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Erosion and soil cover degradation
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Negatlve effects from soil erosion

Soil degradation and loss
soil fertility
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Participation of different soil patterns
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The process of soil degradation
is discrete in space



_ forms very discrete soil
Snowmelt erosion erosion cover patterns




Rainfall erosion

Heavy rain erosion events form
wide areas of eroded soils, usually
clearly confined to the relief.




Shape of soil cover patterns

- e Polygonal

Roundish and ringed
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Tillage erosion

Hallows (Slaps depressions]

] ]

— nitial soil surface [ ] Degradation
Trr Forming soil surface I Aggradation

Belyaev et. al., 2005



The established practice of mapping
of eroded soils in Russia



The established practice of mapping of
eroded soils in Russia
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soil map

Field work

Map of degree

of erosional
degradation

Categories of

agro-
technologies




Soil map
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Soil map

¥ 4

The main problem is related to data
(degree of soil degradation)
interpolation from a point to the
surrounding area.
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State methodology Result

Factors: Properties:
Relief ‘ degree of soil
Exposure degradation

etc.

Soil cover mapping is carried out on the basis of
expert opinion without taking into account the

process of soil erosion.



Author's development
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Exposure
etc.
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General issues of soil erosion modeling



e A.D. lvanovskii, Ya. F. Kornev (1937)
W = A * |0.75 % | 0.5 % y1.5

 AW. Zingg (1940)

W = A * 075 % |06

Early stages of
erosion modeling



A=R*K*LS*C*P

e A: average amount of soil loss caused by

Wischmeier, Smith gully erosion (tons / ha year)

(1965, 1978) * R: rain erosivity factor (MJ.mm / ha.year)
Universal soil loss * K: soil erodibility factor (tons h / MJ.mm)
equation (USLE) * LS: topographical slope and length factor

* C: crop erosivity factor
e P: erosion control factor






Number of publications on mathematical modeling of soil erosion
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Reviews of Soil Water Erosion Models

Karydas et al. (2014

Singh and
Frevert (2006

Merritt et al. (2

Schmidt (2000)

Zhang et al. (1996)



Regional models of water erosion of soils
in the USSR and the Russian Federation

G.l. Schwebs (1974, 1979, 1981)
Ts.E. Mirtskhulava (1970)

Model of the State Hydrological
Institute (1979)

G.P. Surmach (1979)

G.A. Larionov (1993) modification of
USLE & GHI model

A.A. Svetlichny (2004, 2010, etc.)
modification of the model of G.I.
Schwebs

Yu.P. Sukhanovsky (2008, 2010, 2013,
etc.) modification of Ts.E.
Mirtskhulava model



Model selection

* Model algorithm
* Time window
* Study scale

* Integration into computer

programs and online services



Model algorithm

Rainfall water runoff

Snowmelt water runoff



Model algorithm

Empirical Models
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Time window

Average perennial Event Any period
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ANSWERS- OPUS, ANSWERS, Eﬁ;’;{'s EPIC, %\’PRQ%DEL
- AGNPS - :
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n apyrme

(Pandey et al., 2016)



Object size

Small catchments
(<10 sqg. km)

Catchments of mediu

m and large rivers

ey —
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APEX. PEPP-
CREAMS  HILLFLOW,
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EUROSEM, 2 oW
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S
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EROSION- PESERA,
2D/3D, PRMS, A APYIAE
GAMES, RUNOFF,
GSSHA, SEDEM,
WEPP
e

WATEM / SEDEM

(Pandey et al., 2016)



Integration into com

puter programs and online services
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Input parameters and assumptions of
WaTEM/SEDEM



WaTEM/SEDEM
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‘ New Project

Input1 | Input 2| Input 3| Exra Options

‘Watem / Sedem Versions Select Output maps:

[f#atem / Sedem 2005 ~l

Watem / Sedem 2005:
Tein function of S and A

A=R*K*LS*C*P

e A: average amount of soil loss caused by
gully erosion (tons / ha year)

* R —rain erosivity factor (MJ.mm / ha year)

* K: soil erodibility factor (tons h / MJ mm)

* LS: topographical slope and length factor

 C: crop erosivity factor

* P: erosion control factor
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Resolution of digital elevation models (DEM
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Zhidkin et. al., 2021
DOI: 10.21046/2070-7401-2021-18-5-133-144 (in Russian)
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Spatial structure of erosion-accumulative
processes using different DEMs.

DEM based on topo maps
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R —rain erosivity factor

Beckground Infcrmation: Worle Terran Sme, Poler Reglom (Source: E5R1)


https://doi.org/10.1038/s41598-017-04282-8

. Crop erosivity factor

the most uncertain




Verification of soil erosion models



The importance of verification of erosion modelling

Erosion modelling results Expert opinion

without
verification




WaTEM/SEDEM verification

Paper Region Model Method
Quinonero-rubio, et al. Spain WaTEM/SEDEM sediment measurement at the outlet
2016
Boix-fayos et al. 2008 Spain WaTEM/SEDEM sediment measurement at the outlet
De Vente et all, 2008 Spain WaTEM/SEDEM sediment measurement at the outlet
Van Rompaey et all, 2001 Belgium WaTEM/SEDEM sediment measurement at the outlet
(12 catchments)
Van Rompaey et all, 200 Italy WaTEM/SEDEM sediment measurement at the outlet
(40 catchments)
Verstraeten et al, 2007 Australia WaTEM/SEDEM sediment measurement at the outlet
(16 catchments)
Verstraeten 2006 France WaTEM/SEDEM sediment measurement at the outlet
(20 catchments)
Ward et al, 2009 Europe. WaTEM/SEDEM sediment measurement at the outlet
(26 catchments)
Lieskovsky and Kenderessy, Slovakia WaTEM/SEDEM pin method
2014
Alatorre et all, 2012 Spanish Pyrenees WaTEM/SEDEM Cs-137 (spatial estimates)
Feng et all, 2010 Chinese Loess WaTEM/SEDEM Cs-137 (spatial estimates)
Plateau
L. Quijano et all, 2016 Spain WaTEM/SEDEM Cs-137 (spatial estimates)

Jakubinsky et all, 2019

Czech Republic

WaTEM/SEDEM, USPED,
INVEST and TerrSet

comparison of simulation results




An example of erosion model verification on a small
watershed in the center of the Central Russian Upland
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Golosov et. al., 2022
DOI: 10.1134/S1064229322100040




Historical reconstruction of soil erosion rates



An example of soil erosion models verification in a small catchment for
different time windows with changing cropland boundary (Tula region, Russia)

A Zel jrad
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M
Podol'sk OBL
bninsk
pukho
Kalug
Tul
O

Cropland boundary before
the mid 1980s

{FI ] Catchment boundary
Livny | Cropland boundary after the mid 1980s
Cropland boundary before the mid 1980:




Long-term studies of soil erosion

Radiocesium method Soil profile truncation method Erosion modelling

0 625 125 250
——

-—.
0,625 125 250 375 500

e Soil sampling points and Cs-137 reserves Landuse Contour lines 2m Landuse

Contour lines 2 m Crop e Soil study peints and the A1 thickness Crop [ catchment boundary Soil erosion rates, tonns /ha yr [ -15-10 [ |-25-0

[ catchment boundary [ Fallow after the mid 1980s [ Gatchment boundary IFaliow after the mid 1980s Border of arable land before 1985 yr (-erosion +accumulation) [ -10-75[ Jo+10

I segments [ INon-plowed areas [ segments [ Non-plowed areas Border of arable land after 1985 yr [l < 20 [ ]-75-5 M~ +0
Contour lines, 2m B 2015 [ 1525

Zhidkin et. al., 2020 Koshovskii et. al., 2019
https://doi.orq/10.1016/j.jenvrad.2020.106386 https://doi.org/10.1134/S1064229319050053
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Until the mid 1980s (modelling) A

t/yr
1400
7 384
400
w [l I . Soil loss was reduced by 30% due to the
S reduction of arable land by 5%.
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200 735 759
600 [551
B R 0
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800 735
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Accelerated soil erosion is a major threat to soil, and there are great vanations in the rate of soil erosion
over time due to natural and human-induced factors. The temperate forest zone of Russia is character-
ized by complex stages of land-use history (Le. active urbanization, agricultural development, land
abandonment, etc.). We have for the first time estimated the rates of soil erosion by the WaTEM/SEDEM
model ( rainfall erosion) and by a regional model (snowmelt erosion) over the past 250 years (from 1780
to 2019) for a 100-km® study site in the Moscow region of Russia. The calculations were made on the
basis of a detailed historical reconstruction of the following factors: the location of the arable land, crop
rotation, the rain erosivity factor, and the maximum snow water equivalent. The area of arable land has
decreased more than 3.5-fold over the past 250 years. At the end of the 20th century, the rates of gross
erosion had declined more than 5.5-fold (from 28 = 107 to 5 = 107 rha “yr ') in comparison with the
end of the 18th century. Changes in the boundaries of arable land and also the relief features had led to a
significant intra-slope accumulation of sediments, As a result of sediment redeposition within the arable
land, the variation in net soil erosion was significantly lower than the variation in gross soil erosion. The
changes in arable land area and in crop composition are the factors that have to the greatest extent

determined the changes in soil erosion in this terrtory.
© 2021 Intemational Research and Training Center on Erosion and Sedimentation, China Water and
Power Press, and China Institute of Water Resources and Hydropower Research. Publishing services by
Elsevier BV. on behalf of KeAi Communications Co. Lid. This is an open access article under the OC BY
license (http://creativecommons.orgflicenses/by/4.0/)

1. Intreduction

on this topic were published in 2014 (Li & Fang, 2016). A much
smaller number of studies analyzed the impact of changes in land-



Reconstruction of changes in the factors and parameters of soil
erosion over the past 250 years
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Reconstruction of changes in the factors and parameters of soil
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Digital mapping of erosion soil cover patterns
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Digital mapping of erosion soil cover patterns

Generalized research scheme
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The shape of eroded soil cover patterns depends on the microrelief
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The shape of the soil-erosion cover patterns depends not so much on the relief as on the agricultural history.
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Digital method

Comparison of different methods for mapping eroded soils

(Belgorod oblast)

Traditional (visual-expert) method
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Comparison of different methods for mapping eroded soils
(rep. of Bashkortostan)

Digital method Traditional (visual-expert) method

aqi__ b

(Lozbenev et. al, 2022)
https://doi.org/10.3390/soilsystems6010014

Discrepancy in the area of eroded soils — 26%
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