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Purpose 

This technical memo documents the TxBLEND hydrodynamic and salinity transport simulations 
conducted for the Guadalupe Estuary at the request of the Guadalupe-San Antonio Bay and Basin Expert 
Science Team (G-SA BBEST) to aid their effort in fulfilling the mandates of the Senate Bill 3 process for 
developing environmental flow recommendations for the Guadalupe and Mission-Aransas estuaries.  
This document focuses on the validation of salinity at sites in the upper Guadalupe Estuary.  Additional 
information about model calibration and performance can be found in the July 2010 report, TxBLEND 
Model Calibration and Validation for the Guadalupe and Mission-Aransas Estuaries (TWDB 2010a), 
which was presented to a G-SA BBEST Estuary Subcommittee in May 2010.   
 

 Background 

TWDB staff recently completed a calibration and validation exercise for the Guadalupe and Mission-
Aransas estuaries TxBLEND hydrodynamic and salinity transport model (TWDB 2010a).  Since that time, 
new information has become available allowing staff to update and extend the hydrology for the 
Guadalupe Estuary to include data for gaged and ungaged inflows, diversions, and returns through 2009.   
Additionally, HDR Engineering, Inc. provided to TWDB their compilation of diversion and return flow 
data for the Guadalupe and San Antonio River basins for the period 1941-2009.  This diversion and 
return flow data differs from the official record maintained by the TWDB (which includes data obtained 
from the Texas Commission on Environmental Quality and the South Texas Water Master), but is based 
on data obtained directly from the permitted diverters and dischargers within the basin (see TWDB 
2010b for additional explanation).  Therefore, considering the HDR diversion and return flow data to be 
more complete, the G-SA BBEST requested that TWDB develop an updated hydrology, based on the HDR 
data, and use this as an input to the TxBLEND model to obtain salinity simulations for use in conducting 
GIS analyses as part of the effort to determine freshwater inflow recommendations for the estuary.   
Additionally, the G-SA BBEST requested that TWDB conduct additional validation for sites of interest in 
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the upper Gudalupe Estuary and in the middle of San Antonio Bay.  This technical memo documents the 
differences in model inputs between the previously reported TxBLEND simulations (as documented in 
TWDB 2010a) and the current simulations being provided to the G-SA BBEST for analysis, as well as the 
model results and validation of salinity at selected locations within the Guadalupe Estuary.  
 
  
 
Model Grid 

The full TxBLEND model grid for the Guadalupe and Mission-Aransas estuarine system is presented in 
TWDB 2010a; however, a close-in view of the Guadalupe Estuary model grid is show in Figure 1.  Within 
the Guadalupe Estuary, the G-SA BBEST selected ten locations of interest (G1-G10; Figure 2) which 
correspond to specific TxBLEND nodes within the model grid (Table 1).  TWDB conducted additional 
salinity validation for these locations of interest.  Model validation comparisons were made for G1, G2, 
G3, G4, DELT (near G3), SANT, MOSQ (near G6), and GBRA1 (near G10).   
 
 

 

Figure 1.  Close-up of the Guadalupe and Mission-Aransas TxBLEND computational grid focusing on the Guadalupe 
Estuary.  The full model grid includes Matagorda, Aransas, Copano, and Corpus Christi bays (see TWDB 2010a). 
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Figure 2.  Ten sites (G1 - G10) selected by the G-SA BBEST in San Antonio 
Bay.  Also shown is the TWDB Datasonde station (SANT), near Seadrift.   
Model validation comparisons were made for G1, G2, G3, G4, DELT (near 
G3), SANT, MOSQ (near G6), and GBRA1 (near G10).   

 
 
 

Table 1.  Selected site of interest and corresponding nodes within the TxBLEND model grid. 

Site Description 
TxBLEND Grid 

Node 

G1 upper estuary 2773 

G2 upper estuary 2612 

G3 
upper estuary near DELT 

datasonde station 2570 

G4 IȅƴŜΩǎ .ŀȅ 2687 

G5 
upper estuary near SANT 

datasonde station 2347 

G6 
middle estuary near MOSQ 

datasonde station 2175 

G7 middle estuary 2058 

G8 middle estuary 2461 

G9 middle estuary 2113 

G10 
middle estuary near GBRA1 

datasonde station 2393 
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Hydrology 

The previous calibration and validation of the Guadalupe-Mission-Aransas TxBLEND model (TWDB 
2010a) relied on hydrology version #TWDB201002, which was not fully updated for diversion and return 
flows through 2009.  Additionally, calibration and validation was based on a modified version of the 
#TWDB201002 hydrology, whereby inflows from four ungaged coastal watersheds surrounding San 
Antonio Bay (WS24607, WS24608, WS24603, and WS24606; see Figure 5 in TWDB 2010b and Appendix 
A, Figure A-1) were not included.  These watersheds were excluded, because the model has a singular 
inflow point, the Guadalupe River inflow point.  By including the contribution of these watersheds in the 
Guadalupe River inflow point, model salinity values were too low compared to observed salinity data at 
the SANT datasonde station near Seadrift (see Figure 2 for SANT location). 
 
Recently, TWDB obtained an independent compilation (prepared by HDR Engineering, Inc.) of diversions 
and return flows in the Guadalupe and San Antonio river basins below USGS stream gages #8177500 
(Coleto Creek near Victoria), #8176500 (Guadalupe River at Victoria), and #81888500 (San Antonio River 
at Goliad).  At the request of the G-SA BBEST, this data was used to develop an alternative hydrology of 
inflows entering the Guadalupe Estuary (version #HDR201001).  Details of this alternative hydrology are 
reported in the technical memo Coastal Hydrology for the Guadalupe Estuary:  Updated Hydrology with 
Emphasis on Diversion and Return Flow Data for 2000-2009, November 2010 (TWDB 2010b).  For the 
simulations of TxBLEND considered in this memo, version #HDR201001, including all ungaged 
watersheds, was used as an input to the model.  Figure 3 shows the difference in combined inflows for 
the modified version #TWDB201002 (Guad2009JM) used in the TxBLEND calibration and validation as 
compared to the alternative hydrology #HDR201001 used for this technical memo.  The largest 
difference occurs during the 2009 drought, with the newer hydrology showing lower inflows to the 
estuary.  Appendix A also explores in more detail the differences between the two hydrology estimates. 
 

 
Figure 3.  A comparison of estimates of combined inflows to the Guadalupe Estuary for 
the modified hydrology version #TWDB201002 (Guad2009JM, blue) and the alternative 
hydrology version #HDR201001 (red); ordinate is a log scale. 
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Salinity Data 
 
TxBLEND model calibration and validation require salinity data.  While time-series salinity data is 
preferred due to increased reliability for model comparisons, it is not often available at more than a few 
select locations within the estuary (Figure 4).   Alternatively, numerous point-measurement data are 
available from monitoring programs conducted by the Texas Parks & Wildlife Department Coastal 
Fisheries Program, the Texas Commission on Environmental Quality, and the Texas Department of State 
Health Services.   Therefore, though point measurement data are available to serve as a guide for 
comparison, as with time-series data, relatively little data is available in the upper estuary.  Figure 5 
shows point measurement data extracted within an area adjacent to sites G1 ς G4. 
 

 
Figure 4.  Datasonde station locations in San Antonio Bay which provide time-series salinity 
data.  DELT (x), MOSQ (Ď), and SANT (Á) stations are maintained by TPWD, though SANT is 
funded by the TWDB as part of the co-operative Datasonde Program.  GBRA1 (*) is funded 
by the Guadalupe-Blanco River Authority and maintained by the Conrad Blucher Institute. 
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Figure 5.  Sites of interest in the upper Guadalupe Estuary, (a) G1, (b) G2, (c) G3, (d) G4, (e) DELT.  Each site 
(marked by x-symbol) is bounded by a polygon which defines the adjacent area from which point-measurement 
data (blue + symbols) were extracted for use in model validation.  G1-G4 were locations of interest selected by the 
G-SA BBEST; DELT is a TPWD datasonde station in the upper estuary. 
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 Table 2.  Latitude and Longitude of the corners defining polygons surrounding 
sites G1 ς G4 and DELT, from which point measurement salinity data was 
extracted for model validation.  

 
Polygon-G1 Polygon-G2 

 
Latitude Longitude Latitude Longitude 

upper-left 28.462876 -96.806579 28.445000 -96.781000 

upper-right 28.469113 -96.786847 28.447000 -96.756000 

lower-left 28.427126 -96.780861 28.414000 -96.770000 

lower-right 28.439266 -96.749075 28.413100 -96.744000 

   
  

 
Polygon-G3 Polygon-G4 

 
Latitude Longitude Latitude Longitude 

upper-left 28.400409 -96.783165 28.410987 -96.827121 

upper-right 28.414317 -96.752783 28.417414 -96.805848 

lower-left 28.384345 -96.771797 28.390434 -96.812479 

lower-right 28.389283 -96.740517 28.400318 -96.787223 

   
  

 
Polygon - DELT   

 
Latitude Longitude   

upper-left 28.412245 -96.774214   

upper-right 28.419071 -96.746713   

lower-left 28.376528 -96.767059   

lower-right 28.391978 -96.720495   

 

 

Results 

Comparison to Observed Salinity Data 

Figures 6 to 13 show that the TxBLEND model captures major salinity trends in the system reasonably, 
but higher frequency fluctuations are more difficult to simulate.  The model also performs better at mid 
and lower bay locations than in the upper estuary.  Summary statistics, comparing simulated to 
observed salinities, are shown in Table 3.    

It is important to remember that relatively little to no data is available for model calibration in the upper 
estuary.  Moreover, the upper estuary simulations of salinity are affected by the river boundary 
condition, which is set in relatively close proximity to the bay, and by the large size of the grid cells in 
this area.  Improvements in model simulations of upper estuarine salinity conditions would require 
modifications to the TxBLEND model to move the river boundary further inland and reduce the size of 
the grid cells.  While it is possible to make such modifications, these are not feasible in the time available 
to the BBEST.  TxBLEND models of the major bays were not originally set up to focus on upper estuarine 
salinity dynamics and so less attention has been given to improving model performance in these bay 
locations.   With increasing interest in modeling salinity in the upper estuarine zone and with increased 
access to data for these areas, TWDB can work to improve TxBLEND model performance in upper 
estuarine zones.  
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Figure 6.  Simulated salinities (red) and observed point-measurement data (+ symbols) at sites (a) G1, (b) G2, (c) G3, and (d) G4 in the upper Guadalupe 
Estuary for the period 1987-2009.     
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Figure 7.  Scatter plot comparing simulated daily salinities to observed point measurements of salinity at 
sites (a) G1, (b) G2, (c) G3, and (d) G4 in the upper Guadalupe Estuary for the period 1987-2009. 

 
 
 

Table 3.  Statistics comparing simulated versus observed salinities during the period 1987-2009 at five 
locations in the upper Guadalupe Estuary.  The quantity of observed data available for comparison 
varies among sites depending on availability.   

Location n r
2
 

RMSE 
(ppt) 

Nash-
Sutcliffe 

Average Salinity (ppt) 

Simulated Observed 

G1 79 0.15 7.376 -1.168 9.22 5.85 

G2 88 0.27 6.540 -0.916 11.67 7.36 

G3 70 0.49 6.551 0.249 12.64 10.36 

G4 54 0.72 6.072 0.395 14.32 10.11 

DELT 203 0.47 6.329 0.385 12.19 11.43 
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Figure 8.  Simulated salinities (red) and observed point-measurement data (+ symbols) near the TPWD 
Datasonde site DELT in the upper Guadalupe Estuary for the period 1987-2009.    

 

 
Figure 9.  Scatter plot comparing simulated daily 
salinities (red) to observed point-measurements of 
salinity (blue) near the TPWD Datasonde site DELT the 
upper Guadalupe Estuary for the period 1987-2009.    
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Figure 10.  Observed (blue, symbols +, Á) versus simulated (red) salinities (at the G3 node) near the DELT site 
in San Antonio Bay for (a) 1999-2009 and (b) for 2007-2009.    

 
  

 

 


