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Summary 
Among the reasons for studying the Fitzroy Estuary and Keppel Bay was the 

desire to understand how the system has responded to current management and 

how it might respond to future changes in catchment land use. Processes within 

the estuary that might be affected include primary production and sedimentation. 

Also of interest is the amount of sediment and nutrient material exported to the 

Great Barrier Reef lagoon.  

This study reports on the application of a model of the hydrodynamics, sediment 

dynamics, nutrient processes and primary production in Fitzroy Estuary and 

Keppel Bay to examine the effects of three land-use scenarios, corresponding to 

current land use (vegetation cover = 55%), an increase in vegetation cover to 

70%, and a decrease in vegetation cover to 30%. 

Fresh water, nutrients and fine sediments are discharged into the head of the 

Fitzroy Estuary at Rockhampton during flow events. Large flows fill the estuary 

and extend into Keppel Bay. Fine sediments in fresh water sink very slowly. 

Following cessation of flow events, fresh water gradually mixes with sea water 

through tidal and wind mixing. Flocculation of fine particles when fresh water 

encounters sea water causes these sediments to sink much more rapidly.  

Settling and decomposition of newly introduced organic material occurs in the 

Fitzroy Estuary and in the regions surrounding its mouth in Keppel Bay. Strong 

tidal currents in this region resuspend the freshly deposited fine sediments and 

gradually cause them to disperse away from the mouth, into the tidal creeks and 

out of Keppel Bay. This is an ongoing process that occurs in the months and 

years following initial deposition. Gradually, the fine sediments that remain 

become more consolidated and resistant to resuspension and further 

decomposition. The amount of material that is resuspended by currents depends 

on the availability of relatively ‘fresh’ unconsolidated sediments in the bed. With 

the loss of fine sediments through dispersal and through consolidation, the 

amount of resuspended sediments gradually diminishes with time following their 

initial deposition. Since high flows deliver more sediment to the Fitzroy Estuary–

Keppel Bay system, suspended sediment concentrations remain higher for 

longer following large flow events than following smaller flows. This behaviour is 

clearly demonstrated in the scenario analyses. 

The pathways followed by the dissolved nutrients introduced by the river flow are 

not the same as those of nutrients associated with particles. Dissolved nutrients 
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from freshwater flow are gradually mixed by tidal and wind currents throughout 

the estuary and bay. In the process they are consumed by phytoplankton which, 

when they die, decompose into dissolved forms of nutrient capable of sustaining 

further phytoplankton growth. Nutrients associated with sediments are deposited 

with them. Bacterial decomposition of organic matter gradually releases these 

nutrients into the water column in dissolved form where they too fuel 

phytoplankton growth and form part of the phytoplankton growth cycle. 

Phytoplankton require light in order to grow so that ultimately their concentrations 

are determined by the availability of both nutrients and light. High concentrations 

of suspended sediments can greatly reduce the penetration of light through the 

water column and thus curtail growth. High flows may therefore deliver more 

nutrients to the system, but at the same time they are associated with conditions 

of reduced light so that the net impact on phytoplankton populations (chlorophyll 

concentrations) may be a reduction in phytoplankton rather than an increase.  

Although there are considerable uncertainties in the model results, these results 

show that the changes in sediment and nutrient loads that might result from 

changes in catchment land use could have a substantial impact on water quality 

(specifically, turbidity and nutrient concentrations) in the Fitzroy Estuary, the 

coastal creeks and in Keppel Bay near the mouth of the estuary. For median- 

and high-flow years, and over the longer term, changes in sediment and nutrient 

loads can be expected to affect conditions in Keppel Bay, not only during the 

flood events of the wet season but throughout the year. This is because higher 

loads and large flood events increase the amount of freshly deposited sediment 

material in the bed, providing a larger pool susceptible to resuspension and 

gradual decomposition. 

Sediment and nutrient concentrations in the outer, more marine, part of Keppel 

Bay are likely to remain low for all the scenarios considered. However this result 

should be interpreted with care, since concentrations in the outer bay are 

strongly influenced by the marine boundary condition, which was kept constant 

for these simulations. In reality, changes in catchment land use in the Fitzroy 

catchment may be associated with similar changes in neighbouring catchments, 

which could influence marine nutrient concentrations. 

Due to the high turbidity of the water in the western side of Keppel Bay, pelagic 

primary production is likely to remain relatively low for all scenarios. The model 

suggests that changes in sediment and nutrient loads—whether increases or 

decreases—could result in lower primary production in the water column in some 

years. This, as well as changes in the load of organic matter from the catchment 
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and changes in turbidity, may influence fisheries and the ecology of the system, 

which warrants further study. 

The total amount of material (sediments and nutrients) exported to the Great 

Barrier Reef lagoon over the course of a whole year does not appear to be 

particularly sensitive to changes in loads from the catchment (at least in the 

short term). However the amount of nitrogen and phosphorus exported during 

the wet season is sensitive to such changes: wet season exports respond on 

almost a one-to-one basis to changes in loads. The amount of material exported 

during the wet season of a high-flow year is much greater, and the total amount 

exported over the course of a high-flow year is very sensitive to catchment land 

use. In our simulations, reducing the nitrogen load to Fitzroy Estuary by one-

third (the graz70 scenario) reduced the amount exported to the Great Barrier 

Reef lagoon by almost 50%, while doubling the nitrogen and sediment load 

approximately doubled the amount exported. 
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Introduction 
The Fitzroy is one of a number of tropical macrotidal estuaries in northern 

Australia that face ecological degradation due to agricultural development in 

their catchments. Others include the Ord and Burdekin rivers and the estuaries 

of the Gulf of Carpentaria. The key strategic reason for the Fitzroy contaminants 

project is the opportunity to develop better understanding and predictive 

capability that can be used to effectively manage tropical macrotidal estuaries  

in general.  

Changes in catchment land use are inevitable as human populations grow and 

expand along the Australian coastline, and as economic and social requirements 

develop and change. Changes may include shifts from forest to agricultural land 

use, from grazing to sugar cane or grain production (or vice versa), from rural to 

urban land use, or changes in the intensity or methods of agricultural production. 

These changes, as well as changes in water use, can have profound implications 

for the flow of water through a catchment and the delivery of nutrients and 

sediments to rivers and estuaries. Understanding these implications is vital to 

catchment management. 

Concurrent with the Fitzroy contaminants project, a catchment modelling project 

(Cogle et al., 2006) has been conducted to assess the likely impacts of a range 

of possible land-use scenarios on nitrogen and phosphorus export from the 

Fitzroy Catchment. In terms of the aims of the present project, catchment 

modelling predicts how nutrient and sediment inputs to the Fitzroy Estuary might 

change, but does not predict what effect this will have on the biochemistry and 

ecology of the Fitzroy–Keppel Bay system, nor to what degree exports from 

Keppel Bay to the Great Barrier Reef will be affected. 

Among the research questions that the Fitzroy contaminants project aimed to 

answer were the questions: 

• How is alteration of flows and loads associated with changes in water and 

land use likely to impact on system function in the future? 

and 

• What will be the impact of recently mandated reductions of contaminant 

delivery and consequent catchment improvements on the actual loads 

entering the Great Barrier Reef lagoon? 
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As a first step in answering these questions, we have applied the hydrodynamic, 

sediment dynamic and biogeochemical models described by previous project 

reports (Herzfeld et al., 2006; Margvelashvili et al., 2006; and Robson et al., 

2006, all currently in review) in a predictive mode, with inputs from the catchment 

modelling results of Cogle et al. (2006). 

 

Method and description of scenarios  
A three-dimensional hydrodynamic, sediment dynamic and biogeochemical 

model was implemented as described by Robson et al. (2006), and applied to 

each of three scenarios. The number of scenarios that could be conducted was 

limited by the computational requirements of the model, so the scenarios 

selected were chosen to represent the most extreme responses to changes in 

land use predicted by catchment modelling. Those selected were the baseline 

case (i.e. no change) and the two scenarios found by Cogle et al. (2006) to result 

in the greatest predicted change in nitrogen and phosphorus loads. These were 

the “graz70” scenario (an increase from the present 55% vegetation cover 

across the catchment to 70% vegetation cover) and the “graz30” scenario 

(a reduction from 55% to 30% vegetation cover). The graz70 scenario produced 

a significant reduction in nutrient loads in catchment simulations, while the 

graz30 scenario produced a substantial increase in predicted nutrient loads.  

To capture some of the impact of climatic variability, each scenario (baseline, 

graz30 and graz70) was run for each of three simulated years—one wet year, 

one dry year and one median-flow year. The wet-year simulation was driven 

with inflows observed during the summer of 1998–99, the second-wettest year 

for the catchment since 1990. Dry-year inflows were taken from 1992–93, the 

second-driest year since 1990. For the median-flow year, inflows were taken 

from 2003–04, the seventh-wettest year since 1990 and also the calibration 

year for the biogeochemical model. 

Although flood events in 1998 began in September and continued for several 

months, the start of the major flow event for the wet year simulations was shifted 

to December and flow was curtailed from the end of April, reflecting a more 

typical distribution of freshwater flow across the barrage. The inflows used are 

illustrated in Figure 1. Other details of model implementation are described by 

(Robson et al., 2006). 
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Figure 1. Freshwater inflow for each flow scenario 

All simulations were run for a full year from December to December. 

The Fitzroy Estuary–Keppel Bay system exhibits two distinct states: a ‘dry 

season’ condition during which there is very little freshwater inflow and 

conditions are relatively constant, and a ‘wet season’ during which the estuary  

is flooded with fresh water from the catchment, and water-column salinities and 

nutrient and sediment concentrations change rapidly as the estuary responds  

to the runoff event and then gradually recovers to dry-season conditions. The 

duration of the wet-season response varies according to the timing and 

magnitude of freshwater flows; however, for the purposes of this report, the  

wet-season results reported are for the period from December until April, and  

the dry-season, for the period from May to November inclusive. 
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Scenario 1 (current conditions): No change 

For this scenario, the model was run as in the baseline runs described in the 

biogeochemical modelling report (Robson et al., 2006). Baseline inflow boundary 

conditions for fine suspended sediment (mud) concentrations were calculated 

using the same regression derived from observational data that was used to set 

inflow suspended sediment concentrations for the calibration period, that is: 

 TSS = (0.5 x RiverFlow + 15) / 1000 (Eq. 1) 

where TSS is the total suspended sediment concentration  

(kg m-3) and RiverFlow is the flow across the barrage (m3 s-1). 

Similarly, detrital nitrogen concentrations were calculated from regressions 

against river flow: 

 Det_N = 0.87 x RiverFlow + 481 (Eq. 2) 

where Det_N is the detrital nitrogen concentration, in units of mg m-3. 

Total flow, sediment and nitrogen loads for the low-flow, median-flow and high-

flow year simulations are given in Table 1. 

Scenario 2 (graz70): Increase catchment vegetation cover to 70% 

Catchment modelling (Cogle et al., 2006) predicts that increasing vegetation 

cover in the catchment to 70% for grazing will reduce both nitrogen and 

phosphorus loads by one-third. Most of this change is attributable to a predicted 

reduction in particulate nutrients during flow events, which comprise the majority 

of the total nutrient load. 

In this scenario, inflow concentrations of particulate nitrogen, phosphorus, 

carbon and total suspended solids (and hence loads from the catchment) were 

reduced by one-third from the ‘no change’ scenario. The model is otherwise run 

as for scenario 1. Loads of dissolved nutrients are not changed. 

Total flow, sediment and nitrogen loads for the low-flow, median-flow and high-

flow year simulations are given in Table 1. 
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Scenario 3 (graz30): Reduce catchment vegetation cover to 30% 

Catchment modelling (Cogle et al., 2006) predicts that reducing vegetation  

cover in the catchment to 30% for grazing will increase particulate nitrogen  

and phosphorus loads. The particulate nitrogen load is predicted to increase  

by approximately a factor of two. 

Total flow, sediment and nitrogen loads for the low-flow, median-flow and high-

flow year simulations are given in Table 1. 

In this scenario, concentrations of particulate nitrogen, total suspended solids 

and carbon in flows across the barrage were doubled. The model is otherwise 

run as for scenario 1. Loads of dissolved nutrients are not changed. 

Table 1. Total annual freshwater inflow, sediment and nitrogen load for each scenario 

  
Flow volume

(Gl) 
Sediment 
load (Mt) TN* (t) DON (t) DIN (t) PN (t) 

Scenario 1 
(current) 395 0.07 424 33 125 266 

Scenario 2 
(graz70) 395 0.02 336 33 125 178 

Low flow 

Scenario 3 
(graz30) 395 0.14 688 33 125 530 

Scenario 1 
(current) 1342 0.26 1361 59 223 1079 

Scenario 2 
(graz70) 1342 0.09 719 59 223 437 

Median  
flow 

Scenario 3 
(graz30) 1342 0.53 2158 59 223 1876 

Scenario 1 
(current) 4088 3.89 9245 136 507 8602 

Scenario 2 
(graz70) 4088 2.59 6163 136 507 5520 

High  
flow 

Scenario 3 
(graz30) 4088 7.78 18491 136 507 17848 

 
*TN = total nitrogen; DON = dissolved organic nitrogen; DIN = dissolved inorganic nitrogen; PN = particulate nitrogen 
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Results 
Effect on water-column nutrient, sediment and chlorophyll a concentrations  

Figure 2 and 3 show the spatial distribution of total nitrogen (TN) and 

chlorophyll a at the water surface on 5 February during the median-flow year 

simulation for each scenario. Doubling particulate nutrient and sediment loads 

(the graz30 scenario, left) significantly increases simulated nitrogen 

concentrations in the estuary and well into Keppel Bay, particularly along the 

coast towards Yeppoon. The graz70 scenario (reducing nitrogen and sediment 

loads by one-third, right) has a smaller effect on TN, but almost as much effect 

on chlorophyll a as the graz30 scenario, and in the same direction: that is, either 

increasing or decreasing loads appears to reduce wet-season chlorophyll a 

concentrations (Figure 3). Reasons for this are discussed later. 

 

Figure 2. Snapshot of simulated total nitrogen concentrations at the surface on 5 February  
(near the peak of the wet-season flood event) for each scenario in a median-flow year  

The colour scale is truncated to aid comparison: peak concentrations in the estuary are around 800 mg N m-3. 

 

 

Figure 3. Snapshot of simulated chlorophyll a concentrations at the surface on 5 February  
(near the peak of the wet-season flood event) for each scenario in a median-flow year 
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A more quantitative comparison can be made by comparing the median 

concentrations in each scenario over the course of the wet season and over the 

course of the dry season at specified sites. For this analysis, we show results for 

five sites: one in Fitzroy Estuary downstream of the loop (around 30 km from the 

barrage); one in the mouth of the estuary; one at a site in Deception Creek; one 

in inner Keppel Bay; and one in the outer part of the model domain (the outer 

bay). In each of the bar charts that follow, the locations of these sites are shown 

at the bottom. Results discussed here are for the median-flow year scenarios 

except where otherwise noted. 

Suspended sediments 

In general, the effects of changes in sediment and nutrient loads on sediment 

and nutrient concentrations in the water column are strong in Fitzroy Estuary,  

but scarcely evident in outer Keppel Bay. Field observations (Radke et al., 2006; 

Revill et al., 2006) suggest that substantial quantities of sediment are deposited 

near the mouth of Fitzroy Estuary, and the model results reflect this for the ‘no- 

change’ scenario. Most of the extra sediment load in the increased load (graz30) 

scenario is also deposited (and subsequently resuspended) in this region, while 

little is deposited in the outer bay. As a result, there is little change in the amount 

of fine sediment material available for resuspension from the bed in the outer 

bay, and the model predicts no change in sediment concentrations (Figure 4) in 

this area. This (no-change) result is also influenced by the proximity of the outer 

model boundary, where nutrient and sediment concentrations are fixed across all 

three scenarios.  
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Figure 4. Effect of catchment-change scenarios on median total suspended solids  
concentration at five sites (median-flow year simulation)  

Error bars give an indication of temporal variability only, not the statistical significance of the results. 
The standard error shown is defined here as the standard deviation of simulated concentrations in 
daily model output, divided by the square root of the number of days in the sample. 
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Relative results of the three catchment land-use scenarios are similar for  

the high-flow year scenarios (Figure 5), although the absolute sediment 

concentrations during the large flood are considerably higher. 

 

Figure 5. Effect of catchment-change scenarios on median total suspended solids  
concentration at five sites during the wet season (high-flow year simulation) 

Error bars give an indication of temporal variability only, not the statistical significance of the results. 
The standard error shown is defined here as the standard deviation of simulated concentrations in 
daily model output, divided by the square root of the number of days in the sample. 

 

The effect of changed wet-season sediment loads on water-column sediment 

concentrations in and near the estuary is sustained throughout the year for the 

median- and high-flow years (Figure 4, bottom) as sediments deposited during 

the flood event are continually resuspended and redeposited by changes in  

tidal currents.  

In contrast with the median- and high-flow year scenarios, changes in sediment 

loads in the low-flow year did not result in sustained changes in concentrations  

of suspended sediments throughout the dry season (Figure 6). This is not 

surprising, since there was no significant flood event during the low-flow year 

(Figure 1) and hence the total sediment load was low for all catchment land-use 

scenarios. 
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Figure 6. Effect of catchment-change scenarios on median total suspended solids  
concentration at five sites during the dry season (low-flow year simulation) 

Error bars give an indication of temporal variability only, not the statistical significance of the results. 
The standard error shown is defined here as the standard deviation of simulated concentrations in 
daily model output, divided by the square root of the number of days in the sample. 

 

Nitrogen and phosphorus 

As the extra nutrient load in the graz30 scenario is associated with fine 

sediments, the results for nitrogen and phosphorus reflect those for suspended 

sediments: that is, the model predicts little change in water-column nutrient 

concentrations in the outer bay, but predicts an increase in nitrogen 

concentrations near the mouth of the estuary, where most of the nutrient-rich 

sediment load is initially deposited and where it is hence available for 

resuspension from the bed (Figure 7, Figure 11). 

For example, the immediate impact on simulated water-column total nitrogen 

(TN, Figure 7) and total phosphorus (TP, Figure 8) is substantial in Fitzroy 

Estuary (particularly during the wet season, when the vast majority of the total 

load enters the estuary across the barrage), but minimal in Keppel Bay beyond 

the estuary mouth. Doubling the nitrogen load (the graz30 scenario) almost 

doubles the simulated wet-season TN concentration in Fitzroy Estuary, but 

increases wet-season TN by only 30% at a site in the inner bay (Figure 7).  

The simulated impact at the mouth of the estuary and in Deception Creek is 

intermediate between these extremes, although the model predicts no change  

in suspended sediment concentrations at the Deception Creek site during the 

wet season for either land-use change scenario (Figure 4). 
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Figure 7. Effect of catchment-change scenarios on median total nitrogen  
concentration at five sites (median-flow year simulation) 

Error bars give an indication of temporal variability only, not the statistical significance of  
the results. The standard error shown is defined here as the standard deviation of simulated 
concentrations in daily model output, divided by the square root of the number of days in  
the sample. 
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Figure 8. Effect of catchment-change scenarios on median total phosphorus  
concentration at five sites (median-flow year simulation) 

Error bars give an indication of temporal variability only, not the statistical significance of the results.  
The standard error shown is defined here as the standard deviation of simulated concentrations in  
daily model output, divided by the square root of the number of days in the sample. 
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The relative results are similar for the high-flow year scenarios (Figure 9  

and 10), although the peak concentrations are higher during the larger  

flood event. 

 

Figure 9. Effect of catchment-change scenarios on median total nitrogen  
concentration at five sites during the wet season (high-flow year simulation) 
Error bars give an indication of temporal variability only, not the statistical significance of the results.  
The standard error shown is defined here as the standard deviation of simulated concentrations in  
daily model output, divided by the square root of the number of days in the sample. 

 

 

Figure 10. Effect of catchment-change scenarios on median total phosphorus  
concentration at five sites during the wet season (high-flow year simulation) 
Error bars give an indication of temporal variability only, not the statistical significance of the results. 
The standard error shown is defined here as the standard deviation of simulated concentrations in 
daily model output, divided by the square root of the number of days in the sample. 
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Figure 11. Effect of catchment-change scenarios on median dissolved inorganic  
nitrogen concentration at five sites (median-flow year simulation) 

Error bars give an indication of temporal variability only, not the statistical significance of the results. 
The standard error shown is defined here as the standard deviation of simulated concentrations in 
daily model output, divided by the square root of the number of days in the sample. 

 

Changes in the load of detrital nitrogen associated with particulate material also 

produce changes in simulated water-column dissolved inorganic nitrogen 

concentrations (Figure 11), as some of the detrital nitrogen is remineralised to 

produce dissolved inorganic nitrogen. 

The effect of changed wet-season loads on dry-season nitrogen concentrations 

is somewhat smaller than the effect on dry-season suspended sediment 

concentrations: while an increase in nitrogen loads from the catchment  
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(the graz30 scenario) during a median- or high-flow year results in a sustained 

increase in TN (Figure 7) and in dissolved inorganic nitrogen (DIN, Figure 11) 

concentrations in Fitzroy Estuary, a 30% reduction in nitrogen load (the graz70 

scenario) does not result in lower water-column nitrogen concentrations beyond 

the wet season, at least in the first year. The model in fact predicts if anything a 

slight increase in dry-season TN and DIN concentrations in the graz70 scenario, 

but this small change is well within the bounds of normal variability.  

Longer-term (>1 year) simulations were not possible within the timeframe of this 

project, but it seems likely that a long-term reduction in nutrient loads would 

eventually cause a depletion of nutrients in the bottom sediments and hence 

lower water-column nutrient concentrations. 

Chlorophyll a and primary production 

Predicted changes in chlorophyll a concentrations (Figure 12) are relatively 

small; however wet season pelagic primary production (and hence chlorophyll a) 

is predicted to be slightly lower than the baseline case in both the increased 

vegetation cover and reduced vegetation cover scenarios for the median-flow 

year. In the graz70 scenario, primary production is constrained by the reduced 

nitrogen and phosphorus supply, which result in lower concentrations of 

dissolved nutrients in the coastal creeks and inner Keppel Bay. In the graz30 

scenario, nutrients are more plentiful; however pelagic primary production is 

constrained by light, with higher total suspended solids concentrations and 

correspondingly increased turbidity. The dry-season results are similar to the 

wet-season results at most sites. Chlorophyll a concentrations are consistently 

low across all scenarios, and this is consistent with field observations. 

The high-flow year scenarios show a different chlorophyll a pattern during the 

wet season (Figure 13), with predicted chlorophyll a and primary production 

lower than in the median-flow year at all sites for all three catchment land-use 

scenarios due to the increased turbidity of the water column (compare Figure 12 

and 13). Nutrient loads are higher for all land-use scenarios in the high-flow year 

than in the median-flow year, so primary production in the inner bay is not 

nutrient-limited even in the graz70 scenario in this case. Hence, chlorophyll a 

concentrations respond to the increased light availability associated with reduced 

sediment loads, from the graz30 scenario to current conditions to the graz70 

scenario (Figure 13). 
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Figure 12. Effect of catchment-change scenarios on median chlorophyll a  
concentration at five sites (median-flow year simulation) 

Error bars give an indication of temporal variability only, not the statistical significance of the 
results. The standard error shown is defined here as the standard deviation of simulated 
concentrations in daily model output, divided by the square root of the number of days in  
the sample. 
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Figure 13. Effect of catchment-change scenarios on median chlorophyll a  
concentration at five sites during the wet season (high-flow year simulation)  
Error bars give an indication of temporal variability, only, not the statistical significance of  
the results. The standard error shown is defined here as the standard deviation of simulated 
concentrations in daily model output, divided by the square root of the number of days in  
the sample. 

 

Possible effect on fisheries 

The model does not simulate fish or prawn populations; however we can 

speculate on the possible impacts of the changes predicted. Under the graz70 

scenario, both catchment loads and in situ primary production are reduced 

during a median-flow year and hence the food supply to fish and prawns is likely 

to be slightly reduced. The implications of the graz30 scenario results are difficult 

to predict: in situ primary production (represented by chlorophyll a) is lower; 

however the load of organic material from the catchment is increased 

considerably, resulting in a net increase in potential food for fish and prawns in 

the system, but a possible change in food quality and location.  

More particulate organic material is expected to be available in the estuary and 

tidal creeks, which provide habitat for juvenile barramundi and crabs, but the 

food supply in the outer bay (habitat for adult barramundi and prawns during the 

wet season) is not substantially increased. Changes in turbidity might also have 

more direct effects on fish and fisheries. Further complicating things, the 

increased nutrient load in this scenario results in an increase in nitrogen export 

to the clear marine waters beyond the model domain, and may increase primary 

production in this area. 
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Effect on export of nitrogen to the Great Barrier Reef lagoon 

Simulated nitrogen fluxes across the outer boundary of the model were 

monitored during each median-flow simulation and used to estimate the amount 

of nitrogen exported to the Great Barrier Reef lagoon (Table 2). During the wet 

season, there is a net export of nitrogen in all simulations and an almost one-to-

one relationship between changes in load from the catchment and changes in 

export to the Great Barrier Reef lagoon: doubling the total nitrogen load 

(scenario 2) increases wet-season export by up to 87%, while reducing the 

nitrogen load by 30% (scenario 1) reduces nitrogen export by up to 35%.  

Table 2. Predicted TN export to the Great Barrier Reef lagoon for each median-flow scenario  

Nitrogen export to Great  
Barrier Reef lagoon  

Scenario 1 
(current  
conditions) 

Scenario 2 
(graz30) 

Scenario 3 
(3graz70) 

Dry season (tonnes/day) -8.7 to -6.2 -6.6 to -4.1 -6.7 to -4.2 

Wet season (tonnes/day) -0.7 to 1.8 4.4 to 6.9 1.3 to 3.8 

Annual total (kilotonnes,  
20/12/2003 to 1/12/2004) -2.1 to -1.2 -1.1 to -0.2 -1.4 to -0.5 

Positive values indicate a flux out of Keppel Bay. In each table cell, the lower value gives the actual model 
estimate and the higher value gives an estimate assuming that the model overestimates import of dissolved  
organic nitrogen by 2.5 t d-1, as discussed by Robson et al. (2006). 

 

For this median-flow year, the model predicts a net import of nitrogen—largely  

in the form of DON—from marine sources during the dry season and over the 

course of the year as a whole. This is discussed in the biogeochemical model 

report by Robson et al. (2006). Over the year as a whole, neither of the two 

catchment land-use scenarios significantly changes predicted total nitrogen 

export, at least in the short term represented by these simulations. Nonetheless, 

changes in wet-season and flood-event nutrient exports may have a significant 

effect on conditions in the lagoon. 

The predicted change in TSS export across all scenarios was minimal, varying 

from an export of approximately 9.6 kt d-1 during the wet season of the graz70 

scenario to 9.8 kt d-1 during the wet season of the graz30 scenario. Predicted 

changes during the dry season were even smaller. 

The results proved more sensitive over the course of a year for the high-flow 

year scenarios (Table 3). Neither land-use change scenario greatly affected 

dry-season exports to the Great Barrier Reef lagoon; however with greater 

wet-season loads expected during a high-flow year, the impact of changes on 
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the total annual export to the Great Barrier Reef lagoon was substantial. 

During the high-flow year, doubling the nitrogen load to Fitzroy Estuary 

(scenario 2) doubles the predicted export to the Great Barrier Reef lagoon, 

while reducing nitrogen loads by one-third (scenario 3) reduces predicted 

export to the Great Barrier Reef lagoon by almost 50% (Table 3). 

Table 3. Predicted TN export to the Great Barrier Reef lagoon for each high-flow scenario  

Nitrogen export to Great  
Barrier Reef lagoon  

Scenario 1b 
(high-flow year) 

(current  
conditions) 

Scenario 2b 
(high-flow year) 

(graz30) 

Scenario 3b 
(high-flow year) 

(3graz70) 

Dry season (tonnes/day) -7.5 to 5.0 -8.4 to -5.9 -7.2 to -4.7 

Wet season (tonnes/day) 35.2 to 35.9 58.1 to 58.8 26.6 to 27.3 

Annual total (kilotonnes,  
20/12/2003 to 1/12/2004) 2.8 to 3.7 5.6 to 6.5 1.8 to 2.7 

Positive values indicate a flux out of Keppel Bay. In each table cell, the lower value gives the actual model 
estimate and the higher value gives an estimate assuming that the model overestimates import of dissolved  
organic nitrogen by 2.5 t d-1, as discussed by Robson et al. (2006). 

 

Uncertainty 
As discussed in the biogeochemical modelling report (Robson et al., 2006), 

uncertainties in the sediment and biogeochemical models are considerable 

and should be kept in mind when evaluating the model results. During model 

validation, it was found that the model performed well in reproducing observed 

dry-season nutrient concentrations, but underestimated sediment and nutrient 

concentrations in the water column during the wet season.  

Uncertainties in predicting the effects of changes in catchment land use are 

also carried through into the design and interpretation of the scenarios 

discussed here. The predicted changes for each scenario are therefore very 

speculative, but should provide at least some indication of the likely response 

of the Fitzroy Estuary–Keppel Bay system and the possible role of the estuary 

and Keppel Bay in ameliorating the impact of land-use changes on exports to 

the Great Barrier Reef. 



Scenario modelling: Simulating the downstream effects of changes in catchment land use 
 

 
 23 

Sediments, nutrients and flow in Fitzroy Estuary and 
Keppel Bay 

The discharge of the Fitzroy River is highly episodic. Generally, it occurs as a 

series of flow events that last several weeks and are typically spread through the 

summer months January to March, but this is not universally the case. These 

flows carry with them large amounts of fine sediments and nutrients. Some of  

the nutrients occur in dissolved form and most of the remainder as particulate 

organic material. Thus, much of the nutrient transport follows that of the fine 

sediments in the system.  

 

Figure 14. Conceptual model of Fitzroy flood plume penetrating into  
Keppel Bay showing flocculation of fine sediments 

Fresh water, nutrients and fine sediments are discharged into the head of the 

Fitzroy Estuary at Rockhampton during the flow events (Figure 14). Large flows 

fill the estuary and extend into Keppel Bay. Fine sediments in fresh water sink 

very slowly. Following cessation of flow events, fresh water gradually mixes with 

sea water through tidal and wind mixing. Flocculation of fine particles when fresh 

water encounters sea water causes these sediments to sink much more rapidly.  

Settling and decomposition of newly introduced organic material occurs in the 

Fitzroy Estuary and in the regions surrounding its mouth in Keppel Bay. Strong 

tidal currents in this region resuspend the freshly deposited fine sediments and 

gradually cause them to disperse away from the mouth, into the tidal creeks and 

out of Keppel Bay. This is an ongoing process that occurs in the months and 

years following initial deposition. Gradually, the fine sediments that remain 

become more consolidated and resistant to resuspension and further 

decomposition. The amount of material that is resuspended by currents depends 

on the availability of relatively ‘fresh’ unconsolidated sediments in the bed. With 
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the loss of fine sediments through dispersal and through consolidation, the 

amount of resuspended sediments gradually diminishes with time following their 

initial deposition. Since high flows deliver more sediment to the Fitzroy Estuary–

Keppel Bay system, suspended sediment concentrations remain higher for 

longer following large flow events than following smaller flows. This behaviour  

is clearly demonstrated in the scenario analyses. 

The pathways followed by the dissolved nutrients introduced by the river flow 

are not the same as those of nutrients associated with particles. Dissolved 

nutrients from freshwater flow are gradually mixed by tidal and wind currents 

throughout the estuary and bay. In the process they are consumed by 

phytoplankton which, when they die, decompose into dissolved forms of 

nutrient capable of sustaining further phytoplankton growth. Nutrients 

associated with sediments are deposited with them. Bacterial decomposition 

of organic matter gradually releases these nutrients into the water column in 

dissolved form where they too fuel phytoplankton growth and form part of the 

phytoplankton growth cycle (Figure 15).  

 

Figure 15. Conceptual model of dissolved nutrient dynamics  
under low-flow conditions in Keppel Bay 

Phytoplankton require light in order to grow so that ultimately their concentrations 

are determined by the availability of both nutrients and light. High concentrations 

of suspended sediments can greatly reduce the penetration of light through the 

water column and thus curtail growth. High flows may therefore deliver more 

nutrients to the system, but at the same time they are associated with conditions 

of reduced light so that the net impact on phytoplankton populations (chlorophyll 

concentrations) of high flow may be a reduction in phytoplankton rather than  

an increase.  
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Conclusions 
Although there are considerable uncertainties in the model results, these results 

show that the changes in sediment and nutrient loads that might result from 

changes in catchment land use could have a substantial impact on water quality 

(specifically, turbidity and nutrient concentrations) in the Fitzroy Estuary, the 

coastal creeks and in Keppel Bay near the mouth of the estuary. For median- 

and high-flow years, and over the longer term, changes in sediment and nutrient 

loads can be expected to affect conditions in Keppel Bay not only during the 

flood events of the wet season, but throughout the year. This is because higher 

loads and large flood events increase the amount of freshly deposited sediment 

material in the bed, providing a larger pool susceptible to resuspension and 

gradual decomposition. 

Sediment and nutrient concentrations in the outer, more marine, part of Keppel 

Bay are likely to remain low for all the scenarios considered. However this result 

should be interpreted with care, since concentrations in the outer bay are 

strongly influenced by the marine boundary condition, which was kept constant 

for these simulations. In reality, marine nutrient concentrations will be influenced 

by changes in loads from the Fitzroy Estuary as well as by changes in land use 

in neighbouring catchments. 

Due to the high turbidity of the water, pelagic primary production is likely to remain 

relatively low for all scenarios. The model suggests that changes in sediment and 

nutrient loads—whether increases or decreases—could result in lower primary 

production in the water column in some years. This, as well as changes in the load 

of organic matter from the catchment and changes in turbidity, may influence 

fisheries and the ecology of the system, which warrants further study. 

The total amount of material exported to the Great Barrier Reef lagoon over the 

course of an entire median-flow year does not appear to be particularly sensitive 

to changes in loads from the catchment (at least in the short term). However the 

amount of nitrogen and phosphorus exported during the wet season of a median 

flow year is sensitive to such changes: wet season exports respond on almost a 

one-to-one basis to changes in loads. The amount of material exported during 

the wet season of a high-flow year is much greater, and the total amount 

exported over the course of a high-flow year is very sensitive to catchment land 

use. In our simulations, reducing the nitrogen load to Fitzroy Estuary by one-third 

(the graz70 scenario) reduced the amount exported to the Great Barrier Reef 

lagoon by almost 50%, while doubling the nitrogen and sediment load 

approximately doubled the amount exported. 
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