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Presenter Notes
Presentation Notes
Photo: Dry Sabinal River in Vanderpool, Bandera Co., July 1, 2022



Causes and impacts of drought

• El Niño-Southern Oscillation (ENSO) and La Niña
• Warmer temperatures  increased evaporation 
• Variable precipitation  decreased recharge
• Dwindling surface water supplies
• More reliance on groundwater
• Declines in groundwater levels
• Stressed vegetation and crops

Presenter Notes
Presentation Notes
Impacts from La Niña typically occur in winter through spring, sets the stage for rainfall deficits and dryness
A positive feedback occurs with dry soils and increased temperatures
Creates a dome of high pressure over the south central U.S.
Dwindling surface water supplies can cause increased use of groundwater for irrigation, etc.
Population growth and increased water use can further stress water resources during drought conditions
Sometimes irrigation activity declines during drought, as people are aware of the issue and are trying to conserve or have insurance policies in place, other incentives not to pump
All of these factors increase the need for water conservation

Sources: TWDB Surface Water Division, State Water Plan




Previous droughts
• 1950 to 1957

• Most significant drought recorded since 1895
• 77 months

• 2010 to 2014
• 2nd worst and longest statewide drought on record
• 51 months
• 2011 worst one-year drought on record

• Evidence of more severe megadroughts from tree-ring data 
• Local scale droughts since 2014

Presenter Notes
Presentation Notes
2011 continues to serve as representative “dry-year” for water demand projections
La Niña events linked to initiation of past exceptional summer droughts

Sources: 2022 State Water Plan, Palmer Drought Severity Index, NOAA 2020




Current 
drought

Presenter Notes
Presentation Notes
U.S. Drought Monitor, updated 7/5/22
Exceptional drought (D4) – 16% of the state
Extreme drought (D3) – 46% of the state
Central and west Texas areas, some Panhandle/High Plains areas
Graph shows percentage of drought categories since 2010, and how current conditions are beginning to reflect past drought periods
Warm temperatures
Lack of rainfall
La Niña conditions
Initiated at different times for different parts of Texas
Southwest Texas: ~July 2021
Central and Northern Panhandle: ~September 2021
Mid-Rio Grande Valley: ~October 2021
Central portion of the state: 
Worst drought category: Exceptional Drought (U.S. Drought Monitor)
Ongoing drought conditions/causes since ~April 2021



U.S. Drought Monitor
None – No Drought
D0 – Abnormally Dry
D1 – Moderate Drought
D2 – Severe Drought
D3 – Extreme Drought
D4 – Exceptional Drought

WDFT drought page: https://www.waterdatafortexas.org/drought/drought-monitor?period=2022-07-05&areaType=state&areaName=tx 

Photo: Highway 83 in Real Co., July 1, 2022

Source: SW Division



Presenter Notes
Presentation Notes
Record low rainfall past ~6-months
Much above normal temperatures in April 2021 (southern half of state)
Record average temperatures in December 2021 (entire state)
Record average temperatures in May 2022 (upper Colorado basin)




Groundwater response to drought
Observations

• Water level elevations
• Spring discharge
• Correlation with periods of dry 

conditions
• Impacts appear on variable 

timescales

Tools
• Drought indicator recorder wells 

and springs  
• TWDB monthly Texas Water 

Conditions Report
• Average water level changes
• Hydrographs 
• Well drilling counts

Presenter Notes
Presentation Notes
Some GCDs like Barton Springs, EAA use springs as drought indicators 
Recorder wells, drought indicator wells (J-17 EAA example)
WDFT website – view real-time groundwater levels via recorder well network
Water level change maps are another tool,
Hydrographs used for purposes of this presentation
Water level decline expected but varies across regions/aquifers

https://www.twdb.texas.gov/surfacewater/conditions/report/index.asp


Presenter Notes
Presentation Notes
Figure shows average water level changes in major aquifers over the past 1, 5, and 10 years (in feet) (average of recorder wells reporting data at the time for each aquifer)
Increases are shown in darker colors, decreases in lighter colors
The 10-year data reflects change relative to 2012, in the midst of the 2011-2015 drought
Wells that had a lot of drawdown during that drought may have a higher water level now (e.g. Edwards and Trinity). 
Other aquifers have a more consistent downward trend (Carrizo, Ogallala). 
Gulf Coast data is highly over-represented by the Houston area and reflects the long-term recovery of groundwater levels in response to subsidence controls.

The 10-year change reflects conditions at a smaller number of wells so should be viewed with caution as localized effects may have an oversized influence on average changes by aquifer as the number of wells gets smaller.





Well Drilling Activity – New Irrigation

Presenter Notes
Presentation Notes
Graph shows new irrigation wells drilled since 2003
Between 2003 – 2021, over 57K new irrigation wells drilled in Texas
Increased activity during last drought of record, 2011-2014; ~18K new irrigation wells drilled between 2011-2014 (~1/3 of all wells drilled in the last 19 years)
Activity decreases again after 2014
Average number of new irrigation wells per year is ~3K


Data from SDR DB/Power Bi Dashboard, through 7/7/2022.
Data displayed is from 2003 to present. SDR began collecting data in 2011 but did not begin collecting all reports until 2003.




Well Drilling Activity – Replacement

Presenter Notes
Presentation Notes
Graph shows replacement wells drilled since 2003
Increased activity during last drought of record, 2011-2014/2015; more than a quarter (28.7%) drilled during this period
Most replacement wells drilled are domestic use (61%)
Activity decreases again after 2015
Average number of replacement wells per year is ~500

Data from SDR DB/Power Bi Dashboard, through 7/7/2022.
Data displayed is from 2003 to present. SDR began collecting data in 2011 but did not begin collecting all reports until 2003.




Assessing drought in water level data
• Variable response across aquifers and individual wells
• Areas of known exceptional or extreme drought conditions
• Aquifers susceptible to drought
• Aquifers that reflect changing conditions quickly
• Wells with long, consistent water level records
• Recorder well data
• Spring discharge data

Presenter Notes
Presentation Notes
These points were used in approach for presentation focus
Challenging to assess large amounts of data
Decided to focus on Edwards Balcones Fault Zone and Southern Trinity Aquifers for this presentation
Considered showing data from Ogallala Aquifer, but this aquifer is subject to continual pumping/discharge and water stresses, an example of an aquifer that does not show obvious effects of drought in the short term





Edwards
(Balcones Fault Zone) 
Aquifer

Presenter Notes
Presentation Notes
Karst aquifer, highly permeable – water flows through faults, fractures, joints, conduits
Due to highly permeable nature, aquifer responds quickly to rainfall, drought, and pumping as seen through water levels and spring flow
Water levels can decline rapidly during drought, but can also rebound quickly with adequate rainfall
Feeds several well-known springs and surface water bodies (Comal Springs, San Marcos Springs, Barton Springs, Hueco, San Pedro, San Antonio, Leona, Las Moras springs)

(Texas Aquifers Study 2016, TWDB)

Map shows well and spring locations discussed in this presentation



Edwards (Balcones Fault Zone) Aquifer
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J-17 Well (6837203) period of record in Bexar County

Presenter Notes
Presentation Notes
For most well hydrographs in this presentation, water level changes are referenced to initial value, 0, so changes over time are more apparent. 
Period of record dates back to the 1930’s and shows both 1950’s and 2011 droughts
High variability and significant declines during drought period
Periods of rapid recharge also shown
Water level decline during current drought is apparent



Edwards (Balcones Fault Zone) Aquifer
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Water level changes since 2000 in Bexar, Travis and Uvalde counties

5850301 6837203 6950302

Presenter Notes
Presentation Notes
This shows the J-17 well (brown hydrograph) combined with hydrographs from other area wells
Water level changes are referenced to initial value, 0, from starting period of 2000 – hydrographs start at the same point and changes over time are more apparent. This is different than plotting depth to water, where large differences in elevation can make changes harder to see.
The J-27 well in Uvalde County (6950302-orange hydrograph) clearly shows the effects of the 2011 drought and has trended down since about 2020. Drought effects are more obvious as the water levels do not fluctuate as much
Travis County well 5850301 (black hydrograph) was not measured during key intervals during the 2011 drought and has a large range of variability.
Edwards-Balcones Fault Zone wells tend to have a high variability because of rapid recharge during wet periods.





Edwards (Balcones Fault Zone) Aquifer

Presenter Notes
Presentation Notes
Edwards BFZ springs discharge data, 2000 to present (USGS data download)
Barton Springs, Hueco Springs, and Las Moras Springs (Travis, Comal, and Kinney counties)
2000s drought seen in discharge data; zero and near-zero discharge occurred several times during that period
Rebound period after 2014/2015
Decreased discharge at all locations currently; zero or near zero discharge at Hueco and Las Moras



Edwards (Balcones Fault Zone) Aquifer

Presenter Notes
Presentation Notes
Las Moras Springs data (historical graph: Plateau Region Water Plan January 2021; data since 2015: USGS)
Period of significant discharge decline during 2010-2014/2015
10-month period of flow <5 cfs between July 2012-May 2013 (Plateau Region Water Plan)
Station relocated in 2014 – USGS graph – currently flow is at zero, with rapid decline over the past month
Possible influence of nearby pumping for irrigation



Edwards (Balcones Fault Zone) Aquifer 

Las Moras Springs, April 2019 Las Moras Springs, June 2022

Presenter Notes
Presentation Notes
A comparison of the pool near Las Moras Springs from 2019 vs. current conditions in 2022, photos taken by TWDB staff



Southern Portion
of the Trinity Aquifer

Presenter Notes
Presentation Notes
Major aquifer that extends across central and northeastern part of the state
One of most extensive and highly used groundwater resources in TX
For this talk we focused on the southern portion/TX Hill Country area of the aquifer - correlation to some of the worst current drought categories 
Aquifer system consists of the Upper, Middle, and Lower Trinity aquifers (this presentation features wells from the Middle Trinity, with a few in the Upper and Lower Trinity)
Discharges to a large number of springs and as base flow to gaining streams (Guadalupe, Blanco, Medina Rivers)
Cross-formational flow to Edwards BFZ Aquifer
Recharge from precipitation and infiltration from losing intermittent streams
Highest recharge coincides with Balcones Fault Zone
Rapid population growth and increased pumping makes this area of the aquifer vulnerable to drought

(Texas Aquifers Study 2016, TWDB)
(R-377, Groundwater Availability Model: Hill country Portion of the Trinity aquifer of Texas (2011))
(R-380, Aquifers of Texas (2011))

Map shows well and spring locations discussed in this presentation (6804313 and 6812106 hydrographs removed from presentation due to time limitation)




Southern Portion of the Trinity Aquifer
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Water level changes since 2000 in Kendall County

5758402 6801314 6802609 6804312

Presenter Notes
Presentation Notes
Water levels in Middle Trinity (Hensell and Cow Creek) wells in Kendall County, 2000  to 2022
This group of hydrographs shows a consistent pattern of drawdown from 2005 to 2015
Modest recharge from 2015 to 2020
Drawdown from 2020 to present, reflecting response to climatic conditions.  
Overall, all of these wells exhibit a downward trend in water level over time.




Southern Portion of the Trinity Aquifer
Water level changes since 2000 in Blanco, Hays, and Kerr counties
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Presenter Notes
Presentation Notes
Trinity wells in several counties. 
Top graph – Middle Trinity wells
Bottom graph – Lower (5763705, 5757805) and Upper (5747705) Trinity wells
Well 5747705 is located near the Perdenales River and shows surface water influence as seen in they hydrograph spikes. 
Recharge events are more muted in other wells. 
Water levels generally drop during the 2011 to 2015 drought but mostly recover after 2015. 
2022 data for most of these wells is not yet available.
A lot more data exist; this presentation features a few examples of drought signatures and response variability.




Southern Portion
of the Trinity Aquifer

Presenter Notes
Presentation Notes
Jacobs Well Spring data (USGS)
Cow Creek Limestone, Middle Trinity Aquifer
2000’s drought apparent in discharge data, zero or near-zero discharge reached several times. 
Has approached zero discharge several times over past several years and is currently a near zero discharge.
Spring discharge is directly correlated to nearby pumping, with discharge significantly decreased during increased pumping (Meadows Center 2019 report)
Local external effects that can impact water levels/spring discharge

Photo: TWDB sampling Jacob’s Well Spring in 2019, taken by TWDB staff



Southern Portion of the Trinity Aquifer

Spring Name
Flow (cfs)

2020 2021 2022
Inspiring Oaks Spring 0.5 Dry Dry

June 2020 April 2021

Presenter Notes
Presentation Notes
Inspiring Oaks Spring, located in Hays Co.
Glen Rose Limestone, Lower Member, Middle Trinity Aquifer
TWDB Springs Monitoring Program implemented in 2020
Photos of spring orifice in 2020 compared to 2021
Flow decreased since 2020 and spring has been dry since 2021



Southern Portion of the Trinity Aquifer

June 2020 April 2021

Presenter Notes
Presentation Notes
Inspiring Oaks Spring, additional pictures of the spring channel, located downstream from the spring orifice
Photos of 2020 compared to 2021



Groundwater data challenges
• Vast amount of data
• Heterogeneity of aquifer systems
• Local/regional influences
• Other factors to consider

• Long term overuse and water level decline
• Population growth/water use changes
• Interaction with surface water
• Cross-formational flow between aquifers

Presenter Notes
Presentation Notes
Groundwater level changes a result of environmental factors and aquifer type, recharge rates
Nearby pumping wells and seasonal irrigation can influence water levels in a particular well or area of wells
Localized drought and precipitation vary across the state



Current drought forecast

Presenter Notes
Presentation Notes
La Niña forecast to continue through end of the year
Unusual for La Nina to last through the year; ENSO impacts in Texas usually most pronounced in fall/winter
Possible opposing signal in the summer, El Niño could drive rainfall deficits (1998 drought) (Pu et al., 2016)
Rainfall likely leaning below normal (North Texas/Panhandle)
Temperatures likely above normal for most of the state
Hurricanes
Active season associated with La Niña
Typically do not track west of I-35
Saharan dust may inhibit tropical storm formation
Drought busting from hurricanes for regions of state currently most impacted by drought unlikely

Source: SW Division, NOAA




Questions?

Rebecca Storms, P.G.
Groundwater Monitoring
rebecca.storms@twdb.texas.gov
512-475-3302

Presenter Notes
Presentation Notes
Acknowledge early stages of drought, continuing impacts yet to be defined

Photo: Oaks dropping leaves in W. Kerr Co., July 1, 2022


mailto:rebecca.storms@twdb.texas.gov
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