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Abstract: Over the course of history soil erosion has been at the root of many problems, from small-scale local economic losses to the 
collapse of entire civilizations. Whether in rural areas, where erosion processes are more expressive and also visible, or in cities where 
its effects cannot be disregarded, erosion deserves attention and strategic studies. The objective of this article was to research and 
present a brief discussion about soil loss under the influence of rainwater surface erosion, focusing on Brazilian cases. The research 
shows high rates of soil loss, in many countries, especially in humid climates. Also highlighted are agricultural crops and dirt roads, the 
latter exhibiting erosion rates significantly higher than any agricultural activity. Besides particle entrainment, erosion is responsible for 
the removal of topsoil layers, reducing the fertility of agricultural areas, in addition to causing siltation of reservoirs and eutrophication 
of water bodies. 
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1. Introduction  

Soils are materials resulting from the weathering of 

rocks, either by mechanical disintegration (agents such 

as water, wind, vegetation and temperature) or 

chemical decomposition, water as the main agent, such 

as mechanisms of attack, oxidation, hydration, 

carbonation of vegetation and chemical effects [1]. 

These processes usually operate simultaneously and in 

certain places, and under specific weather conditions 

they can overlap one another. From the agricultural 

point of view, the function of soil “[...] is to sustain 

plants, providing them with nutrients, water and air so 

that it completes its life cycle” [2]. 
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With anthropogenic influence, which occurs since 

the beginning of civilizations and causes the movement 

of large areas of land surface, accelerated soil erosion 

has reached dangerously high rates, affecting the 

economy, food independence and other factors 

inherent in human development. 

The study of soil erosion processes uses 

sedimentological methods. The hydrosedimentological 

cycle shows the displacements of solid particles and 

their interaction with the environment, due to the action 

of water. The different phases of this cycle are defined 

as: breakdown, erosion, transportation, sedimentation, 

deposition and consolidation of sediments [3]. 

In this study only the erosion stage (or sediment 

yield) will be discussed — more specifically erosion 

caused by the action of water. This discussion is 

conducted as a literature review, covering soil loss 

studies in Brazil as well as in international cases. 

2. Erosion — General Concept 

Zachar (1982) [4] and Silva et al. (2003) [5] states 

that the term erosion originates from the Latin verb 

erodere (to gnaw). Erosion is “[...] the process of 
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detachment and accelerated dragging of soil particles 

[...]” [6]. According to K. Suguio [7], erosion is 

described as a natural process of wearing away the 

earth’s surface through the action of physical, chemical 

and biological processes. 

Another concept of erosion is described by N. O. 

Carvalho (2008) [8], as the “[...] separation and removal 

of rock particle and soil by water, wind or other effects, 

in which various phenomena are predominant in this 

process.” It is described by R. Fendrich et al. (1997) [9] 

as “[...] the breakdown, transportation and deposition of 

materials from surface and deep soil horizons, leading to 

its degradation”. These authors argue that this begins at 

the surface layer, deepening until a consolidated rock or 

soil layer is found. 
According to S. J. C. Simões and E. M. Coiado 

(2001) [10] erosion is a set of processes in which the 

wearing away of earth or rock material occurs. 

According to the authors, this phenomenon varies 

according to its causative agents, the main ones being: 

water, wind, ice and gravity. They classify erosion in 

two ways; natural and accelerated, where the former 

occurs in normal conditions and cannot be controlled. 

Accelerated erosion, however, is difficult to be 

eliminated and has higher rates than natural erosion. 

The main factors which influence sediment yield are 

rainfall, topography, type, land use and cover, and the 

characteristics of the sediments, among others [11]. 

Similarly, R. Bellinazzi Junior, D. Bertolini and F. 

Lombardi Neto (1981) [12] reported that the main 

factors that influence erosion are climate, soil, 

topography, vegetation cover and human action. 

Erosion processes are complex and can be caused by 

various agents, such as rain and river waters and winds, 

among others. According to these authors, the most 

worrying type is water erosion, particularly due to the 

ease of segregating and transporting materials, 

especially in humid climate regions [5]. 

Erosive agents can be classified as active and passive. 

The following are some of the active agents highlighted: 

water, temperature, wind, snow and the actions of 

microorganisms, animals and human beings. The main 

passive agents are: topography, gravity, soil type, 

vegetal cover and anthropogenic practices [8]. Table 1 

summarizes the main types of erosion. 

Among the many types of erosive processes, as 

shown in Table 1, according to A. M. Silva, H. E. 

Sculz, and P. B. Camargo [5] and N. O. Carvalho 

(2008) [8] water erosion is the most worrisome as it 

causes sediments to detach more easily. 

2.1 Brief History of Erosion 

“Erosion, a deadly disease of the soil, ruthlessly destroys the 
living layers of the earth and on it installs hardened and barren 
furrows and plaques which are no longer fixed to the roots or the 
helpful bacteria, nor the creeping plants, the grains, or seeds, 
which carry within the annunciation of life.” 

These are the first words in the preface (signed by 

Dante Costa) of the book “Erosion in Brazil” [13], at a 

time when research on soil erosion was beginning to 

emerge worldwide. However, the destructive power of 

this phenomenon, which impaired populations and 

weakened major regions, was already known. 

The processes of erosion and sediment transport of 

soils have occurred throughout geological eras, 

assisting in the modelling of mountains, valleys and 

plains in the world. However, human action has 

catalyzed these events and on account of human action 

the current erosion rates are 100 times greater, if only 

the geological events were to be considered [8]. This 

author also states that:  
 

“[...] The erodibility of natural material is strongly hindered 
by disturbances in the soil structure due to inappropriate 
treatment, either in agricultural practices or in inadequate land 
use in engineering works. The protective soil layer (vegetation) 
is weakened by fire, cutting, plowing, etc. Besides producing 
detrimental sediments, erosion causes serious damage to 
agricultural lands, reducing soil fertility and productivity” [8]. 

Soil erosion, which has always existed and modelled 

the Earth’s surface for billions of years, is known as 

natural or geological erosion. Erosion by human action, 

which causes visible and dangerous impacts, is known 

as accelerated (or anthropogenic) erosion. The 

references used in this paper are related to accelerated 

soil erosion. 
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Table 1  Main Types of Erosion 

Aeolic Fluvial Surface water Mass removal 
Caused by human or 

anthropogenic actions 
Extreme events

Dust Excavation Rain erosion or by collision Creep or crawl  
In several construction 

works 
By floods  

Air transported 
Margin 
erosion 

Sheet or laminar erosion Solifluction By deforestation By earthquakes 

Transported on 
surface 

Bed erosion 
Erosion by diffuse flow, by 
gully, or finger-like grooves

Dislodgement of 
earth or sliding  

In agriculture by tilled 
soils 

By volcanism 

  
Erosion by intense diffuse 

runoff  
Surface slip or slope 

rupture  
By livestock trampling 

By tornadoes 
and others  

  
Concentrated flow erosion 

(gully)  
Subsurface flow  

By climatic 
variability  

Source: Adapted from [8]. 
 

The disappearance of many communities due to 

strong soil degradation is reported by A. B. Primavesi 

(1952) [14] (it should be noted that soil erosion was an 

underlying factor in these events). According to the 

author, the agricultural wealth of ancient Egypt relied 

on the fertile lands of the Nile River, today the Sahara 

Desert (Northern Africa). Libya, Algeria and Tunisia, 

which during the Roman Empire contained very fertile 

soils, are currently arid-desert areas with very poor 

soils. Also according to the author, the rich empires of 

the Incas (the region that is now South America), the 

Aztecs (Mexico) and other indigenous peoples 

collapsed as a result of soil depletion, in part because of 

corn monoculture. 

Regions that are currently desert or semi-desert are 

often associated with long periods of negligent human 

occupation. The devastation of previously vegetated 

areas, in most cases, leads to soil erosion and to the 

decline of cities and agglomerations. There is a direct 

relationship between productive soil conditions and the 

prosperity of a population [15]. 

From the Gallic era, through the Middle Ages to the 

mid-nineteenth century, France was being deforested. 

The economist and politician Auguste Blanqui, 

realizing the damage that soil erosion had caused, 

sought to reverse the process by drafting a guidance 

document (delivered to the Academy of Moral and 

Political Sciences). The arable lands were being 

destroyed by floods [13]. 

China’s Loess Plateau has recorded exponential 

annual soil losses since about 220 bc, partly due to 

demographic pressure [16]. In mountainous areas of 

the humid tropics, specifically in the Himalayas and the 

Andes, population pressure has forced marginal lands 

into cultivation, causing soil erosion. 

Continents like America and Australia were victims 

of “heroic and daring” conquerors, who above all else 

aimed at immediate profits. Thus, lands were 

transformed and devastated, generating more cases of 

soil erosion [13]. 

One of the main factors responsible for the decline of 

various civilizations was soil erosion, triggered by 

unrestricted deforestation and the depletion of nutrients 

in previously fertile lands (which would be abandoned 

to then occupy other more fertile areas). In addition, a 

number of countries currently face hard times because 

of erosion. Among them China, Iceland and the USA 

[17]. 

Soil erosion has been the cause behind rural 

depopulation in some regions of the world. In the 

mountains of Haraz (Yemen, southwest of the Saudi 

Peninsula), land abandonment occurred at the 

beginning of the twentieth century, due to severe 

droughts in 1940 and between 1967 and 1973 [18]. 

Numerous studies currently portray soil erosion in 

many parts of the world, often due to inadequate use 

and management of agricultural lands. These actions 

can cause reservoir siltation events, loss of soil fertility 

and increased land management costs, in addition to 

lower fertility rates, among other factors. 
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2.2 Water Erosion 

Notwithstanding the importance of all types of 

erosion (due to soluble salts or minerals, wind, river, 

surface water, mass removal, animal or human action 

and extreme events), in this paper the research was 

directed to the effects of surface erosion caused by 

natural rainfall: rainfall erosion. This occurs through 

the collision of rain drops with the soil surface. A 

breakdown of particles, which occurs when the surface 

is bare, shifts the place of origin (erosion by collision). 

Water erosion is defined by N. M. C. Mafra (2010) [19] 

as “[...] basically a series of transfers of matter and 

energy generated by an imbalance of the 

water/soil/vegetation cover system, which results in a 

progressive loss of soil”. 

Laminar erosion occurs during heavy rainfall, when 

a water saturated surface soil is beyond its infiltration 

capacity. From this point, there is a smooth and 

uniform wear throughout the ground. In some cases 

small channels are formed due to slope gradient 

changes. This type of erosion — a more advanced stage 

of laminar erosion — is known as stream erosion and 

occurs in soft soils and plowed fields, especially those 

with high silt content. It also occurs in soils with slope 

inclinations of 4% and higher [9]. 

According to Roose (1967) [20] cited by R. P. C. 

Morgan (1997) [18], experimental studies applied in 

Senegal show that (between 1959 and 1963) 68% of 

soil loss was due to rainfall events between 15 and 60 

mm and the frequency of these events took place 10 

times per year. The studies of Morgan et al. (1986) [21], 

cited by R. P. C. Morgan (1997) [18] in Bedfordshire 

(England), indicated that between 1973 and 1979, 80% 

of the erosion was due to 13 events, although most of 

the soil loss (21%) recorded was due to an event of 57.2 

mm. 

Edwards and Owen (1991) [22], cited by R. P. C. 

Morgan (1997) [18], analyzed 28 years of data of nine 

small watersheds that receive rotating 

corn-wheat-pasture-grazing crops (4 years) in 

Coshocton, Ohio (USA). They found that the three 

biggest events, with return periods longer than 100 

years, accounted for 52% of erosion, with 92% of 

losses related to the corn crop development time. 

Extreme events may also have long-time duration 

consequences. Nossin (1964) [23], cited by cited by R. 

P. C. Morgan (1997) [18], reported that a change in the 

equatorial rain associated to the northwest monsoons 

caused in Kuantan, Malaysia, rainfall of 631 mm on 

December 28, 1926, and 1194 mm between the 26 and 

29, causing massive erosion and landslides. The 

damage caused by this event could still be seen 35 

years later.  

Erosion and land-use change are strongly related. 

Combining historical and geomorphological analysis 

has proved that erosion is a natural process. However, 

its time-space intensity distributions are factors 

resulting from the interaction of physical and human 

circumstances [18]. 

A review of the book “Dirt: The erosion of 

civilizations” by David R. Montgomery, E. A. Davison 

(2007) [20] reports that this topic (soil erosion) could 

not be more timely, given the recent and intense 

large-scale corn expansion (in the US) and sugar cane 

(in Brazil), key productions in the energy and food 

sectors. All of this at a time when finite global 

resources and areas of arable (and good quality) lands 

are increasingly smaller.  

This author mentions that soil fertility, that is, the 

natural capital of a region and the longevity and 

prosperity of a civilization appear to go hand-in-hand. 

2.3 Effects of Erosion 

Erosion can be a determining factor to a region’s 

economic success or decline. Regions that were once 

agricultural and prosperous, and which had their fertile 

lands degraded due to erosion, saw its population 

slowly decrease and its economy decline [8]. 

According to the author, the effects of erosion are the 

onset of all sediment-related problems in the 

environment. The first and most harmful effect of 

erosion is the loss of soil fertility. Also according to the 
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author, of the number of problems arising due to the 

erosion of soils, the following are highlighted: 

 Erosion in the headwaters of rivers can cause the 

destruction of the headsprings; 

 A greater risk of desertification; 

 The removal of topsoil in agricultural regions causes 

soil depletion; 

 Soil detachment, landslides and slopes can cause 

severe damage, including deaths; 

 Erosion can alter water flows, surface runoff and 

river channels; 

 When there are landslides into rivers, the landslide 

material deposited in the bed alters the river channels; 

 Floods produce grooves in undesirable places; 

 There are cases of erosion around structures, which 

can cause irreversible damage.  

Surface runoff can also carry seeds and 

agrochemicals to nearby crops, which in addition to 

generating economic damage, can also pollute 

headstreams and water bodies. Another circumstance 

caused by erosion is the increased need to use 

fertilizers and soil correctors, all of which require 

greater activities of agricultural machinery [24]. 

Erosion problems, cited by I. Santos (2001) [25] 

directly affect Brazil’s agricultural development. 

According to the authors, of every 1 kg of grain 

produced in the country, between 6 to 10 kg of soil is 

lost due to erosion. The problem of erosion often 

undermines agriculture, dilapidating fertile soil layers 

[26]. 

Similarly, F. F. Pruski (2009) [24] states that erosion 

results in the need for increased use of fertilizers and 

soil correctors, requiring more products and higher 

activity of agricultural machinery. It should be 

mentioned that besides removing certain nutrients and 

fertilizers needed for good plant growth, these 

materials can be carried to water bodies, hence causing 

numerous problems. 

Sediments are often responsible for the transport of 

pesticides, nutrients, organic wastes and organisms 

[27]. Thus, L. M. Costa and A. T. Matos [28] discuss 

the issue of fertilizers and soil correctors as sources of 

water pollution. In their paper they present some 

interesting data from Brown (1989) [29] on the 

evolution of fertilizer use in relation to grain yield 

(Table 2). 

Table 2 shows elucidating numbers regarding the 

escalating demand for fertilizers worldwide, between 

the 1950s and 1990s. For an inexpressive grain yield 

(only twofold), the agricultural sector had to increase 

by almost 10 times the amount of fertilizers applied. 

The quantification of erosion processes is important 

because these phenomena cause numerous 

environmental, economic and social problems. Among 

them, N. O. Carvalho (2008) [8] mentions: destruction 

of headsprings (erosion in the headwaters), increased 

risk of desertification, removal of fertile topsoil (soil 

depletion), death and destruction of constructions 

(detachment, landslides and slope gradients). 

2.4 Soil Loss Rates 

Erosion rate is expressed in volume (or weight) of 

eroded material per unit area and time, and the soil loss 

rate (or erosion rate) is that “in which from a given area 

the soil is eroded” [9]. 

According to R. P. C. Morgan (1997) [18], the in 

situ effects of erosion are particularly important and 

evident in agricultural areas under cultivation. These 

areas have soil fertility decrease, as well as available 

moisture loss, structural degradation, and material 

dragged to river beds and reservoirs. 
 
Table 2  Global Use of Fertilizers and Mean Grain 
Production 

Year Fertilizers (millions - t) Production (t) 

1950 15.1 (100) 1.05 (100) 

1960 24.2 (160) 1.30 (124) 

1970 59.2 (392) 1.35 (128) 

1980 111.3 (737) 1.90 (181) 

1990 142.9 (946) 2.20 (209) 

Source: Brown (1989). 
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Regarding erosion, A. C. Rebouças, B. Braga, & J. 

G. Tundisi (1999) [30] stated that: 
 

“[...] Depending on soil type, land slope and cultivation, 
rainfall with intensity above certain magnitudes can cause 
surface soil erosion, carrying solid particles, natural or artificial 
nutrients, exhausting or destroying soil and degrading water 
bodies” [30]. 
 

The authors also cite a list of annual soil losses for a 

number of crops. Besides these, they emphasize 

erosion of peri-urban roads, as shown in Table 3. The 

dirt roads, in Table 3, show high erosion potential due 

to constantly being bare, and often receiving 

stormwater from adjacent areas due to poor 

topographic planning.  

These findings show that such bare areas may have 

erosion rates 4 times more prone to the susceptible 

crops (castor beans) pointed in this survey. 

In the state of São Paulo, of the existing 250 

thousand kilometers of transit roads, 220.00 km are dirt 

roads [31]. Therefore, in this state only 12% of the 

roads are paved. It should be noted that São Paulo is the 

state with the highest economic concentration in Brazil 

(32.6%) [32]. 

In erosion studies of sugarcane cart-roads, G. D. A. 

Scarpinella (2012) [33] estimated soil losses (through 

experiments in a sugar cane farm) that ranged from 

60.6 to 90.1 t.ha-1.year-1. This author also found that on 

average the cart-roads correspond to 5.21% of the 

sugarcane areas installed in the study area. Through a 

quick estimate of the area planted with sugarcane in  
 

Table 3  Soil Losses Associated with Agricultural Use in the 
State of São Paulo/SP/Brazil (in t.ha-1.year-1). 

Annual crops Soil losses Temporary crops Soil losses 

Cotton  24.8 Sugar cane 12.4 

Peanut  26.7 Castor beans  41.5 

Rice  25.1 Cassava  33.9 

Bean 38.1 Permanent crops  Soil losses

Corn  12 Coffee 0.9 

Soybean  20.1 Orange 0.9 

- Soil losses Pasture 0.9 

Peri-urban roads 175 Reforestation 0.4 

Source: Adapted from Telles (1999) [35] and Ref. [30]. 

Brazil, considering an average width of 3 meters of the 

cart-roads and a planted area of 9.835.169 ha [34], it 

can be stated that the sugarcane cart-roads correspond 

to approximately 1.7 million linear kilometers. Other 

major crops such as soybeans, corn and coffee also 

have cart-roads in their formations, increasing 

susceptibility to erosion in such passages. 

Nearly 99% of the food supply comes from the earth, 

associated with freshwater. Given this number, the 

erosion caused by rain and wind are threats to soil 

yields and hence to society [36]. Approximately 80% 

of the arable land area in the world sustains from 

moderate to severe erosion processes. And 10% mild to 

moderate soil erosion [37]. 

Crops and pastures are susceptible to erosion. 

However, crop areas are more susceptible in relation to 

pasture areas, because the soil is frequently exposed 

and plowed, hence bare and thus exposed to the actions 

of wind and rain. Soil loss (through erosion) and water 

(due to lower infiltration and higher runoff) has caused 

an annual loss of approximately U$400 billion 

throughout the world [38]. 

In the last 40 years approximately 30% of the 

world’s arable lands have become unproductive and 

much of these former agricultural areas have been 

abandoned [39, 40]. 

According to calculations by the United Nations 

(UN) soil degradation in the world accounts for 2 

billion hectares, an area equivalent to the size of the 

United States and Canada.  

Global soil degradation indices have increased 

yearly by 20 million hectares [41]. 

The regions which are most susceptible to erosion in 

the world are in semi-arid and sub-humid regions, 

highlighting China, India, western United States, 

center Russia and the Mediterranean countries. Other 

high erosion-intensity areas are mountainous terrains, 

such as most of the Andes, Himalayas, Kara Korum 

(border between Pakistan, China and India), part of the 

Rocky Mountains and the Rift Valley (in Africa) and 

volcanic soil areas (Java, southern islands of New 
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Zealand, Papua New Guinea and parts of Central 

America) [18]. 

In a review of soil erosion, Young (1969) [42], and 

R. P. C. Morgan (1997) [18] reported that in regions 

under natural conditions, soil loss rates for moderate 

relief terrains are 0.0045 t.ha-1.year-1. For more 

irregular terrains this rate increases to 0.45 t.ha-1.year-1. 

On the other hand, farmed lands have a significantly 

higher rate, compared to the previous ones: between 45 

and 450 t.ha-1.year-1.  

According to Table 4 we can compare that erosion 

rates for bare soils can reach higher values in the same 

lands, considering the possibility of some coverage on 

its surface. 

There have been reports of soil loss by laminar 

erosion in Brazil from as early as 1940 when Marques 

(1949) [43] and J. Bertoni, F. Lombardi Neto [6] 

pointed to an annual loss of approximately 500 million 

tons. Today, due to the intense use and expansion of the 

agricultural frontier, it is believed that soil losses are 

higher than this value, with extremely serious 

situations in some Brazilian states [25]. 

In Brazil, according to Agência Nacional de Águas 

(2009) [55], it is estimated that the loss of nutrients by 

erosion have resulted in a loss of US$ 3.6 billion/year. 

If, in addition to this we take into account “the effect of  
 

Table 4  Erosion Rates in Some Countries (t.ha-1.year-1). 

Country Natural Cultivated Bare 

China 0.1-2 150-200 280-360 

USA 0.03-3 5-170 4-9 

Australia 0.0-64 0.1-150 44-87 

Costa 0.03-0.2 0.1-90 10-750 

Nigeria 0.5-1 0.1-35 3-150 

India 0.5-5 0.3-40 10-185 

Ethiopia 1-5 8-42 5-70 

Belgium 0.1-0.5 3-30 7-82 

UK 0.1-0.5 0.1-20 100-200 

Source: Boardman (1990) [44]; Bolline (1978) [45]; Browning 
et al. (1948) [46]; Edwards (1993) [47]; Fournier (1972) [48]; 
Hurni (1993) [49]; Jiang, Qi e Tan (1981) [50]; Lal (1976) [51]; 
Morgan (1985a) [52]; Roose (1971) [53]; Singh, Babu and 
Chandra (1981) [54], cited by Morgan (1997). 

 

erosion on land depreciation and other costs, such as 

road maintenance, water treatment and reduced useful 

life of reservoirs”, this loss would be US$ 6 

billion/year. The greater the exposed soil, the greater 

the risk of erosion. 

Estimates of Hernani et al. (2002) [56], cited by 

Pruski (2009) [25], project for Brazil annual losses of 

822.7 million tons of soil in areas occupied by crops 

and pastures. Other estimates indicate that Brazil loses 

about 822 million tons of soil per year and 170 billion 

cubic meters of water [57]. 

Zoccal (2007) [32] estimates that 80% of the 

cultivated area in the state of São Paulo (Brazil) is 

affected by some form erosion, causing a loss of 200 

million tons of soil annually. Rebouças, Braga, and 

Tundisi (1999) [31] report that in 1993, only in São 

Paulo, there was a loss of 193 million tons of soil 

because of inadequate land use. 

Hernani et al. (2002) [58] cited by S. Ahrens (2005) 

[59], reported that in the early 1990s, Brazil lost on 

average 600 million tons of soil per year (due to 

inadequate land use and erosion). Of this amount, 70% 

comes in the form of sediments in watersheds and 

water bodies, causing siltation and pollution. 

Fig. 1 illustrates the details on the potential for 

sediment production in Brazil, in order to create 

subsidies for managing hydropower reservoir plants 

[60]. This study was based on methodologies for 

mapping the risk of erosion and siltation, such as 

Campagnoli (2002) [61], Instituto de Pesquisas 

Tecnológicas (2000) [62] and Diniz (1998) [63]. Fig. 1 

shows the main result of this study. 

Fig. 1 illustrates and corroborates the fact that 

vegetation cover is the best guarantee to minimize 

erosion. The predominant green zone on the map, 

which corresponds to very low sediment production, is 

characterized by its natural vegetation cover (Amazon 

forest). Although rainfall is significant in this region, 

the natural cover (as shown in Table 3) provides the 

best protection against water erosion. 
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Fig. 1  Map of Potential Sediment Production in Brazil 
[60]. 

 

At any rate, the highest soil losses caused by erosion 

can be attributed mainly to anthropogenic action, by 

the deforestation of large areas, lacking adequate 

attention to the destructive potential of natural 

processes. After the deforested areas, the lack of care, 

concern and information can bring erosion to other land 

areas. Types of erosion, such as laminar erosion (which 

occurs often without the farmer’s awareness) are 

economically and environmentally damaging, due to 

the “washing away” of nutrients and soil depletion. 

3. Final Remarks 

Anthropic factors are seen as the main drivers of 

erosion, due to the interference they generate, the 

mismanagement of land, and in some cases possibly 

due to the ignorance about the effects of soil erosion. 

For thousands of years, with the emergence of 

settlements and civilizations, man has experienced all 

sorts of losses from exploring the land. There is 

currently technical and scientific knowledge, 

prediction tools and soil erosion measurement 

equipment, all of which can reduce soil loss rates, even 

in regions that have the highest susceptibility to 

erosion. 

In this sense, it is observed that erosion problems are 

found in all parts of the world and deserve adequate 

attention, especially because such problems directly 

affect agricultural production, reducing soil fertility. In 

water bodies, erosion causes siltation and affects the 

distribution of water supply to the population or even 

accomplishing the other multiple uses. 

Acknowledgement 

The authors are grateful to the National Council for 

Scientific and Technological Development (CNPq), 

the Coordination of Improvement of Higher Education 

Personnel (CAPES), the Science Center of Engineering 

Applied to the Environment (CCEAMA) of the School 

of Engineering of São Carlos, University of São Paulo 

and the Center of Exact Sciences and Technology of 

the Federal University of São Carlos. 
 

References  

[1] H. P. Caputo, Soil Mechanics and Its Applications (5th 
ed.), Vol. 1, Rio de Janeiro: LTC, 1978. 

[2] H. Prado, Soil Management: Soil Descriptions and 
Implications, São Paulo: Nobel, 1991. 

[3] M. P. Bordas and F. R. Semmelmann, Sediments 
Engineering Elements, in: Tucci C. E. M. (Org.). 
Hydrology: Science and Application, Porto Alegre. Ed. 
Universidade. Cap. 24, 1993, pp. 915-943.  

[4] Zachar D., Soil Erosion Developments in Soil Science 10, 
Elsevier Scientific Publishing Company, Brastislava, 
Czechoslovakia, 1982. 

[5] A. M. Silva, H. E. Sculz, and P. B. Camargo, Erosion and 
Hydro Sedimentology in Watersheds, São Carlos: RiMa, 
2003, p. 140. 

[6] J. Bertoni and F. Lombardi Neto, Soil Conservation (6th 
ed.), São Paulo: Ícone, 2008. 

[7] K. Suguio, Sedimentary Geology (1st ed.), São Paulo: 
Editora Edgrand Blücher LTDA, 2003. 

[8] N. O. Carvalho, Hydro Sedimentology Practice, Rio de 
Janeiro: Interciência, 2008, p. 599.  

[9] R. Fendrich et al., Drainage and Control of Urban Erosion 
(4th ed.), Curitiba: Ed. Universitária Champagnat, 1997. 

[10] S. J. C. Simões and E. M. Coiado, Erosion processes, in: 
Applied Hydrology for Small Watershed Management, 
Porto Alegre: ABRH, cap. 10, 2001, pp. 283-293.  

[11] International Commission on Large Dams – ICOLD, 
Sedimentation Control of Reservoirs/Maîtrise de 



Water Erosion in Brazil and in the World: A Brief Review 

  

25

l'alluvionnement des retenues, Committee on 
Sedimentation of Reservoirs, Guidelines, Paris, Bulletin 
67, 1989. 

[12] R. Bellinazzi Junior, D. Bertolini and F. Lombardi Neto, 
The occurrence of urban erosion in São Paulo, in: 
Symposium on Erosion Control, São Paulo: ABGE, 1981, 
pp. 117-137.  

[13] W. D. Barros, Erosion in Brazil, Rio de Janeiro: Ministry 
of Roads and Public Works. Documentation Service, 
Coleção Mauá Collection, Vol. 6, 1956. 

[14] A. B. Primavesi, Erosion, São Paulo: Melhoramentos, 
Creation and Crop, No. 18, 1952. 

[15] W. C. Lowdermilk, Man-made deserts, Pacific Affairs 8 
(4) (1986) 409-419.  

[16] D. Wen, Soil erosion and conservation in China, in: D 
Pimental (Ed.), World Soil Erosion and Conservation, 
Cambridge, Cambridge University Press: 1993, pp. 63-85.  

[17] J. M. Diamond, Collapse: How Societies Choose to Fail 
or Succeed (3rd ed.), Alexandre Raposo Translation, Rio 
de Janeiro: Record, 2006. 

[18] R. P. C. Morgan, Erosion and Soil Conservation, P.U. 
Translation, Madrid: Mundi-Prensa, 1997. 

[19] N. M. C. Mafra, Land use planning and erosion, in: J. T. 
Guerra, A. S. Silva, R. G. M. Botelho (Org.), Erosion and 
Soil Conservation: Concepts, Themes and Applications 
(6th ed.), Rio de Janeiro: [s.n]. Cap.9, 2010, pp. 301-322.  

[20] E. J. Roose, Dixannées de mesure de l’érosion ET 
duruissellementau Sénegal, L’Agronomie Tropicale 22 
(1967) 122-152. 

[21] R. P. C. Morgan, L. Martin and C. A. Noble, Soil erosion 
in the United Kingdom: A case study from 
mid-Bedfordshire, Silsoe College Occasional Paper, No. 
14, 1986. 

[22] W. M. Edwards and L. B. Owens, Large storm effects on 
total soil loss, Journal of Soil and Water Conservation 46 
(1991) 75-78. 

[23] Nossin J. J., Geomorphology of the surroundings of 
Kuantan (Estern Malaya), Geologieem Mijnbow 43 (1964) 
157-182. 

[24] E. A. Davison, Dirt cheap soil, Nature 447 (2007) 
777-778, accessed 20 Set. 2014, available online at: 
http://www.nature.com/nature/journal/v447/n7146/full/44
7777a.html.  

[25] F. F. Pruski (Ed.), Water and Soil Conservation: 
Mechanical Practices to Erosion Control, Viçosa: 
Ed.UFV. 2009. 

[26] I. Santos, H. D. Fill, M. R. V. B. Sugai, H. Buba, R. T. 
Kishi, E. Marone and L. F. C. Lautert, Hydrometric 
Applied, LACTEC — Institute of Technology for 
Development, Curitiba, Vol. 1, 2001, p. 372.  

[27] A. C. Muller, Hydropower, Environment and 
Development, Makron Books. São Paulo, 1995, p. 412.  

[28] K. W. Thornton, Sedimentary process, in: Thornton K. W., 
Kimmel B. L., Payne F. E. (Eds.), Reservoir Limnology: 
Ecological Perspectives, New York: John Wiley Sons, 
1990, pp. 43-69.  

[29] L. R. Brown, Reexamining the world food prospect, in: 
The State of the World, W.W. Norton and Company, New 
York, 1989, pp. 41-58. 

[30] L. M. Costa and A. T. Matos, Soil erosion impacts on 
water resources, in: Silva D. D., Pruski F. F. (Org.), Water 
Resources and Sustainable Development of Agriculture, 
Brasília, DF: MMA; SRH; ABEAS; Viçosa, MG: UFV, 
Department of Agricultural Engineering, 1997, pp. 
173-189.  

[31] A. C. Rebouças, B. Braga and J. G. Tundisi, Fresh Water 
in Brazil: Ecological Capital, Use and Conservation, São 
Paulo: Escrituras, 1999. 

[32] J. C. Zoccal, Erosions Adequacy: Causes, Consequences 
and Control of Rural Erosion, Solutions — Study 
Notebook in Soil and Water Conservation, Presidente 
Prudente, Vol. 1, No. 1, 2007. 

[33] Brazilian Institute of Geography and Statistics, Regional 
accounts of Brazil 2011, accessed 25 set 2014, available 
online at: http://www.ibge.gov.br/home/presidencia/ 
noticias/imprensa/ppts/000000154227111920132729211
25925.pdf.  

[34] G. D. A. Scarpinella, Erosion in sugar cane earth roads: A 
case study in Ribeirão do Feijão watershed (SP), Doctoral 
Thesis, University of São Paulo, São Carlos, 2012. 

[35] D. D. A. Telles, Water in Agriculture and Livestock, 1999, 
Chapter 9, Table 15, p. 331. 

[36] Food and Agriculture Organizations of the United Nations 
– FAO, FAOSTAT (2014), accessed: 25 set. 2014 
available online at: http://faostat3.fao.org/ 
faostat-gateway/go/to/download/Q/QC/E.  

[37] D. U. Pimentel, D. A. Stachow, H. W. Takacs, A. R. 
Brubaker, J. J. Dumas, J. Meaney, D. E. O’Neil and D. B. 
Osni, Conserving biological diversity in 
agricultural/forestry systems, BioScience 42 (1992) 
354-362.  

[38] J. G. Speth, Towards an Effective and Operational 
International Convention on Desertification, New York: 
United Nations, International Convention on 
Desertification, International Negotiating Committee, 
1994. 

[39] H. W. Kendall and D. Pimentel, Constraints on the 
expansion of the global food supply, Ambio 23 (1994) 
198-205.  

[40] World Resources Institute — WRI, New York, Oxford 
University Press, 1994. 

[41] O. J. Vischi Filho (Org.), Symposium proceedings on soil 
and water conservation - Directions and prospects of soil 



Water Erosion in Brazil and in the World: A Brief Review 

  

26

and water conservation for the state of São Paulo, 
Campinas-SP. CATI, CDA, Apta. 2008, p. 226.  

[42] A. Young, Present rate of land erosion, Nature 224 (1969) 
851-852. 

[43] J. Q. A. Marques, Soil Conservation Policy, Rio de 
Janeiro. Ministry of Agriculture, p. 73.  

[44] J. Boardman, Soil erosion on the South Downs: A review, 
in: Boardman J., Foster I. D. L., Dearing J. A. (Eds.), Soil 
Erosion on Agricultural Land, Chichester, Wiley, 1990, 
pp. 87-105. 

[45] A. Bolline, Study of the importance of splash and wash on 
cultivated loamy soils of Hesbaye (Belgium), Earth 
Surface Processes 3 (1978) 71-84. 

[46] G. M. Browning, R. A. Norton, A. G. McCall and F. G. 
Bell, Investigation in erosion control and the reclamation 
of eroded land at the Missouri Valley Loess Conservation 
Experiment Station, Calrinda, Iowa, USDA Technical 
Bulletin 959, 1948. 

[47] K. Edwards, Soil erosion and conservation in Australia, in: 
Pimental D. (Ed.), World Soil Erosion and Conservation, 
Cambridge, Cambridge University Press, 1993, pp. 
147-169. 

[48] F. Fournier, Soil Conservation: Nature and Environment 
Series, Council of Europe, 1972. 

[49] H. Hurni, Land degradation, famine and land resource 
scenarios in Ethiopia, in: Pimental D. (Ed.), World Soil 
Erosion and Conservation, Cambridge, Cambridge 
University Press, 1993, pp. 27-61. 

[50] D. Jiang, L. Qi and J. Tan, Soil erosion and conservation 
in the Wuding River Valley, China, in: R. P. C. Morgan, 
(Ed.), Soil Conservation: Problems and Prospects, 
Chichester, Wiley, 1981, pp. 461-479. 

[51] R. Lal, Soil Erosion Problems on an Alfisol in Western 
Nigeria and Their Control, IITA Monograph N. 1, 1976. 

[52] R. P. C. Morgan, Assessment of soil erosion risk in 
England and Wales, Soil Use and Management 1 (1985) 
127-131. 

[53] E. J. Roose, Influence des modifications du milieunaturel 
sur l’eosion: le bilan hydrique etchimique suite á la mise 
en culture sous climat tropical, Cyclo, ORSTOM, 
Adiopodoumé, Ivory Coast, 1971. 

[54] G. Singh, R. Babu and S. Chandra, Soil loss prediction 
research in India, Central Soil and Water Conservation 
Research and Training Institute Bulletin. N. T12/D9, 
Dehra Dun, 1981. 

[55] National Water Agency, Producing Water Program, 
Brasília: ANA, 2009. 

[56] L. C. Hernani et al., A conservationist response — The 
impact of the tillage system, in: Manzatto C. V., Freitas 
Junior E., Peres J. R. R. (2002), Agricultural Use of 
Brazilian Soils, Rio de Janeiro: Embrapa, 2002, pp. 
151-161. 

[57] Irrigation & Modern Technology, Direct planting, a 
partner of Brazilians rivers, Brasília, DF, Vol. 56-57, 
2003, pp. 52-53.  

[58] L. C. Hernani, P. L. de. Freitas, Pruski, I. C. De Maria and 
J. N. Landers, Erosion and its impacts, in: Manzatto C. V., 
Freitas Junior E. de and Peres J. R. R., Agricultural Use of 
Brazilian Soils, Rio de Janeiro. Embrapa Solos, 2002, pp. 
47-60. 

[59]  S. Ahrens, On the law applicable to forest restoration of 
permanent preservation and legal reserve, in: A. P. M. 
Galvão, V. P. Silva, Forest Restoration: Principles and 
Case Studies, Colombo: Embrapa Florestas, 2005, pp. 
13-26.  

[60] F. Campagnoli, Production potential of Brazil sediments, 
in: Practice Hydrossedimentology, Rio de Janeiro: 
Interciência, 2008, p. 599.  

[61] F. Campagnoli, The application of silting in the definition 
of environmental geoindicators in urban areas: Example 
on the Alto Tietê watershed, SP: doctoral thesis, 
Polytechnic School, University of São Paulo, EPUSP, 
2002. 

[62] Institute for Technological Research, Silting diagnosis and 
monitoring of the reservoirs in the metropolitan region of 
São Paulo, Partial Report 2, Internal Report, 2000. 

[63] N. C. Diniz, Automation of geotechnical mapping: a study 
tool and projects for environmental assessment, Doctoral 
Thesis, Polytechnic School, University of São Paulo – 
EPUSP, Vol. 2, 1998. 

 

 


