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INTRODUCTTON

Segments of the lower Neuse Rir¡er betr¡een Goldsboro and l.lew Ber¡,
North Carolina (Fígure i) have, over the past decade, revealed aj.arming
symptoms of advanced eutrophication, culninaiing j.n the appearance andpersistence of nuisance blue-green algal blooms. Specific symptoms ofeutrophication in tlie lor¡er Neuse âre generally high rates of primary
procluctivity and standing stocks of a1ga1 bíomass; periodic sprj.ng an¿
sumnler blooms of nuisance blue-green algae; and both nitrogen (amrnorria
and nitrate) and phosphorus (orthophosphate) concentrations excee¿ing
levels which are consiclere<1 to be growth- 1imi.ting to nuisance species(1).

Concerns for mitigative steps
perspective include:

being asked from management

l{ill major reductions of nut::ient (nitrogen . and/or phosphorus)
inputs (either from poín+, or nonpoint sources) to the to*roi NetrseRiver help to control further eutrophicaÈion and specifíca11y
arrest the occurrence and persístence of nuisance blue-green algal
bloonrs ?

I{hat magnitude of nítrogen and/or phosphorus input cutbacks âre
required to control and ultimateiy eliminate nuisance blue-gree¡
a1ga1 bloom potentía1s on the Iort,er Neuse River?

To Ìrolp address these questions, a mathematical model of the 1ower
Neuse River hes been developed. The modeling effort focuses on theunderstanding of the mechanisms initiatíng and sustaíníng algal bl-oomsin the lower Neuse River. Water quality dãta collected Uf tne- Instit,.rteof lfarine Sciences, University of North Carolina in 1983 and 19g4 wereused for model development. This paper presents ttre model development
and results of model calibration analyies. -
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BLUE.GREEN ALGAL BLOONS IN THE LOI']ER NEUSE RIVER

Paerl (1) has been studying blue-green a1gal blooms in the los,er
Neuse since 1981. Hjs data show that 1981 r,/as a "bloom year" for
blue-green algal nuisance species, dominated by the surface dwe1líng
norr-nitrogen fixing colonial species fficrocvstis aeruginosa. I;
contrast, 1982 turned out to be a "non-bloc,m-yããirlilthougËleriods of
hígh overall primary production as well as a1ga1 biomass ociurred during
1982. The ecological responses of nuisance blooms to physicai
characterístics of the water column play a major part in explaining this
dj-fference ' Blue-green algal blooms tend to proliferate near the
I,iater I s surface, particularly during periods of low river f low and
resultant stagnation (periodic vertical stratification). Sub-surface
v¡aters are severely shaded when surface blooms proliferate, thereby
restricting photosynthetic potentials of underlying algae. During
periods not dominated by blue-green algal surface blooms, increased
transparency occurs throughout the water column, As a result,
photosynthetíca1ly active radiation (PAR) penetrates deeper into the
v;ater column and underlying algae are able to photosynthesize. In
addition, vertíca11y nrixed periods not favoring blue-green species
readily a11ow desirable algae to be circulated into surface r\¡aters.
l{ith a larger portíon of the water colunn receivíng PAR, total primary
pr:oductivity per unít area as r,¡e11 as chlorophyll e can exceed ler¡els
recorded during surface blue-green a1gal blooms. inat is, during lfay
and early September 1982, increased h/ater column transpare¡ìcy combinecl
wj-th nutrient sufficiency led to aerial primary production rates as well
as chlorophyll a leve1s in excess of 1evels recorded during blue-green
a1gal bLoons in i9B1

Paerl (1) evaluated, factors affecting the bloom potential in the
lower Neuse River (see Table 1). River flow is considered one of the
key factors affecting the establishment of a blue-green algal bloorn.
Its effect rr'as clearly demonstrated in 1983 when the summer nòr:,ths v¡ere
characterízed by low f1oi.¡s a¡rd warmer than usual temperatures. phvsical
condítions such as 1ow f1ow, high sunlight, ancl low wiud speed led to
periods of thermal stratification. As a result, blooms rapidly
developed, proliferated and persisted ín the lower Neuse River. The
observed data in 1983 shows signifícant blue-green blooms in July and
August. The nutrient loads provj.ded by extensive spríng runoff in 19g3
resulted in ample supply of nutrients for the growth of the blue-greens
and other phytoplankton groups in the summer. Relatively hígh nitrogen
concentrations throughout the year resulted in persi-stent domlnance by anon-nitrogen fixing genus llicrocystis.

Physical conditions in 1984 contrasred those in 1983 in that a wetsummer Íras er¡countered. No significant b100m of blue-greens wasobserved rvhile nutrient adequacy support,ed a good population .fphytoplankton in the summer months. Examination of surface currents andchlorophylL g concentrations in 1983 and 1984 indicates that tt¡echlorophyll a 1eve1 decreases as currents increase, suggesti¡g thatriver flow playecl a crucial role in initiating blooms.
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Table 1.

Factor

Factors Affecting the Bloom Potential

Effect

Sustaíned (more than several rveeks) summer
low flow periods. provide favorable
conditions for the bloom

Long tJarm summer months (June-October)
favor blue-green a1gal blooms

Affecting míxing, salinity íntrusion,
stratificatíon and mass transport, and
success of nuísance surface bloom
pers istence

Secondary impact on algal bloorn by
negatively affecting the growth rate of
some nuisance blue-green algae (including
Ilicrocys t j-s )

Limit the growth of diatom and green
(non-surface grorving algae) in deeper
waters and the grorvth of the near surface
non-buoyant blue - greens

River Flo¡r¡

Temperature

Hydrodynamics

Salinity Intrusion

Turbidity

Carbon Dissolve.d inorganic carbon leve1s are
relatively 1ow cornpared to phosphorus and
nitrogen in terms of requirement for algal
growth

Consistently hígh phosphorus (partícu1arly
orthophosphate) 1eve1s provicie more tharr
sufficient phosphclrus for alga1 growth and
bloom

High ammonia and nitrate 1evels exist.
What is especially crucial is the fact
that nitrate sufficiency is common during
the ínitial stages of bloom formation (|fay
- July).

Phosphorus

Nítrogen

l{hile factors in Table 1 are associated with the bloom potential,
factors which limit a1gal growth ín the lorr,er Neuse are also wort¡.
noting. For example, Paerl g! al. (2) suggested that salinity in excess
of 2 ppt plays a role in colirolling the lrowrh of rhe freshwarer algae
Ín the lower Neuse. An examinaÈion of the salinity data shows that
salinity intrusions reached above New Bern during ttre 1ow flow periods
in the summer of 1983.
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}ÍODEL DEVELOP}fENT

Based on the precedíng discussions, it is necessary to ínclude thefollowing features in the model:

Time-variable simulation
variations of alga1 growth

(tida11y averaged) for seasonal

2. uultiple functional groups of phytoplankton (diatoms, green
algae, non-nitrogen fixí'g and nitrogen fixing blue-greens)

3. Two layer mass transport in estuaríne and tidal portions of
the lower Neuse River to characterize the surfaie-dwelling
blue-greens in Ëhe surface layer

4. salinity effects on grorvth rates of freshwater a1gae.

Like many other estuarine eutrophication models (3,4,5,6), theNeuse Estuary eutrophication model is based on the principle ofconservation of mass. The modeling framework developed in ihis study is
made up of three components--transport, due to freshwater flow anddispersion, kinetic intêractions between variables, and external inputs.Descriptions of these components are prbsented below.

_ lf94e1 segmentation ancl lfass Transport The study area fr-on Ft.Barnwe11t;Ne@nortneriverwith'Iepeatedb].ooms)was
divided into 18 segments, the first 6 being in the riverine portion ofthe model' segments 7 th::ough 12 being the surface layer and segments 13through 18 the bottom layer (l'igu::e 2a). Each segment $Jas consideredcompletely mixed. Figure 2a shows the mass transport pattern on atidally averaged basis. The reverse flows in the two-layer structureoccurred during summer 1983 when lorr¡ freshwater flows caused salínityintrusion. rn 1984, however, a reverse flow pattern was not necessaryfor the model because the increased flow in fhe summer pushed salinity
downstream of the study area. A sínrple and efficient methocl of analysísof this type of mass transport has been developed by o'connor and Lung(7,8) for partially mixed estuaries.

, .llqdel_vêriables_ and Kinetics -- Due to some data rirnitatíons, themocler includes ¿ls fet¿ state variables as possible while mimicking thegrowth dynamics associated with multiple functional groups of a1galspecies. As a result, the following eleven state variables weïei,ncorporated int,o the model framer¿ork:

(1) Diatom chlorophyll a
(2) Green algal chlorophyll a
(3) Non-nitrogen fixing blue--green alga1 chlorophyll a(4) Nitrogen fixing blue-green algal chtorophyli á(5) Organic nitrogen
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(6) Ammonia nitrogen
(7) Nitrite and nitrate nitrogen
(8) Organic phospirorus
(9) Orthophosphate
(10) Salinity

" (11) Dissolved oxygen

Other variables, derived from these primary variables, Ìdere also tracked
through the lower Neuse River. The mosL ímportant secondary variables
íncluded total phytoplankton chloropliyll a, total nitrogen and total
phosphorus.

Figure 2b shows the principal kinetic interactíons for the nutrient-
c]¡cles , dissolved ox]¡gen, and four a1ga1 functional groups . \{hile a
complete description of the model's kinetics can be found in another
document (9), only the salient feaLures of tl're model kinetics are
described in the following par:agraphs.

0rthophosphate is utilized by algae for gror:th. phosphorus is
returned from the phytoplankton biornass pool to organic phosphorus an6
to orthophosphate througir ::e-excretion and non-predatory mortality.
Organic phosphorus is convertecl to orthophosphate via
microbial-mineralízation and hydrolysiè at a temperâture dependent rate.

The kinetics of the nitrogen species are funclamentally the same as
ttrese for phosphorus. Ammonia and nítrate are used by phytoplankton forgrotr'th. Nitrogen is retur:ned f rom a1ga1 biomass and fol lows pathrvays
similar to phosphorus. Organic nitrogen is converted to amm<¡nia via
hydrolysis and mineralization at a temperature dependent rate, while
ammonia is converted to nitrate (nitrification) at a temperature
dependent rate.

Dissolved oxygen is coupled to other system variables. The sources
of ox),gen considered are reaeration and evolution by phytoplankton
photosynthetic production. Sinks of dissolved oxygen aie- algal a'd.bacterial respiration, oxidation of detrital carbon, nitrogen, and
phosphorus and carbonaceous material from waste effluents and nonpoint
discharges, sediment oxygen demands, and nitrification, if any. Thereaeration process is formulated in such a hJay that during dissolved
oxygen supersaturation periods, oxygen can be lost to aír.

A1ga1 growth and death kinetics are formulated for each alga1 group
on an indiviCual basis. Growth rates êre a function of temperaÈure,
light, nuËrient concentrâtion and salinity 1evel. Growttr rates aredirectly related. to temperature in moderate climates. Auer and Canale(10) and Canale and Vogel (11) summarized data frorn phytoplankton growrh
experiments conducted aË various temperatures. Their rÀsu1ts, plotted.
as the solid and dashed 1ínes in Figure 3a, illustrate the different
temperature optimums for different phyla of phytoplankcon and also thedifferences in ti're way temperature influences grordth rate.
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Phytoplankton growth rates are also dependent on light intensity up
to a saturating condition, greater than which it may decrease with light
(12). Because J"ight energy available to phytoplankton varies with depth
and time of day, an appropriate expression of light availability for use
in analyses sirould account for these changes as follows (12):

-KeH

tL (1)

where r-
L

i
Ke
H

I
I1
It

a

- 
rr
I

s

I-t-I e

2.7 r6f s
= 

-- 

lô
KeHT \v

light límitation factor
photoperiod - daylight fraction of averaging period
averaging period (1.0 day)
líglrt extinctioa coefficielt (I/ ft)
average depth of segments (ft)
åverage of i¡rcident light olt \À,ater surface over 24 hour day
average of íncicient light over photoperiod (=Iu/f)
saturated light intensity

Growth rates are also a function of nutrient concentratio¡ts up to
saturation. Such a relationship is described by a |f j-chael j.s -|lerrtorr
formulation, wltose significant parameter ís that concentration at wh-ich
the growlh rate is equal to one-half of that at lhe saturated
conce¡rtration (Figure 3b). t{hen both nitrogen gnd phosphorus are
utilized, growth rates are assumed to be proportional to the product of
the |fichaelis expressions for each of the nutrients. In the lower Neuse
Ríver, silica is not considered a limiting nutrient for diatoms ancl
therefore is not included in the model. The llichaelis constant
(half-saturation concenrrarion) values usually range from 5 vcll to 25
uc/7 for nitrogen and from 1 ug/l to 5 ug/l for phosphorus, depãndíng on
the species. In the model, different lfichaelis constairt values are
allowed for different phytoplankton functional groups.

There is a general consensus that most freshwater alga1 species
exhibit a decrease in biomass in low salinity waters (2,13;14,15). rn
the model, the. salinity effecr is quantified using 

"p".lri. algai
thresholds for salinity (Figure 3c). The thresholds (iallnity in parrs
per thousand, ppt) describe that particular algal species' tolerance to
saline conditions. The growth rate is not affected by salínity until
the salinity level in the water column reaches the first thresholds, 51.
The salinity reduction factor (i.e., ratio of gro¡th rate to maxínum
groh¡th rate) decreases Linearly betr.reen 1og St and 1og S2. When the
salinity reaches the second threshold, s2, the growtb. -Íate is
sígnificantly reduced to a minimum 1evel. In the model, the values of 1
ppt and 2 ppt are used as St and S' respectively, while the minimum
growth rate/maximum groL't.h rate is set at 0.4. These values are based
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on observatíons showing a narrohr range of
freshwater algal species (16).

salinity tolerance for

Decreases in a1ga1 biomass concentrations are brought about by
three processes: a1ga1 respiration, death, grazing, and argJt settling.

Computational Framework and Effort A set of variables,
interactions and numerical specifications within the context of the
loler Neuse River has been developed ín the form of a set of interactive
equations in time and space. fn order to calculate the levels of the
system variables, a conìputational scheme or framervork rnr:st be used. rn
this modeling study, the l{ater Quality Analysis Simulation prograrn
(I{ASP) first developed by Hydroscience, Inc. and later documented for
U.S. EPA (17) was used.

The Neuse Estuary Eutrophication |fodel (NEEN) was rurì. on a Compaq
microcomputer system installed with an 8087 math co-processor. The IBlf
Professional FORTRAN r¡râs used to compile the program. A one-year
simulation run of the model took 5.5 hours on the Compaq. The results
from the model runs l{ere processed using a Hewlett-Packard 7470A
personal compute:: plotter.

I.IODEL CALIBRATION AND SENSIT]VITY ANALYSTS

DerÍvation of }fodel Input -- During summer 1983, freshwater florvs
in thã- lo"ut N.,lu* Riv.r were relatively low, resulting in salinity
intrusion into the study area. The simpl-ified method developed by Lung
and 0'connor (B) r{as eniployed to derive the truo-1ayer transport 1ìatterrlfor the summer of 1983 us i.ng the data on f reshwater f lorvs ( f r:om the
U.S.G.S. surface l^Jater records) and salinity distribution of the iorver
Neuse. That is, time-variable two-layer transport patterns r{er:e
developed in a 15-day interval for ínput to the model. The derived mass
transport patterns \"/ere eventually validated by reproducing the salinity
dj"stribution in the loiçer Neuse on a time-variable bas is . Figure 2-a
shotvs one of the transport patterns derived for the summer of 1983. The
freshwater flor¿ is in the downesÈuar1' direction in the upper layer ancl
the upestuary f 1or,¿ is in the bottom layer, The sum of the horjzontal
flc¡ws is equaJ- to . the net freshwater f1ow at any given location.
VerÈical flows (in the upward direction) are introduced to maíntain thehydrauli.c balance (see Figure 2a). Such an effort is not needed for the
1984 calibraEion as salinity did not reach the study area in 19g4.

The model coefficients associated with a1ga1 growth are derivetlusing data from the fnstitute of lfarine Sciences, University of Northcarol'ina. First, the temperatures of the.e/ater column (in a two-1ayer
fashion) were obtained from te¡nperat,ure measuremenÈs in the field.Similarly, surface light intensity (as photosynthetically acrir¡eradiation (PAR), the light energy of wavelengih" between 400 and 700 nm)is also obtainecl from the field clata" The photoperiod as a functíon oftíme over the year was derived from climatological data at Kinston. Thepenetration of light in the q/ater col-umn is limited by suspended
mat.erials such as clay and siLt particles, by colored dissolved organic
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matter of humic nature and by phytoplankton. Available measurements of
light intensity at different depths in the water column were used to
deríve 1íght extinction coefficient values. In addition, self-shading
of algal biomass is eliminated in the derivation. The resulting valuå
is input into the model which calculates the algal self-shading effecr,
particularly due to surface gathering blue-greens during the bloom
period and adds to the light extinction due to suspended particles.
Ljght extinction is formulated such that the total light extinction for
the dj,atoms and greens also inclucled the shading effect due to the
blue-greens as the blue-greens usually stay near the water surface
during the blooms. Other model parameters and coefficients related to
a1ga1 growth and nutrient interactions are derived from laboratory and
field empirical estímates reported in the literature. Tþeir values for
the Neuse Estuary Eutrophication llodel are summarízed in Table 2 along
lsith the values for other estuarine systems.

Fína11y, the boundáry conditions, initial conditions, and *-aste
loads were directly obtained from data collected in 1983 and 19g4.

lfodel Calibration of 1983 Data The model h'as first calibrated
using Èhe hydro1ogic and enviro¡rmental conditions of 19B3. The resulrs
of modeling ânalyses âre presented in Figure 4 for four differe¡it
locations aì.ong the estuary. Only model results from surface segments
are presented because the bottom segments do not support significant
a1gal growth. fn Figure 4, a comparison between the observed data and

¡node1 results is presented for the key r{ater quality variables: ,..-Hf ,

N02 + NO3, orthophosphate, salinity, total chlorophyll a, and dissolved
oxygen. rn general, the moclel results match the data for all six
variabLes reasonably we11. The model- shows that orrhopirosphate is
always in adequate supply for phytoplankton growth throughout t¡e year...

Nitrogen supply fnuf and *o; + No;) prior ro the blue-green blooms
appears sufficient. During the bloom period, nitrate leve1s reduce
significantly rr'hile ammonia nitrogen concentrations remain high duríng
the peak of the bloom period. The elevated ammonia 1eve1s between
Stations 74 and 52 is most 1ike1y due to l{eyerhauser's input although
nitrogen recycling from algal biomass may also contribute to the
increase.

The two-layer mass transport pattern reproduces temporal and
spatial salinity distributions very welI, suggesting that the mass
transport pattern is valid. An íncrease in salinity in the dor,'nstream
area (Station 52) beginning around .lay 195 is reproduced. Elevated
salinity levels reduce the phytoplankton grorvth rates in both surface
and bottom layers slightly. I{igh dissolved oxygen 1eve1s ar the
beginning of the year are follor.red by gradual decreases as the
temperature of the r{aÈer column increases. Such a steady drop in
dissolved oxygen is due to the decrease of satìlration dissolved oiygen
levels as temperature i.ncreases. By mid-year, the dissolved o*y!n'
stdrts to increase as a resulc of the increase in algal photosynthesis.
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Ta-ble 2. Phytoplankton and Nutrient Kineties Coefficienrs

S¿eramento PatuxenÈ Potonac Janes Neuse
Prrameler Units _ Delta Estuarv Estuarv Estuary Est!¡arl

Satu¡âting
tigh! langley/day 300 35O 300 300 ?00 *
InÈensi,ty tOO *

Saturâted
Ëroç¡h ld.ay @ 20oc 2.5 2.4 f.0 Z.o-2.5 +
Rate

Endogenous
Rêspirarion lday @ 20oC 0. f 0. 125 0. 125 O. I o. t
Ratè

Death
Ráre /dây € 2ooc 0.125 0.02 0.1 o.o5

Sètrling Ltldây 0.3 O.?5 1.31*
Veloêity 0.49H

llichaells
Constan¡ (P) mglt 1,O 1.0 t.O 5.0

Ìfichae I is
Constant (N) mg/l 25.0 S.O 25.0 5.0 25.03

Sal in i Èy
Tl¡resholds ppL 1,0-4.0 I.O,Z.O

llaximum
Salinity 0.4 0.d
E f fect

Garbon/
Chlorophyll úg/mg 50 50 50 25 50

Nitrogen/
Ghlorophyll ng/ftg 7 1 tO ', .f

Phosphorusl
Chloróphyllng/mgltt¡

0xygen/
Clrlorophyll lrg/69 t33 - 66.75 66.75

0rg. N
Hydrolys isRare /day e zooc o.e2 o.o7s i:ìi o.l
I for
H¡'dro lys ís
nate unirless ¡,045 I.0¿ l.O8

0rg. P
Hydrolysis O.05-8¿ce /day @ eOoC O.OZ ø,ZZ O.tO o.l
0 for
lfydrolys is
Raté unltless t,045 l.0g Loa
\iÈrificarionì¡¡a /day rð 2ooc 3:i3- 3:Îl- o.os

,. diðtoñs. dreens'¡* blue-greens
+ seê FiAurc 3s
*! no nitroßcn Iimilation for thé nitrógen-fixing blue-greens
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A quick calculation proves that thís ís indeed what the model issímulatíng. Based o¡ì an oxygen to crrlorophyll a ratio of 66.75 mg or/Ãs
ch1 used in the moclel (see Table 2), a neÈ increase in phytoplanktonchlorophyll a of 50 ug/l around day 195 (see starion 74 in Figure 4),
r+ou1d result in a prod'ction of 3 . 34 rng/ 1 of dissolved oxygen. Theincrease in dissolvecl oxygen calculated by the model at day 195 is ver:yclose to thís value.

Figure 5 presents a close conrparíson betr,,¡een the model caLculatedand observed chlolophyll a 1evels for four different groups ofphytoplankton: diatonrs, gruãn,, non-nitrogen fixing blue-greens, anclnitrogen fixing blue-greens. Data and mocle1 calculations indicate thatthe non-nitrogen fíxing blue-gr:een algae are the dominating group.
Diatoms are active in the early spring but are progressively replaced bythe blue-greel1s. During blue-green aigal blooms, diatoms clo not thríve,primarily because surface dwelling blue-greens reduce the anlount oflight that is avaí1able to the diatoms. Tlìe model mimics this effect b5rincluding the shading of tile blue-greens over the diatoms â¡d greens,thereby reducing tire available light for these two groups dur:i¡g the
b1r"re-green i:Ioons.

Ilodel Calj-bration of 1984 Data -- The Neuse Estuary Eutr:ophicationIfodel t^¡as therl appll-d t- r""1i; rrr" rgal data. The same kinericconstant and coefficient values used in tiie 19s3 model analysis Í{er-eused for the 1984 analys j-s. only exogenous variables sr:cir as riverflow, f.ight extinction coefficíent, averagc daily sur face lightilltensity ' telnperature , and the nìass transport pattel:n were chansed
aecordi.ng to the I9B4 condition. The results of the model analysis ãrepresented in Figure 6. In general, tire model results match the ol¡serveddata very rvell-. The results of nrodel analyses ere encouraging since the' 1984 hydrologic conditions are quíte difflrent than those exhibired in1983. That í=, the summer flow ín 1984 is sígnificantly hígher chanthat in 1983; the saliníty intrusion did not reach the study area in1984' The model calculations, based on revisecl mass transport patter¡s(¡ro upestuary f 1ow in the bottom layer), &re ab-te to reproducr: thesalinity distributions in 1.984. In adclition, the summer temperature in1984 is slightly lol¡er than that in 1983. As a resulÈ, De blrre-greenbloom occur:s undel: the 1984 corrdition although the nutrientconcentrations are more or less the same 1evels as those observed in
1983.

-- Ilodel sensiËivity Analyses since nutrients are usually insufficient sripply for the algal growth in the lower Neuse, thesensitivity aualyses focus on other parameters associated withphytoplankton growth and death. The i9B3 c;libration is used as a basisin the sensit-ivity analyses. The plrytoplankton endogenor.rs respirationrate is estimated for the model input as 0.1/day baied on literaiurevalues. Running the model rr¡ith a tàr,g" of endogeiìous respiratj.on ratesfrom 0.08/day ro 0.r25/d,ay (Tab1e il in<licates rhat there is nosignificant change in any of the system variables modeled. Thus, the
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value of O.L/day is considered accepÈab1e for all four phytoplankton
groups in the modeling analysis. Next, the non-predatory death rate of
phytoprankton was varied from 0.02/d,ay ro 0.|/day (Tab1e 2) in rhe model
while the model calibrations use a value of û.05/day. Again, the model
sensitivity anal.ysis shows no signíficant changes in the nodel results
resulting from the variati.ons. Perhaps the most. signifícant factor 1n
the phytoplankton grolr'th may be the light extinction coefficient in the
çrater column. A variatíon of + 50îá of the light extinction coefficíent,
Ke, in the model results in modest changes in model calculations. The
Ke values used in the nlodel calibratio., uppuut to be most appropriate to
reproduce all system variables concurrently.

DI SCI]S S IONS

The model calibration results are consístent rçith the irypothesis
for the cause of blue-green blooms in tire lorr¡er Neuse as stated earlier
in this paper. That j.s, the initiation of the blue-green algal biooms
is strongly regulated by the nutrient supply from the spring months as
well as the river flow conditíon in the summer nonths. Both 19g3 anrl
1984 had ::elatively high runoff in the spring. I{owever, the summer of
1983 was characterized by very low flow, \rarmer than usual temperature
and calm weather. On the other hand, the 19S4 summer \{âs relatively
l'let. As a result, blue-green bloonrs occurred in the summer of 1983 but¡lot the summer of 1934. The Neuse Estuary Eutrophication flodel (NEEN)
is able to mimic tlr.ese trends reasonably r+ell..

To put the propose<l hypothesis into a better perspectirre, one ¡nay
exarnine the obselved trends in 1985. P::eliminary data collecLed by thlInstitute of ìfarine Sciences, University e¡ North Carolina indicates lìollicrocystis bloom in 1985 in t,¡hich a dr:y spring followed by a moCer-ate1y
I^1et summer hras recorded. It r,¡i.11 be interesting to see wirether NEII1would be able to reproduce the observed data in 1985. Ifodel calibrarion
work is under way to anaryze the 19g5 condirion. A successfulreproduction of the 1985 clata by ttre model would further valiclate the
above hypothesis and would provide aciditional confidence in tire nrodeli¡g
framework.

SU}'I'ÍARY AND CONCLUSIONS

An estuarine eutrophication moclel has been developed to predict andquantify blue-green alga1 bloorns in the lower Neuse River, NorthCaroIina. fmportant features of the model include four functionalgroups of phytoplankton: diatoms, treens, non-nitrogen fixingblue-greens, and nitrogen fixing blue-greens; a f,rvo-layer *uìr tr".,sportpattern to characterize the surface dwelling blue-greens; and the effectof salinity on a1gaI grolrth. In addition, each of tire two layers in thewater column is further divided int.o six longitudirral slgments toaccount for the concenÈration gradients of the water qualityconstituents. llater quality constituents simulated by the model âreseparate chlorophyll a levels associated r¡ith the four algal groups,
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organic nitrogen, ammonia nitrogen, nitrite arrd nitrate nitrogen,
organíc phosphorus, orthophosphate, dissolved oxygen, ând salinity.
Biochemical, bío1ogica1, and chemical interactions between the r+ater
quality constituents are incorporated into the mociel to quantify
phytoplankton growth and death, algal species competition, nutríent
uptake al-rd recycling, and ptrotosynthetic reprodrrction and respjration
of oxygen by a1gae.

A 1ar-ge data base consisting of rvater quality data ín 1983 and 1984
was used j-n the model development, model calibration, and sensitivity
analyses. The modeling framervork is able to reproduce the data of both
years very we11. Further, the model results confirm a l'rypothesis that
the initj.atíon of the blue-green blooms is strongly regulated by river
flow and the associated nutrient conditions in tire spring and sumner
mo¡rths. The calibrated model can be used to evaluate .vùater quality
management scenarios for the Neuse- River. Final1y, the model may also
improve existing sampling strategy by pointing out data gaps.
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