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The Harris-Galveston Subsidence District is a special 
purpose district created by the Texas Legislature in 
1975. The District was created to provide for the regu-
lation of groundwater withdrawal throughout Harris 
and Galveston counties for the purpose of preventing 
land subsidence which contributes to flooding.  

The 2016 Annual Groundwater Report Executive Sum-
mary contains an overview of the climate conditions, 
groundwater use,  groundwater level, and measured 
subsidence within the District.  Additional details on 
any of this data maybe found in the 2016 Annual 
Groundwater Report available online at  
www.hgsubsidence.org or upon request . 
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INTRODUCTION	
Groundwater was the primary source of water for the 

municipal, agricultural, and industrial users over the 

last century. Rapid increase in population in the 

1950’s due to the expansion of the industrial complex 

in the Houston Ship Channel area led to a dramatic 

increase in water demand and groundwater withdraw-

al. The increase in water-use caused significant water-

level decline in the Gulf Coast Aquifer. 

Water-level decline in the Gulf Coast Aquifer causes 

subsidence in the Houston area. Subsidence is the loss 

of land surface elevation. The Gulf Coast Aquifer is 

composed of many interbedded sand  and clay lenses 

that are not horizontally or vertically continuous. This 

heterogeneous mix of sand and clay is unique to the 

Texas Gulf Coast, and results in an aquifer particularly 

susceptible to compaction of the aquifer and subsid-

ence. The rates of subsidence increase where water-

levels in the aquifer are decreasing over time. Histori-

cally, subsidence has occurred over a large area sur-

rounding the Houston metropolitan area with cumula-

tive subsidence reaching nearly 12 feet in some local-

ized areas. 

Since being enacted by the Texas Legislature in 1975, 

the Harris-Galveston Subsidence District has devel-

oped several regulatory plans to address the subsid-

ence issue in Harris and Galveston Counties. Current-

ly, the District is parsed into three regulatory areas. 

Regulatory Area 1 includes the coastal areas, the Hou-

ston ship channel, and most of Galveston County. 

Regulatory Area 2 includes an area further inland gen-

erally covering parts of central and eastern  Harris 

County. Regulatory Area 3 includes the reaming 

Northern and Western areas of Harris County.  

The District Regulatory Plan, last updated in 2013, 

requires all permitted groundwater users to source 

90% (Area 1) or 80% (Areas 2 and 3) from an alterna-

tive source of water (not groundwater). Permittees in 

Area 3 are currently going through the conversion pro-

cess, and may submit a groundwater reduction plan for 

approval. An approved groundwater reduction plan 

allows the user to follow a conversion process that al-

lows for a gradual conversion over time, 30% conver-

sion by 2010, 60% by 2025, 80% by 2035. More in-

formation about the District Regulatory Plan and the 

requirements can be found at www.hgsubsidence.org. 

CLIMATE	
Annual varia ons in precipita on can 

have a significant impact on the total 

water demand of the District. Water use 

patterns change  during periods of  cli-

matic variation, which results in changes 

in water-level and potentially in subsid-

ence rates. During periods of excessive 

rainfall, total water  demand can decline, 

conversely, during prolonged dry peri-

ods, water use can increase resulting in 

declining water-levels in the aquifer and 

subsidence.  

Overall, the 2016 calendar year finished Figure 1. Measured precipitation and temperature at Houston Hobby 

International Airport and 30‐year normal averages, 2016 (Source: National 

Climatic Data Center) 
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the year above normal in total precipitation (Figure 

1).  Large amounts of rainfall in the spring and mid-

summer were followed by a generally dry period from 

late August  to December.  

WATER	USE	

How much water is withdrawn from the aquifer on an 

annual basis is one of the most important data sets com-

piled each year by the District. All permittees in the Dis-

trict are required to report their annual groundwater use 

each year.  

In 2016, total groundwater withdrawal in Regulatory 

Area One was 8.6 MGD, a 4% (0.3 MGD) increase over 

the previous year (Figure 2). Public supply, industrial 

and irrigation uses increased by 1%, 4% and 

60%, respectively. Although irrigation had a 

60% increase in Area One, when considered 

in the context of the total groundwater us in 

the District it is relatively small.  

Total groundwater withdrawal increased in 

Regulatory Area Two from 25.2 MGD in 

2015 to 31.7 MGD in 2016 (a 26% increase) 

as a result of increase groundwater use for 

public supply (Figure 3) . Industrial and irri-

gation usage in Area Two decreased in 2016.  

Regulatory Area Three covers north and west 

Harris County. Entities in this regulatory area were re-

quired to convert to alternate water beginning in 2010 

with some entities converting early. Pumpage increased 

by 4% to 186.1 MGD in 2016.  

The three primary water uses in the District are public 

supply, industrial, and agricultural. Reported groundwa-

ter withdrawal decreased in industrial and agricultural 

for 2016. The largest category of use remains public 

supply at 92% of the total. For 2016, there were 884 

wells with an allocation total of 15.6 MG not reporting 

as of April 7, 2017. This equates to an estimated unac-

counted for withdrawal of 0.04 MGD (or 0.1 % of all 

reported withdrawals).  

Total alternate water use (Figure 4) was up 61.8 MGD 

from 2015. Surface water came from all three rivers in 
Figure 3. Groundwater Use by Regulatory Area, Harris and 

Galveston Counties, Texas, 1975‐2016. 

Figure 4. Alternative water use by source in Harris and 

Galveston Counties, Texas, 1975‐2016. 

Figure 2. Groundwater use by regulatory area, Harris and Galveston Counties, 

Texas, 2016. 
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Figure 5. Water‐level elevation change in the Chicot Aquifer, 1977‐2016. Blue 

contour lines denote water‐level rise where red contour lines denote water level 

decline, the green contour denotes zero change. (Source: USGS) 

Figure 6. Water‐level elevation change in the Evangeline aquifer, 1977‐2016. Blue 

contour lines denote water‐level rise where red contour lines denote water level 

decline, the green contour denotes zero change. (Source: USGS) 

within the region with the greatest 

amount coming from the Trinity 

(67%), followed by the San Jacinto 

(22%), and the Brazos (11%). Total 

water demand (surface water, re-use 

water, and groundwater) within the 

District increased to 986.9 MGD dur-

ing 2016 (up 75.1 MGD from 2015). 

The Trinity River, as it has been for 

over two decades, is still the single 

largest source of water in the District. 

Groundwater remains the second larg-

est source of water for the District as a 

whole.  

AQUIFER	WATER	LEVEL	

All groundwater used in the District is sourced from the Gulf Coast Aquifer System, which is comprised of three 

primary water bearing units. The two units most widely used in the District are the Chicot and Evangeline aquifers. 

The Chicot is the shallowest aquifer in the District which is directly connected to the Evangeline aquifer immedi-

ately below. The Burkeville confining unit lies beneath the surficial aquifers and isolates the third primary aquifer, 

the Jasper aquifer. The Jasper aquifer 

is not widely used in the District but 

is a primary source of water for 

Montgomery County to the North. 

The aquifers dip and thicken as they 

approach the coast from their western

-most extent in Grimes and Waller 

County. 

Annually, since 1975, the U.S. Geo-

logical Survey (USGS) has measured 

the  water-level in hundreds of wells 

throughout the Houston Region in all 

primary aquifers to document the im-

pact of changes in water-use on the 

aquifer. Since aquifer water-level is 

the best measure of the pressure in 

the aquifer, this information is also of 
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vital importance to understanding the impact of chang-

es in water use on subsidence.  

The change in water-level in the Chicot and Evangeline 

aquifers since 1977 (figures 5 and 6) clearly shows the 

impact of District regulation on the Aquifer. Generally, 

Regulatory Areas 1 and 2 have seen a significant rise in 

water-level up to 160 feet and 240 feet in the Chicot 

and Evangeline aquifers respectively. The area of rise is 

a result of the reduction of groundwater use required by 

the District’s Regulatory Plan. Conversely, in Regula-

tory Area 3 and nearby in Northern Fort Bend and 

Southern Montgomery Counties, water-levels continue 

to be significantly lower than the 1977 benchmark, 

reaching declines of nearly 280 feet in the Evangeline 

aquifer, since these areas are growing rapidly and the 

conversion to alternative sources of water will not be 

completed until 2035.   

SUBSIDENCE	

Subsidence in the Gulf Coast is caused primarily by the 

reduction of pressure in the aquifer due to groundwater 

extraction for municipal, industrial, and agricultural 

Figure 7. Estimated average annual rate of subsidence 2011‐2016 in inches/year at subsidence monitoring sites operated by the District and 

the University of Houston that have been in operation for three years or more.  (sources: HGSD, University of Houston, TXDOT, NGS) 
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Figure 8. Estimated average annual rate of subsidence 2011‐2016 in inches/year at subsidence monitoring sites operated 

by the District and the University of Houston that have been in operation for three years or more in HGSD regulatory Area 

3.  (sources: HGSD, University of Houston, TXDOT, NGS) 

supply. As the water-level in the aquifers decline, the 

clay lenses in the aquifer compact and subsidence is 

observed at the surface.  

Since the late 1990’s, the District has been utilizing 

Global Positioning Stations (GPS) to monitor the land 

surface deformation in the area. Working collabora-

tively with the University of Houston researchers, the 

monitoring network has grown to nearly 200 monitor-

ing sites throughout the region operated by the District, 

the University of Houston, and other agencies.  

The average annual rate of movement is a useful meas-

ure to show the current activity at a monitoring site. 

Figures 7 and 8 show the average annual rate of sub-

sidence from 2011-2016 at over 140 sites in the cur-

rently active network that have been active for three 

years or longer. When compared to the aquifer water-

level change data shown in Figures 5 and 6, in areas 

where water-level has risen, current subsidence rates 

are small or some uplift (rebound) has occurred. How-

ever, in areas where water-levels are in decline, subsid-

ence rates increase as much as an order of magnitude. 

The highest rates of estimated rates of subsidence oc-

cur near the cities of Spring/The Woodlands, Jersey 

Village, and Katy in northern and western Harris 

County and Southern Montgomery County. 

 

www.hgsubsidence.org/documents 


