor of soil
erodibility in the total soil loss was determined (equa-
tion (2)). It was found that the effects of K and K, were
approximately the sarme and directly proportional to the
soii loss from erosion. The effect of T, was 10 times
lower and inverscly proportional to the erosion inten-
sity. Then, the starting point (the values sufficient for
the beginning of erosion) for K;, X,, 1., and. K, were
determined by means of computer modeling.

The package of applied WEPP software includes
numerous examples of calcalations. Thus, the follow-
ing parameters of our raining experiment were inputted
to WEPP as initial data: the munoff distance is 2.15 m,
tangent tanot = 0.7, and the agricultural background is
ciean fallow. The parameters of soil resistance to ero-
sion remained unchanged during the experiment:
K;=2000000, XK. =0.008, and 1, =3.0 (0 = 1230). The
results of mathematical modeling occurred to be almost
the same as the data obtained from the physical experi-
ment at X, = 0.15. Thus, the starting point value was
obtained. It was suggested that the changes in K, should
result in corresponding changes in X, K/, and 1 values
in equation (2). Then, the model calculations were
made using the same procedure as in the case of the
starting point calculation. A fragment of these calcula-
tions is presented in the table. These data show a close
similarity between the experimental data and the calcu-
lated values of soil loss.

It should be admitted that there is some apparent
incorrectness in our calculations (an atternpt to deter-
mine three varieties by a single one). However, taking
into account the considerations above, we suppose that
this incorrectness is quite allowable. In oxder to obtain
more accurate valucs of the jndices, some additional
caiculations are necessary. The essence of these calcu-
lations can be explained bv the following example.
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An example of comparing the data gained by computer simulation and physical modeling of soil crosion

Soil {oss (Uha)
Point K, K, T, (o} K,
calculated measured
1 500000 002 075 | 93 045 63 59
2 400000 0.0016 0.5 60.4 0.50 5.2 55
3 400000 0.0016 09 58.3 0.55 50 4.7
4 300000 0.001 13 29.2 0.75 3.5 3.1
S 360000 0.0014 1.0 453 0.70 44 4.1
6 700000 0.025 0.5 166.7 0.30 8.5 9.5
7 2000000 0.008 1.0 1230 0.15 17.7 18.2
8 750000 0.002 0.75 139.5 0.35 78 83
9 750000 0.002 0.5 142.2 0.35 8.0 g3
For instance, we need to simulate the erosion pro- CONCLUSIONS

cess within a particular landscape by means of the
WEPP mode! in order to obtain the data required for
elaboration of erosion control measures. Let us restrict
the discussien to the calculation of K, £, and 7, values
(table).

The K, value for the investigated soil can be cither
calculated. [1, 3, 4] or experimentally determined.
Then, using the special curve (figure) or the equation
(3), we can determine the values of the other parame-
ters. As mentioned above, the erosion started when
oy = 1230 (K, = 0.15); thus, we can find the values of
K; (2 000 000), X, (0.008), and . (3.0).

Let us assurne that o for investigated soil is 123, i.e.,
it is ten times (n = 10) less than the critical (0,) value.
The decrease in the ¢ value results in a corresponding
decrease in the other parameters of equation (2). The
extent factor (m) is the same for all three parameters
and can be determined yging n by means of the follow-
ing equation:

m = [10n/(10 + 3/2°51". )

In our case,

m = 1010/(10 + 3/10°%H" = 3,

i.e., ali three parameters of soil resistance to erosion in
the WEPP model—K,, K, and t—decrease by a factor
of 3 compared to the starting point values and are equal
to 666 666, 0.0027, and 1, respectively.

Using thesc parameters, one can model the soil loss
and runoff processes on the slope.

The aforementioned makes it possible to confirm
the possibility of applying the WEPP model to Ukrai-
nian soils. We do not pretend an exhaustive consider-
ation of all abilities and peculiarities of the model,
since this is just the first experience model application
in the conditions of Ukraine. In spite of the numerous
difficulties which one may expect to encounter, we
believe that the model can serve as a reliable instrument
to simulate and forecast the erosion process in any
landscape. Such a forecast would serve as the basis for
projecting preventive erosion control measures without
spending a lot of time and money on numerous long-
termn experimental investigations in each particular
region.
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IIEPBI/I‘IHAH BEPUOUKAIINA U AJAIITAIDMA MOHEJII/I WEPP*
I YCIIOBUMW YKPAWHBI:
ITPOBJIEMBL, ITYTU PENIEHUS, TEPCIIEKTUBBI

©1998r. M. A. Hepnnr', C. 10. Byasirun?, M. M. KoTosa?
! Hayuonasvnan nayurno-uccaedosamenvcrkan aabopamopus apoauu no4e, 3anadmwui Jlaggpaiiem, Unouana, CIIA
2Hncmumym nousosedenus u azpoxumuu um. A.H. Coxonoeckozo, Xapbkoe
IMocrynuna B pepakumio 31.03.95 r.**

ITpepnaraeTcs METOR ONMpPENECNECHNUS HEKOTOPhIX 3PO3HOHHBIX XapaKTEPUCTHK NOYBBI, HCIONb3YEMBIX B
Mofienn BojiHo 3po3un WEPP, no koa¢dunueHTy arperapoBaHHOCTH, KOTOPbIH H3BECTEH Ist GonbInel
YaCTH NOYB YKPaHHbl, YTO MO3BOJIHT MCNIONB30BAaTh MOACID IS IPOTHO3UPOBAHMSA IPO3HH NOYB HA TEP-

puTOpHH YKpauHBI.

HMerorcst [ocTaTodHO Gonbinwe HapaGOTKH NO
OLIEHKE 9PO3HOHHOMH YCTOHIHBOCTH H II03TOMY IpEN-
cTaBiIseTCs LeNecoo6pasHbIM HCIONB30BaTh 3TH
nannbie B Monean WEPP. B cBsi3a ¢ 3THM 1iebIO Ha-
crosieil paGoThbl ABIAETCA ONPEAEIEHAE TPEX NMPO-
H3BOJHBIX OT FPaHYJIOMETPAYECKOrO COCTaBa, EMKO-
crr 06MeHa KaTAOHOB, KO2(hHIMEHTa NOTTIOIEHAS
HOHA HATpH, COllep>XXaHUs MarHus, aTIOMAHHESA U Xe-
Nie3a MapaMeTpOB MEXPYYCHKOBOH H pYy4eHKOBOM
apopupyemocta (K;, K,) A KpATHYECKOrO KacaTelb-
HOrO HanpsikeHus (T,) o K03t AIHMEHTy arperupo-
panHOCTH (K ).

O6was crpykrypa Mofie WEPP onmcana B craTh-
sIX, ONyGIAKOBAaHHBIX B ITOM HOMepe XypHana “Tlou-
BoBefeHHe” 3a 1997 r. Kenatonme nogpo6HO NO3Ha-
KOMHThCS C MOJIEIIBIO MOTYT BOCIIO/Ib30BaThCS OTYe-
toM HanmoHnansHo#t na6oparopmn 3po3mm CIIA
(USDA - Water Erosion Prediction. Project: Hillslope
profile version. NSERL, Report Ne 2, 1989).

O6mue npo6ieMbl (pU3AKA IPO3UH NOYB, a TaK-
e HX POTHBO3PO3AOHHOM CTOWKOCTH OCBELIEHBI B
pa6orax [1, S, 7, 8, 10-16].

Panee HaMHA GbLIE YCTaHOBIIEHBI KOJIHYECTBEH-
Hbl€ CBS3H 3PO3HOHHOH CTOMKOCTH C NOKa3aTeNsiMA
MEKPOArperaTHOro COCTaBa HEpapXu4eCcKoro ypoBHsS
nouyBenHoro Ttena [2-4]. CgopMynmpoBaHa Hay4HO
060CHOBaHHAs I'MIIOTE3a O BO3MOXHOCTH # LENeco0s-
Pa3HOCTH HCHONB30BaHHs KO(p(HUIMEHTa arpernpo-
BaHHOCTH K, /I KOJHYECTBEHHOM XapaKTEPHCTAKA
reHETHYECKH 3alaHHOM COCTABJIAIOLICH 3PO3HMOHHOM
CIIOXHOCTH NMOYB. J1J1s1 MOATBEPXKACHAS HAIlICH TATO-
Te3bI ObUIH IIOCTABJICHDI CICLHAJIbHBIE IKCIIEPUMEH-
Thl. Onpefensyicsi CMbIB, BbI3bIBA€MbIA IPO3HOHHO-
onacHbIMH JHBHAMH 10%-HOH BEPOSTHOCTH Ipe-
BBIIICHHAS 10 BCEM OCHOBHBIM IIapaMETPaM: peXuMYy

* Water Erosion Prediction Project.
** [Tocne nopa6otku 14.06.97 r.
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BbINAJieHAsA, 00MEMy CJIOI0, CPENHEHA B MaKCHMAlb-
HOM MHTEHCHBHOCTH, CIIEKTPY Kalejb, CKOPOCTH Na-
neHps Kanejdbk B COOTBETCTBEHHO MX KHHETHYECKOM
sHeprad [9]. Cnoi 3p03HOHHOONACHOH JACTH JIHBHS
cocraBmsut 52.5 MM, Bpems Bbinapenns — 40 muH,
MaKCHMAaJIbHasi AHTEHCHBHOCTBb — 4 MM/MWH, Tpaja-
€HT AOXKJeBaHAA (KyMyJIATHBHbIH): 10 MAH — 5 MM,
15 man — 15 MM, 20 MaH — 35 MM, 25 MaH —45 MM, 40
MHH — 52.5 MM.

Jns 3Toro mcmoiap3oBanach JabGopaTOpHas
ROXHeBaJlbHAasA YCTaHOBKA, Ha3BaHHAas aBTOpaMH
“Jpa-2” [6]. YcraHOBKa NpoIlIa METPOJOrHYEC-
KyI0 aTTeCTaldi0 H MNO3BOJSET BOCIPOH3BOAHTH
ROXb B COOTBETCTBHH C 3alaHHBIMH [TapaMETPaMH.
Bo110 BeINONHEHO 6OJiee COTHA 9KCIEPHMEHTOB, KO-
TOpbIE OXBaTHIBAJIA BO3MOXHBI#A pa3Max MpakTHYe-
CKH BceX (pakTOPOB JIMBHEBOH 3pO3HH, 32 HCKIIOYe-
HAEM [UIMHBI JINHAR CTOKA, KOTOpast Beerna 6bu1a NHo-
crosiHHOM. Pa3mep crokosoit miaomankm 1.5 Mm?
(2.14 x 0.7 m). ITocae 3Toro 6611 OTOGPaHbI JHIIH
Te 3KcriepaMeHTH! (nopsaka 30 B 4-KpaTHO# OBTOP-
HOCTH), B KOTOPBIX Pa3/Iiyis Kacauch TOJNBKO I1a-
PaMETPOB 3PO3AOHHOM CTOMKOCTH, XapaKTePH3YEMOH
3HaveHHeM K,. YKIIOH B 3THX 3KCIIEpHMEHTaX COCTa-
BN 12% (ua aToi#l KpyTH3HEe 6bLIO BBLINOIHEHO HaH-
Gonbiee KOMAYECTBO 3KCIEPAMEHTOB B3 06IIEro KO-
JIAYECTBA), arpocoH — BBIPOBHEHHBIN YHCTBIA Nap.

CratacTHYeCcKas 06pabGoTKa pe3ylbTaToB OTO0-
PaHHBIX IKCIEPHMEHTOB MO3BOJIANA BBIABHTH AJIs
YEpHO3EMHBIX aBTOMOP(}HBIX NIOYB TSDKEJIOrO TPpaHy-
JIOMETPHYECKOr0 COCTaBa O4€Hb TECHYIO KOppEISLH-
OHHYIO CBSI3b MeXAY K, 1 (haKTHYECKH pErUCTpHpye-
MBIM CMBIBOM (X, T/ra) 3a MOAEJBHbII JTABEHD (), KO-
TOpasi ONKCBIBAETCS ypaBHEHAEM

K = a+bx+cx’, 1

rae a = 26.873; b = —-71545; ¢ = 54.662; R (ko3¢ ¢n-
uaeHT Koppensuan) = 0.97 + 0.04.



MIEPBUYHASI BEPUOPUKALIUNA U ATANITALIMA MOJEJIN WEPP 97

TakuM 06pa3oM, MOXHO KOHCTaTAPOBaTb HaJH-
YyHe JONMOJHHUTENBHBIX JIOCTATOYHO YOENHTENbHbIX
apryMEeHTOB B [IOJIb3Y THIIOTE3bI O BO3MOXHOCTH HC-
MONBL30BaHMS N0Ka3aTels K, B Ka4eCTBE KOJIAYECT-
BEHHOH XapaKTepACTHKH 3PO3HOHHOM CTOHKOCTH
HOYB.

OueBHHO, 4TO MeXNy K, KaK MOKa3aTeJeM 3po-
3HOHHOM CTOHKOCTH MMOYB U MapaMeTrpamMu K;, K, u T,
mopena WEPP nmomxsa ObiTh yCTOMYHMBAs TECHas
cBs13b. [TOATBEPXKIEHUEM MOXET CIYXHTh JIOTHKA
CTaTHCTAYECKHX 3aBACHMOCTEH, KOTOPHIE HOJNYYEeHbI
nipu npoBefieHnn paspa6oTunkamu WEPP akTHBHEIX
3KCNEpPUMEHTOB Anst nonyyenns K;, K, u 7. Tax, Ha-
NpHEMED, A MOYB TSKEJIOr0 rPaHyJOMETPHIECKOrO
COCTaBa COOTBETCTBYIOIIAE PErPECCHOHHBIE YpaBHe-
HHAS KIMEIOT BH]

K;, = a-bx,

K, = a+bexp ",
T, = 3.5,

e a, b, ¢ — k03¢ HUIMEHTbI PErPECCHA; X — CONEP-
XaHAe TJIAHBI MO AMEPHKAHCKOH KIacCH(pHKaUuH
IpaHyJIOMETPHYECKOro cocTaBa no4s (d < 0.002 mm).

AHanoruybie 3aBECEMOCTH HMEIOT MECTO H IS
II0YB JIEFKOTO IPaHyIOMEeTPHYECKOro cocTasa. B ne-
JIOM YCTAaHOBJIEHO, 9TO 3HaYeHnd K, K, u T, onpepe-
NAIOTCA COREPXAHHEM TNIHHACTOMH, ecYaHOR ¢pak-
Ol B OpraHM4ecKkoro yriepoua. YeTko mpociexH-
BaeTCi B3aMMOCBA3b M B3aHMOOOYCIIOBIEHHOCTh
9THX mapameTpoB. Bo3HEKaeT HeoOXOpUMOCThH B
pa3paboTKe eUHOrO NOKa3aTeNsl 3PO3UOHHOMA CTOH-
KOCTH 0YB, YTOObI HCKJIIOYHTh B KAaKOH-TO Mepe HC-
KYCCTBEHHOE €€ pa3/ic/ieHHe Ha OTAEJIbHBIC OTPE3KH.
C npyroii CrOpOHbI, HCIONb30BaTh ITH MPOCTEHIIHE
PEerpecCHOHHbIC YpaBHEHHs AJA MOYB, Ha KOTOPBIX
He IPOBONAIACH 9KCIIEPAMEHTEI, HeNb3sl. Takue 3a-
BACHMOCTH “paGOTOCNOCOGHBI” JIMIIbL B YCIOBHAX
maTepnonsnmn. IIpu 3TOM yXe HMEET MECTO cepusi
[OCTATOYHO CIOXHBIX HENHHEHHBIX 3aBHCHMOCTEH
K, oT reHeTuyeckd OGYCIOBIEHHBIX CBOACTB IOYB
(JacTHYHO OHM OnyGIAKOBaHbI) [3, 4].

ApryMeHTaMA B 3THX 3aBHCHMOCTSIX BBICTYNIAIOT
BCe Te e N0Ka3aTeJi IPaHyJIOMETPAYECKOTO COCTa-
Ba H T'YMyCOBOT'O COCTOSIHHS (IIpexXpe BCero rpynmo-
BOTO cocTaBa ryMyca). He BbI3pIBaeT COMHEHHS €/~
Hasi MpHpofia ¥ (pu3AdecKas CyIMHOCTD K, i napame-
tpoB K;, K,, 1.

OTtMeTnM, 9TO K; 11 K, — NOKa3aTeH 3pOAHpYEMO-
CTH, T.€. C HX BO3PAaCTaHHEM IIPH PaBEHCTBE BCEX OC-
TaJLHBIX IAPaMETPOB CMbIB YBEJIAIABAETCS; T, — 06-
paTHBIA UM MOKa3aTelb, C €f0 POCTOM NMPOMCXOAUT
CHEXeHHe norepb. CAsla BIHSHAS 3THX NOKa3aTeNnel
pasnauHa. KoMnpioTepHOE MONETHPOBaHAE MO3BO-
JIENO OOBENHUHATH BX B MPOCTOE BbIPAaXXEHHE, Y4YH-
THIBAIOIIEE CHJTY MX BIIASTHAS Ha CMbIB (G) U NO3BOJIS-
Iollee BLIPA3UTh 3TH TPH NIOKA3aTeIs ONHEM YHCIIOM
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6 = (K;+K,)/(10+1,). )

YcraHoBneHa ¢akTHYECKH (DYHKIHOHAJIbHAS 3a-
BHCHMOCTBb MeXay K, (x) B O(y), KOTOpasi ONHACHIBAET-
cs ypaBHEHHEM

o = ax’exp”, )]

rae a =2.119; b =-3.120; ¢ = 2.549; R = 0.99 £ 0.001.

HiMeeT mMecTo oGpaTHas 3KCIOHEHIHANbHAs 3a-
BHCHMOCTD (PHCYHOK).

TecHas, NOYTH (PYHKLUHMOHANbHAsA CBA3bL He CIy-
YaiiHa, TaK Kak ypaBHEHHE (3) MONy4YEHO B pe3ysbTa-
Te cleRylouel mpouenyprl. BHayane Gbl1 ycTaHOB-
NEH “yaeNnbHBIA BeC” NapaMEeTPOB 3PORHPYEMOCTH B
BEKTOpe BIHSHAA (PaKTOpOB NOYBbI Ha HMHTCHCHB-
HOCTb 3PO3HOHHBIX NPONECCOB, B Pe3yJIbTaTe Yero
6b11a OJTyYEHA 3aBHCEMOCTD (2). Y CTaHOBJIEHO; ITO
cana snusgHAd K; 1 K, Ha BEJTHYAHY 9PO3HOHHBIX I1O-
Tepb NPAMEPHO paBHa H PAMO NPONOPLMOHANIBHA, 3
1, B 10 pa3 cnabee u aeficTByeT 0OOpaTHO NMPONOPIHA-
oHanbHO. [lajsiee 6bljia yCTaHOBJEHA “TOYKA OTCYE-
ta” msa K;, K,, T, B cooTBeTcTBeHHO M K,, 4To
BIIOJIHE JIOTAYHO OBLIO OCYIIECTBHTh TaKXe C IOMO-
IO KOMILIOTEPHOTO MONENIMPOBAHHAS.

B nmakere npuKIagHbIX mporpamMm mopena WEPP
NpeoCTaBleHO MAOBOJNBHO GONbIIOE KOJNAYECTBO
npEMepOB pacyeToB. B KayecTBe HCXOHBIX JAHHBIX
BJIS pacYETHOTO MOJIETUPOBAHUA MO MOJAEIIH WEPP
6bLIH 3a1aHbI IapaMeTPhl HAIIErO AKTHBHOT'O JIKCIIe-
PHMEHTA MOJICTAPOBaHHs IABHEBOR 3pO3WH: AJTHHA
nuHMA cToka 2.15 M, tgo = 0.07, arpodpoH — YHCTHIA
nap. [TapaMeTphl 3pO3HOHHON CTOMKOCTH HE H3MEHS-
mace: K;= 2000000, K, =0.008, 1. =3.0 (c = 1230). B pe-
3yJIbTaTe MOJICJIAPOBaHKs! IOJTYYHIOCh PaCYeTHOE 3Ha-
YyeHHe CMbIBA, KOTOpPOoe ObLIO MOYTH PAaBHO MONY4eH-
HOMY TIpH pusEdeckoM Mofiennpopanmn npe K, =0.15.
TakuMm o6pa3oM Gbl1a MoJyYeHa “TOYKa OTCYeTa’.
Bel0 cenaHo NpeAnoNoXeHHE, YTO C H3MEHCHAEM
3HadyeHns K, mponopuroHaibHO H3MEHSIOTCS 3HaYe-
ums K;, K, n 1, 3aT€M GBLIO MPOBEACHO MOAEIHPOBa-
HHAE TaKiM Xe 06pa3oM, KaK H NPH NOJTy4YCHHAH “TOUKH
orcyeTa”. dparMeHT 3THX pacuyeTOB NpHBENCH B
Tabnnne.



98 HEPHHT ¥ 1p.

d>parMeH'r CONMOCTABJICHUA PE3YNbTATOB KOMNBIOTEPHOT'O MOJAENHPOBAHMA SPO3UH C JAHHBIMH €€ q)K3H‘ICCKOPO Mope-

JHPOBaHUA
CwmpiB, T/ra
Touxa K; K, T c K,
pacueTHblt | cakTHUeCKHH
1 500000 0.02 0.75 93 0.45 6.3 59
2 400000 0.0016 0.6 60.4 0.50 52 55
3 400000 0.0016 0.9 583 0.55 5.0 47
4 300000 0.001 1.3 29.2 0.75 35 3.1
5 360000 0.0014 1.0 458 0.70 44 4.1
6 700000 0.0025 0.5 166.7 0.30 8.5 9.5
7 2000000 0.008 1.0 1230 0.15 17.7 18.2
8 750000 0.002 0.75 139.5 0.35 7.8 83
9 750000 0.002 0.5 142.2 0.35 8.0 8.3

VI3 paHHbIX TabGaALEI peabedHO NPOCMATPABACT-
csl OYEeHb TeCHasi KOPPEISAIMOHHAs CBA3b MEX]Y 9KC-
NEPAMEHTAJILHO TIOJY4YEHHbIMA H PacyeTHBIMHA 3Ha-
YEeHHSIMH CMbIBa OYBBI.

Heo6xopuMo npu3HaTh, YTO NPOCMAaTPHBAETCA
onpefneieHHass KaXylascsi HEKOPPEKTHOCTh B Ha-
IIAX pacdeTax, 3aKII09aroNasics B MONbITKE onpene-
JIATh TPH NEpeMEHHbIX N0 3HA4YCHHIO OfHOM nepe-
MEHHOH, YTO, OIHAKO, C YYETOM H3JIOXEHHBIX BbIIIE
cooGpaxeHHil BrioNHE RomycTEMO. [Ins monyueHns
3HAYEHHI NepeYrCIeHHbIX NIoKa3aTeneld Heo6xonu-
MO NPOH3BECTH HEKOTOPbIE RONOIHHUTENbHBIE pac-
YeThl, CYyTh H NOCIEROBAaTENLHOCTE KOTOPBIX pac-
CMOTpHM Ha IIpEMeEpE.

HomycTaM, YTO st Lee# MPOTABO3IPO3HOHHOTO
o6GycTpo#icTBa KOHKPETHOTO CKJIOHa HIH y4acTKa
MECTHOCTH HEOOGXOMHMO NPOBECTH KOMIBIOTEPHOE
MOJETAPOBAaHAE CTOKO-2PO3HOHHOIO MPOIIECca C AC-
NOJIb30BaHHEM IaKeTa MNPHKJIANHBIX MPOrpaMM
WEPP. Boiie npepcrasieH NOpsAOK paboTel € 3TAM
[IAaKETOM, a TaKXe OCBEIEHbl €ro BO3MOXHOCTH.
3neck 6onee NOAPOGHO OCTAaHOBAMCS JIAIIB HA MOJNY-
yeHnd 3Havennii K;, K, u T..

HHCTpYMEHTANbHBIM HIH PacYETHBIM METOMIOM
[1, 3, 4] onpenensiercs 3Ha4eHne K, 1711 JaHHOH NOY-
BbI CKJIOHA. [Janee, no ¢popmyie (3) HiIHA ¢ HCIIONB30-
BaHHEM rpadHKa, IPABEJECHHOrO Ha PHCYHKE, yCTa-
HaBJIEBaeTCs 3HauyeHne nokasarend. Hanomunm, uro
‘““royKka oTcyera” mo Ox = 1230 (K, = 0.15) n, coor-
BETCTBEHHO, K; = 2000000, K, = 0.008, 7, = 3.0.

ITpencraBuM, YTO G HCKOMOM NOYBBI paBHO 123,
T.€. B 10 pa3 (n = 10) MeHbIIIE N0 CPABHEHHIO C Ok.
YMenblueHHe G O0GYCIOBJICHO MPONOPIMOHANIBHBIM
yMeHblIeHHeM napaMeTpoB ¢opMyisl (2). IIpayem
KO3(p(PHIEEHT NPONOPLMOHATLHOCTH (0G03HAYNM
€ro m) OHHAKOB IO BCEM TPEM IlapaMeTpaM H Mo-
XeT ObITh OnpefeNieH Yepes n no ¢gopmyne

m = [10n/(10 +3/n%%)]". @

Jins Hamero npuMepa

m = 1010/(10 + 3/10°%)* = 3,

T.€. BCE TPH NapaMeTpa 3pO3HOHHOM CTOMKOCTH MO-
pena WEPP yMeHbIIHIHCH IO CPaBHEHHIO C “TOY-

Ko#l oTcueTa” B 3 pa3a H COOTBETCTBEHHO PaBHBI:
K; = 666666, K, = 0.0027, 1. = 1.

Teneps, 3Hast 3HAYESHAS NaPAMETPOB 3PO3AOHHOM
CTOHKOCTH, MOXHO MOJAEJIAPOBaTh CTOKO-3PO3HOH-
Hbl€ MPOIecChl Ha CKJIOHE.

3AKIIIOYEHHUE

Bce BbINIecKa3aHHOE MO3BONSAET AOMYCTHTH BO3-
MOXHOCTb NOJIOXHTENILHOIO OTBETa Ha BONPOC O
npaMeHaMocTH Moaend WEPP B ycnoBmsix ¥Ykpan-
Hbl. KOHEYHO, B 3TOM HalpaBNIEHAHA CAEIAHbI TONBKO
nepBble [Iard, H Mbl HE B KOEH Mepe He NpeTeHAyeM
Ha ROCKOHAJILHOE H3JIOXKEHHE BCEX BO3BMOXHOCTEH H
ocob6erHocTeit Moaend. HecOMHEHHO, Ha 3TOM NMyTH
BCTPETHTCS MHOTO IPOGJIEM B NPENSITCTBHMA, OfHAKO,
IO HallleMy MHEHHIO, HEOGXOMMMO CTPEMHThLCH K BX
YCTIEIIHOMY PEIICHHIO H IPEOAOJIEHHIO, TaK KaK Ce-
J1aB 3TO, MbI NIOJIy9HM HaJieXKHbI# HHCTPYMEHT, 103~
BOJISIIOIIHHA POrHO3HPOBATH IPO3HOHHBIE MPOLIECCHI
MPpaKTHYECKA I 1060t MecTHOCTH. Ha ocHoBe Ta-
KOr0 IpOr{o3a MOXeT 6bITh COCTaBJIEH NPOEKT NpO-
THBO3PO3HOHHBIX KOHCTPYKLIHH H C IOMOIIBLIO MOJIE-
JMpOBaHHs OLEHEHa HX 3(P(PEKTHBHOCTD 6€3 OrpoM-
HBIX 3aTpaT Ha CO3JlaHAE OMNBITHBIX OOpa3LoB B
KaXJIOM perdoHe u 6e3 NoTepH MHOTHX JIET Ha Mpo-
BEpKy HX 3¢ EKTHBHOCTH.
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Primary Verification and Adaptation of the WEPP Model
for Ukrainian Conditions: Problems, Possible Solutions, and Perspectives

M. A. Nearing, S. Yu. Bulygin, and M. M. Kotova

The method for determination of soil characteristics that are used in the WEPP (Water Erosion Prediction
Project) model on the basis of data on soil aggregation is suggested. The coefficient of soil aggregation is con-
sidered as a key parameter for the WEPP. This parameter has already been measured or calculated for most
Ukrainian soils, which makes it possible to use the parameter in the model and predict soil erosion on the ter-

ritory of Ukraine.
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