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Introduction  

The Alamo Area Metropolitan Planning Organization (AAMPO) serves the San Antonio-New Braunfels 

metro area, encompassing a gross domestic product of $144 billion and a population of 2.6 million. The 

region is also located in a strategic position of national significance at the crossroads of two cross-

country interstates, I-10 and I-35,  while also sitting at the center of several ecological environments that 

impact local conditions and experiencing climate and weather impacts from the nearby Texas-Louisiana 

Coastal Plain and Gulf Coast winds (Figure 1). In addition to its strategic position, AAMPO is a rapidly 

growing region and forecasted growth is expected to continue outpacing Texas as a whole through 

2050, with 77% growth in the next 30 years. At the same time, over 40% of the population are 

transportation disadvantaged according to Justice40 data. This combination of strategic significance, 

present and evolving weather threats, and a vulnerable and growing population underlines how vital it is 

to protect the region’s transportation network and ensure the effective, continual, and resilient 

operation of the network as it directly impacts the flow of commerce and trade for manufacturers and 

consumers throughout the country.  

 

Study Goals 
To understand the full suite of natural factors that could impact the transportation system, AAMPO 

undertook this Resiliency Study (Study) that pinpoints the areas of risk in the region and provides 

Figure 1. AAMPO sits at the nexus of many economic and biotic environments. The four ecological biomes in the area are 
shaded in tan (South Central Semiarid Prairies), green (Southeastern U.S. Plains), brown (Tamaulipas-Texas Semiarid Plains), 

and blue (Texas-Louisiana Coastal Plain). 
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partners with a roadmap to enhance the resilience of the region’s transportation system in the short-

term while anticipating long-term threats. 

This urgency to protect our nation’s critical infrastructure has been further elevated by recent legislation 

from the U.S. Department of Transportation (DOT) Federal Highway Administration (FHWA). The 

hallmark Promoting Resilient Operations for Transformative, Efficient, and Cost-Saving Transportation 

(PROTECT) Formula Program, established through the Infrastructure Investment and Jobs Act (IIJA), aims 

to “help make surface transportation more resilient to natural hazards, including climate change, sea 

level rise, flooding, extreme weather events, and other natural disasters through support of planning 

activities, resilience improvements, community resilience and evacuation routes, and at-risk costal 

infrastructure.” Through this program, FHWA has committed to investing billions of dollars over the next 

few years to ensure that the transportation system is ready for our changing future.  

This Study has taken the first major step in increasing the region’s transportation resilience. By 

developing a risk assessment in alignment with the PROTECT Program, AAMPO is poised to bring 

tangible investments to the region’s partners.  

Project Oversight 

Study Oversight Committee  
As part of the Resiliency Study, AAMPO established a Study Oversight Committee. The Oversight 

Committee was heavily involved in the data collection and exchange of information with the Study 

team. They have provided the team with relevant studies and research and will continue to be a large 

part of the engagement for all on-going work carried out by AAMPO. The Oversight Committee includes 

the following entities: 

¶ Bexar County 

¶ City of Boerne  

¶ City of Cibolo 

¶ City of Live Oak 

¶ City of New Braunfels 

¶ City of Saint Hedwig  

¶ City of San Antonio 

¶ City of Schertz 

¶ City of Seguin 

¶ City of Selma 

¶ Comal County 

¶ Guadalupe County 

¶ Guadalupe-Blanco River Authority 

¶ Joint Base San Antonio (JBSA) 

¶ Kendall County 

¶ San Antonio Airport (SAT) 

¶ San Antonio River Authority 

¶ San Antonio Water System (SAWS) 

¶ TxDOT 

¶ VIA Metropolitan Transit



 

7 
 

 

Other stakeholders engaged include CPS Energy and Union Pacific. Summaries of the Study Oversight 

committee meetings are provided in Appendix A. 

 

 

Study Assessment Methodology 

The risk assessment methodology was developed by reviewing the assessment goals and assets to be 

studied as well as the available data, documented in Appendix B. 

To establish the scope of the Study, available transportation asset data throughout the region was 

assessed for publicly owned or operated transportation assets. The assets selected for analysis were 

roadways, bridges, large culverts, bus routes, and airports. Previous hazard studies and analyses in the 

region were also reviewed to determine the hazards to be analyzed, depicted in Figure 2.  

 

 

The following sections detail the methodology for each of these primary hazards of concern. The 

methodologies were selected based on their feasibility, applicability, and usability for federal funding 

programs. 

 

Figure 2. Natural Hazards Assessed in the AAMPO Resiliency Study 
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Precipitation 
Precipitation data was analyzed for three time periods – historical (1985-2014), mid-century/2040s 

(2030-2059), and end-of-century/2070s (2060-2089). Two emissions scenarios were included in the 

analysis – a medium emissions scenario, Shared Socioeconomic Pathway (SSP) 2-4.5, and a high 

emissions scenario, SSP 5-8.5. SSP 2-4.5 is a moderate emissions scenario in which some mitigation and 

adaptation measures are taken globally. The high emissions scenario, SSP 5-8.5, is based on continual 

and increasing use of fossil fuels throughout the coming century, reaching levels of around double the 

current consumption level.  

The 2-, 5-, 10-, 25-, 50-, 100-, and 200-year event return periods were analyzed for a 24-hour duration 

storm. Historical data was obtained from the National Oceanic and Atmospheric Administration (NOAA) 

Atlas-14 gridded dataset, and the climate projections were obtained from the Localized Constructed 

Analogs second iteration (LOCA2) dataset utilizing the most recent generation of Global Climate Models 

(GCMs), the 6th Coupled Model Intercomparison Project (CMIP6) models. This dataset contains 

improvements from the previous generation of models that allows for a more realistic representation of 

extreme high daily precipitation values.1 Additional bias correction was conducted using the Atlas-14 

data. The model ensemble average as well as the 10th and 90th percentiles were calculated.  

 

Flooding 
A quantitative risk-based approach was implemented to analyze the region’s top hazard concern – 

flooding. Flood risk was estimated to the region’s transportation assets, also referred to as the “do-

nothing” costs, or the level of risk and consequence assuming no resilience, adaptation, or mitigation 

efforts are taken to reduce the risk. A hazard intensity score was assigned to each asset through an 

exposure analysis, producing estimated magnitudes of impact to each asset for the flood return periods 

(probabilities) available in the region.  

Once hazard intensity was assessed, the team produced damage and disruption costs for physical 

damage or disruption due to a flood event, representing total agency costs for various storm intensities. 

The storm intensities, or return periods, included in the analysis varied by flood type. The fluvial 

(riverine) return periods used to screen the projects include the 5-, 10-, 25-, 50-, 100-, and 500-year 

events. Pluvial (non-riverine) return periods include the 5-, 10-, 100-, and 500-year events.  

The analysis used existing flood data to perform a screening-level assessment to identify assets that 

might be exposed to flooding and prioritize them for further, more detailed analyses. Any assets flagged 

as being exposed should undergo more detailed site-specific study to affirm that exposure and, if it is 

affirmed, evaluate mitigation measures. Data was obtained from the Texas Water Development Board 

(TWDB) for fluvial and pluvial flooding and the San Antonio River Authority for fluvial flooding.2 The 

TWDB data was developed in conjunction with a contractor, Fathom, for the state of Texas. The pluvial 
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TWDB dataset relies on two key inputs: NOAA Atlas-14’s rainfall estimates and three-meter resolution 

LiDAR.  

The TWDB website notes the following disclaimers for use of the pluvial flooding data: “Cursory flood 

data may not appropriately depict flood risk associated with . . . constructed features that may alter flow 

patterns (roadways, railroads, urban areas, storm drainage systems, dams, levees, embankments, etc.) . 

. . Cursory flood depths were developed using a high-level statewide assessment and should be used as 

approximations of flood risk.” In addition, future considerations of climate change are not incorporated 

into these results, and the analysis is only applicable to present-day conditions.  

 

Extreme Heat 
Two metrics were calculated for extreme heat – heat index and pavement binder grade temperatures. 

Historical data was obtained from the Continental United States 404 (CONUS404) dataset.3 For both 

metrics, bias correction was conducted using the CONUS404 as the baseline for correction. The 

ensemble average as well as the 10th and 90th percentiles were calculated.  

Heat Index 
Heat index data was analyzed for three time periods – historical (1980-2009), mid-century/2040s (2030-

2059), and end-of-century/2070s (2060-2089). The historical period is earlier than that of the 

precipitation analysis due to the difference in datasets. Two emissions scenarios were included in the 

heat index calculations – a medium emissions scenario, Representative Concentration Pathway (RCP) 

4.5, and a high emissions scenario, RCP 8.5. RCP 4.5 is a moderate scenario wherein global emissions 

and fossil fuel dependency peaks around 2040 then steadily declines. RCP 8.5 is a high scenario that 

assumes emissions and fossil fuel dependency continue to increase throughout the remainder of the 

century. RCP 4.5 and RCP 8.5 are similar to SSP 2-4.5 and SSP 5-8.5, respectively, although the RCPs do 

not consider social, political, and economic developments and consequences as significantly as the SSPs.  

The climate projections were obtained from the first iteration of the LOCA dataset, based on the 

previous generation of GCMs, CMIP5.4 This data was utilized due to the delay in the release of LOCA2’s 

relative humidity data (or additional variables from which relative humidity could be derived). Only the 

models available in both the temperature and relative humidity variables from LOCA were included in 

this analysis, which was 24 models out of the 32 total available. The full list of models can be found in 

Appendix B. 

The heat index, or the combination of dry bulb air temperature and relative humidity, was calculated 

utilizing classifications designated by the National Weather Service.5 The four categories, caution (80-

90°F), extreme caution (90-103°F), danger (103-125°F), and extreme danger (over 125°F), were grouped 

and classified using a single-classification system wherein each day can only be included in one category 

(i.e. a day that has a heat index of 95°F would only be included in the extreme caution category, not the 

lesser caution category as well).  
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Minimum daily relative humidity and maximum daily temperature were used to calculate the maximum 

daily heat index due to the inversely correlated relationship between the two variables. The heat index 

was calculated utilizing the Rothfusz and Steadman equations and adjustments as recommended by the 

National Weather Service (Equation 1).6 The first adjustment equation is used if relative humidity is less 

than 13% and the temperature is between 80 and 112°F. The second adjustment equation is used if 

relative humidity is greater than 85% and the temperature is between 80 and 87°F. The final equation, 

known as the Steadman equation, is used if the resulting Heat Index value is 80°F or higher. For values 

below 80°F, the Rothfusz regression equations are applied.  

Equation 1. National Weather Service Heat Index Equation and adjustments 

ὌὍ τςȢσχωςȢπτωπρυςσὝ ρπȢρτσσσρςχὙὌ πȢςςτχυυτρὝ ὙὌ

πȢππφψσχψσὝ πȢπυτψρχρχὙὌ πȢππρςςψχτὝ ὙὌ

πȢπππψυςψςὝ ὙὌ πȢπππππρωωὝ ὙὌ 

ὃὈὐὟὛὝὓὉὔὝ 
ρσὙὌ

τ

ρχὝ ωυ

ρχ
 

ὃὈὐὟὛὝὓὉὔὝ 
ὙὌ ψυ

ρπ

ψχὝ

υ
 

 

ὌὍ πȢυ Ὕ φρ Ὕ φψ ρȢς  ὙὌ πȢπωτ 

 
ὌὍ ὌὩὥὸ ὍὲὨὩὼ Ј& 
Ὕ Ὀὶώ ὦόὰὦ ὥὭὶ ὸὩάὴὩὶὥὸόὶὩ Ј& 
ὙὌ ὙὩὰὥὸὭὺὩ ὬόάὭὨὭὸώ Ϸ  

 
 

CONUS404, the historical dataset utilized in this analysis, did not have readily available relative humidity 

data, so the variable was derived from the dewpoint temperature using a modified version of the Tetens 

equation for saturation vapor pressure (Equation 2).  

Equation 2. Wexler’s 1976 modification of the Tetens formula for the derivation of saturation vapor pressure from temperature 

ὩὝ φȢρρς ÅØÐ 
ρχȢφχὝ

Ὕ ςτσȢυ
 

 

Ὡ ὛὥὸόὶὥὸὭέὲ ὺὥὴέὶ ὴὶὩίίόὶὩ Ὤὖὥ 

Ὕ Ὀὶώ ὦόὰὦ ὥὭὶ ὸὩάὴὩὶὥὸόὶὩ Ј# 
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Pavement Binder Grades 
Pavement binder grade temperatures were analyzed for three time periods – historical (1985-2014), 

mid-century/2040s (2030-2059), and end-of-century/2070s (2060-2089). Two emissions scenarios were 

included in the analysis – a medium emissions scenario, SSP 2-4.5, and a high emissions scenario, SSP 5-

8.5. The climate projections were obtained from LOCA2, utilizing the most recent generation of GCMs, 

CMIP6.  

Pavement binder grades were calculated using two different models – the Texas DOT (TxDOT) guidance 

adopts the model developed in 1994 by the Strategic Highway Research Program (SHRP)7 and the 

Federal Highway Administration (FHWA) recommends a more recent model based on research from the 

National Cooperative Highway Research Program (NCHRP).8 As the TxDOT manual acknowledges that 

the updated FHWA model identifies high temperatures in particular more effectively, both models were 

used to calculate pavement binder grades to provide a comparison of the results and an understanding 

of the potential limitations.  

 

Additional Hazards 
Due to data availability and the current state of climate modeling, the analysis of some hazards utilized a 

qualitative assessment methodology. This approach includes a discussion of plausible impacts to the 

transportation network based on historical data and engineering knowledge. The hazards that were 

analyzed using this approach include: 

¶ Extreme Non-Tornadic Wind 

¶ Tornadoes 

¶ Extreme Cold 

¶ Hail 

¶ Drought 

¶ Wildfires 

 

Regional Hazard Findings 

The following section highlights key findings of the risk assessment for each of the key hazards.  

 

Precipitation 
Increasingly intense and frequent extreme precipitation events, exacerbated by climate change, 

threaten the region with flooding, infrastructure damage, and transportation disruptions, necessitating 

proactive resilience measures. 
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The 100-year storm, or a storm that has a 1% annual chance of happening, is projected to become more 

intense as climate change progresses. The following figures depict the 100-year storm precipitation 

depth throughout the AAMPO service area under the high emissions scenario (SSP 5-8.5). Historically, a 

100-year storm has brought between 9-13 inches of rainfall to most of the area and up to 17 inches of 

rainfall in the northern portion of the service area. Under the high emissions scenario, by the 2040s, 

most areas are projected to experience between 14-17 inches of rainfall with some areas up to 25 

inches. By the 2070s, most areas are projected to experience between 14-21 inches of rainfall with some 

areas up to 33 inches.  

 

 

Figure 3. Historical 100-year precipitation depth. 



 

13 
 

 

Figure 4. High emissions scenario (SSP 5-8.5) 100-year precipitation depth in the 2040s.  

 

Figure 5. High emissions scenario (SSP 5-8.5) 100-year precipitation depth in the 2070s. 
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Flooding 
Both riverine and precipitation-based flooding pose significant risks due to the area’s unique geography 

and weather patterns. Critical infrastructure faces extensive exposure, emphasizing the urgent need for 

resilience investments and future assessments to refine data and incorporate user costs while 

considering climate change projections. The following figures represent the results of the GIS-based 

asset exposure analysis. Red features on the maps are exposed to the 100-year flood event, while gray 

features are not.  

 

Figure 6. 100-year fluvial flood event exposure. 
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Figure 7. 100-year pluvial flood event exposure. 

Figure 8 presents culverts, bridges, roads, and airports symbolized by the expected do-nothing agency 

costs, the key results from the risk quantification. 
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Extreme Heat 
Texas faces increasing risks from extreme heat events, exacerbating infrastructural vulnerabilities to 

pavement from temperatures exceeding binder grade capabilities and posing severe health threats to 

people as the combined effects of air temperature and humidity cause extreme heat to intensify. 

Projections indicate a rise in both frequency and intensity of extreme heat.  

Heat Index 
When combined with humidity, extreme heat can feel even hotter, referred to as the heat index. Also 

known as the ‘feels like’ temperature, high heat indices tend to most greatly impact disadvantaged 

members of the population who rely on public transit, have to spend more time outdoors walking to or 

waiting at transit stops (as opposed to being in an air-conditioned vehicle), or who are unable to afford 

air conditioning in their homes. The effects of higher heat index temperatures can be seen in Figure 9. 

Figure 8. Quantified flood risk results. 
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Figure 9. Heat index effects on human physiology according to the National Weather Service categorization. 

 

As heat index temperatures rise, effects like heat illness and heat stroke become increasingly likely. Even 

with the air temperature at 90°F, if relative humidity is high enough, heat index temperatures can rise 

into the extreme danger category, up to 132°F. This analysis classified heat index days over 80°F into the 

four National Weather Service heat index categories – caution (80-90°F), extreme caution (90-103°F), 

danger (103-125°F), and extreme danger (over 125°F). Table 1 shows the results of the analysis.  

 

Table 1. Average number of Heat Index days per category of the National Weather Service classifications per year. The units are 
number of days per year. The parentheses in each cell provide the 10th and 90th percentiles, and the primary values presented 

represent the model ensemble average. The medium and high emissions scenarios are RCP 4.5 and RCP 8.5, respectively. 

Heat Index Category  Historical  
2040s  2070s  

Medium  High  Medium  High  

Caution   
(80°-90°F)  

74 (53-103)  68 (46-98)  67 (46-95)  65 (43-95)  63 (40-94)  

Extreme Caution  
(90°-103°F)  

109 (60-139)  101 (69-129)  97 (68-123)  95 (65-126)  82 (50-109)  

Danger   
(103°-125°F)  

4 (0-16)  46 (5-84)  56 (10-88)  63 (11-101)  97 (44-134)  

Extreme Danger  
(over 125°F)  

0 (0-0)  0 (0-0)  0 (0-0)  0 (0-0)  1 (0-5)  

  
Although the trends of the number of days per category may seem like a decrease in temperatures at 

first, the projections indicate that the number of extreme heat days in the AAMPO service area will 

continue to increase throughout the coming decades regardless of the emissions scenario. For example, 

the figures below depict the number of days per year in the extreme caution category from the 

historical to future periods, decreasing in each map as time goes on.  



 

18 
 

 

Figure 10. Historical annual average number of heat index days between 90°F and 103°F (extreme caution).  

 

Figure 11. High emissions scenario (RCP 8.5) average annual number of heat index days between 90°F and 103°F (extreme 
caution) by the 2040s. 
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Figure 12. High emissions scenario (RCP 8.5) average annual number of heat index days between 90°F and 103°F (extreme 
caution) by the 2070s. 

 

Conversely, looking at the next category, danger, the days increase significantly, going from 4 days 

historically to 63 to 97 days on average for the medium and high emissions scenarios, respectively. The 

results for the high emissions scenario for this category are displayed in the following figures. 
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Figure 13. Historical annual average number of heat index days between 103°F and 125°F (danger). 

 

Figure 14. High emissions scenario (RCP 8.5) average annual number of heat index days between 103°F and 125°F (danger) by 
the 2040s. 
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Figure 15. High emissions scenario (RCP 8.5) average annual number of heat index days between 103°F and 125°F (danger) by 
the 2070s. 

 

Due to the urban heat island effect, or the increased intensity of heat in areas with a significant amount 

of impervious surface like concrete and asphalt that reflects heat on the surface, the effects of extreme 

heat are more intense in densely populated urban areas like the city of San Antonio. The following 

figures depict the coincidence of the VIA Bus Routes and extreme heat days for the extreme caution 

(Figure 16) and danger (Figure 17) categories. 
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Figure 16. High emissions scenario (RCP 8.5) average annual number of heat index days between 90°F and 103°F (extreme 
caution) by the 2070s overlaid with VIA Bus Routes. 

 

Figure 17. High emissions scenario (RCP 8.5) average annual number of heat index days between 103°F and 125°F (danger) by 
the 2070s overlaid with VIA Bus Routes. 



 

23 
 

Pavement Binder Grades 
Asphalt binder grades relate to the extreme range of expected temperatures that pavement layers 

experience in any given year. Table 2 contains the high binder grade temperature values with the results 

for both the TxDOT model and the FHWA model.  

Table 2. PG Binder Temperatures (98% reliability) calculated using the Strategic Highway Research Program (SHRP) model 
(TxDOT manual) as well as the more recent model adopted by FHWA. The actual temperatures are included in the table to 

reflect trends, but the PG binder categories that each temperature falls in are included in parentheses. 

PG Temperature  Historical   

2040s  2070s  

Medium  High  Medium  High  

PG High - 
TxDOT/SHRP Mode l 67°C (PG 70)  68°C (PG 70)  69°C (PG 70)  69°C (PG 70)  

70°C (PG 70/  
 PG 76)  

PG High ð 
FHWA Model 

72°C (PG 76)  73°C (PG 76)  73°C (PG 76)  73°C (PG 76)  73°C (PG 76)  

 

The results from the TxDOT model are lower than the results from the updated FHWA model in every 

category. The following figures depict the updated FHWA model’s high PG results.  

 

 

Figure 18. Historical high pavement binder grade temperature (FHWA model).   
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Figure 19. High emissions scenario (RCP 8.5) high pavement binder grade temperature by the 2040s (FHWA model). 

 

Figure 20. High emissions scenario (RCP 8.5) high pavement binder grade temperature by the 2040s (FHWA model). 
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Extreme Non-Tornadic Wind 
The San Antonio area faces recurring threats from extreme wind events, ranging from short bursts to 

sustained periods, causing damage to infrastructure, traffic disruptions, and power outages. Climate 

change may impact the frequency and intensity of extreme wind events, including hurricanes. As San 

Antonio is further inland than some coastal cities in Texas, it often feels the effects of cyclones less 

intensely. However, there is considerable uncertainty in future changes to wind and storms. As such, 

historical conditions for high wind speed gusts were obtained for this assessment, as shown in Table 3. 

Table 3. Return periods of 3-second wind speed gusts for San Antonio for historical conditions. Data were obtained from the 
ASCE7-22 Hazard Tool. 

Return Period 3-Second Wind Gust Speed 

10-year 75 mph 

25-year 80 mph 

50-year 85 mph 

100-year 91 mph 

300-year 100 mph 

700-year 107 mph 

1,700-year 114 mph 

3,000-year 119 mph 

 

The impact climate change will have on wind speeds and storm formation is an active area of scientific 

research. Based on the current state of the science, hurricane intensity and rainfall are projected to 

increase in the state of Texas as the climate warms.9  

 

Tornadoes 
Tornadoes pose a significant hazard in Texas, including in and around San Antonio, with an average of 

nearly 150 tornadoes annually. While historically less severe in San Antonio, recent events like those in 

February 2017 underscore the potential for significant damage, even from EF-0 tornadoes. San Antonio 

has had relatively few severe tornadoes compared to other areas of the south like Northern Texas and 
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Oklahoma. The Tornado Index, or the level of tornado risk in an area based on historical events, in San 

Antonio is higher than the United States’ average but lower than the Texas average. Tornadoes are 

difficult for climate models to adequately capture due to their intensity, unpredictability, and small 

spatial scale. This is an active area of scientific research. 

 

Extreme Cold 
Uncommon but disruptive in Texas, extreme cold events like the 2021 "Texas Freeze" caused by Winter 

Storm Uri can bring frigid temperatures, power outages, water supply disruptions, and infrastructure 

damage. Climate change's impact on the frequency and intensity of such events remains uncertain, 

warranting ongoing research to inform preparedness measures. However, cold days are projected to 

become less frequent as average temperatures warm. Although the future is uncertain, the anticipation 

of another potential Uri-level event has caused widespread fears within the community and extra winter 

preparedness measures to be taken.  

 

Hail 
Usually generated by thunderstorms, hail leads to 

service disruptions and vehicle damage, with the 

frequency and intensity of hailstorms in San 

Antonio remaining uncertain amid climate change. 

Notable instances of historical hail events include 

the 2016 hailstorm, the second costliest in Texas 

history, and scattered occurrences during Winter 

Storm Uri (February 2021) and in May 2021 (Figure 

21). As with extreme cold events in general, the 

ways in which climate change will affect the 

frequency, size, and intensity of hail is unknown, 

and it is an active area of scientific research. 

However, there have been many significant hailstorms in the history of San Antonio as hail is prone to 

forming in some of the atmospheric patterns that cross through the area. 

 

Drought 
Common in Texas, droughts like those in 1956 and 2011 can have severe impacts on water resources, 

agriculture, and infrastructure, with San Antonio experiencing significant shortages. The 2010-2014 

multi-year drought led to record-low reservoir levels and emergency water management measures, 

including restrictions. Figure 22 shows the historical drought conditions for Texas up to 2020.  

Figure 21. A variety of large hailstones which fell in St. Hedwig on 
May 3, 2021. Source: KSAT News 
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Figure 22. Time series of the Palmer Drought Severity Index for Texas from the year 1000 to 2020. Values for 1895-2020 (red) are 
based on measured temperature and precipitation. Values prior to 1895 (blue) are estimated from indirect measures such as 

tree rings. 

Recent instances demonstrate ongoing challenges, prompting water restrictions and necessitating 

ongoing research into drought impacts in the region. As increased human demand for surface water and 

increased drought severity occur, streamflow will change, with extended reductions of freshwater 

inflow to Texas bays and estuaries. Droughts can also have compound consequences, creating more 

favorable conditions for wildfire development as discussed in the following section.   

 

Wildfires 
While wildfires are not as frequent or widespread as in other parts of the country (and the state) in San 
Antonio, higher temperatures and drought conditions will likely increase the severity, frequency, and 
extent of wildfires in the future, threatening significant harm to property, human health, and 
livelihoods. Wildfire risk is exacerbated by high temperatures and drought conditions. Past incidents, 
such as the Lost Pines wildfire in 2009, highlight the need for ongoing wildfire prevention measures, 
including burn bans. Multiple studies are ongoing into wildfire conditions, modeling, and fire weather 
analysis in the southern United States. Results from upcoming research should be considered in future 
studies.  
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Project Screening 

AAMPO conducted a preliminary screening of the MTP/TIP Project list, dated May 28, 2024, against the 
flood exposure analysis. The screening provides AAMPO with a preliminary project list that could be 
considered for future resilience investments and can be further refined as part of AAMPO’s 
Transportation Resilience Improvement Plan (TRIP). 122 of 156 total projects were analyzed in GIS via 
overlay with the floodplain data. Figure 23 summarizes the number of projects that are exposed to each 
flood scenario. Note that this presentation is affected by the fact that the 5-year fluvial (riverine) event 
was not modeled inside the SARA region, and the 25- and 50-year events were not modeled by Fathom 
outside of the SARA region. This explains why the number of projects exposed to the 5-, 25-, and 50-year 
events seem low when compared to the 10-year and 100-year events.

 
 
In general, the projects showing the most exposure are the bicycle/pedestrian trail developments. Large 
portions of the following projects are proposed to be built in floodplains: 
 

¶ Town Creek Trail, MPO Project Number 9145 

¶ Sam Houston/Salado Creek Trail, MPO Project Number 9148 

¶ Green Loop Trail Shared Use Path, MPO Project Number 9212 

¶ Cibolo Creek Trail Extension, MPO Project Number 9214 
 

Figure 23. Number of TIP/MTP projects potentially affected by each flood scenario 
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This is not particularly surprising given that trail projects are often intentionally placed along waterways. 
Notable highway projects — mostly lane expansions on existing routes — showing floodplain exposure 
include the following: 
 

¶ New Braunfels St. (Roadway rehabilitation and reduce travel lanes from 6 to 4 lanes, bicycle and 
pedestrian facilities), MPO Project Number 5535 

¶ Zarzamora St. (Construct 4 lane grade separation at UPRR/Frio City Rd), MPO Project Number 
5538 

¶ FM 1103 (Expand from 2 to 4 lanes with median, turn lanes, and bicycle and pedestrian 
accommodations), MPO Project Number 5560 

¶ US 90 (Ramp Revisions and Rehabilitate Existing Mainlanes), MPO Project Number 9186 

¶ SL 1604 (Expand from 4 lane divided to 4 lane expressway and from 0 to 4 FR lanes), MPO 
Project Number 9210 

 
Regarding pluvial (precipitation-based) flooding, there are a handful of highway projects that show high 
exposure to these events, including the following: 
 

¶ SL 1604 (Expand from 2 lanes to 4 lanes divided), MPO Project Number 5387 

¶ IH 10 (Expand from 4 lane to 6 lane expressway), MPO Project Number 5397 

¶ IH 10 (Expand from 4 to 6 lane expressway and from 4 to 4 frontage road lanes), MPO Project 
Number 5593 

¶ SL 1604 (Expand from 4 lane divided to 4 lane expressway and from 0 to 4 FR lanes), MPO 
Project Number 9107 

 
Pluvial flooding tends to occur directly on or adjacent to roadways, so this result is not unexpected. As 
this exercise is meant to act as a preliminary project screening exercise, Given the coarse nature of some 
of the linework, these results should be interpreted at a high-level and further analysis should be 
undertaken as part of a project-level assessment to validate the potential exposure risk. 
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Recommendations  

There are several opportunities to integrate and leverage the process, outputs, and findings from the 

Study to increase the resilience of the AAMPO transportation network. The following sections outline 

each type of recommendation that could be implemented by either AAMPO or regional stakeholders.  

Future Analysis 
The regional hazards analysis provides a comprehensive foundation for future iterative investigations to 

further refine and improve the local, downscaled data that AAMPO and regional partners can leverage 

for risk-based decision making. 

Precipitation 
Precipitation is complex to model and does not necessarily follow a monotonic trend as temperature 
does (i.e., virtually everywhere, as emissions rise, temperatures rise as well – this is not always the case 
with precipitation). Further analysis on additional frequencies and durations (e.g., sub-hourly events) 
should be considered in future analyses, especially because a broader range of climate-adjusted 
intensity-duration-frequency relations may inform the design of more resilient stormwater 
infrastructure. Regional modeling efforts should also be investigated to provide more localized 
projections. Additionally, precipitation data could be integrated into the flood risk model to assess 
changes in flood risk due to projected precipitation patterns. 
 

Flooding 
Obtaining more detailed/complete asset data (including hydraulic models) would improve the flood risk 

assessment outputs. There were several gaps in the asset data that either caused assets to be dropped 

from the risk analysis (in the case of missing hydraulic models) or assumptions to be made about their 

design (in the case of rip-rap and rectilinear culvert heights). AAMPO could work with partner agencies 

(SARA, TxDOT, and others) to address these data gaps so that more assets can be included in the risk 

analysis and assessed with greater accuracy.  

Incorporating user costs can provide AAMPO a broader view of the costs of inaction. In many cases, user 

costs are higher than the costs to repair physical damage.  

Finally, creating a unified set of probabilistic regional floodplain maps that consider climate change 

would demonstrated how flood hazards may change over time. The flood hazard data available for the 

risk assessment was limited. Ultimately, AAMPO could work with partner agencies to develop a more 

unified set of flood mapping that covers the entire region at the same level of detail and resolution. To 

support the development of probability distributions needed for risk quantification, several flood return 

periods should be mapped (at least five return periods from more frequent events like the 20-year 

storm up to rare events like the 500-year storm). Climate change projections should be included in the 

assessment to reflect the likely amplification of heavy precipitation events (and, therefore, flooding). To 

track how climate change will evolve and support risk quantification, several sets of maps should be 

produced at various interim horizon years through to the end of the century (e.g., 2040, 2070). Bridges 
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and culverts should be part of this modeling effort to enable expansion of risk analysis for bridges and 

culverts region-wide. 

Extreme Heat 
New datasets for temperature data released in the coming years for the region should be considered for 
future analyses. During recent discussions with the South Central Climate Adaptation Science Center, 
researchers shared that they are working on a new dataset for the southern United States that could be 
further reviewed once released. Additional analysis should also be conducted based on discrepancies in 
pavement binder grade high temperatures.  
 

Extreme Non-Tornadic Wind 
Climate change may impact the frequency and intensity of extreme weather events that drive extreme 

wind like tropical cyclones and thunderstorms. There is considerable uncertainty in future changes to 

these events – the scale and size of them is difficult for climate models to simulate adequately. 

Advances in modeling and climate science may be able to better project changes in the coming decades 

to extreme wind events; this is an active area of scientific research and any advancements in best 

practices should be followed in the future for additional studies.  

 

Tornadoes 
Tornadoes are difficult for climate models to adequately capture due to their intensity, unpredictability, 

and small spatial scale. This is an active area of scientific research, and any further investigation should 

consult updated literature for best practices.  

Extreme Cold 
The ways in which climate change will affect the frequency and intensity of extreme cold events is 

uncertain and is an active area of scientific research. However, cold days are projected to become less 

frequent as average temperatures warm.10 Although the future is uncertain, the anticipation of another 

potential Uri-level event has caused widespread fears within the community and extra winter 

preparedness measures to be taken.11 In 2023, a winter storm rolled through San Antonio once again, 

uprooting trees, downing power lines, and covering large areas with ice.12 Thousands were left without 

power.13 Additional analysis could be conducted on the potential frequency of extreme cold events as 

climate change progresses in future analyses, including the ways in which the polar jet stream may 

change. 

Hail 
As with extreme cold events in general, the ways in which climate change will affect the frequency, size, 

and intensity of hail is unknown, and it is an active area of scientific research. Any further investigation 

should consult updated literature for best practices.  
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Drought 
Multiple studies are ongoing into drought in the southern United States. Results from upcoming 

research should be considered in future analyses. 

Wildfires 
Multiple studies are ongoing into wildfire conditions, modeling, and fire weather analysis in the 

southern United States. Results from upcoming research should be considered in future studies. 

 

Policy and Planning Interventions 
To leverage these results to inform decision-making, the following section describes existing AAMPO 

planning and project selection processes and how resiliency can be further achieved through updates 

and revisions. While resiliency should be incorporated into all strategic plans, freight plans, corridor 

plans, pedestrian and bike plans, transportation asset management plans, and emergency response 

plans in the region, incorporating resiliency into the Long-Range Transportation Plan and the 

Transportation Improvement Program (TIP) is a critical first step. 

 

Long-Range Plan/Metropolitan Transportation Plan (MTP) 
AAMPO’s Metropolitan Transportation Plan (MTP)/Long-Range Transportation Plan (LRTP), Mobility 

2050, references “resiliency” and similar concepts throughout the document. The Vision and Goals 

establish the importance of exploring climate resiliency policies, while the body of the plan mentions 

climate resiliency as it relates to the future of transportation and emphasizes the importance of system 

resiliency, climate impacts, and environmental degradation related to the transportation system and 

accommodating future growth. 

The addition of a resiliency policy can strengthen the region’s commitment to ensuring the protection 

and longevity of the transportation system. A resiliency policy statement would accomplish several 

tasks, including identifying a series of action-oriented goals and objectives that allow the MPO to meet 

all federal planning and project submission requirements and to advance resiliency planning efforts. 

 

Transportation Improvement Program (TIP) 
The TIP is a required element to secure federal funding for capital or operational projects intended to 

maintain the transportation system, which is another key area where resiliency could be incorporated to 

align AAMPO with federal resiliency funding. A key element in identifying and prioritizing risk-reduction 

projects is establishing scoring criteria that highlight the extent to which a project strengthens 

vulnerable infrastructure against the impacts of extreme weather events. Thus, the TIP project rating 

system could be amended to include resiliency as a criterion.  
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Transportation Resiliency Improvement Plan (TRIP) 
To build upon this Study and provide the regional transportation planning entities with resources for 

resilient transportation planning and project identification, AAMPO plans to develop a Transportation 

Resilience Improvement Plan (TRIP) that will not only build out a PROTECT-compliant plan for AAMPO 

but also compile a compendium of accessible, user-friendly resources that build upon the data gathered 

and analysis conducted as part of this Resiliency Study. 

Having a TRIP will lower the non-Federal cost share by seven percent for any project listed within the 

plan. An additional three percentage point reduction can be achieved by incorporating the TRIP into the 

LRTP.  

A TRIP must include several key components, including a risk-based assessment of vulnerabilities of 

transportation assets and systems to current and future weather events and natural disasters, which 

this Study provides. Another key component of the plan is a list of priority projects, which the following 

section preliminarily identifies.  

 

Next Steps 

With the successful bid for additional federal support, AAMPO will be able to expand upon this Study 

through PROTECT Program funding. To build upon this study and provide the regional transportation 

planning entities with resources for resilient transportation planning and project identification, the 

PROTECT Grant Project includes three core project elements to serve as resources within the region: the 

TRIP, a Resilient Transportation Resources Portal, and Project-Level Risk Assessments. 

As part of the TRIP development, additional risk analyses will be conducted for multiple variables 

relevant to the AAMPO region. Specifically, user costs will be calculated to enhance the quantified flood 

risk assessment. Doing so will better capture the real-world costs to not just the operating agencies 

overseeing the assets but also to the communities that rely on them. AAMPO will leverage federal tools 

like the Climate and Economic Justice Screening Tool (CEJST) to better understand who will be impacted 

by these types of events and disruptions. Further, AAMPO plans to work with the Study Oversight 

Committee to further refine and expand upon the preliminary MTP/TIP project screening conducted as 

part of this study to formalize a project list that can be submitted to FHWA as part of the TRIP.  

Having a formalized TRIP will unify the AAMPO region in the approach to resilient transportation and 

identify the key funding gaps. However, to ensure the TRIP can be fully leveraged by and beneficial to 

AAMPO regional partners, AAMPO will also develop a compendium of accessible, user-friendly resources 

that build upon the data gathered and analysis conducted as part of this Study and the TRIP. The 

resources portal will be built within AAMPO’s existing web environment, and will contain transportation 

infrastructure, exposure, and risk data developed through analysis and other layers shared on AAMPO’s 
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open data platform. This portal will assist AAMPO member jurisdictions to identify areas of concern in 

their areas that can be further evaluated.   

Given that the initial Resiliency Study was a high-level, regional screening exercise, AAMPO will also 

execute several project-level assessments to demonstrate how the regional data can be leveraged to 

inform decision making. These project-level assessments can demonstrate how to develop resilient 

infrastructure projects and will also help member jurisdictions learn to screen project alternatives 

through a climate risk lens and develop informed project scopes that consider both current and future 

risks. 

Finally, to support the AAMPO region in applying these resources to their transportation planning 

practices, AAMPO will also deploy training and assistance for AAMPO regional partners that will walk 

them through the project-level assessment process and methods to determine outcomes to support 

better investments.  

By developing a TRIP, the Resilient Transportation Resources Portal, and project-level assessments, all 

while providing training and support, AAMPO will enable partners in the region to not only identify 

assets for resilience investments but also apply for future resilient transportation funding opportunities 

through the PROTECT Formula Funds as well as future discretionary fund cycles.  

Emerging Considerations  

While this Study analyzed the current and projected challenges from natural hazards, there are also 

several other emerging trends and opportunities that will be crucial to not only track but also embed 

and incorporate into the region’s resilience strategy.  

1. Strategic Infrastructure Investment – this study illustrates the importance of targeted 

infrastructure investments to increase climate resilience. With the threat of natural hazards like 

flooding, extreme precipitation, and extreme heat projected to continue increasing, it is 

essential to prioritize funding strategically through existing planning and project prioritization 

processes to ensure timely protection of vulnerable communities that increase the longevity of 

the transportation network. 

2. Policy and Legislative Support – the alignment of this Study with federal programs like PROTECT 

emphasizes the role of supportive legislation in driving resilience investment. Continual 

alignment with federal standards and the most up-to-date methods will ensure that funding 

sources and legislative action can continue to support resilience efforts in and around San 

Antonio. At the time of this Study’s publication, TxDOT is currently developing a Statewide 

Resiliency Plan. As the AAMPO region prepares the TRIP, it will be critical to align with the 

state’s plan and incorporate the AAMPO TRIP Project List into the state’s list of priority projects. 

3. Environmental Justice – history has shown that natural disasters impact our most vulnerable 

populations significantly and disproportionately. Continued investment in and collaboration 
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with the region’s disadvantaged communities will ensure that the most vulnerable populations 

are protected. Maintaining access to safe and reliable transportation is also a key component of 

sustainable development and prosperity for the region.  

4. Electrification – Electrification of the transportation network represents a significant 

opportunity to enhance resilience in the region. Electrification provides greater energy security 

as electric grids can incorporate renewable energy sources and smart-grid technologies that 

enhance stability and reliability during extreme weather events, reduces greenhouse gas 

emissions, improves air quality, and reduces cost over time as electrified systems tend to be 

more energy-efficient. As AAMPO continues this work, it will be important to consider and 

incorporate plans for electric vehicle infrastructure in the region and leverage the emerging 

technology to increase transportation resilience. 

5. Adaptive Data Management – while this study leveraged the best available data at the time of 

the assessment, new data continues to emerge daily, and climate models become more precise 

and predictive every day. As AAMPO further develops a resiliency approach, finding ways to 

adjust and adapt to the new data while continuing to invest and make decisions with best 

available data will be crucial to the region’s success. 
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Conclusion 

As the AAMPO region continues to grow and adopt new technologies, it will be crucial to ensure the 

region’s core infrastructure is future proofed to support generations to come. The findings of the 

AAMPO Resiliency Study are just the beginning of solidifying the region’s comprehensive resilience 

strategy to safeguard transportation infrastructure and the communities who rely on it. AAMPO is 

committed to improving the resilience of the region’s multimodal transportation system for all who live, 

work, and visit.  
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Appendix A. Study Oversight Committee 

Meeting Notes 
  



 

39 
 

DATE  September 8, 2022, 1:00-3:00 PM  

MEETING TITLE  AAMPO Resiliency Study Project Oversight Committee 

LOCATION  AAMPO Office (825 S. St. Maryôs St.) & Virtual (Teams) 

ATTENDEES  

AAMPO ï Sonia Jimenez, Clifton Hall, Clayton Elkins 

Oversight Committee ï Brian Mast (SARA), Jesse Garcia (Bexar County), 

Allison Heyward (NE Partnership), Bryce Houlton (Guadalupe County), Tom 

Hornseth (Comal County), Jeff Fincke (Kendall County), Scott Bible (VIA) 

Consultant Team ï Mike Flood (WSP), Trish Wallace (WSP), Art Reinhardt 

(WSP), Kerri Collins (Beacon), Shiva Sandrana (Floodace) 

 

ITEM  

1. Introductions 

¶ The meeting attendees introduced themselves and the agencies they represent (see 
attached sign-in sheet). 

¶ Representatives from TxDOT, City of San Antonio, City of New Braunfels, Joint Base San 
Antonio, San Antonio Water System, and CPS Energy were unable to attend. 

 
2. Project Scope Review 

a. Outline of Tasks 

¶ Mike (Flood) provided an overview of the project scope. Generally, the project will consist 
of defining the regionôs transportation infrastructure risks for current and future conditions; 
analyzing the assets and populations impacted; and identifying the projects and policies 
needed to mitigate the risks moving forward. 

¶ The consultant team will coordinate with stakeholders to collector/gather identified 
agency risks to assets and then use this information as baseline data to develop 
recommendations. 

¶ Resilience studies, once introduced, can become very broad and often cannot address 
every concern, so the consultant team will work with AAMPO, and within the available 
budget, to make recommendations on steps that can be taken to address remaining 
concerns beyond the limits of this study. 

b. Discussion of Resilience Funding 

¶ Mike discussed the topic of resiliency and the challenges with todayôs design practices. 
Generally, engineers and designers analyze past conditions to develop an understanding 
of potential risks and apply design criteria. Most often, ñwhat-ifò scenarios are not 
analyzed (e.g., what if a greater than 100-year storm occurs, who is at risk?). A more 
comprehensive discussion of risks, costs, and consequences is not typically applied.   
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This comprehensive analysis is the foundation of most resilience practices in 
development. There is growing recognition that, due to continued impacts to 
transportation infrastructure, that a more holistic way of approaching project development 
and asset management is needed. 

¶ Resilience focuses on these ñwhat-ifò scenarios to identify risks and how we should focus 
our efforts on mitigating those risks. This type of risk-based assessment is foundational to 
current resilience funding through IIJA and/or through FEMA/HUD funding programs. 

¶ Tom Hornseth asked several questions:  

1) Will the study focus on chronic issues like global warming or more acute issues like 
traffic incidents?   

Mike replied the study will focus on both. Acute issues have a more direct impact to 
the transportation system and can be analyzed with data (available and generated), 
but the team will factor in the effect of chronic issues over time and changing 
conditions.   

2) Will the recommendations focus on all populations or just certain, more at risk 
populations?   

Mike replied all demographics will be reviewed but certain populations may be 
prioritized or recommended for different programs, where eligibility requirements may 
include certain socio-economic measures. 

3) Will incident management practices be reviewed (e.g., certain alternate routes during 
an incident can also be a choke point)?   

Mike stated the plan may have some recommendations if the agencies identify 
specific risks at certain locations, but it is not typically possible to develop a predictive 
model analyzing traffic incidences anticipated to occur everywhere. 

¶ Sonia (Jimenez) added that the deliverable will include the development of a Resilience 
Improvement Plan, and consideration in the long-range plan. By completing these 
required steps, a local match can be reduced from 20% to 10% for federal IIJA award 
funding. 

¶ Mike discussed the PROTECT Grant Program (Promoting Resilient Operations for 
Transformative, Efficient, and Cost-saving Transportation). He added that one measure 
recommended for this effort is the identification of areas of recurring maintenance 
concerns, where maintenance/repair have occurred in multiple incidences. 

¶ Mike and Sonia noted that due to the difference in timing between the recent IIJA/BIL 
guidance and the development of the WSP scope which preceded it, there may need to 
be some modifications to the work scope to ensure the AAMPO study meets the 
requirements of a Resilience Improvement Plan. 

 
3. Discuss Role of the Project Oversight Committee 

¶ Mike described the basis for this work would be toward defining as much data as possible to 
address concerns as Risk = Probability x Consequence. 

¶ Mike explained the approach is not a ñvulnerability studyò as can be found in a web search.  
The approach will take a more cause-effect, risk-based approach whereby many other 
studies only use indicator measures (e.g., heavily used, old, etc.).  
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¶ The Oversight Committee will help gather data and provide feedback on the risk 
assessments approach and then be given the opportunity to review project and policy 
recommendations. 

 
4. Initial Discussion of Known Risks and Concerns in the Region 

¶ Potential known risks identified include the following: flooding and other severe weather 
events (ice, wind, etc.), power outages, fuel shortages, bridge repair (potential transportation 
disruption due to asset age and maintenance needs), staffing shortages (agency response, 
bus drivers), fleet transition to electric vehicles and electric grid stress, extended heat/drought 
impact on infrastructure, lack of redundancy/alternate routes in some areas and communities 
isolated when single access/route is blocked. 

¶ WSP will follow up with a request to participating agencies to create a compiled list of 
incidences, and the identification of communities that have been impacted or blocked by 
flooding or other events. These lists could help identify projects for funding. 

 
5. Initiate Outreach on Data/Information Data Needs 

¶ Brian Mast discussed some of the tools SARA has developed, such as risk mapping and 
predictive flood modeling. Brian also mentioned that new floodplain maps for Bexar County 
will be available soon. 

¶ Mike noted that as the study develops, we may look at advanced technologies such as 
Google Maps for mapping of concerns as a potential resource for the region, which is a 
product that Google is developing. 

¶ Mike noted the detailed study methodology will be further defined once the available data and 
risks have been identified, and the updated methodology would be discussed with 
stakeholders at the next meeting. 

¶ Since transportation projects take many years to develop, it will be important to consider the 
possibility of incorporating resilience measures for projects that have been programmed, but 
not yet designed. 

 
6. Conclusion and Next Steps 

¶ Formal data requests will be sent out the week of September 19th.   

¶ Interviews to be conducted in the coming weeks to collect information on concerns from 
stakeholders. 

¶ A future Oversight Committee meeting will be scheduled for early November to review 
collected information and outline the recommended analysis methodology to be implemented 
in the following project phase. 
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DATE   November 16, 2022   

MEETING TITLE   AAMPO Resiliency Study Oversight Committee (SOC) ï Meeting #2  

LOCATION   AAMPO Office (825 S. St. Maryôs St.) & Virtual (WebEx)  

ATTENDEES   

AAMPO ï Sonia Jiménez, Clifton Hall, Cecilio Martinez  
Oversight Committee ï Allison Heyward (City of Schertz), Tom Hornseth 
(Comal County), Scott Bible (VIA), John Anderson (JBSA), Jeffrey McNeely 
(JBSA), Lauren Simcic (City of New Braunfels), Scott Nelson (TxDOT), Steven 
Siebert (SAWS), Justin Cruger (?)  
Consultant Team ï Mike Flood (WSP), Trish Wallace (WSP), Art Reinhardt 
(WSP), Andrina Dominguez (WSP), Emma Daly (WSP)  

  
ITEM   

1. Introductions  

¶ The meeting attendees introduced themselves and the agencies they represent.  

¶ Representatives from Bexar County, City of Boerne, City of San Antonio, City of Cibolo, City 
of Live Oak, City of Saint Hedwig, City of Seguin, City of Selma, Guadalupe County, 
Guadalupe-Blanco River Authority, Kendall County, San Antonio Airport, San Antonio River 
Authority, Union Pacific, and CPS Energy were unable to attend.  

2. Study Timeline Review  
  

¶ Mike (Flood) provided an overview of the two-year study, which will assess impacts from 
natural and human factors and identify a set of actions to improve the overall resilience of the 
transportation system.  

¶ The study will consider social and economic cohesion, as well as military implications.  

¶ The study will also explore opportunities for funding through the Bipartisan Infrastructure Law 
for resilience improvements to the transportation system at the local level, given there are 
local match benefits for participation in or contribution to a Statewide Resilience Improvement 
Plan.  

3. Data Collection   

¶ Status Update  
o Mike described the process for data collection and assembly. There are several types 

of data the Consultant team is gathering, including assets and stressors. This data 
system will support decision-making.  

o The Consultant team will enter the data analysis phase after the next Committee 
meeting to define areas of risk and concern, which will be carried forward into the 
vulnerability analysis, slated to be carried out through Spring 2023.   

o The Consultant team has received feedback from many agencies, though there are 
some gaps with a few agencies that the team will follow up with to fill.  

o If there are concerns about staff viability or committee members want to share their 
data another way, the Consultant team can connect to support data gathering.   

o Emma provided an overview of the GIS data gathered to-date. Emma is gathering all 
the data into workable files and keeping track of data gaps.    
Á Areas with data gaps include road centerlines with attributes on current & 

projected annual average daily traffic (AADT) and asset management 
information, airportsô buildings footprint, bridge locations in line form, a digital 
elevation model (DEM), and wildfire likelihood data.  

Á Sonia commented that AAMPO can request the airport building files from the 
City of San Antonio.  
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Á The Consultant team is also gathering data from publicly accessible data 
portal, such as national datasets for stream centerlines, FEMA floodplains, 
and waterbodies. The City of San Antonioôs low water crossings data should 
also be gathered for flooding analysis.  

¶ Open Discussion  
o Cecilio Martinez asked if the study would include watersheds. The San Antonio River 

Authority is working on an update and may have lidar data, and the Consultant team 
can also follow up with the Guadalupe-Blanco River Authority as well as USGS for 
watershed data.   

o The team will have to look into who owns the other airports not in San Antonio to 
contact them for building data.   

o Mike noted the repair and maintenance data will likely be provided anecdotally.  
o Cecilio shared that AAMPO has crowdsourced data available as part of the ñMap 
your Concernsò efforts several years ago, which targeted Comal and Bexar counties 
to gather safety concerns.  

o Cecilio recommended 311 data from the City of San Antonioôs Open Data Site.  
o Cecilio asked if the Edwards Recharge Zone will be included in the study.   
o Art suggested including a discussion around stormwater risks in the study.  
o The river authorities will likely have historic information regarding pasts storm impacts 

to dams. The group cited Olmos Dam Basin, operated by the City of San Antonio, 
which tends to flood a part of Highway 281. This dam, and several others, are 
classified as high hazard dams.  

o The San Antonio River Authority maintains approximately 30 dams throughout Bexar 
County.  

o The City of San Antonio has Urban Heat Island data, available on 
https://data.sanantonio.gov/dataset/gis-data.  

o AAMPO has a Travel Demand Model for road network analysis, but representatives 
were unsure whether it is appropriate to use.  

o Cecilio recommended leveraging Open Streets for data analysis.  
o Mike shared that the WSP team has developed a program for network analysis to 

make decisions on impacts and consequences.  

¶ Next Steps  
o By the next meeting the Consultant team will have a fuller data set that identifies risks 

and will describe how this information will be captured in the technical analysis.  
o A few committee members shared localized concerns during the first meeting. The 

next point of outreach will be to discuss these localized concerns and capture 
additional data.  

o Someone from the technical team could attend meetings with stakeholders to capture 
data live into the model, while potentially conducting on-the-ground data sourcing.  

o The Consultant team will confirm sources pulled from open data sources are the 
most appropriate to use.  

o Mike suggested the Consultant team work to provide a dataset status update to 
AAMPO by Dec. 1st.  

4. SOC Meeting #3: December 13th   

¶ AAMPO will keep this meeting on the calendar for now, but if the Consultant team does not 
receive all the data by then, AAMPO may need to adjust the meeting timing.  

o At the next meeting, the Committee will review the data in more detail in terms of the 
implementation framework, methodology to be applied, etc.  

5. Action Items and Conclusion   

https://data.sanantonio.gov/dataset/gis-data
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¶ The Consultant team will connect with Cecilio on AAMPO data and models available.   
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DATE   December 13, 2022   

MEETING TITLE   AAMPO Resiliency Study Oversight Committee (SOC)   

LOCATION   AAMPO Office (825 S. St. Maryôs St.) & Virtual (WebEx)  

ATTENDEES   

AAMPO ï Sonia Jiménez, Clifton Hall, Cecilio Martinez  
Oversight Committee ï Allison Heyward (City of Schertz), Lauren Simcic (City 
of New Braunfels), Jesse Garcia (Bexar County), Justin Cruger (VIA), Lauren 
Simcic (New Braunfels), Allison Heyward (NEP), Summer Hall (City of 
Schertz), Meera Keshav (SARA)  
Consultant Team ï Mike Flood (WSP), Trish Wallace (WSP), Art Reinhardt 
(WSP), Andrina Dominguez (WSP), Emma Daly (WSP), Sienna Templeman 
(WSP), Shiva Sandrana (Floodace), Kerri Collins (Beacon Planning & 
Engineering)  

  
ITEM   

1. Introductions  

¶ Introductions were skipped due to a late start to the meeting to preserve time  
2. Study Timeline Review  

¶ Timeline has been revised and is available in the slide deck   
3. Overview of Data Collected  

¶ Road centerlines were gathered from TxDOT, will most likely utilize "TxDOT Roadway 
Inventory"  

¶ Routable road network was gathered from Esri StreetMap, will be utilizing Esri's free routable 
network from early 2000s  

¶ Bridges, culverts, rail line and airports were gathered from TxDOT  

¶ Bus routes gathered from VIA Metro  

¶ DEM from SARA  

¶ Land Use Land Cover data gathered from TNRIS  

¶ Stream centerlines and waterbodies were gathered from NHD  

¶ Water lines and sewer lines for the SAWS area were gathered primarily for areas within San 
Antonio  

¶ Stormwater lines obtained from City of San Antonio for San Antonio only   

¶ Regional natural hazards:  
o Heavy precipitation  

Á Inland flooding/flash flooding  
Á Riverine flooding  
Á Urban flooding  

o Extreme heat  
Á Heat index  
Á Urban Heat Island  

o Storms  
Á Hurricanes  
Á Tornadoes  
Á Extreme Wind  
Á Hail  

o Drought  
o Wildfires  
o Extreme cold  
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¶ Key datasets for hazards:  
o 2018 Climate Projections for the City of San Antonio from SA Climate Ready  

Á Working to gather this data currently  
o SARA FEMA Floodplains  
o TWD Flood Hazard Quilt & cursory floodplain  
o COSA PWD flood data with low water crossings  
o Localized Constructed Analogs (LOCA) statistically downscaled climate data  

¶ Regional Human-Made Threats  
o Terrorism  
o Hazardous materials  
o Pipeline failure  
o Cyberattack  
o Technological failures & disruptions  
o Civil disorder  
o Nuclear facility incident  
o Water system/dam failure  

¶ Key sources for human-made threats  
o City of San Antonio Hazard Mitigation Plan  
o Kendall County, Bexar County, and Comal County hazard mitigation plans   

¶ Check-in: Is all key information covered?  
o Q: Will power grid analysis be part of the scope?  

Á A: No, this is not within WSPôs scope and often this type of data isnôt shared 
due to security concerns  

o Q: Worried that places outside of the City of San Antonio are not well-represented in 
these datasets  
Á A: There is another phase for data collection that will cover the area more 
broadly, this phase was just to gather sources and data thatôs already been 
processed, which is more widely available in the City of San Antonio  

¶ Councilwoman Heyward will reach out to the city manager to see if 
thereôs data (Bexar County, etc.)   

¶ Emma and Cecilio will coordinate on flood, water, and sewer data  
o Q: What format does WSP want the data in?  

Á A: Geospatial, CADD, NetCDF, etc. GIS files are most useful, but we can 
work with most file types  

o Q: landslides and seismic activity (largely due to oil and gas drilling) may be a 
potential concern  
Á A: Seismic activity is not really something thatôs predictable, but we can note 

it. Landslides associated with rainfall are likely not a large issue in the region 
but can be investigated if there is evidence of issues in the past or the 
potential for issues to arise in the future  

o Q: Train/rail stops in problematic locations may be classified as a threat   
Á A: We have datasets that include New Braunfels and Seguin railroad 

intersection points. If there are system closures that have regular impacts, 
we can investigate it   

¶ We do not have data on parked trains/cars park overnight. This may 
be useful and may be obtained through the live mapping portal  

4. Risk Assessment Overview   

¶ Risk = Probability x Consequence  

¶ 5 main categories:  
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o Societal  
o Technological  
o Economic  
o Environmental  
o Geopolitical  

¶ Risk assessment process follows the vulnerability assessment and resilience framework, with 
the following primary steps:  

o Set objectives and define scope  
o Compile data  
o Assess vulnerability  
o Analyze adaptation options  
o Incorporate results into decision-making  

¶ WSP plans to create a live mapping portal that captures threats and hazards that affect 
transportation and municipal assets  

o Survey 123 and public facing web map will allow interactive selection of assets at 
different locations  

o Survey 123 initially was thought to not be the best option given crowdsourcing 
intent(noted by Cecilio for the Map Your Concerns effort, crowdsource)  

o Clarified the use would be just to the Study Oversight Committee, so the 
crowdsourcing concern is not an issue  

o Beta testing will be conducted before itôs publicly released  
5. Action Items and Next Steps   

¶ Technical methodology memo will be shared in January 2023  
o WSP to provide short update at January 6th TAC meeting  
o Mapping tool is under development  
o Emma and Cecilio will coordinate on flood data  
o Data from 2018 SA Climate Ready projections report are being gathered  

¶ Looking forward:  
o Jan-May 2023: conduct vulnerability assessment  
o May-June 2023: technical memo #2 assessment summary  
o June 2023: oversight committee meeting #4 assessment results  
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DATE  May 30, 2024   

MEETING TITLE  AAMPO Resiliency Study Oversight Committee (SOC) ï Meeting #4  

LOCATION   AAMPO Office (825 S. St. Maryôs St.) & Virtual (WebEx)  

ATTENDEES  

AAMPO ï Sonia Jiménez, Cecilio Martinez, Clayton Elkins, Wendy Dodson  
Oversight Committee ï Councilwoman Allison Heyward (City of Schertz), John 
Anderson (JBSA), Jeffrey McNeely (JBSA), Carly Farmer (City of New 
Braunfels), Scott Nelson (TxDOT), Sean Greszler (JBSA); Greg Rodgers (City 
of Schertz); Maricela Diaz-Wells (VIA), Valerie Naff (City of Von Ormy), 
Brandon Melland (City of Von Ormy), Ayda Gonzalez (City of Von Ormy), Brian 
Mast (SARA), Casey Homer (City of Von Ormy)  
Consultant Team ïAndrina Dominguez (WSP), Chris Dorney (WSP), 
Bryan  Swindell (WSP), Sienna Templeman (WSP)  

  
ITEM  

1. Introductions & Opening Remarks  

¶ The meeting attendees introduced themselves and the agencies they represent.  

¶ Representatives from Bexar County, City of Boerne, City of San Antonio, City of Cibolo, 
City of Live Oak, City of Saint Hedwig, City of Seguin, City of Selma, Comal County, 
Guadalupe County, Guadalupe-Blanco River Authority, Kendall County, San Antonio 
Airport, Union Pacific, and CPS Energy were unable to attend.  

¶ AAMPO Deputy Director Sonia Jiménez shared that the PROTECT grant funding is 
currently in a holding pattern ï the administration is about 2 years behind and is 
administrating FY22 and 23 grants simultaneously.  

¶ There can be up to a 10% reduction in local match for having a project listed in the 
forthcoming Resilience Improvement Plan.  

2. Study Overview  

¶ Andrina provided a review of the past Study Oversight Committee meetings, which 
covered identification of known localized issues, data needs, and the focus and 
methodology for the risk assessment.  

¶ The risk assessment included the following hazards:   
o Flooding  

Á Fluvial (riverine)  
Á Pluvial (precipitation-based)  

o Precipitation  
o Extreme heat  

Á Heat index  
Á Pavement binder grade temperatures  

o Extreme non-tornadic wind  
o Tornadoes  
o Hail  
o Drought  
o Extreme cold  
o Wildfire  

3. Risk Assessment Results  

¶ Assets  
o Airports  
o Culverts  
o Bridges   
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o Roads   
Á A question was posed on railroads and drainage implications ï this was 

taken into consideration in the SARA data  

¶ Flooding  
o Risk assessment overview: RISK = LIKELIHOOD * IMPACT  

Á LIKELIHOOD = f(vulnerabilities, exposure, threats, mitigating controls)  
Á Physical damage assessment model estimates damage costs at each 

asset from projected flood events  
Á Do-nothing agency costs, total asset counts, and the number of assets at 

moderate ($0-$1M) or high ($1M+) risk  
Á Sean Greszler asked if asset criticality was considered in the 

assessment  

¶ User costs are considered for criticality   
Á Do assets get broken up (i.e. is an airport assessed as one asset or 

individual structures)?  

¶ Assets are broken up into segments and separate assets but are 
symbolized with one symbol on the map for ease of viewing  

Á Sean Greszler noted that the 500-year floodplain is used for a lot of 
military actions and is wondering if the 500-year was included in this 
analysis  

¶ The maps in the presentation include the 100-year return period 
but multiple return periods were analyzed ï whichever data that 
was available from previous studies that included the 100- and 
500-year events  

¶ Some example assets were discussed   
o Culvert on Covel Road (do-nothing cost $630,000)  

Á This cost only takes into account infrastructural damage itself, not any 
additional costs ï this asset is near to a landfill  

Á Expand on the meaning of do-nothing cost ï if there were no 
interventions and a flood event happened, the cost to repair/replace 
components is the do-nothing cost on average  

Á For roads or culverts, considerations for do-nothing costs include:  

¶ Traffic volume  

¶ Vehicle makeup  

¶ Detour routes around the asset   

¶ Physical repair/damage costs  

¶ Criticality   
o Bridge on Culebra Road (do-nothing cost $1,479,431)  

Á Sonia noted that this bridge is part of a trail  
Á Only the assets were considered, not the trails ï could be included at a 

later date but not in this analysis currently   
o Road segment along Evans Road (do-nothing cost $1,736,246)  

Á Segment is óintersection to intersectionô (this one is between Lookout Rd. 
and Olymbia Pkwy.) ï there is no set length of segments for any road 
segment assets  

Á Sonia noted that thereôs a hospital that will be going up in this area soon 
ï the city of Selma is looking to improve the area so this information will 
be useful for them  

o 18 buildings at San Antonio International Airport  
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Á One of these buildings, a parking garage, has a do-nothing cost of 
$32,523,792  

Á Buildings are considered to be flooded based on FEMAôs depth damage 
functions that relate the depth of flooding to costs ï for this particular 
building type (parking garage) thereôs a specific function for it assuming 
that additional flood protections are not implemented into the asset  

o This assessment is screening level and has some limitations ï for example, the 
data from the Texas Water Development Board doesnôt include all stormwater 
drainage information that has a significant impact on pluvial flooding  
Á Sonia noted that AAMPO wonôt be funding airport property but will share 

the information with them  
o Flooding data was obtained from:  

Á Pluvial flooding ï Texas Water Development Board (TWDB) via Fathom  
Á Pluvial data availability from TWDB is unknown  
Á Riverine flooding ï several sources, primarily SARA (San Antonio River 

Authority); not all watersheds had enough mapped data for floodplains at 
different return periods   

¶ This data does not incorporate climate change or how the 
floodplains may change in the future  

¶ LIDAR data utilized from 2015 timeframe is pretty up to date and 
granular in draft floodplain maps  

¶ Precipitation  
o More intense and frequent extreme precipitation events are expected  
o This data can be plugged into the flood analysis as well in the future   

¶ Extreme heat  
o Heat index  

Á Results were presented in categories of heat index warnings from the 
National Weather Service  

Á Extreme heat is anticipated to increase continually and in severity  
o Pavement binder grade temperatures  

Á Pavement binder grade is what holds together asphalt and is highly 
impacted by extreme temperatures  

Á Even historical conditions under either model analyzed estimate that 
current maximum temperatures for pavement binder grades are too low  

¶ Extreme non-tornadic wind  
o Extreme wind speeds (not resulting from tornadoes) were presented for various 

return periods for current conditions  

¶ Tornadoes  
o Tornadoes were discussed qualitatively as they are unable to be well-captured 

by climate models and it is uncertain how they will change in the future  

¶ Hail  
o Hail was discussed qualitatively as it is unable to be well-captured by climate 

models and it is uncertain how they will change in the future  

¶ Drought  
o It is currently unclear how drought will progress into the future in Texas but it will 

likely continue to be a significant issue in the area  

¶ Extreme cold  
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o It is currently unclear how extreme cold events will progress into the future in 
Texas but in general cold days are becoming less frequent and will continue 
along that trend  

¶ Cecelio noted that pavement and bridges data can be overlaid to identify critical projects 
for the Resilience Improvement Plan  

4. Policy Recommendations  

¶ Goal is to identify current references to óresiliencyô to establish how it is currently 
addressed in the AAMPO planning process & programs  

o Policy recommendations:  
Á Amend 2050 Mobility Plan with explicit policy recognizing the importance 
of resiliency in the regionôs ongoing growth 

Á Focus the study on identifying risks and impacts of extreme weather 
events to serve as the regionôs risk assessment  

Á Complete a Resiliency Improvement Plan (RIP) to translate the risk 
assessment into specific strategies and projects to mitigate risks  

Á Establish scoring criteria to identify and prioritize risk-reduction projects  
Á Incorporate the results from the risk assessment and RIP into any Long-

Range Transportation Plan updates  
Á Recommendation to look at the CJEST tool for screening and 

prioritization  
5. PROTECT Grant  

¶ Submitted application in August 2023 as part of the study  
o April 2024 were awarded $485,000 to produce a resilience improvement plan, 

develop a resilient transportation resources portal, conduct project-level risk 
assessments, and implement resilient transportation technical training  

¶ How the PROTECT grant ties into this analysis:  
o Transform the study into a formal plan (Resilience Improvement Plan)  
o Will build on the project screening conducted  
o Select key assets identified to conduct project-level analysis  
o Improve the analysis of additional hazards  
o Refine and publicize the data for AAMPO jurisdictions and partners to use for 

further resilience work in the region  
6. Next Steps  

¶ Tech memo 2 with risk assessment results is under finalization right now  

¶ Project screening and draft final report will be developed through May-June 2024  

¶ June 2024 the final report will be released  

¶ August 2024 the final report will be adopted by the policy board   
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Appendix B. Risk Assessment 

Methodology  
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Appendix C. Risk Assessment Results   
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Appendix D. AAMPO Policy Review & 

Recommendations Memo   
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Appendix E. Project Screening Results 

 
 
 


