High resolution exposure modelling at landscape-level.
On the development of a mechanistic drift module for SWAT+
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Introduction

Objectives

Modelling environmental concentrations of pesticides at landscape-level is of growing interest for
pesticide registration and product stewardship, including higher-tier studies in risk assessment,
mitigation measures, monitoring support and decision making. Typically, runoff, drainage, and
leaching are taken into account, using different modelling concepts. However, the modelling of spray
drift often is simplified or neglected in landscape-level models. For example, the Soil and Water
Assessment Tool (SWAT) does not consider spray drift for pesticide transport simulation. Hence,
external offline calculations of spray drift are necessary, with the pesticide masses added to the
channel network via point sources. Although this is a pragmatic solution for including spray drift, future
approaches in high spatial and temporal resolution require a better implementation.

❑ Enable landscape-level spray drift prediction, taking
typical short-term weather conditions into account.
❑ Development of a spray drift model for ground
application, by combining a mechanistic droplet
model, local climate model and a 3D-Gaussian puff
model.
❑ Enable a modular design as standalone or in
combination with other modelling approaches:
❑ Landscape-level assessment (e.g. SWAT)
❑ Exposure assessment in combination with
ecotoxicological modelling

Theory & Methods
1) Model Inputs:
□ Weather conditions
□ Droplet size distribution

□ Operational characteristics
□ Physio-chemical properties
of spray solution

2a) Mechanistic Droplet Model:
□ Simulates droplet kinetics and evaporation
□ Estimates dynamic trajectory of single representative droplets

Fig. 2: Vertical droplet position against distance as predicted
by the mechanistic droplet model.

5) Model Output:
Drift Curve Prediction:

Landscape-level drift prediction:

□ Based on boom width and
number of swath´s

□ Based on land use map

2b) Micro Climate
Model:
□ Represent indirect interaction
between individual drops.
□ Simulates a representative
volume, which grows over
time.
□ Simulates the masses of air
and water vapour as well as
the internal energy of the
system.

4) Prediction of Drift
Pattern:
□ Mass flux defined by
concentration and vertical droplet
velocity

3) 3D Gaussian Diffusion Model:
□ Longitudinal advection
□ Vertical, lateral and longitudinal dispersion

Fig. 1: Schematic representation of the diffusion model [1].

Results

Model inputs:
• Wind speed: 3 m/s
• Wind direction: 225 °
• Temperature: 15 °C
• Relative humidity: 95 %
• Droplet class: fine/medium
• Boom height: 2 m
• Application rate: 0.5 kg/ha
• AI density: 1300 kg/m³
• AI molar mass: 350 g/mol
• AI vapor pressure: 10-5 Pa

Figure 1: Drift curve in dependency of the ASABE reference droplet classes, with a wind speed of 3 m/s (top),
Drift curve in dependency of the wind speed, with the ASABE reference droplet class of fine/medium (bottom).

Conclusion & Outlook

Fig. 2: Example of landscape-level drift prediction for a generic AI application. With the black
dashed line outlining the area of spray application, the blue hatched area representing a close
by waterbody and the colour scale showing the spray drift deposition [kg/m²].

❑ Drift curves show a strong sensitivity to temperature, humidity and eddy diffusivity.
❑ Combining the different modelling approaches with high evaporation rates is
challenging and requires the development of a micro climate model.
❑ Model validation against multiple data sets is ongoing (e.g. field trial data and
Rautmann drift-tables)
❑ Apply drift approach in landscape-level modelling project:
❑ Elucidation of monitoring data
❑ Assessment of drift entries into water bodies
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