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Abstract. The continuous decline in water quality in many regions is forcing a shift from quantity-based water
resources management to a greater emphasis on water quality management. Water quality models can act as
invaluable tools as they facilitate a conceptual understanding of processes affecting water quality and can be
used to investigate the water quality consequences of management scenarios. In South Africa, the Water Quality
Systems Assessment Model (WQSAM) was developed as a management-focussed water quality model that
is relatively simple to be able to utilise the small amount of available observed data. Importantly, WQSAM
explicitly links to systems (yield) models routinely used in water resources management in South Africa by using
their flow output to drive water quality simulations. Although WQSAM has been shown to be able to represent
the variability of water quality in South African rivers, its focus on management from a South African perspective
limits its use to within southern African regions for which specific systems model setups exist. Facilitating the
use of WQSAM within catchments outside of southern Africa and within catchments for which these systems
model setups to not exist would require WQSAM to be able to link to a simple-to-use and internationally-
applied systems model. One such systems model is the Water Evaluation and Planning (WEAP) model, which
incorporates a rainfall-runoff component (natural hydrology), and reservoir storage, return flows and abstractions
(systems modelling), but within which water quality modelling facilities are rudimentary. The aims of the current
study were therefore to: (1) adapt the WQSAM model to be able to use as input the flow outputs of the WEAP
model and; (2) provide an initial assessment of how successful this linkage was by application of the WEAP and
WQSAM models to the Buffalo River for historical conditions; a small, semi-arid and impacted catchment in
the Eastern Cape of South Africa. The simulations of the two models were compared to the available observed
data, with the initial focus within WQSAM on a simulation of instream total dissolved solids (TDS) and nutrient
concentrations. The WEAP model was able to adequately simulate flow in the Buffalo River catchment, with
consideration of human inputs and outputs. WQSAM was adapted to successfully take as input the flow output of
the WEAP model, and the simulations of nutrients by WQSAM provided a good representation of the variability
of observed nutrient concentrations in the catchment. This study showed that the WQSAM model is able to
accept flow inputs from the WEAP model, and that this approach is able to provide satisfactory estimates of both
flow and water quality for a small, semi-arid and impacted catchment. It is hoped that this research will encourage
the application of WQSAM to an increased number of catchments within southern Africa and beyond.

Published by Copernicus Publications on behalf of the International Association of Hydrological Sciences.
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1 Introduction

At a global level, there is an increasing trend of water quality
deterioration (Verhoeven et al., 2006). South Africa, which
is typical of developing countries with a semi-arid environ-
ment, suffers from water quality pollution resulting from
poor infrastructure maintenance and management (Adler et
al., 2007), the main manifestations of which are inputs of un-
acceptably high loads of nutrients into rivers from Waste Wa-
ter Treatment Plants (WWTPs), leading to eutrophic condi-
tions. Besides eutrophication, major water quality problems
experienced by South African rivers include poor microbial
water quality (Britz and Sigge, 2012) and acid mine drainage
(Simate and Ndlovu, 2014).

South Africa has a relatively strong history of water quan-
tity management, with region-specific hydrology and sys-
tems models being developed that are routinely used in water
resources management. These include the Pitman (1973) and
the Agricultural Catchments Research Unit (ACRU) mod-
els (Schulze, 1989) (hydrological models) and the Water
Resources Yield (WRYM) (Basson et al., 1994) and Wa-
ter Resources Modelling Platform (WReMP) (Mallory et al.,
2011) systems models, modelling natural and human-altered
flow respectively. In contrast, water quality modelling tools
specific for application to southern African catchments are
poorly developed, and in South Africa, this has led to the
water quality component of water resources management be-
ing loosely connected to the water quantity component. Al-
though some internationally-developed water quality models
have been applied to South African surface waters within sci-
entific studies (e.g. Gorgens and de Clercq, 2006; Piesold
et al., 2007), the adoption of a routinely-used water qual-
ity model within management agencies in South Africa has
been hampered by the lack of observed data with which to
calibrate these models and insufficient technical expertise to
accurately set up these models. This led to the development
of the Water Quality Systems Assessment Model (Slaugh-
ter et al., 2012, 2015, 2017; Hughes and Slaughter, 2016;
Slaughter and Mantel, 2016; Slaughter, 2017; Slaughter and
Mantel, 2017a), which specifically links to the routinely-used
systems models in South Africa, namely the WRYM and
WReMP models, and subscribes to an approach of requi-
site simplicity (Stirzaker et al., 2010) by only representing
processes that explain the majority of variation of observed
water quality data.

The approaches used and the validity of the WQSAM
model have been validated in previous studies, including the
monthly-to-daily flow disaggregation (Slaughter et al., 2015;
Hughes and Slaughter, 2016) and the water quality mod-
elling processes (Slaughter et al., 2012, 2017; Slaughter and
Mantel, 2016; Slaughter, 2017), which include simulations
of salinity as total dissolved solids (TDS), nutrients (nitrates
plus nitrites, phosphates and ammonia) and microbial water
quality, illustrating that the approach adopted by WQSAM
is appropriate for modelling water quality in South Africa
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under conditions of limited observed data and management
capacity.

The limitations to water quality modelling in South Africa,
as a semi-arid developing country, are likely common to most
countries within southern Africa, and possibly other regions
globally. A broader aim should therefore be the facilitation
of the application of WQSAM within other semi-arid devel-
oping regions. This would further refine and validate the wa-
ter quality processes used in WQSAM, and also provide a
useful water quality management tool in those regions. The
plausibility of this development is constrained by WQSAM’s
dependence on the systems models, the WReMP and the
WRYM, as although the approach used by WQSAM of con-
necting with these models is useful for management from
a South African perspective, this approach also limits the
use of WQSAM to South Africa, or in a few catchments
in southern Africa where these systems models may have
been applied. The Water Evaluation and Planning (WEAP)
model (Sieber and Purkey, 2007) is an easy-to-use water ac-
counting model that was developed by the Stockholm En-
vironment Institute, and has been applied to catchments in
many developing countries (e.g. Levite et al., 2003; Holler-
mann et al.,, 2010; Hamlat et al., 2013; Dimova et al.,
2014; Li et al., 2015). Although the WEAP model has been
proven to be enormously useful for modelling water quan-
tity in data-poor regions, the water quality simulation capa-
bilities of the model for long-term catchment-level manage-
ment remain limited. A valid approach to increasing the util-
ity of WQSAM outside of South Africa would be to adapt
WQSAM to take as input, flow output of the WEAP model.

The aim of the current study is to describe the process of
adapting the WQSAM model to accept flow data output of
the WEAP model, and by application of the model to a case
study catchment, to illustrate the validity of the approach.

2 Materials and methods

2.1 Study area

The Buffalo River in the Eastern Cape, South Africa was
used as a case study catchment for the current study (Fig. 1).
This river is relatively short (125 km from headwaters to sea),
with a maximum order (Strahler, 1957) of 4 and few trib-
utaries. Although rainfall occurs year round, most rainfall
occurs during summer, and there is a steep rainfall gradient
between the upper (1500-2000 mm) and the middle (500-
625 mm) reaches. Four impoundments are situated on the
river: Maden and Rooikrans dams in the upper catchment and
the larger Laing Dam and Bridle Drift Dam in the middle and
lower catchment, respectively (Fig. 1). It must be emphasised
that the current study modelled water quality up to Laing
Dam (middle catchment). The natural salinity of the river is
relatively high as the geology of the region is dominated by
marine sediments of the Beaufort Series. Human activities
affecting water quality include some commercial farming in
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Figure 1. Map of Buffalo River Catchment within the Eastern
Cape, South Africa. Water quality monitoring points used in the
study for calibration of the models are indicated: gl — Maden Dam;
g16 — R20D; g15 — Yellowwoods River; g17 — Laing Dam.

the upper catchment, and once water moves through the mid-
dle catchment, there is a pronounced deterioration of water
quality due to pollution from the urban/industrial complex of
King Williams Town and Zwelitcha (see Fig. 1). The pollu-
tion of the middle catchment mainly manifests as eutrophi-
cation, resulting from nutrient inputs from various WWTPs.
This eutrophication is mainly manifested in Laing Dam, re-
sulting in blooms of Water Hyacinth (Eichhornia crassipes)
and Microcystis.

2.2 Models used

The Water Evaluation and Planning (WEAP) Model (Sieber
and Purkey, 2007) was used to simulate monthly flows within
the catchment. WEAP is an “off-the-shelf” water account-
ing model, used for simulating natural hydrology through
a rainfall-runoff function, and is also capable of simulat-
ing human-altered flow through simulating human use ex-
tractions and return flows. WEAP has been widely applied
due to its ease of use. Although WEAP is a good systems
model for simulating water quantity, the model incorporates
only very rudimentary water quality simulation functionality,
with conservative water quality variables modelled through
dilution and non-conservative variables modelled though a
single globally-applicable degradation coefficient. Although
WEAP does allow integration of the QUAL2K model (Pel-
letier et al., 2006) for modelling water quality, this approach
is not ideal as QUAL2K is a highly detailed water quality
model with a high spatial and temporal resolution, meant
for detailed modelling of small stretches of river, whereas
WEAP would typically be applied at a catchment level for
long-term simulations of water quantity.

The Water Quality Systems Assessment Model
(WQSAM) was used to simulate water quality. As mentioned
in the Introduction, WQSAM was designed to link directly
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to systems models routinely used in South African water
resource management; the flows generated by the systems
models drive the water quality simulations in WQSAM. At
the conceptual level, WQSAM can be represented by several
levels (tiers) (Slaughter et al., 2012). The functionality of
the first tier would be to facilitate the communication of
WQSAM with the systems model in allowing the input
of flow data. WQSAM is run within the Spatial And
Time Series Information Modelling (SPATSIM) modelling
framework (Hughes, 2004). Typically, the systems models
(WRYM or WReMP) generate monthly flows, as monthly
flows are regarded as adequate for the needs of long-term
water quantity management in South Africa. Since water
quality is strongly affected by transient events (Britton et al.,
1993), such as rainfall-runoff events, WQSAM is operated
on a daily time step. The monthly flows are therefore
disaggregated to daily within WQSAM, represented by
the second tier of the model. A detailed description of
the disaggregation method is available in Slaughter et al.
(2015), and is further explored in Hughes and Slaughter
(2015). The third tier of WQSAM represents the separation
of incremental flow into the three flow fractions: surface
water flow, interflow and ground water flow. This process is
achieved through the simple statistical baseflow separation
method of Hughes et al. (2003). The flow separation is of
particular importance for simulation of non-point source
loads, as water quality signatures (concentrations) are
assigned to the flow fractions, the values of which are guided
by the predominant land covers in the sub-catchments.
The disaggregation of monthly cumulative flow into daily,
including return flows, abstractions and reservoir releases,
is represented by the fourth tier and has been described in
Hughes and Slaughter (2016). All water quality simulation,
including that of nutrients, salinity, water temperatures and
microbial water quality, is represented by the final tier of
the model, and includes processes such as decomposition,
chemical speciation and algal uptake (Slaughter et al., 2012).

Within the current study, the model functionality of the
WQSAM model was updated to read in monthly flow output
from the WEAP model. The updated part of the WQSAM
model is conceptually represented by the first tier. Briefly,
WEAP outputs simulations in various forms, including ta-
bles and graphs, but usefully for the present study, the unpro-
cessed monthly simulations can be output to an excel spread-
sheet as a comma-delimited file. The WQSAM functional-
ity represented as tier one to read in monthly flow data was
therefore updated to provide the option of reading in comma-
delimited files. The user interface of WQSAM to allow this
option is shown in Fig. 2.

Information on dams on the system, such as dam capacity,
are written to a text file, and would be input into WQSAM in
the field represented as “1” in Fig. 2. The “Y1dStats.out” file
is a standard output file of the Water Resources Modelling
Platform (WReMP) (Mallory et al., 2011), and includes in-
formation on outflows from subcatchments and reservoirs
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Figure 2. User interface of the Water Quality Systems Assessment
Model (WQSAM) (Slaughter et al., 2012) for reading in flow out-
puts of the systems models.

and reservoir water levels at monthly time steps, and is in-
put into WQSAM in the field represented as “2” in Fig. 2.
The “inflows.out” file is a standard output file of the Wa-
ter Resources Modelling Platform (WReMP) (Mallory et al.,
2011), and includes information on both incremental and cu-
mulative inflows to subcatchments and reservoirs at monthly
time steps, and is input into WQSAM in the field represented
as “3” in Fig. 2. By checking the check boxes indicated in the
circle in Figure 2, the model functionality to read in the two
WReMP files as comma delimited files is activated, thereby
allowing the model to read in flow outputs from the Water
Evaluation and Planning (WEAP) model (Sieber and Purkey,
2007). It must be emphasised that WQSAM cannot at this
stage simply ready in the flow output files of WEAP in their
raw form. The flow outputs of WEAP are reformatted and
separated into the flows corresponding to the YldStats.out
and inflows.out files mentioned above. This can be a time-
consuming process.

Once monthly flows are read into the WQSAM model, all
other processes are run without any changes: monthly flows
are disaggregated to daily, flows are fractioned and water
quality is simulated.

2.3 Model setup

WEAP was used to simulate future water quantity within the
Buffalo River for the period 1979-2000 on a monthly time
step. More information on the WEAP model setup and wa-

Proc. IAHS, 377, 25-33, 2018

ter use is available in Mantel et al. (2015). Briefly, historical
rainfall and evaporation/temperature data were obtained from
the South African WR2005 database (Middleton and Bailey,
2008). The natural hydrology was generated within WEAP
using these data using a built-in rainfall-runoff module. By
considering reservoirs in the catchment as well as current wa-
ter demands, WEAP was able to simulate altered hydrology.
A report by the South African Department of Water Affairs
and Forestry (DWAF, 2008) was used to estimate current wa-
ter demands for the system, and for simplification, were di-
vided into three demand areas: the upper, middle and lower
catchments. The present day (current) demand was consid-
ered to be a stationary demand in WEAP for the modelled
years 1971-2000. The water losses due to evapotranspiration
by invasive plants was also considered in the WEAP appli-
cation for the Amatole system. Reticulation losses were also
considered. Calibration of stream flows was achieved using
observed data for 11 gauging stations on the system.

The WEAP monthly modelled flows were output to
comma-delimited files and reformatted into the YldStats.out
and Inflows.out files, following which the data were in-
put into WQSAM through the user interface represented in
Fig. 2. Monthly incremental flows were disaggregated to
daily using observed daily rainfall from the rainfall database
by Lynch (2004). Water temperature was simulated using
the daily observed air temperature database by Schulze and
Maharaj (2004). Water quality data collected by the South
African Department of Water and Sanitation (DWS) were
used to calibrate the model.

3 Results

3.1 Inputs of flow data from the WEAP model into
WQSAM

The study by Mantel et al. (2015) found that the WEAP
model was in general able to represent the observed flow
of the Buffalo River catchment for historical conditions.
To illustrate whether the WQSAM model was able to in-
put the monthly flow data generated by the WEAP model,
we chose two example sub-catchments, R20B and Yellow-
woods, for which the WEAP model simulated flow relatively
inaccurately and relatively accurately, respectively. For the
R20B subcatchment (Fig. 3a), the time series of simulated
monthly flows generated by the WEAP model (top graph)
appears to be too high compared to observed monthly flows.
Once the flows were input into the WQSAM model, the pro-
cess of monthly-daily disaggregation produced daily flows
(middle graph) that were similarly too high compared to
observed daily flows. The inaccuracies in the monthly and
daily flows are illustrated in the flow duration curves (lower
graph), where the comparisons between simulated and ob-
served flows for monthly and daily time steps generated
Nash-Sutcliffe Efficiency (NSEs) (Nash and Sutcliffe, 1970)
of 0.16 and 0.1, respectively. For the Yellowwoods River sub-
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catchment, the WEAP model generated monthly flows that
were more representative of the observed flows, as can be
seen in the top graph of Fig. 3b. The monthly-daily disaggre-
gation in WQSAM produced daily flows that were similarly
representative of the observed daily flows (middle graph).
The flow duration curves within the lower graph show that
the comparisons between simulated and observed flows for
monthly and daily time steps generated NSEs of 0.93 and
0.98, respectively.

3.2 Water quality modelling in WQSAM

Observed water quality data were available for Maden Dam,
R20D, the Yellowwoods River and Laing Dam. Maden Dam
is at the headwaters of the catchment, and water qual-
ity is therefore relatively good. TDS, NO3-N + NO;-N,
NH4-N and PO4-P for Maden Dam ranges between 30 to
130mgL~!, 0 to 1.1mgL™!, 0 to 1.4mgL~! and 0 to
1.0mgL~!, respectively. To achieve calibration to the ob-
served data for Maden Dam, signatures of surface water, in-
terflow and groundwater flow for TDS were set at 30, 30
and 80mg L ™!, respectively. For the nutrients, only the sur-
face water signatures were set, with values of 0.2, 0.2 and
0.1mg L~! for NO3-N + NO,-N, NH4-N and PO4-P, respec-
tively. Minimal algal growth was simulated within the dam.
The water quality of the R20D catchment shows a signifi-
cant deterioration compared to the headwaters as this point
is within the middle catchment and is affected by return
flows and runoff from urban areas. TDS in the catchment
shows a sharp rise, with values ranging between 100 and
5000mgL~!. Nutrients also show a sharp rise, with high-
est concentrations of NO3-N + NO,-N, NH4-N and POy4-
P of approximately 46, 14 and 6 mgL~!, respectively. To
achieve calibration for TDS, surface water, interflow and
groundwater flow concentrations were set to 100, 500 and
1200mg L~!, respectively. For the nutrients, surface flow
concentrations were set to high levels to achieve calibra-
tion, with values 1, 5 and 0.5 mg L~! for NO3-N + NO;-
N, NH4-N and POy4-P, respectively. The concentrations of
return flow for the nutrients were also set at high levels to
represent sewage return flow into the river at that point, with
values of 10, 0.5 and 1.5 mg L~ for NO3-N + NO;-N, NHy-
N and POg4-P, respectively. The water quality of the Yellow-
woods River is also fairly compromised compared to the up-
per catchment, as the river receives sewage return flow in-
put and runoff from informal settlements. TDS within the
river ranges between 100 and 1300 mgL~'. Nutrients are
also fairly high, with concentrations of NO3-N + NO;-N,
NH4-N and PO4-P being as high as 5.5, 10 and 3mgL~',
respectively. To achieve calibration to the observed TDS,
signatures of 100, 500 and 1600 mgL~! were assigned to
surface flow, interflow and groundwater flow, respectively.
The surface flow concentrations for nutrients were set high
to achieve calibration, with values of 5, 1.5 and 1 mg L}
for of NO3-N + NO;-N, NH4-N and POg4-P, respectively.
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Table 1. Nash-Sutcliffe Efficiency (NSE) (Nash and Sutcliffe,
1970) values calculated for the Water Quality Systems Assessment
Model (WQSAM) (Slaughter et al., 2012) simulations compared
against historical observed data for various water quality variables
for various subcatchments/reservoirs of the Buffalo River catch-
ment.

Subcatchment/ TDS NO3-N  NH4-N  PO4-P
Reservoir +NO;-N

Maden Dam 0.93 0.84 0.37 0.93
R20D 0.64 0.93 0.93 0.62
Yellowwoods 0.83 0.88 0.14 0.47
Laing Dam 0.28 0.56 10.15 —1.23

Return flow concentrations were set fairly low, with values
of 0.5, 0.1 and 0.1 for NO3-N + NO,-N, NH4-N and PO4-
P, respectively. This indicates that non-point sources have a
bigger impact on the Yellowwoods River than point sources.
Laing Dam appears to act as a water quality sink, as although
the water quality is generally compromised, it is nevertheless
an improvement compared to the water quality of the dam
inflow. Observed TDS ranges between 150 to 500mgL~!.
The highest observed concentrations of nutrients are approx-
imately 3, 1.5 and 1.5mgL~" for NO3-N + NO,-N, NH4-N
and PO4-P, respectively.

The NSEs generated by comparing model simulations of
water quality in WQSAM to observed data are shown in Ta-
ble 1. The simulations of TDS appear to be most representa-
tive of observed data. The model simulations of water qual-
ity for Laing Dam represented the most inaccurate represen-
tations of the observed data. The NSEs for the other sub-
catchments/reservoirs ranged between 0.64-0.93, 0.84-0.93,
0.14-0.93 and 0.47-0.93 for TDS, nitrate plus nitrite, ammo-
nia and phosphate, respectively.

4 Discussion

4.1 Model results

Figure 3 shows that WEAP generated a relatively poor rep-
resentation of observed monthly flow in the R20B subcatch-
ment (see Fig. 3a), with the NSE value being 0.16. This
monthly flow was input into WQSAM and disaggregated
from monthly to daily, and then compared to the daily ob-
served flow, generating an NSE of 0.10. Therefore, the poor
monthly flows generated by the WEAP model were car-
ried over into the WQSAM model, shown by the observed
monthly versus simulated monthly and the observed daily
versus simulated daily flow duration curves, respectively. In
contrast, the monthly flows generated by the WEAP model
for the Yellowwoods River were a good representation of the
observed data, generating an NSE value of 0.93.

This good representation of flow was carried through to the
WQSAM model, and subsequent the monthly-daily flow dis-
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Figure 3. Observed and simulated flow for: (a) R20B and; (b) Yellowwoods on the Buffalo River in the Eastern Cape for the period
1971-2000. The top graph shows the X-Y scatter plot of the observed monthly time series versus WEAP (Sieber and Purkey, 2007) model
simulations of monthly flow, the middle graph shows the XY scatter plot of the daily observed flow versus daily simulated flow generated
through monthly-daily disaggregation within the WQSAM (Slaughter et al., 2012) model and the lower graph shows daily observed versus
daily simulated and monthly observed versus monthly simulated flow represented as duration curves, with the Nash-Sutcliffe efficiencies

(Nash and Sutcliffe, 1970) shown between each comparison.

aggregation, a comparison between daily observed and daily
simulated flow yielded an NSE of 0.98. The results shown in
Fig. 3 suggest that flow was successfully input from WEAP
into WQSAM; therefore, the additional functionality built
into WQSAM to input WEAP-generated flows appears to be
effective.

Water quality simulations within WQSAM obtained
mixed results. It is evident that the model struggled to simu-
late water quality within Laing Dam. The following summary
of results therefore excludes the results for Laing Dam. Un-
surprisingly, model simulations of the conservative variable
TDS were relatively representative of observed data, with
NSE values ranging between 0.64-0.93. Simulations of ni-
trates plus nitrites were also relatively representative of ob-
served data, with NSE values ranging between 0.56-0.93.
Simulations of ammonium and phosphate were mixed, and
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although some good results were obtained, some poor re-
sults were also obtained. The poor model NSE results for
ammonium within Maden Dam as well as the Yellowwoods
River and phosphates within the Yellowwoods River could
be related to the scarcity of observed data as well as a few
observations of very high concentrations, which could possi-
bly be due to measurement or data capture errors: in general,
the model simulations were representative of the observed
data except for a few extreme spikes in the observed data.
WQSAM models TDS at this stage primarily through dilu-
tion. The relatively good simulation results obtained for TDS
by the model indicate that in general, the simulated flows
used in the model were representative of the observed flows,
which further confirms that the WQSAM model was success-
fully able to input the monthly flows generated by the WEAP
model. The mixed results obtained for nutrient simulations
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by the model indicate model uncertainties and possible in-
adequacies in representing observed water quality that are
probably not due to incorrect flow, but rather possibly due to
incorrect or insufficient representation of certain water qual-
ity processes. It is also possible that the extreme spikes in the
observed water quality data, particularly for nutrients, may
be related to measurement or data capture errors. Since there
are few observed data, the fact that WQSAM was in most
cases not able to represent these spikes, sometimes led to
poor NSE estimates.

4.2 The benefit of modelling water quality in WQSAM

As already mentioned in the Introduction, WQSAM aims
to represent the most important water quality processes that
explain the majority of variation in observed flows. In this
way, relative simplicity of the model can be maintained,
thereby also limiting the observed data required to calibrate
the model. Many systems models, such as the WEAP appli-
cation to the Buffalo River Catchment (Mantel et al., 2015)
and all model setups of the WReMP and WRYM models
in South Africa, are at a monthly time step. This is be-
cause simulations of water quantity at a monthly time step
are generally sufficiently accurate for long-term water quan-
tity management in South Africa. Simulation at a monthly
time step would not be sufficiently accurate for water qual-
ity, as water quality is typically driven by transient events,
such as rainfall-runoff events. An important advantage of
WQSAM is its ability to integrate with the monthly-time-
step systems models, generating water quality at a daily time
step, thereby utilising the existing systems model setups and
avoiding complex daily-time-step systems models. An exam-
ple of the benefit of modelling at a daily time step as opposed
to a monthly time step can be seen in Fig. 4a, which shows
the frequency distributions of simulations of TDS at a daily
time step and monthly time step by WQSAM and the WEAP
model, respectively, for the R20D subcatchment in the Buf-
falo River Catchment, along with the frequency distribution
of observed TDS. The simulation of water quality within the
Buffalo River by WEAP was conducted as part of the study
by Slaughter et al. (2016). It is evident that the simulation of
TDS by WQSAM shows more variation, and is more repre-
sentative of the observed daily data, whereas the simulation
by WEAP is of monthly averages, and does not represent the
full variation of the observed data. Obviously, it would be of
greater use for water management to be aware of the full vari-
ation of a particular water quality variable, so as to estimate
the real risk of exceeding certain management thresholds, as-
sociated with particular management actions. As can be seen
in Fig. 4b, which shows the X-Y plot of WQSAM-simulated
daily TDS versus observed TDS, a relatively poor correla-
tion is obtained. It must be considered that WQSAM is not
designed to accurately match observed water quality obser-
vations at a daily time scale, but rather to generate a repre-
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Figure 4. Frequency distribution of observed total dissolved solids
(TDS), modelled daily TDS by the Water Quality Systems Assess-
ment Model (WQSAM) and modelled average monthly TDS by the
monthly-time-step Water Evaluation and Planning (WEAP) model
(Sieber and Purkey, 2007) for the R20D catchment on the Buffalo
River, Eastern Cape, South Africa. (b) X-Y plots of observed TDS
and simulated TDS by WQSAM for the same catchment.

sentative frequency distribution of long-term water quality
observations.

5 Conclusions

The present study showed that the WQSAM model can be
updated to take as input, monthly flow data generated by
the WEAP model. This development dramatically increases
the potential for application of the WQSAM model to catch-
ments outside of South Africa, and offers the possibility of a
water quality model suitable for semi-arid data-scarce catch-
ments worldwide.

Data availability. The data used in this study are available at
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