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Introduction
Eutrophication of rivers and lakes remains a pressing. Identifying
sources of pollution and their relative contribution to a water
quality problem can focus remediation efforts to return a failing
water body to good quality status. Two phosphorus (P) load
apportionment models (Eqns. 1 and 2) has been developed to
allocate river P load to either point or diffuse sources (Bowes et al.
2008; Greene et al. 2011) using long term monthly and three times
per week datasets. The apportionment is based on the relationship
between P concentration and river volumetric flow rate (Q) where
low flows are dominated by chronic point sources while diffuse
sources are responsible for the majority of P load at high flows.
The primary limitation of these models is the requirement of data
collected across the flow duration curve. In addition, the model
outcomes have not been adequately tested for precision and bias
and to reflect different sampling frequencies and timing.

Where P is phosphorus concentration, Q is river volumetric flow
rate and A, B, C and D; and a, b, and c, are time invariant model
coefficients for the Bowes and Greene models respectively

The advent of high frequency sampling for P and Q, with the
Agricultural Catchments Programme, has provided hourly data
(Fig. 1) that can be resampled into a variety of sampling timings
and frequencies, similarly to Cassidy and Jordan (2011). Modelling
a large number of datasets will show the range of outcomes
possible for a sampling design and indicate the variability of these
models.

The objectives of this study were to determine:

1. the difference in the four model outcomes of i) flows at which
point sources no longer dominate load (Qe), ii) percentage of
flows dominated by point sources, iii) total reactive
phosphorus cumulative load over three years and, iv) point
load apportionment, between the two models

2. the effect of sampling frequency on the four model outcomes
within each model

3. the effect of sampling timing on the four model outcomes
within each model

Study site and methodology
Hourly total reactive P (TRP) and Q data (n = 24867) were collected
from the Athclare River (Fig. 2), a tributary of the White River, in east-
central Ireland over three years. The catchment comprises of
approximately equal proportions of arable land and grassland and
covers 9.48 km2.

Fig. 2 Site location and river catchment (left), bankside analyser collecting P and Q data
(right)

Data were resampled into nine different sampling combinations
(Table 1) and the difference in modelling results analysed visually
using histograms as well as using ANOVA and Tukey HSD tests.

Combination Meta Data No. Resampled 
Datasets

C1a Daily – Random in 24 hours, 7 days per week 2000

C1b Daily (same hour each day) 24

C1c Daily (Night) – Random 18.00 – 05.00 2000

C1d Daily (Day) – Random 08.00 – 18.00 2000

C2a Three days per week – Random (Mon-Fri 08.00-
18.00)

2000

C2b Three days per week – Mon Tue Thu 08.00-18.00 2000

C2c Three days per week – Mon Wed Fri 08.00-18.00 2000

C3 Weekly – Random (Mon-Fri 08.00-18.00) 2000

C4 Monthly – Random (Mon-Fri 08.00-18.00) 999

Table 1 Resampled datasets sampling combinations and numbers

Bowes: P = AQB-1 + CQD-1

Greene: P = aQ-1 + bQ + cQ2

Eqn. 1

Eqn. 2

Results
Modelling outcomes were statistically (p<0.05) different between sampling
frequencies and timings. In general, model precision reduced and bias
increased as sampling frequency decreased, in agreement with other studies
(Cassidy and Jordan, 2011; Johnes 2007). The Bowes model provided the
greater range of outcomes and for datasets collected at a weekly or longer
frequency, often no model coefficients could be obtained. Point sources were
identified as providing the larger allocation of P loading (Fig. 3). The Greene
model, while more precise, provided statistically different (p<0.05) results to
the Bowes model indicating diffuse sources to be the primary concern.

Fig. 3 Point load apportionment for Bowes and Greene models
with decreasing sampling frequency (see Table 1 for key)

Residuals between the
observed hourly data and
the various modelled
sampling strategies were
particularly large at high
flows. However, low flows
also showed large
percentage errors,
indicating that neither
model adequately
describes P concentration
irrespective of flow value.

Fig. 1 Modelling of hourly data by the Bowes model (left) and the Greene model (right).
Hourly data shown in grey.

Conclusions
• The two models provided

statistically different
results so choice of
model may result in the
incorrect pollution
source being targeted.

• The models did not
accurately describe P
concentration and
particularly as sampling
frequency decreased.
Existing monthly datasets
may not be appropriate
to use to apportion
riverine P load.

Further work
Investigation into seasonally partitioning the dataset to reflect different
weather and agricultural practice conditions may improve the precision and
accuracy of modelling outcomes.
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