Integrating an agent-based model for E. coli with a tracer-aided hydrological model to explore controls on microbial water quality
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4. Hydrological Environment Generator: EcH2O-Iso

1. Introduction
Successful management of microbial water quality requires1,2:
1. Identification of “hot spot” source areas of faecal indicator
organisms such as E. coli
2. Understanding of the hydrological flow paths connecting source
areas to streams

Model Structure (Fig 3)6,7,8
Multi-Criteria Calibration (Fig 4)
• Tracer-aided, spatially-distributed (30 m), • Weighted calibration based on outlet discharge (KGE)
process-based ecohydrological model
and spatially-distributed isotope data (MAE)
• Solves vertical energy balances, and
• 30 “best” parameter sets retained for simulations
lateral and vertical hydrological fluxes
a)
b)

Spatial Outputs (Fig 5)
• Lower, more variable soil water content (SWC) in dry conditions.
• Surface runoff always limited; greater GW outflow in wet conditions.
• Depletion of d2H in downstream direction; less-defined pattern of
stream water ages in wet conditions.
a)

Hydrological process representation in tracer-aided models (TAMs)
can capture the velocity and celerity responses of catchments3,4
Agent-based models (ABMs) offer flexibility in defining rule sets
that govern agent interactions with the simulation environment,
and in allowing multiple agent attributes to be tracked (Fig 1)5
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Fig 1: An ABM is composed of agents with given attributes, a simulation environment, and an agent rule set5

2. Objectives
1. Simulate spatially-distributed outputs for hydrometric variables
with a TAM to provide the hydrological environment for an ABM
2. Develop an ABM to explore the sources and hydrological flow
paths which contribute E. coli to streams under different
conditions
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Fig 4: Timeseries of precipitation (a), and of observed and modelled discharge at the catchment
outlet (b) and isotopes from spatially-distributed sites (c-j). Uncertainty bounds show 90% spread
of ensemble simulations. Blue and red lines show “wet” and “dry” periods, respectively

Fig 3: Schematics for the energy balance (a) and hydrological
(b) modules of EcH2O-Iso7

a)

b)

Model Design and Input Data
• Agent behaviour governed by hydrological environment and
rule set (Fig 6)

• Agent spawn locations determined by land cover
and associated animal counts (Fig 7)
• Agent attributes (Tab 1) tracked during simulation
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Fig 2: Monitoring locations (a), soil types (b), and ABM domain land cover classifications (c) for Tulloch Burn
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Fig 6: Outline of the general rule set followed by the E. coli
agents at each timestep
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Tab 1: Agent attributes
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Fig 7: Input counts of sheep and cattle by land cover

• Agents left in domain and characteristics of agents
leaving reflect conditions of the combined
catchment and hydrological environments (Fig 8)
• Can identify spatial contributions of agents under
different conditions, and general “hot spot” source
areas (Fig 9)
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Fig 5: Spatial plots of median surface runoff, SWC in first hydrological layer, groundwater (GW) outflow, and stream
d2H and water age, based on ensemble model runs for dry (a, red line in Fig 4) and wet (b, blue line in Fig 4) periods

5. Agent-Based Model for E. coli

3. Catchment Environment
Tulloch Burn, NE Scotland (Fig 2)
• 0.42 km2; mixed-agricultural
land use
• Hydrometric, isotope (d2H), E.
coli and livestock count data
• 2017: Precipitation ~ 700 mm,
Average Temperature = 7.9 ⁰C
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Fig 8: Timeseries of agents left in model domain (a), and the ages (b), land covers of
entry (c) and host animals (d) of agents exiting the domain at each timestep

Fig 9: Agent contributing area for dry (a) and wet (b) conditions (red and blue lines in
Fig 4, respectively), and probability of contribution across the whole simulation (c)

6. Next Steps
• Improve physical basis of agent rule set
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• Model verification using observed E. coli data
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