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Policy DecisionsPolicy Decisions

Species to be includedSpecies to be included
Relative weighting of speciesRelative weighting of species
Selection of inflowSelection of inflow--response equationsresponse equations
Inflow constraintsInflow constraints
AreaArea--specific salinity limits by monthspecific salinity limits by month
Nutrient loading constraintNutrient loading constraint
Sediment loading constraintSediment loading constraint
Chance constraint for salinity and harvestChance constraint for salinity and harvest
Harvest targetsHarvest targets
Objective function for optimizationObjective function for optimization



Species Used in AnalysesSpecies Used in Analyses
Estuary

Species Sabine-Neches Trinity-San Jacinto Lavaca-Colorado Guadalupe Mission-Aransas Nueces Laguna Madre
Brown Shrimp X X X X X X X
White Shrimp X X X X X X X
Blue Crab X X X X X X X
Red Drum X X X X X X X
Atlantic Croaker X
Gulf Menhaden X X
Spot X
Spotted Seatrout X X X X X
Eastern Oyster X X X X
Black Drum X X X X X
Southern Flounder X X X X
Striped Mullet X
Speckled Trout X
Pink Shrimp X



Relative Weighting of SpeciesRelative Weighting of Species

Based on historical harvest/abundance Based on historical harvest/abundance 
weightingweighting

Species NumberSpecies Number

1 Blue Crab 1 Blue Crab 
2 Eastern Oyster2 Eastern Oyster
3 Red Drum3 Red Drum
4 Black Drum 4 Black Drum 
5 Spotted 5 Spotted SeatroutSeatrout 
6 Brown Shrimp6 Brown Shrimp
7 White Shrimp7 White Shrimp
8 Flounder 8 Flounder 



Selection of InflowSelection of Inflow--Response Response 
EquationsEquations

Statistically derivedStatistically derived
Must decide on appropriate flow variable Must decide on appropriate flow variable 
(month, lagging, (month, lagging, ……))
Must choose between similarly good Must choose between similarly good 
candidate equationscandidate equations



Inflow ConstraintsInflow Constraints
10%10%’’ile monthly flow as lower constraintile monthly flow as lower constraint
Median upper constraintMedian upper constraint
Biological and Biological and ““managementmanagement”” considerationsconsiderations



AreaArea--Specific Salinity Limits by MonthSpecific Salinity Limits by Month

Goal of providing salinity regimes Goal of providing salinity regimes 
favorable for species survival, growth, and favorable for species survival, growth, and 
reproduction throughout the yearreproduction throughout the year
Goal of protecting important habitatGoal of protecting important habitat
Based on historical dataBased on historical data



Nutrient and Sediment Loading Nutrient and Sediment Loading 
ConstraintsConstraints

Limited data on both nutrients and Limited data on both nutrients and 
sedimentsediment
Goal to provide sufficient nutrients to Goal to provide sufficient nutrients to 
maintain productivitymaintain productivity
Goal to provide sufficient sediments to Goal to provide sufficient sediments to 
maintain habitatmaintain habitat
Represented as lower constraints on Represented as lower constraints on 
annual inflowannual inflow



Chance Constraint for Salinity and Chance Constraint for Salinity and 
HarvestHarvest

Applied to inflowApplied to inflow--response equations and response equations and 
inflowinflow--salinity equationssalinity equations
Sets the probability that harvest will be Sets the probability that harvest will be 
achieved and that salinities will not violate achieved and that salinities will not violate 
constraintsconstraints



Harvest TargetsHarvest Targets

70% 70% -- 80% of combined annual historical 80% of combined annual historical 
harvestharvest
Policy decisionPolicy decision
Combined with other constraints, this is Combined with other constraints, this is 
equivalent to identifying a equivalent to identifying a ““desired future desired future 
conditioncondition”” for the estuaryfor the estuary



Objective Function for OptimizationObjective Function for Optimization

Fisheries Harvest Fisheries Harvest 
Enhancement Enhancement –– MaxHMaxH

Fisheries Harvest Fisheries Harvest 
Maintenance Maintenance –– MinQMinQ

Subsistence Subsistence –– MinQSalMinQSal

x



ConclusionConclusion
““The The policypolicy--level decisionslevel decisions that must be made by state that must be made by state 

policy makers and regulators to apply this assessment policy makers and regulators to apply this assessment 
method method involve choices about state management involve choices about state management 
objectives, species analyzed, freshwater inflow objectives, species analyzed, freshwater inflow 
records, salinity limits, nutrient and sediment loading records, salinity limits, nutrient and sediment loading 
requirements, fishery harvest targets, and chance requirements, fishery harvest targets, and chance 
constraintsconstraints on the statistical uncertainties.  on the statistical uncertainties.  Some of Some of 
the decisions are straightforward; several will require the decisions are straightforward; several will require 
interaction with knowledgeable biological or interaction with knowledgeable biological or 
hydrological experts, or specialists operating the hydrological experts, or specialists operating the 
modelmodel.  A few of the policy decisions involve the .  A few of the policy decisions involve the 
overall management objectives for an estuary and overall management objectives for an estuary and 
raise issues of importance to many citizens.  raise issues of importance to many citizens.  It seems It seems 
appropriate that some guidelines should be appropriate that some guidelines should be 
established before regulatory use of the model established before regulatory use of the model 
occurs.occurs.””
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