
 

  Page 1 

 

M E M O R A N D U M  

 DATE: October 17th, 2022     

TO:  San Jacinto Regional Flood Planning Group       
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 Cristian Ayala; Inok Jun, PhD, EIT (Torres & Associates, LLC)     

 Cory Stull, PE, CFM; Brian Edmondson, PE, CFM; Maggie Puckett, PE, CFM (Freese and Nichols, Inc.)                                                                                              

PROJECT NO.:  10-220120-00                                                                                      

PROJECT:  TWDB San Jacinto Regional Flood Plan                           

SUBJECT:  Task 12 Prioritization Framework                       

Executive Summary 

Torres & Associates and Freese and Nichols, Inc. have developed preliminary selection criteria and a 

prioritization framework for assisting the San Jacinto Regional Flood Planning Group (RFPG) with 

prioritizing the flood management evaluations (FME) for use during Task 12. The objective of Task 12 as 

described by the Texas Water Development Board (TWDB) is to perform identified FMEs to recommend 

additional potentially feasible flood mitigation projects (FMP). The goal of the prioritization framework 

was to develop a transparent framework for ranking the FMEs based on available data developed as part 

of Task 4A, Task 4B, and Task 5 of the Draft Region Flood Plan project. The prioritization of the FMEs will 

be used by the Technical Consultant to execute FMEs in order of prioritization until Task 12 funds are 

exhausted. Execution of a FME is contingent on any comments received to the draft plan and concurrence 

by the sponsor entity.  If a sponsor is unresponsive or does not wish to pursue a particular FME then a 

reasonable effort can be made to identify another sponsor for the FME. If no other sponsor is found, then 

next FME in order will be pursued. Based on the analysis described within this memorandum, a draft 

prioritization framework was developed for the FMEs within the San Jacinto region with criteria based on 

available data used to develop a score for each FME that is in line with the goals of the San Jacinto RFPG. 

The prioritization framework is provided in Appendix 01 with a spatial visual of the prioritized FMEs within 

the San Jacinto region provided in Exhibit 01.  
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The need for a prioritization framework was determined based on the constraints inherent to Task 12 

including budget, schedule, a significant number of recommended FMEs (374 FMEs), and a wide array of 

sponsors. Based on these constraints, certain FMEs were filtered from the prioritization evaluation 

including FMEs with a level of effort exceeding $150,000 to maximize the number of FMEs evaluated, 

FMEs labeled as “Not Recommended” by the RFPG, FMEs that will not likely produce an FMP, and FMEs 

identified by public comment as duplicates or ongoing efforts. The filtering process reduced the number 

of FMEs from 374 to 191 FMEs included in the prioritization effort. Exhibit 02 provides a visual of the FMEs 

that were excluded from the prioritization analysis. 

The prioritization framework is comprised of different criteria based on available data to differentiate the 

FMEs. Each criterion was chosen as important factors to achieve the RFPGs overall goals for the Task 12 

effort. The criteria used include the following: level-of-effort, model/data availability, known flood risk, 

number of entities benefitted, critical facilities at risk, structures at risk, nature-based solutions, social 

vulnerability index (SVI), mobility, population at risk, unique sponsor, and sub-watershed priority. For each 

criteria listed above, different thresholds were used to determine if an FME was a low, medium, or high 

priority for a certain criterion to differentiate the FMEs and prioritize FMEs with a higher need. A statistical 

analysis was conducted for several of the criteria to determine effective thresholds to set for low, medium, 

and high priority. Documentation of the statistical analysis is provided in Appendix 05.  

Weights were assigned to each of the criteria based on the ranking of the selection criteria gathered from 

the survey results of the Technical Committee and RFPG (Appendix 03 and 04) and further discussion 

during the October 2022 RFPG meeting. Criteria at the top of the survey results were assigned a weight 

of 1 while criteria further down on the list have a corresponding weight. These weights were multiplied 

with the priority ranking of the criteria and factored into the overall prioritization rank. Based on the 

feedback received from the RFPG during the October RFPG meeting, additional investigation of the results 

of the prioritized list was warranted to determine if any refinements could be made that would elevate 

some FMEs from smaller entities and provide a more diverse mix of FMEs higher in the prioritized list. The 

consultant team reviewed the FME prioritized list and criteria and determined that multiple criteria are 

similar and each capture different aspects of flood risk which influenced the overall ranking to be primarily 

reflective of flood risk. Based on this observation, the “Known Flood Risk”, “Critical Facilities at Risk”, 

“Structures at Risk”, and “Population at Risk” had their respective weighting revised from one (1) to 0.25 
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to represent an overall category of flood risk. The “Unique Sponsor” and “Subwatershed Priority” criteria 

were also revised to a value of one (1) to help elevate different sponsors and geographic representation. 

The results of the prioritization framework show the higher priority FMEs are mainly located in the middle 

to lower portion of the San Jacinto Region with a spread between sponsors however, many of the FMEs 

executed during the Task 12 effort may be for a limited number of sponsors as a function of the number 

of FMEs certain sponsors have that are only missing a BCA and the likelihood that there may be limited 

response to proceed with an FME from many sponsors. There are also FMEs included in the prioritized list 

that may be evaluated by the sponsor themselves. These FMEs are primarily benefit cost analyses (BCA). 

Based on coordination efforts, the City of Houston and City of Friendswood have indicated a potential for 

conducting the FMEs internally by the sponsor to elevate the FMEs to FMPs. Coordination is ongoing to 

ensure that there is no duplicated effort for Task 12. The completed draft prioritization framework is 

provided in Appendix 01 with a spatial visual of the prioritized FMEs within the San Jacinto region provided 

in Exhibit 01. Appendix 06 includes the FME One-Page fact sheets in ranked order for reference and 

Appendix 07 includes the ranked FME list in excel form to provide an overall summary of the FMEs with 

the data used in the analysis and the FMEs removed based on different constraints.  
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Feedback from RFPG and Technical Committee 

A preliminary prioritization framework was presented to the San Jacinto RFPG Technical Committee on 

September 2nd, 2022, and to the full RFPG on September 8th, 2022, to facilitate discussion and obtain 

feedback on the initial list. Appendix 02 provides the preliminary prioritization framework presented at 

the meeting for reference. The preliminary framework has been refined based on the feedback from the 

RFPG and Technical Committee and is provided in Appendix 01. General feedback from the Technical 

Committee included the addition of criteria in line with the RFPG’s overall goals including a criterion for 

nature-based solutions, mobility, and spatial prioritization by sub-watershed. A survey was conducted to 

gather feedback from the Technical Committee (Appendix 03). The overall desired outcome of Task 12 

from the Technical Committee was to maximize the reduction in flood risk and exposure followed by FMP 

benefit coverage. The importance of the selection criteria to the Technical Committee was in line with the 

overall goal with criteria focused on reduction in flood risk and exposure being towards the top of the 

survey list. The Technical Committee also preferred a distribution of FMEs evaluated under Task 12 that 

were primarily benefit cost analyses with a few moderate effort FMEs.  

General feedback gathered from the RFPG during the September 8th meeting added an emphasis on the 

importance to consider nature-based solutions in the prioritization framework and focus on elevation of 

as many FMEs to FMPs as possible within the constraints of Task 12. The same survey presented to the 

Technical Committee was performed to gather feedback from the entire RFPG (Appendix 04). The overall 

desired outcome of Task 12 from the RFPG was in line with the Technical Committee with the goal to 

maximize the reduction in flood risk and exposure followed by Number of FMPs and then FMP benefit 

coverage. The importance of the selection criteria to the RFPG was in line with the overall goal with criteria 

focused on reduction in flood risk and exposure being towards the top of the survey list. There were some 

differences in the overall ranking of importance of the selection criteria between the Technical Committee 

and the RFPG, however the overall tendencies appear to be similar. The RFPG had a tie in ranking between 

performing all benefit cost analyses and a distribution of FMEs evaluated under Task 12 that were 

primarily benefit cost analyses with a few moderate effort FMEs. 

A refined framework and weighting were provided to the RFPG for review for the October 13th meeting 

to discuss any further refinements to the criteria if necessary. Based on the feedback received from the 

RFPG, additional investigation of the results of the prioritized list was warranted to determine if any 
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refinements could be made that would elevate some FMEs from smaller entities and provide a more 

diverse mix of FMEs that may be performed through Task 12. The consultant team reviewed the FME 

prioritized list and criteria and determined that multiple criteria are similar and each capture different 

aspects of flood risk which influenced the overall ranking to be primarily reflective of flood risk while 

discounting the influence of other criteria. Based on this observation, the “Known Flood Risk”, “Critical 

Facilities at Risk”, “Structures at Risk”, and “Population at Risk” had their respective weighting revised 

from one (1) to 0.25 to represent an overall category of flood risk. The “Unique Sponsor” and 

“Subwatershed Priority” criteria were also revised to a value of one (1) to help elevate different sponsors 

and geographic representation. Table 1 provides a summary of the previous criteria weights and the 

revised weights that account for the overemphasis on flood risk and elevation of different sponsors and 

geographic representation.  

Table 1. Summary of Criteria Weights and Revision 

Criteria Weight presented at RFPG 
Meeting (10/13) 

Revised Weight 

Level of Effort 1.0 1.0 

Model/Data Availability 0.7 0.7 

Known Flood Risk 1.0 0.25 

Number of Entities Benefitted 0.2 0.2 

Critical Facilities at Risk 1.0 0.25 

Structures at Risk 1.0 0.25 

Nature-Based Solutions 0.5 0.5 

Social Vulnerability Index (SVI) 0.5 0.5 

Mobility 0.3 0.3 

Population at Risk 1.0 0.25 

Unique Sponsor 0.2 1.0 

Subwatershed Priority 0.6 1.0 
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Prioritization Criteria 

The prioritization framework is comprised of different criteria based on available data to differentiate the 

FMEs. Each criterion was chosen as important factors to achieve the RFPGs overall goals for the Task 12 

effort. The criteria used include the following: level-of-effort, model/data availability, known flood risk, 

number of entities benefitted, critical facilities at risk, structures at risk, nature-based solutions, social 

vulnerability index (SVI), mobility, population at risk, unique sponsor, and sub-watershed priority. For each 

criteria listed above, different thresholds were used to determine if an FME was a low, medium, or high 

priority for a certain criterion to differentiate the FMEs and prioritize FMEs with a higher need. The overall 

prioritization framework is provided in Table 1. A low priority criterion determined for the FME receives 

a value of 1, medium priority receives a value of 3, and high priority receives a value of 5. The values were 

chosen to provide variation between low, medium, and high priority. Once the criterion priorities were 

determined, they were summed together to generate an overall priority score that was used to determine 

the ranking of the individual FMEs. A statistical analysis was conducted for several of the criteria to 

determine effective thresholds to set for low, medium, and high priority. Documentation of the statistical 

analysis is provided in Appendix 05.  

Table 2. Summary of DRAFT Prioritization Framework (Appendix 01) 
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Level-of-Effort 

Level-of-Effort refers to the amount of effort based on an estimated cost needed to complete the 

evaluation and turn the FME into an FMP. This is an important factor due to a limited budget and schedule 

for Task 12 to promote an FME to an FMP. Based on feedback from the RFPG, maximizing the number of 

FMEs that are evaluated in the Task 12 effort is one of their priorities and is captured by this criterion. 

Exhibits 3-5 provide visualization of three different level-of-effort scenarios with different threshold 

values. Table 2 provides the different thresholds shown in Exhibits 3-5. After reviewing the data and 

distribution for this field, it was determined that the high priority FMEs are based on those that can be 

completed quickly and efficiently including FMEs with an estimated level-of-effort less than or equal to 

$30,000. The medium priority FMEs are those that are believed to have a reasonable level-of-effort 

greater than $30,000 to $100,000. The low priority FMEs are those that may be significant in effort 

compared to the budget and schedule greater than $100,000 to $150,000. The low priority was 

determined based on the logic that if one of those FMEs were selected for evaluation, the level-of-effort 

captures around one-third of the total effort allocated for Task 12 and would limit the number of FMEs 

that would be evaluated.  

Table 3. Summary of Threshold Alternatives for Level of Effort 

Criteria Alternative Low Priority Medium Priority High Priority 

Level of Effort Alternative 1 
$150,000 to greater 

than $100,000 
$100,000 to greater 

than $30,000 
Less than or equal 

to $30,000 

Level of Effort Alternative 2 
$150,000 to greater 

than $80,000 
$80,000 to greater 

than $30,000 
Less than or equal 

to $30,000 

Level of Effort Alternative 3 
$150,000 to greater 

than $100,000 
$100,000 to greater 

than $20,000 
Less than or equal 

to $20,000 

 

Model/Data Availability 

Model and data availability is a factor in determining an FMEs priority. If a project does not have any data 

available, then the FME would be ranked as a low priority as it might suggest that the FME would need 

more effort to complete and thus also raise the cost to elevate the FME to an FMP. For those FMEs that 

have data readily available would be considered high priority as it will indicate that the evaluation will not 

require any significant additional effort. Lastly, in small cases an FME can have some project data available 

and may take a little effort to collect the remaining information needed. These FMEs are labeled as 
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medium priority. Exhibit 6 provides visualization of the spatial distribution of low, medium, and high 

priority for model and data availability. 

Known Flood Risk 

An FME that is within an area of known flood risk is an important factor aligning with the San Jacinto 

RFPG’s desired outcome for Task 12. A spatial join between the FMEs and the flood risk map developed 

for Task 4A was conducted in GIS to determine the known flood risk. From the spatial analysis, the FMEs 

were labeled as high, medium, or low depending on the flood risk associated. The flood risk map is 

provided in Figure 1. Exhibit 7 provides visualization of the spatial distribution of low, medium, and high 

priority for known flood risk. 

 

Figure 1. San Jacinto Region Greatest Flood Risk Map 



 

 

 

  Page 9 

 

Number of Entities Benefitted 

Entities are classified as political subdivisions with flood-related authority within the San Jacinto region. 

An entity can be a city, county, river authority, soil and water conservation district, water control and 

improvement districts, etc. This criterion is based on the number of entities that may see direct benefit 

from an FME and gives high priority to FMEs that benefit multiple entities. Exhibits 8-10 provide 

visualization of three different number of entities benefitted scenarios with different threshold values. 

Table 3 provides the different thresholds shown in Exhibits 8-10. Based on the analysis, an FME 

considered as a high priority benefit more than 3 entities as it will scale and help more communities than 

an FME that only benefits one entity. An FME that benefits 3 entities are labeled as a medium priority and 

anything below that threshold is considered low priority. These thresholds were chosen based on the 

available data from all FMEs and distributing the data in a way to emphasize the difference in benefits 

between FMEs. 

Table 4. Summary of Threshold Alternatives for Number of Entities Benefitted 

Criteria Alternative Low Priority Medium Priority High Priority 

Number of Entities Alternative 1 1-2 3 Greater than 3 

Number of Entities Alternative 2 1-2 3-4 Greater than 4 

Number of Entities Alternative 3 1 2-3 Greater than 3 

 

Critical Facilities at Risk 

The critical facilities at risk represents the number of facilities within the 1% AEP floodplain within an FME 

area that provide services and functions essential to a community, especially during and after a disaster. 

Typical critical facilities include hospitals, fire stations, police stations, storage of critical records, utilities, 

and similar facilities. Larger number of critical facilities at risk within an FME area should have a higher 

priority. A statistical review was conducted for this criterion to determine the thresholds of low, medium, 

and high priority. This data has a right-skewed distribution (or positively skewed distribution) in which 

most values are clustered around a smaller number of critical facilities at risk while the larger values vary 

significantly. In addition, the standard deviation of the distribution is high, even when removing outliers. 

Different threshold values were looked at to determine the best distribution of priority of FMEs for this 

criterion. Many different scenarios were analyzed in this effort and visualization of three different 

threshold groups are provided in Exhibits 11-13. Table 4 provides the different thresholds shown in 

Exhibits 11-13. Based on the statistical analysis, the average and median values appear to be 
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representative threshold values for this dataset meaning that if the number of critical facilities at risk is 

greater than the average value, then the FME would be ranked as a high priority or if the number is less 

than the median value, then the FME would be as a low priority for this criterion.  

Table 5. Summary of Threshold Alternatives for Critical Facilities at Risk 

Criteria Alternative Low Priority Medium Priority High Priority 

Critical Facilities Alternative 1 Less than Median 
Greater than 

Median 
Greater than 

Average 

Critical Facilities Alternative 2 Less than Average 
Greater than 

Average 

Greater than 
Average + 1 

Standard Deviation 

Critical Facilities Alternative 3 Less than Median 
Greater than 

Median 

Greater than 
Median + 1 

Standard Deviation 

 

Structures at Risk 

The structures at risk represents the number of structures within the 1% AEP floodplain within an FME 

area. Larger number of structures at risk within an FME area should have a higher priority. A statistical 

review was conducted for this criterion to determine the thresholds of low, medium, and high priority. 

This data has a right-skewed distribution (or positively skewed distribution) in which most values are 

clustered around a smaller number of structures at risk while the larger values vary significantly. In 

addition, the standard deviation of the distribution is high, even when removing outliers. Different 

threshold values were looked at to determine the best distribution of priority of FMEs for this criterion. 

Many different scenarios were analyzed in this effort and visualization of three different threshold groups 

are provided in Exhibits 14-16. Table 5 provides the different thresholds shown in Exhibits 14-16. Based 

on the statistical analysis, the average and median values appear to be representative threshold values 

for this dataset meaning that if the number of structures at risk is greater than the average value, then 

the FME would be ranked as a high priority or if the number is less than the median value, then the FME 

would be as a low priority for this criterion.  
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Table 6. Summary of Threshold Alternatives for Structures at Risk 

Criteria Alternative Low Priority Medium Priority High Priority 

Structures at Risk Alternative 1 Less than Median 
Greater than 

Median 
Greater than 

Average 

Structures at Risk Alternative 2 Less than Average 
Greater than 

Average 

Greater than 
Average + 1 

Standard Deviation 

Structures at Risk Alternative 3 Less than Median 
Greater than 

Median 

Greater than 
Median + 1 

Standard Deviation 

 

Nature-Based Solutions 

A nature-based solution is a sustainable planning, design, and engineering practice that utilizes the natural 

features of the environment to build more resilient communities. It is important to attempt to incorporate 

a green infrastructure to minimize the damage to the natural environment. Those FMEs that include 

considerations for nature-based solutions are given a high priority for this criterion while all others are 

labeled as low priority since there is no middle priority identifier. Exhibit 17 provides visualization of the 

spatial distribution of low and high priority for nature-based solutions. Limited information on the FMEs 

and nature-based solutions led to a limited number of FMEs that have a high priority for this criterion. 

Social Vulnerability Index (SVI) 

The SVI is ranking of recorded data from the U.S. census, analyzed at a census tract level based, “on 15 

social factors, including poverty, lack of vehicle access, and crowded housing, and groups them into four 

related themes.” A dataset from the Texas Water Development Board (TWDB) was used to conduct a 

spatial analysis to determine the average SVI for an FME area from 0 to 1. Many different scenarios of 

threshold values were analyzed in this effort and visualization of three different threshold groups are 

provided in Exhibits 18-20. Table 6 provides the different thresholds shown in Exhibits 18-20. Based on 

the analysis, FMEs with a ranking above 0.66 was given a high priority, rankings between 0.33 and 0.66 

are medium priorities, and anything less than a 0.33 was a low priority. These thresholds were based on 

the sensitivity analysis to differentiate the FMEs and their SVI priority ranking.  

 



 

 

 

  Page 12 

 

Table 7. Summary of Threshold Alternatives for SVI 

Criteria Alternative Low Priority Medium Priority High Priority 

SVI Alternative 1 Less than 0.33 0.33 – 0.66 Greater than 0.66 

SVI Alternative 2 Less than 0.3 0.3 – 0.7 Greater than 0.7 

SVI Alternative 3 Less than 0.4 0.4 – 0.6 Greater than 0.6 

 

Mobility 

Mobility refers to the length of inundated roadway during a 1% AEP storm event within an FME area. This 

criteria factors in public safety and the ability to reach critical facilities or escape areas of flooding without 

being impeded by flood waters overtopping roadways. Many different scenarios of threshold values were 

analyzed in this effort and visualization of three different threshold groups are provided in Exhibits 21-23. 

Table 7 provides the different thresholds shown in Exhibits 21-23. Based on the statistical data for the 

miles of inundated road, the FMEs that have a value less than the median would be noted as a low priority. 

Medium priority applies to FMEs that have a value that is above the median but below the average. The 

high priority rating is reserved for those FMEs that are above the average.  

Table 8. Summary of Threshold Alternatives for Mobility 

Criteria Alternative Low Priority Medium Priority High Priority 

Mobility Alternative 1 Less than Median 
Greater than 

Median 
Greater than 

Average 

Mobility Alternative 2 Less than Average 
Greater than 

Average 

Greater than 
Average + 1 

Standard Deviation 

Mobility Alternative 3 Less than Median 
Greater than 

Median 

Greater than 
Median + 1 

Standard Deviation 

 

Population at Risk 

Population at risk refers to the population within the 1% AEP existing floodplain within an FME area. The 

statistical data was collected from the FMEs and ranked accordingly. Many different scenarios of threshold 

values were analyzed in this effort and visualization of three different threshold groups are provided in 

Exhibits 24-26. Table 8 provides the different thresholds shown in Exhibits 24-26. The population at risk 

for an FME below the median is ranked as a low priority and those above the median and below the 
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average are labeled as medium priority. The high priority rating is reserved for those FMEs that are above 

the average.  

Table 9. Summary of Threshold Alternatives for Population at Risk 

Criteria Alternative Low Priority Medium Priority High Priority 

Population at Risk Alternative 1 Less than Median 
Greater than 

Median 
Greater than 

Average 

Population at Risk Alternative 2 Less than Average 
Greater than 

Average 

Greater than 
Average + 1 

Standard Deviation 

Population at Risk Alternative 3 Less than Median 
Greater than 

Median 

Greater than 
Median + 1 

Standard Deviation 

 

Unique Sponsor 

The Unique Sponsor criteria refers to the priority that the Sponsor would like to advocate for a promotion 

to FMP. If the sponsor does not indicate a priority FME within the list, then it is assumed that the project 

with the highest ranking based on the other criteria will be given the high priority. In the case that multiple 

FMEs for a sponsor have an equal prioritization score, the FME that has the highest population at risk will 

be considered the highest priority FME for the sponsor. The other projects that the sponsor has will be 

labeled as low priority. In addition, those sponsors that only have one project will be given a high priority 

ranking to possibly introduce equal opportunity for sponsors to elevate their FMEs to FMPs. 

Sub-Watershed Priority 

The sub watershed priority is a criterion that was introduced to aid the spatial variability of priority FMEs 

throughout the San Jacinto region. A spatial join was conducted with the HUC10 watersheds and the FME 

list. From this list, the FMEs that have the same HUC10 ID were compared to each other. The highest 

priority FMEs based on the preliminary ranking was determined to be that HUC10’s highest priority FME. 

All other FMEs were labeled as low priorities. This process is repeated across all HUC10s located within 

the San Jacinto region.  
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Criteria Weighting 

A sensitivity analysis was conducted to determine the criteria driving the prioritization of the FMEs. The 

analysis was conducted by changing assigned weights to criteria between 0 and 1 to determine the 

influence each criterion has on the overall result of the prioritization. A weight of zero would remove the 

criteria from consideration in the ranking score and a weight of 1 includes the full value of the criteria in 

the ranking score. Table 9 provides a summary of the weighting sensitivity analysis. For the analysis, all 

other criteria are set at a value of 1 to isolate the influence each criterion has on the overall ranking. From 

the sensitivity analysis, it was noted that many of the higher ranking FMEs tend to stay within the higher 

ranks and are not dependent on the weighting. The weighting of the criteria appears to primarily influence 

the rank of the middle to lower ranking FMEs.  

Table 10. Summary of Criteria Weight Sensitivity Analysis 

Criteria 0.5 Weight Observation 0.0 Weight Observation 

Level of Effort Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Model/Data 
Availability 

Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Many FMEs have an altered ranking 
outside of the top 12 FMEs 

Known Flood 
Risk 

Many of the lower ranked items have 
an altered ranking 

Many FMEs have an altered ranking 
outside of the top 35 FMEs 

Number of 
Entities 

Benefitted 

Many results have an altered ranking, 
including higher ranked FMEs 

Many of the lower ranked FMEs have 
an altered ranking 

Critical Facilities 
at Risk 

Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Many FMEs have an altered ranking 
outside of the top 18 FMEs 

Structures at 
Risk 

Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Many FMEs have an altered ranking 
outside of the top 19 FMEs 

Nature-Based 
Solutions 

Many of the rankings remain the 
same outside of the first 14 FME 

which have an altered ranking 

Many of the rankings remain the 
same outside of the first 18 FME 

which have an altered ranking 

Social 
Vulnerability 
Index (SVI) 

Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Most FMEs have an altered ranking 

Mobility Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Many FMEs have an altered ranking 
outside of the top 20 FMEs 

Population at 
Risk 

Many FMEs have an altered ranking 
outside of the top 20 FME 

Many FMEs have an altered ranking 
outside of the top 20 FMEs 
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Weights were assigned to each of the criteria based on the ranking of the selection criteria gathered from 

the survey results of the Technical Committee and RFPG (Appendix 03 and 04) as well as feedback from 

the RFPG during the October RFPG meeting. Criteria at the top of the survey results were assigned a 

weight of 1 while criteria further down on the list have a corresponding weight. These weights were 

multiplied with the priority ranking of the criteria and factored into the overall prioritization rank meaning 

that a criterion with a weight of 1 get the entirety of points determined by the criteria while a criterion 

with a weight of 0.5 gets half of the points determined by the criteria. Based on the feedback received 

from the RFPG during the October RFPG meeting, additional investigation of the results of the prioritized 

list was warranted to determine if any refinements could be made that would elevate some FMEs from 

smaller entities and provide a more diverse mix of FMEs higher in the prioritized list. The consultant team 

reviewed the FME prioritized list and criteria and determined that multiple criteria are similar and each 

capture different aspects of flood risk which influenced the overall ranking to be primarily reflective of 

flood risk. Based on this observation, the “Known Flood Risk”, “Critical Facilities at Risk”, “Structures at 

Risk”, and “Population at Risk” had their respective weighting revised from one (1) to 0.25 to represent 

an overall category of flood risk. The “Unique Sponsor” and “Subwatershed Priority” criteria were also 

revised to a value of one (1) to help elevate different sponsors and geographic representation. Table 10 

provides a summary of the weights assigned to each of the criteria. The total weights sum up to just above 

six (6.2) giving a maximum FME prioritization score of thirty-one (31) if it receives the maximum score for 

each individual criteria and a minimum score of just above six (6.2).  

Table 11. Summary of Criteria Weights 

Criteria Weight 

Level of Effort 1.0 

Model/Data Availability 0.7 

Known Flood Risk 0.25 

Number of Entities Benefitted 0.2 

Critical Facilities at Risk 0.25 

Structures at Risk 0.25 

Nature-Based Solutions 0.5 

Social Vulnerability Index (SVI) 0.5 

Mobility 0.3 

Population at Risk 0.25 

Unique Sponsor 1.0 

Subwatershed Priority 1.0 
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Conclusion 

Torres & Associates and Freese and Nichols, Inc. have developed preliminary selection criteria and a 

prioritization framework for assisting the San Jacinto Regional Flood Planning Group (RFPG) with 

prioritizing the flood management evaluations (FME) for use during Task 12. The objective of Task 12 as 

described by the Texas Water Development Board (TWDB) is to perform identified FMEs to recommend 

additional potentially feasible flood mitigation projects (FMP). The prioritization of the FMEs will be used 

by the Technical Consultant to execute FMEs in order of prioritization until Task 12 funds are exhausted. 

Execution of a FME is contingent on any comments received to the draft plan and concurrence by the 

sponsor entity.  If a sponsor is unresponsive or does not wish to pursue a particular FME then a reasonable 

effort can be made to identify another sponsor for the FME. If no other sponsor is found, then next FME 

in order will be pursued. Based on the analysis described within this memorandum, a draft prioritization 

framework was developed for the FMEs within the San Jacinto region with criteria based on available data 

used to develop a score for each FME that is in line with the goals of the San Jacinto RFPG.  

The need for a prioritization framework was determined based on the constraints inherent to Task 12 

including budget, schedule, a significant number of recommended FMEs (374 FMEs), and a wide array of 

sponsors. Based on these constraints, certain FMEs were filtered from the prioritization evaluation 

including FMEs with a level of effort exceeding $150,000 to maximize the number of FMEs evaluated, 

FMEs labeled as “Not Recommended” by the RFPG, FMEs that will not likely produce an FMP, and FMEs 

identified by public comment as duplicates or ongoing efforts. The filtering process reduced the number 

of FMEs from 374 to 191 FMEs included in the prioritization effort. Exhibit 02 provides a visual of the FMEs 

that were excluded from the prioritization analysis. 

The prioritization framework is comprised of different criteria based on available data to differentiate the 

FMEs. Each criterion was chosen as important factors to achieve the RFPGs overall goals for the Task 12 

effort. The criteria used include the following: level-of-effort, model/data availability, known flood risk, 

number of entities benefitted, critical facilities at risk, structures at risk, nature-based solutions, social 

vulnerability index (SVI), mobility, population at risk, unique sponsor, and sub-watershed priority. For each 

criteria listed above, different thresholds were used to determine if an FME was a low, medium, or high 

priority for a certain criterion to differentiate the FMEs and prioritize FMEs with a higher need. A statistical 
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analysis was conducted for several of the criteria to determine effective thresholds to set for low, medium, 

and high priority. Documentation of the statistical analysis is provided in Appendix 05.  

Weights were assigned to each of the criteria based on the ranking of the selection criteria gathered from 

the survey results of the Technical Committee and RFPG (Appendix 03 and 04). Criteria at the top of the 

survey results were assigned a weight of 1 while criteria further down on the list have a corresponding 

weight. These weights were multiplied with the priority ranking of the criteria and factored into the overall 

prioritization rank. Based on the feedback received from the RFPG during the October RFPG meeting, 

additional investigation of the results of the prioritized list was warranted to determine if any refinements 

could be made that would elevate some FMEs from smaller entities and provide a more diverse mix of 

FMEs higher in the prioritized list. The consultant team reviewed the FME prioritized list and criteria and 

determined that multiple criteria are similar and each capture different aspects of flood risk which 

influenced the overall ranking to be primarily reflective of flood risk. Based on this observation, the 

“Known Flood Risk”, “Critical Facilities at Risk”, “Structures at Risk”, and “Population at Risk” had their 

respective weighting revised from one (1) to 0.25 to represent an overall category of flood risk. The 

“Unique Sponsor” and “Subwatershed Priority” criteria were also revised to a value of one (1) to help 

elevate different sponsors and geographic representation. 

The results of the prioritization framework show the higher priority FMEs are mainly located in the middle 

to lower portion of the San Jacinto Region with a decent spread between sponsors however, many of the 

FMEs executed during the Task 12 effort may be for a limited number of sponsors as a function of the 

number of FMEs certain sponsors have that are only missing a BCA and the likelihood that there may be 

limited response to proceed with an FME from many sponsors. There are also FMEs included in the 

prioritized list that may be evaluated by the sponsor themselves. These FMEs are primarily benefit cost 

analyses (BCA). Based on coordination efforts, the City of Houston and City of Friendswood have indicated 

a potential for conducting the FMEs internally by the sponsor to elevate the FMEs to FMPs. Coordination 

is ongoing to ensure that there is no duplicated effort for Task 12. The completed draft prioritization 

framework is provided in Appendix 01 with a spatial visual of the prioritized FMEs within the San Jacinto 

region provided in Exhibit 01. Appendix 06 includes the FME One-Page fact sheets in ranked order for 

reference and Appendix 07 includes the ranked FME list in excel form to provide an overall summary of 

the FMEs with the data used in the analysis and the FMEs removed based on different constraints.   
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Revised DRAFT Prioritization Ranking of FMEs
Recommended Criteria

Priority Ranking

Low Priority (1) Medium Priority (3) High Priority (5)

Level of Effort
Effort may be outside of budget 
constraints ($150k to > $100k)

Reasonable Effort based on 
budget/schedule ($100k to > $30k)

Low Effort and can likely be completed 
quickly and efficiently (≤ $30k)

Model/Data Availability No model/project data available Some project data readily available
Necessary models and project data 
readily available

Known Flood Risk Low Known Flood Risk Medium Known Flood Risk High Known Flood Risk

Number of Entities Benefitted 1-2 3 Greater than 3

Critical Facilities at risk Less than Median Above Median Above Average

Structures at risk Less than Median Above Median Above Average

Population at risk Less than Median Above Median Above Average

Unique Sponsor
Another FME has higher priority for 
Sponsor

NA Highest priority FME of Unique Sponsor

Nature Based Solutions
No Nature Based Solution considered in 
the evaluation

NA
Nature Based Solution(s) considered in 
the evaluation

Priority within Subwatershed (HUC10)
Another FME has higher priority for 
Subwatershed based on other criteria

NA
Highest priority FME of Subwatershed
based on other criteria

Social Vulnerability Index (SVI) Low (Less than 0.33) Medium (0.33-0.66) High (Greater than 0.66)

Mobility/Length of Inundated Roadway Less than Median Above Median Above Average

NOTE: If sponsor concurrence is not received, FME may not be considered.

Lubaina Selani
Text Box
APPENDIX 1



Preliminary DRAFT Prioritization Ranking of FMEs 
(For Reference Only)

Recommended Criteria
Priority Ranking

Low Priority (1) Medium Priority (3) High Priority (5)

Level of Effort
Significant Effort outside of 
budget constraints (>$150k)

Moderate Effort and may be 
slightly outside of budget 
constraints ($150k-$50k)

Reasonable Effort based on 
budget/schedule (<$50k)

Model/Data Availability No model/project data available
Some project data readily 
available

Necessary models and project 
data readily available

Known Flood Risk Low Known Flood Risk Medium Known Flood Risk High Known Flood Risk

Number of Entities Benefitted NA 1-3 >3

Critical Facilities at risk Less than Average Above Average
Greater than Average + One 
Standard Deviation

Structures at risk Less than Average Above Average
Greater than Average + One 
Standard Deviation

Population at risk Less than Average Above Average
Greater than Average + One 
Standard Deviation

Unique Sponsor
Another FME has higher priority 
for Sponsor based on other 
criteria

NA
Highest priority FME of Unique 
Sponsor based on other criteria

NOTE: If sponsor concurrence is not received, FME may not be considered.
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Appendix 03 – San Jacinto RFPG Technical Committee 

Task 12 Survey Results (9/2/2022) 
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Figure 1: Survey Question #1 – What is the desired outcome of Task 12? Maximize… 

 

Figure 2: Survey Question #2 – Which selection criteria are most important to consider? 

DRAFT 
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Figure 3: Survey Question #3 – What is the preferred distribution of FME types? 

 



 

Appendix 04 – San Jacinto RFPG 

Task 12 Survey Results (9/8/2022) 
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Figure 1: Survey Question #1 – What is the desired outcome of Task 12? Maximize… 

 

Figure 2: Survey Question #2 – Which selection criteria are most important to consider? 
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Figure 3: Survey Question #3 – What is the preferred distribution of FME types? 

 



 

Appendix 05 – Results of Statistics for Prioritization Criteria 

 1 

 

 

The statistical analysis was performed for all criteria to determine the boundaries of prioritization for 

the San Jacinto Regional Flood Planning Group (RFPG). The criteria included in the statistical analysis 

include the following: Level-of-Effort, Number of Entities Benefitted, Critical Facilities at Risk, Structures 

at Risk, Social Vulnerability Index (SVI), Mobility/Length of Inundated Roadway, and Population at Risk. 

In Appendix 05, the statistical terms which are used for the analysis is explained and the result of 

statistical analysis is shown for each criterion.  

Glossary of Statistical Terms 

Mean The sum of a list of numbers, divided by the total number of elements in the list.  

Median "Middle value" of a list. The smallest number such that at least half the numbers 

in the list are no greater than it. If the list has an odd number of entries, the 

median is the middle entry in the list after sorting the list into increasing order. If 

the list has an even number of entries, the median is the smaller of the two 

middle numbers after sorting. The median can be estimated from a histogram by 

finding the smallest number such that the area under the histogram to the left of 

that number is 50%. 

Mode For lists, the mode is a most frequent value. A list can have more than one mode. 

For histograms, a mode is a relative maximum. 

Standard Deviation  A measure of the amount of variation or dispersion of a set of values. A low 

standard deviation indicates that the values tend to be close to the mean of the 

set, while a high standard deviation indicates that the values are spread out over 

a wider range.   

Skewness A measure of the asymmetry of the probability distribution of a real-valued 

random variable about its mean. The skewness value can be positive, zero, 

negative, or undefined. 

Skewed Distribution A distribution that is not symmetrical. 
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Positively skewed distribution (or right-skewed distribution)  A type of distribution in which most 

values are clustered around the left tail of the distribution while the right tail of 

the distribution is longer. (Mean > Median > Mode) 

Negatively skewed distribution (or left-skewed distribution) A type of distribution in which more 

values are concentrated on the right side of the distribution graph while the left 

tail of the distribution graph is longer. (Mode > Median > Mean) 

 

Results of Statistical Analysis 

The summary of statistical analysis results for each criterion are shown in Table 1 and Table 2. There are 

three commonly used metrics for the measures of central tendency: Mean, Median, and Mode. These 

values were calculated for each criterion as well as the standard deviation as a measure of spread 

(variability). Also, the skewness was checked as a measure of the asymmetry of the distribution. Table 1 

provides the results of the whole dataset, while Table 2 shows the results when the most extreme 

outliers are removed from the dataset.  

Table 1. Summary of Statistical Analysis for Each Criteria  

Criteria Mean Median Mode STD Skewness 

Level-of-Effort 50,131 30,000 30,000 36,939 - 

Number of Entities Benefitted 2.95 3.00 3.00 1.04 - 

Critical Facilities at Risk 19 4 0 79 Positive 

Structures at Risk 1,773 511 0 5,318 Positive 

Social Vulnerability Index (SVI) 0.46 0.45 0.64 0.24 - 

Mobility/Length of Inundated 
Roadway 

33.5 9.9 9.9 99 Positive 

Population at Risk 8,726 2,324 0 30,182 Positive 

 



 

 

 

Appendix 06 

FME One-Page Fact Sheets in order of Revised 

DRAFT Prioritization List 

































































































































































































































































































































































































 

 

 

Appendix 07 

Revised DRAFT Prioritization 

List of FMEs 

Included as an Excel File 

(Appendix07-RevisedDRAFTPrioritizationFMEList.xlsx) 
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