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GEOMORPHIC ESTUARY TYPES
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Predominant “tidal” harmonics 
on Texas coast

SEMIDIURNAL 12.4 hr LUNAR-SOLAR

DIURNAL 24.8 hr LUNAR-SOLAR

FORTNIGHTLY 13.6 da LUNAR DECLINATION

SEMIANNUAL 6 mos SECULAR

DECLINATION 18.6 yr TIDAL EPOCH



North Jetty, Galveston May - June 2006



USC&GS Tide Machine No. 2 ca. 1910



THREE FACTOIDS 
ABOUT TIDES ON THE TEXAS COAST

“Microtidal” - Offshore tidal range around a meter 

Tide range larger on the Gulf shore, smaller inside the 
bays 

Dominated by 4 – 5 principal frequencies 





Bob Hall Pier



Bob Hall Pier



27-day sliding mean of water level at two stations in Coastal Bend bays
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RAINFALL IS PRODUCED ALMOST ENTIRELY FROM 
DEEP CONVECTION

RAINFALL DECLINES PRECIPITOUSLY FROM EAST TO 
WEST

RUNOFF IS SMALL AS A PROPORTION OF RAINFALL

RUNOFF DECLINES EVEN MORE PRECIPITOUSLY FROM 
EAST TO WEST

STREAMFLOW IS FLASHY

STREAMFLOW EXHIBITS LARGE VACILLATIONS ON TIME 
SCALES OF MONTHS TO YEARS

SIX (6) FACTOIDS ABOUT TEXAS SURFACE WATER
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Front enters Texas
Normal onshore winds

Normal water levels



Front nears coastline
Onshore (S-SE) flow increases

Water levels set up shoreward



Front moves offshore
N winds freshen

Water levels set down
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PROPORTION OF DISSOLVED SOLIDS IN 
WATER

IN SEAWATER,  PREDOMINANTLY SALTS

MEASURED IN PARTS PER THOUSAND

ABBREVIATION:    ppt or  ‰

YOU MAY ALSO ENCOUNTER UNITS:

IN ESTUARIES, CONSIDER THESE EQUIVALENT

GRAMS PER LITER:  g/L
PRACTICAL SALINITY UNITS:  psu

Also GRAMS PER KILOGRAM:    g/kg
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THREE (3) FACTOIDS ABOUT

DENSITY CURRENTS

FORCED BY THE HORIZONTAL 
GRADIENT IN SALINITY

FLOW ABOUT AN ORDER OF MAGNITUDE 
GREATER THAN INFLOW

INCREASES AS THE CUBE OF DEPTH



SALINITIES IN GALVESTON BAY, PERIOD OF RECORD AVERAGE 





LAVACA BAY UPPER MATAGORDA  BAY

PRE-1963 PRE-1963

POST-1963 POST-1963

S = 6 S = 7
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TRANSITIONAL BETWEEN FRESHWATER & MARINE

INFLUENCED BY MANY FACTORS

DYNAMIC, HIGHLY VARIABLE

PRODUCTIVE, BUT WITH SPECIALIZED ORGANISMS

WIDE RANGE IN HABITATS SPANNING THE ESTUARINE 
ZONE    

MAJORITY OF THE LARGER ANIMALS IN ESTUARY ONLY 
TEMPORARILY FOR SPECIFIC BIOLOGICAL PURPOSES

ESTUARY 
CHARACTERISTICS



Presenter
Presentation Notes
The major complexity of the estuarine ecosystem is the processes that control the concentrations and distribution of chemical parameters within the system, shown here.  While no one really cares about estuary circulation (a.k.a. hydrodynamics) as a management endpoint, it must be addressed to understand the distribution of waterborne parameters, which usually are the management endpoint.  Note that any one of these major boxes could be considerably expanded.



Potential freshwater inflow effects on estuary

source of renewal water

dilutes seawater

carries nutrients, trace constituents, and   terrestrial 
sediments into estuary

contributes to gradient of water properties across 
estuary

produces inundation and flushing of important 
zones, due to short-term flooding

variability over time creates fluctuation in estuarine 
properties, important to ecosystem function
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COMPONENTS OF EXCHANGE

UNI-DIRECTIONAL (a.k.a.  throughflow)

Inflow, diversions, discharges,  density current  

BI-DIRECTIONAL (a.k.a.  sloshing)

Tides, meteorological exchanges, 

secular exchanges 



San Antonio Bay



FEATURES OF SAN ANTONIO BAY
INFLOWS PREDOMINANTLY ENTER ESTUARY IN ONE POINT

LIES ON A CLIMATOLOGICAL GRADIENT BETWEEN HUMID, HIGH- 
INFLOW UPPER COAST, AND ARID, LOW-INFLOW LOWER COAST

PART OF LARGER ESTUARY SYSTEM
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FEATURES OF SAN ANTONIO BAY
INFLOWS PREDOMINANTLY ENTER ESTUARY IN ONE POINT

LIES ON A CLIMATOLOGICAL GRADIENT BETWEEN HUMID, HIGH- 
INFLOW UPPER COAST, AND ARID, LOW-INFLOW LOWER COAST

PART OF LARGER ESTUARY SYSTEM

NO DIRECT TIDAL INLET

(CEDAR BAYOU, WHEN OPEN, HAS MINIMAL TIDAL PRISM)









FEATURES OF SAN ANTONIO BAY
INFLOWS PREDOMINANTLY ENTER ESTUARY IN ONE POINT

LIES ON A CLIMATOLOGICAL GRADIENT BETWEEN HUMID, HIGH- 
INFLOW UPPER COAST, AND ARID, LOW-INFLOW LOWER COAST

PART OF LARGER ESTUARY SYSTEM

NO DIRECT TIDAL INLET

(CEDAR BAYOU, WHEN OPEN, HAS MINIMAL TIDAL PRISM)

NO DEEP-DRAFT SHIP CHANNEL

SALINITY INTRUSION OCCURS FROM ARANSAS PASS & 
MATAGORDA ENTRANCE/PASS CAVALLO



SALINITY INTRUSION



FEATURES OF SAN ANTONIO BAY
INFLOWS PREDOMINANTLY ENTER ESTUARY IN ONE POINT

LIES ON A CLIMATOLOGICAL GRADIENT BETWEEN HUMID, HIGH- 
INFLOW UPPER COAST, AND ARID, LOW-INFLOW LOWER COAST

PART OF LARGER ESTUARY SYSTEM

NO DIRECT TIDAL INLET

(CEDAR BAYOU, WHEN OPEN, HAS MINIMAL TIDAL PRISM)

NO DEEP-DRAFT SHIP CHANNEL

SALINITY INTRUSION OCCURS FROM ARANSAS PASS  &  
MATAGORDA ENTRANCE/PASS CAVALLO

ACTS AS AN INTEGRATOR OF INFLOW:  HAS SLUGGISH 
RESPONSE TO FLUCTUATIONS OF FLOOD & DROUGHT
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