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Abstract- We describe emerging capabilities to understand physical processes and biogeochemical cycles in coastal waters through the 
use of satellites, numerical models, and ship observations.  Emerging capabilities provide significantly improved ability to model 
ecological systems and the impact of environmental management actions on them.  The complex interaction of physical and 
biogeochemical processes responsible for hypoxic events requires an integrated approach to research, monitoring, and modeling in 
order to fully define the processes leading to hypoxia.  Our effort characterizes the carbon cycle associated with river plumes and the 
export of organic matter and nutrients from coastal Louisiana wetlands and embayments in a spatially and temporally intensive 
manner previously not possible.  Riverine nutrients clearly affect ecosystems in the northern Gulf of Mexico as evidenced in the 
occurrence of regional hypoxia events.  Less known and largely unquantified is the export of organic matter and nutrients from the 
large areas of disappearing coastal wetlands and large embayments adjacent to the Louisiana Continental Shelf.  This project provides 
new methods to track the river plume along the shelf and to estimate the rate of export of suspended inorganic and organic particulate 
matter and dissolved organic matter from coastal habitats of south Louisiana.  
 

I. INTRODUCTION 

Along the Louisiana coast, the annual spring to summer episodes of bottom water hypoxia ([O2] < 2 mg l-1) cover an areal 
extent on the order of 15,000 - 20,000 km2 (Fig. 1).  This region of the northern Gulf of Mexico is strongly influenced by outflow 
from the Mississippi and Atchafalaya rivers and the many estuaries and embayments that constitute the coastal wetlands of the 
Mississippi River watershed.  This outflow carries dissolved inorganic nutrients, particulate and dissolved organic matter, and 
suspended inorganic particulate matter, which, through complex interactions with the physical regime and biogeochemical 
processes of the region, affect the onset and duration of hypoxic events. 

The goals of our project are: 1) to assess and predict the relationships between nutrient loads and hypoxia, 2) quantify the errors 
and uncertainties of nutrient load reduction scenarios, and 3) to provide tools to support nutrient management decisions.  The 
complex physical and biogeochemical processes involved require an integrated approach to research, monitoring, and modeling in 
order to fully define the processes responsible for hypoxic events.   
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A. In situ Sampling 
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Fig.2 Satellite-derived (SeaWIFs) products: Weekly com

 

A. Physical Model 
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B. Biogeochemical Model 
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III. MODELS 
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Fig. 4 Schematic 

 
C. Coupled Model 
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biogeochemical reactions) input from the rivers and bays (Fig. 5). 
 

 
Fig. 5 The physical model (white arrows represent currents) with inert tracer input from rivers (colors). 

 

 We have recently begun running the coupled model with the water column biogeochemical reactions. To validate the 
functionality and internal consistency of the model, an initial test simulation was run for 2003. The results indicate that the model 
performs in an ecologically stable manner; e.g., phytoplankton bloom and decline within reasonable concentrations and time 
frames. The surface chlorophyll concentration of the model is computed from the sum of all six phytoplankton (algae) groups 
(cell numbers times internal nutrient concentration). A snapshot (Fig. 6) of model surface chlorophyll for June 18, 2003 can be 
compared to the satellite-derived (Fig. 2) chlorophyll and the in situ measurements (the colored circles overlain on Fig. 6) for the 
same day.  It is evident that, while the model generates chlorophyll concentrations of the correct order of magnitude nearshore, it 
does not simulate the offshore gradient properly. The surface chlorophyll concentrations of the six model phytoplankton groups 
are shown individually in Fig. 7.  Phytoplankton group 6 is responsible for most of the total surface chlorophyll signal. In the 
model, this group is the least edible – causing the zooplankton to shift their grazing away from this group and onto the other 
groups. By increasing the zooplankton grazing on group 6 (increasing edibility), we may improve the model outcome. 

 
Fig. 6 Results for total phytoplankton chlorophyll (mg CHL m-3) from our initial test run of the coupled model (x-axis is degrees longitude and y-axis is degrees 

North latitude). Colored circles represent in situ measurements. The date is June 18, 2003 for comparison with Fig. 2. 



 
Fig. 7 Results for each of the phytoplankton (Algae 1-6) groups (mg Chl m-3) from our initial test run of the coupled model (June 18, 2003). 

The x-axis is degrees longitude and the y-axis is degrees North latitude. 
 

 
 The distribution of riverine CDOM input to the shelf (Fig. 8) needs to be adjusted, but the dynamics appear sound.  Suspended 
particulate matter [SPM (TSS)] sinks out of the model too quickly (Fig. 8) and currently there is no model mechanism for 
resuspension.  We recognize the importance of sediment resuspension and mobility to the hypoxia problem and are implementing 
an empirical wave model to account for these processes. 
 

 
Fig. 8 Initial test run results for CDOM and suspended particulate matter (SPM) for June 18, 2003. 

The x-axis is degrees longitude and the y-axis is degrees North latitude. 
  
 

 



IV. FUTURE WORK 

We continue to analyze the results from our first coupled model run.  In addition to the modifications mentioned above, we are 
currently implementing the sediment diagenesis component of the biogeochemical model into the coupled system.  Another 
important enhancement will be the inclusion of a more accurate light propagation scheme [9] in the model.  Our irradiance 
measurements have shown photosynthetically active radiation (PAR) penetrating deeper into the water column (occasionally to 
deep benthic layers) than the ‘standard’ light model replicates.  A more accurate depiction of the euphotic zone may have 
important effects on the hypoxia simulations. 

 Ultimately, the goal is for these components to become a forecasting model and management tool. In order for the tool to be 
useful, we need to understand and quantify the uncertainties and errors inherent in our simulations.  We can then investigate 
various nutrient-loading scenarios and determine their impact on the area of hypoxia. 
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