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aloss of the main nutrients, N, P, K, Ca and Mg corresponding to a value of US$ 419 million
per year. In a way, on-site costs are relatively easy to estimate, however, off-site costs
require a much broader approach, taking into account technical engineering, social and
environmental aspects, which is particularly difficult to accurately assess.

Some of the off-site erosion costs can be more easily calculated based on available
datasets, such as the costs estimated by Evrard et al. (2007) related to road cleaning,
infrastructure repair, assistance to population, dredging of river canals, based on Disaster
Fund databases. However, there are several costs related to environmental impacts, the
silting up of river channels and reservoirs, the contamination of water resources by
excessive agrochemical waste, floods and droughts, and the destruction of roads, among
others that are not taken into account. The same applies to on-site costs. Alfsen et al.
(1996) has taken a broad approach to estimate the local costs of erosion in Nicaragua, but
found that these are still uncertain results, as the impacts range from the loss of soil
productive potential to the impacts on the agricultural market and migrations between
rural and urban areas. In a review on soil erosion, Boardman (2006) points out that in
most cases, we do not really know the severity of the problem associated with erosion.
There is a need to identify erosion hotspots based not only on on-site effects, but also on
off-site impacts.

Other social and environmental impacts due to erosion are difficult to calculate,
although based on the data already collected, it is possible to verify that there is an urgent
need to implement practices to mitigate erosion processes and control the surface runoff.
Investment in prevention is a benefit to society as a whole and not just to landowners.
Public policies are essential to encourage the adoption of conservation practices, and it is
important to develop tools that can help to collaborate to use resources in a sustainable

way, justifying the relevance of research on soil erosion.

2.2 Sediment discharge monitoring to understand the erosion processes in

the catchment scale

Soil management, geomorphological features and climate control erosion
processes and sediment transfers in the catchments. Thus, monitoring the variability of
sediment yield, flow and concentration of contaminants, is a strategy to quantify the
effects of land use and management, together with climate change, on water resources at

the river catchment scale (Li et al, 2009; Minella et al., 2009b). Monitoring provides
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quantitative information regarding the sediment transfer processes. However, to better
understand the erosion process, complementary techniques such as hydrological
modelling of erosion and tracing of sediment sources are essential.

In a long-term monitoring study conducted in a small rural catchment with
intensive agriculture on fragile landscapes (i.e. the Arvorezinha catchment, 1,2 km?2),
Minella et al. (2017) found that the implementation of conservation practices reduced
erosion rates significantly. The inclusion of conservation practices in tobacco fields
reduced sediment yield by approximately 70% compared to the period without
conservation practices, and cropland areas were identified as the main source of
sediment. Through hydro-sedimentary monitoring and mathematical modelling at the
Conceicdo River catchment (804 km?), Didoné et al. (2017) found that erosion rates have
increased in recent years due to inadequate soil management, with sediment yields
reaching the order of 36 to 260 t km-2 year-! in predominantly agricultural catchments in
southern Brazil. Using techniques to identify sediment sources, Tiecher et al. (2018)
found that current soil conservation techniques, where no-tillage is implemented in
southern Brazil without complementary practices to control surface runoff, have not
been efficient in controlling erosion in cropland fields used for grain production. About
50% of the sediment yield in the Conceigao River catchment, in the northwest of Rio
Grande do Sul state, originate from agricultural areas (cropland and pastures). Another
50% of the sediment comes from drainage channels, which can be the result of excess
runoff, because in no-till areas, the straw deposited on the soil surface may be efficient to
control soil loss, but not water excess. Consequently, this water, which will inexorably
need to satisfy its sediment transport capacity, ends up causing erosion in the drainage
channels, as it was also already observed in the Arvorezinha catchment by Minella et al.
(2009). These are some examples of how river catchment scale studies help in
understanding erosion and sediment transfer processes.

Studies combining watershed monitoring and the identification of sediment
sources conducted in Brazil have concentrated on the country’ southern region (Table
2.1). Of the seventeen river catchments studied in Brazil that applied the technique of
identifying sediment sources, ten are located in the State of Rio Grande do Sul. Outside of
this state, Franz et al. (2014) sought to identify sediment sources in the Paranoa Lake
catchment and the Riacho Fundo sub-catchment in the Federal District. Batista et al.

(2018) and Lima et al. (2020) worked in the Ingai River catchment and Rio Grande
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catchment, respectively, in Minas Gerais state. Lately, another study was developed in
Pernambuco, Northeast Brazil, seeking to quantify the source contributions in a large
catchment and in a sub-catchment to understand the scale dependency in sediment
sources (Amorin et al., 2021). Almost all river catchments already studied in Brazil are
predominantly agricultural areas, with the exception of the Dilivio stream catchment,
which is located in the metropolitan region of Porto Alegre, and Lake Paranod, which
receives a large contribution from urban areas.

Table 2.1. Sediment fingerprinting studies in Brazil.

Catchments Catchment .
studied Authors Year area (km?) Location
Lajeado Ferreira (Clarke and Minella, 2016; Minella et 2008- Arvorezinha
Creek - al.,, 2009a, 2008a, 2007, 2004; Tiecher 2021 1.23 RS !
Arvorezinha etal, 2021, 2019, 20173, 2016, 2015)
Agudo (Minella et al., 2007) 2007 1.68 Agudo, RS
Dilavio Creek (Poleto et al., 2009) 2009 0.83 Viam3ao, RS
Alvorada . Julio de
Settlement 1 (Tiecher etal., 2017b) 2017 1.4 Castilhos, RS
Alvorada ) 2014- Julio de
Settlement 2 (Tiecher etal, 2017b, 2014) 2017 0.8 Castilhos, RS
Vacacai-Mirim (Miguel et al,, 2014a, 2014b) 2014 20 Sa“taRI;da“a'
Guaporé River (Le Gall etal, 2017; Tiecher etal, 2017 2030 Guaporé, RS
2017c¢)
Terra Dura Forest (Rodrigues et al., 2018) 2018 0.98 Eldsifla%% do
Conceicdo River (Tiecher et al., 2018) 2018 804 [jui, RS
Eucalyptus (Valente et al,, 2020) 2018 0.83 Sdo Gabriel, RS
catchment
Grassland (Valente et al,, 2020) 2018 1.1 Sdo Gabriel, RS
catchment
Paranoa Lake (Franz et al., 2014) 2014 950 Brasilia, DF
Riacho Fundo (Franz et al., 2014) 2014 224 Brasilia, DF
Ingai River (Batista et al., 2018) 2018 1200 Ingai, MG
Posses Catchment (Bispo etal., 2020) 2020 12 Extrema, MG
Upper Grande .
River Catchment (Lima et al., 2020) 2020 0.8 and 1.75 Lavras, MG
Goiana Catchment (Amorim et al,, 2021) 2021 2857 PB

Abbreviations: RS — Rio Grande do Sul State, DF — Distrito Federal State, MG — Minas Gerais State and PB —
Pernambuco State.

The studies of erosion processes associated with different land uses in river
catchments in the state of Rio Grande do Sul (RS) were mostly concentrated on the
basaltic plateau and its borders, where clay soils from basalt of the Serra Geral Formation
predominate (Figure 2.1). In these catchments, small family farms predominate, with

land use for grain production and intensive cattle ranching. The main sources of sediment
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