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The InVEST hydrologic models were designed to represent the dominant processes of 
sediment/nutrient delivery and retention by land use/ land cover (LULC). Since they are not 
standard rainfall-runoff models, classical calibration and testing methods are not always 
applicable. Testing and calibration were particularly difficult in our study region due to: i) the 
absence of local data (e.g. in-stream sediment or nutrient concentration time series, contributions 
from point sources) to calibrate the model or a more sophisticated model, and ii) the existing 
uncertainties in nutrient/sediment dynamics in this region of Brazil (Thomas et al., 2004; 
Moreno-seceña et al., 2011; Filoso et al., 2006; Maillard & Santos, 2008) (e.g. magnitude of 
nutrient leaching from sugar cane fields, effect of cattle ranching). 

InVEST sediment and nutrient model predictions, however, were checked against the local and 
global literature to confirm that their order of magnitude was credible. 

Nutrient loads 
We found that the InVEST model predictions for nitrogen loads were in the lower range of 
estimates derived from the literature: the range for Brazil studies was 0.05-4.667 ton N km-2 y-1 
in a recent global synthesis (Supplementary information in Alvarez-Cobelas et al., 2008). Given 
the spatial and temporal variability of nutrient export, we then compared predicted annual loads 
with local studies reporting annual nitrogen and phosphorus loads from natural and 
anthropogenic sources for catchments in the Bahia State (de Paula et al., 2010) and Sao Paulo 
State (Cunha et al., 2011). This comparison was performed for two scenarios: (a) when 100% of 
our study watershed was comprised of natural habitat and (b) when 100% of our watershed was 
comprised of agriculture (mixture of sugarcane and pasture).  

de Paula et al. (2010) directly reported average annual nutrient loads from natural and 
anthropogenic sources in Bahia State. For the comparison with the100% natural scenario in our 
study, we used the sum of the loads for all natural sources (atmospheric deposition and natural 
soil leaching) reported in that paper. For the comparison with 100% agriculture scenario, we 
used the sum of the natural sources and the weighted average of the loads for agricultural crops 
and cattle ranching. These values were found to be in the same order of magnitude as InVEST 

http://www.conservationgateway.org/ConservationPractices/EcosystemServices/tnc_dow_collaboration/brazil/Pages/default.aspx
http://www.conservationgateway.org/ConservationPractices/EcosystemServices/tnc_dow_collaboration/brazil/Pages/default.aspx


Page 2 of 4 
 

results (Table 1). Because no confidence intervals were reported in the original study, these 
values should only be used as a rough estimate of the absolute loads. 

Cunha et al. (2011) reported median concentrations for 319 sampling sites in agricultural and 
reference (natural) catchments for the Cerrado area of the Sao Paulo State. To convert 
concentrations into annual loads, we used the average annual flow from InVEST for our study 
catchment, which was equal to c. 400 mm for the natural catchment, and c. 700 mm for the 
agricultural catchment.1 We note that the procedure to convert concentrations into annual loads 
comprises uncertainties, since the sampled days may not be representative of the whole range of 
flow rates. However, for the purpose of this exercise, these uncertainties are deemed reasonable 
(and their impact is quantified through the examination of the 10th and 90th percentiles of the data 
reported by Cunha et al. 2011). The InVEST nitrogen and phosphorus model predictions for both 
scenarios fell within the range reported in Cunha et al. (2011) (Table 1).  

 
Table 1. Comparison of InVEST nutrient loads with local literature. Ranges denoted by [ ], when 
available, represent the 10th and 90th observed values reported in the original study. 
Study Natural (ton/km2/yr) Agricultural (ton/km2/yr) 

N P N P 
State of Bahia 0.073 0.003 0.160 0.060 
State of Sao Paulo 0.125 

[0.041; 0.543] 
0.016 

[0.004; 0.117] 
0.638 

[0.212; 3.331] 
0.063 

[0.014; 0.354] 
InVEST output for our 
study area in Minas Gerais 0.063 0.004 0.268 0.022 

 

Sediment loads 
The sediment load predictions based on the InVEST model were within the order of magnitude 
of estimates for Latin America (reported range from 1 to 6,000 ton/km2/yr) (de Araújo & Knight, 
2005). We further compared the InVEST output for the 100% natural and 100% agricultural 
scenarios to values from two local studies that reported turbidity or total sediment loads. 

First, we used turbidity estimates reported by a study of 14 streams in central Brazil (Fonseca et 
al., 2014). Streams were classified into four categories ranging from Natural (1) to Very 
Impacted (4), with category 3 representing mainly rural watersheds that were not dramatically 
impacted by urbanization. We used categories 1 and 3 to represent the 100% natural and 100% 
agricultural scenarios, respectively. We converted turbidity estimates into sediment 
concentrations using the relationship provided by work done in Brazil by Sousa (2013):  

𝑆 = 4800𝑒0.1𝑇 

where 𝑆 is the amount of suspended solids, given in mg/m3, and 𝑇 is turbidity in NTU 
(Nephelometric Turbidity Units). We note that this relationship is only valid for low levels of 
turbidity, so we assumed a linear relationship between turbidity and suspended solids for values 
                                                           
1 Note: these values are in line with our expectations, given the average annual precipitation of c. 1250 mm, and a 
runoff ratio of 30% expected for the natural state in this climate (Zhang et al., 2001).  
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higher than 10 NTU (Teixeira & Caliari, 2005). We then converted sediment concentrations into 
loads based on the annual average water yield, as implemented in the nutrient calculations 
(described above). Since 10th and 90th percentiles were not reported, confidence intervals were 
obtained from the minimum and maximum values, respectively, for each category. 

Second, we compared InVEST results for the 100% agricultural scenario with a comprehensive 
study of sediment dynamics conducted in an agricultural catchment in the neighboring Goias 
State (Strauch et al., 2013).  

We found that InVEST sediment estimates fell within the range as reported by Fonseca et al. 
(2014) and fell slightly below that reported by Strauch et al. (2013) for an agricultural catchment 
in Goias State (Table 2). 

 

Table 2. Comparison of InVEST sediment loads with local literature. Ranges denoted by [ ], 
when available, were obtained from the minimum and maximum observed data reported in the 
original study. 

 Natural (ton/km2/yr) Agricultural (ton/km2/yr) 
Central Brazil 2.6  

[2.0; 8.5] 
7.8  

[4.2 ; 74.4] 
State of Goias n.a. [10; 26] 
InVEST output for our study area 
in Minas Gerais 

3.0 4.3 

 

References 

Alvarez-Cobelas, M., Angeler, D.G. & Sanchez-Carrillo, S. (2008). Export of nitrogen from 
catchments : A worldwide analysis. Environmental Pollution. 156. p.pp. 261–269. 

De Araújo, J.C. & Knight, D.W. (2005). A review of the measurement of sediment yield in 
different scales. Engenharia Civil. 58. p.pp. 257–265. 

Cunha, D.G.F., Dodds, W.K. & Carmo Calijuri, M. Do (2011). Defining nutrient and 
biochemical oxygen demand baselines for tropical rivers and streams in São Paulo State 
(Brazil): a comparison between reference and impacted sites. Environmental management. 
[Online]. 48 (5). p.pp. 945–56. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/21858554. [Accessed: 3 April 2014]. 

Filoso, S., Martinelli, L.A., Howarth, R.W., Boyer, E.W. & Dentener, F. (2006). Human 
activities changing the nitrogen cycle in Brazil. Biogeochemistry. 79 (1-2). p.pp. 61–89. 

Fonseca, B.M., de Mendonça-Galvão, L., Padovesi-Fonseca, C., de Abreu, L.M. & Fernandes, 
A.C.M. (2014). Nutrient baselines of Cerrado low-order streams: comparing natural and 
impacted sites in Central Brazil. Environmental monitoring and assessment. [Online]. 186 



Page 4 of 4 
 

(1). p.pp. 19–33. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23887888. 
[Accessed: 3 April 2014]. 

Maillard, P. & Santos, N.A.P. (2008). A spatial-statistical approach for modeling the effect of 
non-point source pollution on different water quality parameters in the Velhas river 
watershed--Brazil. Journal of environmental management. 86 (1). p.pp. 158–70. 

Moreno-seceña, J.C., Landeros-sánchez, C., Pérez-vázquez, A., Refugio, M., López-collado, C.J. 
& Palacios-vélez, O.L. (2011). Nitrogen management in sugarcane and its influene on yield, 
profitability and leaching losses. Tropical and Subtropical Agroecosystems. 13. p.pp. 373–
379. 

De Paula, F.C.F., de Lacerda, L.D., Marins, R. V., Aguiar, J.E., Ovalle, A.R.C. & Filho, 
C.A.T.F. (2010). Natural and anthropogenic emissions of metals and nutrients to the lower 
contas river basin, Bahia state, Brazile. Quim. Nova. 33 (1). p.pp. 70–75. 

Strauch, M., Lima, J.E.F.W., Volk, M., Lorz, C. & Makeschin, F. (2013). The impact of Best 
Management Practices on simulated streamflow and sediment load in a Central Brazilian 
catchment. Journal of environmental management. [Online]. 127 Suppl. p.pp. S24–36. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23422359. [Accessed: 3 November 
2014]. 

Teixeira, E.C. & Caliari, P.C. (2005). Estimation of the concentration of suspended solids in 
rivers from turbidity measurement: error assessment. In: Symposium S1 held during the 
Seventh IAHS Scientific Assembly at Foz do Iguazu. 2005, p. 151. 

Thomas, S.M., Neill, C., Deegan, L.A., Krusche, A. V, Ballester, M., Victoria, R.L., Deeganl, 
L.A., Ballester, V.M. & Reynaldo, L. (2004). Influences of land use and stream size on 
particulate and dissolved materials in a small Amazonian stream network. 68 (2). p.pp. 
135–151. 

Zhang, L., Dawes, W.R. & Walker, G.R. (2001). Response of mean annual evapotranspiration to 
vegetation changes at catchment scale. Water Resources Research. 37 (3). p.pp. 701–708. 

 


	First-order verification of hydrologic model predictions for the Brazilian Cerrado
	Nutrient loads
	Sediment loads
	References


