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Statistical Analyses of Hydrologic System
Components and Simulation of Edwards
Aquifer Water-Level Response to Rainfall
Using Transfer-Function Models,

San Antonio Region, Texas

By Lisa D. Miller and Andrew J. Long

Abstract

In 2003 the U.S. Geological Survey, in cooperation with
the San Antonio Water System, did a study using historical data
to statistically analyze hydrologic system components in the
San Antonio region of Texas and to develop transfer-function
models to simulate water levels at selected sites (wells) in the
Edwards aquifer on the basis of rainfall. Water levels for two
wells in the confined zone in Medina County and one well in the
confined zone in Bexar County were highly correlated and
showed little or no lag time between water-level responses.
Water levels in these wells also were highly correlated with
springflow at Comal Springs. Water-level hydrographs for
35 storms showed that an individual well can respond differ-
ently to similar amounts of rainfall. Fourteen water-level-
recession hydrographs for a Medina County well showed that
recession rates were variable. Transfer-function models were
developed to simulate water levels at one confined-zone well
and two recharge-zone wells in response to rainfall. For the
confined-zone well, 50 percent of the simulated water levels are
within 10 feet of the measured water levels, and 80 percent of
the simulated water levels are within 15 feet of the measured
water levels. For one recharge-zone well, 50 percent of the
simulated water levels are within 5 feet of the measured
water levels, and 90 percent of the simulated water levels
are within 14 feet of the measured water levels. For the other
recharge-zone well, 50 percent of the simulated water levels
are within 14 feet of the measured water levels, and 90 percent
of the simulated water levels are within 27 feet of the measured
water levels. The transfer-function models showed that
(1) the Edwards aquifer in the San Antonio region responds dif-
ferently to recharge (effective rainfall) at different wells; and
(2) multiple flow components are present in the aquifer. If sim-
ulated long-term system response results from a change in the

hydrologic budget, then water levels would be difficult to sim-
ulate accurately.

Introduction

The Edwards aquifer is the major source of water for more
than 1.5 million people in the San Antonio, Texas, area and pro-
vides nearly all of the water used for industrial, military, irriga-
tion, and public supplies. San Antonio’s public water supply
needs are in competition with those of farmers and ranchers
west of the city. Withdrawals from the aquifer to meet the city’s
needs are a threat to the continuation of flows at Comal Springs,
the largest spring in the southwestern United States, and San
Marcos Springs. Both springs supply downstream users, sustain
federally listed endangered species, and support local econo-
mies through tourism. An Edwards aquifer management plan
(San Antonio Water System, 2006) has been implemented to,
among several objectives, ensure continuous springflow at
Comal Springs. The plan restricts water use on the basis of
specific ground-water levels of the Edwards aquifer at an index
well in Bexar County (Bexar County index well). To effectively
manage the Edwards aquifer on a day-to-day basis, the San
Antonio Water System (SAWS) would like to be able to simu-
late water-level response on the basis of measurable and readily
available data, such as rainfall.

In 2003 the U.S. Geological Survey (USGS), in coopera-
tion with SAWS, did a study using historical data to statistically
analyze relations among Edwards aquifer water levels, spring-
flows, rainfall, and streamflow in the San Antonio region of
Texas and to develop models to simulate water levels at selected
sites (wells) in the Edwards aquifer on the basis of rainfall.

Previous statistical regression analyses of hydrologic
variables for the Edwards aquifer have been made by Puente
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(1976), Asquith and Jennings (1993), and Tomasko and others
(2001). Puente (1976) developed equations using simple linear
regression to estimate daily, monthly, and annual water levels
and springflow. Asquith and Jennings (1993) developed statis-
tical models to estimate annual springflow at Comal Springs
and annual water levels for the Bexar County index well.
Tomasko and others (2001) examined stream-discharge, water-
level, and spring-discharge response to high rainfall during
October 1998. Some statistical relations developed in these pre-
vious studies might be useful in estimating missing water-level
record; however, they are unable to simulate changes in water
levels on the basis of readily available data.

The purpose of this report is to (1) briefly describe statisti-
cal analyses used to investigate the relations among Edwards
aquifer water levels, springflows, rainfall, and streamflow in
the San Antonio region of Texas, and (2) describe lumped-
parameter transfer-function models developed to simulate
water-level response at three wells in the Edwards aquifer on
the basis of rainfall. Two of the wells, one in the recharge zone
(outcrop) of the Edwards aquifer and one in the confined zone,
are in Bexar County; and one well is in the recharge zone in
Medina County. Hydrologic data collected by the USGS,
Edwards Aquifer Authority, and National Weather Service
(NWS) in Uvalde, Medina, Bexar, and Comal Counties were
used in the analyses. All well (daily water-level) data used in the
analyses are in the appendix (online version only, available at
http://pubs.usgs.gov/sir/2006/5131/). The rainfall data are
available from the National Climatic Data Center (National
Climatic Data Center, 2006). The spring and stream data are
available from the USGS (U.S. Geological Survey, 2001).

The Edwards aquifer in the San Antonio region (fig. 1) is
composed of extensively faulted, fractured, and cavernous
limestone and dolomite of Early Cretaceous age (Maclay,
1995). The Edwards aquifer in the San Antonio region consists
of the Georgetown Formation and the Edwards Group or their
stratigraphic equivalents. These formations crop out within the
Edwards Plateau and the Balcones fault zone and underlie the
Gulf Coastal Plain (fig. 2). The Del Rio Clay and overlying
units form the upper confining unit of the Edwards aquifer,
and the Trinity aquifer beneath the Edwards, because of its low
permeability relative to that of the Edwards aquifer, acts as a
lower confining unit. The Edwards aquifer ranges in thickness
from about 400 to 800 feet and averages about 550 feet. The
thickness increases toward the west and south (Maclay, 1995,
p. 16).

Most of the recharge to the Edwards aquifer occurs west of
Bexar County and is from direct infiltration of rainfall and
streamflow losses in the recharge zone (fig. 1). After entering
the aquifer in the recharge zone, water moves into the confined
zone and then east to points of discharge in Bexar County
(mostly public-supply wells) and northeast, essentially parallel
to the northeast-trending faults of the Balcones fault zone into
Comal and Hays Counties, where it is withdrawn from wells
and discharged by springs. Additional recharge to the Edwards
aquifer occurs in the recharge zone in northern Bexar County
and southern Comal and Hays Counties.

Statistical Analyses of Hydrologic System
Components

A brief summary of the statistical analyses used in this
study to investigate the relations between ground-water-level
and springflow data for parts of the Edwards aquifer, and asso-
ciated rainfall and streamflow data, is discussed in this section.
Techniques used consist of determination of correlation coeffi-
cients between water levels at wells, and between water levels
at wells and springflows; hydrographic analyses (including
storm and recession analyses); and linear regression. Table 1
lists the ground-water, rainfall, and surface-water sites used in
this analysis.

Correlation Coefficients

Spearman’s rho correlation coefficients (Helsel and
Hirsch, 1992) were computed using long-term concurrent daily
maximum water levels at selected wells in the Edwards aquifer
and daily mean springflow at Comal Springs. Specifically, each
time series (for example, water levels from the Bexar County
index well) was lagged from 0 to 450 days in 1-day intervals
against each other time series (for example, Comal Springs
springflow). Correlation coefficients for daily maximum water
levels at the Bexar County index well lagged from 0 to 16 days
and those of selected wells and daily mean Comal Springs
springflow are shown in table 2.

Daily maximum water levels at the Bexar County index,
City of Castroville, and Medina County index wells were highly
correlated. The highest correlations between water levels at
these wells were computed using lag times of 0 to 2 days, indi-
cating little or no time between water-level responses (table 2).
Figure 3 shows daily maximum water levels for selected wells
and daily mean springflow for Comal Springs relative to daily
maximum water levels at the Bexar County index well. Water
levels in these wells also were highly correlated with springflow
at Comal Springs. Springflow at Comal Springs was most
highly correlated with water levels at the Bexar County index
well. The highest correlation coefficient of .9728 was obtained
by lagging water levels at the Bexar County index well by 2
days (that is, water-level changes at the Bexar County index
well today are most related to springflow at Comal Springs 2
days in the future). Water levels at the Medina County FM 1796
and Quihi wells also were highly correlated (correlation coeffi-
cient for zero lag = .9379).

Lag times between water levels at the Bexar County index
well and water levels at wells in the recharge (unconfined) zone
of the Edwards aquifer (Hill Country Village, Medina County
FM 1796, and Quihi wells) were much longer than lag times
between water levels at wells in the confined zone of the aquifer
(City of Castroville, Medina County index, and Uvalde County
index wells). For example, lag times between water levels at the
Bexar County index well and Hill Country Village well and
between the Bexar County index well and Quihi well were

























































	Contents
	Abstract
	Introduction
	Statistical Analyses of Hydrologic SystemComponents
	Correlation Coefficients
	Figure 1
	Figure 2

	Simulation of Water-Level Response toRainfall Using Transfer-Function Models
	Effective Rainfall Estimation
	Convolution
	Parameter Estimation
	Simulated Water Levels at Three Wells
	Bexar County Index Well (AY–68–37–203)
	Hill Country Village Well (AY–68–29–103
	Figure 6
	Figure 7
	Figure 8
	Table 3
	Figure 9
	Medina County FM 1796 Well (TD–69–38–601)
	Figure 10
	Figure 11
	Figure 12

	Discussion of Transfer-Function Model Results

	Summary
	References Cited



