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FLUXMOD SIMULATES TRANSPORT/INFILTRATION DURING APPLICATION,
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Initial Infiltration & Leaching

Soil Moisture Dynamics

Pesticide Mass & Partitioning

Soil-Atmosphere Exchange

Green-Ampt infiltration and convective-dispersive 
transport determine initial pesticide distribution in the 
mixing layer.

FAO-56 hourly water balance estimates soil moisture and 
evapotranspiration, updating the mixing layer water 
volume.

Mass balance tracks dissolved and sorbed pesticide; 
Henry’s law and temperature adjustment determine vapor 
concentration.

Resistance-based formulation (PRZM approach) computes 
volatilization flux through the boundary layer to the 
atmosphere

Each component updates hourly and is mass-balanced, ensuring a 
physically consistent, process-based simulation.

FLUXMOD captures soil moisture and dynamic emission patterns with multiple peaks and 
decays during the first days after application across diverse field sites

Including observational uncertainty (50%) improved NSE for most cases, 
indicating robust model performance under realistic measurement conditions.
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Sets Initial Conditions for Subsequent Components

Pesticide is transported with infiltrating 
water during the application period.

Convective-dispersive process creates 
depth distribution of pesticide.

Outputs initial pesticide mass and 
concentration in the mixing layer.

Provides starting conditions for soil 
moisture dynamics and volatilization 
processes.

FLUXMOD reproduces field-measured volatilization 
flux across diverse soils and climates.

Soil moisture dynamics are the primary control of 
mixing layer pesticide concentration.

Henry’s constant and organic carbon strongly 
influence volatilization through partitioning and 
sorption.

Field-specific emissions improve transport modeling and 
ecological risk assessment.

1. Time-Resolved 
Processes

2. Mechanistic & 
Physically Based

3. Efficiency & 
Practicality

4. Actionable 
Insights

Captures hourly 
dynamics of 
infiltration, water 
balance, and 
volatilization to 
resolve short-lived 
emission pulses 
after application.

Built on mass 
balance and transfer 
principles with 
process-level 
components for 
transparent and 
reliable predictions.

Designed for field-
scale risk 
assessment; 
computationally 
efficient, robust, and 
easy to apply with 
measurable inputs.

Identifies key 
drivers and 
guides 
monitoring 
and risk 
assessment

FLUXMOD couples soil water, pesticide mass balance, and soil-
atmosphere exchange processes to predict time-resolved 

volatilization flux under field conditions.

providing initial conditions for soil moisture dynamics and volatilization processes.

INPUTS MODEL COMPONENTS OUTPUT

Volatilization Flux 
(ng m-2s-1)

Pesticide 
Properties

Soil & Crop 
Properties

Meteorological 
Forcing

Initial Infiltration & 
Leaching

Soil Moisture Dynamics 
(FAO-56 Water Balance)

Pesticide Mass & 
Partitioning

Soil-Atmosphere 
Exchange

Hourly time step

Mass balance consistent
Field applicable Designed for risk 

assessment useComputationally efficient

Field Capacity (θfc) is the 
dominant driver of soil 
moisture dynamics

Volatilization is controlled 
by interactions among 
physicochemical and soil 
factors.
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