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Abstract 

This study analyzed the relationship between Suspended Sediment 

Concentration (SSC), rainfall, and water discharge in four large basins that 

drain entirely cratonic areas: Negro, Branco, and Tapajós, in the Amazon 

basin, and Congo, in Central Africa. We analyzed 1,323 samples of 

suspended sediment concentration (SSC) combined with precipitation and 

discharge data. A combination of statistical correlation parameters, time lag 

analysis, and hysteresis evaluation were calculated to identify the main 

controls on the SSC of cratonic rivers. Results indicate strong heterogeneity 

in sediment dynamics among the rivers. The Branco River displayed linear 

relationships between SSC and hydrological variables, moderate clockwise 

hysteresis and no lag, confirming a hydrologically reactive system with rapid 

sediment mobilization. In contrast, the Negro and Tapajós Rivers showed 

low linear correlations and moderate to high lag values, suggesting non-

linear sediment responses associated with dilution, storage and 

geomorphological controls. However, the Negro River exhibited moderate 

anticlockwise hysteresis (HI = −0.20), negative lag values and low partial 

correlation, suggesting delayed sediment response, floodplain storage and 

dilution during high flows. The Congo River exhibited strong partial 

correlation with rainfall but lacked hysteresis and presented long lag values 

(−8 to −10 months), indicating that SSC responds predominantly at 

interannual climatic scales rather than to annual discharge cycles. 

Geological differences among basins proved crucial: rivers draining deeply 

weathered cratonic areas (Negro, Tapajós and Congo) showed dissipated 

sediment signals, whereas the Branco River, partially draining erodible 

Quaternary deposits, exhibited strong hydrological coupling. By combining 

multiple approaches, the study provides a framework for understanding 

sediment transport in cratonic rivers and contributes to sediment budgeting, 

climate-change assessments and geomorphological modeling in tropical 

basins. 
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INTRODUCTION  

 

 

The main drivers of erosion and sediment 

transport in rivers can be grouped into hydro-

meteorological factors, physical characteristics 

of the basin, and anthropogenic influences. 

Rainfall is widely recognized as one of the 

primary forces initiating soil erosion and driving 

sediment transport in fluvial systems (García-

Ruiz et al., 2015). In large river systems, 

however, hydrodynamics—such as discharge 

magnitude and flow velocity—also exert a 

strong influence on sediment mobilization, 

redistribution, and deposition. For instance, in 

the Amazon River, sediment transport processes 

can reshape the landscape within a few years 

and result in the erosion of substantial sediment 

volumes annually (Bandeira et al., 2018; 

Armijos et al., 2020). 

Among the physical characteristics of a 

basin, land slope is consistently cited as a 

critical factor controlling erosion rates, typically 

exhibiting a positive relationship with sediment 

yield (García-Ruiz et al., 2015). Similarly, land 

use and land cover, especially deforestation and 

agriculture, significantly influence erosion 

processes by altering infiltration rates and 

increasing surface runoff, particularly in 

disturbed or managed environments 

(Haddadchi et al., 2021; Safdar et al., 2024). 

Anthropogenic alterations, such as dams and 

reservoirs, act as both regulators and disruptors 

of natural sediment transport regimes. These 

structures tend to trap sediment and reduce 

upstream flow velocities, leading to 

sedimentation within the reservoir and a 

decreased sediment load downstream (Lyu et al., 

2020; Ghosh et al., 2023). 

The transport and deposition of suspended 

sediments play a pivotal role in shaping river 

valleys, developing floodplains, and sustaining 

ecological and biogeochemical functions in 

aquatic systems (Achite et al., 2016; Vercruysse 

et al., 2017). Sediment dynamics also contribute 

to nutrient fluxes, which can enhance soil 

fertility in floodplains and support both natural 

and agricultural vegetation (Queiroz et al., 2018; 

Wohl, 2021). Moreover, major rivers are 

essential in the export of water and sediment to 

the oceans, influencing coastal dynamics, the 

marine nutrient budget, and the broader global 

hydrological and climatic systems (Harding et 

al., 2011; Li et al., 2020). 

In the Amazon Basin, especially in rivers 

with Andean sources (e.g., the Amazon and 

Madeira rivers), the suspended sediment regime 

shows a well-defined relationship with 

hydrometeorological variables. Armijos et al. 

(2020) observed that fine suspended sediments 

(silt and clay) tend to correlate with rainfall 

events, while coarse sediments (e.g., sand) are 

more strongly linked to discharge peaks. These 

patterns reflect the high erosivity and geological 

youth of the Andean headwaters. In contrast, 

cratonic rivers, which drain ancient and 

tectonically stable regions composed 

predominantly of Precambrian rocks, remain 

poorly studied in terms of sediment dynamics. 

The sediment yield in these basins is 

considerably lower, and the interaction between 

precipitation, discharge, and SSC is not yet well 

understood (Queiroz; Marinho, 2024). 

This knowledge gap is particularly relevant 

given that cratonic rivers dominate large 

portions of tropical South America and Central 

Africa. Their unique geological setting, 

characterized by intense weathering, deep 

lateritic soils, and low topographic gradients, 

suggests that conventional assumptions 

regarding sediment response to rainfall or flow 

magnitude may not apply. Consequently, this 

study aims to evaluate the correlations between 

SSC, rainfall, and water discharge in selected 

large cratonic rivers, thereby contributing to a 

better understanding of sediment dynamics in 

geologically stable tropical environments. 

 

 

MATERIALS AND METHODS  

 

 

Study Area 

 

This article analyses the Negro, Branco and 

Tapajós Rivers basins, which are part of the 

Amazon basin, located in the Amazon Craton, 

and the Congo river basin, which drains the 

Congo Craton in Central Africa (Figure 1).  The 

Negro River basin has an area of 700,000 km² 

and its main channel has a water discharge of 

approximately 35,000 m³·s-1.  The Negro River 

has a low suspended sediment concentration 

(SSC) (5.12 mg·L-1), suspended sediment 

discharge of 5.76×106 ton·year-1 and sediment 

production of 8 ton·km-2·year-1 (Marinho et al., 

2022). The Branco River basin has an area of 

approximately 197,000 km² and its main 

channel flows into the Negro River, with a water 

discharge of 3,306 m³·s-1. The Negro and Branco 

Rivers basins drain the Guiana crystalline 

shield and sedimentary basins (Amazonas and 

Solimões) (Latrubesse; Stevaux, 2015).  

The Tapajós River basin has an area of 

approximately 490,000 km² and its main 

channel has a water discharge of ~13,000 m³·s-1. 

The Tapajós River has a suspended sediment 

discharge of approximately 6×106 ton·year-1 and 
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a sediment production of 12.2 ton·km-2·year-1 

(Stevaux; Latrubesse, 2017). The basin drains 

the crystalline shield of Brazil and the lowlands 

of the Amazon basin (sedimentary basin) 

(Latrubesse et al., 2005). 

The Congo River basin is the second largest 

in the world, behind the Amazon basin, with an 

area of 3,700,000 km² and its main river is also 

the second largest in the world with a water 

discharge of approximately 41,000 m³·s-1. The 

Congo River has a suspended sediment 

discharge of 33.76×106 ton·year-1 and a sediment 

production of 9.62 ton·km-2·year-1 (Queiroz; 

Marinho, 2024). The river, in its upper reaches, 

drains a Precambrian basement (Congo Shield) 

(Wit et al., 2015), in its centrals area (lowlands) 

it drains Cenozoic, Neogene and Quaternary 

sediments (Queiroz; Marinho, 2024). 

 

Figure 1 - Location of the Negro, Branco, Tapajós and Congo rivers basins 

 
Source: The author (2025).

SSC, Water Discharge and Rainfall data 

 

The water discharge (Q) and SSC data were 

provided by the SO-HYBAM project 

(https://hybam.obs-mip.fr/), which is an 

observatory specializing in monitoring rivers 

and water resources. The observatory has been 

monitoring suspended SSC in Brazil since 1995 

and in Africa since 2005. SO-HYBAM's SSC 

collection protocol is based on the 

recommendations of the UNEP GEMS/water 

Programme (Chapman, 1992), with surface 

collections every 10 days. For this work, the 

stations of Serrinha (Negro River), Caracaraí 

(Branco River), Itaituba (Tapajós River) and 

Brazzaville (Congo River) were used, totaling 

1,323 samples (Table 1). 

  

https://hybam.obs-mip.fr/
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Table 1 - Hydrometric stations 

River 

Drainage 

Area 

(10³ km²) 

Station 

(Code) 

Station Drainage 

 Area 

(10³ km²) 

Period 
Sample 

Quantity 

Negro 700 
Serrinha  

(14420000) 
262 1998-2008 235 

Branco 197 
Caracaraí 

(14710000) 
125 1998-2017 604 

Tapajós 492 
Itaituba  

(17730000) 
456 1997-2017 329 

Congo 3700 
Brazzaville 

(50800000) 
3500 2005-2018 155 

Source: The author (2025).

 

CHIRPS data (Climate Hazards Group 

InfraRed Precipitation with Station data) 

provides daily and monthly precipitation 

estimates on a global scale, with a spatial 

resolution of 0.05 degrees. This data is especially 

valuable for monitoring and understanding 

climate variability and precipitation patterns, 

especially in regions with a low density of 

conventional stations (Marinho; Rivera, 2021). 

CHIRPS combines satellite data, information 

from meteorological stations and climate 

models, allowing for continuous coverage since 

1981 (Funk et al., 2015). 

These data showed good results for 

quantifying rainfall in the Congo (Queiroz; 

Marinho, 2024) and Negro (Marinho; Rivera, 

2021) rivers basins, despite underestimating the 

rainiest months (Cavalcanti et al., 2020). There 

is no validation with conventional rain gauge 

stations for CHIRPS data in the Tapajós River 

basin, but general data from the Amazon basin 

and studies located in the upper reaches of the 

basin indicate that the dataset is suitable for 

quantifying rainfall (Cavalcanti et al., 2020; 
Uliana et al., 2024). 

 

Statistical Analyze 

 

Statistical tests were applied to understand the 

relationship between SSC-rainfall and SSC-

Water Discharge. For the calculations, the daily 

data were converted into monthly data to allow 

comparison between the different rivers 

analyzed. The coefficient of determination (R²) 

was used to calculate the proportion of the 

variation in the dependent variable that is 

explained by the independent variable; this 

coefficient varies from 0 to 1. Pearson's linear 

correlation (r) was used to identify linear 

relationships between hydro-sedimentological 

variables. However, considering that tropical 

rivers may exhibit delayed responses and 

nonlinear relationships (Filizola; Guyot, 2009), 

Kendall's correlation (τ) was also applied, based 

on the consistency of order between the data. 

This approach is more robust for detecting 

monotonic patterns, especially in the presence of 

hysteresis, time lag, and extreme values. These 

tests calculate the direction and strength of a 

relationship between two variables; the result 

can range from –1 (inversely proportional 

correlation) to 1 (directly proportional 

correlation).  

 In addition, the partial correlation of the 

data was calculated, which is a statistical 

measure that quantifies the relationship 

between two variables, eliminating the effect of 

one or more control variables (Equation 1). 

Unlike simple correlation, which measures the 

total association between two variables, partial 

correlation isolates the indirect influence 

mediated by a third variable, making it possible 

to analyze the direct relationship between the 

variables of interest.  

 

𝑟𝑋𝑌.𝑍 =  
𝑟𝑋𝑌− 𝑟𝑋𝑍 × 𝑟𝑦𝑧

√(1−𝑟𝑋𝑍
2 )(1− 𝑟𝑌𝑍

2 )

                                            (1) 

 

rXY is the Pearson correlation between X and 

Y; rXZ is the correlation between X and Z; rYZ is 

the correlation between Y and Z; rXY⋅Z is the 

partial correlation between X and Y, controlling 

Z. To determine whether there is statistical 

significance between the r, Kendall, and partial 

correlation data, the t-test was calculated with 

a significance level of 0.05. 

To analyze the dynamic relationship between 

suspended sediment concentration (SSC) and 

water discharge/rainfall, the hysteresis index 

proposed by Zuecco et al. (2016) was applied. 

The time series were organized into annual 

cycles and normalized to standardize the data 

and enable comparison between rivers with 

different regimes (Equation 2):  

 

𝑢(𝑡) =  
𝑥(𝑡)− 𝑥𝑚𝑖𝑛  

𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛
                                                 (2) 

 

Where u(t) can represent SSC, water 

discharge, and normalized rainfall. The method 
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divides the independent variable axis (Q or 

rainfall) into n equidistant intervals. For each 

interval, the areas under the rising (Ar[i,j]) and 

falling (Af[i,j]) branches of the SSC–Q (or SSC–

rainfall) curve are calculated (Equation 3):  

 

𝛥𝐴[𝑖, 𝑗] =  𝐴𝑟[𝑖, 𝑗] − 𝐴𝑓[𝑖, 𝑗]                                   (3) 

 

The mean hysteresis index is obtained from 

the average of the integral differences 

throughout the entire cycle. 

 

 

RESULTS  

 

 

Monthly and annual analysis of SSC, Water 

Discharge, and Rainfall 

 

In the Serrinha station in the middle Negro 

River, the mean annual water discharge is 

16,971 m³·s-1, with the highest values in June 

(27,243 m³·s-1) and the lowest in January 

(10,937 m³·s-1) (Figure 2). The low water period 

in the middle Negro River is from August to 

January, and the high-water period is between 

February and July. The mean annual SSC is 

6.12 mg·L-1, with maximum concentrations in 

November (7.83 mg·L-1), the low water period, 

and minimum concentrations in June (4.13 

mg·L-1), the high-water period. The annual 

rainfall for the area drained by the Serrinha 

station is 2.989 mm·year-1, with monthly 

maximums in May (368.57 mm) and minimums 

in February (184.80 mm) (Figure 3).  

In the Branco River, the annual mean water 

discharge is 3,168 m³·s-1, with the highest values 

in July (7,056 m³·s-1) and the lowest in March 

(1,234 m³·s-1). The period of high water in the 

river is from April to August, and the period of 

low water is between September and March 

(Figure 2). The mean SSC of the Branco River at 

the Caracaraí station is 19.95 mg·L-1, around 

226% higher than at Serrinha, characterizing 

the Branco River as the main tributary of the 

Negro River in the SSC. The highest 

concentrations occur in May (33.27 mg·L-1), the 

period of high water, and the lowest in February 

(13.05 mg·L-1), the period of low water. The 

annual rainfall for the Branco River basin is 

1.914 mm·year-1, with the highest monthly 

values in May (319.77 mm) and the lowest in 

February (72.82 mm), the same months as the 

SSC's maximum and minimum values (Figure 

3). 

The mean annual water discharge of the 

Tapajós River is 11,387 m³·s-1, with the highest 

values in March (22,699 m³·s-1) and the lowest 

in September (3,935 m³·s-1). The high-water 

period runs from December to May and the low 

water period from June to November (Figure 2). 

In the Itaituba station, the river has a mean 

SSC of 10.11 mg·L-1, with maximum 

concentrations in January (12.15 mg·L-1) and 

minimum concentrations in May (7.47 mg·L-1), 

both during the high-water period. The annual 

rainfall of the Tapajós River basin is 2,010 

mm·year-1, with maximum monthly values in 

March (337.31 mm) and minimum in July (16.65 

mm) (Figure 3). 

 The mean annual water discharge of the 

Congo River at Brazzaville station is 41,268 

m³·s-1, with the highest values in December 

(56,959 m³·s-1) and the lowest in August (31,827 

m³·s-1). The period of high water in the basin 

runs from September to December, and the 

period of low water runs from January to 

August. However, unlike the other basins 

analyzed, the Congo River shows a rise in water 

level in May and a fall again in June (Figure 2). 

The mean annual SSC is 27.20 mg·L-1, with the 

highest concentrations in February (32.40 mg·L-

1) and the lowest in January (21.44 mg·L-1), both 

during low water. Annual rainfall is 1.514 

mm·year-1, with maximum monthly values in 

October (178.98 mm) and minimum in June 

(71.99 mm) (Figure 3).
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Figure 2 - Relationship between SSC and Water Discharge 

 
Source: The author (2025). 

 

Figure 3 - Relationship between SSC and Rainfall 

Source: The author (2025). 

 

 

Statistical analysis of the correlation 

between SSC and Water Discharge/Rainfall 

 

The coefficients of determination between SSC 

and the variables of water discharge and rainfall 

for the Negro, Tapajós and Congo rivers were 

insignificant, indicating that the variance of the 

data of the dependent variable (SSC) is not 

explained by changes in the independent 

variable (water discharge and rainfall). For the 

Branco River, the R² was moderate for rainfall 

and low for water discharge. It can be seen that 

the SSC of the Negro, Tapajós and Congo rivers 

does not show a clear annual pattern during the 

hydrological year, unlike the Branco River 

which shows a clear identifiable pattern 

throughout the hydrological year.  

In terms of Pearson's linear correlation, the 

Tapajós showed an insignificant directly 

proportional correlation. In the Negro River, the 
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correlation was inversely proportional and 

insignificant for water discharge and low for 

rainfall. On the Congo River, the correlation 

between SSC and water discharge was 

insignificant and inversely proportional, and 

with rainfall it was low and directly 

proportional. In the Branco River, the 

correlation with water discharge was moderate 

and with rainfall it was strong. The results for 

the Pearson and Kendall coefficients are not 

statistically significant at the 5% level (0.05), 

indicating that there is no clear statistical 

correlation between the data. The exception is 

the Branco River, which has a p-value of less 

than 0.05, showing that these variables are 

correlated.  These data indicate that, except for 

the Branco River, none of the rivers analyzed 

present statistical data validating that SSC is 

controlled by water discharge or rainfall (Table 

2). 

 

Table 2 - Pearson's Correlation Coefficient, Kendall's rank correlation coefficient (τ) and 

Determination Coefficient between SSC and Water Discharge and Rainfall 

River 
Pearson's linear 

coefficient (r) 

Kendall's τ 

coefficient 

Statistical 

Significance 

Determination 

coefficient (R²) 

Negro (Water 

Discharge) 
–0.22 –0.09 p > 0.05 0.05 

Negro (Rainfall) –0.37 –0.30 p > 0.05 0.14 

Branco (Water 

Discharge) 
0.65 0.58 p < 0.05 0.43 

Branco 

(Rainfall) 
0.85 0.79 p < 0.05 0.73 

Tapajós (Water 

Discharge) 
0.11 0.18 p > 0.05 0.01 

Tapajós 

(Rainfall) 
0.29 0.21 p > 0.05 0.09 

Congo (Water 

Discharge) 
–0.24 0.03 p > 0.05 0.06 

Congo (Rainfall) 0.48 0.39 p > 0.05 0.23 

Source: The author (2025).

 

The partial correlation for the Negro River is 

negative (–0.33) between SSC and rainfall when 

the effect of flow is isolated, suggesting that 

increased rainfall is associated with a slight 

reduction in SSC in this environment. When we 

isolate the effect of rainfall, the relationship 

between SSC and flow becomes insignificant 

(0.11), indicating that flow has no relevant 

influence on sediment transport in this system. 

The Tapajós River shows a low positive 

correlation (0.29) between SSC and rainfall, and 

no significant relationship with flow (–0.11).  

The Branco River shows a markedly different 

pattern, with a strong positive correlation (0.73) 

between SSC and rainfall after controlling for 

flow. The absence of a significant relationship 

between SSC and flow when rainfall is isolated 

(–0.08) reinforces that rainfall is the dominant 

factor in the sediment dynamics of this river. 

The Congo River has complex dynamics: while 

rainfall shows a strong positive correlation 

(0.72) with SSC, flow shows an intense negative 

relationship (–0.64) when we isolate the effect of 

rainfall (Table 3), these results differ from the 

coefficient of determination, Pearson's linear 

correlation and Kendall's coefficient.  
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Table 3 - Partial Correlation 

Correlation / Isolated Variable 
Partial 

Correlation 

Statistical 

Significance 

SSC and Rainfall / water discharge (Negro) –0.33 >0.05 

SSC and water discharge / Rainfall (Negro) 0.11 >0.05 

SSC and Rainfall / water discharge (Branco) 0.73 <0.05 

SSC and water discharge / Rainfall (Branco) –0.08 >0.05 

SSC and Rainfall / water discharge (Tapajós) 0.29 >0.05 

SSC and water discharge / Rainfall (Tapajós) –0.11 >0.05 

SSC and Rainfall / water discharge (Congo) 0.72 <0.05 

SSC and water discharge / Rainfall (Congo) –0.64 <0.05 

Source: The author (2025).

 

Analysis of hysteresis between SSC x Water 

Discharge/Rainfall in cratonic rivers  

 

The integrated analysis between time lag 

(cross-correlation) and hysteresis index (HI) 

allowed us to analyze the nonlinear 

relationship between SSC and water 

discharge/rainfall. The results for the Negro 

River show a dampened and delayed behavior, 

with a lag of –3 months in relation to 

precipitation and –4 months in relation to 

water discharge. The negative and moderate 

HI value (h = –0.20) indicates counterclockwise 

hysteresis, reflecting a pattern of delayed SSC 

response, with a predominance of storage and 

dilution throughout the river regime. The 

Tapajós and Congo rivers did not show clear 

hysteresis, indicating an absence of control of 

both rainfall and water discharge. The Branco 

River showed the opposite behavior to the other 

rivers. The positive and moderate HI in the 

SSC×Q relationship characterizes clockwise 

hysteresis, indicating a system with direct 

hydrological control over SSC. The relationship 

between SSC and rainfall showed low 

counterclockwise hysteresis, suggesting some 

control of rainfall on SSC, but less than water 

discharge (Table 4). 

 

 

Table 4 - Time lag and hysteresis index (HI) of the Negro, Tapajós, Congo, and Branco rivers 

River 

Lag 

SSC–

Rainfall 

(months) 

Lag 

SSC–Q 

(months) 

HI 

(SSC×Q) 

HI 

(SSC× 

Rainfall) 

Type of 

Hysteresis 

Hydro-

sedimentological 

Interpretation 

Negro –3 –4 
–0.20 → 

Moderate 

No hysteresis 

pattern 

Counterc

lockwise 

(SSC×Q) 

 

Delayed response – 

sediment storage 

and dilution  

Tapajós –2 –2 

No 

hysteresis 

pattern 

No hysteresis 

pattern 
- - 

Congo –8 –10 

No 

hysteresis 

pattern 

No hysteresis 

pattern 
- - 

Branco 0 –2 
0.25 → 

Moderate 
–0.04→ Low 

Clockwis

e 

(SSC×Q) 

Counterc

lockwise 

(SSC×Ra

infall) 

Direct hydrological 

control – fast 

response  

(SSC×Q) 

Low delayed effect 

(SSC×Rainfall)  

Source: The author (2025).
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DISCUSSION  

 

 

Analysis of the relationship between SSC 

and Water Discharge/Rainfall 

 

It was observed that in cratonic basins such as 

the Negro, Tapajós and Congo rivers there is no 

clear correlation between SSC x Rainfall and 

Water Discharge. Furthermore, it can be seen 

that in the Congo and Negro rivers there are 

inversely proportional correlations. These 

channels drain ancient Precambrian rocks that 

have been highly weathered, so neither rainfall 

nor water discharge has the capacity to erode 

these rocks enough to control the annual hydro-

sedimentary dynamics of these rivers (Queiroz; 

Marinho, 2024). Although increased rainfall is 

directly related to increased soil erosion (García-

Ruiz et al., 2015), the Negro River, which has the 

highest annual rainfall (2,989 mm·year-1), has 

the lowest mean SSC (6.12 mg·L-1) among the 

basins analyzed. 

The results of the partial correlation analysis 

reveal important differences in the hydro-

meteorological control over suspended sediment 

concentration (SSC) between the rivers 

analyzed. In the Branco River, a high partial 

correlation was observed between SSC and 

rainfall (r = 0.73), even with discharge control, 

which suggests a direct and significant control 

of precipitation over sediment production and 

transport. This behavior is in line with the 

younger and more unstable nature of the Branco 

basin, which has a greater slope, less developed 

soils and greater sensitivity to intense rainfall 

events. On the other hand, the correlation 

between SSC and discharge in this same river, 

controlling for rainfall, was practically zero (r = 

–0.08), reinforcing the dominant role of rainfall 

as an erosive agent and sediment mobilizer. 

A different pattern can be observed in the 

Tapajós and Negro rivers. In the Tapajós, both 

the partial correlation between SSC and rainfall 

(r = 0.29) and between SSC and discharge (r = –

0.11) were low and insignificant. In the Negro 

River, the results indicate a low negative 

correlation between SSC and rainfall (r = -0.33) 

and an insignificant one between SSC and 

discharge (r = 0.11). This indicates a system 

with low sensitivity to hydrological variations, 

possibly due to the geological stability, low slope 

and strong geomorphological and structural 

control of the basin (Queiroz et al., 2024a).  

The case of the Congo River stands out for 

having a strong positive partial correlation 

between SSC and rainfall (r = 0.72), but a strong 

negative correlation between SSC and discharge 

(r = –0.64). This result may indicate that, 

although rainfall plays an important role in the 

mobilization of material, high flow volumes may 

be associated with the dilution of suspended 

sediment or the remobilization of finer 

sediments, which requires further investigation. 

However, in rivers draining orogenic belts, 

there is a good correlation between these 

variables, with an R² of 0.79 and an r of 0.89 

between SSC and rainfall for the Madeira and 

Amazon rivers (Queiroz; Marinho, 2024). These 

rivers also carry a relatively higher SSC than 

the cratonic rivers. The Branco River also shows 

a good correlation of SSC with rainfall and 

water discharge, despite not draining the Andes 

like the Amazon and Madeira rivers. The 

difference between this basin and the Negro, 

Tapajós and Congo river basins, which drain 

ancient rocks in their upper reaches, is that the 

upper reaches of the Branco River drain an area 

of 29,000 km² of Quaternary sediments (Figure 

4). These more recent sediments are more 

favorable to weathering processes. Therefore, 

together with the slope, rainfall and water 

discharge have a greater capacity for erosion 

than in other cratonic basins.  
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Figure 4 - Age of formation of rocks in the Negro River basin 

 
Source: Schenk et al., (1999). 

 

According to Rivera et al., (2019) and Armijos 

et al., (2020) rainfall and water discharge in the 

Amazon basin can be used to directly estimate 

sediment discharge and the flow of fine 

suspended sediments. In addition, rainfall in 

Andean basins can increase the volume of 

groundwater, diluting the SSC (Rivera et al., 

2019). In this work, we have not investigated the 

relationship between rainfall and groundwater 

dynamics and how it can influence the dilution 

of SSC in cratonic basins.  

In cratonic basins such as the Negro, Tapajós 

and Congo basins, there are no clear correlations 

between rainfall-SSC and water discharge-SSC, 

making it impossible to estimate sediment 

discharge and fine suspended sediment flux 

using rainfall. However, in the Branco River 

basin, this relationship can be made since a 

strong relationship was observed between 

rainfall and SSC, due to the basin draining 

recent Quaternary sediments in its upper 

reaches. It should be noted that this study did 

not investigate the relationship between bed 

load (sand) and rainfall. Bed sediments are 

predominant in the Branco, Negro and Congo 

rivers (Stevaux; Latrubesse, 2017). It is 

therefore necessary to understand the 

relationship between bed sediments, rainfall 

and water discharge in these cratonic basins. 

 

Analysis of Hysteresis in SSC Control by 

Water Discharge and Rainfall  

 

The Branco River shows a clear pattern of 

hysteresis with moderate clockwise loop 

between SSC and water discharge, indicating 

that SSC dynamics are predominantly 

controlled by water discharge, with rapid 

sediment mobilization during river pulses. The 

low counterclockwise figure-eight hysteresis 

between SSC and rainfall indicates that the 

pattern is essentially a combination of clockwise 

and counterclockwise hysteresis cycles (Jing et 

al., 2025). The hysteresis data converge with the 

statistical analysis (r, Kendall, R², and Partial 

Correlation), which points to a certain control of 

hydroclimatic variables in SSC.   
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However, analysis of the HI of the Negro 

River indicates counterclockwise hysteresis 

with control of water discharge in SSC, differing 

from direct statistical analysis. Some studies, 

such as Marinho et al., (2020) and Marinho et al. 

(2022), point out that there is an inversely 

proportional correlation between water 

discharge and SSC in the Negro River. This 

occurs due to the dilution of sediments that 

occurs during the high-water period, so the 

counterclockwise hysteresis observed may be 

the result of the dilution process and not directly 

from a control of discharge in the erosive 

processes of the Negro River. The Tapajós and 

Congo rivers do not show clear hysteresis loops 

in the SSC-water discharge-rainfall 

relationship, reinforcing the hypothesis that 

these variables do not control SSC in these 

rivers.  

In addition, climate change tends to play a 

key role in increasing sediment transport (Li et 

al., 2024). In the Amazon basin, for instance, 

extreme hydrological events are becoming more 

frequent (Satyamurty et al., 2013; Maciel et al., 

2022, 2024; Coulet et al., 2025; Queiroz et al., 

2025), which may elevate suspended sediment 

concentrations (SSC) in the fluvial system. 

Queiroz et al., (2024b) reported increased SSC 

during extreme hydrological years in the Demini 

River basin, a tributary of the Negro River, 

although it is still uncertain whether this 

pattern is also reproduced in the main channel. 

From a process-based perspective, increases 

in water discharge have also been linked to 

morphological channel adjustments (Leenman 

et al., 2025). Such dynamics are likely occurring 

in the Branco River, where SSC is at least 

partially controlled by discharge, as supported 

by both the positive lag between SSC and Q and 

the clockwise hysteresis pattern observed in the 

SSC–Q relation. This indicates that the 

sediment load responds rapidly to hydrological 

forcing and that high flows enhance sediment 

mobilization, pointing to a hydrologically 

reactive system. 

In contrast, the Negro River exhibits 

moderate anti-clockwise hysteresis and high 

temporal lag, suggesting sediment storage, 

dilution, and delayed exportation along the 

hydrological cycle. Therefore, the relationship 

between discharge and SSC cannot be assumed 

as linear or instantaneous in low-energy 

blackwater systems. Under climate change 

projections, the interplay between hydrological 

extremes, hysteretic responses, and 

geomorphological feedbacks becomes 

increasingly relevant, particularly for assessing 

long-term sediment budgets and modeling 

future scenarios in the Amazon basin. 

CONCLUSION  

 

 

This work aimed to analyze whether the SSC is 

controlled by rainfall and water discharge in the 

Negro, Branco, Tapajós and Congo rivers. The 

results show that in large cratonic basins such 

as the Negro, Tapajós and Congo rivers, SSC is 

not significantly controlled by rainfall or water 

discharge, probably due to the ancient geological 

nature, Precambrian rocks that have been 

highly weathered over time, especially in the 

upper reaches of these basins. 

It should be noted that, in the Congo River, 

the partial correlation between SSC and water 

discharge/rainfall showed moderate to high 

values, indicating that these parameters 

influence SSC, although not necessarily 

directly. On the other hand, the hysteresis 

analysis applied to the Negro River revealed a 

moderate HI in the SSC × water discharge 

relationship, evidencing a delayed and non-

linear response of sediment transport in relation 

to the hydrological pulse, which may be directly 

linked to the dilution effect of the river.  

The exception was the Branco River, which 

shows a significant correlation between SSC and 

rainfall and water discharge, which suggests 

that the lithology of the basin, specifically the 

presence of more recent Quaternary sediments, 

which are more erodible, may influence the 

response of SSC to hydrometeorological 

variables. 
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