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Executive Summary

Background

Nature-Based Solutions (NBS) are sustainable

alternatives to conventional wastewater treatment plants

due to their much lower cost and easy installation

process. This study incorporates mainly two parts.

1. Pollutant removal percentage data is collected from

various papers and online databases, and

subsequently, conducting meta data analysis.

2. SWAT+ modeling is integrated in the study to evaluate

the effectiveness of different NBS in the removal of

different nutrients from wastewater.
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CE-Graduate Project

• Due to the rapid urbanization and increased runoff,

water pollution has become a global issue.

• The conventional wastewater treatment system is very

costly, and sometimes these are very difficult to set

up, especially in rural areas.

• NBS, like constructed wetland, bioretention systems,

filter strips, grassed waterways, and permeable

pavements, are sustainable alternatives to the

traditional systems.

• Studies based on individual NBS have been

conducted a lot.

Research Gap: Limited studies considering multiple NBS

and their overall removal efficiencies, and also

considering their effectiveness at the watershed level.

Methods and Data Analysis

Results and Discussion

1. Almost all the NBS showed significant pollutant removal with a p-value less than

0.05.

2. Wetlands, bioretention, media filters are some of the most effective NBS in the

removal of nutrients, TSS and heavy metals from wastewater.

3. There are a few NBS like green roof increased the pollutant removal in various

cases.

4. The SWAT+ model could simulate the watershed hydrology successfully from 2015

to 2024.

5. The best calibration NSE was 0.74 for the streamflow.

6. NBS (Grassed waterway is selected for this study) demonstrated the pollutant

reduction in a desired channel in the SWAT+ model.

7. NH3-N is selected as the pollutant in the SWAT+ model. After incorporating grassed

waterway as the NBS in the model, the percentage reduction was approximately

66%.

Results and Discussion

• NBS are very effective for the removal of different pollutant from wastewater.

• The environmental conditions and operations have great effects on NBS performance.

• The integration of SWAT+ model improves the broader understanding of their

effectiveness.

Figure 1. Study Area Location (Benbrook 

Watershed) in the DFW Area Figure 3. TN and TP Removal across Different NBS

Figure 5. Amount of Monthly NH3-N With and Without NBS (2017-2024)
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Figure 4. Streamflow Calibration (Observed vs Simulated)

This framework integrates data analysis, modeling

and calibration to quantify the effectiveness of

NBS in pollutant reduction.

Yearly Reduction:

2017 (78%), 2018 (68%), 2019 (59%), 2020 (60%),

2021 (66%), 2022 (69%), 2023 (66%), 2024 (68%)

Calibration Parameters Adjusted: esco, epco,

cn2, perco, cn3_swf, latq_co, z, k, bd, awc, ovn,

lat_ttime, alpha, flo_min, sp_yld, chn and

surlag.
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