
Louisiana State University Louisiana State University 

LSU Digital Commons LSU Digital Commons 

Faculty Publications Department of Oceanography & Coastal 
Sciences 

12-1994 

A Preliminary Mass Balance Model of Primary Productivity and A Preliminary Mass Balance Model of Primary Productivity and 

Dissolved Oxygen in the Mississippi River Plume/Inner Gulf Shelf Dissolved Oxygen in the Mississippi River Plume/Inner Gulf Shelf 

Region Region 

Victor J. Bierman Jr. 

Scott C. Hinz 

William J. Wiseman Jr. 

Nancy N. Rabalais 

R. Eugene Turner 
euturne@lsu.edu 

Follow this and additional works at: https://digitalcommons.lsu.edu/oceanography_coastal_pubs 

 Part of the Oceanography Commons 

Recommended Citation Recommended Citation 

Bierman, V. J., Hinz, S. C., Wiseman, W. J., Rabalais, N. N., & Turner, R. (1994). A Preliminary Mass Balance 

Model of Primary Productivity and Dissolved Oxygen in the Mississippi River Plume/Inner Gulf Shelf 

Region. Estuaries, 17 (4), 886-889. Retrieved from https://digitalcommons.lsu.edu/

oceanography_coastal_pubs/150 

This Article is brought to you for free and open access by the Department of Oceanography & Coastal Sciences at 
LSU Digital Commons. It has been accepted for inclusion in Faculty Publications by an authorized administrator of 
LSU Digital Commons. For more information, please contact ir@lsu.edu. 

https://digitalcommons.lsu.edu/
https://digitalcommons.lsu.edu/oceanography_coastal_pubs
https://digitalcommons.lsu.edu/oceanography_coastal
https://digitalcommons.lsu.edu/oceanography_coastal
https://digitalcommons.lsu.edu/oceanography_coastal_pubs?utm_source=digitalcommons.lsu.edu%2Foceanography_coastal_pubs%2F150&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/191?utm_source=digitalcommons.lsu.edu%2Foceanography_coastal_pubs%2F150&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/oceanography_coastal_pubs/150?utm_source=digitalcommons.lsu.edu%2Foceanography_coastal_pubs%2F150&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/oceanography_coastal_pubs/150?utm_source=digitalcommons.lsu.edu%2Foceanography_coastal_pubs%2F150&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ir@lsu.edu


Estuaries Vol. 17, No. 4, p. 886-899 December 1994 

A Preliminary Mass Balance Model of 

Primary Productivity and Dissolved 

Oxygen in the Mississippi River Plume/ 

Inner Gulf Shelf Region 

VICTOR J. BI}:~MAN, JR. l 

Limno-Tech, Inc. 

20780 South Gatehouse Drive 

South Bend, Indiana 46637 

SCOTT C. HINZ 

DO.X(;-WEI Zl iU 

Limno-Tech, Inc. 

2395 Huron Parkway 

Ann Arbor, Michigan 48104 

Wn.I.i~'v[ J. WISFMAN, J R. 

Coastal Studies Institute and 

Department of Oceanograptz,~ and Coastal Sciences 

Louisiana State Univ~ity 

Baton Rouge, Louisiana 70803 

NANCY N. KCBALMS 

Louisiana Universities Marine Consortium 

8124 Highway 56 

Chauvin, Louisiana 70.344 

R.  EUGFNE T U R N E R  

Coastal Ecology Institute and 

Department of Oceanography and Coastal Sciences 

Louisiana State University 

Baton Rouge, Louisiana 70803 

ABSTRACT: A determinis t ic ,  mass  balance m o d e l  for  phytoplankton,  nutr ients ,  and  dissolved oxygen  was appl ied  to 

the Mississippi River P l u m e / I n n e r  Gul f  Shelf  (MRP/ IGS)  region.  The  mode l  was calibrated to a comprehens ive  set  o f  

field data  collected dur ing  July 1990 at over  200 sampl ing  s tat ions in the n o r t h e r n  Gul f  o f  Mexico. The  spatial doma in  

o f  the mode l  is r ep resen ted  by a three-dimensional ,  21-segment  water-column .grid ex tend ing  f rom the Mississippi River 

Delta west to the  Louisiana-Texas border,  and  f rom the shorel ine  seaward to the  30-60 m bathymetr ic  contours .  Diag- 

nostic analyses and  numer ica l  expe r imen t s  were conduc ted  with the  calibrated mode l  to bet ter  unde r s t and  the environ- 

menta l  p rocesses  control l ing pr imary  productivity and  dissolved oxygen dynamics  in the M R P / I G S  region.  Underwa te r  

light a t tenuat ion  appears  relatively more  impor tan t  than  nut r ien t  l imitation in control l ing rates o f  p r imary  productivity. 

Chemical-biological processes  appear  relatively m o r e  impor tan t  than advective-dispersive t ranspor t  processes  in control- 

ling bot tom-water  dissolved oxygen dynamics.  Oxida t ion  o f  ca rbonaceous  material  in the  water  column,  phytoplankton  

respirat ion,  and  sed imen t  oxygen d e m a n d  all appear  to contr ibute  significantly to total oxygen deplet ion rates  in bo t tom 

waters.  T h e  es t ima ted  contr ibut ion o f  s ed i men t  oxygen d e m a n d  to total oxygen-deplet ion ra tes  in bo t t om waters ranges  

f rom 22% to 30%. Pr imary  productivity appears  to he  an impor tan t  source  o f  dissolved oxygen to bo t tom waters in the  

region o f  the  Atchafalaya River discharge and  fu r the r  west a long the Louis iana Inne r  Shelf. Dissolved oxygen concen- 

trat ions appear  very sensit ive to changes  in unde rwa te r  light a t tenuat ion  due  to s t rong  coupl ing between dissolved oxygen 

and  p r imary  productivi ty in bo t tom waters.  T he  Louis iana Inne r  Shelf  in the area o f  the  Atchafalaya River discharge and  

fu r the r  west to the  Texas  border  appears  to be character ized by significantly d i f fe rent  light attent, a t ion-depth-pr imary 

productivity re la t ionships  than  the  area immedia te ly  west o f  the  Mississippi Delta. Nutr ien t  remineral izat ion in the water  

co lumn  appears  to contr ibute  significantly to mainta in ing chlorophyll  concent ra t ions  on the Louis iana Inne r  Shelf. 

Introduct ion 

T h e  Mississippi-Atchafalaya River (MAR) system 

is the largest single source of  freshwater and nu- 

tr ient  inputs  to the coastal waters o f  the Uni ted  

Cor re spond ing  author .  
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States. An extensive and  persis tent  zone of  seasonal 

hypoxia  (dissolved oxygen --< 2 m g  1-1) has been  

doc t ,men ted  in the nearshore  bo t tom waters of  tile 

Louisiana-Texas cont inenta l  shelf  (Rabalais et al. 

1991, 1992). T u r n e r  and  Rabalais (1991) speculat- 

ed that  increased nut r ien t  inputs  f rom the MAR 

system may have "affected the ex ten t  and  severity 

0160-8347/94/040886-14501.50/0 
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of  hypoxia in this region by support ing enhanced  

levels of  pr imary produclivily. Justic et al. (1993) 

s t r e n g t h e n e d  the  ev idence  for  this hypo thes i s  

through cross correlat ion analysis o f  MAR nutr ient  

inputs, net  productivity, and hypoxia in the north-  

crn Gulf  of  Mexico. 

The  occur rence  of  hypoxia also depends  on cer- 

tain physical and hydrometeorological  factors. Ver- 

tical stratification in the water colmnn is generally 

regarded as a necessary condi t ion for hypoxia 

(e.g., Swanson and S indermann 1979; Officer et al. 

1984; Tu rne r  et al. 1987). Stanley and Nixon 

(1992) demonst ra ted  that stratification events am1 

bottom-water dissolved-oxygen levels in the Pamli- 

co River Estuary were tightly coupled  to variations 

in freshwater discharge and wind stress. Rabalais et 

ai. (1992) repor ted  that dissipation of  summer  

near-bot tom hypoxia on the I,ouisiana Shelf was 

event-dominated.  
Deterministic mass balance models can be useful 

tools for synthesizing environmental  data and fbr 

�9 providing a bet ter  unders tanding of  cause-effect 

mechanisms that lie beh ind  exper imental  obser- 

vations. O ' C o n n o r  (1981) reviewed and evaluated 

nutr ient-phytoplankton models that have been 

used in water-quality managemen t  studies of  live 

different  estuaries. Krcmer  and Nixon (1978) de- 

veloped a model  o f  phytoplankton,  zooplankton,  

and nut r ien t  dynamics to synthesize a large body 

of  existing informat ion on Narraganset t  Bay and 

on marine ecosystems in general.  Hof tman  (1988) 

developed a coupled  physical-biological model  to 

investigate horizontal  fluxes of  phytoplankton,  car- 

bon, and ni t rogen on the southeastern United 

States cont inental  shelf as a function of  upwelling 

features. Fasham et al. (1990) developed a model  

for plankton-ni t rogen dynamics in the oceanic sur- 

face mixed layer and applied it to time series data 

at a location near  Bermuda.  

Several of  the mass balance model ing studies in- 

volving dissolved oxygen in marine  systems have 

been  conduc ted  in the New York Bight and in 

Chesapeake Bay. O ' C o n n e r  et al. (1981) a t tempted  

to disaggregate dissolved oxygen dynamics in the 

New York Bight 1976 anoxic event (Swanson and 

S indermann 1979). The i r  at tempts to investigate 

the inf luence of  ni trogen loadings from New York 

Harbor  were con tounded  by lack of  informat ion 

on seaward boundary  conditions. Stoddard and 

Walsh (1988) demonst ra ted  that increased loading 

of  organic carbon could lead to the onset  of  anoxia 

within the Bight Apex; however, their  analysis did 

not  discriminate between riverine discharges and 

p r i m a r y  p roduc t iv i ty  sources .  Cerco  and  Cole 

(1993) developed and applied a coupled  hydro- 

dynamic-water quality model  for Chesapeake Bay 
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Fig. 1. Map of study area. 

that included phytoplankton,  nutrients,  and dis- 

solved oxygen. 

As par t  of  the Nutr ient  Enhanced  Coastal Ocean 
Productivity (NECOP) program, a study was initi- 

ated to synthesize informat ion on physical, chem- 

ical, arid biological processes in the Mississippi Riv- 
er P l u m e / I n n e r  Gulf  Shell" (MRP/IGS) region 

within a mass balance model ing framework. This 
paper  contains results f rom the application of  a 

coarse grid, deterministic model  tor phytoplank- 

ton, nutrients,  and dissolved oxygen to the Loui- 

siana Inner  Shelf  port ion o f  the MRP/IGS region 

(Fig. I). The  model  was calibrated to a compre-  

hensive set of  field data collected dur ing  July 1990 
at over 200 sampling stations in the no r the rn  Gulf  

of  Mexico. Diagnostic analyses and numerical  ex- 

per iments  were conduc ted  with the calibrated 

model  to bet ter  unders tand  the environmental  

processes controll ing pr imary productivity and dis- 

solved oxygen dynamics in the study area. 
The  results presented  herein are prel iminary be- 

cause the model  has not  yet been validated to an 

independen t  set of  field data. Althongh a previous 
application of  the model  was conduc ted  using his- 

torical field data for  July 1985 (Bierman et al. 

1992), these data were not  sufticiently comprehen-  
sive to adequately constrain model  parameters  for 

pr imary productivity and dissolved oxygen. At the 

time of  this study, field data for July 1990 repre- 
scnted the best available dataset for model  calibra- 

tion. It is anticipated that future  NECOP datasets 

will permi t  i ndependen t  validation of  the model  

and de te rmina t ion  of  internally consistent sets of  

model  parameters  across different  years. 

M o d e l i n g  A p p r o a c h  

The  conceptual  f ramework for  the model ing  ap- 

proach is shown in Fig. 2. State variables in the 

model include salinit); phytoplankton carbon, phos- 
phorus (dissolved phosphate and unavailable torms), 

n i t rogen (ammonia,  nitrate plus nitrite, and un- 
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Fig. 2. Schematic diagram of principal model state variables and processes. 

available forms) ,  dissolved oxygen, and  carbona-  

ceous biochemical  oxygen demand .  User-specified 

external  forcing functions include const i tuent  mass 

loadings, advective-dispersive transport ,  bounda ry  

condit ions,  sed iment  fluxes, water t empera tu re ,  in- 

c ident  solar radiat ion,  and  underwa te r  light at ten- 

uation.  Sed imen t  interact ions are r ep resen ted  by 

user-specified values to t  ne t  settling rates for 

part iculate phase  consti tuents,  sediment-water  dif- 

fusive fluxes for dissolved nutr ients  and sed iment  

oxygen demand .  Al though this model  contains 

only a mode ra t e  degree  of  chemical-biological  

complexi ty  it requires  a considerable  a m o u n t  of  

tield data for  specification of  external  forcing func- 

tions, as well as for  compar i son  with mode l  output .  

This mode l  is based on the pr inciple  of  conser- 

vation of  mass. For each state variable a partial dif- 

ferential  equat ion  is written in which changes  in 

mass are expressed as a funct ion of  space and  time. 

Operationally,  these equat ions  are solved in the 

fo rm of  a finite di f ference approx ima t ion  in which 

each partial differential  equat ion  is t r ans fo rmed  to 

a coup led  system of  ord inary  differential  equa- 

tions, which are a funct ion only of  time. The  spa- 

tial d imens ion  is then rep resen ted  as a system of  

coupled  segments,  or  control  volumes,  within 

which spatial gradients  are assumed to be insignif- 

icant. T h o m a n n  and  Mueller  (1987) contains a 

comple te  discussion of  this control  vo lume ap- 

proach.  

This conceptua l  model  was i m p l e m e n t e d  for  the 

M R P / I G S  region using a modif ied  version of  the 

WASP4 c o m p u t e r  coding f ramework.  Ambrose  et 

al. (1988) contains a comple te  descript ion of  

WASP4 mode l  theory, govern ing  equations,  and  a 

user manual .  The re  were two principal  modifica- 

tions to WASP4 for  this application: first, use of  a 

saturat ion kinetics mechan i sm for water-column 

nut r ien t  mineral izat ion p roposed  by DiToro and  

Matystik (1979); and  second,  use of  a saturat ion 

kinetics mechan i sm for  phy top lank ton  decompo-  

sition p roposed  by Rodgers  and  Salisbury (1981). 
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Fig. 3. Model spatial segmentation grid for Mississippi River 
Plume/Inner Gulf Shelf region. Top panel contains surface seg- 
ments (segments 1-7 nearshore; segments 8--14 offshore) and 
bottom panel contains bottom segments (segments 15-21). 

M o d e l  A p p l i c a t i o n  

S P A T I A L  A N D  T E M P O R A L  S C A I , E S  

The spatial domain  of  the model  is represented 

by a 21-segment water-column grid extending from 

the Mississippi River Delta west to the I,ouisiana- 

Texas border, and from the shoreline seaward to 

the 30-60 m bathymctric contours  (Fig. 3). The 

spatial segmentation grid includes one vertical lay- 

er nearshore and two vertical layers offshore. Con- 

sistent with the control volume approach described 

above, all of  the spatial segments are completely 

mixed. The nearshore segments have an average 

depth  of  5.6 m. The surface offshore segments are 

completely mixed in the vertical to a fixed pycno- 

cline depth of  10 m. The bot tom offshore seg- 

ments are completely mixed from 10 m to the sea- 

bed.  The  dep th s  o f  these b o t t o m  of f shore  

segments range between 6.1 m and 20.3 m (see 

Fig. 10 later in this paper).  

The temporal  domain of  this application repre- 

sents only steady-state conditions fbrJuly 1990. The 

reason is that time-series data are not  available at 

the shelfwide spatial scale. Typically, a single shelf- 

wide moni tor ing  effort is conducted  dur ing the 

July-August  per iod to characterize the spatial ex- 

tent o f  hypoxic condit ions in the study area. 

Operationally, model  fbrcing flmctions were as- 

Productivity-Oxygen Model for Louisiana Shelf 8,89 

. . . . . . . . . . . .  ~ 2 < -  - ; ,  ,0- -  ,, 

~ ~ b l ~  . . . . . .  ~ - ,  

: ~  \ ~  
o ~  

1 

i 

3, 1 

I 
I 

! 

,~ i 

i 
i 

i 

t 
I 

i 

I 

i 
. . . . . . .  ] 

Fig. 4. l,ocations of field sampling stations used in model 
calibration for July 1990. River = USGS tributary loading sta- 
tions, NURC = NURC90 cruise stations, GYRE = GYRE90 cruise 
stations, NEC()P = NECOPg0 shelfwide cruise stations. 

signed constant values that represented summer  

average conditions dur ing 1990. The time-variable 

model  was then run to steady-state, and model  out- 

put  was compared  with a combined  field dataset 

from three different sampling cruises conducted  

during mid-July. It was assumed that these com- 

bined data were synoptic and that they were in 

temporal  equilibrium with the specified model  

forcing functions. 

The combined  field dataset used for model  cal- 

ibration included the following tbur groups of  sam- 

piing stations (Fig. 4): N E C O P - - N E C O P 9 0  shelf- 

wide cruise that occupied 64 stations located 

primarily inside the model  segmentat ion grid; 

GYRE--GYRE90 cruise conduc ted  by Texas A&M 

University that occupied 113 stations located both 

inside and outside the model  segmentat ion grid; 

NURC--NURC90  cruise conducted  by Louisiana 

Universities Marine Consort ium, Texas A&M Uni- 

versity at Galveston, and Texas Institute of  Ocean- 

ography that occupied 38 stations located imme- 

diately west of  the Mississippi Delta in the pr imary 

hypoxic region; and River- -Uni ted  States Geolog- 

ical Survey stations in the Mississippi and Atchafa- 

laya rivers. The [ield data from all of  these sam- 

piing stations (except river stations) reside in the 

NECOP database managemen t  system and are sub- 

je.ct to NECOP policies on quality control,  archiv- 

ing, and distribution (Hendee  1994). 

MODE1. FORCING FUNCTIONS 

Because the model  balances mass and not  mo- 

mentum,  magnitudes and directions for advective 

flows must be externally specified by the user. Wa- 

ter circulation on the I.ouisiana-Texas Shelf is 

strongly inf luenced by wind stress (Cochrane and 

Kelly 1986) and  freshwater discharges from the 
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JULY 1990 ADVECTIVE FRESHWATER FLOW DISTRIBUTION 

Fig. 5. S c h e m a t i c  d i a g r a m  o f  f r e s h w a t e r  advec t ive  f low f ie lds  

u s e d  in m o d e l  c a l i b r a t i o n  f o r  J u l y  1990.  

Mississippi and  Atchafalaya rivers (Wiseman et al. 

1982; Dinnel and Wiscman 1986). It is believed 

that  s u m m e r  average condi t ions in the spatial do- 

main of  the model  are typically r ep resen ted  by lhe 

Louis iana Coastal Current ,  which has a net  west- 

ward drift  a long the shelf  bathymetry.  This  repre-  

sentat ion is suppor t ed  by cu r ren t  me te r  measure-  

merits fi-om a long- term m o o t i n g  main ta ined  by 

one  of  the co-authors (W. J. Wiseman,  Jr.) at a lo- 

cation off  Cocodr ie  ( segment  10) in 20 m of  water. 

Typical s u m m e r  average cu r ren t  speeds are ap- 

proximate ly  10 cm s -I and  3 cm s ~, respectively, 

in the surface and  bo t tom layers. 

S u m m e r  1990 condi t ions were anomalous  in 

that  net  eastward drift was observed  in both  sur- 

face and  bo t tom waters at speeds of  approximate ly  

2 cm s -1 and  0.8 cm s ~, respectively. The  fresh- 

water advective flow fields in Fig. 5 represen t  our  

best  j u d g m e n t  in synthesizing available data for riv- 

er ine discharges and  observed  cur ren t  speeds and  

direct ions dur ing  July 1990. Values for  discharges 

f rom the Southwest Pass of  the Mississippi River 

into segments  1 and  8 and  f rom the Atchafalaya 

River into mode l  segment  5 were based on mea- 

su rements  at Tarber t  Landing  and  Simlnespor t  

(Fig. 4), respectively (Uni ted States Army Corps of  

Engineers,  New Orleans  District Office, personal  

communica t ion ) .  No freshwater  flow f rom other  

Mississippi River passages was r ep resen ted  in this 

appl icat ion because  of  the observed  net  eastward 

drift  in tile coastal current .  In addi t ion to these 

freshwater flows, net  eastward [low fields of  Gulf  of  

Mexico water th rough  the nearshore ,  surface off- 

shore,  and  bo t tom offshore mode l  segments  were 

also represen ted  (not  shown).  Values for these 

Gul f  o f  Mexico flows were const ra ined so that  total 

flow th rough  segment  10 was consistent  with cur- 

rent  me te r  observations.  The  water circulation pat- 

tern in Fig. 5 is qualitatively consistent  wilh a 

NOAA-11 AVHRR sea surface t empera tu re  map  tbr  

July 25, 1990 (N. D. Walker, Coastal Studies Insti- 

tute, I ,ouisiana State Uniwwsity, personal  c o m m u -  

nication).  

Mississippi and  Atchafalaya river mass loadings 

for  all model  state variables were d e t e r m i n e d  using 

the above riverine discharge values and  const i tuent  

concent ra t ion  measu remen t s  for J u n e  and  July 

1990 (Uni ted States Geological  Survey 1991). The  

principal  stations used were the NASQAN stations 

at Belle Chasse and  St. Francisville for  the Missis- 

sippi Rive~, and  at Morgan  City and  Melville for  

the Atchafalaya River (Fig. 4). External  bounda ry  

concent ra t ions  for all mode l  state variables were 

est imated using field data f rom the above three  

sampl ing cruises. 

Sediment  b o u n d a r y  condi t ions were specified 

for  nut r ient  regenera t ion  fluxes and  total sed iment  

oxygen demand .  Net  inorganic  niu 'ogen and  phos- 

pha te  fluxes were taken, respectively, f rom Rowe et 

al. (1992) and  f rom o ther  measu remen t s  by G. T. 

Rowe (Hendee  1994). Tile b o u n d a r y  condi t ion for  

total sed iment  oxygen d e m a n d  included aerobic  

benthic  respirat ion measured  using in situ cham- 

bers (Rowe et al. 1992) plus an est imate of  anaer-  

obic metabol i sm by G. T. Rowe ( H e n d e e  1994) 

based on i n d e p e n d e n t  m e a s u r e m e n t s  of  dissolved 

inorganic  carbon fluxes. The  anaerobic  metabo-  

lism c o m p o n e n t  is believed to be mostly sulfate re- 

duction,  with subsequent  oxidat ion of  the result ing 

sulfide molecule  by dissolved oxygen. The re  is 

some question as to whether  oxygen consumpt ion  

measu remen t s  in tile in situ chambers  adequately  

account  for this sulfate reduct ion componen t .  

Inc iden t  solar radiat ion was taken f rom direct  

m e a s u r e m e n t s  o f  photosynthet ical ly active radia- 

tion by G. L. Fahnenst iel  (Hendee  1994). Under-  

water  light a t tenuat ion  was specified using a mul- 

t ip le  r e g r e s s i o n  s u b m o d e l  fo r  l igh t  e x t i n c t i o n  

coefficient  as a lunct ion of  background  at tenua-  

tion, phy top lankton  concen t ra t ion  (as chlorophyll  

a), and  concent ra t ion  of  suspended  part iculate 

material  (SPM) developed hy S. E. Lohrenz  ( l ien-  

dee 1994). SPM concent ra t ions  were externally 

specified Using available field data f rom I I e n d e e  

(1994). Phytoplankton  concent ra t ions  were com- 

pu ted  internally by the mass balance model ,  thus 

explicitly account ing  for variations in underwa te r  

light a t tenuat ion  due  to phytop lankton  "self-shad- 

ing".  Water t empera tu res  were specified using di- 

rect  field observat ions f rom the sampl ing cruises. 

M O D E I ,  C A L I B R A T I O N  

The  calibration app roach  was to fix the values 

of  as many  mode l  coefficients as possible based on 

direct  measurements .  Subsequently, values fbr the 
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Fig. 6. Relationship between model output and tield data 
fbr salinity (top panel), chlorophyll a concentration (middle 
panel), and dissolved oxygen concenn-ation (bottom panel) in 
model calibration tbr.luly 1990. 

remain ing  coetficients were adjusted within ranges 

ti 'om the scientific l i terature to p roduce  the best 

fit between model  ou tpu t  and  field observations.  

Model coefficients were not  allowed to assume ar- 

bi trary values in o rder  to obtain the best possible 

curve fits in a strictly mathemat ica l  sense. In par- 

ticular, a unified set o f  mode l  process rates and  

stoichiornetric coefficients was assigned across all 

21 spat ia l  s e g m e n t s .  T h e  p r i n c i p a l  l i t e r a t u r e  

sources and data c o m p e n d i a  used to guide the cal- 

ibrat ion effor t  were Bowie et al. (1985), T h o m a n n  

and  Mueller  (1987), Ambrose  et al. (1988), and  

Jo rgensen  et al. (1991). 

Model calibration results for salinity, chloro- 

phyll, dissolved oxygen, and nutr ients  are shown in 

Figs. 6 and  7. All field data are represen ted  as the 

spatial segment  mean  + 1 SE of  the mean .  Model 

ou tpu t  is r epresen ted  as a solid line. With the ex- 

cept ion of  dissolved oxygen,  results are presented  

in terms of  three vertical panels: left p a n e l - - n e a r -  

shore segments  (1-7);  middle  pane l - - su r f ace  o f f  
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Fig. 7. Relationship between model output and field data 
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phosphorus concentration (bottom panel) in model calibration 
~br.Jniy 1990. 

shore segments  (8--14); and r ight  p a n e l - - b o t t o m  

offshore segments  (15-21).  Model results for dis- 

solved oxygen are p resen ted  only for bo t tom off- 

shore  segmenl~s (15-21) because results for surface 

segments  (1-14) are all close to saturation values, 

as expec ted  and  observed.  

The  first step in mode l  calibration was to deter- 

mine  dispersive mixing coefficients across all hor- 

izontal and vertical interfaces. This was accom- 

plished by conduct ing  a mass balance for salinity, 

a conservative tracer. Results indicate reasonably 

good a g r e e m e n t  between model  ou tpu t  and  field 

observat ions (Fig. 6, top panel) .  Model  calibration 

for segments  1-7 was c o n f o u n d e d  by the fact that  

sampl ing vessels conld not  occupy locations with 

water depths  less than 5 m. In particular, the po- 

tential inf luence of  Atchafalaya River discharge on 

segments  4-6  was not  well-captured by the sam- 

piing p rog ram (Fig. 4). Consequently,  field obser- 

vations for these segments  do not  necessarily rep- 

resent  t rue segment-average conditions.  For this 
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reason, greater  emphasis should be placed on off- 

shore segments (8--211 than on  nearshore  seg- 
ments  (1-7) in evaluating model  calibration re- 

sults. It should be unders tood  that a l though model  

results cannot  be compared  with representative 

tield data in all model  spatial segments, the model  

equations are inherent ly  mass-conserving and they 

constrain external  inputs with const i tuent  trans- 

por t ,  t r a n s f o r m a t i o n  and  fa te  s imu l t aneous ly  

among all spatial segments. 
Model calibration results for phytoplankton are 

displayed in terms of chlorophyll  a concentra t ion 

(Fig. 6, middle panel) .  Internally the model  com- 

putes phytoplankton biomass in terms of  organic 

carbon. A ca rbon :ch lo rophy l l  ratio is then as- 

signed solely for  the purpose  of  compar ing  model  

ou tput  with field observations. A complication is 

that this ratio varies by an order  of  magni tude  (12- 

125) within the study area (Lohrenz  et al. 1992). 

Observations by D. G. Redalje (Hendee  1994) in- 

dicate that values lie at the low end  of  this range 

at p lume stations and at h igher  values at inner  

shelf stations. A carbon : chlorophyll  ratio of" 50 was 

used in the model  calibration. 

The re  is reasonable ag reemen t  between model  

ou tput  and field observations for chlorophyll  con- 

centrat ion except  for  segments 1, 5, and 8 in which 

observations are much  larger than model  output .  

A confounding  factor in segments 1, 5, and 8 is 

that water quality in these segments closely resem- 

bles p lume condit ions due to direct  discharges 

f rom the Mississippi and  Atchafalaya rivers. Model  

ou tpu t  for  chlorophyll  concent ra t ion  in these seg- 

ments  deviates from field observations both in the 

expected direct ion and by approximately the ex- 
pected magnitude,  given the extremely low values 

for ca rbon :ch lo rophy l l  ratio u n d e r  p lume condi- 

tions. Although a carbon : chlorophyll  ratio of  less 

than 50 would have improved chlorophyll  calibra- 

tion results in segments l ,  5, and 8, results in most 

of  the o ther  segments would have been  poorer.  

Consistent with the objective of  assigning an inter- 

nally consistent set of" model  coefficients across all 

21 spatial segments, a ca rbon :ch lo rophy l l  ratio of  

50 was ,judged to p roduce  the best overall calibra- 

tion results. 

Model ou tpu t  for  dissolved oxygen in bot tom 

offshore segments (Fig. 6, bo t tom panel) agrees 
reasonably well with field observations. Oxygen 

concentra t ions  range from 3 mg 1 a to 5 mg 1 x 

below saturation values at ambien t  tempera tures  

and salinities. Model ou tpu t  for  nut r ient  concen-  

trations (Fig. 7) agrees reasonably well with field 
observations, especially for  surface and bot tom off- 

shore segments. The  most serious discrepancies oc- 

cur for  nitrate plus nitrite concentra t ions  in some 

nearshore  and p lume-domina ted  segments. In ad- 

TABI.E 1. Comparison between model calibration results and 

observations in primary hypoxic region (model segments 10 

and 17) fin'July 1990. 

Observed Model 
Parameter Mean (SE) Result 

Primary Productivity, mg C 1-1 d 1 

Integrated Priinary Prod, mg G m -2 d 1 

POC Settling Flux, g C m -'2 d 1 

PON Settling Flux, g N m 2 d-t  

Algal Biomass, mg C 1 -~ 

DOC, mg 1 -l 

DON, mg 1 -a 

0.31 (0.08)" 0.30 

3734 (213) b 3943 

0.18 (0.007) c 0.16 

0.03 (0.002) ~ 0.03 

0.48 (0.10), 0.25 
2.03 (0.24) ~ 2.22 
0.37 (0.05) r (I.30 

Lohrenz et al. 1992 

b Lohrenz et al. 1992; G. I.. Fahnenstiel (in Hendee  1994) 

c Redalje et al. 1992 

d Benner et al. 1992 

Lopez-Veneroni et al. 1992 

dition to the nearshore  sampling problem dis- 

cussed above, o ther  possible causes for  these dis- 

c r ep an c i e s  m i g h t  be  u n a c c o u n t e d  loca l ized  

sources or temporal  variability not  represented  by 

this steady-state application. 

Although comparisons between compu ted  and 

observed values for model  state variables are nec- 

essary for establishing model  credibility, consider- 

able uncertainties may remain because it is usually 

not  possible to de te rmine  unique  sets of  model  cal- 

ibration coefficients. Comparisons between com- 

pu ted  and observed values for model  process rates 

and mass fluxes can greatly narrow these uncer- 

tainties and enhance  the scientific credibility of  the 

model .  Table 1 contains such comparisons for var- 

ious process rates and mass fluxes, and for phyto- 
p lankton carbon,  dissolved organic carbon,  and 

dissolved organic ni t rogen from specialized mea- 

surements  conduc ted  in the pr imary hypoxic re- 

gion (segments 10 and 17). 

Model  ou tput  for  volumetric and integrated pri- 

mary productivity agree extremely well with field 

observations. This confirms that the model  is ac- 

curately represent ing produc t ion  of  new organic 

carbon in the water column. Model ou tpu t  for 

POC and PON settling fluxes also agrees very well 

with field observations. This confirms that the 

model  is accurately represent ing the propor t ions  

of  newly p roduced  organic material that remain in 

the surface mixed layer or settle to the bot tom wa- 

ters. Although observations for dissolved oxygen 

deplet ion rates in the water co lumn are not  avail- 

able for  July 1990, the value from the model  cali- 
brat ion (0.22 mg 02 1 l d-1 agrees well with rates 

r epor ted  in the l i terature f rom a large n u m b e r  of  

marine  systems (Table 2, Dortch et al. 1992b). 

Model ou tpu t  for  DON concent ra t ion  agrees 

well with field observations. In conjunct ion with 

calibration results for  ammonia  and nitrate plus 

nitrite concentra t ions  in segment  10 (Fig. 7, top 



Fig. 8. C o m p o n e n t  analysis of  phy top lankton  growth rates 

in the calibrated mode l  as a f imcdon  o f  tempera ture ,  light, and  

nu t r i en t  l imitations of  selected surface offshore segments .  Sp 

Gr Rate = resul tant  specific growth rate, Nut  Effect = reduct ion  

due  to nu t r i en t  l imitation, I,ight Effect = reduct ion  due  to light 

limitation. 

and middle panels),  this confirms that the model  

accurately represents  total n i t rogen in the water 

column. Good  agreement  is also obta ined between 

computed  and observed dissolved organic carbon 

concentrat ions.  Finally, model  ou tput  for phyto- 

plankton biomass in terms o f  carbon concentra-  

tion is lower than field observations. It is impor tant  

to note  that model  ou tpu t  for phytoplankton bit-  

mass in terms of  chlorophyll  concent ra t ion  is high- 

er than field observations in this same region (seg- 

ment  10) (Fig. 6, middle panel) .  These offsetting 

discrepancies reflect the difficulties caused by us- 

ing two different  parameters  as indicators of  phy- 

toplankton biomass, and the uncertaint ies in spec- 

ification of  a carbon : chlorophyll  ratio. 

Diagnostic'and Sensitivity Analyses 

PIIYI 'OPIANKTON G R O W T H  RATE COMPONENTS 

An impor tan t  question in the NECOP program 

concerns  the relative impor tance  of  cnviromnenta l  
factors controll ing pr imary productivity. Under  

condit ions of  optimal tempera ture ,  light, and nu- 

trients, phytoplankton growth rates are limited 

solely by physiology. Under  ambient  condit ions wa- 

te r  t e m p e r a t u r e  gene ra l ly  d e t e r m i n e s  u p p e r  

bound  maximum growth rates. Specific growth 

rates actually realized depend  on potential  limiting 

effects due to underwater  light a t tenuat ion and 

nutr ient  limitation. 
The  componen t s  of  phytoplankton growth rates 

in the calibrated model  due to temperature ,  light, 

and nutr ient  effects are shown in Fig. 8 for  four  

representative surface offshore model  segments. 

Productivity-Oxygen Model for Louisiana Shelf 893 

All rates shown represent  vertical averages in the 

10-m deep  surface mixed layer. Maximum growth 

rates at ambient  tempera tures  are high (approxi- 

mately 3.0 d --~) due to high summer  water tem- 

peratures  in the Gulf  of  Mexico. Growth rate lim- 

itation due to underwate r  light at tenuat ion is 

substantially greater  than growth rate limitation 

due to nonopt imal  nut r ient  concentrat ions.  Actual 

specific growth rates decrease and the degree  of  

nut r ient  limitation increases with increasing dis- 

tance from the Mississippi Della. Specific growth 

rates remain relatively high in all segments, rang- 

ing between 1.0 d -~ and 1.2 d -1. These  values are 

consistent with taxon-specific growth rates estimat- 

ed from 14C-autoradiography exper iments  con- 

ducted in the plume and pr imary hypoxic regions 

(segments 8, 9, and 10) (Fahnenstiel et al. 1992). 

AN'ALYSIS OF DISSOINED OXYGFN DYNAMICS 

Another  impor tant  question in the NECOP pro- 

gram concerns  the principal factors control l ing 

dissolved oxygen and seasonal hypoxia on the I,ou- 

isiana Inner  Shelf. The  total mass balance com- 
ponents  of  dissolved oxygen are shown in Fig. 9 
(top panel) for four representative bottom offshore 

model  segments. The  magnitudes of  chemical-bi- 

ological processes (photosynthesis and deplet ion)  
are greater  than those of" advective-dispersive trans- 

por t  processes in all four  segments. Photosynthesis 

is the largest source of  dissolved oxygen, and de- 

pletion (water column plus sediment  demand)  is 

the largest sink of  dissolved oxygen in all four  seg- 

ments. Fur thermore ,  the magnitudes of  these two 

processes increase with increasing distance from 

the Mississippi Delta. 

Individual componen t s  of  total oxygen deplet ion 
rates tor  these same four model  segments are 

shown in the bot tom panel  of  Fig. 9. Oxidation of  

c a r b o n a c e o u s  mate r ia l  in the  water  c o l u m n  

(CBOD), phytoplankton respiration, and sediment  

oxygen demand  (SOD) all contr ibute  significantly 

to total oxygen deplet ion rates. CBOD is the larg- 

est c o m p o n e n t  in each of  the four segments, and 

its relative contr ibut ion increases with increasing 

distance from the delta. Nitrification is a relatively 

small c o m p o n e n t  in all four  segments. The  com- 

puted contr ibut ion of  sediment  oxygen demand  to 

total oxygen deplet ion rates ranges from 22% to 

30%. 
it  is not  intuitively clear why photosynthesis 

should be a source of  dissolved oxygen in bot tom 

offshore waters, nor  is it clear why this source 

should become progressively larger with increasing 

distance from the delta (Fig. 9, top panel) .  A com- 
ponents  analysis of  phytoplankton growth rates in 

these bot tom segments (Fig. 10) indicates that 

changes in water-column depth  are partly respon- 
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Fig. 10. Coinponent analysis of phytoplankton growth rates 
in the calibrated model as a fimction of temperature, light, and 
nutrient limitations, and model segment depth. Selected bot- 
tom (offshore) segments; Sp Gr Rate = resuhant specific growth 
rate, Nutr = reduction due to nutrient limitation, Light = re- 
duction due to light limitation, Depth = model segment depth. 

Fig. 9. Component analysis of dissolw:d oxygen sources and 
sinks in the calibrated model for selected bottom (offshore) 
segments. Total mass balance components (top panel): Phot = 
photosynthesis, Depl = depletion due to water column process- 
es plus sediment oxygen demand, Adv = net advective ex- 
change, HDis = net horizontal dispersive exchange, VDis = net 
vertical dispersive exchange. Depletion rate components (bot- 
tom panel): CBOD = carbonaceous biochemical oxygen de- 
mand in the water column, Ph Res = phytoplankton respira- 
tion, Nitrif = nitrification, SOl) = sediment oxygen demand 
(areal rate expressed as a volumetric demand). 

sible for  this p h e n o m e n o n .  M a x i m u m  growth  rates 

increase  with i nc r ea s ing  d is tance  f rom the del ta  

due  to h i g h e r  water  t empera tu re s .  More  impor-  

tantly, growth  rate  l imi ta t ion  due  to u n d e r w a t e r  

l ight  a t t e n u a t i o n  b e c o m e s  relatively less i m p o r t a n t  

with i nc r ea s ing  d i s tance  f rom the  de l ta  d u e  to a 

decrease  in wa t e r - co lumn  d e p t h  f rom 20.3 m (seg- 

m e n t  15) to 6.1 m ( s e g m e n t  21). In  spite o f  a small  

increase  in  the  deg ree  of  n u t r i e n t  l imi ta t ion ,  actual  

specific growth  rates inc rease  f rom 0.44 d a in  seg- 

m e n t  15 to 0.99 d ~ in  s e g m e n t  21. 

T h e  i m p o r t a n c e  of  l ight  a t t e n u a t i o n - d e p t h  rela- 

t ionsh ips  in  the ca l ib ra ted  m o d e l  is i l lus t ra ted  in  

Fig. 11. T h e  i n d i c a t e d  l ight  s a tu ra t ion  d e p t h  is the  

b a l a n c e  p o i n t  b e t w e e n  p h y t o p l a n k t o n  growth rate 

l imi t a t i on  by p h o t o i n h i b i t i o n  (above sa tu ra t ion  

d e p t h )  a n d  growth  rate  l imi t a t ion  by s u b o p t i m a l  

l ight  in tens i ty  (below sa tu ra t ion  de p t h ) .  Phyto- 

p l a n k t o n  growth  rate in  the  m o d e l  increases  as a 

f u n c t i o n  of  i r tcreasing l ight  in tens i ty  u p  to a satu- 

ra t ing  level a n d  t h e n  decreases  ( p h o t o i n h i b i t i o n )  

with f u r t h e r  increases  in  l ight  in tens i ty  ( T h o m a n n  

a n d  Mue l l e r  1987). T h e  values for i n c i d e n t  solar  

r ad i a t i on  a n d  sa tu ra t ing  l ight  in tens i ty  in the cali- 

b r a t ed  m o d e l  are 400 ly d ~ (891 o~E m -2 s ~) a n d  

125 ly d ~ (278 p,E m -2 s-~), respectively. T h e  the- 

oret ical  1% dep th ,  as e s t ima ted  f rom l ight  ext inc-  

t ion  coeff ic ients  in the ca l ib ra ted  mode l ,  is the  
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timated from light extinction coefficients in the calibrated mod- 
el. 



Productivity-Oxygen Model for Louisiana Shelf 8 9 5  

E 
o 

c 
q) 

x 
O 
"1o 
| 
> 
o 

t5 

Lou is iana  Inner  She l f  

Dissolved Oxygen Sensitivity - July 1990 

10 

4 
J ~ - - - ' O  e - - - ' - - - - ~  

15 16 17 18 19 20 21 

Model Spatial Segment 

- - e - -  BaCe - - A - -  S O D - O  - - o - -  BOD=O - - D - -  PPR=O 

Fig. 12. Responses of dissolved oxygen concentration, rela- 

tive to base calibration values, to imposition of" zero values tbr 

sediment oxygen demand (SOl)), oxidation of carbonaceous 

material in the water column (BOD), and primary productivity 

(PPR) in bottom (offshore) segments. 

compensat ion  depth  at which photosynthetic  oxy- 

gen produc t ion  approximately balances oxygen 

consumpt ion due to endogenous  respiration. 

Below segments 11-14, west of  the pr imary hyp- 

oxic region, the theoretical  1% depth  is greater  

than the total depth  of  the water column. This im- 

plies that phytoplankton are a net  source of  dis- 

solved oxygen in this region. This model  result is 

consistent with i ndependen t  observations confirm- 

ing that considerable pr imary produc t ion  occurs 

on the sediment  surface in the model  spatial do- 

main, especially fu r ther  west along the inner  shell'. 

For  12 locations at which measurements  were con- 

ducted,  G. "E Row(: ( H e n d e e  1994) has repor ted  

that bot tom productivity rates averaged approxi- 

mately 30% of  water-column productivity rates. 

To fur ther  illustrate the relative impor tance  of  

factors control l ing dissolved oxygen concentra-  

tions, three numerical  exper iments  were conduct-  

ed with the calibrated model.  Zero values were im- 

posed, in turn, on SOD, CBOD, and pr imary 

productivity. Figure 12 contains results front these 

exper iments  relative to base calibration values. 

Consistent with results in the bot tom panel of  Fig. 

9, increases in dissolved oxygen concentra t ion are 

greater  in response to " tu rn ing  elF '  CBOD than 

to " tu rn ing  off" SOD. Consistent with the above 

analysis, dissolved oxygen concentra t ions  in seg- 

ments  18-21 decrease sharply in response to " turn-  

ing off"' pr imary productivity. There  is no signifi- 

cant change in dissolved oxygen concentra t ions  in 

segments 15 and 16 near  the delta becmlse pho- 

tosynthesis in these segments is relatively small. 
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el, bottom otIshore segments) to • 20% changes in underwater 

light attenuation coefficient (Ke). 

SYSTEM RESPONSES '1"O CltANGES IN 

UNI)ERWATER LIGItT A ' r rEM~Ar]oY 

To illustrate the strong coupling between the un- 

derwater  light field arid chlorophyll  and dissolved 

oxygen concentrat ions,  a numerical  exper iment  

was conduc ted  with the calibrated model  in which 

the underwater  light a t tenuat ion coefficient (Ke) 

was varied by + 20%. This exper iment  is more  re- 

alistic than simply " tu rn ing  off"  individual pro- 

cesses because there is considerable exper imental  

uncertainty in de te rmin ing  values for underwater  

light at tenuat ion coefficienks. The  responses of  

chlorophyll  concentra t ions  (Fig. 13, top panel) are 

completely consistent with the light at tenuation- 

depth  relationships in Fig. 11. In the bot tom waters 

(segments 15-21), chlorophyll  concentra t ions  in- 

crease in response to decreased light at tenuat ion 

(Ke minus 20%) and decrease in response to in- 

creased light a t tenuat ion (Ke plus 20%). 
The  chlorophyll  concent ra t ion  responses in the 

surface waters (segments 1-14) are the complete  

inverse of  responses in the bot tom waters and 
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these responses appea r  to be counterintuit ive.  

From Fig. 11, however, it can be seen that  the light 

saturat ion dep th  is approximate ly  5-7 m. This im- 

plies that  phy top lank ton  growth rates are l imited 

by photo inh ib i t ion  in nea r shore  waters (segments  

1-7) and in major  por t ions  of  the surface offshore 

waters (segments  8-14).  Consequently,  chlorophyll  

concent ra t ions  increase in response  to increased 

light a t tenuat ion  (Ke plus 20%),  especially in the 

nea r shore  waters, and  decrease ill response to de- 

creased light a t tenuat ion  (Ke minus  20%). 

The  responses  of  dissolved oxygen concentra-  

tions in bo t tom waters (segments  15-21) (Fig. 13, 

bo t t om panel)  are consistent  with the cor respond-  

ing responses of  chlorophyll concentrations. Because 

dissolved oxygen concent ra t ions  in these segments  

are strongly coup led  to p r imary  productivity, oxy- 

gen concent ra t ions  increase substantially in re- 

sponse to increased chlorophyll  concentra t ions ,  

and  decrease sharply in response  to decreases in 

chlorophyll  concentra t ions .  Consistent  with results 

in Fig. 12, oxygen concent ra t ions  decrease more  

sharply in segments  18-21, west o f  the p r imary  

hypoxic region (segments  10 and  17). 

S~'I'EM RESPONSES TO CHANGES IN 

NUTRIENT REMINERALIZATION 

Ano the r  impor t an t  quest ion in t he  NECOP pro- 

g ram concerns  the relative impor t ance  of  "new"  

versus " r e g e n e r a t e d "  nutr ients  in driving p r imary  

productivity. In this context  "new"  nutr ients  refers 

to external  loadings f rom riverine sources and  "re- 

gene ra t ed"  nutr ients  refers to nutr ients  that  are 

recycled within the water  column.  To address this 

quest ion a imlnerical  exper in len t  was conduc ted  

with the cal ibrated mode l  in which zero values 

were imposed  on water-column remineral iza t ion Of 

bo th  n i t rogen and  phosphorus .  A second experi-  

m e n t  was conduc ted  in which zero values were im- 

posed on n i t rogen and p h o s p h o r u s  fluxes f rom 

the sediments.  

In response  to " tu rn ing  off"  water-column nu- 

trient remineral izat ion,  chlorophyll  concent ra t ions  

decrease substantially in almost  all mode l  segments  

(Fig. 14, top panel) .  The  slnallest chlorophyll  re- 

sponses occur  in segments  15 and  16 because these 

are the deepes t  and most  light-limited of  all the 

mode l  segments  (Fig. 11). Responses to " tu rn ing  

off"' sed iment  nut r ien t  fluxes are insignificant be- 

cause these loading sources are small relative to 

MAR mass loadings. Fu r the rmore ,  sed iment  nutri- 

ent  loadings are p reven ted  fi 'om impact ing  surface 

offshore segments  dur ing  the s u m m e r  stratified 

period.  

Consistent  with results in Fig. 13, dissolved oxy- 

gen concent ra t ions  ill bo t tom waters (segments  

15-21) are responsive to decreases in chlorophyll  
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Fig. 14. Responses of chlorophyll a concentration (top pan- 
el, all segments) and dissolved oxygen concentration (bottom 
panel, bottom offshore segments) to imposition of zero values 
for nitrogen and phosphorus mineralization rates (NPMin = 0) 
and sediment fluxes (NPSed = 0). 

concentrat ions.  In contrast  to the results in Fig. 13, 

however, the present  decreases in dissolved oxygen 

concent ra t ion  in segments  18-21 west o f  the pri- 

mary  hypoxic region are smaller. In addit ion,  dis- 

solved oxygen concent ra t ions  now increase some- 

what  in segments  15 and  16 near  the delta. The  

reason is that in the presen t  exper iments ,  " tu rn ing  

off"  nu t r ien t  remineral izat ion not  only decreases 

chlorophyll  concentra t ions ,  bu t  also decreases am- 

mon ia  n i t rogen concentrat ions.  In turn,  oxygen 

deple t ion  rates decrease because of  decreased  ni- 

trification. In segments  15 and  16, gains in oxygen 

due  to decreased  nitrification are somewhat  great- 

er  than losses in oxygen due to the relatively small 

changes  in chlorophyll  concentra t ions .  These  re- 

sults illustrate the complex  interact ions a m o n g  

phytoplankton ,  nutr ient ,  and  dissolved oxygen dy- 

namics in tile study region.  

Discuss ion 

In assessing the significance of  results f rom the 

c o m p o n e n t  analyses of  phy top lank ton  growth rates 



(Figs. 8 and  10), a distinction should be made  be- 

tween rate limitation and stoichiometric limitation. 

The  fo rmer  refers to limitation of  specific growth 

rates, while the latter refers to limitation of  the 

amoun t  of  phytoplankton biomass that can be pro- 

duced.  The  results in Figs. 8 and 10 indicate that 

light effects are more  impor tant  than nut r ien t  ef- 

fects in controll ing phytoplankton growth rates. It 

does not  follow, however, that reduct ions in river- 

ine nut r ient  loadings a n d / o r  nut r ient  boundary  

condit ions will not  significantly affect phytoplank- 

ton concentrat ions.  The  reason is that phytoplank- 

ton growth rates can only be mainta ined if there  

are adequate  nut r ien t  supply rates. 

Although model  responses to changes in exter- 

nal nut r ient  loadings a n d / o r  nut r ient  boundary  

condit ions were not  investigated in this study, re- 

sponses to changes in nut r ien t  supply rates can be 

seen in results f rom the remineralization experi- 

ment .  For example,  when internal  nut r ien t  supply 

rates were " t u r ned  off" ,  chlorophyll  concentra-  

tions decreased substantially (Fig. 14, top panel).  
This implies that pr imary productivity, and possibly 

dissolved oxygen, in the MRP/IGS region may be 
responsive to changes in external  nut r ien t  inputs. 

The  result that chemical-biological processes are 

relatively more  impor tan t  than advectivc-dispersive 

transport  processes in control l ing dissolved oxygen 

(Fig. 9, top panel) should be in terpre ted  within 

the spatial-temporal scales of  this model  applica- 

tion. All results in this paper  represent  the coarse 

spatial scale of  the model  segmentat ion grid and 

summer  average steady-state conditions. Potential 

responses of  dissolved oxygen concentra t ions  to 

meteorological  events, shelf-edge upwellings, and 
mesoscale shelf circulation are not  represented.  

The  result that sediment  oxygen demand  ac- 
counts for 22% to 30% of  total oxygen deman d  is 

remarkably consistent with results for Chesapeake 

Bay and Lake Erie. Kemp et al. (1992) measured 

ben th i c  and  p l a n k t o n i c  oxygen  c o n s u m p t i o n ,  

planktonic oxygen product ion,  and changes in sur- 

face and bot tom dissolved oxygen pools at two me- 

sohaline sites in Chesapeake Bay that exper ience  
seasonal hypoxia. The  water column depths  at 

these two stations were 9 m and 18 m. They found 

that benthic  processes accounted  for approximate-  
ly one-third of  the total oxygen demand.  DiToro et 

al. (1987) conduc ted  a long-term mass balance 

model ing study of  phytoplankton,  nutrients,  and 

dissolved oxygen in l a k e  Erie, which exper iences  

seasonal hypoxia in the Central Basin (mean depth  
24 m). They concluded  that sediment  oxygen de- 

mand  accounts for  approximately 30% to 40% of  

the total oxygen demand,  depending  on the an- 

nual climatic condit ions and seasonal thermocl ine  

structure. 

Productivity-Oxygen Model for Louisiana Shelf 897  

Results presented  in Figs. 10, 11, and 12 suggest 

that the Louisiana Inner  Shelf in the area of  the 

Atchafalaya River discharge and fur ther  west to the 

Texas borde r  is character ized by significantly dif- 

ferent  light a t tenuat ion-depth-pr imary productivity 

relationships than the area immediately west of  the 

Mississippi Delta. In particular, dissolved oxygen 

dynamics appear  much  more  strongly coupled to 

pr imary productivity with increasing distance f rom 

the delta. This p h e n o m e n o n  does not  appear  to 
be media ted  by along-shelf t ransport  of  Mississippi 

River discharge, at least unde r  the present  model  

calibration conditions,  because net  advective flows 

are in the eastward direction (Fig. 5). It should be 

no ted  again that the typical behavior of  the I,oui- 

siana Coastal Cur ren t  is believed to be represented  

by net  westward flows, and that summer  condit ions 

dur ing 1990 are considered to be anomalous.  

The  sensitivity of  both chlorophyll  and dissolved 

oxygen concentra t ions  to relatively small changes 

in the underwater  light field (Fig. 13) emphasizes 

the impor tance  of  adequate  measurements  of  at- 

tenuat ion coefficients for  downwelling irradiance 

and correla ted parameters.  These correla ted pa- 
rameters  should include chlorophyll  and SPM con- 

centrations, Secchi disk depth,  beam at tenuat ion 

coefficient, and salinity. It is not  sufficient to mea- 

sure underwater  light a t tenuat ion coefficients and 

specify these values directly to the mass balance 

model.  If this were done,  the model  would only be 

valid for  the particular condit ions unde r  which the 

at tenuat ion coefficients were measured.  Such a 

model  would not  be valid for conduct ing  any sen- 

sitivity or predictive analyses that involved changes 

in chlorophyll  concentra t ion or any o ther  param- 
eters that co-vary with light a t tenuat ion coefficient. 

A credible and useful mass balance model  requires 

an independen t  submodel  for underwate r  light at- 

tenuat ion as a funct ion of  chlorophyll  concentra-  

tion and any o ther  significantly corre la ted param- 

eters. 
Dortch et al. (1992a) have hypothesized that the 

high productivity observed on the I,ouisiana Shelf 

is maintained by ni trogen recycling within the wa- 

ter column, thus greatly amplifying the effect of  

high riverine nitrate inputs. Although results in 

Fig. 14 represent  a numerical  exper iment  in which 
both ni trogen and phosphorus  remineralizat ion 

rates were " t u rn ed  off" ,  the substantial decrease 
in chlorophyll  concentra t ion is consistent with this 

hypothesis. This hypothesis is fur ther  suppor ted  by 

the result (not  shown) that pr imary productivity in 

the calibrated model  is relatiw.qy more  control led 

by ni trogen than by phosphorus  in the pr imary 

hypoxic region (segments 10 and 17) and fur ther  

west along the Louisiana Shelf. It should be noted,  

however, that pr imary productivity in the model  is 
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m o r e  c o n t r o l l e d  by p h o s p h o r o u s  t han  by n i t r o g e n  

in  the r eg ion  immed ia t e ly  west of  the Mississippi 

Del ta  ( segmen t s  8 a n d  9), cons i s t en t  with experi -  

m e n t a l  obse rva t ions  by A m m e r m a n  (1992). 

Conclus ions  

T h e  tb l lowing  c o n c l u s i o n s  are d rawn f rom this 

p r e l i m i n a r y  m o d e l i n g  study of  p r i m a r y  product iv-  

ity a n d  dissolved oxygen  in  the M R P / I G S  reg ion .  

A r ea sonab l e  m o d e l  ca l ib ra t ion  has b e e n  o b t a i n e d  

for  s u m m e r  average c o n d i t i o n s  as r e p r e s e n t e d  by 

avai lable shelfwide field da ta  for Ju ly  1990. U n d e r -  

water  l ight  a t t e n u a t i o n  appea r s  relatively m o r e  im- 

p o r t a n t  t han  n u t r i e n t  l imi t a t ion  in c o n t r o l l i n g  

rates of  p r i m a r y  product iv i ty  in the  s tudy area. 

C h e m i c a l - b i o l o g i c a l  p r o c e s s e s  a p p e a r  re la t ive ly  

m o r e  i l n p o r t a n t  t han  advective-dispersive t r a n s p o r t  

processes  in c o n t r o l l i n g  bo t tom-wate r  dissolved ox- 

ygen  dynamics .  O x i d a t i o n  of  c a r b o n a c e o u s  mate-  

rial in  the water  c o l u m n ,  p h y t o p l a n k t o n  respira-  

t ion,  a n d  s e d i m e n t  oxygen  d e m a n d  all a p p e a r  to 

c o n t r i b u t e  s ignif icant ly  to total  oxygen  d e p l e t i o n  

rates in  b o t t o m  waters. T h e  es t ima ted  c o n t r i b u t i o n  

of  s e d i m e n t  oxygen  d e m a n d  to total oxygen  deple-  

t ion  rates in  b o t t o m  waters r anges  f rom 22% to 

30%. P r imary  produc t iv i ty  appea r s  to be  an  im- 

p o r t a n t  source  of  dissolved oxygen  to b o t t o m  wa- 

ters in  the r eg ion  of  the Atchafalaya River dis- 

cha rge  a n d  f l t r ther  west a l ong  the Lou i s i ana  I n n e r  

Shelf .  D i s so lved  o x y g e n  c o n c e n t r a t i o n s  a p p e a r  

very sensit ive to changes  in  u n d e r w a t e r  l ight  a t ten-  

u a t i o n  d u e  to s t rong  c o u p l i n g  be tween  dissolved 

oxygen  a n d  p r i m a r y  product iv i ty  in b o t t o m  waters. 

T h e  Lou i s i ana  I n n e r  She l f  in the  a rea  of  the At- 

chafalaya River d i scharge  a n d  f u r t h e r  west to the 

Texas b o r d e r  appea r s  to be  cha rac te r i zed  by sig- 

n i f icant ly  d i f f e ren t  l ight  a t t e n u a t i o n - d e p t h - p r i m a r y  

product iv i ty  r e l a t ionsh ips  t han  the  area  i m m e d i a t e -  

ly west o f  the Mississippi Delta,  a n d  N u t r i e n t  

r e m i n e r a l i z a t i o n  in the water  c o l u m n  appears  to 

c o n t r i b u t e  s ignif icant ly  to n t a i n t a i n i n g  ch lo rophy l l  

c o n c e n t r a t i o n s  o n  the Lou i s i ana  I n n e r  Shelf. 

These  c o n c l u s i o n s  s h o u l d  be c o n s i d e r e d  pre l im-  

ina ry  because  the m o d e l  has n o t  yet b e e n  val idated  

to an  i n d e p e n d e n t  set of  t ie ld data.  It  shou ld  also 

be n o t e d  that  the typical behav io r  of  the  Lou i s i ana  

Coastal  C u r r e n t  is be l ieved  to be  r e p r e s e n t e d  by 

n e t  westward flows, a n d  that  flow c o n d i t i o n s  for  

the p r e s e n t  m o d e l  app l i ca t ion  are c o n s i d e r e d  to 

be a n o m a l o u s .  F u t u r e  work in  this N E C O P  mod-  

e l ing  s tudy will i n c l u d e  app l i ca t ion  of  the steady- 

state m o d e l  to s u m m e r  average c o n d i t i o n s  for  dif- 

f e r en t  years, a n d  app l i ca t i on  of  a t ime-var iable  

vers ion  of  the m o d e l  to field da ta  f rom six differ- 

e n t  surveys r e p r e s e n t i n g  spr ing  a n d  s u m m e r  con-  

d i t ions  in  1993. 
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