Attachment 1
Responses to Review Comments

1. Report title “South Texas Rice Fields” should be more specific. Since the report
only addresses rice fields within LCRA’s jurisdiction, not all of the South Texas rice
growing areas. Please consider changing the title to portray better the project’s scope, for
example, “Rice Water Irrigation Conservation in LCRA Irrigation Districts.”

Title has been changed as suggested

2. The two volumes should be labeled clearly as: Volume I of I and Volume II of II.

The two volumes have been combined into one

3. Maps would be easier to interpret in color. Consideration should be given to
enlarging maps. Review tables and figures for consistency and accuracy.

Maps have been revised for clarity and printed in color. Figures and tables have been
checked.

4. An Executive Summary should be included, including the fact that the LCRA
sponsored the report.

Executive summary added, sponsorship noted.

5. Policy Research Project Participants face should note Jobaid Kabir’s affiliation
with LCRA.

Kabir’s affiliation is noted

6. Correct reference for Mike Personett to indicate his current employment.
M. Personett’s affiliation has been changed

7. Rewrite first sentence, Chapter 1.

Change made as requested

8. Standardize water use characteristics to single year.

Data standardized to 1992 values

9. Change “program” to “programs:

Change made as requested



10. Correct statement (former page 2) to reflect operating and water rights practices
more appropriately.

Statement changed to reflect actual operating and water right practices.
11.  Page is missing.
Find enclosed the material from page 3

12 Please describe methodologies used by LCRA irrigation managers to estimate or
measure water used by each farmer.

A description of the methodology is now included

13.  Explain why the report states that measurements can be straightforward, while
measuring water flows can be complicated.

Removed statement suggesting measurements of water flow were straightforward
14.  Describe Water Management Project when it is first referenced.

Water Management Project now described before the term is used

15.  Explain terminology (“undershot: and “water box™) in a more clear manner.
Clarification of definitions now included in this report

16.  Rewrite sentence (former page 9) to remove the word paradox and provide
content that is more meaningful.

Sentence rewritten and clarified as requested

17.  Reference the number of global flow meters and cost.

Numbers of global flow meters and their unit cost now included in report

18.  Figure 1.2 reflects acres irrigated since 1968; text uses 1960 as starting period.
Text and table now in concordance

19.  Chapter 3, page 54 (old): remove the word “the water” from the sentence.

Change made as requested



20.  Report stated that additional water projects were unlikely; recommend changing
unlikely to “more challenging”

Change made as requested

21.  Summary of Results section should come after Methods section. Farmer attitudes
should be addressed. Questionable usage of the word “purifies.”

Suggested change in order made. Report now notes that farmer attitudes are addressed
in chapter 8. The word “purifies” has been changed.

22.  Change “that” to “in” for grammatical purposes. The statement that water use is
more efficient as field size increases should not be unexpected. Define more precisely

what “water use” means.

Grammatical change made. Questionable conclusion removed. Clarification of unit
usage included.

23.  Change “included” to “include.”

Change made as requested

24.  Chapter 6 does not address third party costs.

The requested change is beyond the scope of this report

25. Add “be between “flows to” and “available”

Change made as requested

26.  Change “represented” to “‘represent.”

Change made as requested

27.  Change “when supply exceeds demand” to “when demand exceeds supply.”
Change made as requested

28.  Some figures and pages missing, some data not sourced.
Missing pages/figures included, all data now sourced.

29.  Chapter 6 does not adequately address subsidence problems. Socioeconomic
feasibility analysis is inadequate. '

The requested change is beyond the scope of this report



30.  Please include conclusion section.
Chapter 7 contained a conclusion section, the reason for this comment is unclear

31.  The picture purporting to show East Matagorda Bay actually shows Matagorda
Bay.

Copyrighted map of East Matagorda Bay included in this report; published version will
contain a public domain map from LCRA.

32.  Zones 3 and 6 are referenced as being in the “western end of the bay.” They are
actually in the east.

Change made as requested

33. Calculation of constant alpha unclear from text.

Sentence clarified as requested

34,  Itis clear why the sum of rainfall intensity and runoff as a value is important.
Sentences clarified as requested

35.  Sentence refers to a variable as being in Equation 7.2 when it is actually in
Equation 7.3

Reference is now to Equation 7.3 from Equation 7.2

36.  Column headers for Table 7.2 are unclear.

Table 7.2 has now been split into three tables for the sake of clarification

37.  Unclear conclusion relating to Table 7.2

Rationale for conclusion now more fully explained

38.  Last sentence of paragraph (old page 67, lines 12-14) seems redundant.
Sentence deleted as requested

39.  Draft report contained two copies of page 74.

Noted
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Foreword

The Lyndon B. Johnson School of Public Affairs has established interdisciplinary
research on policy problems as the core of its educational program. A major part of this
program is the nine-month policy research project, in the course of which two or more
faculty members from different disciplines direct the research of ten to thirty graduate
students of diverse backgrounds on a policy issue of concern to a government or
nonprofit agency. This “client orientation” brings the students face to face with
administrators, legislators, and other officials active in the policy process and
demonstrates that research in a policy environment demands special talents. It also
illuminates the occasional difficulties of relating research findings to the world of
political realities.

This project represents an evaluation of the Lower Colorade River Authorities’
agricultural water conservation program over the five year period between 1988 and
1993. This research began in 1992 and was completed in 1995. Research findings show
that the Lower Colorado River Authority achieved significant water savings through its
water conservation efforts. Findings also show that further investments in agricultural
water conservation will continue to produce water savings at substantially lower costs
than investments in development of alternative sources of water. This research was
supported by a grant from the Texas Water Development Board and by in-kind support
from the Lower Colorado River Authority.

The curriculum of the LBJ School is intended not only to develop effective public
servants but also to produce research that will enlighten and inform those already
engaged in the policy process. The project that resulted in this report has helped to
accomplish the first task; it is our hope that the report itself will contribute to the second.

It should be noted that neither the LBJ School nor the University of Texas at Austin
necessarily endorses the views or findings of this report.

Edwin Dorn, Ph.D.
Dean
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Executive Summary

The purpose of this report is to evaluate a multi-year experiment conducted by the Lower
Colorado River Authority (LCRA) in agricultural water conservation. During the 1980s
and 1990s the LCRA implemented agricultural water conservation programs to reduce
water consumption in the Gulf Coast and Lakeside irrigation districts. The program
consists of four components: canal rehabilitation, technology transfer to farmers, on-field
water measurement, and volumetric pricing. The LCRA has invested in rehabilitating the
canals of the Lakeside and Gulf Coast districts and has encouraged farmers to invest in
their own land to reduce unnecessary water utilization. In 1992 the LCRA began to
measure water withdrawals from canals and on farms in both districts. During 1993 the
LCRA began to charge for water withdrawals for rice farming based on the volumes
utilized by farmers. These programs sought to sustain the productivity of rice farming by
reducing the volume of water utilized for irrigation. The purpose of this report is to
evaluate the LCRA’s large scale experiment and quantify water conservation savings.

The LCRA operates a water reservoir system with a storage capacity of 2.3 million acre-
feet and it has authority to market 1.5 million acre-feet of that storage capacity on an
annual basis. In addition, the LCRA manages the natural flow of the Lower Colorado
River and facilitates the withdrawal by users of both groundwater and run-off river water.
The LCRA has approximately 0.445 million acre-feet of firm water available to be
marketed from stored water and approximately 1.055 million acre-feet of stored water is
available as interruptible water (water sold with the understanding that this water may not
be available to customers during drought periods).

Findings, Chapter 1—Irrigation Districts

During the period of 1968 - 1983, the land irrigated in Lakeside remained relatively
stable, fluctuating between 19,000 acres and 27,000 acres. During the same period
irrigation in Gulf Coast fluctuated on the order of 50 percent, from as high as 44,000 feet
to as low as 22,000 acre-feet. Both the stability of irrigated acreage within Lakeside and
the volatility of irmgated acreage within Gulf Coast reflect many factors, including
changing market conditions for rice, federal price stabilization programs, and other
factors. The volume of water withdrawn to irrigate these rice crops has been even more
volatile. The amount of water diverted in Lakeside fluctuated from at or below 100,000
acre-feet in the early 1970s and late 1960s to over 150,000 acre-feet in the late 1980s.
Water use in Gulf Coast dropped from between 250,000 and 300,000 acre-feet throughout
the 1950s to early 1980s to as low as under 150,000 acre-feet in the early 1990s.

There is a difference in the rate of water use between the two districts. Lakeside appears
to use fewer acre-feet of water per acre of irrigated land, reflecting a more comprehensive
maintenance program, regular pump ratings, and superior water-ordering policy.

Between 1987 and 1992 attempts were made to improve the water conservation
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performance of farmers in Gulf Coast. A contributing factor to lower efficiency observed
in Gulf Coast is the amount of acreage in irrigation. As the irrigated acreage in the Gulf
Coast has fallen below historic levels, there is inherently less efficient water use in Guif
Coast than in Lakeside.

Findings, Chapter 2—Water Conservation

The LCRA has sought to achieve a goal of no more than 5.25 acre-feet of water applied
per irrigated rice acre, based on two crops per season. Rice can be farmed in one or two
crops per season. The LCRA sought to improve the efficiency of on-farm water use by
canal rehabilitation, management practices to minimize losses, a system of technology
transfer for improving on-farm water use, and assistance to public and private sector
initiatives to develop, demonstrate and apply irrigation practices that improve on-farm
water use efficiency. Beginning in 1982 the LCRA made significant capital investments
in canal rehabilitation. Beginning in 1992, the LCRA sought to measure water
withdrawn for each plot of land farmed for rice in Lakeside and Gulf Coast. Beginning in
1993 the LCRA began to bill farmers for water in part on a volumetric basis.

These efforts resulted in reduction of the volume of water required to produce rice in the
Lower Colorado River Basin. First crop water efficiency was reduced from as high as 6.3
acre-feet of water applied per irrigated acre in 1987 to slightly more than 3 acre-feet of
water applied per irrigated acre in the early 1990s in Gulf Coast. In Lakeside the
improvement has not been quite as dramatic, with reductions in first crop water use from
3 acre-feet of water applied per irrigated acre to slightly more than 2 acre-feet of water
applied per irrigated acre. Water use for the second crop did not decline during this
period, but rather fluctuated in response to rainfall patterns.

Water measurement and a volumetric price on water does encourage land owners to
improve their land. The incentive is less clear for on-land water investments for farmers
and tenants.

Finding, Chapter 3—Water Accounting Database

The LCRA developed a water accounting database to report on-farm water use and
support the system of volumetric water pricing. This study reviewed that database in its
initial year of operation. A U.S. Bureau of Reclamation study found that the on-farm
measurement devices were working properly. The accounting software was awkward and
time consuming to use and some components failed to operate properly. A review of the
performance of the water accounting software did identify computational errors in the
database calling into question some aggregate data at the farm level.

Findings, Chapter 4—Water Conservation Programs

Table ES.1 is a summary of results presented in Chapter 4 evaluating water conservation,
water management and water measurement in Lakeside and Gulf Coast. That table
reproduces Table 4.3 that is presented in Chapter 4 below. A significant volume of water
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was saved in the Gulf Coast District, primarily from water rehabilitation during 1988 to
1993. Water savings was also associated with volumetric pricing during 1992-93 on both
the Lakeside and Gulf Coast Districts. There remained in 1993 additional potential
significant water savings from on-farm water conservation in both Lakeside and Gulf
Coast.

The experiment in the Lower Colorado River Basin provides evidence to justify
investment in canal rehabilitation, volumetric measurement, and volumetric pricing as
means for reducing water utilization in rice farming. Of all the potential sources of
savings in on-farm water use, canal rehabilitation is the most significant single source of
saved water. Many factors that could affect water consumption do not appear to do so on
a systematic basis; those factors include differences in soil permeability, length of time of
irrigation, education of farmer, or ethnicity of farmer, or water coordinator supervision.

Findings, Chapter 5S—Geographical Information Systems

This project developed a geographical information system (GIS) as a means of integrating
on-farm water utilization data with information on soil conservation, size of farm,

identity and demographic information of farmers, and other factors. GIS applications
showed promise for improving analysis of water usage but were constrained by
insufficient field information. GIS has the potential to deliver daily or weekly
information on water use; this would provide a precise feedback method that the LCRA
could use to provide information so farmers can manage their land, maximize their
economic return, and conserve water.

Findings, Chapter 6—Conjunctive Use

This chapter identified the potential for conjunctive use, the coordinated management of
surface and groundwater sources. A conjunctive use strategy can take surface water when
river water is available and groundwater as a supplement to run-of-river flow or water
stored in the Highland Lakes. A sustainable conjunctive use system is possibie in the
Lower Colorado River Basin as long as three conditions are met: artificial recharge is
employed; the cost of the system would be paid from water sales to municipalities; and
farmers contribute to the system by managing conjunctively (reducing their risks by
groundwater utilization during drought conditions). This chapter presented preliminary
ideas that could be utilized in design of a conjunctive water use system. Further
investigation would be required in a number of areas, including: selection of the best sites
for aquifer recharge facilities; improvement in the groundwater models, such as
development of a more finely discretized analysis and efforts to validate fluctuations in
groundwater levels with respect to withdrawals; and investigation of the financial
feasibility of artificial recharge.

Findings, Chapter 7—Salinity of East Matagorda Bay

This chapter reported on the pattern of salinity levels in East Matagorda Bay and
examined how rain flow and river flow offset salinity levels in the mouth of the Lower
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Colorado River. Salinity levels did not appear to vary spatially within East Matagorda
Bay. Precipitation appeared to have a larger effect on salinity in the Bay than river flows,
although that conclusion was tentative and based on limited information. If rainfall is
more important than streamflow in affecting salt content of the Bay, then trying to
manage salinity levels in the Bay by controlling river flows may not be feasible.

Findings, Chapter 8—The Opinion Survey of Rice Farmers

All farmers on land irrigated by LCRA water (230 farmers) were asked to respond to a
mail survey. The response was quite high: 39 percent in Lakeside (40 of 102 surveys)
and 30 percent in Gulf Coast (30 of 128 surveys). There were 50 questions asked, so
there was a large volume of useful information obtained reflecting farmer knowledge and
preferences for water management practices.

At the time of the survey (1993) only 42 percent of farmers maintained any type of field
water-use records. Field records provide an economical means of improving water
management and may assist in changing farmer attitudes, as keeping records on water use
promotes a more systematic approach to farming practice. A more systematic approach
may help many farmers improve irrigation efficiency and become more receptive to new
technology.

Farmers indicated concern over the accuracy of the water measurements, Some farmers
responded positively to the idea of volumetric pricing but did not endorse the program
because of perceived inaccuracies in water measurement methods. Farmers’ willingness
to accept volumetric pricing could be improved if the LCRA can assuage concerns with
the issue of accuracy of irrigation water measurement. For example, if a third party,
selected by farmers on the irrigation districts, could take measurements independently at
several delivery structures over an extended time period, farmers could observe the
correspondence between water use and measure watered use. Such an approach could
deal with the issue of measurement accuracy due to fluctuations in the depth water in the
canal between measurements.

Many farmers indicated that communication between the LCRA and farmers could be
improved. Improving communications with farmers could help convince farmers that the
LCRA’s water measurements are accurate and the districts are interested in the farmers’
welfare. Although many farmers expressed a generally positive attitude toward the
LCRA, others felt that their concerns were not being given enough weight. The farmers
want to feel that they are a part of the decision-making process. In light of the fact that a
majority of farmers indicated that farmer meetings with the LCRA were of value, it is in
the LCRA'’s interest to hold meetings regularly.

The excellent response rate to this survey indicates that the farmers appreciate the
opportunity to express their views. Future surveys could continue monitoring farm water
management practices and farmers’ opinions. The fact that this survey, conducted by a




third party, received an excellent response rate suggests that future surveys could also be

conducted by third parties.

Table ES-1

Summary of Water Conservation Results

Lakeside District

Gulf Coast District

Water Conservation

Water savings associated with canal
rehabilitation, 1988-93."

Water savings associated with
volumetric pricing, 1992-93.*
Additional water savings potential
associated with an on-farm water
conservation program.*

Water Management

N/A
0.52 acre-feet per-acre

0.65 acre-feet per-acre

69,891 acre-feet
e-feet per-acre

1.80 acre-feet per-acre

Average water use, first crop, 1993.
Average water use, second crop,
1993,

Average effect of field acreage on
total first crop water use.

Average effect of soil permeability
on per-acre water use.”

Average effect of one inch of
rainfall on irrigation inflows.
Average effect of irrigation period
length on per-acre water use.

Water Measurement

2.44 acre-feet per-acre
1.92 acre-feet per-acre

2.14 acre-feet per-acre
No discernable effect
-0.07 acre-feet per-acre per-inch of

rain
0.017 acre-feet per-acre per-day

3.79 acre-feet per-acre
2.26 acre-feet per-acre

3.42 acre-feet per-acre
No discernable effect
No discernable effect

No discernable effect

The consistency of water
measurement between water
coordinators. (Average difference in
measurements in parenthesis.)

The consistency of water
measurements between types of
delivery structures.

1 water coordinator inconsistent
{-0.29 acre-feet per-acre)

No discernable difference between
types of structures

2 water coordinators
inconsistent (0.35 and -0.51
acre-feet per-acre)

No discernable difference
between types of structures.

Note: All estimates based on 1993 water use except as indicated. {a) Represents the water savings over the

interim. (b) Based on 1992 water measurements.

* Martin T. Schultz, “Estimation of Derived Demand for Surface Water on Two Rice Irrigation Districts in

the Lower Colorado River Basin, Texas,” (Professional Report, Lyndon B. Johnson School of Public
Affairs, The University of Texas at Austin, 1994.)




Chapter 1. LCRA Irrigation Districts

In recent years the Lower Colorado River Authority (LCRA) has owned and operated the
two largest irrigation districts within the lower Colorado River basin, a ten county area in
central Texas. As a public agency, it is charged with managing and promoting the
development of land and water resources and contributing to the economic health of the
region. The agency operates under the statutory authority of the Texas state
administrative codes and the LCRA Act, which established the agency as a conservation
and reclamation district in 1934

To meet its objectives, the LCRA depends upon its ability to control, use, and conserve
the water in the Coloradc River. As part of the effort to conserve water, the LCRA has
implemented an agricultural water conservation program in its irrigation districts to
reduce the total consumption of water and to increase water efficiency. The amount of
water available to users in the lower Colorado River basin varies from year to year as the
region alternates between periods of average rainfall, drought, and flood. If the irrigation
districts could produce more rice with less water, farmers in the region could plant with
less concern over minor fluctuations in rainfall. The purpose of this chapter is to describe
the physical and operational characteristics of the irrigation districts and the changes that
are taking place as part of the conservation effort.

The LCRA purchased the Gulf Coast Irrigation District in 1959 and the Lakeside
Irrigation District in 1983. Both districts are part of a group of four irrigation districts
that serve rice farming communities in the lower Colorado River basin (Figure 1.1).2 In
1992 Pierce Ranch and Garwood Irrigation Company, the two other irrigation districts,
were privately owned. Garwood was purchased by the LCRA in 1999. Together,
Colorado, Wharton, and Matagorda counties accounted for about 40 percent of the state’s
1992 rice acreage. In 1992, the four districts accounted for 57 percent of the rice acreage
in the three-county area, or 23 percent of the statewide rice acreage.” In 1992, the vaiue
of rice production in the three county area was about $65 million." All four irrigation
districts own water rights in the lower Colorado River. Table 1.1 displays the acreage
levels and water use in the four districts during 1992, The Texas State Legislature
granted water rights to Gulf Coast District in 1900 and to Lakeside District in 1901. Rice
crops dominate the irrigation water demands in the river basin, but turf grass and row
crops also account for a small percentage of irrigation water demand. Along the Texas
Gulf Coast’s rice-belt, water is used to meet the evapotranspiration requirements of the
rice plants and to serve as a non-chemical pesticide.* In 1992, rice farming accounted for
approximately 75 percent of the total surface and groundwater demand within the
LCRA’s service area.’

During the 1980s and 1990s, the Lower Colorado River Authority implemented
agricultural water conservation programs to reduce water consumption in the Gulf Coast
and Lakeside Irrigation Districts. The program consisted of three main components. The
canal rehabilitation project was initiated in the fall of 1987 to improve the operational




efficiency of the 100-year old canal system on Gulf Coast District. The project consisted
of infrastructural improvement through cross-sectioning and sloping of the canal bed, and
the removal of vegetation from canal banks. The water measurement project was
initiated in 1990 to evaluate the volume of water used by each farmer. The LCRA
intended to reduce water losses that result from poor on-farm water management
practices by creating a financial incentive for farmers to save water through volumetric
pricing. Beginning in 1993, rates for irrigation services consisted of charges for both the
volume of water used and the area of land farmed. The LCRA’s third program
component, fechnology transfer, encourages the research and implementation of
technological improvements in regional rice farming. The LCRA promotes these
techniques through conservation demonstrations and extension efforts.

Implementation of the program has had a substantial impact on how the LCRA operates
the canal systems. Although the districts operate similarly, Gulf Coast District typically
uses a greater volume of water per irrigated acre than Lakeside District. LCRA managers
have made efforts to standardize operations and water management practices between
districts. The LCRA has tightened its control over the water pumping and delivery
processes and is establishing new ways of working with its customers.

Overview of Water Management

The LCRA operates six dams and reservoirs with a storage capacity of 2.3 million acre-
feet.” This system of water control structures is known locally as the Highland Lakes. In
a 1988 decision, the 264th District Court of Bell County, Texas, established the LCRA’s
exclusive authority to market 1.5 million acre-feet of that storage capacity on an annual
basis.® The LCRA sells water for municipal, industrial, and agricultural uses. Industrial
users include the LCRA’s own hydroelectric and coal-fired power generation facilities.

The natural flow in the lower Colorado River that would occur without the control of the
Highland Lakes is labeled run-of-river water. This water is available to holders of legal
water rights in quantities and for uses specified by the Texas Natural Resource
Conservation Commission (TNRCC). With certain exceptions, priority of use between
the owners of water rights is established according to the chronological order in which the
rights were granted. The oldest water rights have the highest priority. The LCRA
coordinates the demand for water in the river basin using a Computer-Based Daily
Allocation Model that was developed as part of the LCRA’s Water Management Plan.®
Once the water needs of the holders of downstream water rights have been satisfied, the
LCRA has the authority to store run-of-river water behind its dams. Once stored behind
the dams, water is no longer available to downstream users as run-of-river water. For this
reason, the LCRA must coordinate the demands of water rights users who divert water
from points along the lower Colorado River. If the natural run-of-river flow is not
adequate to satisfy the water demands of holders of water rights within the basin, the
LCRA could supplement the natural flow of water by releasing water from the Highland
Lakes. The LCRA has developed a drought management plan that is part of the water
management plan that specifies how and to whom water would be allocated during a
drought.




The term stored water refers to water retained behind the dams to be marketed by the
LCRA for future use. Stored water is further divided into firm and interruptible water.
Firm water is marketed with the understanding that its supply is guaranteed to the
customer even under the conditions similar to the worst drought of record. Each year
approximately 445,000 acre-feet of firm water is available.'® In 1992, firm water was
marketed for municipal, industrial, and irrigation purposes at a price of $105 per acre-
foot. In 1992, 76 percent of the LCRA’s firm water supplies were committed under
contract." During typical non-drought years only about 20 percent of the water which is
available under those contracts is actually used.'?

In the event that firm water reserved under contract is not used by a customer it continues
to serve a purpose for the contract holder. The flow of water in the Colorado River Basin
fluctuates widely from year to year and is dependent upon annual rainfall to replenish
water supplies. During drought periods, the Highland Lakes provide the only source of
surface water for contract holders. Firm water that is committed under long-term
contracts but that typically goes unused from year to year serves the purpose of reducing
each contract holder’s risk of economic loss from periodic drought.

Each year, approximately 1,055,000 acre-feet of LCRA’s stored water is available as
interruptible water.” Interruptible water is sold with the understanding that this water
may not be available to the customer during drought periods. Agricultural users were
LCRA'’s only customers for interruptible water, and in 1992 paid $4.50 per acre-foot.

Because the LCRA is responsible for coordinating the distribution of all water in the river
basin, every water user who diverts run-of-river or stored water supplies must inform
LCRA headquarters in Austin of water requirements at least seven days prior to diverting
that water from the river. When run-of-river supplies are not sufficient to meet
downstream water requirements, the LCRA releases stored water. After coordinating
supply and demand according to the water management plan and allocating run-of-river
water to senior water rights owners first, the LCRA charges water users for the stored
water they have ordered.

In the past, the LCRA built the expected annual cost of supplying stored water to the
irrigation districts into a flat per-acre irrigation rate. Under the new volumetric irrigation
rate for farmers, the LCRA passed stored water cost on to individual irrigators according
to the volume of stored water that each farmer used. The proportion of water used for
irrigation water that is classified as stored water will be higher in dry years when the run-
of-river flows are low. On average, the Gulf Coast District diverts less stored water than
the Lakeside District because it owns senior water rights relative to Lakeside District.
Table 1.2 lists the percentage of irrigation water diverted from the river that has been
classified as stored water in previous years.

Overview of the Irrigation Districts

Historical records show that Gulf Coast District has had a greater number of acres under
cultivation than Lakeside District. Figure 1.2 shows the number of acres irrigated in each




district since 1968. In 1983, the number of acres under cultivation in Gulf Coast District
began to drop substantially. Between 1980 and 1987, the number of acres under
cultivation in Gulf Coast District dropped about 51 percent. Table 1.3 summarizes some
additional characteristics that can be used as a basis for comparing the two irrigation
districts.

This drop in acreage in part reflects federal price stabilization programs. The
Agricultural Stabilization and Conservation Service (ASCS) of the U.S. Department of
Agriculture administered programs that encourage farmers to leave up to half their lands
unplanted. The program is designed to generate year-to-year stability of crop supply and
farm income by restricting the supply of particular crops, raising the prices farmers
receive, and reducing the volume of product that reaches the market. As an incentive to
participate, farmers are compensated for withholding their lands from production.
Because price supports provide a more predictable income for farmers, banks may decide
not to lend money to farmers who do not participate in the program.*

Each year, the U.S. Department of Agriculture altered its programs to accommodate
changing market conditions. Major changes in program rules affect the number of acres
irrigated each year. Large reductions in the amount of land under irrigation could
jeopardize the district’s ability to meet fixed operational and maintenance expenses. Low
acreage levels contribute to operational inefficiencies in the districts because irrigated
lands are distributed more sparsely. Large quantities of water must be pumped into and
through the canals to move water to farmers’ delivery structures. This increases the total
water diversions per irrigated acre but reduces the total run-of-river and stored water
diversions from the lower Colorado River. Figure 1.3 shows each district’s total annual
diversion of water from the river since 1968.

A decline in the number of acres farmed is not the only source of fluctuating water
demands. Many farmers raise a second crop after harvesting the first crop in July. This
second crop, also called a “ratoon crop,” yields less rice than the first crop but can be
profitable because farmers do not incur the costs of field preparation or planting. A
farmer’s decision to irrigate a second crop may be influenced by delays in the planting of
the first crop. If the first crop is delayed, farmers will be reluctant to invest in a second
crop because fall rains can make it difficult to harvest."” Between 80 to 100 percent of
first crop acreage is used for a second rice crop in Lakeside District. Since 1980, the
second cropping rate in Gulf Coast District has decreased from a level similar to Lakeside
District’s second cropping rate. Between 30 and 60 percent of Gulf Coast’s first crop
acreage is irrigated for a second crop (Figure 1.4). The second crop requires only about
half as much water as the first crop because the rice plants are well established by the end
of July.'

Historical records of per-acre water use reveal a lower rate of water use in Lakeside
District than in Gulf Coast District despite similarities in soil and climate. These rates are
calculated by dividing total water diversions measured at the pumps on the river by total
acreage irrigated during each crop period. Figure 1.5 and Figure 1.6 show per acre rates
of water diversion for the first and second crops respectively. Water diversions before



July 30 are attributed to the production of first crop acreage and water diversions after
July 30 are attributed to second crop acreage. This date, July 30, was chosen because in
most years farmers harvest their first crop in July. However, some farmers first or second
crop periods may overlap these dates.

Despite Lakeside District’s greater water efficiency, a study concluded that since 1968
the Lakeside District’s water use increased at an average rate of 0.023 acre-feet per-acre
each year."” Lakeside District is the only one of the four districts for which a statistically
significant trend indicating ongoing increases in water use had been established.

In 1992, the LCRA’s Irrigation Operations Department was part of the Office of Natural
Resources (ONR) of the LCRA. At the time of this study, Mr. William West, the
executive director of ONR, reported to the general manager of the LCRA. The offices
were located at the LCRA’s Corporate Headquarters in Austin, Texas. The executive
director was responsible for overseeing and approving the activities of four departments
(Figure 1.7) including the Irrigation Operations and Water Resources Departments.
Water Resources supplied most technical and engineering assistance to the districts.
Prior to 1992, responsibility for the overall direction of the Agricultural Water
Conservation Program was shared by the Office of Natural Resources and the Office of
Conservation and Environmental Protection. In 1992, the Water Resources Department
assumed the entire responsibility for agricultural water conservation.

At the time of this study, the LCRA Irrigation Operations Department employed 51
people. With the exception of the manager, the LCRA assigned each employee to one of
the two districts (Figure 1.8). The organizational structure in each district was similar.
The following discussion outlines the responsibilities of the key individuals involved in
implementation of the Agricultural Water Conservation Program.

Mr. Bruce Hicks, manager of the Irrigation Operations Department, assumed
responsibility for the Lakeside District when it was purchased by the LCRA in 1983 and
assumed responsibility for the Gulf Coast Irrigation District in 1987. He was the senior
officer in the Irrigation Operations Division and reported directly to the executive director
of the Office of Natural Resources.

When Mr. Hicks accepted his position, the LCRA outlined the objectives they wanted
him to achieve. His tasks were to reduce the costs of canal operation, reduce the use of
water in the district, and improve customer and employee relations. At the time of this
study, he continued to work towards these goals and measured his staff’s performance on
the same basis.'® Typically, Mr. Hicks spent about one day each week at the LCRA
headquarters in Austin and maintained a central Irrigation Operations Office at the
Lakeside District Office in Eagle Lake. He lived in Bay City, the location of the Gulf
Coast Irrigation District.

District Superintendents, Area Supervisors, and Water Coordinators

The superintendent of each district reported directly to the manager of Irrigation
Operations and supervised the general administrative and supervisory functions of the
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district. In the Gulf Coast District, the district superintendent’s responsibilities also
included pump operation and maintenance.

Area supervisors assisted the district superintendent by taking primary responsibility for
the functional areas of irrigation operations and maintenance. At the time the study
began, there were two area supervisors in Lakeside District. The area supervisor for
pump operation and maintenance, Ralph Johnson, supervised the pump operators and
ensured that general maintenance and repairs were done. During the irrigation season, he
coordinated the flow of water being pumped so that it met the farmers’ demands. The
second area supervisor, Butch Herman, was responsible for canal maintenance. He
supervised the canal maintenance crew and maintenance project contractors working
along the canal.

Gulf Coast District also had two area supervisors in 1992. The area supervisor for canal
operations, Kelly Weber, provided leadership for the district’s six water coordinators. He
trained and supervised them in the water measurement project, maintained quality control
over the measurement data, and worked to solve problems between farmers and the
district. The area supervisor for canal maintenance, Melvin Rouse, supervised the canal
rehabilitation project, a canal maintenance work crew, and canal rehabilitation contracts.

Until 1992, three water coordinators staffed each district. In 1992, three additional water
coordinators joined each district to accommodate the increased demands of water
measurement. Water coordinators were responsible for operating the canal system and
providing the LCRA with most of its customer support. Outside of the growing season,
when the canal is dry, they work on canal maintenance projects. Table 1.4 lists the water
coordinators and their years of service, as of 1992.

Each water coordinator serviced up to 80 delivery structures on an assigned canal section
during the irrigation season (see Table 1.4). Water coordinators coordinated the flow of
water at canal delivery structures and bulkheads to maintain the proper flow of water
through the canal system. Because a farmer’s demand for water may change daily, water
coordinators worked seven days a week during the rice season. In addition to adjusting
canal structures to control and direct the flow of water, water coordinators measured the
flow of water into each farmer’s field through the use of standardized concrete delivery
structures, pipe and valve gates, and electronic Grainland meters.

The job of measuring and managing water flow to meet demand can be complex. Water
coordinators exercised considerable judgement in distributing water between farmers and
in anticipating weekly demand."” Water coordinators often worked closely with farmers
to meet changing needs like increases in the demand for water and used their judgement
to predict demand for the following week so that the districts could report expected water
diversions to the LCRA. As aresult, each water coordinator developed extensive
knowledge about his section of the system and worked only on an assigned section of the
canal. Both districts have considered cross-training water coordinators on different canal
sections to reduce the limitations imposed by this constraint.?
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Prior to 1993, there were no standard performance measures developed for water
coordinators. Beginning in 1993, performance ratings were based on the ability to
accurately measure water flow as determined by supervisory spot checks and customer
satisfaction.” Although water coordinators recognized that accuracy was important, Gulf
Coast District water coordinators argued that their real priority was to keep LCRA
managers and customers happy. Lakeside District water coordinators echoed this
sentiment.?

Canal Operations, Customer Contacts, and Ordering Water

Each district operates its canal system between mid-March and the end of October. The
canals are drained in November when district personnel begin working on maintenance
and improvement tasks until the next growing season. The agricultural water
conservation program is an integral part of both halves of this annual cycle. The
following section outlines the activities in the districts and gives special emphasis to
those activities that are particularly relevant to the Water Measurement and Canal
Rehabilitation Projects.

Operation and maintenance expenses in the LCRA irrigation districts are met exclusively
by revenues from the sale of irrigation services. The districts forward the revenues to the
Austin office that maintains a current account. The manager of irrigation operations and
district superintendents draw on this account to meet the expenses of labor, equipment,
and supplies for canal operation and maintenance.

Labor and electric utility costs for pump operation make up the bulk of operational
expenses. During rainy years, rice requires less irrigated water than in dry years and the
reduced need for electricity to pump water from the river generates savings. The district
must also meet fixed costs associated with the year-round operation and maintenance of
the canal system regardless of the amount of water sold. The districts traditionally
established water rates on the basis of the number of acres of farmland irrigated. In 1993,
the districts began charging customers on a volumetric basis in addition to a reduced per-
acre rate.

In the Lakeside Water District, the Water Measurement Project (described on page 10)
led to an increase in overtime labor costs despite an increase in total district staffing.
Although the district budgeted regular and overtime pay for six water coordinators, fabor
pay ran six percent over budget in fiscal year 1993. In addition, transportation fuel costs
were higher than expected.”

The process of arranging irrigation services with farmers begins after the fall harvest.

The LCRA contacts farmers to determine which fields will be planted in the upcoming
year. Because farmers plant their fields in three- or four- year rotations, the combination
of fields that are farmed and the delivery structures that are used change from year to
year. During this period, Gulf Coast District personnel also survey each farmer’s field to
determine the acreage under cultivation. These acreage determinations have served as the
basis for billing farmers on a per acre basis. In the Lakeside District, fields tend to be
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more permanent and there is less need to keep up with changes. District personnel feel
that the maps they have created over the years are a reliable source of acreage figures and
surveys are no longer necessary.*

During the meetings prior to the irrigation season, district personnel discuss the
configuration of the field and the needs for additional or modified water delivery systems.
Farmers in Gulf Coast District may make changes to the configuration of their levees
from year to year in addition to rotating fields.” Because temporary levees are more
likely to break under stress during heavy rains and contribute to an inefficient use of
water in the districts, there is a policy of discouraging this practice in the districts.
Talking with farmers about their water delivery systems also provides an opportunity to
reduce the number of delivery structures which will be used and promote the use of in-
field laterals as water conservation devices. With advance planning, farmers can
sometimes share delivery structures by altering the days on which they receive water.

Once the acreage is established and the plans for delivery of water to a farmer’s fields are
complete, the farmers and the LCRA sign a contract for irrigation services. That contract
establishes the water rates, the areas to be irrigated, and the rights and obligations of both
parties. The contract represents the only source of information on the rules and
regulations of the irrigation districts.

The contract requires farmers to order water six days before actual delivery. Prior to
1992, farmers contacted the district office or met with the water coordinator in the field.
Because office personnel are unfamiliar with the complex physical details of the canal
systems, this method was a major source of confusion.® According to some reports,
some farmers may have used the inability to contact the water coordinator as an excuse
for allegedly tampering with control structures. In 1992, the LCRA purchased cellular
phones for water coordinators to simplify the process of ordering water.

As of 1992, the process of ordering water varied between districts. Gulf Coast District
farmers continued to call the office to order water. Lakeside District farmers were
required to speak directly with the water coordinator in charge of their canal section.
Attempts at standardizing water-ordering procedures led to the practice of logging farmer
communication with water coordinators. Water coordinators in the Gulf Coast District
carried notebooks in which to record conversations with farmers. The record serves as an
aid in remembering the specific orders as well as for settling disputes concerning how
much water a farmer has ordered, which field it was for, and when it was wanted. The
number of complaints declined under the new system.”

The irrigation service contract states that farmers are required to place their orders for
water from the irrigation districts at least six days in advance of the actual delivery date.
In practice, however, water is delivered to customers on shorter notice. Lakeside District
water coordinators reported that it is generally no problem to supply water to farmers
with one day of notice.”® Gulf Coast District water coordinators reported that, in 1992, no
farmers waited more than three days for water.® Enough water flows through the canal
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system so that water coordinators can generally juggle water between farmers to meet
demand on short notice.®

Farmers ordered water in “boxes.” For the purpose of the districts’ water accounting
methods, one box of water is equivalent to a rate of flow of 3,000 gailons per minute.
The concept of the water box, as a unit of flow measure (3,000 gal/min), has been a
centrai part of the Lakeside District’s water accounting methodology for many years; it
has now been introduced in the Gulf Coast District. Standardized concrete delivery
structures are designed to distribute this amount of water to the field. If a farmer ordered
one box of water, however, he might not receive water at a rate of 3,000 gallons per
minute; water coordinators deliver water at a rate that, in their judgement, is consistent
with the volume of water needed to adequately water a field. The farmer does, however,
receive an adequate flow of water to satisfy his needs.” Districts calculate the total
volume of water delivered by determining the average flow rate over the period of water
delivery based on daily measured flow rates.

In the past, farmers ordered continuous small streams of water to satisfy the losses
incurred from evaporation and transpiration. In an effort to improve watering practices
by encouraging farmers to take bulk water deliveries rather than smaller streams of water,
in 1991 Lakeside District placed stricter limits on how water is delivered, requiring
farmers to order water in increments of one full box.*? Deliveries are automatically
discontinued and water is reallocated to another farmer when the field is full. Bulk water
deliveries increase the efficient use of water in the districts by reducing the level of water
that must be maintained in the canal at any one time and by increasing the speed at which
water travels from the upper to the lower end of fields.

Pumping Water

Water coordinators submit irrigation water orders to the District Office where pump
managers coordinate the water-pumping rates to meet the demand. The Lakeside District
system was automated in 1990 so that a single Lakeside District plant operator can
operate all plants electronically and similar plans were made to automate the pumping
plants at Gulf Coast District. Central operation of the plants reduces labor costs and
enhances the ability of the staff to coordinate the pumps to meet demand more precisely.
Appendix A contains a listing of pumping plant capacities. The pumping capacity of
each plant provides an indication of the flexibility that pump managers have in
coordinating water flow to meet the demands of the system.

In 1992, the Gulf Coast District had three pumping plants that drew water from the
Colorado River. The Lakeside District had one plant that drew water directly from the
river and two re-lift plants that raised water to higher elevations. The flow of water in
Lakeside canals could also be supplemented with water from one of six groundwater
pumps. In 1992, groundwater pumps accounted for 1.37 percent of the water supply.

Problems with water measurement and water accounting can exaggerate water use on the
irrigation districts. When Bruce Hicks took over at the Gulf Coast Irrigation District in
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1987, the irrigation pumps on the river had not been rated to determine their pumping
capacity in several years. The discrepancy between actual pump ratings and theoretical
ratings resulted in an over-estimate of water use in the district. Regular maintenance and
annual pump ratings have contributed to reductions in total reported diversions.

Some personnel have attributed much of the difference in water use between districts to
the coordination of pump operations with water demands in the district.”® In Lakeside
District, the pumps have always been monitored closely to meet the demand as precisely
as possible. Delivery structures are standardized and the rate that water is pumped into
the canal is regulated to match the amount of water being delivered to the fields.
Lakeside District has an overall advantage over the Gulf Coast District in accounting for
water flow because re-lift plants in each main canal provide verification of the volume of
water flowing through the canal system.

In addition to regulating the flow of water, Lakeside personnel curtail the supply of water
during rainy periods.* Even during light rains, pump managers will turn the pumps off
for up to two days. This reduces water use in the irrigation district by allowing rainwater
to accumulate in the rice fields.

Prior to 1987, there had been no real effort to control the rate of water flow in the Gulf
Coast District; the water management policy was to keep the canals full of water so that
all farmers could draw on the system continuously. There were two reasons for using this
operating style. First, district personnel were concerned that turning pumps on and off
could lead to higher maintenance costs. Second, there was no accurate water accounting
system available, and the only way to ensure an adequate supply of water for the farmers
at the end of the line was to keep the canais full.

Water Measurement

The Water Measurement Project was an effort to improve control over the flow of water
and the water accounting system in both districts. Water coordinators start at the head of
their assigned stretch of the canal and work downstream, adjusting the level of water in
canal sections, and adjusting and measuring the flow of water at field delivery structures.
In 1992, Lakeside District water coordinators visited and measured the flow at
operational delivery stations daily. Through the 1992 season, Gulf Coast District water
coordinators measured flow rates only when they initiated the delivery of water or
changed the rate of flow. By comparing these results with Lakeside District’s data,
LCRA managers confirmed their hypothesis that daily observations at delivery structures
could yield a much more accurate determination of the volume of water delivered to a
farmer.* In 1993, water coordinators on Gulf Coast District began taking daily
measurements at all delivery structures.

A key issue limiting the public acceptability of volumetric irrigation pricing is the
farmers’ acceptance of the water measurement methodology. The U.S. Bureau of
Reclamation (the Bureau) independently certified the accuracy of the LCRA’s methods of
water measurement in a laboratory setting.”® In general, the accuracy of water
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measurement increases with the frequency of measurement, the rate of water flow, and
the head differential at the delivery structure. Despite this, some farmers believe that
fluctuations in the head differential due to changes in the level of water in the canal will
influence delivery rates over the course of a day and that intermittent sampling will not
account for these changes.

Flow rates are determined by recording the size of the opening and the height of the water
on both sides of the canal structure to the nearest one-hundredth of a foot. Water
coordinators use current meters, mechanical wands that can be easily transported between
delivery structures to determine the rate of flow at pipe turnouts. According to both
LCRA managers and water coordinators, the process is a simple one and measurement
errors are not common. Several options have been proposed to verify the accuracy of the
measurements taken by water coordinators. One method would entail the use of
“independent monitors” who could independently verify LCRA’s results for farmers.
Another possibility would be to teach farmers how to verify water measurements.

One apparently intractable issue throughout the development of the water measurement
project was the irrigation of lands that have a higher elevation relative to the canal than
others. Because of their elevation, there is neither a strong enough flow of water nor a
large enough head differential to ensure accurate measurement. The LCRA considered
the proposal that these farmers be required to purchase and use metered re-lift pumps but
rejected this solution because of the concern that this expense would force these farmers
to stop irrigating those fields.”” This decision would have contributed to the more general
problem of declining acreage. In 1993, the LCRA solved the problem by introducing
“global flow meters” that can measure water velocity at 0.1 feet per second.® In contrast,
the standard propeller meters are only accurate to a minimum velocity of 0.5 feet per
second. Global flow meters may be used at either pipe turnouts or water boxes. These
are handheld devices, costing $200 to $300, that work with pipe and valve gate systems.
The LCRA has 20 of these devices.”

Water coordinators’ lack of access to field delivery structures was also a problem. Gulf
Coast District water coordinators have an advantage over the Lakeside District water
coordinators because most of the Gulf Coast District canal system is accessible by a
service road which runs along the dike itself. In Lakeside District, the dike is too small to
build a road, so water coordinators must use a combination of the main county roads and
farm service roads to access the canal structures. Because many of the roads are
unsuitable for pickups, Lakeside District managers purchased all-terrain vehicles for
water coordinators to use in reaching the canals.®

To coordinate the collection of water measurement data and volumetric billing, the
Bureau developed a water accounting database. The database includes information about
the location, size, and type of each structure used to measure water. Responsibility for
management of the water accounting database and data entry has been delegated to one
water coordinator in each district who enters the raw flow measurement data provided by
all of the water coordinators. The project then calculates the rate of flow and the volume
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of water delivered to each field. Reports can be designed for any segment of the canal or
for any specified time period for which the data are available.

Under the old per-acre rate system, each district billed water customers after the first crop
and again after the second crop. With the conversion to a volumetric pricing system,
farmers’ bills were prepared once at the end of the irrigation season. During the season,
farmers could contact the districts and inquire about the status of their water use.
Information on the amount of water used to date was designed to be available to farmers
three days after receipt of the last water delivery. Farmers were also to be told how much
of the water they used was classified as stored water.

Managing On-Farm Water Use

At the time of this study, district personnel were preparing a comprehensive handbook of
policies and procedures for the irrigation districts.* The water contract establishes a few
basic rules for ordering water and for providing irrigation services, but it is not
comprehensive. The objective of the handbook was to create standard guidelines to
improve relations and establish groundrules for communication between farmers and the
LCRA.

According to the manager of Irrigation Operations, the LCRA has sought to develop a set
of rules and procedures that is effective but non-confrontational. Mr. Hicks believed that
any sanctions for breaking the code should be minimal. District employees who have
more frequent contact with LCRA customers would prefer a more stringent set of
standard procedures for initiating and severing water deliveries to discourage farmers
from tampering with delivery structures or taking unauthorized deliveries of water.*

Texas state law forbids farmers from making changes to the rate of flow at farm delivery
structures.* District policy regarding this issue conforms to this standard. However,
water coordinators have not always applied this policy consistently. In the past, when
farmers have made requests for water, water coordinators have sometimes given them
instructions to go out and adjust the farm delivery structure themselves.* The districts
recognize that several farmers have also made a habit of adjusting control structures
without contacting the water coordinator.® By adjusting control structures, farmers could
cause distribution problems in the canal system, a practice that could undermine the
integrity of the LCRA’s water measurements.

The LCRA districts are interested in controlling on-farm water use as well as the
operationai use of water in the canals. Because the cost of pumping water represents such
a large portion of district operating costs and on-farm water use offers the potential for
significant water savings, on-farm water conservation efforts could reduce the cost of
irrigation services. During the early stages of the program, farmers gained information
on techniques for improving on-farm water efficiency through the “Less Water-More
Rice” research project.

One source of inefficient on-farm water use was the practice of taking water in a
continuous stream. In Gulf Coast District, farmers used these flows to maintain holding
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streams that reduce the time and effort required to tend fields. When farmers use a
holding stream, there is a continuous flow of water moving through the field and over the
dike. Pricing incentives may encourage some farmers to eliminate these kinds of losses.

The elimination of holding streams will reduce the total amount of water flow that is
needed in the canals. An order on/order off water delivery policy will force farmers to
take bulk water deliveries with several days between watering. If farmers take their water
in bulk deliveries with several days between watering, water coordinators can juggle the
water between farmers while maintaining a lower total flow of water in the canal.¥’ The
practice also reduces the number of days between a farmer’s water order and deliveries,
which atlows a more consistent flow of water in the canal.

Without holding streams, farmers tend fields more often.”® Water coordinators in both
districts report that this is the greatest single improvement farmers can make in their
watering practices. Because it is more labor intensive, water coordinators anticipate that
farmers who rely on field hands to check the water levels will suffer more from this
change than will small independent farmers. Farmers with many fields can trust workers
to perform the task of checking a holding stream but may not be able to delegate the task
of making qualitative visual judgements on the level of water in a field.

Another method of on-farm water conservation is the use of multiple delivery points to
evenly distribute the flow of water in a field. However, there is a tradeoff associated
with this practice. Multiple delivery points place a burden on the irrigation district by
raising the number of delivery sites that must be serviced. In-field laterals reduce the
number of delivery points directly on the canal and ease the water coordinator’s
workload. To solve this problem, the districts may even begin to assist farmers in
designing and building in-field laterais.® Many of the on-farm water conservation
methods that have been promoted through the “Less Water-More Rice” research project
require capital investments to improve the structure of the field. Tenant farmers have
little incentive to improve the fields by laser-leveling or constructing permanent levees
and in-field laterals because they do not own the land they farm.

Canal Maintenance

Canal maintenance is a year-round project in the irrigation districts. During the irrigation
season, workers clear debris from delivery structures, control canal bank vegetation, and
cut back aquatic weeds. However, most of the maintenance work takes place in the off-
season after the canal has been drained for the winter. Between November and March,
district personnel focus attention on the following tasks: repairing and maintaining
pumps, clearing vegetation, removing sandbars, desilting the canal bed, nipp-rapping or
constructing bulwarks, and installing and repairing delivery structures.

Each district employs a small, full-time maintenance crew and water coordinators assume
maintenance responsibilities during the non-irrigation season. Contract services are
frequently used to supplement these efforts. Maintaining a large field crew is inefficient
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when work is interrupted frequently by rainy weather. Even small rains can make
operating heavy equipment in and around the canals difficult.

Even under private ownership, Lakeside Irrigation District always placed a heavy
emphasis on regular preventive maintenance. During the same period in the Gulf Coast
District, there was a somewhat less aggressive approach to general canal maintenance.
There are several important components of a comprehensive maintenance program.

The first of these is the control of bankside vegetation. Prior to the canal rehabilitation
project, the Gulf Coast District canal system had become overgrown with brush and trees
that actively draw water from the canal. Canal bank vegetation grows quickly; some
reports estimate that one twelve-foot tree can draw as much as 300 gallons of water from
a canal in one day.* In Gulf Coast District, the area supervisor for canal maintenance
estimated that it takes two months to mow the entire canal system once the canal has been
cleared of brush and trees. The “ground cover project” is LCRA’s effort to find a suitable
grass species to plant on the canal banks. An ideal species would be a strong competitor
with easy maintenance requirements.*

Floating aquatic plants like alligator weed (Alternanthera philoxeroides) and smartweed
(Polygonum spp.), which grow and regenerate quickly, have become an increasingly
burdensome problem in the Gulf Coast District.” They increase the rate of sedimentation
and clog delivery structures. Two possible reasons for the increase in aquatic vegetation
in the Gulf Coast District are a reduction in the number of nutria (Myocaster coypu) and a
reduction in the amount of water flow. An overall reduction in the number of acres
farmed since 1980 has meant that less water needs to be pumped into the canal. Another
possibie cause might be warmer-than-average winters. Freezing can help control these
weeds, but no more than a few light frosts have occurred in the area over the past several
years.>

Gulf Coast and Lakeside District personnel report that the most difficult task in
controlling aquatic vegetation is finding an effective herbicide that has been approved by
the EPA.* Even if a herbicide were available, Gulf Coast District personnel report that
they have neither the maintenance funds nor the personnel to implement a comprehensive
spraying program.®

Leaks are a major structural problem in some sections of both canal systems. In the Gulf
Coast District, the area supervisor for canal maintenance estimates that leaks cause 20
percent of the water loss in the canal system. Ordinarily, the district repairs leaks as soon
as possible at the end of the irrigation season, but they repair particularly serious leaks
during the irrigation season. District personnel perform an operational hydraulic analysis
during the irrigation season to minimize damage from acute problems such as leaks.”
Leak detection and analysis is an art developed by district staff based on experience with
the irrigation system.®

As part of this analysis, Gulf Coast District personnel make bimonthly overflights of the
canal system in an airplane. The information gathered on these flights is particularly
useful in locating leaks. Until 1983, overflights were conducted in the Lakeside District
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using a district-owned helicopter. Lakeside District personnel reported that although they
do an occasional overflight in fixed wing aircraft, the visibility and usefulness of these
flights is much less than those using helicopters.”

Conclusions

Several operational differences appear to account for the disparity in water efficiency
between the two districts. Lakeside District’s canal maintenance program, regular pump
ratings, and water-ordering policies provide a contrast to past management practices in
the Gulf Coast District. Since 1987, efforts to improve the operations in Gulf Coast
District, standardize management practices and customer relations, and improve on-farm
water management were geared towards increasing overall water efficiency.

One important factor that seems to be related to changes in water efficiency in the
districts is acreage. Both first and second crop acreage under irrigation in the Gulf Coast
District are well below historic levels. As acreage decreases and rice fields become more
sparsely distributed, water efficiency decreases. The LCRA has initiated several
programs to improve efficiency but has not dealt with the issue of fluctuating acreage
levels. Thus, an increase in the amount of irrigated acreage during the crop season could
improve the performance of the irrigation districts.

As this summary of district operations shows, many changes are taking place in the
districts. Each of these changes is being made with the goal of reducing total diversions.
Chapter two discusses the development, implementation, and funding of LCRA’s
agricultural water conservation program.
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Table 1.1
Irrigation District Water Diversions in 1992

Total Water Diversions Average Water
District First Crop Acreage (Acre-Feet) Use per Acre
Gulf Coast 26,850 132,967 4.95
Lakeside 28,827 131,014 4.54
Pierce Ranch 4,720 55,416 11.74
Garwood 20,421 92,681 4.54

Source: Lower Colorado River Authority, “Report of Surface Water Use,” (Austin, Texas, January
1993); and Texas Water Commission, “Report of Surface Water Use for Year Ending December 31,
1992, (Austin, Texas, March 1993).

Note: One acre-foot equals 1,230.26 cubic meters.

Table 1.2
Percent of Irrigation Water that is Stored Water, 1989-93

Lakeside District Guif Coast
Year (percent) (percent)
1989 59.41 36.15
1990 42.80 45.74
1991 56.17 13.05
1992 11.61 0.00
1993 54.92 53.84

Source: Lower Colorado River Authority, “Texas Water Commission Report of Surface Water Use,”
(Austin, Texas, March 1990-92).

Note: Figures represent the volume of stored water used for irrigation on the LCRA irrigation districts as a
percentage of total diversions.
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Table 1.3
Characteristics of Lakeside and Gulf Coast Districts

Lakeside District Gulf Coast District
Acre-feet of water rights as 131,250 262,500
adjudicated in 1988
Estimated mileage of canal system 275 375
Estimated maximum arable acreage 122,455 400,000
Number of customer contracts 1992 94 149
Number of acres irrigated 1992 26,850 28,827
Percent of acreage irrigated for second 83% 31%
crop in 1992
Number of farm delivery structures 306 375
Serviced in 1992
Water boxes 224 64
Pipe turnouts 82 304
Grainland meters 0 7

Sources: Lower Colorado River Authority, “Fact Sheet - Irrigation Operations/Lakeside,” Eagle Lake,
Texas, n.d.; Bruce Hicks, Manager, Irrigation Operations, LCRA, Bay City, Texas and Eagle Lake, Texas,
interviews by Martin Schultz, November 17, 1992 and January 26, 1993.
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Table 1.4
Water Coordinator Experience Levels and Work Loads, 1992

Delivery Structures

Gulf Coast Districts Years of Service Serviced in 1992
Manuel Benavides 22 84
Al Denham 2 80
Raymond Chavez 1 67
Gale (Monty) Kramer 13 68
Craig Kucera* 1 56
James Vacek 12 67
Lakeside Districts

Cody Breeding 10 69
Dave Ellis 16 52
Randy Epps* 1 63
Len Matula 1 46
Joe McReaty 17 41
Alex Ramirez 1 39

Source: Various District Water Coordinators, Lower Colorado River Authority, Lakeside and Gulf Coast

Irrigation Districts, Eagle Lake and Bay City, Texas, interviews conducted November 18-19, 1992."

Note: All figures are self-reported by the water coordinators. Asterisks (*) indicate those water

coordinators who also have primary responsibility for the water accounting database.
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Figure 1.1
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Figure 1.2
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Figure 1.3
Annual Water Diversions
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River Authority (Austin, Texas, 1993).
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Figure 1.4
Second Crop Acreage
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Figure 1.5
First Crop Water Efficiency
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River Authority (Austin, Texas, 1993).

31



Figure 1.6
Second Crop Water Efficiency
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Figure 1.7
Organization of the LCRA
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Figure 1.8
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Chapter 2. LCRA Water Conservation Policy

The Lower Colorado River Authority’s (LCRA’s) agricultural water conservation
program has sought to maximize the operational efficiency of the canal systems, create
water conservation incentives through the use of a volumetric rate structure, and promote
on-farm water conservation through the use of better farm water management practices.
The LCRA’s water conservation programs are calculated to save run-of-river water and
stored water in direct proportion to their use.' Because the irrigation districts are the
largest single users of water in the river basin, the LCRA has concentrated its
conservation efforts in the agricultural sector.

There were several reasons for pursuing water conservation in the irrigation districts
when the programs began in 1986. Mr. S. David Freeman became general manager of the
LCRA in 1986 and conservation rated high on his list of priorities.” Another reason for
implementing water conservation in the irrigation districts was to reduce the demand for
water within the region to a point below the maximum amount of water that could be
made available in a severe drought year. The LCRA and the lower Colorado River Basin
typically have an excess annual supply of water, even though there is a risk of water
shortage during a drought year. Water shortages will have a negative economic impact in
the river basin.

However, the largest impetus for water conservation was a more immediate need to
reduce the rapidly increasing operational costs on the districts. Electricity purchases from
Central Power and Light represent a significant portion of the operational costs and this
cost varies in direct proportion to the volume of water pumped from the river. In 1986,
rate increases threatened to make operation of the irrigation districts and rice farming
uneconomical. The LCRA hoped to reduce the costs of irrigation by reducing the volume
of water it pumped from the river.

Another goal of LCRA’s conservation policies and programs is to comply with state
regulations regarding the use of surface water. In 1986, the Texas Water Commission
made several changes to the Texas Water Code that are addressed in concurrent LCRA
Board Policy Statements. The Texas Water Commission’s 1988 adjudication of water
rights on the lower Colorado River provided additional direction for the conservation
programs by establishing guidelines for water use.

State Regulations

In the spring of 1988, the Texas Water Commission issued Certificates of Adjudication
defining LCRA’s irrigation district water rights. These certificates limit the total volume
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of water that may be pumped from the Colorado River for irrigation purposes. The
volume of the water rights was:

...quantified based on reasonable projections of the acreage that will be irrigated

in peak irrigation years, times a reasonable duty of water. This is the method used
to quantify other irrigation rights in the Lower Colorado River Basin. A
reasonable duty of water for rice irrigation is 5.25 acre feet of water per acre. This
duty has been used previously by the Commission and is appropriate for reasons
of equity and consistency in the Lower Colorado River Basin,’

The 5.25 acre foot standard of water used per double-cropped acre of rice irrigated was
established through the “Less Water-More Rice” research program that ran from 1982
through 1987. This program was a cooperative effort between the U.S. Department of
Agriculture’s (USDA) Soil Conservation Service, local Soil and Water Conservation
Districts, Texas A & M University, the Texas Agricultural Experiment Station, and the
Texas Rice Research Foundation.® The report *“Modified Findings and Conclusions
Defining LCRA’s Water Rights,” appended to the Water Management Plan, provides
more detail on this standard for water use. The document states that:

...5.25 acre-feet of water per annum per irrigated acre of land is the maximum
amount of water that can reasonably and diligently be used without waste for the
irrigation of double crops of rice along the Texas Gulf Coast.’

The Texas Water Commission adopted a figure of 5.25 acre-feet per acre as a factor to
determine the maximum amount of water that could be used by the districts for rice
irrigation purposes. The water rights themselves do not specify that the water must be
used at this rate. However, there is some speculation that this figure could also be used as
a standard for quantifying the degree to which the use of water is beneficial and not
wasteful. Under the Texas Water Code, holders of water rights permits may only apply
water for beneficial uses. The Texas state law defines beneficial use as:

...use of the amount of water which is economically necessary for a purpose
authorized by law, when reasonable intelligence and reasonable diligence are used
in applying the water to that purpose.’

It is possible that the LCRA could lose the water rights if the districts were challenged for
wasting water or for applying water to non-beneficial uses. Non-beneficial use of water
could be defined as use of water in excess of *“...a reasonable duty of water for rice
irmgation.”” Attainment of the 5.25 acre foot per acre maximum rate of irrigation water
use has become an objective of the LCRA’s water conservation programs.

State regulations provided additional incentive and guidance for water conservation
programs. Along with several other major revisions to the Texas Water Code in 1986,
the Texas Water Commission adopted a ruling that requires irrigation districts to charge
their customers on a volumetric basis. This ruling was originally a Sierra Club proposal
to introduce conservation oriented irrigation rates into the industry.” Although the rule
was adopted in May 1986, it has never been enforced.” The Texas Water Code states that:
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Persons supplying state water for irrigation purposes shall charge the purchaser on
a volumetric basis. The Commission may direct suppliers of state water to
implement appropriate procedures for determining the volume of water
delivered.”

The LCRA adopted “Board Policy Statement WFC 505.00,” the document that outlines
the agency’s water conservation policy, the day after the effective date of this and other
water code revisions,

LCRA Conservation Policy and Programs

The LCRA Act of 1934 provides a strong mandate for the agency to manage water
supplies and promote water conservation. The Water Management Plan describes the
LCRA’s approach and is supported by Board Policy Statements.” LCRA Board Policy
Statements indicate that water conservation programs rank high on the agenda. Table 2.1
outlines the board’s objectives for the agricultural water conservation program as they
were stated in 1986. The policy was revised in October 1988. The 1992 agricultural
water conservation policy stated that:

LCRA shall support and assist public and private-sector initiatives to develop,
demonstrate, apply cultivation and irrigation practices to improve on-farm water
use efficiency.

LCRA shall assist with the transfer of information and technology for improving
on-farm water use efficiency from research to the producer.

LCRA shall undertake maintenance, rehabilitation and management practices to
minimize water losses from LCRA irrigation water delivery systems.”

According to the Water Management Plan, the LCRA’s efforts to conserve water in the
agricultural sector will be in the areas of canal rehabilitation and on-farm water
efficiency. The programs, outlined in Table 2.2, evolved between 1987 and 1992." The
LCRA adopted as a guiding principle the idea that the most effective program should
consist of several complementary elements including customer education, canal
rehabilitation, on-farm water conservation, and volumetric pricing. The LCRA decided
to improve the operational and structural integrity of its own water delivery system before
asking farmers to use water more efficiently.

The LCRA realized that on-farm patterns of water use were culturally rooted in farming
practices. Therefore, change would come about slowly and program implementation
could proceed only at the pace at which farmers were willing to change. The LCRA staff
met periodically with farmers throughout implementation of the program to keep them
informed and to ask for their comments. The Agricultural Water Conservation Task
Force meetings provided a forum for discussion during program design and
implementation. In June 1989, the LCRA extended the offer to participate in the task
force to 18 farmers. In formulating the task force, the LCRA strove for a representative
mix of supporters and skeptics.” Four meetings were held between September 1989 and
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September 1990. The second process began in 1987 when the LCRA periodically held
meetings open to all farmers to promote water conservation and provide farmers with
information on the status of the project. Each irrigation district revived a practice of
maintaining a Farmer Advisory Group to provide informal feedback to the LCRA
regarding farmer-agency relations and irrigation operations.

Canal Rehabilitation

To develop an understanding of the dynamics of water use and provide a basis on which
to make improvements to the canal systems, the LCRA asked the U.S. Bureau of
Reclamation (the Bureau) to conduct a water efficiency study in the irrigation districts.
The Bureau began its study of the Gulf Coast canal system in September 1986. A
December 1987 report by the Bureau outlined potential improvements that the LCRA
could make.” The report stated that several operational and structural problems were
contributing to the system’s inefficiency (Tabie 2.3).

The LCRA rejected the Bureau’s initial recommendation that an in-depth five-year study
be conducted to develop a comprehensive and detailed rehabilitation plan. LCRA
managers decided that it would be more cost-effective to fix the obvious problems that
were known to offer the greatest potential for water savings.” According to the Bureau’s
analysis, canal bank vegetation and poor hydraulics contributed to water loss.

The LCRA initiated the canal rehabilitation project as a ten-year capital improvement
project in 1987. The LCRA cleared vegetation, narrowed canals, and improved canal
slopes where needed. The LCRA sought to convert farm delivery structures to standard
concrete water boxes where they are in need of replacement. By 1991, both the pace of
the project and its funding levels were increased to accomplish the project within five
years. Under that funding level, LCRA managers expected to complete canal
rehabilitation at the following rate: 90 miles of canal in fiscal year 1990; an additional 60
to 70 miles in 1991; and 70 to 100 miles in 1992.” Although this plan was adopted by the
board in 1990, bad weather during the canal rehabilitation season in 1991 and 1992
disrupted the pace of work and the project fell behind schedule. As of 1992, the Gulf
Coast District had rehabilitated about 240 miles of canal. According to a 1993 report,
106 miles of the 375 mile canal system had been completely rehabilitated through
improvement of the infrastructure and removal of canal bank vegetation.” Where
structural improvements had not yet been made, the district had applied herbicides to
remove canal bank vegetation that contributes to water losses through
evapotranspiration.” Table 2.4 lists the number of miles of canal that were rehabilitated
in each fiscal year of the project. The project was completed on schedule in 1996.”

Basic Research and Technology Transfer

To complement improvements to the irrigation canal system, the LCRA granted $90,000
and in-kind assistance to a Texas Agricultural Experiment Station (TAES) Cooperative
Rice Research Project in 1987. The TAES research project, popularly referred to as the
“Less Water-More Rice” project, explored the role of water as a factor in the rice
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production process and identified ways that farmers could conserve water without
suffering production losses. This research determined that on-farm water conservation
practices should focus on maintaining a shallow level of water in the fields and
improving the methods of water delivery into and through fields. On-farm water
conservation practices were projected to reduce water use by 25 to 30 percent and perhaps
increase yields by as much as 17 percent.”

In 1987 and 1988, the LCRA held several farmer meetings to promote on-farm water
conservation. They provided farmers with fact sheets, conducted field demonstrations,
and provided one-on-one consultations.” The LCRA continued to promote on-farm
conservation practices during farmer meetings that were designed to gather public input
on the conservation program, although initial intensive efforts to promote on-farm water
conservation were not sustained into the 1990s.” An informal survey among farmers by
the LCRA indicated that farmers were familiar with those conservation practices and plan
to use them.™

Water Measurement

The final step in the agricultural water conservation program is the change to a
volumetric pricing system. This system is designed to create a financial incentive for
farmers to implement “Less Water-More Rice” technology. Volumetric pricing is an
equitable way to distribute the cost of irrigation services among farmers,” Farmers who
place greater demands on the irrigation system because they are inefficient users of water
will pay a higher price per acre for irrigation services. The price structure consists of
both a per-acre rate and a smaller volume rate. The system is designed to reflect both the
fixed costs and the marginal costs of supplying water to farmers. As the volume of water
used for irrigation decreases, so will the districts’ operating costs.

LCRA managers began the conversion to a volumetric rate structure in 1990 by
conducting research to determine the technical feasibility of proposed methods.” In 1990,
the method of determining volumetric billing was field tested in two areas serving 9,000
acres of rice farms in both districts. In 1991, the method was further tested on 24,000
acres of rice or 40 percent of the irrigated area. After confirming the accuracy of the
method, LCRA managers successfully impiemented the water measurement project in
both districts in 1992 while retaining the old rate structure. Farmers were charged the
per-acre rate as before. At the end of the season, the LCRA informed farmers of the
volume of water they had used and what the charges would have been if levied under a
volumetric system.

In 1993, the LCRA began charging farmers for irrigation water on a volumetric basis,
using a rule that no farmer’s average cost per acre in 1993 could be greater than 110
percent of that farmer’s 1992 irrigation cost. Irrigation district managers decided that
another trial year was necessary because the resistance among farmers was still high.
Most of the resistance is due to a lack of confidence in the ability of the LCRA to
measure the volume of water., Farmers are also concerned about how each individual
farmer’s irrigation costs would change. The second trial year (the 1993 crop year) was
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designed to give farmers feedback during the season so that they can assess the impact
that their water management practices have on the volume of water they use. To provide
feedback as rapidly as possible, each farmer had access to information on the volume of
water delivered to him within three days of its actual delivery.

In 1990, the U.S. Bureau of Reclamation independently certified that the Lakeside’s
water accounting system and the water measurement methodology were accurate within a
ten percent range.” The Bureau indicated that only slight modification of Lakeside
District’s delivery structures was needed to satisfy water measurement standards. In the
Gulf Coast District, concrete boxes represent a much smaller percentage of the farm
delivery structures. LCRA decided that non-standard structures, steel pipe turnouts, and
old wooden water boxes would be replaced with concrete water boxes when their level of
deterioration justifies the expense.” Standardization of water boxes was designed to
simplify data collection and volume calculations.

Cost Benefit Analysis

In 1991, LCRA staff conducted a cost benefit analysis of the canal rehabilitation and
irrigation water measurement projects.” In the base case scenario, they estimated the
water savings from the volumetric pricing incentive provided by the water measurement
project to be 25 percent of field inflow in the Gulf Coast District and ten percent of field
inflow in the Lakeside District. In addition to these on-farm water savings, LCRA staff
also predicted an additional 2.05 acre-feet per acre water savings from improved canal
operations in Gulf Coast.

In calculating the program costs, LCRA staff used actual project costs for fiscal years
1989 to 1991 and estimated costs for fiscal years 1992 to 1995 (the expected term of
project funding). In addition to project costs, the cost factor in the analysis also included a
$63,000 a year increase in the annual maintenance expenses for upkeep of the rebuilt
canals. Rainy weather in 1991 and 1992 delayed the completion of the canal
rehabilitation project and costs will probably exceed the original projections.

Reduced electric power costs in the districts and reduced demand for stored water in the
Highland Lakes are considered the two direct economic benefits associated with water
savings. Less tangible and indirect benefits of agricultural water conservation were not
included in the calculations. These secondary benefits include: reduced risk of water
shortage during drought; compliance with the LCRA’s water rights and the Water
Management Plan; and more equitable and reliable service to LCRA irrigation
customers.” A discount rate of 5.9 percent and a term of 20 years were used in the
analysis. The benefit cost ratios for the canal rehabilitation project and the irrigation
water measurement project in both districts combined are: low case 1.47; base case 2.37,
and high case 2.80.
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Financial Management

Operation and maintenance of the canal systems is supported by irrigation district
revenues. In addition to its operation and maintenance budget, Irrigation Operations drew
on several capital improvement funds. Capital improvement projects are funded by
LCRA revenues from the sale of water and electricity. Table 2.5 lists funds relevant to
the water conservation effort. In general, capital improvement funds are approved by the
LCRA board to increase the value of their investment in the irrigation districts. In return,
the districts allocate a portion of their revenues to make payments toward the LCRA’s
total debt service. The irngation district’s annual obligation to the LCRA is determined
as the percentage of the LCRA’s total capital improvement budget that has been allocated
specifically to the irrigation division in that year.”

Because the LCRA’s entire customer base is expected to benefit from the investment in
water conservation, the canal rehabilitation project is an exception to this rule. To
determine each irrigation district’s debt service obligations, the LCRA board does not
include the cost of canal rehabilitation in the calculations. The cost for canal
rehabilitation is carried by non-agricultural stored water sales (firm water sales). This
decision has prevented an increase in irrigation rates to farmers.

Capital improvement funds are provided on an annual basis. Each district must apply for
funding in a competitive process each year and funding is dependent on past project
success.” In making requests for project funds, each district requests money in terms of
broad objectives. By doing so, they preserve the flexibility to re-allocate funds within
their budgets. This flexibility is necessary to address the sometimes unpredictable
problems which can arise with the equipment and the canal.” Each district submits its
budget to the LCRA’s Board of Directors for the upcoming fiscal year in January. The
fiscal year begins in July and runs through the following June. Table 2.6 lists budgets
and expenses for water conservation for the fiscal years 1989 through 1992.

In addition to direct funding, the districts have received indirect financial assistance for
the conversion to a volumetric pricing system. The conversion from a flat rate per
irrigated acre to a volumetric pricing system would not have been possible without the
financial support of the LCRA’s capital improvement funds and other outside sources.”

Water measurement project funds were provided by the LCRA Board of Directors to
Water Resources in the Office of Natural Resources. The districts drew on these funds
with the approval of Water Resources to cover expenses related to volumetric pricing and
water measurement. During fiscal years 1990 through 1992, Water Resources covered
$713,877 of expenses relating to water measurement. The project goals were: to assess
the technical and economic feasibility of water measurement; to convert delivery
structures to water measurement devices; to develop volumetric water rates; and to
implement the volumetric pricing program. Like canal rehabilitation funds, debt service
payments on this fund are not billed against district revenues.
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Additional support for the water conservation effort has been provided by the U.S.
Bureau of Reclamation and the Texas Water Development Board (TWDB). Over a four-
year period, the Bureau appropriated $800,000 of in-kind assistance for the LCRA’s
water conservation program” to cover reclamation expenses related to the calibration of
the water boxes and training of LCRA staff. The TWDB provided a $49,800 grant in
1991 and a $22,000 grant in 1992 for the purchase of materials and supplies related to
water measurement.

Rates and Rate Development

The rate structure for the volumetric pricing system was approved by the LCRA Board of
Directors on December 16, 1992, as illustrated in Table 2.7. Farmers pay a diversion
charge for each acre-foot of water they use. The rate is designed to cover the cost of
electricity and the overtime field labor and transportation costs associated with pumping
additional water. The fixed costs of operating the district during the period that farmers
are raising the second crop are also included in this element.* The large difference in the
volumetric rates between the two districts is due to the fact that Lakeside must re-lift its
water a second time in each of its main canals, which raises the cost of delivering each
acre-foot of water to the farmer.

When farmers receive interruptible stored water from the Highland Lakes, as determined
by the LCRA’s Daily Water Allocation Model, a $5.27 surcharge is added to the
diversion charge. The surcharge represents the LCRA’s standard interruptible stored
water rate ($4.50) plus a cost factor of 17 percent of the interruptible stored water rate to
account for operational water losses. Operational water losses are those water losses
which occur between the irrigation district’s diversion point on the Colorado River and
the farmer’s delivery point.

The final element of the LCRA’s volumetric rate structure is a per-acre charge which, like
the old rate, is based strictly on the number of acres a farmer irrigates. This charge
reflects the fixed costs of operating the districts regardless of the actual amount of water
delivered in any particular year. The slightly lower per-acre charge on Lakeside District
is due to the somewhat more efficient labor costs in that district.

The LCRA considered several alternate rate structures.” LCRA rate managers considered
separate per-acre charges for first and second crops. They felt that doing so would create
a more stable income for the districts. Farmers, however, suggested that this left little
incentive for conservation in the variable per acre-foot charges. They also complained
that the LCRA was trying to reduce the amount of stored water used in the districts by
making the second crop uneconomical. Many farmers consider the second crop to be an
economic necessity. Therefore, second crop charges, along with the proposed flushing
charges, were included as part of the variable diversion charge.

LCRA managers also considered including individual diversion point charges for each
water delivery structure a farmer used. Their objective in doing so was to create an
incentive to discourage farmers from using multiple delivery points to one field. Texas
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A&M University’s “Less Water-More Rice” research project advocates in-field laterals as
a means of increasing water efficiency. The LCRA also hoped to reduce the cost and
workload of measuring the flow of water to farmer’s fields. After long discussions with
farmers about this issue, the LCRA rejected the delivery point charge. Farmers
disapproved because it was a new type of charge with which they were unfamiliar and
because of the complexity of the problems it seemed to create. The LCRA concluded that
this objective could be more easily achieved through other methods.*

Throughout the process of redesigning the rate structure, LCRA managers were
constrained by one overriding policy. The LCRA’s board of directors granted the
districts authority to raise their irrigation rates by 31 percent over a four-year period
beginning in 1989 but stipulated that these rates would remain constant until reviewed
again in five years. LCRA rates managers had to be careful that in transforming the rate
structure there was no increase in the amount of total income generated by the districts.

LCRA chose the 1993 rate structure on the basis of its acceptability to the farmers. Based
on the LCRA’s estimates, a typical farmer could expect 40 to 50 percent of annual water
charges to be based on the variable rate element. Depending on the amount of rainfall,
stored water charges can make up more or less of this component. Figure 2.1 through
Figure 2.4 display how the volumetric water rates can vary, and how stored water charges
can influence a farmers’ water rate under different patterns of water use.” Under this
pattern of water use and a fixed per-acre rate system, Gulf Coast farmers could expect to
pay $87.26 and Lakeside farmers could expect to pay $92.43. Because farmers have
limited control over variable stored water costs, the LCRA has considered averaging
stored water costs over a monthly or an annual period to increase the predictability of the
stored water charges. However, farmers were against the idea because they wanted to
take advantage of the lower rates during these relatively wet years.” They were also
unsure of how much longer they would farm in the area. The farmers did not want to pay
higher rates in the short-run unless they were sure to collect the benefits during dry years.

Conclusions

LCRA policies and programs call for significant reductions in water use through
increased water efficiency. Much has been done well, particularly in the Gulf Coast
District. In a period of five years, the LCRA has taken a decrepit, out-dated, and
mismanaged canal system and created a relatively well organized and efficient water
delivery service. The LCRA has also worked within tight financial constraints and
profited by putting cost-effective engineering technology to work. The success of the
program so far is perhaps also due to the LCRA’s initiative and investment in improving
the management and structure of the canal system rather than relying primarily on
savings among end users.

Despite the gains that have been made, the magnitude and scope of the job the LCRA has
ahead should not be understated. As the water demands in central Texas grow, so will the
necessity of further improvements in water use. As the canal system approaches
maximum efficiency, the LCRA should plan to continue its efforts by working more
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closely with farmers on comprehensive solutions to on-farm water management
problems.

The LCRA implemented agricultural water conservation as a series of component
programs: canal rehabilitation, on-farm water management, water measurement,
volumetric pricing, etc. Although the objective of each component was to increase water
efficiency, coordination between water conservation components appears to have been
limited.

There are two types of components: operational program components and project
components. Changes in the way that districts manage their pumping and delivery
systems and day-to-day operations can be described as “operational program
components.” Changes associated with discrete LCRA water conservation projects, like
the water measurement and canal rehabilitation projects, can be described as “project
components.” The difference between the two components is in whether or not the
changes that result from them come directly from a planned capital improvement project.
When the districts implement a capital improvement project, defined changes take place
to accomplish well-defined goals. For example, the water measurement project was
implemented with the objective of developing a volumetric pricing incentive for water
conservation. The project required: the retraining and addition of water bosses; the
standardization of farm delivery structures; the creation of data reporting and database
management systems; and the development of appropriate technologies for water
measurement. Various degrees of planning have gone into each of the programmed
changes, but each is a necessary step in the attainment of the project goal.

Operational components result in changes such as: the establishment of order on/order off
water delivery policies, the creation of standard water ordering procedures, and
improvements in on-farm water management practices. One characteristic of operational
components is that they tend to lack a formal planning stage. The distinction between the
two kinds of components is useful because it reveals the fragmentation within the
program. In general, programs that suffer from a fragmented approach tend to be
inefficient because project goals may overlap or conflict with each other.

The districts might improve the effectiveness of the water conservation effort by
developing a comprehensive plan. The purpose of that plan should be to identify the
issues and potential problems; develop solutions; and specify a plan of action. The plan
should outline the specific objectives and proposed policies in the districts and the means
for measuring successful implementation. Successful implementation can be measured in
terms of the economic productivity of the district’s rice industry as well as water
efficiency.

The LCRA has established performance measures in terms of a water efficiency level of
5.25 acre-feet per acre of irrigated land. This measure of water input per land area is not
per se an efficiency measure, however, because there are significant differences in the
outputs of identical fields when the allocation of inputs such as water, fertilizer, pesticide,
and labor are altered.




The use of irrigation efficiency as a performance measure also reflects a value judgement
that water conservation is preferable to alternative uses. The emphasis is on saving water
rather than on maximizing economic benefits to the region.” Irrigation systems that have
particularly high water efficiencies may be economically inefficient. The high efficiency
only reflects the scarcity of water rather than the success of farm management. Water
efficiency is a descriptive measure of performance, but may not be a good management
goal. The LCRA should be particularly careful about applying a water efficiency
performance standard to individual irrigators.

Each farmer will allocate agricultural inputs to maximize individual economic returns.
Water provides economic value to farmers by substituting for infrastructural and
maintenance investments as well as satisfying the evapotranspiration needs of the rice
plant. Water that is used to flood the field substitutes for chemical pesticides and
mechanical weeding. Water that is used solely to transport water molecules used in
evapotranspiration across the field can substitute for in-field laterals. When the water
level within a field is maintained at a greater depth in some areas more than others to
make up for differences in elevation within that field, water is a substitute for mechanical
land leveling. When farmers use holding streams as an indicator of the water level in the
field, water substitutes for the labor inputs which would otherwise be needed to inspect
the water level in that field more closely.

The farmer’s decision to use water as a substitute for more costly inputs is a perfectly
rational one. Under a fixed per acre rate system, cost was not associated with the water,
but with the irrigation service. Farmers were able to maximize their returns by using
unlimited supplies of water. In the past, individual farmers’ returns on investment have
been subsidized by the availability of relatively cheap water.

Because it places a value on the volume of water a farmer uses, the volumetric pricing
system is a stride forward in increasing the economic efficiency of the districts and the
river basin as a whole. However, to maximize economic efficiency, the price of water is
more properly equated with the potential returns the water will bring to the purchaser. In
the current system, the price of water is associated with the district’s variable cost of
providing the water. This may be too low. The districts should consider the potential for
minimizing each farmer’s use of water by establishing a competitive price for water.

As the value of water becomes more competitive with the value of other agricultural
inputs, landowners and farmers will have an incentive to improve their land in ways that
reduce water consumption. However, for these districts, the fact that many of the farmers
are land tenants poses a problem. For these tenants, infrastructural improvements to the
fields may not represent an economic tradeoff for water. In-field laterals and laser land-
leveling, which have high up-front costs, generate benefits over the long term. In
addition, those benefits may be tied to the land itself and manifested only in the sale price
of the land. Tenant farmers who invest in these kinds of improvements may not realize
the potential benefits. The possibility that tenants will be expected to make
infrastructural improvements to reduce water consumption reveals a potential gap in the
water conservation program.
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A final question for the water conservation program is declining acreage. The LCRA has
limited control over this problem, but could increase the efficiency of the canal system by
raising the amount of land area under irrigation. Although the expansion of acreage
under rice cultivation conflicts with the Agricultural Stabilization and Conservation
Service’s programs, the LCRA could explore the possibility of diversifying the types of
crops grown in the districts.

This chapter has discussed the LCRA’s conservation programs and policies. These were
developed and implemented in part through information found in the LCRA’s irrigation
water accounting database, the topic of the next chapter.
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Table 2.1
LCRA Conservation Objectives

Ensure efficient end uses of water through the:

development of conservation devices and practices;

e establishment of water pricing and incentive strategies;

¢ use more efficient devices and practices by agricultural and industrial users;
+ promotion of theft detection services to local distribution systems;

Investigate dams and surface water storage as a means of augmenting water supply to develop:
* programs to control interbasin transfers.
*  water re-use strategies that will result in greater water return to the river basin.

Source: Lower Colorado River Authority, “Board Policy Statement WFC 505.00,” Austin, Texas, May 29,
1986.

Table 2.2
Agricultural Water Conservation Program Components

Canal Improvement Projects

1. Improving the operational control and management of the canal system.
2. Removing and controlling the canal bank vegetation.

3. Improving the hydraulic characteristics of the canals.

4. Automating the water diversion facilities.

On-Farm Water Efficiency

1. Direct support (funding and staff) for the Cooperative Rice Water Management Research Program
(“Less Water-More Rice”).

2. Assistance with the transfer of the information from the rice research project to the farmers.

3. Development, testing, and demonstration of an automated levee gate.

4. Inclusion of water conservation stipulations in the LCRA’s standard irrigation water service contract.

Source: Lower Colorado River Autherity, “Water Management Plan, Volume 1: Policy and Operations,”
Austin, Texas, March 1988, p.77. (Draft.)
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Table 2.3
Problems Identified as Contributing to Irrigation

System Inefficiencies

Potentially sub-optimal on-farm water efficiency.

Inefficiencies or operational losses in the delivery system.

Excess water use due to the lack of measuring devices and the reliance on water boss judgement.
Poor control of canal bank vegetation and erosion.

Poor structural maintenance.

Lack of an incentive for water conservation in the LCRA’s rate structure.

Low efficiency due to the lack of modernization and automation of checks and gates, and the lack of
standard canal operation procedures between water bosses.

Possible excessive loss due to seepage in the main canals.

Pl ol e

oo

Source: U.S. Bureau of Reclamation, Southwest Region, “Technical Memorandum: Irrigation Efficiency
Study,” Amarillo, Texas, December 1987.

Table 2.4
Mileage of Canal Rehabilitation by Year

Fiscal Year Mileage Rehabilitated’ Cumulative Mileage’
1988 20 20

1989 30 50

1990 20 70

1991 15 85

1992 14 99

1993 4 103

Source: Jobaid Kabir, Water Resources, Lower Colorade River Authority, telephone interview by David
Eaton, Austin, Texas, April 1993.

Note: (*) The total number of canal miles rehabilitated varies slightly from other material that has been

referenced in the text due to problems inherent in estimating mileage from maps.
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Table 2.5
Capital Improvement Funds

General Additions Fund
One fund for each district to cover additions, replacements, modifications and improvements to plant
which are necessary to efficient operation.

Canal Rehabilitation Fund

A fund for improving the structural integrity of the Gulf Coast canal System through vegetation removal,
sloping, and cross-sectioning.

Pumping Plant Automation Fund
A fund for Gulf Coast District to cover the expenses of automating its pumping plants.

Source: Lower Colorado River Authority, “Working Copy, Fiscal Year 1993, Business Plan,” Austin,
Texas, January 1993.

Table 2.6
Budgets and Expenses for Water Conservation Program

Water Measurement Canal Rehabilitation Conservation Outside
Project Project Demonstration Projects  Grants
Fiscal Year Budget Expenses  Budget Expenses  Budget Expenses
1988 - - 175,000 59,697 - - -
1989 - - 129,000 109,469 86,000 6,000 -
1990 409,000 146,277 120,000 141,771 - - -
1991 240,000 310,600 259,000 238,300 - - 49,800
1992 285,000 257,558 259,000 238,250 - - -
1993 170,000 175,000 - - - - 22,000
1994 170,000

Source: Lower Colorado River Authority (LCRA), “Annual Budget Report,” Austin, Texas, Fiscal Year
1988-90 and Fiscal Year 1992-93. (Computer printout.); and LCRA, “Operating Plan,” Austin, Texas,
Fiscal Year 1992,
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Table 2.7
LCRA’s Volumetric Rate Structure

Variable Charges Guif Coast District Lakeside District
Volume Charge per acre-foot: $5.40 $9.25

Stored Water Charge per acre-foot: $5.27 $5.27

Fixed Charges (per acre)

Irrigated Rice $49.50 $42.50

Irrigated Turf Grass $22.20 N/A

Source: Lower Colorado River Authority, *“Board Meeting Agenda,” December 16, 1992.
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Figure 2.1
Gulf Coast Rate Scenario: Stored Water Use Ratio 20 Percent First
Crop and 40 Percent Second Crop
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Source: Derived from data provided by Alan Faries, Rates Management, Lower Colorado River Authority,
Austin, Texas, March 1993.

Notes: The figure displays the distribution of charges in the approved rate structure on Gulf Coast
Irrigation District when a farmer uses 20 percent stored water during the first crop and 40 percent during

the second crop. As the farmer uses more water to irrigate rice, his irrigation charges increase.
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Figure 2.2
Gulf Coast Rate Scenario: Stored Water Use Ratio: 40 Percent First
Crop and 60 Percent Second Crop
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Source: Derived from data provided by Alan Faries, Rates Management, Lower Colorado River Authority,

Austin, Texas, March 1993.
Notes: The figure displays the distribution of charges in the approved rate structure on Guif Coast

Irrigation District when a farmer uses 40 percent stored water during the first crop and 60 percent during

the second crop. As the farmer uses more water to irrigate rice, his irrigation charges increase.
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Figure 2.3
Lakeside Rate Scenario: Stored Water Use Ratio: 20 Percent First Crop
and 40 Percent Second Crop
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Source: Derived from data provided by Alan Faries, Rates Management, Lower Colorado River Authority,

Austin, Texas, March 1993.

Notes: The figure displays the distribution of charges in the approved rate structure on Lakeside Irrigation
District when a farmer uses 20 percent stored water during the first crop and 40 percent during the second

crop. As the farmer uses more water to irrigate his rice, irrigation charges increase.
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Figure 2.4
Lakeside Rate Scenario: Stored Water Ratio: 40 Percent First Crop
and 60 Percent Second Crop
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Source: Derived from data provided by Alan Faries, Rates Management, Lower Colorado River Authority,

Austin, Texas, March 1993.
Notes: The figure displays the distribution of charges in the approved rate structure on Lakeside Irrigation

District when a farmer uses 40 percent stored water during the first crop and 60 percent during the second

crop. As the farmer uses more water o irrigate his rice, irrigation charges increase.
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Chapter 3. The Irrigation Water Accounting Database

The Lower Colorado River Authority (LCRA) uses the irrigation water accounting
database on the trrigation districts to store, process, and retrieve data collected by water
coordinators at field delivery structures. The U.S. Bureau of Reclamation (the Bureau)
designed the system as a comprehensive water accounting system and the LCRA uses it
to bill customers under the volumetric rate structure. This study is the first attempt to use
information contained in the database for purposes other than billing customers. During
the course of this study, attempts to work with the database were complicated by its
design and performance level. This first section of this chapter describes the database and
the second section provides a brief description of data contained within the database.

The irrigation water accounting database consists of three distinct data sets. Lakeside
District maintains one database for all fields on the district. The Gulf Coast District
maintains one database for fields on the east side of the river, and one database for fields
on the west side of the river. The database consists of records on the size of fields, the
size and shape of delivery structures, and water measurements at those structures. For an
individual field, water use is the sum of water measurements at all delivery structures
entering the field.

The water accounting database was written in DBASE 1V software and was accompanied
by a user-interface for users unfamiliar with DBASE programming. The system was
installed by the Bureau in May 1992, and since this time it was corrected and updated for
both irrigation districts. Physical characteristics that describe features on the irrigation
districts are located in a static data manager that includes information on the canals,
laterals, and field delivery structures. Users may view, add, delete, or edit information
and coefficients contained in the static data manager. Data are organized by main canal,
lateral, and sub-lateral (reach). Up to two additional sub-laterals may be added to the
system.

A dynamic data manager allows the user to access and store data collected by water
coordinators at individual field delivery structures. The software identifies delivery
structures by an alphanumeric code and a field name. The dynamic data manager accepts
data on the device head, the sill head, the upstream and downstream velocities, and the
upstream and downstream heads at each structure. A hydrograph program then calculates
the volume of water flowing through that structure since the last reading and stores the
data in a temporary file. In fact, water coordinators measure only the upstream and
downstream heads at concrete delivery structures. At pipe turnouts, water coordinators
measure only the velocity of water flowing through the pipe. These variables are
sufficient to calculate water flow when the orifice of the delivery structure is not
submerged.'

Irrigation district personnel use reporting software (“manager reports™) to retrieve
summary data on field water use for the season. Data retrieval is an awkward and time-
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consuming task because summary reports may not be viewed on screen or printed to
external files, but must be printed. As of 1992, the manager reports program only
allowed users to retrieve data on total water use in a field for the entire season.?
Information on daily water deliveries at individual fields is stored within the system, but
may only be extracted with carefully crafted database programs. Other features of the
manager reports menu allows the retrieval of water measurements at individual delivery
structures and total water deliveries by canal segment. Such information might be useful
in detecting systematic errors in the system or in locating regions of excessive water use
on the districts.

As of 1992, a water scheduling component provided by the accounting database did not
operate. Such a program could encourage more efficient planning by enabling the
districts to collect orders for the future and look beyond the conventional one or two day
horizon of most water scheduling software. If the irrigation districts were to collect
water orders seven days in advance, this feature could also allow the LCRA to coordinate
more accurately stored water releases from the Highland Lakes with on-farm water
demand. Although irrigation service contracts state that farmers are required to order
water not less than six days before delivery, the practice on the irrigation districts has
been to provide water on short notice and rely on estimates of on-farm demand in
reporting anticipated water diversions for the following week to the LCRA in Austin.

Table 3.1 and Table 3.2 list the input and output variables available in the database.
Because LCRA'’s application of the database was limited, not all variables were in use
and not all output programs were functional. For the purposes of this project, data were
retrieved from the database and written to external files using customized DBASE
programs. A complete discussion of the water accounting database is beyond the scope
of this report. More information is available from the Bureau Dbase IV Water
Accounting Software Package User’s Manual ?

Suggestions and recommendations that could lead to improvements in the water
accounting system on the irrigation districts emerged in the process of working with these
databases. A list of problems encountered in using the database is provided in Table 3.3.
Short of discarding the current system in favor of a better system designed specifically for
billing and data retrieval, the recommendations provided in Table 3.4 could improve the
performance of the existing system and enhance the credibility of LCRA’s volumetric
billing procedures.

For the purposes of this project, only a few of the variables contained in the water
accounting database have been used to evaluate water measurement and water savings
associated with on-farm water conservation. Table 3.5 provides a cross-sectional view of
the water accounting database from Lakeside Irrigation District. (Customer names and
field identification codes were changed in this table to preserve the privacy of irrigation
district customers.) The first two data fields provide the customer’s first and last name.
The third column, the customer identification code headed “USER_ID,” is either the
customers three initials or a four-letter code. If the code is four letters it indicates that the
landowner, or someone other than the farm operator, is responsible for the water contract.
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In this case, the first two letters of the customer identification code are the first and last
initials of the farm operator, and the last two letters are the first and last initials of the
person responsible for the water contract.

The field identification code, “FIELD NAME,” in the fourth column identifies the rice
field. The first three letters of this code are usually, but not always, identical to the three-
digit user identification code. The last two characters of the code are a number and a
letter. The number identifies the relative position of the field on the sub-lateral, and the
letter identifies the water coordinator. Field acreage is listed in the fifth column. Second
crop acreage is often less than first crop acreage if the farmer irrigated only a portion of
the field during the second crop period. In some cases, field acreage can even be larger
than first crop acreage. The column headed “VOLUME" represents the total volume of
water deliveries in acre-feet at the field. It is the sum of water deliveries at each structure
servicing the field. The two columns headed “START_DATE” and “END_DATE" list
the first day the farmer took water and the last day the farmer took water respectively.

The column headed “WATER USE” is the per-acre water use in the field. This is
calculated by dividing total water deliveries by field acreage. The last column is a
dummy variable entitled “CROP.” If the CROP variable equals zero, it indicates the
observation is a first crop rice field. If the CROP variable is equal to one, the observation
is for a second crop rtce field. During the course of this study, several variables were
used in the analysis of water use. These variables are defined in Table 3.6.

Water Balance on the Irrigation Districts

The Bureau designed the water accounting database to serve as a comprehensive water
accounting system. As implemented in 1992 by the LCRA, the database was used for
storing some of the water use data but did not include water flows at in-line canal
structures or environmental conditions such as rainfall and evaporation.

When estimates of the amount of water entering the canal system and the amount of
water leaving the canal system are used to estimate canal efficiency, the results include
some values that cannot be explained easily. This is probably due to the fact that LCRA
uses one method to measure the volume of water flowing into the canal, and two
completely different methods to measure water leaving the canal system. Pump
managers measure inflows to the canal system at several diversion points along the river
by multiplying the pumping rate (gallons per minute) by the length of the pumping
period. Pump sizes vary from between 26 thousand and 79 thousand gallons per minute
(see Appendix A). Over the period of the growing season, it is possible that small errors
in estimating pumping rates could translate into large errors in estimated diversions.
Water coordinators measure outflows from the canal system at individual delivery
structures.

The difference between inflows and outflows should represent canal losses. Total water
diversions should be greater than total water deliveries and the difference between the
two should represent canal losses from spills, seepage, leaks, and evaporation. Table 3.7
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lists the total water diversions, the total water deliveries, and the estimated canal losses
for the crop years 1992 and 1993. Estimated canal losses reported in the table represent
the difference between total diversions and total deliveries. Canal efficiency may be
calculated as the ratio of total water deliveries to total water diversions from the river.
The only reasonably good estimate of canal efficiency appears to be on Lakeside District
in 1993 because all other estimates are around 100 percent. Although 100 percent canal
efficiency is possible, it is not likely. Losses from evapotranspiration, phreatophytes, and
seepage would be expected to be greater than gains from runoff, precipitation, and
groundwater infiltration into the canals. Table 3.8 lists possible sources of error.
Physical defects in measurement devices, computational errors in the equations used to
calculate volume estimates, errors in the subroutine that aggregates water measurements,
errors in water measurements at delivery structures, or incomplete records of either total
water diversions or farm deliveries might explain these discrepancies.

The potential for small and large errors in accounting for water has already been
discussed. During the course of this project, some computational errors in the 1992 water
accounting database were identified. Water use at approximately five percent of the
delivery structures on Gulf Coast District was underestimated during the 1992 crop
season when the flows were calculated. LCRA has corrected the probiem, but flow data
were not recalculated.* A similar problem affects data on both irrigation districts. Water
measurements at approximately 15 percent of the delivery structures were over-estimated
because the width of openings in delivery structures were incorrectly specified in the
static data manager.® These errors also remain embedded in the 1992 data. Without
recalculating all water use, the degree to which these errors might have affected the data
is not known.

Descriptive Statistics from the Water Accounting Database

Three tables (Table 3.9, Table 3.10, and Table 3.11) provide statistics that describe the
range and distribution of data on fields and water use, based on the 1992 and 1993 water
accounting database. Data on first and second crop water use were not available from the
database for the east side of Gulf Coast District because no observations included start
dates, end dates, or crop separation dates. Therefore, it was not possible to distinguish
between water deliveries during the first crop period and water deliveries during the
second crop period. Many observations from Gulf Coast District’s 1993 database are also
missing these variables.

Table 3.9 lists descriptive statistics obtained from the water accounting database for the
first crop period. For example, Lakeside District irrigated 172 fields during the first crop
period in 1993. The combined acreage of these fields was 25,021 acres. The size of
these fields ranged from between 12 and 600 acres, but the average field size was only
134.4 acres. The total volume of water measured at farm delivery structures was 51,126
acre-feet. The maximum amount of water delivered to any one field on Lakeside District
in 1993 was 1,238 acre-feet, and the minimum amount of water delivered to any one field
was 33 acre-feet. First crop water use in acre-feet per acre ranged from 0.8 to 6.5 acre-
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feet per acre. The average farmer on Lakeside District used approximately 2.5 acre-feet
per acre to raise the first crop of rice.

This chapter has described and assessed the irrigation water accounting database. The
irrigation figures and the source of the data for evaluating the water conservation program
are discussed in the following chapter.
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'Jobaid Kabir, Lower Colorado River Authority, “Technical Feasibility of Water Measurement, Technical
Memorandum No. 1,” (Austin, Texas, October 1991).

*U.S. Bureau of Reclamation, Dbase IV Water Accounting Software Package User Manual (Amarillo,
Texas, May 1992).

Ibid.
‘Craig Kucera, LCRA, Bay City, Texas, interviewed on April 13, 1992.

‘Jobaid Kabir, LCRA, Austin, Texas, interviewed on April 22, 1992,
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Table 3.1
Input Variables in the Water Accounting Database Program

STATIC DATA MANAGER
L. Canal name and number
1L Canal reach name and number
1. Capacity
2. Losses per day (cfs)
II1. Lateral name and number
Iv. Delivery structure identification code
V. Location
VI Customer identification number (if
applicable)
VIL Delivery structure data
1. Type
2. Capacity
3. Width and length
4. Coefficient of Q
5. Exponent
VIII.  Function

1. Main headgate or other device at the
head of the canal

2. Farm turnout

3. Inflow points such as a pump

4. Outflow points such as waste ways

5. Nen-recording measurement device

6. Rain gauge

7. Inline re-lift (usually a pump)

8. Flow recording device (recorder)

9. Reach control structure and device

10. Lateral turnout

IX.

XI.

Hydrograph status
N. No hydrograph available
Y. Hydrograph available
Customer informaticn

I. First and Last Name
Address, City, State, Zip Code
Phone number
Farm operator name

5. Customer (User) Identification Code
Field and delivery structure information
1. Canal level identification

2. Canal reach number

3. Field delivery structure identification

code

4. Field name

5. User identification code

6

7

Call i o

Customer contract number
Township, Range, Section, Quarter
section

8. Land class

9. First and second crop acreage

10. First & second crop separation date

Source: U.S. Bureau of Reclamation, Dbase IV Water Accounting Software Package User Manual,
(Amarillo, Texas, 1992).




Table 3.2
Output Variables in the Water Accounting Database Program

DYNAMIC DATA MANAGER
L Hydrograph
1. Date
2. Discharge (cfs)
3. Daily volume (acre-feet)
4. Cumulative seasonal volume (acre-

feet)

5. Monthly total volume
6. Calculated upstream flow
7. Calculated downstream flow
IL. Individual customer water use to date or by
period
1. Lastdate read
2. Flow (cfs)
3. Total volume of water used (acre-feet)
4. Turnout identification code
5. Field name
6. Customer identification code
7. Customer water deliveries
a) First crop {acre-feet)
b) Second crop (acre-feet)
¢) Field acreage (first and second crop)
d) Total customer acreage
e) Water use per acre by field
f) Total customer water use.
ML Water use at in-line canal device
(bulkheads)
1. Reach - location
2. Device - structure
3. Total water passing (acre-feet)
4. Last date read
5. Flow (cfs)

IV. Forecast reports
1. Customer device forecast
2. Date
3. Forecasted flows (cfs)
4. Customer
5. Field
6. Date
7. Ditchrider (canal reach) forecast
8. Device
9. Customer
10. Field
11. Date

12. Forecasted flow (cfs)

WATER ACCOUNTING REPORT

L Lateral or reach name or number
IL Water inflow
I Water gains
Iv. Water losses
V. Unaccounted for water
VI Outflow
1. To fields
2. To laterals and sub-laterals
3. Waste

VIL Canal efficiency

Source: U.S. Bureau of Reclamation, Dbase IV Water Accounting Saftware Package User Manual,
(Amarilio, Texas, 1992).
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Table 3.3
Problems Encountered in Extracting Data

Missing values for irrigation start and end dates, and crop separation dates.

Inconsistent entry of acreage values,

Discrepancies in summation of water and acreage values relative to manager reports printouts.
Typographical errors in field names and farmer identification codes.

Table 3.4
Recommendations for Improving the Water Accounting Database

Commission a full audit of the water accounting database system by a reputable consulting firm.
Personnel responsibie for operating the water accounting database and entering data should be trained
in DBASE programming.

Simplify data retrieval to expand the analytical potential associated with the database.

Improve quality control over data entry.
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Selected Variable from the Water Accounting Database, Lakeside District, 1993

Table 3.5

Last Name  First Name Field User Field Name Total Start Date  End Date Water Use  Crop Volume
1D Acreage

Andrews Phillip LFPA LDFIC 57.82 220 19930603 19930813 3.8 0
Andrews Phillip LFPA LDFIC 57.82 141 19930814 19931010 2.44 1
Bailey T.S.Bailey TBBF TSB1} 123.8 324.1 19930607 19930824 2.62 0
Farms

Bailey T.S.Bailey TBBF TSB1J 123.8 187.4 19930825 19931008 1.51 1
Farms

Bailey T.S.Bailey TBBF TSB2J 36 494 19930611 19930824 1.37 0
Farms

Bailey T.S.Bailey TBBF TSB2J 36 44.1 19930825 19931008 1.23 1
Farms

Bannister é TAB TABIC 117.4 152.3 19930514 19930809 1.3 0
Butler John JOB JOBIC 65.47 137.3 19930529 19930802 2.1 0
Butler John JOB JOBIC 65.47 106.6 19930803 19931013 1.63 t
Butler Mike MTB MTBI1J 160 288.5 19930602 19930819 1.8 0
Caldwell Frank FCC FCClA 247 530.7 19930607 19930818 2.15 0
Caldwell Frank FCC FCCIC 239.06 716.5 19930515 19930718 3 0
Caldwell Frank FCC FCCIC 239.06 535.2 19930719 19930911 2.24 1
Caldwell Frank FCC FCCIR 104.7 199.7 19930518 19930806 1.91 0
Chester Arthur ARC ARCIR 104.7 158.7 19930807 19930923 1.52 1
Chester Arthur ARC ARC2C 63.9 128.6 19930604 19930821 2.01 0
Chester Arthur ARC ARCIC 140.6 521.7 19930516 19930805 3.71 0
Chester Arthur ARC ARCIC 140.6 817.8 19930806 19931012 5.82 1
Chester Arthur ARC ARCIR 1734 456.3 19930608 19930819 2.63 0
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Table 3.6

Variables Used in the Analysis of Irrigation Water Use

Variable

Symbol

Description

Water Deliveries
Water Use
Acres

Days

Rainfall

Crop

Gulf Coast

INTG

Boss
Structure

V)

(W)

(A)

D)

(R)

©

(G)

(INTG)

(B)
Q

Total volume of water in acre-feet used at the field during either the first
or second crop period. The sum of water deliveries at each delivery
structure entering the field.

The water use, in acre-feet per acre, at a particular field. Water use is
equal to total water deliveries during the irrigation period divided by the
field acreage.

Field acreage.

The number of days over which the farmer took water during the crop
period. The number of days between the start date and ending date.
Rainfall intensity at a particular field during the crop period. Calculated
as the sum of daily rainfall, in inches, during the period between the first
and last day of the irrigation period at that field. Measurements were
taken at the National Weather Service Station closest to the irrigation
district.

The crop type. A dummy variable is set equal to zero for the first crop
and equal to one far the second crop.

A dummy variable to identify the database. The variable is set equal to
zero for those observations from Lakeside District and to one for Gulf
Coast District observations.

A dummy variable to identify second crop fields on Gulf Coast District.
The variable is set equal to one for second crop fields on Gulf Coast
District, and equal to zero for all other observations.

A dummy variable to identify specific water coordinators.

A dummy variable to identify specific types of delivery structures. The
variable is set equal to zero in fields for which all delivery structures are
steel pipe turnouts and to one for fields for which all delivery structures
are concrete water boxes.
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Table 3.7
Water Diversions, Water Deliveries, and Canal Efficiency (Acre-Feet)

Lakeside District Gulf Coast District
Crop Year 1992 1993 1992 1993
Total Water 131,014° 96,462° 132,967" 105,505"
Diversions
Total Water 129,982 75,432 141,302 95,325*
Deliveries*
Estimated Canal 1,031 21,029 -8,065 10,179
Losses
Estimated Canal 99.21% 78.19% 106.26% 90.35%
Efficiency

Sources: a) Lower Colorado River Authority (LCRA), “Report of Surface Water Use,” Austin, Texas,
March 1993.; b) LCRA, “Total and Stored Water diversions by Lakeside and Gulf Coast Irrigation
Districts,” Austin, Texas, n.d.; c) LCRA, Irrigation Water Accounting Database (1992 and 1993).

Note: (*) Includes 7,277.49 acre-feet of water delivered to non-rice crops and industrial users.

Table 3.8
Possible Causes of Error in Estimating Canal Efficiency

Water Measurement
o  Errors in estimating and applying pump ratings to measure total diversions.
»  Systematic errors in the measurement of water at individual delivery structures.

Computational Problems

¢ Computationa! errors in hydrograph programs.

*  Errors in calculating seasonal water use at individual fields.
¢  Errors in computing total on-farm water use.

Database Problems
¢ Errors in data entry and/or data storage in the water accounting database.

69



Table 3.9
Descriptive Statistics, First Crop Fields

Gulf Coast District Lakeside District
East Side Waest Side

1992 1993 1992 1993 1992 1993
First Crop Acreage (Acres)
Number of Fields: 138 127 124 95 190 172
Total Acreage: 14,833.7 11,5024 12,126.0 10,203.6 26,415.6 25,020.7
Maximum - 497.0 439.6 399.3 614.8 600.0
Minimum - 6.5 5.0 3.8 8.4 12.0
Mean - 97.8 107.4 139.0 134.4 90.6
Standard - 67.5 74.8 80.3 106.7 107.1
Deviation

First Crop Water Deliveries (Acre-Feet)

Total Volume - 43,376.3 49,0364 349712 68,687.9 51,126.3
Maximum#* - 1,834.7 2,074.3 1,776.6 1,4469 1,238.2
Minimum* - 422 17.1 38.4 26.8 332
Mean* - 341.5 395.5 368.1 361.5 297.3
Standard - 256.0 336.2 2929 262.5 244.3
Deviation*

First Crop Water Use (Acre-Feet/Acre)

Minimum - 935 16.7 10.10 8.4 6.5
Minimum - 1.5 0.9 1.7 1.0 0.8
Mean - 39 4.5 36 2.8 2.5
Standard - 1.2 24 1.4 1.0 0.9
Deviation

Source: Lower Colorado River Authority, [rrigation Water Accounting Database.

Note: (*) Water deliveries to individual fields.
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Table 3.10
Descriptive Statistics, Second Crop Fields

Gulf Coast District Lakeside District
East Side West Side
1992 1993 1992 1993 1992 1993
Second Crop Acreage (Acres)
Number of Fields: - 25 40 16 160 111
Total Acreage: - 2,194.5 4,482.2 2,018.0 22,8584 12,627.6
Maximum - 225.0 439.6 399.3 614.8 585.7
Minimum - 29.8 5.0 29.0 8.4 12.0
Mean - 87.8 112.1 126.1 1429 113.7
Standard - 50.2 77.1 97.5 1082 85.9
Deviation

Second Crop Water Deliveries (Acre-Feet)

Total Deliveries - 5,174.0 11,689.2 4,526.3 61,555.1 23,6944
Maximum®* - 599.6 1,177.4 1,369.5 1,663.9 1,108.3
Minimum* - 400 04 41.3 35.9 184
Mean* - 206.9 292.2 2829 384.7 2135
Standard - 161.5 257.5 317.5 322.8 183.0
Deviation*

Second Crop Water Use (Acre-Feet/Acres)

Minimum - 5.1 54 4.0 7.3 5.8
Minimum - 0.5 0.1 1.2 0.5 0.3
Mean - 2.4 2.5 2.1 2.8 1.9
Standard - 1.2 1.3 0.9 1.2 0.9
Deviation

Source: Lower Colorado River Authority, Irrigation Water Accounting Database.

Note: (*) Water Deliveries to individual fields.
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Table 3.11
Descriptive Statistics, 1992 Total Water Use for the Crop Season

Gulf Coast Lakeside

East Side West Side
Number of Fields 138 123 192
Number of Farmers 67 52 55
Water Use by Field (Acre Feet/Acre)
Maximum 21.99 16.65 12.95
Minimum 0.89 0.93 1.33
Mean 6.57 5.14 5.10
Standard Deviation 4.09 2.58 1.84
Water Use by Farmer (Acre Feet/Acre)
Maximum 17.30 13.41 12.59
Minimum 2.13 1.26 2.37
Mean 5.80 5.08 5.00
Standard Deviation 291 2.21 1.70

Source: Lower Colorado River Authority, Irrigation Water Accounting Database.

Note: Total water use is the sum of first crop water deliveries and second crop water deliveries to a

particular field. Some fields may not have been second-cropped.

72



Chapter 4. Evaluating the Water Conservation Program

Water conservation, an alternative to supply augmentation, can be preferred because
environmental and economic considerations make construction of new water supply
projects more challenging. Quantitative objectives often accompany water conservation
plans and programs. However, there may be few means to compute how much water is
actually saved through conservation efforts to determine cost-effective approaches to
conservation. This chapter provides an empirical assessment of the Lower Colorado
River Authority’s (LCRA) water conservation program on its Lakeside and Gulf Coast
Irrigation Districts. Data for this study were obtained from each district’s records of total
water diversions, on-farm water deliveries, and field records. This chapter computes
savings that have occurred and discusses factors that influence water use on the irrigation
districts. This information may also be useful in establishing and evaluating water
conservation programs on other irrigation districts. Note that this chapter does not
address behavioral variables, which are covered in chapter 8, nor does it delve into the
legal an political issues surrounding the issue of water conservation, which are beyond
the scope of this report.

The LCRA’s primary water conservation program element is the Canal Rehabilitation
Program on the Gulf Coast District. The program began in 1988 and represents a
significant investment in canal infrastructure. The first section of this paper analyzes the
water savings associated with canal rehabilitation. This analysis indicates that canal
rehabilitation has contributed to a reduction in the annual diversion rate. Similar
rehabilitation efforts might be a cost-effective substitute for supply augmentation
investment where unlined earthen canal systems deliver water to agriculture, and
agriculture is responsible for a large percentage of surface water consumption.

Estimates of the volume of water savings associated with the canal rehabilitation project
are based on the change in total water diversions in Gulf Coast District over the period of
the project. These savings represent reductions in canal losses that have occurred as a
result of the removal of vegetation from canal banks, and the cross-sectioning and sloping
of the canal bed. The total water savings that may be attributed to canal rehabilitation is
approximately 69,893 acre-feet, after accounting for differences in rice acreage, second
cropping rate, and rainfall between years. This estimate may be regarded as the increased
volume of water that is available to other users within the river basin, Because this water
was previously lost in the process of transporting water to fields, it does not represent a
transfer from farmers or an improvement in irrigation practices.

Annual water savings associated with canal rehabilitation efforts appear strongly related
to canal rehabilitation expenses. In addition, the program displays proportional returns to
scale in relation to both cumulative and annual expenses. Increases in canal rehabilitation
investment appear to result in proportional increases in water savings, which provides a
rationale for any future investments in canal rehabilitation as a means of increasing the
availability of run-of-river water supplies within the basin.
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As a result of LCRA’s accounting methods, it may be that some canal rehabilitation
expenses are actually related to improved canal maintenance and water measurement. If
50, then this estimate more appropriately reflects water savings associated with the water
conservation effort as a whole. However, this analysis shows that similar water
conservation efforts in Lakeside Irrigation District have not resulted in water savings.
This tends to support the conclusion that water savings may be attributed to canal
rehabilitation. On the other hand, the inability to detect water savings in Lakeside
District may also be related to more efficient operation of the canal system and more
efficient on-farm water use in that district.

Despite the inability to detect on-farm water savings in a time-series model, cross-
sectional models based on data collected at field delivery structures in 1992 and 1993
indicate farmers have reduced their water use. After accounting for differences in the
duration of the irrigation period and the rainfall intensity during the irrigation period, on-
farm water deliveries have decreased approximately 0.52 acre-feet per-acre on Lakeside
District, and approximately 0.31 acre-feet per-acre in Gulf Coast District. The difference
in water savings between years may be affected by an increasing marginal cost of water.
These water savings may be attributed to volumetric water pricing or water measurement
because economic theory suggests that, as the marginal cost of water increases, farmers
will alter their input ratio by increasing the use of substitutes for water. Substitutes for
water include herbicides, labor, infrastructural improvements, and farm management.

Implementation of a water measurement program and a volumetric rate structure require
that LCRA water coordinators measure water accurately. This chapter presents an
empirical evaluation of the water measurement program to determine whether or not
water coordinators measure water consistently at different delivery structures. This
information may be used to build farmers’ confidence in the water measurement methods
and to develop an internal evaluation mechanism. Using mean confidence intervals
around predicted values of water use at individual fields, LCRA managers can identify
those fields at which water measurements may be out of the ordinary. This chapter
provides two examples of how confidence intervals might be applied.

Farmers have been concerned about LCRA’s volumetric pricing program because some
may believe that the methods LCRA uses to measure water could lead to inaccurate
results. To determine whether or not the volume of water measured at the farm gate was
influenced in part by the individual assigned to measure water at that structure, each
water coordinator’s measurements were compared against his peer’s measurements.
When evaluated among their peers, most water coordinators showed no outstanding
tendency to over- or under-measure the volume of water delivered to fields. However, at
least one water coordinator in each district appears to measure water differently than the
other water coordinators in that district. Despite these exceptions, these results support
the conclusion that LCRA’s methods may be applied consistently throughout the district
even if an argument can be made for more training and supervision of water coordinators.
This report also includes a similar analysis with respect to water delivery structures.
LCRA uses a combination of pipe delivery structures and concrete water boxes on its
districts, and water coordinators use a different method of measurement depending upon
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the type of structure through which water enters the field. This analysis shows that,
during the 1993 crop season, differences in the type of delivery structure resulted in no
tendency to under- or over-measure the volume of water entering a field.

A complex set of environmental factors appears capable of influencing on-farm water
use, and rice producers and scientists differ on the relative importance of each variable.
Despite the level of interest this issue arouses, few studies have attempted tc measure the
marginal effect of environmental factors on water use. Environmental factors that might
influence on-farm water use in these irrigation districts include the rainfall intensity
during the irrigation period and the length of the irrigation period. The length of the
irrigation period reflects the length of the growing season that in turn represents a
combined influence of many environmental factors. This report analyzes information
contained in LCRA’s water accounting database to estimate the influence these variables
have on water use.

Several qualities of the soil type within a field may also influence water use. Some
farmers believe that the difference in water use between fields in irrigation districts can
be related to soil type. Soil scientists report that in these irrigation districts soil type has
only a small effect on water use.! This report shows that, when soil types are grouped
according to their permeabilities, there is no statistically significant pattern of water use
between fields. Other qualities of soil type, such as water-holding capacity, texture, or
soil series, have not been analyzed in this report. Finally, it may be that the size, slope,
and configuration of a field influences irrigation water use. Using data collected during
the 1992 crop season, this report shows that water use may be negatively correlated with
increasing field size. Other information about individual fields was not available for this
study, and therefore, the influence of other field characteristics on water use were not
analyzed.

Methods

Prior to LCRA’s implementation of the water conservation program, Quentin Martin,
Ph.D., developed a time-series regression model to describe the effect of climatic
influences on annual water diversions in the lower Colorado River Basin.? He designed
separate models based on historic records of water diversions between 1968 and 1986 for
each of four public and private irrigation districts. Those models have served as a tool for
estimating the impact of various elements of LCRA’s water conservation program
including canal rehabilitation, volumetric pricing, and general water conservation efforts.

The equations below (Eq. 4.1 and Eq. 4.2) state that the volume of water diversions is a
product of first crop acreage, second crop acreage, and rainfall. Equation 4.1 also
includes a trend variable because there has been an overall increase in water diversions on
Lakeside District that cannot be explained in terms of changes in acreage or rainfall.
Equations 4.1 and 4.2 give the general form of those equations for Lakeside District and
Gulf Coast District respectively:

WD=8,+{(.61A,+39A,)*(B,+6,R+8,T)] (Eq. 4.1)
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WD=pf,+[(.66A,+34A,)%(B,+5,R)] (Eq.4.2)

The term WD represents annual water diversions in thousand acre-feet, the variable A is
the acreage of rice irrigated on the districts during the first crop period, and the variable
A, is the acreage irrigated during the second crop period. In equation 4.1, the variable T
is a trend variable for the number of years after 1968. The trend variable is excluded
from equation 4.2 because Dr. Martin’s analysis did not indicate a significant trend in
water diversions in Gulf Coast District. All § coefficients are estimated with ordinary
least squares regression.

Table 4.1 lists parameter estimates and t-statistics for the original models and lists
parameter estimates and t-statistics for the extended time series, 1986-92.> The
interpretation of results is straightforward. The coefficient B, is the expected increase in
water diversions associated with one additional acre of rice that is both first and second
cropped. For Lakeside District, its value is positive and indicates that one additional acre
of rice on the irrigation districts will increase the total diversions on that district by
approximately 3.7 to 3.9 acre feet. This estimate includes any increase in canal losses
that may be attributed to the increased flow of water in the canal, and therefore may not
be equated with on-farm water use. The coefficient {3, represents the decrease in total
water diversions that is attributable to one additional inch of rainfall during the growing
season. The coefficient P, for Lakeside District represents the unexplained increasing
trend in total water diversions on that district. ‘

These equations are valuable because they enable ex-post estimates of water diversion
during the period on which the model is based. When additional variables are included in
these equations, ordinary least squares regression provides a means of evaluating the
differential effect of water conservation program elements on total district diversions.
The original time series may be extended to include the years 1987 through 1992, and
variables may be added to each equation to determine the differential effect of water
conservation efforts. Equation 4.3 gives the equation for this step in the analysis for
Lakeside District, and equation 4.4 gives the equation for Gulf Coast District. The
equation states that water diversions may be explained by those parameters in equation
4.1 (or 4.2) and the LCRA’s water conservation efforts:

WD=8,+[(61A,+3%9A,)*(B,+B,R+8,T)]I+8,C (Eq. 4.3)

WD=8,+[(.66 A, +.34A,)*(B8,+B,R)1+B,C (Eq. 4.4)

With the exception of the variable C, the equations are identical to equations 4.1 and 4.2.
The variable C is a dummy variable for those years during which at least some element of
the conservation program was in place. Table 4.2 lists parameter estimates and t-statistics
for equations 4.3 and 4.4 on both Lakeside and Gulf Coast Districts. Conservation efforts
on Lakeside District do not appear related to any reduction in water diversions. However,
water conservation efforts do appear related to reductions in water diversions in Gulf
Coast District. This may be explained by the relative intensity of the water conservation
effort. Infrastructural improvements in the canal system through canal rehabilitation
represent a more intense water conservation effort than those in Lakeside District.
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Summary of Results

Table 4.3 summanzes some of the empirical results obtained from the analysis presented
in this chapter. The table lists the water savings attributed to canal rehabilitation and on-
farm water conservation. Potential water savings associated with on-farm water
conservation represents the water savings that could be achieved through a
comprehensive on-farm water conservation program based on demonstrated performance
in sample fields throughout the Gulf Coast Region.

Factors listed under water management reflect empirical estimates of how field
characteristics and environmental factors influence water use. Lines 4 and 5 in Table 4.3
list average per-acre water use by field for the first and second crop periods. The estimate
in line 6 lists how field acreage affects on first crop water use, the increase in water use
that results from adding an additional acre of land to a field with no change in the
irrigation period or the rainfall intensity. This is a better estimate for assessing the
efficacy of water management practices across field than the simple averages presented in
lines 4 and 5. Line 7 indicates soil permeability was found to have no systematic affect
on water use in either district. Rainfall intensity and irrigation period length (lines 8 and
9, respectively) were found to have a systematic influence only in Lakeside Irrigation
District; this may be related to the more efficient water management practices in that
district. Lines 10 and 11 list conclusions about factors related to the accuracy of water
measurement in Lakeside and Gulf Coast Districts. In Lakeside District, one water
coordinator has a tendency to measure, on average, 0.29 acre-feet per-acre less than other
water coordinators in that district over the period of the irrigation season. For example, a
hypothetical farmer who owns a 100 acre field serviced by this water coordinator would
not be charged for 29 acre-feet of water delivered to his field over the course of a first or
a second crop period.

Canal Rehabilitation in Gulf Coast District

Further analysis shows that reductions in water diversions related to water conservation
efforts in Guif Coast District appear more specifically related to canal rehabilitation. In
equation 4.5, the addition of a mileage variable changes the meaning of the equation
slightly. Equation 4.5 states that water diversions may be explained in terms of equation
4.4 and the number of miles of canal fully rehabilitated:

WD=8 +[(66 A, +.34A,)*(B,+B,R)]+B,C+B M (Eq. 4.5)

The variables are identical to those described in equation 4.4. The variable M represents
the cumulative number of canal miles fully rehabilitated. Addition of the mileage
variable makes the parameter estimate for C statistically insignificant. This indicates that
there is a stronger statistical basis for associating water savings with canal rehabilitation
than with general water conservaticn efforts. This interpretation is consistent with the
results of equation 4.3 for Lakeside District.
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Because the conservation variable in equation 4.5 is insignificant, it may be dropped from
the expression. Equation 4.6 shows the form of the regression equation with a mileage
variable:

WD=8,+[(66 A, +34A)*(B,+B,RN+B M (Eq. 4.6)

Table 4.4 presents the parameter estimates and t-statistics for each equation. These
results show that, in the Gulf Coast District, there is strong empirical support for inferring
that canal rehabilitation is the significant program element that contributes to water
conservation. In equation 4.6, the mileage variable (M) indicates that full rehabilitation
of one mile of canal results in 544 acre-feet of water savings. This is a dramatic result.
However, further consideration of this estimate suggests a re-evaluation of the actual
savings associated with canal rehabilitation.

Full rehabilitation of canal segments requires mechanical clearing of vegetation and re-
shaping of the unlined canal bed. The district’s ability to make these structural changes is
limited. For example, in some years rainfall during the late fall, winter, and early spring
precludes the operation of heavy equipment in and around the canal. A variable that only
measures the cumulative miles of canal rehabilitated fully does not reflect that other
aspects of canal rehabilitation such as the spraying of herbicides or the installation and
improvement of canal structures. An alternative variable, canal rehabilitation expenses,
does provide a measure of the overall canal rehabilitation and maintenance effort.
Equation 4.7, in which the variable E represents cumulative canal rehabilitation expenses,
gives an alternative model for predicting water diversions:

WD=ﬁ0+[('66Al+-34A2)*(ﬁl+ﬁ2R)]+B(,E (Eq47)

Similar to the parameter estimate for the mileage variable (M) in equation 4.6, the
parameter estimate f§, in equation 4.7 measures the average volume of water saved per
dollar invested in canal rehabilitation. The parameter estimate indicates canal
rehabilitation has resulted in 0.075 acre feet of water savings per dollar of project
expenses.

The effect of canal rehabilitation can be seen more clearly in Figure 4.1. The graph
shows actual water diversions between 1968 and 1993, and two estimates of annual water
diversions. The 1968-87 model of water diversions is based on equation 4.2. In that
model, estimates for years from 1988 through 1993 represent a forecast of what water
diversions would have been without canal rehabilitation. The 1968-1993 model
incorporates information on canal rehabilitation expenses and is based on equation 4.7.
The difference between the estimates in the years 1988 through 1993 reflects water
savings associated with canal rehabilitation. Table 4.5 shows canal rehabilitation
expenses and estimated water savings in each year of the project.

This findings show a positive return on LCRA’s investment in canal rehabilitation and
provides a means of estimating the benefit cost ratio of canal rehabilitation. Less-senior
owners of water rights benefit through the district’s water savings because it enables them
to divert water at no cost under their own water rights rather than purchase stored water
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from the Highland Lakes. Under the assumption that water users will maintain their
long-term LCRA water contracts, these water users save $52.50 for every acre-foot of
water LCRA saves through canal rehabilitation.

This analysis can also address the issue of whether or not the LCRA has exhausted the
potential for canal rehabilitation or should continue the project and can answer the
question of whether the amount of money expended in any one year yields a consistent
volume of water savings. As LCRA increases the level of canal efficiency to a point near
maximum efficiency, continued investment should yield diminishing returns on
investment. At some point in this range, LCRA may decide that either the benefits of
further canal rehabilitation are inefficient, or that it needs to adjust the way it implements
the project to achieve more efficient water savings.

Equation 4.8 is a log-linear regression model that describes LCRA’s returns to scale on
investment. The equation states that the incremental water savings is proportional to
incremental investment in canal rehabilitation. The parameter estimate 8, gives returns to
scale on investment:

WS=B,E” (Eq. 4.8)

The variable WS is the cumulative water savings in a given year as estimated by the
difference in water diversions between years (equation 4.7). The variable E is cumulative
canal rehabilitation expenses as of that year. If the project is achieving diminishing
returns, the parameter estimate, B,, will be less than one. If there are increasing returns to
scale on the project, the parameter estimate will be greater than one. When the variables
WS and E represent water savings and canal rehabilitation expenses in year i respectively,
this equation also provides an indication of whether or not proportional changes in project
expenses yield a proportionally similar change in water savings. Table 4.6 provides
parameter estimates and t-statistics for equation 4.8.

When WD is equal to the cumulative project cost, B, is 1.06. This estimate reflects
constant returns to scale. As the LCRA continues to invest in canal rehabilitation, the
project will yield water savings that are proportional to the increase in its overall
investment. If there are constant returns to scale, this would be empirical support to
encourage the LCRA to continue implementing canal rehabilitation in the future.

Because this analysis is sensitive to changes in program implementation and the
condition of the canal system, its application beyond a few years is questionable. As
canal efficiency increases, the potential water savings will decrease. Figure 4.2 shows the
relationship between cumulative canal rehabilitation expenses and cumulative water
savings.

When WD is equal to the annual project cost, the parameter estimate 3, is 1.12. This
shows that, within the range of 1988 to 1993 project expenses, the volume of water
savings in any one year is proportional to the amount of money spent on canal
rehabilitation in that year. The LCRA Board can adjust the annual water savings by
changing the amount of money it allocates to the project each year. This relationship also
reflects that managers on the Gulf Coast Irrigation District make equally efficient use of
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larger canal rehabilitation budgets as they do smaller budgets. Figure 4.3 shows the
relationship between annual canal rehabilitation expenditures and annual water savings.

The evidence presented so far seems to indicate that most of the water savings in Gulf
Coast District can be attributed to canal rehabilitation. However, since the LCRA’s water
conservation program has several elements (of which canal rehabilitation is only one
part), it does not seem entirely appropriate to ignore the other water conservation efforts.
LCRA has held numerous meetings with farmers to emphasize the importance of water
conservation in addition to implementing a water measurement program in 1992 and a
volumetric pricing program in 1993. There is contradictory empirical evidence to both
support and refute the hypothesis that all of the water savings accounted for by regression
of equation 4.7 is associated with canal rehabilitation. These analyses are provided in
subsequent sections of this paper.

Time-Series Assessment of the Volumetric Pricing Program

LCRA introduced the volumetric rate structure in 1993. Because farmers were reluctant
to accept the rate structure during the 1993 crop season, LCRA placed a ten percent cap
on the difference between farmers water costs in 1992 and 1993. Although the final
charge for water in 1993 was very close to the 1992 charge, many farmers found they
would otherwise have reduced their water costs. The existence of a cap on water costs
makes an evaluation of the impact of volumetric water pricing difficult.

The method used here is much like the method used in the preceding analysis of canal
rehabilitation. Equations 4.1 and 4.7 were re-estimated with an extended time series and
a dummy variable to represent the implementation of volumetric pricing in 1993:

WD=8,+[(.66 A,+.34A,)*(B,+B,R)]+B,E+B P (Eq. 4.9)

With exception of the variable P, all variables are as in equation 4.7. The variable Pis a
dummy variable that equals 1 for the year 1993 and represents implementation of the
volumetric pricing program. The equations test whether or not total district diversions
are significantly less than expected without volumetric pricing. Table 4.7 presents the
results of this analysis. The fact that total water diversions are not significantly iess than
otherwise expected indicates volumetric pricing has not contributed a reduction in water
diversions.

These results are not a final statement of the potential water savings associated with
volumetric pricing. Two years of data is not enough for time series analysis. In addition,
the ten percent cap in 1993 probably contributes to the insignificance of the estimates.
The volumetric pricing parameter estimate for Lakeside District is negative. This
indicates that the district diverted less water than expected in 1993, but this difference is
indistinguishable from random error. In contrast, Gulf Coast District water diversions
were higher than expected in 1993.
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Cross-sectional Assessment of the Volumetric Pricing Program

Cross-sectional models of on-farm water use can demonstrate that field inflows during
the 1993 crop season are lower than field inflows during the 1992 crop season. The
introduction of a volumetric pricing strategy in 1993 helps explain why this is so. Under
the district’s fixed irrigation charge during the 1992 crop season, farmers had no control
over their water costs. Economic theory suggests that, given an opportunity to reduce
water costs and increase farm profits, farmers will use less water. Therefore, the 1993
transition from a completely fixed irrigation water charge to one with a volumetric price
component presents an opportunity to evaluate farmers responses to changes in the
marginal cost of water.

In 1992, the LCRA measured water deliveries at each field delivery structure, but
continued to charge farmers on a per-acre basis. The objective was to give farmers an
opportunity to learn how their management practices affect irrigation water use. In 1993,
LCRA implemented its new rate structure with a ten percent cap on the difference
between each farmer’s 1992 and 1993 per-acre cost of water. LCRA’s objective was to
give the farmers another opportunity to see how management practices influenced
irrigation water use. The presence of this ten percent cap on the difference in water costs
makes it difficult to draw inferences about the long term effect of price on water use, or to
predict the potential water savings associated with volumetric water prices. However, if
this evaluation is based on the models of on-farm water use, they show that farmers are
able to reduce their water use in response to prices. Equation 4.10 presents the ordinary
least squares regression equation used to estimate farmer’s reactions to changes in the
marginal cost of water. As in the previous models, this equation states that the volume of
water used in irrigation is a function of the size of the field, the number of days over
which a farmer takes water, and the crop type:

V=8,+B PE+B,A+8,D+8,C (Eq. 4.10)

The variable V is the total volume of water the farmer uses in his field, and the variable
PE is the effective marginal cost of water. A description of how the effective price 1s
calculated is provided below (equation 4.12). The variable A is field acreage, and the
variable D is the number of days over which the farmer took water. C is a dummy
variable that indicates whether an observation is for a first or second crop. To test
whether or not there is a significant difference between farmer’s reactions in Gulf Coast
District and on Lakeside District, the districts were combined in a single model using
dummy variables and interactions terms, as indicated in equation 4.11:

V=B8,+B PE+B,A+B8,D+8,C+B,G+pINTG (Eq. 4.11)

With the exception of the variables G and INTG, the variables are identical to those in
equation 4.10. The variable G is a dummy variable denoting field observations from the
Gulf Coast District, and the variable INTG is an interaction term equal to G times the
effective price of water in Gulf Coast District. This variable is designed to capture the
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differential effect of price on these farmers, and to test whether or not there is a
statistically significant difference in farmer’s reactions to these prices.

Because the districts charge an additional volumetric fee for stored water, and farmers do
not know whether they are purchasing stored water, farmers react to an anticipated price
of water. Therefore, the effective price is calculated on the basis of the probability that
the farmer draws stored water. Equation 4.12 states that the effective price of water
during each crop period is equal to the volumetric price of water diverted under irrigation
district water rights plus the expected cost of drawing stored water during that crop
period.

PE, =PD+[(Y FROM  xVS, + ¥ VT,)x PS] (Eq. 4.12)
J i

The variable PE is the effective price of water, i is an index denoting first or second crop,
and j is an index denoting district. The variables PD and PS are the variable price of
water on the irrigation district and the price of stored water from the Highland Lakes
respectively. The variables VS and VT are the volume of stored water diversions on the
district and the total volume of water diversions on the district respectively. In Lakeside
District, the effective price of water during the first crop period is $10.22 and during the
second crop period is $12.59. In the Gulf Coast District, the effective price of water
during the first crop period is $6.11 and during the second crop period is $7.27.

Equation 4.13 is a modification of equation 4.11. [t relates changes in the effective
marginal cost of water to on-farm irrigation water use. The dependent variable represents
acre-feet per acre rather than field water use. Equation 4,12 states that irrigation water
use is related to rainfall during the crop period, the number of days over which the farmer
takes water during the growing season, the price of water, and the crop type:

W=p8,+B,PE+B8,D+B,C+B,G+p,INTG (Eq. 4.13)

The variable W is irrigation water use in acre-feet per acre and i is an index of crop year.
All other variables are identical to those in equation 4.11

Table 4.8 presents the parameter estimates and t-statistics for equations 4.11 and 4.13.
The parameter estimate for the effective price (PE) provides a measure of the absolute
change in volume (or water use per acre) that results from a change in the effective
marginal cost of water. The fraction of the variance explained in equation 4.11 is
relatively high because acreage has a strong influence on field water use. When the
dependent variable is per-acre water use, as in equation 4.13, the regression model loses
explanatory power. However, this does not invalidate the parameter estimates. The facts
that the t-statistic for PE, the effective marginal cost of water, and the model F-statistic
are consistently significant across the two specifications supports the use of equation 4.13
as a tool for anticipating farmers reactions to changes in the price of water.

The data on which these estimates are based include only two price points. Clearly, an
estimate of how farmers react to changes in the price of water will improve with an
increase in the number of observations at different prices. However, the data with which
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to make a better empirical estimate of this reaction is not available for these districts.
Another problem with this estimate is the functional form of the equation. The functional
form used here is linear; therefore, it does not reflect farmers diminishing marginal
propensity to save water. The linear model imposes a constant absolute change for a unit
increase in price.

Because one would expect a strong reaction on the part of farmers initially, and a
generally diminishing reaction at higher water prices, the model probably underestimates
the water savings that can be achieved by assigning a low marginal cost to water.
Similarly, the model probably overestimates the savings that can be achieved by
assigning a higher marginal cost to water.

Factors Affecting On-Farm Water Use and Measurement

The purpose of this section is to develop a model that tests hypotheses about factors that
may influence on-farm water use and water measurement. This analysis differs from the
preceding analysis in that most statistical inferences are made on the basis of differences
between fields, rather than differences between years. Lakeside and Gulf Coast District

water coordinators measured water at field delivery structures during the 1992 and 1993

Crop seasons.

Equation 4.14 describes water deliveries to individual fields states that the volume of
water delivered to a field is a function of field acreage, the number of days over which the
farmer took water in that field, the intensity of rainfall during the irrigation period, and
the crop type:

V=8,+B,A+8,D+B.P+8,C (Eq. 4.14)

The dependent variable V represents the volume of water measured at each delivery
structure. When two or more delivery structures service a field, the sum of measurements
represents the total volume of water entering the field. The variable A is field acreage,
and the variable D is the number of days between the first water delivery and the last
water delivery. The length of the growing season may vary from field to field depending
on site specific environmental factors and the date of planting. It seems reasonable that
fields where the growing season is longer should have higher levels of water use all other
factors being equal. The variable C is a dummy variable that indicates the crop type. In
general, second crop fields tend to use less water than first crop fields because the rice
plants are already well established. The vanable P represents the intensity of rainfall on
the irrigation district during the period the farmer took water in a particular field. Daily
measurements of rainfall were available at only one site on each district; therefore, this
variable does not represent the exact volume of rainfall entering each field. Data on
rainfall intensity were obtained from the National Weather Service reporting stations at
Columbus for Lakeside District, and Bay City Waterworks for Gulf Coast District.

Table 4.9 lists the mean and standard deviation for each variable in equation 4.14. Some
differences between the two irrigation districts can be inferred from these simple
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statistics. The average volume of water delivered to fields is less in 1993 than in 1992.
However, this difference cannot be attributed to volumetric water pricing without taking
all relevant factors into account. Field size on Lakeside District is generally larger than in
Gulf Coast District. Finally, farmers in Gulf Coast District generally took water over a
longer period during the growing season than did farmers on Lakeside District. Of some
interest are the relatively large standard deviations for almost all parameters used in this
analysis. This suggests that farming practices and conditions are highly variable on both
irrigation districts.

Table 4.10 lists the parameter estimates and t-statistics estimated for five subsets of the
data contained tn the water accounting databases. Data is subset by year and by district.
In Gulf Coast District, the equation is estimated separately for the east side and the west
side. No estimates are presented for data collected in 1992 in Gulf Coast District’s east
side because this data set is incomplete and contains no crop separation dates. The
remaining data for Gulf Coast District is also incomplete because start and end dates for
the irrigation period in each field are missing from the record. These dates are necessary
to calculate the days and rainfall variables; therefore, estimates in Table 4.9 and Table
4.10 are based on only those few observations for which a sufficient record exists.

When the variables are specified, these equations provide an estimate of the expected
volume of water use in a field. For example, a 100 acre field on Lakeside District in 1992
for which the length of the irrigation period and the rainfall intensity are 68 days and
12.48 inches respectively would be expected to use 272.32 acre-feet of water during the
first crop:

-150.72 + (2.24*100) + (4.32*68) + (-7.59*12.48) + (-81.16*%0) = 272.317 (Eq. 4.15)

Because the equation includes information on the length of the irrigation period and the
rainfall intensity, it is possible to compare how water use varies between fields for which
the value of these parameters is different. For example, the length of the growing season
and the rainfall intensity at an individual field may be substituted for the average values
used here. The result will indicate the volume of water the average farmer would be
expected to use under those conditions. The difference between a farmer’s expected
water use and actual water use reflects the effectiveness of his water management
practices, the accuracy of water measurement, and other possible factors.

Some differences in the water use between fields can be regarded as a reflection of
slightly different soil types, farming practices, or evaporation rates. These factors
represent variables that might make one farmer’s water use higher than another farmer’s
despite identical model estimates. Because an assessment of water measurements at
individual fields must also incorporate information about the reliability of the estimate, it
is necessary to establish a confidence interval around the predicted value before
concluding whether or not a particular observation is out of the ordinary. The estimation
of confidence limits around predicted values requires a complex series of calculations.

To demonstrate how such confidence intervals might be applied, Figure 4.4 shows the
confidence intervals around model estimates for a range of field acreages when other
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parameter estimates are fixed at their mean values. The regression line in this figure is
based on equation 4.14 and estimated from observations on Lakeside District during the
1993 crop season. The narrow lines above and below the thick center line represent 95
percent confidence limits. Differences between field observations and predicted values
may be attributed to random error if the field observations fall within the confidence
limits. Field observations that lie on the plane above the upper line, or below the lower
line, can be regarded as suspect observations with a 95 percent level of certainty that the
cause of the difference is not related random differences between fields.

At least two possibilities for such large differences in the predicted value and the
observed value exist. One possibility is that the farmer’s water management practices are
significantly better or worse than the typical management practices on the irrigation
district. Another possibility is that the water coordinator made an error in measuring the
volume of water entering the field. These kinds of limits might provide a simple tool for
resolving disputes about water measurements between farmers and irrigation district
managers.

The confidence limits in Figure 4.4 are based on mean values for model parameters.
These intervals will be narrower than those confidence intervals based on parameter
values that are far from the mean. For example, Figure 4.5 shows the confidence interval
around the predicted value of water use for a farmer that took water over a 56-day period
during which the rainfall intensity was 17.48 acre -inches per acre. Although the rainfall
intensity is typical for fields on Lakeside District, this farmer’s irrigation period is much
less than average. This observation is atypical because the value of at least one model
variable is much different than the average case. Therefore, water use may be predicted
with less certainty than for the average case in Figure 4.4. This is reflected in the slightly
larger confidence band.

The parameter estimate for the acreage variable, f8,, defines average water use per-acre on
each district as the difference in water use between fields that may be attributed to
acreage alone. Under the assumption that soil types have little influence on the volume of
water use, marginal differences between fields may reflect environmental factors. The
number of days over which a farmer must irrigate his crop reflects many uncontrollable
environmental factors that influence crop development. The rainfall variable is included
in this equation to reflect a potential relationship between differences in rainfall and
differences in water use between fields. The parameter estimate is significant in Lakeside
District, but not in Gulf Coast District. This may be related to the fact that managers in
Lakeside District turn the river pumps off whenever it rains. Although this is not the
practice in Gulf Coast District, the LCRA has also observed a negative correlation
between total water diversions at the river pumps and rainfall on that district.* Therefore,
differences in the magnitude and significance of parameter estimates between districts
remain unexplained.
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Evaluation of Water Measurement at Delivery Structures

Farmers on both irrigation districts have indicated that LCRA is inconsistent in the way it
measures the volume of water entering fields. The following analysis attempts to
determine the source of any possible inconsistencies in measurements between fields by
evaluating the consistency with which water coordinators measure water and the
consistency of measurements taken at different types of delivery structures. The water
accounting database on each district includes information about the delivery structures
and the water coordinator responsible for taking those measurements.

it is possible to use the equations developed in the preceding section to examine the
consistency with which LCRA’s water coordinators measure the volume of water
entering a field. In equation 4.16, a dummy variable is added to indicate which of six
water coordinators was responsible for taking measurements at a particular field:

V=$,+B,A+8,D+B,P+B,C+B,Q (Eq. 4.16)

The vanable V is the volume of water measured at the delivery structure. The variable A
is field acreage, the variable D is the length of the irrigation period in days, and the
variable P is rainfall intensity during the irrigation period. The variable C is a dummy
variable equal to 1 for second crop observations, and the variable Q is a dummy variable
equal to 1 for the water coordinator under investigation. The equation is estimated for
each water coordinator so that his measurements are compared directly against his peers’
measurements. The analysis reveals whether or not the water coordinator’s
measurements are consistently high or low. The parameter estimate 3, represents the
difference in total water deliveries between fields that may be specifically attributed to an
individual water coordinator’s tendency to under- or over-measure the volume of water
entering a field. If the t-statistic for this parameter estimate is insignificant, it is possible
to conclude that this water coordinator’s measurements are consistent with all other water
coordinators measurements.

Table 4.11 and Table 4.12 list the parameter estimates and t-statistics for Lakeside
District in 1992 and 1993 respectively. During the 1992 crop season, water coordinators
appear to have been consistent in their methods. While any individual water coordinator
may have under- or over-measured at particular fields, these water coordinators did not
consistently under- or over-measure in any fields. With one exception, the t-statistics for
B, in Table 4.12 are insignificant. This indicates that during the 1993 crop season water
coordinator number 6 had an overall tendency to measure less water at delivery
structures. The interpretation is that he had a tendency to under-measure water by
approximately 35.97 acre-feet.

Table 4.13 lists parameter estimates and t-statistics for equation 4.16 estimated using
information contained in the water accounting database for the 1992 crop season in Gulf
Coast District. For 1992, all observations on Gulf Coast’s east side have been
disregarded because those records do not include crop separation dates. Many other data
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from the remaining observations are also missing. For this reason, the irrigation period
and rainfall intensity variables have been removed from the analysis.

Of the three water coordinators analyzed for the 1992 crop season, results show that no
water coordinators had a tendency to over- or under-measure water deliveries relative to
their peers. However, results for 1993 (Table 4.14) show that two water coordinators
displayed an overall tendency to over- or under-measure the volume of water entering a
field during that crop season. Water coordinator number 1 had a tendency to over-
measure water by approximately 42.17 acre-feet. Water coordinator number 6 had an
overall tendency to under-measure water by approximately 62.25 acre-feet.

These results suggest that the volume of water measured at a field may depend in part on
which water coordinator measures the water entering the field. There is a case for more
training of water coordinators and perhaps more double-checking of water coordinator
measurements by district managers. An alternative explanation for the differences
observed in this analysis is related to the location of the water coordinator’s canal
segments. There is some concemn that fluctuating water levels in the canal could lead to
differences in measurement at delivery structures located at the head of the canal and
those located at the foot of the canal.

A similar analysis can be conducted on each district to determine whether or not the
specific type of structure used to deliver and measure water has any consistent influence
on the volume of water measured at that structure. Equation 4.16 below includes a
dummy variable for the structure type rather than the water coordinators. The equation
states that the volume of water measured at the delivery structure is a function of field
acreage, length of the irrigation period:

V=8,+B,A+8,D+B,P+B , C+B.,S (Eq. 4.17)

The variable V is the volume of water measured at the delivery structure. The variable A
is the field acreage, the variable D is the number of days in which the farmer took water,
and the variable P is the intensity of rainfall during the time that the farmer took water.
The variable C is a dummy variable equal to 1 for second crop observations, and the
variable S is a dummy variable equal to 1 for observations in those fields where concrete
water boxes are used to deliver and measure irrigation inflows. The alternative type of
delivery structure is a steel “‘culvert-style” pipe at which water coordinators use hand-held
flow meters to measure the rate of water flow. If the parameter estimate for the dummy
variable S is statistically insignificant, it indicates that no differences in water
measurements to individual fields may attributed specifically to the type of structure or
the method of measurement at that structure. Table 4.15 lists parameter estimates and t-
statistics for equation 4.17. The results show that, in 1992, measurements at concrete
water boxes were on average 33.81 acre-feet lower than at pipe delivery structures. The
converse is true in Gulf Coast District during the 1992 crop season. Water measurements
at concrete water boxes on that district had a tendency to be much higher than at pipe
delivery structures. However, there is no evidence of any difference in measurements
between the two types of structures during the 1993 crop season.
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The Effect of Soil Permeability on Field Water Use

The following analysis of soils was completed in 1993 and is based on information on
field water use collected by water coordinators during the 1992 crop season. Since then,
several changes have occurred with respect to the methods used to analyze the data.
Therefore, the discussion in this section differs from the discussion in previous sections
of this chapter and this report. These results are presented here using 1992 data because
soil types were not reassessed with respect to data from the 1993 crop season.

Soil series designations were obtained from U.S. Soil Conservation Service maps for
Colorado, Wharton, and Matagorda Counties.” Table 4.16 lists the soil permeability
group to which the soil series was assigned for this analysis. Permeability is “that quality
of a soil that enables it to transmit water or air.”® Soils have been grouped according to
the permeability of the first layer, but soils will have different permeabilities at different
depths. The column labeled “permeability” lists the permeability in inches per hour for
each defined layer in the soil series. The typical profile is also listed in Table 4.16, which
shows the depth at which each layer occurs and the soil texture in that layer. The texture
of a given soil approximates the relative presence of sand, silt, and clay particles below 2
millimeters in diameter. In general, finer soils are classified as clay, less finely textured
soils are classified as silt, and course textured soils are classified as sand.” General
comments describing the soil foliow in the next two columns. Agricultural drainage
describes the rate at which water flows through soils. Saturation or ponding of water is a
characteristic of those soils with slow permeability. The last column, features affecting
rice irrigation, indicates particular soil characteristics of interest when attempting to grow
rice on a particular soil.

While many soil characteristics will affect water use and rice yield, soil permeability
provides an easily quantified factor for analysis. Table 4.17, Table 4.18, and Table 4.19
summarize the frequency of each soil series in each district. It may be that an alternative
grouping of soils, based on water-holding capacity or some other quantifiable soil
characteristic might provide different results. The soil permeability group assignments
are based on the permeability of the first layer of each soil. If soil permeability in the
first layer differs from that in subsequent layers, the assumption is that the first layer’s
permeability will have the greatest potential influence on percolation. To simplify the
analysis, different soil types are grouped in three categories according to their
permeability. Group I soils have the lowest permeability, 0.06 - 0.2 in./hr. Group II soils
have a moderate permeability, 0.2 - 0.6 inches per hour (in/hr), and Group I1I soils have
the highest permeability, 0.6 - 2.0 in./hr.

W=8,+8mmA+8,5+8,C (Eq. 4.18)

Ordinary least square regressions were applied to the data to determine the effect of
second cropping, farm acreage, and soil type on per-acre water use in individual fields.
Equation 4.18 states that per-acre water use is a function of acreage, soil type, and second

Cropping.
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The dependent variable W is water use in acre-feet per-acre. The variable A represents
field acreage. In this equation, the natural logarithm of field acreage is used because it
gives more efficient estimates of the regression coefficient. The variable S represents the
mean permeability for each permeability group. Group I, Group II, and Group III soils
have average permeabilities of 0.13 inches per hour, 0.4 inches per hour, and 1.3 inches
per hour respectively. The vanable C is a dummy variable equal to 1 in those fields that
were second cropped.

Parameter estimates and t-statistics are provided in Table 4.20. In all cases, acreage has a
diminishing marginal effect on water use. Runs in which the acreage variable was
specified without the natural-log transformation showed similar results. The coefficient
for the soils variable is negative but insignificant indicating that soil permeability groups
provide little or no insight into differences in water use between fields. For Gulf Coast
West and Lakeside District, the second cropping variable indicates the average water use
associated with the second crop. No estimate is presented for this variable in Gulf Coast
East because crop separation dates were not included in the database.

Each regression shows similar results. Acreage and second cropping are significant
factors in determining per-acre water use. As field size increases, water use per acre
decreases. It is possible that this reflects a superior degree of management in larger
fields; as the level of farmer’s investments increases with field size, the incentive to
manage those fields efficiently is also larger. Regressions for both Guif Coast West and
Lakeside show that per-acre water use increases with second cropping. In Gulf Coast
West, second cropping increases a field’s water use by about 2.3 acre-feet per-acre. In
Lakeside District, second cropping increases a field’s water use by 1.9 acre-feet per-acre.
These values may be interpreted as average water use.

Conclusions

This analysis leads to several conclusions about LCRA’s water conservation program and
the potential for similar conservation programs in other parts of the state. There is a
significant water savings potential associated with canal rehabilitation and volumetric
water pricing. While other programs may have potentially significant effects, those
program elements were not quantified for this study. This analysis presents an approach
to the problem of estimating water savings using two separate sources of data. The first
set of data is a time series that explains total district water diversions in terms of rice
acreage and rainfall. The second set of data is a cross-sectional database of on-farm water
deliveries. If it were possible to combine the data sets in a single analysis and quantify
the other program elements, the results would reflect a broader data base. For example, it
may be that other program elements such as education have contributed to reductions in
on-farm water use and that these water savings have inappropriately been attributed to
canal rehabilitation. What is needed is a more sophisticated method of tracking the water
conservation program.

After accounting for differences in acreage and rainfall between years, this analysis
shows that canal rehabilitation has resulted in a 69,893 acre-foot reduction in total water
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diversions on the Gulf Coast District. Similarly, after accounting for differences in
acreage, rainfall, and the length of the irrigation period between fields, a substantial
reduction in on-farm water use may be attributed to volumetric pricing. Lakeside District
farmers appear to have responded to volumetric pricing by reducing their water use by
0.52 acre-feet per acre. Gulf Coast District farmers appear to have responded to
volumetric pricing by reducing their water use by 0.31 acre-feet per acre. The difference
in savings between the districts may be attributed to the difference in the variable price of
water between districts.

Both canal rehabilitation and volumetric water pricing exhibit potential for use in other
areas of the state. However, volumetric water pricing may be implemented only if
reliable methods of water measurement exist. LCRA has implemented one method, a
basic water measurement system. From the farmers’ perspective, there are many
questions about whether or not LCRA'’s system is adequate. Although the methods
applied by the LCRA are consistent in laboratory settings, the analysis presented in this
report shows that not all water coordinators obtain consistent results.® In both the
Lakeside District and the Gulf Coast District, the volume of water measured may depend
in part on which water coordinator takes the measurements. When factors that cause
differences in water use between fields are accounted for in the equation, one water
coordinator on Lakeside District appears to under-measure water deliveries. In Gulf
Coast District, one water coordinator appears to over-measure water deliveries, and one
appears to under-measure water deliveries. However, the water accounting database for
Gulf Coast District is missing much of the data that might account for these differences in
water measurements between fields. In order to conduct the analysis, it was necessary to
exclude those parameters from the model of on-farm water use.

Any systematic inconsistency in measurements related to the type of delivery structure at
which measurements were taken in 1992 appears to have been resolved in the 1993 crop
season. The results presented in this paper suggest that the LCRA’s methods are perhaps
more reliable than some farmers seem to think; however, there may be some remaining
inconsistencies in the way that individual water coordinators measure water at delivery
structures. This suggests that LCRA should perhaps place more emphasis on the
supervision and training on these water coordinators. One potential source of the
differences in measurement between water coordinators is that differences related to the
location of a water coordinator’s assigned canal segment have not been included in the
analysis. Water coordinators are responsible for measuring water at delivery structures
along assigned canal segments. It may be that the method of water measurement used on
these districts produces different results at the head of the canal than at the foot of the
canal. If this is true, then some of the differences attributed to water coordinators may
actually be related to the fact that a water coordinator’s assigned canal segment is at the
head or at the foot of the canal.

This analysis of water coordinators and delivery structures can identify water
coordinator’s consistent tendency to under- or over-measure water. By measuring water
use at individual physical structures, it is possible to evaluate the probability that the
volume of water measured at a particular field is adequate. These results show how such
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an evaluation might be made using confidence limits around the modeled estimates of
expected water diversions given specific field characteristics. This model might be
applied to resolve disputes between individual farmers and the LCRA over whether or not
the volume of water measured at a particular field is accurate.

This chapter has demonstrated how unified water use data can be used to make inferences
about program efficiency or effectiveness and even evaluate staff and equipment. The
task for many agricultural conservation projects is to determine how to collect and
validate such data. Water conservation program evaluation requires that cross-sectional
on-farm data to evaluate on those factors be collected for individual fields. Chapter five
describes how cross-sectional and time series data can be processed through geographical
information systems for analyzing irrigation water conservation.
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Table 4.1
Parameter Estimates and T-Statistics for Equations 4.1

Regression Coefficient Lakeside District Gulf Coast District
1968-1986" 1968-1992 1968-1986" 1968-1992
B, 37.97 35.62 107.98 60.46
B, 3712 3939 5.054 6.505
(5.92)* (5.93)* (9.14)* (9.51)*
8, -0.616 -0.645 -0.358 -0.435
(-6.72)* (-6.03)* (-3.27) (-2.74)*
3, 0.060 1.271 - -
(5.32)* (5.59)* - -
R-squared 0.880 0.838 0.85 0.83
Adjusted R-squared 0.81
Model F N/A N/A N/A 50.12

Source: (a) Quentin Martin, Lower Colorado River Authority, Water and Wastewater Utilities, “Estimation
of climatic influences on the monthly Colorado River diversions for rice irrigation in the LCRA District,”
(Austin, Texas, April 1988).
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Table 4.2
Parameter Estimates and T-Statistics for Equation 4.3 and 4.4

Lakeside District Gulf Coast District
Regression Coefficient Eq. 4.3 Eq. 4.4

By 35.655 99.057
B 3.938 5.529

(5.78)* (7.98)*
B3, -0.645 -0.444
B 1.271 -
B4 0.013 -30.411

(0.002) (-2.79)*
R-squared 0.838 0.877
Adjusted R-squared 0.806 0.859
Model F 25.975 50.115

Note: t-statistics given in parentheses. Asterisks indicate significance at the 95 percent confidence level.
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Table 4.3

Summary of Results Presented in this Chapter

Lakeside District

Gulf Coast District

Water Conservation

1. Water savings associated with
canal rehabilitation, 1988-93.°

2. Water savings associated with
volumetric pricing, 1992-93.*

3. Additional water savings
potential associated with an on-
farm water conservation
program.*

Water Management

N/A
0.52 acre-feet per-acre

0.65 acre-feet per-acre

69,891 acre-feet
0.31 acre-feet per-acre

1.80 acre-feet per-acre

4. Average water use, first crop,
1993.

5. Average water use, second crop,
1993.

6. Average effect of field acreage
on total first crop water use.

7. Average effect of soil
permeability on per-acre water
use.

8. Average effect of one inch of
rainfall on irrigation inflows.

9. Average effect of irrigation
period length on per-acre water
use.

Water Measurement

2.44 acre-feet per-acre

1.92 acre-feet per-acre

2.14 acre-feet per-acre

No discernable effect

-0.07 acre-feet per-acre per-inch of

rain
0.017 acre-feet per-acre per-day

3.79 acre-feet per-acre
2.26 acre-feet per-acre
3.42 acre-feet per-acre

No discernable effect

No discernable effect

No discernable effect

10. The consistency of water
measurement between water
coordinators. (Average
difference in measurements in
parenthesis.)

11. The consistency of water
measurements between types of
delivery structures.

Note: All estimates based on 1993 water use except as indicated. (a) Represents the water savings over the

1 water coordinator inconsistent
(-0.29 acre-feet per-acre)

No discernable difference between
types of structures

interim. (b) Based on 1992 water measurements,

* Martin T. Schultz, “Estimation of Derived Demand for Surface Water on Two Rice Irrigation Districts in

2 water coordinators
inconsistent

(0.35 and -0.51 acre-feet
per-acre)

No discernable difference
between types of
structures

the Lower Colorado River Basin, Texas,” (Professional Report, Lyndon B. Johnson School of Public
Affairs, The University of Texas at Austin, 1994.)
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Table 4.4
Canal Rehabilitation Program Evaluation

Regression Coefficient Eq. 4.5 Eq. 4.6 Eq. 4.7
B, 100.88 99.199 95.498
B, 5.325 5.358 5412
(8.68)* (9.25)* (9.89)*
B, -0.383 -0.379 -0.368
(3.10)* (3.18)* (-3.21)*
B, -3.016 - -
(0.22) - -
8, -0.514 -0.544 -
(2.69)* (4.25)* -
8, - - -7.5E-05
- - (-521)*
R-squared 0.910 0916 0.931
Adjusted R-squared 0.892 0.896 0.922
Model F 50.480 70.490 99.241

Note: t-statistics given in parentheses. Asterisks indicate significance at the 95 percent confidence level.

Table 4.5

Canal Rehabilitation Expenses and Estimated Water Savings by Year

Canal Canal Mileage Annual Cumulative
Rehabilitation Rehabilitated Water Savings Water Savings
Year Expenses {miles) (acre-feet) (acre-feet)
1988 $£59,697 20 3,691 3,691
1989 $109,469 30 8,362 12,053
1990 $141,771 20 10,771 22,824
1991 $238,300 15 17,888 40,712
1992 $238,250 14 18,040 58,752
1993 $£155.,000 4 11,139 69,891

Source: (a) Lower Colorado River Authority (LCRA), “Annual Budget Report,” (Austin, Texas, 1989-
1993), (Computer Printout). (b) Bruce Hicks, Manager, Irrigation Operations, LCRA, Eagle Lake, Texas,

Telephone Interview, February 1993. (c) Jobaid Kabir, Manager, Environmental Services, LCRA, Austin,

Texas, telephone interview with David Eaton, April 1993,

96




Table 4.6

Parameter Estimates and T-Statistics for Equation 4.8

_Regression CoefTicient Cumulative Expenses Annual Expenses
B, -10.341 -10.958
B, 1.062 1.120
(71.53)* (22.35)*
R-squared 0.999 0.992
Adj. R-squared 0.999 0.990
Model F 5116.238 499.652

Note: t-statistics given in parenthesis. Asterisks indicate significance at the 95 percent confidence level.

Table 4.7

Parameter Estimates and T-Statistics for Equation 4.9

Regression Coefficient Lakeside District Gulf Coast District
B, 54.584 96.139
B, 3.179 5.384
(4.659)* (9.714)*
B, -0.649 -0.361
(-5.969)* (-3.106)*
B, 0.052 )
(5.502)* -
B, - -8.3E-05
- (-4.555)*
B, -6.418 15.509
(-.674) (0.742)
R-squared 0.844 0.933
Adjusted R-squared 0.813 0.920
Model F 28.115 73.050

Note: t-statistics given in parenthesis. Asterisks indicate significance at the 95 percent confidence level.
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Table 4.8

Parameter Estimates and T-Statistics for the Model of Farmers

Reactions

_Regression Coefficients Eq. 4.11 Eq.4.13
B, -137.852 1.418
B, -3.872 -.047
(-3.516)* (-4.205)*
B 2.629 -
z (47.181)* -
B, 2.148 0.022
(7.939)* (8.017)*
B, -28.487 -0.409
(-2.670)* (-3.796)*
B, 59.554 0.714
(3.491)* (4.758)*
B, -0.737 -0.024
(-0.271) (-.858)
R-squared 0.742 0.243
Adjusted R-squared 0.740 0.239
Model F 422272 56.608

Note: t-statistics given in parenthesis. Asterisks indicate significance at the 95 percent confidence level.
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Table 4.9
Means and Standard Deviations for Eq. 4.14

Variable
Water field
Deliveries acreage Number Rainfall Number of
(acre-feet) (acres) of Days (inches) Observations
Mean Std. Dev. Mean Std. Dev.  Mean Std. Dev. Mean Std. dev.
Lakeside
1992 First Crop 362.80 262.23 139.63 107.12 68.54 16.71 12.48 5.12 187
1993 First Crop 297.24 244.30 122.03 87.09 78.81 11.37 17.48 522 172
1992 Second Crop 386.77 324.07 143.97 108.41 77.89 15.04 5.28 1.12 158
1993 Second Crop 213.46 182.97 113.76 85.97 59.86 12.64 1.84 1.39 111
Gulf Coast — West Side
1992 First Crop 395.44 336.23 97.79 74.82 98.84 21.06 26.10 5.87 124
1993 First Crop 333.50 271.00 102.06 73.62 95.73 14.61 13.89 5.00 60
1992 Second Crop Not Available
1993 Second Crop 275.27 33795 106.08 94.73 79.93 11.74 20.75 3275 14
Gulf Coast — East Side
1993 First Crop 343.54 274.29 89.20 73.04 88.65 16.48 13.05 4.66 89
1993 Second Crop 141.70 106.86 74.12 39.53 10
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Table 4.10
Parameter Estimates and T-Statistics for Equation 4.14

_Regression CoefTicient Lakeside Gulf Coast
1993 1993 1992 1992
B, -150.72 26.88 -105.48 -11.35
B, 224 2.14 345 343
(29.98)* (26.76)* (18.73y* (32.72)*
B, 4.32 -0.645 -0.358 -0.435
(6.28)* (2.94)* (3.06) 0.11)*
B, -7.59 -8.55 -2.83 1.24
(-2.71)* (-4.28)* (-0.86) (0.39)
B, -81.16 -166.42 -142.79 -108.70
(-2.75)* (-5.62)* (-2.15)* (-4.32)*
R-squared 0.74 0.75 0.71 0.87
Adjusted R-squared 0.75 0.70 0.87
Model F 250.61 21291 99.20 284.83

Note: t-Statistics in parenthesis. Asterisks denote significance at the 95 percent confidence level. (a)

Includes data from only Gulf Coast West. (b) Excludes many observations for which the irrigation start-

date and/or the irrigation end-date are not provided in the water accounting database.
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Table 4.11

Lakeside 1992: Parameter Estimates and T-Statistics for Equation 4.16

Regression Water Coordinator
Coefficient
| 2 3 4 5 6
B, -150.31 -150.52 -144.85 -152.26 -150.49 -150.26
B, 224 2.24 2.24 2.24 2.24 2.24
(29.90)* (29.59)* (29.95)* (29.95)* (29.73)* (29.87)*
i3, 432 4.33 434 4.36 4.32 4.32
(6.24)* (6.25)* (6.29)* 6.31)* (6.26)* (6.27)*
8, -7.58 -7.60 -71.97 -7.83 -7.65 -7.58
(-2.70)* (-2.70)* (-2.80)* (-2.78)* (-2.72)* (-2.70)*
B, -81.05 -81.22 -83.85 -83.27 -81.45 -81.08
(-2.74)* (-2.74)* (-2.82)* (-2.81)* (-2.76)* (-2.74)*
B, -2.27 -0.71 -18.20 17.74 6.29 -2.81
(0.09) (-0.04) (-0.78) (0.75) (0.30) (-0.13)
R-squared 0.74 0.74 0.74 0.74 0.74 0.74
Adjusted R- 0.74 0.74 0.74 0.74 0.74 0.74
squared
Model F 199.92 199.91 200.38 200.34 199.98 199.92

Note: t-statistics given in parenthesis. Asterisks indicate significance at the 95 percent confidence level.
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Table 4.12
Lakeside 1993: Parameter Estimates and T-Statistics for Equation 4.16

Regression Water Coordinator
Coefficient
1 2 3 4 5 6
B, -27.72 18.45 25.62 23.59 28.79 32.76
f, 2.14 2.16 2.13 2.12 2.13 2.11
(26.72)* (26.91)* (26.36)* (25.85)*  (26.67)* (26.41)*
8, 2.10 2.24 2.13 2.10 2.14 2.18
(2.93)* (3.14)* 297)* (2.93)* (2.98)* (3.07)*
B, -8.54 -9.19 -8.63 -8.34 -8.67 -8.77
(-4.27)* (-4.55)* (-4.32)* (-4.16)*  (-4.32)* (-4.41)*
8, -166.28 -174.54 -167.46 -163.41 -168.13 -166.56
(-5.61)* (-5.85)* (-5.64)* (-546)*  (-5.65)* (-5.66)*
B, -7.78 3l.64 14.74 15.96 -11.12 -35.97
(0.39) (1.86) (0.72) (0.75) 0.70) (-2.05)*
R-squared 0.75 0.76 0.75 0.75 0.75 0.76
Adjusted R- 0.74 0.75 0.75 0.75 0.75 0.75
squared
Model F 169.83 172.53 170.13 170.17 170.11 173.12

Note: t-statistics given in parenthesis. Asterisks indicate significance at the 95 percent confidence level.

Table 4.13
Gulf Coast 1992: Parameter Estimates and T-Statistics for Equation
4.16
Regression Water Coordinator
CoefTicient
1 2 3
B, 64.15 49.59 31.05
B, 3.55 351 3.56
(19.01)* (18.80)* (18.91)*
8, -142.53 -153.11 -144.31
(-4.31)* (-4.68)* (-4.37)*
8, -48.26 8.45 45.40
(-1.64)* (0.27)* (1.46)*
R-squared 0.70 0.69 0.70
Adjusted R- 0.69 0.69 0.69
squared
Model F 179.13 123.57

Note: t-statistics given in parenthesis. Asterisks indicate significance at the 95 percent confidence level.
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Table 4.14
Gulf Coast 1993: Parameter Estimates and T-Statistics for Equation

4.16
Regression Water Coordinator
CoefTicient
1 2 3 4 5 6
B, 21.24 29.11 27.89 28.50 31.66 37.81
B, 3.31 331 3131 3.29 331 3.32
(35.62)* (34.98)* (35.26)* (34.93)* (35.28)* (36.05)*
B, -125.43 -132.78 -134.88 -131.29 -131.59 -134.47
(-6.61)* {-7.02)* (-7.02)* (6.91)* (-6.94)* (-7.25)*
B, 42.17 2.70 10.67 15.52 -14.65 -62.25
(2.31)* {0.16) (0.61) (0.74) (-0.77) (-3.25)*
R-squared 0.84 0.83 .83 0.83 0.83 0.84
Adjusted R- 0.83 0.83 83 0.83 0.83 0.84
squared
Model F 436.99 426.50 427.19 427.54 427.61 447.39

Note: t-statistics given in parenthesis. Asterisks indicate significance at the 95 percent confidence level.

Table 4.15
Parameter Estimates and T-Statistics for Equations 4.17

Regression Coefficient Lakeside Gulf Coast

1992 1993 1992 1993

B, -146.97 4127 32.49 23.69

B, 233 243 3.53 3.38
(26.45)* (27.34)* (19.19)* (32.07)*

B, 3.57 1.26 - -
(5.08)* (1.92)* - -

B, -6.43 -1.67 - -
(-2.24)* (-4.34)* - -

B, -70.36 -136.33 -149.34 -131.30
(-2.36)* (-5.22)* (-4.55)* (-5.24)*

B, -33.81 9.25 145.90 -6.67
(-1.98)* (0.63) (3.63)* (-0.16)

R-squared 0.74 0.80 0.73 0.84

Adjusted R-squared 0.74 0.80 0.74 0.84

Model F 152.12 21291 132.57 35541

Note: t-Statistics in parenthesis. Asterisks denote significance at the 95 percent confidence level.

Insufficient data to include al! variables in Gulf Coast District.
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Table 4.16
List of Soil Permeability Types

Soil Series (Map Irrigation District = Permeability = Permeability | Typical Profile Agricultural drainage Features affecting use
Symbol) Group (inches/hour) | Depth Texture of soil for rice
(inches) cultivation
Bacliff GC West, GC East 11 0.6-2.0 0-38 Clay Percolates slowly Wetness
(BaA) 0.0-0.06 38-80
Bernard GC East II 0.2-0.06 0-7 Clay loam Very slow permeability Surface drainage needed
(BcA, BcB, BeA) <(0.06 7-52 Clay
52-60 Clay loam

Crowley Lakeside 1 0.63-2.00 0-15 Fine sandy Very slow permeability Small mounds, surface
(Cn) loam drainage needed

<0.06 15-22 Clay

0.06-0.20 22-38 Sandy clay

0.06-0.20 38-62 Sandy clay
Dacosta GC West, GC East I 0.63-2.00 09 Sandy clay Percolates slowly Wetness
(DaA) loam

0.00-0.06 9-36

0.00-0.06 36-60
Edna Lakeside, GC West, 1II 0.20-0.60 09 Fine sandy Very slow permeability Small mounds, surface
(EdA, EdB, EtA) GC East loam drainage needed

<0.06 9-38 Clay

0.06-0.20 38-50 Clay loam

0.20-0.63 50-65 Sandy clay

loam
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{Continued from previous page)

Katy
(KaB)

Laewest
(LaA)

Lake Charles
(LcO)

Livia
(LvA)

Telferner
(TfA)

Texana
(TxA)

Lakeside

GC West, GC East

Lakeside, GC East

GC West, GC East

GC West, GC East

GC West, GC East

I

I

I

I

0.60-2.00
0.60-2.00
0.06-0.20
0.20-0.63
0.06-0.20
<0.06

<0.06

<0.06

0.60-2.00

<0.06
<0.06

0.60-2.00

<(.06
0.06-0.20

0.60-2.00

<0.06
0.06-0.20

0-17

17-22
22-44
44-80
0-10

10-68
68-80

0-63

0-8

8-42
42-80

0-15

15-52
52-80

0-20

20-42
42-80

Fine sandy
loam

Clay

Clay

Very fine
sandy loam

Very fine
sandy loam

Fine sandy
loam

Percolates slowly

Percolates slowly

Very slow permeability

Percolates slowly, excess

salt

Percolates slowly

Percolates slowly

Wetness and soil
blowing

Wetness

Surface drainage needed

Wetness, droughty

Wetness

Wetness and soil
blowing

Note: Type 1 soils have permeabilities between 0.06 and 0.2 inches per hour. Type II soils have permeabilities between 0.20 and 0.60 inches per hour. Type III

soils have permeabilities between 0.60 and 2.0 inches per hour
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Table 4.17
Frequency of Soil Types, Lakeside

Soil Series Permeability Frequency Mean water use Standard deviation
(inches/hour) (acre-feet per acre) (acre-feet per acre)

LcA 0.06-0.2 2 5.40 0.80

Cr 0.6-2.0 86 5.19 2.06

EdA 0.6-2.0 12 5.46 1.50

EdB 0.6-2.0 1 6.50 -

EtA 0.6-2.0 1 4.58 -

KaB 0.6-2.0 91 498 1.64

Note: Calculated based on information from Lower Colorado River Authority, Water Accounting Database
(Lakeside, Texas, 1992) and Soil Conservation Service Soil Survey of Matagorda County, Texas, U.S.
Department of Agriculture, Washington, D.C., March 1974.

Table 4.18
Frequency of Soil Types, Gulf Coast East

Soil Series Permeability Frequency Mean water use Standard deviation
(inches’hour) (acre-feet per acre) (acre-feet per acre)

LaA 0.06-0.2 32 6.42 3.37

LcA 0.06-0.2 7 9.26 6.62

LoA 0.06-0.2 5 6.40 2.74

BeA 0.2-0.6 6 9.15 4.61

DaA 0.2-0.6 30 5.85 2.99

BaA 0.6-2.0 2 4.30 0.05

EdA 0.6-2.0 37 6.52 4.26

LvA 0.6-2.0 I 4.36 -

TfA 0.6-2.0 3 11.61 6.22

TxA 0.6-2.0 11 6.02 4.29

Note: Calculated based on information from Lower Colorado River Authority, Water Accounting Database
(Lakeside, Texas, 1992) and Soil Conservation Service’ Soil Survey of Matagorda County, Texas, U.S.
Department of Agriculture, Washington, D.C., March 1974.
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Table 4.19

Frequency of Soil Types, Gulf Coast West

Soil Series Permeability Frequency Mean water use Standard deviation
(inches/hour) (acre-feet per acre) (acre-feet per acre)

LaA 0.06-0.2 32 6.42 3.37

LcA 0.06-0.2 7 9.26 6.62

DaA 0.2-0.6 30 5.85 2.99

BaA 0.6-20 2 4.30 0.05

EdA 0.6-2.0 37 6.52 4.26

LvA 0.6-2.0 1 4.36 -

TfA 0.6-2.0 3 11.61 6.22

TxA 0.6-2.0 11 6.02 4.29

Note: Calculated based on information from Lower Colorado River Authority, Water Accounting Database

{Lakeside, Texas, 1992) and Soil Conservation Service Soil Survey of Matagorda County, Texas, U.S.

Department of Agriculture, Washington, D.C., March 1974.

Parameter Estimates and T-Statistics for Soil Types

Table 4.20

_Regression Coefficient Gulf Coast West Gulf Coast East Lakeside District
B, 8.339 16.056 7.394
B, -0.823 -2.086 -0.613
(2.994)* (5.209)* (3.973)*
8, -0.367 -0.56 -1.079
(0.889) (-0.916) (L.1D)
f, 1.922 - 2.343
(3.913)* - (7.337)*
R-squared 0.157 0.168 0.256
Adjusted R-squared 0.135 0.156 0.244

Note: t-statistic given in parentheses. (*)Asterisks indicate significance at the 95 percent confidence level.
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Figure 4.1

Water Diversions, 1968 to 1992
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Figure 4.2
Relationship between Cumulative Rehabilitation Expenses and Water
Savings
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Figure 4.3
Relationship between Annual Rehabilitation Expenses and Water
Savings
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Confidence Intervals, Mean Values for Model Parameters

Figure 4.4
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Figure 4.5
Confidence Intervals, 56-day Period, Intensity 17.48 in/acre
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Chapter 5. GIS as a Tool for Irrigation Water Management

Introduction

The purpose of this chapter is to illustrate how geographical information system (GIS)
software can be used in analysis and management of rice irrigation data. Advanced
computer software offers a user new ways to examine and analyze data. Databases,
spreadsheets, and statistical packages are the most common analytical tools for
processing large amounts of data. The graphical presentation of data enhances these
analyses by facilitating the visualization of relationships or trends. While most analytical
software packages can produce useful analysis and print data in tabular or simple
graphical form, few offer a method of displaying data in geographical form. The
annexation of GIS software to databases can enhance the analytical power associated with
that database. In the case of the Lower Colorado River Authority (LCRA) irrigation
districts, such a system could also provide an tnteractive management tool for controlling
water use in the districts and communicating with farmers.

This chapter illustrates how one GIS system could be applied on the LCRA districts. The
GIS software package used to produce this report is ATLAS GIS, marketed by Strategic
Mapping, Inc in Santa Clara, California. ATLAS GIS is written for DOS and requires an
IBM compatible computer.

GIS software relates the information in a database to physical locations on a map. A GIS
program may contain many base maps such as country, state and county maps. However,
it is also possible to create customized maps for specialized applications through a time-
consuming process called digitizing. Many GIS packages also accept data from
computer-aided drafting programs.

Once stored within a computer, geographic details such as roads, canals, lakes, streams,
towns, and individual data points can be arranged in “layers.” Any combination of layers
may be added to or removed from a base map with primary geographical features such as
state, zip code regions, or rice fields. GIS systems also contain a built-in database
management facility that permits the user to enter, display, edit, or print data on the map.
Thematic expressions of raw or processed data are the power of the GIS system. In this
chapter, data on farm water use is related to the location of fields. These maps allow the
user to compare the water use between rice fields with an enhanced understanding of
physical relationships that might influence water use and differences in water use
between fields.

Other features contained in ATLAS GIS include spatial selectior. This feature allows the
user to focus on specific subregions in the area or map regions. ATLAS GIS also allows
a user to point at an object on the map and obtain a pop-up list of its attribute data. For
example, an individual rice field may be selected with the mouse and data regarding its
size, owner, and water use will be displayed on-screen. Many other features within
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ATLAS GIS could make it a powerful analytical tool, but a compiete discussion of these
features is beyond the scope of this chapter. Throughout the following discussion, it
should become apparent that GIS programs would become a useful tool in the
management, interpretation and expression of information contained in the water
accounting database.

Applications of GIS Systems to Irrigation Water Management

In this demonstration, the goal is to identify possible relationships between water use,
field size and location. The base maps and database used in this study are for Lakeside
District, 1992. The map includes information on rice fields, irrigation canals, natural
water ways, towns, and roads. Each field is assigned attributes from the irrigation water
accounting database such as first and second crop water deliveries, and acreage. The GIS
allows all rice fields to be subset according to their relative size and water use. Although
it has not been done here, it would also be possible to further enhance the maps with
topographical features, soil descriptions, or information about individual farmers.

Due to technical problems at the time these maps were made, not all of the records in
Lakeside District’s 1992 water accounting database file are linked to the GIS system, and
not all geographical features are described in the figures. Although the database includes
191 rice fields, the GIS base map includes only 154 fields, 39 of which could not be
identified in the 1992 water accounting database. This problem is a result of the
information available at the time the map was digitized, and may also represent errors
that occurred in digitizing the base map or in identifying fields within the database.
Because the purpose of this study is to demonstrate the use of GIS rather than to draw
systematic conclusions about the irrigation districts from these maps, these problems
have not been corrected. More time and information would be needed to digitize the
additional features. Similarly, not all canals, creeks, roads, and bulwarks have been
digitized. In the case that a GIS system were to be installed on the irrigation districts,
these problems could be corrected.

Although not all fields are shown in the figures, those fields that are shown appear to be
representative of the records contained in the database, at least regarding water
consumption per acre. Average first crop water use in all 191 fields in the 1992 Lakeside
Irrigation District database is 2.79 acre-feet per acre. For the 115 fields identified in the
GIS, the average first crop water use is 2.74 acre-feet per acre.

General Area Map of Lakeside Irrigation District

The maps for chapter 5 are contained in Appendix D. Figures D1 and D2 provide a
general view of the Lakeside Irrigation District in 1992. Figure D1 displays the 154
fields digitized for the purpose of this demonstration. In Figure D1, geographic details
include canals, creek beds, and the town of Eagle Lake. For the sake of clarity, the roads
which define the town and which run throughout the district are not shown on these
maps. The general location of the Colorado River is represented by a sinuous line. The
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thick blue lines show the irrigation canals. The thin black shapes outline irrigated fields
for which water use data existed in 1992.

Figure D2 illustrates the level of detail available in ATLAS GIS through magnification of
the area around Eagle Lake. The map symbol representing the town of Eagle Lake has
been replaced with the network of roads that are depicted in red. Bulkheads used to
control the flow of water between canal segments have been added and appear as black
tick marks along the canals.

It is possible to test the proposition that differences in water use between fields may be
related to field size. The average field size on Lakeside District in 1992 was
approximately 130 acres. Figures D3 and D4 display the relative levels of water use in
those fields that are smaller than average. There appears to be no concentration of fields
with high or low water use.! Similarly, Figures D5 and D6 show no unusual distribution
of high or low water use among larger fields during either the first or second crop
periods. However, these figures indicate that water use in small fields may tend to be
higher on average and more variable than water use in large fields. This can be seen by
comparing the difference between the values for maximum and minimum water use that
define the central 70 percent of observations in each group.

Also of interest is that average second crop water use in large fields is greater than
average first crop water use. Average second crop water use is 2.54 acre-feet per acre and
the average first crop water use is 2.42 acre-feet per acre. This is the opposite of what 1s
generally expected and may be related to problems with the quality of the 1992 data, the
level of precipitation during this period, or some other factor. It is also interesting to note
that farmers appear more likely to raise a second crop on large fields versus small fields.
For example, there is no second crop activity reported in sixteen percent of small fields,
but no second crop activity reported in only four percent of “large” fields.

Recommendations

The GIS applications are limited by the availability of data. A more comprehensive data
set would improve the resolution of the maps and facilitate the ability to draw
conclusions from them. For example, additional information, such as soil type or
irrigation technologies could add an additional dimension for analysis. These maps
should also be completed and revised. This would involve digitizing all of the fields that
were irrigated in 1992 but that do not appear on the maps, and identifying all of the fields
within the database. There were 191 fields irrigated in 1992, but only 115 fields were
both digitized and identified in the map. A complete district map would include all fields
irrigated in the district throughout the three year field rotation cycle.

The canal system should be completely digitized so that all of the main canals, laterals,
and sub-laterals are displayed on the map. This information should also include delivery
structures to identify the laterals from which water enters the field. Information on the
direction of water flow, distance to each delivery structure from the pumps on the river
and groundwater pumps would add an additional dimension to the analysis.
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Finally, if reguiar or even daily data on water use could be obtained by linking the GIS
system to the water accounting database, an “up to the moment” picture could be created
to help with daily or weekly management decisions. Such monitoring could also provide
a source of feedback to help identify farmers with high levels of water use.
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Notes

lAlthough ATLAS GIS is capable of retaining accurate polygon sizes, many of the fields in this base map
were digitized from hand-drawn maps. Therefore, the relative size of fields may not appear accurate.
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Chapter 6. The Potential for Conjunctive Use in Water
Conservation and Drought Contingency Planning

Introduction

Water conservation education, volumetric pricing, and canal rehabilitation are certainly
essential elements in the LCRA’s drought contingency planning. Conjunctive use of
surface and groundwater is another possible aspect of a drought contingency plan which
deserves further consideration. The .LCRA is aware of the potential for groundwater use
in the districts to conserve water and reduce their dependence on surface water', but
because of explicit cost considerations, the LCRA pumps very little groundwater in the
Lakeside Irrigation District and none in the Gulf Coast Irrigation District, though some
farmers pump private wells.

The following implicit costs and benefits could make groundwater use more attractive to
the LCRA: reduced risk to the rice farmers in the event of a drought; increased “effective
yield” of the basin; less wasted water due to unpredictable rainfall; and the opportunity
for the LCRA to meet increased municipal water demands. These implicit costs and
benefits will be discussed in more detail and the feasibility of conjunctive use will be
assessed. This preliminary assessment also includes an appraisal of surface and
groundwater availability; the use of a regional groundwater model; an estimate of costs
and benefits; and a brief discussion of social factors affecting conjunctive use. It is
beyond the scope of this chapter to comprehensively address third party costs impacts and
costs, however. It is also beyond the scope of this chapter to deal with subsidence issues
related to conjunctive use or the possible impact on water table levels that could result
from conjunctive use.

Potential Benefits of Conjunctive Use

Surface and groundwater systerns, while physically inseparable, are often managed
independently. However, in many cases it would be more efficient to operate surface
water systems and groundwater systems together to take advantage of the best
characteristics of each system. Such joint operation, calied conjunctive use, often results
in greater and more economical yields.’

In evaluating the benefits of using groundwater along with surface water to meet rice
irrigation demands, one must consider three types of water users: the LCRA, rice farmers,
and other potential LCRA customers (municipalities). The intent of this section is to
present some of the implicit benefits of conjunctive use which are the motivation for this
study. A preliminary cost/benefit analysis will be outlined later.
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Potential Benefits to the LCRA

In 1993, the LCRA relied on groundwater to meet about two percent of the demand for
irrigation’. All of that groundwater pumping occured in the Lakeside District where wells
are used to meet peak demand. Since the river pumps are constant-speed pumps, the
marginal cost of operating a low-capacity well pump is often less than that of tuming on
another niver pump. A summary of pump capacities in the Lakeside District is given in
Table 6.1.

Increased use of groundwater could conserve water by reducing evaporative losses and
excess river flows to the Gulf. For example, the planning model used by the LCRA
assumes a 15 percent loss between the amount of water released from Lake Travis and the
amount diverted by the irrigation districts.’” When run-of-the-river flow is low, the LCRA
must release stored water from the Highland Lakes to meet irrigation demands. Because
of the seven-day time lag between the release of water from the Highland Lakes to the
delivery to the irrigation districts, evaporative losses are significant. Much water can be
wasted due to unpredictable rainfall, such as when the irrigation districts order the water
in advance but do not use it if rainfall satisfies irrigation demands.

One potential benefit of increased groundwater use to the LCRA is the foregone
opportunity cost of not meeting additional municipal demands. Each year, a number of
entities with no on-going water contract approach the LCRA to purchase water for the
succeeding year. If the Highland Lakes are not at a certain fraction of capacity, the
LCRA must turn them down. Though it is difficult to justify additional groundwater
pumping on this basis without perfect knowledge of the future, regional water resources
scenarios can be formulated which make conjunctive use economically feasible.

Potential Benefits to Farmers

Increasing the use of groundwater will benefit farmers by increasing the level of
convenience and decreasing the risks of drought. Groundwater is a more convenient
source because there is little or no delay between the time it is “ordered” and the time it is
applied to the field. Also, increasing groundwater pumping capacity could mitigate the
effects of surface water curtailment in times of severe drought. The LCRA’s “Drought
Management Plan” calls for the total cutoff of interruptible stored water when the January
1 storage level of the Highland Lakes is below 400,000 acre-feet.* Although this
emergency measure has never been invoked, it represents a great risk to the rice farmers
who rely exclusively on interruptible surface water.

Potential Benefits to Other LCRA Customers

Besides conserving stored water, conjunctive use of surface and groundwater in the
irrigation districts would effectively increase the “firm yield” of the Lower Colorado
River-Gulf Coast aquifer system. Thus, more water would be available for sale to
municipalities, possibly at a lower cost than the municipalities’ other alternatives. That
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is, though transmission costs may be high, the cost of water from the LCRA may still be
less than the cost of developing new water supplies (reservoirs, well fields, etc.).

Assessment of Hydrologic Feasibility
Surface Water Availability

Average annual rainfall in the lower Colorado River Basin ranges from about 42 inches
per year in Matagorda County to about 26 inches per year in San Saba County.” Net
evaporation from the Highland Lakes is about 40 inches per year, or approximately
120,000 acre-feet per year when multiplied by the surface area. The resulting firm yield
of the Highland Lakes’ system, which has a capacity of about 1.5 million acre-feet, is
only about 500,000 acre-feet per year. As of 1992, approximately 90 percent of this firm
yield was contracted to municipal and industrial users. During a repeat of the drought of
record, the LCRA would be required to supply approximately 450,000 acre-feet per year.’

To meet instream use requirements, the LCRA maintains minimum flows in the Colorado
River of 12,000 acre-feet per month and 272,000 acre feet per year at a gauge just below
the Gulf Coast District diversion point.” As shown in Figure 6.1, the flow at this point is
typically much greater than the instream use requirement. In the six years shown —
excluding 1988 — the total flow exceeded the instream use requirement by 8.5 million
acre-feet, or about 1.4 million acre-feet per year. While much of this flow is attributed to
unpredictable floods, some volume of water could be diverted from excess flows for
groundwater recharge.

Groundwater Use and Availability

Historical groundwater and surface water use in the three-county region (from 1958 to
1984) is summarized as follows: in Colorado County, two to three times more surface
water has been used than groundwater; in Matagorda County, five to ten times more
surface water has been used than groundwater; and in Wharton County, slightly more
groundwater than surface water has been used.” Overall, irrigation has accounted for
more than 90 percent of the total demand in the region." Historic and projected total
groundwater use are shown in Table 6.2.

Regional Geohydrology

While many references on the regional geohydrology are available from the Texas Water
Development Board (TWDB) and the US Geological Survey, the scope of this evaluation
is limited to three studies. Dutton and Richter discuss the development of a numerical
mode! of the Gulf Coast Aquifer.” Loskot et al assess the groundwater resources of
Colorado, Wharton, and Lavaca Counties.” Hammond assesses the groundwater
resources of Matagorda County." In general, the hydrostratigraphy of the region consists
of three layers: Layer 1, nearest the surface, alluvium and the Beaumont formation
aquifer units; Layer 2, between Beaumont and Evangeline, the Chicot Aquifer unit; and
Layer 3, deepest, the Evangeline Aquifer unit. These are shown conceptually in Figure
6.2.
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No well-defined confining layer separates any of these units. Instead, the units are
differentiated by the trends in sand bed thicknesses. Thus, the sandy Evangeline aquifer
is “confined” by the clay beds in the Chicot Aquifer, and the Chicot Aquifer is essentially
confined by the clayey Beaumont formation. Though the Beaumont formation is
generally considered an aquitard, it is actually a local groundwater source in some places.
The Chicot outcrops in western Wharton County and Colorado County, and the
Evangeline outcrops in Fayette County. Wells in Matagorda and Wharton Counties
typically reach depths of 300 to 1000 feet from the land surface in order to tap these
confined aquifers. In reference to Table 6.2, nearly all of the groundwater used in
Matagorda and Wharton Counties is pumped from the Chicot Aquifer. In Colorado
County, about half of all the groundwater used is pumped from the Chicot Aquifer and
one half comes from the Evangeline Aquifer.”

Prior to widespread pumping in the region (perhaps 1930), hydraulic head ranged from
zero feet along the coastline to 300 feet in northwest Colorado County.” In many places,
the head was above the land surface so that artesian wells existed. Broad valleys in the
head distribution generally paralleled the rivers. This implies that the rivers recharged the
aquifers where they outcrop, and the aquifers discharged to the rivers near the coast. The
mean observed transmissivity of the Chicot and Evangeline Aquifers is approximately
7400 square feet per day, and the mean value of hydraulic conductivity is about 50 feet
per day.” Figures 6.3 and 6.4 show the areas of highest transmissivity which are best
suited for groundwater development.

Since about 1930, significant over-drafting of all three water-bearing units has occurred.
While the Chicot and Evangeline units each contain about 70 to 80 million acre-feet of
water in storage, their annual “firm yield” (annual recharge) in Wharton and Colorado
counties is estimated at only 78,000 and 38,000 acre-feet, respectively.” In Matagorda
County, the combined annual recharge is estimated to be 110,000 acre-feet per year.”
Although the total of these recharge estimates exceeds current estimated pumping, water
also discharges naturally from the aquifers (via return flow to streams, discharge to the
Gulf of Mexico) and moves toward other high pumping regions such as the City of
Houston.

Along with groundwater mining comes the danger of land subsidence and salt water
intrusion. As of 1982, subsidence in the vicinity of the irrigation districts was not too
great: a maximum subsidence of 0.5 to 1.0 foot was estimated in parts of the Gulf Coast
District, and subsidence throughout Wharton and Colorado Counties was estimated to be
less than 0.5 foot.™ Salt water intrusion has yet to be detected, but the potential certainly
exists. The hydraulic head of the Chicot and Evangeline Aquifers is now below sea level
in parts of Matagorda County.” \

In assessing the availability of groundwater, the effects of individual wells should be
considered. Local interference of wells (i.e., the influence of drawdown “cones™) is not
important in regional studies, but it is important in cost considerations since the cost is
directly related to the height which the water must be lifted. For example, one study was
done using a continuous pumping rate of five cubic feet per second, a transmissivity of
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20,000 square feet per day, and a storativity of 0.001, which are reasonable values for the
Gulf Coast Aquifer. Figure 6.5 shows the drawdown cone at various times throughout
the growing season. One should note that drawdown is linearly related to the pumping
rate, so that a ten cubic feet per second pump causes a drawdown twice as deep as a five
cubic feet per second pump, holding all other variables constant. A more realistic
scenario for rice irrigation, though, is that heavy pumping would not be continuous.
Perhaps pumps would run only a few days a week and during some periods of the year
water levels would “recover” somewhat.

Groundwater Quality

The quality of water in the Chicot and Evangeline Aquifers is generally quite good while
water quality in the Beaumont formation 1s marginal. In Colorado and Wharton
Counties, water in the Chicot and Evangeline formations ranges from fresh to slightly
saline except where local contamination from oil wells has occurred. In Matagorda
county, these formations are prone to salt water intrusion, but still contain freshwater
(total dissolved solids < 1000 milligrams per liter) to depths of 500 to 1000 feet.” Table
6.2 shows some typical results of chemical analyses of these waters.

Sodium chloride has been identified as a constituent, and commonly accepted rice
tolerances are shown in Table 6.3. High rainfall in the region (averaging about 42 inches
per year) and the fact that rice fields typically lie fallow for two years between crops
further decrease the likelihood of soil salinization.”

Groundwater Modeling

The computer code USGS MODFLOW,* a pre-processing program, and a complete,
calibrated data set for the Gulf Coast Aquifer were used for this study.” The computer
model was run on a SUN SPARC workstation in the Civil Engineering Department at
The University of Texas at Austin. On this platform, the program ran in about 10 to 15
minutes depending on the output and number of time steps specified. It would have been
desirable to run the program on an IBM-PC, but there were some difficulties with this.
LCRA staff have been unable to run the program on a PC, and they believe that an
extended memory version of MODFLOW is required.” Also, computational efficiency
was a consideration; a TWDB model of similar size has taken nearly five hours to run on
an IBM-386 at The University of Texas at Austin.

The pre-processing program included two different sets of predicted pumping data, one
from the LCRA and one from the TWDB, which were entered into a Lotus-123
spreadsheet. A FORTRAN program was then run to read data from the spreadsheet and
output it to a file which can be used by MODFLOW. This pumping file was then edited
to simulate well fields in Lakeside and Gulf Coast Districts.

The numerical finite-difference model consists of three layers: Layer 1 represents flow in
the Beaumont formation, Layer 2 represents flow in the Chicot formation, and Layer 3
represents flow in the Evangeline Aquifer. These layers and their corresponding
boundary conditions are summarized in Figure 6.6. In the model, flow between
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formations is controlled by the difference in hydraulic head between the layers and the
vertical hydraulic conductivity.

The finite-difference block of each layer contains 56 rows and 50 columns. Block faces
range from 1.5 miles to 2.5 miles wide. Not all of the blocks in the grid are active. Some
are outside of the model domain or represent no-flow boundaries. The active blocks for
each layer are shown in Figure 6.7.

Areal aquifer recharge and discharge is modeled by the assignment of a head-dependent
flux boundary to the active blocks in Layer 1. Leakage between rivers and the uppermost
layer is simulated in a similar manner. A summary of the hydrologic parameters used in
the numerical model is given in Table 6.4.

Pumping is also simulated at nearly all of the nodes in Layers 2 and 3, though pumping
from Layer 1 is neglected. Pumping rates are assigned by county and are distributed
according to the estimated water use for the period from 1971 to 1975.” That is, the 1992
pumping rate for a given block is calculated by the relative use rates, as:

Q. j,k )y, = QG ], k), ;s [(Cnty — use,, ) /(Cnty ~ use,,_,5)] (Eq. 6.1)"
where,

Q = the pumping rate in cfs for block (i,j) during period k

i, = spatial indices (row, column) of model grid

k = atemporal index (stress period)

Cnty = country

use,, = waterusein 1992

use, , = estimated water use from 1971 to 1975

In the pre-processing program, two sets of pumpage predictions are given: one from the
LCRA and one from the TWDB. Dutton and Richter used the projections provided by
the LCRA in order to represent the *high demand” case. However, it is important to note
that the projections given by the LCRA are about twice as high for some counties as those
given by the TWDB.

Model calibration was based upon observed hydraulic head at a number of observation
wells during the period from 1940 to 1985. The range of 1985 simulated drawdowns
relative to pre-pumping conditions is shown in Table 6.5. Maximum drawdowns
occurred in southeastern Wharton County.

Dutton and Richter also simulated future conditions (1990 to 2030), and their results are
shown below in Table 6.6. There were three other important findings. First, the
hydraulic head surface for each layer in the year 2030 was significantly below sea level
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over much of the modeled area, implying a risk of saltwater intrusion. Also, the
hydraulic head in Layer 2 fell below the top of the aquifer, showing a change from
confined to unconfined conditions. Second, due to increased drawdown, additional water
is recharged to Layer 1 from the rivers. The amount of river seepage losses (aquifer
recharge) nearly doubles from 85,501 acre-feet per year in 1985 to 167,684 acre-feet per
year in 2030. Third, a maximum subsidence of 2.5 feet is predicted in Matagorda County
by 2030. However, computations for 1985 over-estimated subsidence by more than one
foot in parts of Matagorda County.”

Dutton and Richter then showed how their model could be used to evaluate water-
resources projects. First, a well-field producing about 30,000 acre-feet per year was
simulated near the northwest end of the Gulf Coast Irrigation District. By 2030, the well-
field caused an additional drawdown of 10 to 80 feet and increased local subsidence
potential by as much as 1.6 feet. Second, an artificial recharge pond (modeled as an
isolated river reach) was simulated at the same location as the well-field. The 2.5 acre, 5-
foot deep pond could recharge as much as 8,200 acre-feet during the first year, but would
decrease to about 2,000 acre-feet per year thereafter.” Adding a recovery well to
maintain a large hydraulic head difference between the pond and the uppermost aquifer
was shown to increase recharge, but effective operation of such a system could prove to
be difficult. Clearly, more site-specific research is needed to evaluate the full potential of
artificial recharge.

There are some limitations of the model that Dutton and Richter have noted. One
weakness is the use of no-flow boundaries to the east and the south. The no-flow
boundary to the east diminishes the effects of Houston pumping, and the no-flow
boundary for Layers 2 and 3 along the Gulf prevent the estimation of sea water intrusion.
Another complication may be the hydraulic connections between each of the layers and
between the river and the aquifer. More research is needed to determine the conductance
value to be entered into the model. Finally, the influence of clay beds in the aquifer has
been de-emphasized. Thus, the Chicot Aquifer probably would not become
“unconfined,” but strong vertical gradients could exist which would induce recharge from
the Beaumont formation. Also, where clay beds occur, local drawdowns and subsidence
may be significantly greater than predicted.”

As mentioned, Dutton and Richter used the LCRA’s high case pumping predictions to
represent a worst-case scenario. To determine the sensitivity of model results to pumping
uncertainty, another simulation was run using the TWDB pumping predictions for 1985
to 2030. As previously mentioned, these predictions are significantly lower (about 30
percent) than the LCRA’s. A summary comparison (average annual volumetric budgets
for 1985 to 2030) of the two simulations is given in Table 6.7.

As expected, using the TWDB pumping predictions for future simulations also results in
considerably less drawdown for all three layers. The minimum head values for the three
layers are: Layer 1, -35 feet; Layer 2, -84 feet; and Layer 3, -60 feet. When comparing
the drawdowns of the two simulations, one should note that in the mode] run at The
University of Texas at Austin, drawdown is relative to the 1985 simulated head rather
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than to the steady-state, pre-pumping head as in Dutton and Richter’s report. Table 6.8
therefore bypasses Dutton and Richter’s reported results and compares the maximum
drawdowns for each layer in reference to 1985 simulated head as simulated at The
University of Texas at Austin. One concern, however, is that the hydraulic head contours
for Layer 3 shown in Figure 57 of Dutton and Richter’s report (p. 87) do not agree with
the drawdowns in the output file from the model run at The University of Texas at
Austin. Since the drawdowns given by the model at The University of Texas at Austin
are reduced by a factor of ten, it is suspected that a constant has been changed in the
block-centered flow (BCF) package input file.” This deserves further investigation but
does not affect the results given in this report since conjunctive use simulations will
include pumping only from Layer 2.

Simulation of Conjunctive Use

The groundwater model developed by Dutton and Richter was used to simulate
conjunctive use in the LCRA irrigation districts. Upon reviewing historical water use, it
was decided that providing 25 percent of total irrigation demand from groundwater would
reduce the amount of stored water required. This amounts to pumping of about 46,000
acre-feet per year of water for the Gulf Coast District and about 30,000 acre-feet per year
for the Lakeside District. The computer software package PROPS, an optimization
module for Lotus 1-2-3, was used to determine the groundwater pumping capacity
required to meet peak demands. Probability distributions of daily river flow and daily
water demand at the Gulf Coast District” were entered into the spreadsheet, and a Monte
Carlo simulation was run to determine the pumping capacity needed. The result was that
a 97 percent reliability (meaning that only three percent of the time demands would not
be fully met) required a capacity of 560 cubic feet per second. Thus, 70 wells with
capacities of eight cubic feet per second each were specified.* Probability distributions
of daily water demand at the Lakeside District were not available, so similar peak
demands were assumed, resulting in the specification of 45 wells, with a capacity of eight
cubic feet per second each.

Since the modeling results show that the groundwater in the study area is being mined, a
sustainable conjunctive use operation must include facilities for artificial recharge.
Artificial recharge, however, can greatly complicate management decisions. Research
has been done to identify the factors affecting artificial recharge™ and to develop some
design recommendations and operating procedures for spreading basins and injection
wells.* In general, basin recharge is influenced by the depth of water in the basin, soil
type and layering, depth to groundwater, water quality, and operating procedure.
Recharge through injection wells is most influenced by pumping rate, aquifer material
(horizontal permeability and the presence of clays), water quality, and operating
procedure.

Though much site-specific research is needed to determine the best location and method
of recharge to the Gulf Coast Aquifer, this analysis assumed that dual-purpose wells
located along the main canals of each district would be used. It was estimated that 18
wells operating in the dual-purpose mode in the Gulf Coast District could inject about
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23,000 acre-feet of water during the off-season (i.e., about one half of what was extracted
during the growing season). In the Lakeside District, 12 wells would be required to inject
approximately 15,000 acre-feet of water each year.”

Using Dutton and Richter’s model with the above pumping and injection rates, five
simulations were run for the period from 1995 to 2010 in order to represent a 20-year
planning period. Thus, simulated heads at 2010 would be used as average, though
somewhat pessimistic, water levels in a cost analysis. Pumping rates and locations for
these simulations are summarized in Tables 6.9 and 6.10, respectively. Model results are
shown in Figures 6.8 through 6.12 and summarized in Table 6.12.

Economic Feasibility of Conjunctive Use

Preliminary benefit-cost analysis for the Gulf Coast District and the Lakeside District are
shown in Tables 6.13 and 6.14, respectively. Though these analyses assess only the
benefits and costs to the LCRA if it develops conjunctive use facilities, it should be noted
that as much as one-third of all farmers have private wells. Farmers can typically extract
groundwater at an operating cost of $10 to $20 per acre-foot if their wells are operating

properly.*
Discussion of Cost Estimates

The capital costs of installing wells and pumps may be estimated from various
information. The cost of drilling and completing an irrigation well is generally estimated
at $75 to $100 per foot.” Pump prices can, of course, be obtained from suppliers, and an
estimate of $20,000 per pump was given by a sales representative of the Oslin-Nation
Company in Dallas, Texas.” Alternatively, the cost records for the wells used in the
Lakeside District could be adjusted to reflect current dollar prices using a construction
cost index.

Determining the capital cost of treatment facilities is more difficult since few systems like
the one considered have been constructed. One similar facility (a sand filter bed for a five
cubic-foot per second injection well) was designed by Jobaid Kabir of the LCRA, and he
estimated the cost to be $35,000." As the Kabir well was instailed in a residential area,
land costs may make construction of a similar well much cheaper in the irrigation
districts. Other calculations of cost values could be obtained from the literature. For
instance, a groundwater recharge facility in Orange County, California reported an
amortized capital cost for filtration of about $6.00 per acre-foot per year, based on an
amortization period of 20 years using seven percent discount rate.” For the LCRA
districts, this rate would amount to a total capital cost of approximately $40,000 per well.
Texas irrigation district land is likely to be much cheaper than land in Orange County,
Califomia.

Operating costs, primarily power costs, for the extraction of groundwater were estimated
using cost information from the Lakeside District. Lakeside District well cost data from
1988 to 1992 are plotted in Figure 6.13. The y-intercept of the regression represents the
monthly base charge during the growing season assessed by the utility company
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according to the pump’s peak power demand. The slope of the line represents the
marginal cost of pumping. This plot illustrates that a base charge of $660 and marginal
pumping cost of about $10 per acre-foot are typical values for Lakeside District pumps
with 5 to 8 cubic foot per second capacity. Although this marginal cost of pumping is
directly related to the lift required, no well logs were available for study. However,
solving the following equation for power costs with variable values as shown results in a
lift of approximately 54 feet:

Cost($/AF) = $10 = [SW(h) (c)/eff] (1,234m3 /AF) (Eq. 6.2)
where,

SW = specific weight of water (9.81 kg/m’)

h = lift required (m)
¢ = costof electric energy ($.044/kWh, or $1.22x10°/kg-m)
eff = wire-to-well efficiency (0.8)

Equation 6.2 can be used with hydraulic heads from Figures 6.12 (simulation 4) and
estimates of local drawdown from Figure 6.5 to estimate future power costs. From this
information average operating costs of $19 per acre-foot and $17 per acre-foot were
generated for the Gulf Coast and Lakeside Districts, respectively, for the period 1995 to
2015.

The operating costs of injecting water can be approximated in a similar manner. Except
for the case of injecting water, the equation is modified as follows:

Cost($/AF) =[SW(h - h_ )(c)/eff] x Factor (Eq. 6.3)
where,

h-h, = the head minus the initial head (before injection begins)

eff. = (.60 (generally less efficient than extraction)

Assuming that an injection “mound” forms proportionally to the pumping rate (like an
inverse drawdown cone) and assuming that each injection well pumps at an average rate
of 5 cubic feet per second and operates for four months each year, a maximum mound
height of 41 feet is calculated. Assuming the average mound height over the four-month
period is 25 feet, an injection cost of $1.90 per acre-foot is calculated.

Maintenance costs for the system are also more difficult to estimate than capital costs.
The LCRA estimates that current maintenance costs are $350 per year for each
groundwater pump and $1,200 per year for each river pump.” In a conjunctive use
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system, groundwater pump maintenance would probably be somewhere between these
two values. Malfunctioning injection wells could increase the cost and sand filter beds
would need to be cleaned and repaired periodically. Thus, maintenance costs of $500 per
year for each extraction well and $1000 per year for each dual-purpose well and filter bed
seem reasonable.

The benefit of stored water savings ($5.27 per acre-foot) is considered a negative cost to
the LCRA, though it could also be considered a direct benefit to the farmers. With
conjunctive use, the farmers could receive the same amount of water without being
charged the stored water fee. Alternatively, farmers could pay the same amount as they
currently do if the LCRA were to charge an extra $5.27 per acre-foot for water which is
pumped from the ground. Thus, the LCRA could justify charging $5.27 per acre-foot for
groundwater to help recover conjunctive use capital and operating costs.

According to these calculations, as shown in Tables 6.12 and 6.13, a potential customer
must be willing to pay about $25 to 35 per acre-foot (neglecting transportation costs) for
water in order for conjunctive use to be feasible economically for the LCRA. This value
is consistent with what the LCRA currently charges for water sold to municipalities on a
year-to-year basis, and it is considerably less than the cost of many municipal water
supply alternatives such as new reservoirs. Moreover, this price does not account for the
value of decreased risk to the rice farmers. Thus, rice farmers should be willing to pay a
higher price for water they receive from conjunctive use compared to the rates for
interruptible water supplies that the LCRA can now market to municipalities.

To this point, the chapter has focused nearly exclusively on the LCRA’s motivation and
ability to plan and implement conjunctive use. However, many farmers already have
private wells, and others might be encouraged to develop their own groundwater
resources.

Assessment of Socioeconomic Feasibility

Any conjunctive use plan will be more successful if it is supported by the farmers who
stand to benefit from it. Some results from the farmer survey conducted by the LBJ
School of Public Affairs may provide insight to the socioeconomic feasibility of
conjunctive use. First, it was found that 33 percent of all respondents use some
groundwater. Of the respondents, the mean groundwater usage constitutes 42 percent of
total water use. Moreover, 17 percent of all respondents rely on groundwater for at least
50 percent of their total water supply. If the survey is representative, approximately 15
percent of all water used in the districts comes from the ground. Unfortunately, data are
not available on overall pumping capacities, well locations, or well depths; such,
information would be useful in conjunctive use planning.

Farmers’ attitudes regarding groundwater management through regulation were
confirmed by their responses indicating that only 5.5 percent of respondents feel that
public authorities should be able at any time to regulate groundwater use. About 40
percent believe that public authorities should be able to regulate groundwater during
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severe drought or when demand exceeds supply. Almost 55 percent, though, feel that
public authorities should never be able to regulate groundwater.

A third relevant question addressed the use of holding streams in response to concerns
regarding surface water delivery. Twenty-two percent responded that they use holding
streams because the lead time on orders is too long, 19 percent responded that they fear
water will not be delivered when ordered, and about 35 percent use holding streams only
during “extreme heat waves,” presumably because they are concerned with the
dependability of the surface water supply.

Though the percentage of farmers using groundwater is surprising, it appears that even
more would use groundwater if it were economically feasible and viewed as being more
convenient and dependable than surface water. Theoretically, farmers should be able to
pump groundwater for about the same cost as the LCRA. However, many farmers do not
have operating wells, perhaps reflecting the high capital cost of drilling and completing a
well or the land tenure relationship of the farmer. The potential for high maintenance
costs dissuades many land owners from investing in wells.” Thus, it may be informative
to compare groundwater use as indicated by the survey with the respondent’s relationship
to the land they farm (i.e., owner, tenant, co-op).

Conjunctive use may also raise some interesting legal and institutional questions. For
instance, does the LCRA lose “ownership” of the recharge water once it is injected into
the ground? Does the LCRA have any right to manage groundwater use in the area of the
irrigation districts so as to reap the benefits of injection (i.e., higher water levels and
lower operating costs)? What would happen in the event of the creation of a groundwater
conservation district? It is obvious that current water laws and institutional arrangements
do not adequately address conjunctive use issues. Rather, surface and groundwater in
Texas are managed as separate and independent resources; surface water is allocated
through a water rights system while groundwater is almost totally unregulated. The
survey responses indicate that any type of groundwater management through regulation
will be slow in coming.

Conclusions and Recommendations

In assessing the potential of conjunctive use, the LCRA's goal regarding conservation
should be kept in mind:

...[to] promote the development and application of practices and technologies that
improve water use efficiency, increase the beneficial reuse and recycling of water,
and minimize the waste of water such that water supplies are extended (the LCRA
Board Policy WFC 509.00).”

With the projected increase in water demand in the Lower Colorado River Basin in the
future and the low likelihood of new surface water supplies due to economic and
environmental concerns, conjunctive use may be essential to improving water use
efficiency and extending water supplies in the Lower Colorado River Basin. A
sustainable conjunctive use system could be hydrologically, economically, and socially
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feasible if the following conditions are met: (1) artificial recharge is employed to prevent
excessive drawdowns; (2) the LCRA enters into a regional water supply plan in which a
large part of the cost of the conjunctive use system is recovered through the sale of water
to a municipality; and (3) farmers contribute according to the value of having reduced
risk in the event of a drought.

To further investigate the potential of conjunctive use, a number of steps could be taken.
A sensitivity analysis should be performed on the existing model of the Gulf Coast
aquifer.* The results of recent studies by the US Geological Survey should also be
reviewed, and pumping rates and distribution near the irrigation districts updated if
possible. Vertical conductances between layers and between the top layer and the river
should be studied further in order to better estimate induced recharge. Also, the localized
effects of clay beds should be studied further.

Although the Gulf Coast Aquifer model is adequate for assessing regional groundwater
availability, a more finely discretized model will be needed if the LCRA is to embark
upon conjunctive use planning for the irrigation districts. Since pumping costs are so
dependent on lift, the conjunctive use model should simulate individual drawdown cones.

Methods of artificial recharge need further investigation. Site-specific research will be
needed to determine the best location for recharge facilities. Pilot tests should also be
performed to ensure that recharge water is of suitable quality to prevent basin or well
clogging. A much more detailed cost/benefit analysis (with respect to the LCRA, the
farmers, and potential LCRA customers) is needed before any specific recommendations
can be made. A final area for future research is to evaluate the willingness of farmers to
cooperate and cost share. Farmer incentives to develop groundwater should be
considered, and the value of reduced risk to the farmers should be quantified.
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Table 6.1
LCRA Lakeside Irrigation District Irrigation Pumps

No. Extraction Units Capacity per Unit Total Capacity
(cubic feet/second) (cubic feet/second)

Surface Water:

River Plant 5 pumps 54-175 700
Relift Plants (2) 7 pumps 55-133 635
Groundwater: 5 wells 5.24-8.35 323

Source: Lower Colorado River Authority, Lakeside Irrigation District, Eagle Lake, Texas, 1992.
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Figure 6.1
River Flow and Average In-stream Use Requirement
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Source: US Geological Survey. Water Resources Data for Texas, vol. 3, (Austin, Texas, 1984-1991).
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Table 6.2
Groundwater Use in the Three-County Region

Years Matagorda Wharton Colorado
1900-45 4059 26,701 8,970
1946-60 16,367 93,915 28,569
1961-70 22,656 147,166 45,880
1971-75 32,048 186,299 68,329
1976-85 33,125 121,330 32,875
1986-2030 42,003 199,973 48,659*
1986-2030 23,902 127,971 21,061+

Source: Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer in Matagorda
and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of Water-
Management Strategies,” Bureau of Economic Geology, Austin, Texas, 1990, p. 59.

Notes: Groundwater use in acre-feet per year. *LCRA projections. **Texas Water Development Board
projections (averaged over time period).
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Figure 6.2
Hydrostratigraphy of the Region
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Source: Adapted from Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer
in Matagorda and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of

Water Management Strategies.” Bureau of Economic Geology, Austin, Texas, 1990, p. 47.
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Figure 6.3
Transmissivity of the Chicot Aquifer in Colorado and Wharton
Counties
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Source: C.L. Loskot et al, “Groundwater Resources of Colorado, Lavaca, and Wharton Counties,” Texas
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Figure 6.4
Transmissivity of the Chicot Aquifer in Matagorda County
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Source: Weldon Woolf Hammond, “Groundwater Resources of Matagorda County, Master's Thesis, The
University of Texas at Austin, 1969, p. 35.
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Figure 6.5
Drawdown Due to a Single Pumping Well
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Source: Unpublished data, LCRA.

Note: Calculated from the Theis equation, assuming a transmissivity of 20,000 ft*/day and a storage
coefficient of 0.01.
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Figure 6.6
Layers and Corresponding Boundary Conditions
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Figure 31. Schemanc block diagram ta) and cross section along line A-A” (b) illustrating layers and
boundary condidons included in the conceptual model of the ground- water flow system.

Source:Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer in Matagorda
and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of Water
Management Strategies.” Bureau of Economic Geology, Austin, Texas, 1990, p. 47.
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Table 6.3
Typical Water Quality Analysis Results

Well # Hydrologic Unit Depth Chloride Hardness
TA-66-xx-101 Chicot 479 33 150
TA-66-xx-701 Chicot 212 94 380
TA-65-57-801 Chicot & Evangeline 530 126 332
TA-80-08-801 Evangeline 750 63 74

Source: C.L. Loskot et al, “Groundwater Resources of Colorado, Lavaca, and Wharton Counties,” Texas

Department of Water Resources Report 270, (Austin, Texas, 1982).
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Figure 6.7
Active Blocks by Layer
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Figure 34. Plan-view locadon of the 1588 nodes of active biocks in layer 1 of the finite-difference
gnd.

Source: Adapted from Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer
in Matagorda and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of

Water Management Strategies.” Bureau of Economic Geology, Austin, Texas, 1990, p. 49-51.
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Figure 6.7 (cont.)
Active Blocks by Layer
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Figure 33. Plan-view locaton of the 1892 nodes of active blocks in layer 2 of the finite-difference
gnd.

Source: Adapted from Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer
in Matagorda and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of
Water Management Strategies.” Bureau of Economic Geology, Austin, Texas, 1990, p. 49-51.
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Figure 6.7 (cont.)
Active Blocks by Layer
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Figure 32. Plan-view location of the 1974 nodes of active blocks in layer 3 of the finite-difference
grid.

Source: Adapted from Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer
in Matagorda and Wharton Counties, Texas: Development of a Numerical Modet to Estimate the Impact of

Water Management Strategies.” Bureau of Economic Geology, Austin, Texas, 1990, p. 49-51.
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Table 6.4
Salinity Tolerance of Rice

Concentration of NaCl Tolerance
600 Tolerant at all stages
1300 Harmful to seedlings in dry, hard soil
1700 Harmful before tillering;

tolerable from jointing to heading
3400 Harmful before booting;

tolerable from booting to heading
5100 Harmful at all stages

Source: C.L. Loskot, W.M. Sandeen, and C.R. Follett, “Groundwater Resources of Colorado, Lavaca, and
Wharton Counties,” Texas Dept. of Water Resources Report 270, Austin, Texas, 1982; Counties, “Texas
Dept. of Water Resources Report 270,” Austin, Texas, 1982.

Table 6.5
Parameters Used in Model

Parameter Layer 1 Layer 2 Layer 3
Mean vertical hydraulic (.0048 0.0024 0.0006
conductivity (ft/day)

Source: Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer in Matagorda
and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of Water-

Management Strategies,” Bureau of Economic Geology, Austin, Texas, 1990, p. 37.

147




Table 6.6 _
Drawdown for 1985 Simulated Conditions

Layer Regional Drawdown Within Drawdown Within Max. Rate of
Drawdown Lakeside Gulf Coast Drawdown
(feet) (feet) (feet) {feet/year)

1 0-50 5-10 10-15 1.5

2 0-90 10-20 20-50 1.7

3 20-100 20-40 20-50 37

Source: Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer in Matagorda
and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of Water-
Management Strategies,” Bureau of Economic Geology, Austin, Texas, 1990, pp. 78-80, 82.

Note: Drawdowns are relative to steady-state, pre-pumping conditions.

Table 6.7
Drawdown for 2030 Simulated Conditions

Layer Regional Drawdown Within  Drawdown Within Max. Rate of
Drawdown Lakeside Gulf Coast Drawdown
(feet) (feet) (feet) (feet/year)

1 20-90 10-30 20-40 1.3

2 20-170 20-40 40-100 8.8

3 20-320 40-80 60-100 26

Source: Alan Dutton and Bernd Richter, “Regional Geohydrology of the Gulf Coast Aquifer in Matagorda
and Wharton Counties, Texas: Development of a Numerical Model to Estimate the Impact of Water-
Management Strategies,” Bureau of Economic Geology, Austin, Texas, 1990, pp. 82, 89-91.

Note: Drawdowns are relative to steady-state, pre-pumping conditions.
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Table 6.8
Average Annual Volumetric Budgets for Future Simulations

Flow Component LCRA (ft'/yr) TWDB (ft'/yr)
Pumping 2.81x 10" 2.07 x 10"
River leakage 0.55x 10" 0.47 x 10"
Flow from boundaries 0.18x 10 0.16x 10°
Storage -2.09 x 10" -1.47 x 10"

Source: Adapted from the Gulf Coast Aquifer model, developed in Alan Dutton and Bernd Richter,
“Regional Geohydrology of the Gulf Coast Aquifer in Matagorda and Wharton Counties, Texas:
Development of a Numerical Model to Estimate the Impact of Water-Management Strategies,” Bureau of
Economic Geology, Austin, Texas, 1990.

Table 6.9
Comparison of Maximum Simulated Drawdowns

LCRA'’s pumping (feet) TWDB’s pumping (feet)
Layer | 634 49.8
Layer 2 97.4 74.2
Layer 3 37.8 20.8

Source: Results from running the Gulf Coast Aquifer model developed in Alan Dutton and Bernd Richter,
“Regional Geohydrology of the Gulf Coast Aquifer in Matagorda and Wharton Counties, Texas:
Development of a Numerical Model to Estimate the Impact of Water-Management Strategies,” Bureau of
Economic Geology, Austin, Texas, 1990.

Note: Drawdowns are relative to the 1985 conditions simulated by Dutton and Richter, 1990.
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Table 6.10
Pumping Rates for Conjunctive Use Simulations

Lakeside District Gulf Coast District Background
No.  Simulation Rates Rates Rates
1 25 percent demand met 5 ft'/second 3 ft'/second TWDB
by groundwater, no (30,000 acre-feet/year) (49,500 acre-feet/year) projections
artificial recharge
2 25 percent demand met 2.5 ft'/second 1.5 ft'/second TWDB
by groundwater + (15,000 acre-feet/year) (23,000 acre-feet/year) projections
artificial recharge
3 25 percent demand met 5 ft'/second 3 ft'/second LCRA
by groundwater, no (30,000 acre-feet/year) (45,900 acre-feet/year) projections
artificial recharge
4 25 percent demand met 2.5 ft'/second 1.5 ft'’/second LCRA
by groundwater + (15,000 acre-feet/year) (23,000 acre-feet/year) projections
artificial recharge
5 50 percent demand met 10 ft’/second 6 ft'/second LCRA

by groundwater, no
artificial recharge

(60,000 acre-feet/year)

(92,000 acre-feet/year)

Source: Simulation conducted at The University of Texas at Austin.

projections

Note: Background pumping projections provided by Alan Dutton, Bureau of Economic Geclogy, Austin,
Texas, 1992.
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Figure 6.8
2010 Hydraulic Head in Layer 2; Predicted by Simulation 1

Source: Simulation conducted at The University of Texas at Austin.
Note: 25% of demand met by groundwater, no artificial recharge; Lakeside District rates of 5 ft'/second

(30,000 acre-feet/year); Gulfcoast District rates of 3 ft’/second (45,900 acre-feet/year); background rates,
TWDB projections.
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Figure 6.9
2010 Hydraulic Head in Layer 2; Predicted by Simulation 2

Source: Simulation conducted at The University of Texas at Austin.

Note: 25% of demand met by groundwater, no artificial recharge; Lakeside District rates of 2.5 ft'/second

(15,000 acre-feet/year); Gulfcoast District rates of 1.5 ft'/second (23,000 acre-feet/year); background rates,
TWDB projections.
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Figure 6.10
2010 Hydraulic Head in Layer 2; Predicted by Simulation 3

Source: Simulation conducted at The University of Texas at Austin.
Note: 25% of demand met by groundwater with artificial recharge; Lakeside District rates of 5 ft'/second

(30,000 acre-feet/year); Gulfcoast District rates of 3 ft'/second (45,900 acre-feet/year); background rates,
LCRA projections.
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Figure 6.11
2010 Hydraulic Head in Layer 2; Predicted by Simulation 4

Source: Simulation conducted at The University of Texas at Austin.
Note: 25% of demand met by groundwater with artificial recharge; Lakeside District rates of 2.5 ft'/second

(15,000 acre-feet/year); Gulfcoast District rates of 1.5 ft'/second (23,000 acre-feet/year); background rates,
LCRA projections.
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Figure 6.12
2010 Hydraulic Head in Layer 2; Predicted by Simulation 5

Source: Simulation conducted at The University of Texas at Austin.

Note: 25% of demand met by groundwater, no artificial recharge; Lakeside District rates of 10 ft"/second

(60,000 acre-feet/year); Gulfcoast District rates of 16 ft'’/second (92,000 acre-feet/year); background rates,
LCRA projections.
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Table 6.11
Model Nodes at which Pumping was Increased

District (column, row)

Lakeside District (26,12) (26,14) (26,16) (28,14) (28,17) (30,12)
(30,14) (30,16)

Gulf Coast District (21,46) (22,45) (22,44) (23,42) (23,43) (23,44)

(24,42) (25,41) (28,32) (28,37) (28,38) (28.39)
(28,40) (29,32) (29.33) (29,34) (29,35) (29.36)
(29,37) (29,38) (29,39) (29.40)

Source: Simulation conducted at The University of Texas at Austin.

Note: Node (0,0) located in northwest corner of model. Center of model (28,25) located near center of
Wharton County.

Table 6.12

Summary of Conjunctive Use Simulation Results

Minimum Head (MSL) (feet)  Avg. Annual Volumetric Budget Terms for
Entire Model (1000 acre-feet/year)

Simulation Lakeside Gulf Coast Pumping River Seepage Storage
Number District District

| 60 -110 545 120 186

2 80 -60 505 116 350

3 40 -120 696 134 516

4 70 -70 656 130 483

5 20 -200 772 140 535

Source: Results obtained from running the Gulf Coast Aquifer model developed by Dutton and Richter,
1990Q.
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Table 6.13

Preliminary Benefit-Cost Analyses for Gulf Coast District

Amortized Total Annual
Capital Cost Item Cost per Unit  Capital cost’ Number Capital Costs
Well drilling/completing  $60,000/well’ $6,111 70 $427,779
Pumps $20,000 ea.” $2,037 70 $141,593
Treatment facilities $30,000 ea. $3,056 18 $55,000
$624,372
Annual Cost Total Annual
O&M Cost Item Per Unit Number Q&M Costs
Electricity: $5,000/pump 70 $350.000
Base charge
Electricity: $19/acre-foot 45,9 acre-feet $872,100
Extraction (105 ft. avg. lift)
Electricity: $1.9/acre-foot® 23,000 acre-feet $43.700
Injection (25 ft. avg. head change)
Extraction pump $500/pump’ 52 $26,000
maintenance
Injection pump $1,000/pump 18 $18,000
maintenance
$1,309,800
Annual Cost Total Annual
Benefit Item per Unit Number Benefit
Stored water savings $5.27/acre-foot _ 45,900 acre-feet $241,893
Annual Net Cost $1,693,280
Net Cost/acre-foot $36.89

Notes: "Telephone interview with Walter Garrett, Soil Conservation Service, Bay City, Texas, 1992.

* Telephone interview with sales representative, Oslin-Nation Co., Dallas, Texas. Price quoted for Bell

&Gossett pump, 4000 gpm, 200 hp., 1750 rpm.
* Assuming 80 percent motor/pump efficiency for extraction, 60 percent for injection

“Based on telephone interview with Ralph Johnson, LCRA, Eagle Lake, Texas, 1992.
* Discount rate of 0.08 percent, repayment period of 20 years
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Figure 6.13
Monthly Pumping Cost Data for the LSWD, 1988-1992
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Source: Adapted from cost data obtained from LCRA, Eagle Lake, Texas, 1992

Note: Pumping cost equals a base charge plus the cost of power used.
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Table 6.14

Preliminary Benefit-Cost Analyses for Lakeside District

Amortized Total Annual
Capital Cost Item Cost per Unit  Capital cost’ Number Capital Costs
Well drilling/completing  $60,000/well’ $6,111 45 $275,001
Pumps $20,000 ea.” $2,037 45 $91,667
Treatment facilities $30,000 ea. $3,056 12 $36,667
$403,335
Annual Cost Total Annual
0O&M Cost Item Per Unit Number O&M Costs
Electricity: $5,000/pump 45 $225,000
Base charge
Electricity: $17/acre-foot 30,000 acre-feet $510,000
Extraction (90 ft. avg. lift)
Electricity: $1.9/acre-foot” 23,000 acre-feet $28,500
Injection (40 ft. avg. head change)
Extraction pump $500/pump’ 33 $16,500
maintenance
Injection pump $1,000/pump 12 $12,000
maintenance
$792,000
Annuat Cost Total Annual
Benefit Item Per Unit Number Benefit
Stored water savings $5.27/acre-foot 30,000 acre-feet $158,100
Annual Net Cost $1,037,235
Net Cost/acre-foot $34.57

Notes: * Telephone interview with Walter Garrett, Soil Conservation Service, Bay City, Texas, 1992.

" Telephone interview with sales representative, Oslin-Nation Co., Dallas, Texas. Price quoted for Bell

&Gossett pump, 4000 gpm, 200 hp., 1750 rpm.

‘ Assuming 80 percent motor/pump efficiency for extraction, 60 percent for injection

‘Based on telephone interview with Ralph Johnson, LCRA, Eagle Lake, Texas, 1992.

* Discount rate of 0.08 percent, repayment period of 20 years
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Chapter 7. Salinity of East Matagorda Bay

Introduction

East Matagorda Bay (EMB, the bay) is a nearly land-locked estuary that lies between
Matagorda Peninsula and the Intracoastal Waterway (ICWW) near the mouth of the
Colorado River. The bay is approximately twenty miles long, 3.5 miles wide, and one to
two meters deep (Figure 7.1). Like many estuaries along the ICWW, the bay is
characterized by poor circulation. Most water flows in and out of the bay through Brown
Cedar Cut, a small channel leading to the Gulf of Mexico. Big Boggy Cut and several
other channels also communicate with the ICWW. The bay supports 110 vertebrate and
34 invertebrate species, and is an economically important resource for the local fishing
industry.

Like most estuaries, the bay is susceptible to gradual environmental change. The
management of water resources in the lower Colorado River Basin could influence
environmental quality and the stability of the ecosystem in the bay. At present, there is
only a limited exchange of water between the river and the bay. Inflows to the bay have
been further reduced by the closing of several locks on the ICWW. The purpose of this
chapter is to assess the effect water management decisions in the lower Colorado River
Basin might have on water quality in the bay.

For the purpose of this study, changes in salinity provide a yardstick for measuring water
quality within the estuary. Other measures, such as dissolved oxygen, water temperature,
alkalinity, chemical oxygen demand, or turbidity might also serve as indicators of water
quality. However, salinity has been selected as the most appropriate measure for this
study because this characteristic often directly affects species composition and
productivity in a brackish water estuary. Gradual or sharp changes in salinity might
undermine species diversity in the ecosystem.

This report investigates factors that affect salinity in the bay and discusses the use of a
mathematical model to predict the combined effect of river flows and precipitation on
changes in salinity. This model is based on historical observations of salinity, river
flows, and precipitation. Model results provide recommendations for managing salinity
levels in the bay.

Model results indicate that rainfall is the predominant factor controlling salinity in the
bay over the period in which water samples were taken. Results also indicate that salinity
levels are relatively homogenous throughout the bay. These results imply that
management decisions regarding river flows and the allocation of water for
environmental uses in the lower Colorado River Basin may have little effect on water
quality in this estuary. This conclusion is based on salinity measurements between 1982
and 1991, and it is not known whether or not long term changes in water quality occurred
prior to 1982 or after 1991 as a result of water management decisions.
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The Lower Colorado River Authority provided historical data on salinity levels within the
bay for the years 1982 through 1991. Each observation includes information on the
sampling date, the location of the sample (longitude and latitude), and the salinity levels.
Samples are clustered in space and time. LCRA personnel sampled the water at various
locations in the bay over a two-day period, but there are several weeks between sampling
periods. Figures 7.2 and 7.3 display the temporal and spatial distributions of the water
samples respectively. Additional data used to model salinity levels includes river flows
and precipitation. River flows were measured at the USGS gaging station at Bay City, 9
miles north of EMB. The National Weather Service collected data on rainfall at the East
Matagorda II station at Matagorda, Texas.

This chapter reports both a spatial and a temporal analysis of salinity measurements. For
spatial analysis, sampling points are identified by latitude and longitude to the nearest
minute. This grid is further sectioned into seven zones that account for hydraulic
characteristics of the bay (see Figure 7.4). These seven zones may be used to infer
whether or not differences in salinity between samples can be attributed to the location at
which the sample was taken.

A time-series analysis is presented to determine the effect of river flows and precipitation
on daily salinity levels, and to estimate the effect of management decisions in the river
basin on changes in salinity between days. Because the spatial analysis indicates that
salinity levels within the bay are relatively homogenous, the location of samples is not
considered a factor in the time-series analysis.

Spatial Analysis of Salinity Measurements in East Matagorda Bay

As shown in Figure 7.1, several inlets lead from the bay to the ICWW, and the ICWW
has connections to the Colorado River. Therefore, it may be that the northern-most
portion of the bay is more heavily influenced by river flows. In addition, the surface area
of the drainage flowing into the northern portion of the bay is larger than the surface area
of the drainage from Matagorda Peninsula into the southern portion of the bay. To
evaluate these hypotheses, the bay was divided into four zones in the north, and 3 zones
in the south,

Figure 7.5 shows the relationship between salinity levels in all zones of the bay, rainfall
intensity, and river flows. Figure 7.6 shows the relationship between these variabies and
salinity measurements taken in the northern portion of the bay, zones 1 to 4. Figure 7.7
shows the relationship between these variables and those salinity measurements taken in
the southern portion of the bay, zones 5 to 7.

This resuit suggests that salinity levels are relatively homogenous throughout the bay.
However, there are differences in salinity levels between the northern and the southern
portions of the bay that occur after sudden drops in salinity. Figures 7.6 and 7.7 illustrate
such differences during the periods late 1984, early 1985, early 1987 and early 1991.
These periods typically last one to two months and correspond to high river flows.
Similar analysis was carried out by sectioning the bay into an eastern portion, a central
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portion, and a western portion (plot not shown). Again, there appears to be no difference
in salinity levels between portions of the bay when salinity measurements were organized
in this manner. These results suggest that water flowing from the river into the bay
travels through the inlets leading to the ICWW. After river flows decrease, the mixing of
water within the bay causes salinity levels to move towards an equilibrium.

The zones in the bay might also be analyzed from a different perspective. For example,
water in Zone 2 flows from the ICWW through the Big Boggy Cut inlet, suggesting a
relatively high level of exchange between the two bodies of water at this point. Zones 3
and 6 are at the eastern end of the bay where there is apparently little inflow from any
source other than precipitation and runoff. In contrast, zones 4 and 7 are close to the
Colorado River; therefore they might be affected by flooding when the flow of water in
the river is particularly high, but otherwise receive little inflow from any source other
than rainfall. Figures 7.6 and 7.7 show the comparison of these zones. It is difficult to
detect any difference in salinity leveis among these seven zones.

The spatial analysis suggests three conclusions about salinity and mixing in the bay. One
is that salinity levels are relatively homogeneous throughout the bay except after sudden
drops in salinity. The second is that salinity levels in the northern portion of EMB
remain lower than those in the southern portion after sudden drops in salinity during
periods that continue for less than a few months. The third conclusion is that there are no
apparent significant differences in salinity levels between the eastern and western
portions of the bay.

Although the spatial analysis shows some differences between the salinity levels in the
northern portion and the southern portion of EMB, these results generally support the
conclusion that salinity may be estimated using only one equation for the entire bay.

That conclusion, and salinity equation for the bay, is utilized in developing the time series
models discussed below.

A Time Series Model of Salinity Levels in EMB

Because inorganic salts are stable compounds in water, salinity in the EMB changes only
as a result of mass exchanges of water between EMB and adjacent bodies of water.
Possible pathways for mass exchange between the bay and adjacent waters include:
precipitation in the bay; evapotranspiration from the bay; runoff from precipitation north
of the bay; the intrusion of fresh or brackish groundwater; discharge of freshwater from
the Colorado River through ICWW or through flooding of the river; the flow of water
from the bay into the Gulf of Mexico; and the intrusion of sea water from the Gulf of
Mexico.

With the exception of hydrologic data on river flows and precipitation, no quantitative
data exist on the mass exchange of water between the bay and adjacent waters. However,
this chapter shows that it is possible to estimate salinity levels from data on precipitation
and river flows alone. There are three components of the model used to estimate salinity.
The first component describes the effect of rainfall intensity and runoff.
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Rainfall and Runoff Component

Given the available information, data on precipitation at the East Matagorda II weather
station (used as a proxy for precipitation) and runoff into the bay, salinity can be
estimated by considering the mass balance of water. Equation 7.1 states that salinity is a
function of the initial salinity level, and a coefficient describing the rainfall intensity,
duration of rainfall, and surface area to volume ratio of the bay:

S =8 *(1 + I*t*(A/V))" (Eq7.1)
where the variables are defined in Table 7.1.

If the surface area to volume ratio is rewritten as 1/d, or (length *width) /(length *width
*depth) equals 1/depth, then equation 3.1 becomes:

S =S_*(1 + (I*tyd) ! (Eq- 7.2)
If o replaces duration/depth, then equation 7.2 can be rewritten as:
S=S*1+a*)"

Table 7.1
Table of Variables for Equation 7.1

Variable Definition Units

S Salinity before rainfall (ML>) Grams per liter, parts per million
S, Salinity after rainfall (ML") Grams per liter, parts per million
I Rain fall intensity (LT ™) Inches/day

t Duration of rainfall (T) Days

A Surface area of bay (L *) Length x width

\% Volume of bay (L.°) Length x width x depth

d Average depth of bay (L) Depth

o A constant, (L' T) Days/depth

The average depth of water within the bay is approximately one meter. If precipitation is
defined in inches per day, and the time span between S and S set to be a one-day time
unit, then & can be computed to be 0.025 (this is converted by dividing one day by 39.37
inches/meter).

The relationship between rainfall and surface water runoff into the bay is probably
nonlinear. Runoff is influenced by soil type, soil moisture content, and the topography of
the land north of the bay. However, because there is insufficient information to
incorporate these factors into the model, the assumption used in this preliminary research
is that runoff has a linear relationship to rainfall intensity; specifically, runoff is assumed
to be proportional to precipitation measured at the East Matagorda II station. Therefore,
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the o used in this model is an empirically determined variable reflecting the combined
effect of precipitation and runoff.

River Flow Component

There is probably a complex hydraulic relationship between fresh water flow and salinity
that is difficult to determine to describe the flow of water from the Colorado River into
the bay. Although the volume of river flows into the bay are not known, flows at Bay
City provide a proxy for this variable. To reflect the complexity of factors influencing
the flow of river water into the bay, this model uses an exponential relationship:

q=pxQ’ (Eq.7.3)
where

q = flow from the Colorado River into the bay L>TH, volume/day

0 = Colorado River flows at Bay City measured in (L’ T""), volume/day;
Bandn = empirically determined coefficients (L' T *"™); dimensionless.

If n is greater than unity, the relationship between the volume of fresh water entering the
bay from the river and river flows at Bay City is concave. This result would indicate that
when river flows are high, the amount of water flowing into the bay increases in
proportion to the volume of river flows. However, if n is less than unity, this indicates
that the curve is convex, and suggests that as river flows increase, the proportion of river
flows entering the bay decreases. For example, perhaps the water has a greater tendency
to flow towards the west side of the river during times of flood. In the case that n is equal
to unity, there is a constant, directly proportional relationship between g and Q.

On the basis of the assumptions expressed in the exponential equation, attenuation of the
discharge of freshwater inflows within the bay may be calculated in the same manner
used to describe the effect of rainfall on salinity levels. The equation states that salinity
levels are a function of the initial salinity times a coefficient that describes the volume of
water entering the bay, or

S =8 *(1 +gq*/V)”’ (Eq. 7.4)
Multiplying q by t/V eliminates the units associated with g, so S becomes:

S =51+ *Q"" (Eq.7.5)
if the right-hand side of equation 7.3 is substituted for q

where,

B’ is an empirically determined coefficient (L™ T")
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The parameter B’ is an empirically determined coefficient that accounts for the volume of
water in the bay and the time span during the salinity change. For the purposes of this
chapter, the time span is defined as one day. The definition of n is identical to that in
equation 7.

Aggregate Variable Component

Several other factors affect salinity levels in the bay. For example, groundwater intrusion
may occur. Some exchange of water between the Gulf of Mexico and the bay probably
occurs. In addition, evaporation of water from the bay can also cause increases in
salinity. However, the influence of these factors on salinity levels in the bay could not be
estimated with the available data. For the purposes of this model, these factors are
aggregated into one constant. The equation states that the salinity is equal to the initial
salinity plus the aggregate effect of groundwater and or saltwater intrusion, and
evaporation:

S=S+¥y (Eq. 7.6)
where,
¥ is an empirically determined constant (M L 7).

The parameter ¥, the empirical constant, represents the change in salinity that may be
attributed to those factors for which there were no data. The effect of these factors is
additive rather than multiplicative because salinity levels in the bay appeared to increase
in a linear fashion in the absence of increases in rainfall intensity and river flows.

A Time Series Model for Estimating Salinity from River Flows and
Precipitation

The three model components discussed above may be combined into one equation to
estimate salinity:

S =(S, + v )*(1 + o *I)"*(1 + B *Q*)’ (Eq. 7.7)

Multiple regression methods can be used to determine the four empirical constants ¥y, o,
B, and n. First, a series of daily salinity values is estimated using hypothetical values for
the parameters to be estimated, the initial salinity value, and daily observations of rainfall
and river flow. The “Solver tool” in Microscft Excel™ may then be applied to solve for
the value of the four constants that minimizes the sum of squared error between the
estimated and observed salinity values.

Because the model does not account for the lag time between changes in the salinity level
and rainfall, surface runoff, or river flows at Bay City, the estimated coefficients do not
reflect the fact that runoff and the complete mixing of water in the EMB takes place over
a period of several days to several weeks.
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Field observations of salinity levels are plotted in Figure 7.6 along with daily
precipitation and river flows. For purposes of graphical clarity, river flows are upside
down. The graph shows that salinity decreases after periods of high precipitation and/or
high river flows. For example, in 1987 the graph also shows that salinity decreases when
both precipitation and river flows decline. This suggests the existence of a fairly strong
relationship between precipitation, river flows, and salinity levels.

There may be some correlation between river flows at Bay City and rainfall at the East
Matagorda II weather station. If there is a causal connection between these two variables,
incorporating both variables into the equation will not improve the parameter estimates.
Figure 7.8 shows the relationship between rainfall and river flow. A wide range of river
flows occur regardless of the amount of rainfall. This result tends to support the use of
both variables in the equation.

For computational simplicity in determining parameter estimates, the size of the dataset
was reduced by averaging all measurements taken within a three-day period. Because
there is a period of several weeks between brief sampling periods, the data for each
sampling period are reduced to one observed mean salinity value for every period of
several weeks. Although the number of observations used to calculate the mean observed
value differed between sampling periods, the least square regression analysis was
conducted without weighting mean observed values according to the relative number of
observations used to obtain that mean. To confirm that these changes did not affect the
results, a least square regression analysis was conducted using the full dataset.

Table 7.2
Results of Parameter Optimization — Precipitation Only

Precipitation Only
0. (day/in) 0.03179
B (cfs™ 0
n (dimless.) -
Y (g/L) 0.0765
Tres’ 5477

Note: Original data were used. The squared sums of residuals are not comparable when the number of
independent variables differs between alternative models. B and n are empirically determined coefficients
(L*"™T*™) and are dimensionless. » represents the relationship between the volume of fresh water
entering the bay from the river and river flows at Bay City. P accounts for the volume of water in the bay
and the time span during the salinity change. The parameter y is an empirical coefficient (M L *)and

represents the change in salinity that may be attributed to those factors for which there were no data
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Table 7.3
Results of Parameter Optimization — Precipitation and River Flow

Precipitation and River Flow

. (day/in) 0.03841  0.03745 0.03605 0.03444 0.03264
B (cfs™ 36lE-4 4.36E-5 4.63E-6 1.60E-7 2.73E-9
n (dimless.) 03 0.5 0.7 1 1.3

Y (g/L) 0.1517 0.1195 0.1006 0.0881 0.0798
Tres’ 5231 5172 5209 5254 5370

Note: Original data were used. The squared sums of residuals are not comparable when the number of
independent variables differs between alternative models. f and n are empirically determined coefficients
(L™ T*") and are dimensionless. n represents the relationship between the volume of fresh water
entering the bay from the river and river flows at Bay City. B accounts for the volume of water in the bay
and the time span during the salinity change. The parameter ¥ is an empirical coefficient (M L *)and

represents the change in salinity that may be attributed to those factors for which there were no data

Table 7.4
Results of Parameter Optimization — Best n

Best n
Q (day/in) 0.03814 0.03814
B (cfs™ 1.I0E-4  1.11E-4
n (dimless.) 0.4203 0.4203
Y (g/L) 0.1338 0.1338
Tres’ 5161 *

Note: Original data were used. The squared sums of residuals are not comparable when the number of
independent variables differs between alternative models. 8 and n are empirically determined coefficients
(LT *") and are dimensionless. n represents the relationship between the volume of fresh water
entering the bay from the river and river flows at Bay City. P accounts for the volume of water in the bay
and the time span during the salinity change. The parameter ¥ is an empirical coefficient (M L")and

represents the change in salinity that may be attributed to those factors for which there were no data

Table 7.2 lists the results of the multiple least squared regression analyses. Column 1
shows parameter estimates from the analysis using only the precipitation variable; the
values of B and n were fixed at zero. The results of this analysis are shown in Figure 7.9.
There was some systematic deviation of salinity estimates from observed values in mid-
1987 and mid-1989, but the results seem to provide an adequate estimate of salinity
levels. The value of a, 0.03179, is only slightly higher than the preliminary estimate of
0.025. If B and n are O, then the only difference in the equations is inclusion of the term
(S, + Y); alpha is 27 percent larger than the initial estimate. A similar analysis was also
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conducted in which the precipitation variable was excluded by fixing o at zero. The
results from the regression of salinity as a function of inflow were low enough to have no
explanatory power; this suggests that rainfall is more important than river flows in
determining the salinity levels in the bay.

Multivariate least squared regression analysis, under hypothetical values of n, can
simultaneously optimize the values of o, B, and v and separate the effect of the value of n
on modei results. The explanatory power which results is similar to the model that
included only the precipitation variable, again supporting the inference that rainfall has a
relatively larger effect on salinity levels in the bay than river flows. The parameter values
obtained when all three variables were estimated simultaneously are listed in the second
to last column of Table 7.2. The results are also displayed in Figure 7.9, along with the
results from the model with precipitation only. Of interest is the fact that the value of o
increased when estimated along with the parameter for river flows. When more variables
are included in the model, the relationship between rainfall and salinity becomes more
clear. In contrast, the value of ¥ decreased as n increased.

To determine whether or not the use of mean observed salinity values affected the value
of parameter estimates, parameters were optimized again (see the last column of Table
7.2). With the exception of f§ and n, all values are similar to those estimates based on
mean observed salinity values. The difference in the 8 values between models is 1
percent, and the difference in n between models is 10* percent.

These results support the inference that rainfall is a more important factor affecting
salinity levels in the bay than is river flow. The relative contribution of each factor to the
attenuation of the bay may be seen in Figure 7.10. The y-axis shows o*I and *Q" for
each day in the sampling period. In Figure 7.10, the contribution of river flow to the
attenuation of the bay is smaller, but more consistent than the contribution of
precipitation. The average contribution of river flows on each day may be compared with
the average contribution of precipitation. The average contribution of river flows is
approximately half the contribution of rainfall.

It may also be stated that rainfall was the predominant factor controlling salinity in the
bay over the period in which the samples were taken. This is supported by the fact that
the two variables, river flows and precipitation, are independent of each other and that the
value of « is physically meaningful. The least squared results imply that rainfall is the
best predictor of bay salinity.

Conclusions and Recommendations

This chapter has sought to explain patterns of salinity within East Matagorda Bay.
Storms and floods of fresh water can reduce the level of salinity in the bay. Under non-
storm, non-flood conditions, salinity levels do not seem to vary spatially within the East
Matagorda Bay. High river flows appear to cause spatial variation in salinity levels, and
such flows create spatial differences in salinity between different zones for a period of
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several months. This chapter developed a semi-empirical mathematical model to predict
the salinity level of EMB:

S=@,+y)x(1+axD)'x(1+axQ") (Eq. 7.8)

The variables S and S, are salinity (g/1) on a given day, [ is daily average rainfall intensity
(in./day), as measured at East Matagorda II station, Q 1s the volume of water (cfs) in the
Colorado River at the Bay City USGS hydrologic gauging station, and ., B, , and n were
parameters to be estimated. These values are listed in the last column of Table 7.2. A
simplified model (predicting bay salinity as a function of precipitation alone) that omits
river flow showed similar performance. The parameters for this model can be found in
the first column of Table 7.2. Precipitation has a larger effect on salinity levels than river
flows. The contribution of river flows to the attenuation of the bay is half of that of
precipitation,

In conclusion, it remains difficult to evaluate quantitatively the relative contribution of
precipitation and river flow. Based on this analysis, under current hydrologic conditions,
any attempt to manage salinity levels in the bay by manipulating the flow of water in the
Colorado River alone would probably be ineffective. If a water management strategy
should warrant dilution of the bay, some hydraulic structure that diverts water more
effectively to the bay than the existing channels could be considered. Before attempting
such a project it would be useful to first assess the impact of those changes. An adequate
assessment of how such changes could affect salinity levels might include a
determination of whether or not the river flow will be sufficient to dilute the bay,
particularly during periods of low precipitation. Any assessment of bay water quality
characteristics other than salinity should evaluate changes in water temperature, dissolved
oxygen levels, nutrient content, and turbidity levels within the bay.

This chapter has demonstrated that a methodology for assessing salinity change due to
alternative fresh water inflows is possible. There remains much uncertainty about its
practical use.

170



Figure 7.1
East Matagorda Bay

Source: Texas Atlas and Gazetteer (Freeport, Maine: DeLorme, 1995). Note that this is a copyrighted source. The published version of this report will contain a
public domain map from the LCRA.
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Figure 7.2
Temporal Distributions of the Water Samples
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Source: Unpublished data provided by the Lower Colorado River Authority.
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Figure 7.3

Spatial Distributions of the Water Sample
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Figure 7.4
Hydraulic Characteristics of the East Matagorda Bay
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Figure 7.5
Relationship between Salinity Levels in the Bay, Rainfall Intensity and River Flows
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Figure 7.6
Relationship between Salinity Levels in the Bay, Rainfall Intensity and River Flows, Zones 1 to 4
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Figure 7.7
Relationship between Salinity Levels in the Bay, Rainfall Intensity and River Flows, Zones S to 7
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Figure 7.8
Relationship Between Rainfall and River Flow
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Figure 7.9
Multiple Least Squared Regression Analyses Parameter Estimates
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Figure 7.10
Relative Contribution of Factors to the Attenuation of the Bay
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Chapter 8. An Opinion Survey of Rice Farmers

Introduction

Water measurement, volumetric pricing, and technology transfer will not be successful in
promoting water conservation in agriculture without the active support and involvement
of farmers. One way to assess the attitudes and knowledge of farmers who work the land
in the Gulf Coast and Lakeside Irrigation Districts is to survey them directly. This
chapter describes the development, implementation, and results of a survey of rice
irrigators who had active water accounts during the 1992 crop season.

Survey results may be applied to evaluate farmer knowledge and attitudes toward
irrigation water conservation. Survey results may allow the LCRA to gauge farmers’
opinions about how well the irrigation districts perform and can assist the LCRA in
allocating its resources and implementing its water conservation programs. The survey
also may indicate areas in which communication between the LCRA and the farmer
might be improved. Finally, this survey can also serve as a means by which farmers
might influence the water conservation and irrigation operations in the districts.

A third party survey is a potentially more accurate method of obtaining information about
farmers’ concerns and attitudes towards the LCRA, the irrigation districts, and the water
conservation programs. There are at least two alternatives to an independent survey that
might be used to gather this information from farmers. The first might be to rely on
farmers’ initiative in contacting the agency regarding specific concerns. However, such a
method tends to bias results and would leave many questions unanswered. Farmers’
phone calls, letters, and visits to the LCRA offices are not necessarily representative of
the concerns in the farmer population as a whole. Another method might be a direct
survey conducted by the irrigation districts themselves. This method is also inferior to an
independent survey because farmers’ responses to the LCRA might be biased. A third
party survey can obtain representative responses from the population as a whole and
eliminate bias associated with political motives or sampling methods.

Development of the Survey

This section describes the development of the survey instrument. A mail survey, rather
than telephone interviews or personal interviews, was determined to be the most
appropriate in this situation. Like most sampling methods, mail surveys have distinct
advantages and disadvantages. Mail surveys can be more cost-effective and less time-
consuming than other methods. In addition, mail surveys allow respondents to remain
anonymous, so they may feel more freedom to express their views. One disadvantage of
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a mail survey is that the respondent is unable to ask clarifying questions. To some extent,
this problem can be controlled by ensuring that survey questions are as clear and concise
as possible. This survey attempted to achieve such clarity. However, some responses
indicate that not all farmers understood questions in the same way.

Before designing questions, it was first necessary to become familiar with the operations
of the irrigation districts. Several meetings were held with personnel from the LCRA in
both Austin and Bay City. Documents were obtained from the LCRA and Texas A&M
University Rice Experiment Station staff and at an LCRA-farmer meeting in Bay City.
Each of these sources of information provided an understanding of the issues involved in
rice farming, best management practices, and the water conservation program. Finally,
officials from both the Austin and Bay City offices were asked to review the final draft
survey to suggest improvements. The text of the final survey and other materials that
were sent 1o farmers can be found in Appendix A. The gathered data are reported in
Appendix B.

The survey contained four sections. The first section included questions about individual
farming operations, such as the number of acres irrigated and the use of farming
techniques. The second section contained questions about the personal characteristics of
the respondent such as age and education. Section three included questions about farmer
relations with and opinions of the LCRA, and farmers’ opinions about the proposed
volumetric rate structure. The final section was an open-ended question allowing
respondents to express any concerns not addressed in other parts of the survey. Forty two
of the seventy-nine respondents, or 54 percent, expressed their thoughts in this section.

In January 1993, 230 farmers received postcards informing them of the coming survey.
This sample included the entire population of rice irrigators in both districts. One week
later, farmers received the survey instrument, a postage-paid return envelope, and a
postage-paid postcard with which to request survey results. Postcards were intentionally
separate to ensure anonymity. Farmers also received a cover letter describing the purpose
of the survey and to explain that the LBJ School, not the LCRA, was responsible for
initiating and conducting the survey.

Survey Results
Farmer Response Rate

Three aspects of this survey enhanced the response rate and the quality of resuits: a
sampling set consisting of all farmers, an independent survey, and farmer anonymity.
The entire population of farmers was sampled on both districts. This eliminated any
potential bias associated with sampling subsets of the population. The second factor
contributing to the relatively high response rate was its direction by an independent third
party. Finally, the survey ensured anonymity for those farmers responding to the survey.
Respondents could feel free to express any positive or negative opinions about the LCRA
and its programs without fear of jeopardizing their relationship with the agency.
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Table 8.1 lists farmer response rates for each district. Farmers in the Lakeside District
returned 40 of 102 surveys, or 39 percent. Farmers in Gulf Coast Districts returned 38 of
128 surveys, or 30 percent. Overall, the response rate was 79 of 230 surveys, or 35
percent. Lakeside responses accounted for 51 percent of all responses. The results of the
survey will be discussed based on the combined results from the two districts. Only
when there are significant differences in responses between districts will a distinction be
made between the two farmer groups. The following discussion concerns farmer
practices, farmer relations with the LCRA, and opinions about the proposed volumetric
rate structure that was introduced in 1993.

Analysis of Survey Results

Statistical analyses of survey results, including frequencies, percentages, cross
tabulations, and chi-square tests executed in Lotus 1-2-3 and SPSS software packages.
Several issues should be discussed regarding the validity of these survey results. This
survey sought to avoid bias by including all farmers in this sample. However, as with
any kind of mail survey, farmers themselves decided whether or not to respond to the
survey. If any systematic relationship exists between a farmer’s decision to respond to
the survey and farmer attributes, the results could be biased through the self-selection
process. Other researchers conducting mail surveys have shown that it is possible to
obtain representative results from mail surveys even with a high rate of non-response.' In
this survey, there was a very high participation rate, a 35 percent response to the survey.
This level of participation reduces the likelihood that a significant bias existed between
survey participants and non-respondents.

Another practical problem in mail surveys is item non-response. Item non-response
occurs when an individual respondent does not answer one or more questions in the
survey. There are several reasons respondents might decline to answer a question. The
respondent may feel that the question invades his or her privacy. The respondent may not
understand the question or may otherwise be unable to answer the question on the basis
of information available to him. It may also be that the question does not apply to the
respondent. For example, one question asked farmers about the benefits of water
conservation demonstration projects and the effectiveness of LCRA-sponsored farmer
meetings. If a farmer did not visit the demonstration project or did not attend the farmer
meetings, he is not qualified to answer the question. Under these circumstances, most
respondents would probably skip this question. Several questions on the survey had
particularly high non-response rates. A question that asked about how helpful the LCRA
staff were in handling inquiries about water deliveries had a 15.2 percent non-response
rate. The question regarding the benefits associated with LCRA-sponsored farmer
meetings had a 16.5 percent non-response rate. The question regarding the benefits of
water conservation demonstration projects had a 33 percent non-response rate. The item
non-response rate for remaining questions was less than or equal to 10 percent.? It is not
easy to assess whether the higher non-response rate to such questions reflects the validity
of the results.
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Another weakness of the survey relates to the phrasing of response choices. For example,
in those questions for which the responses were: “very helpful,” “helpful,” or “not
helpful,” it might have been better to replace the choice “helpful” with “somewhat
helpful.” Use of the word “helpful” as the middle response forces respondents to make a
binary choice regarding the level of helpfulness. It is hard to assess how the use of such
qualitative measures affects the validity of results.

Farming Practices

Crop Mix and Farm Size. All farmers responding to the survey indicated they irrigated
rice on their farms. On Gulf Coast District, 9 percent of farmers indicated they also
raised non-rice crops. Few farmers on Lakeside District indicated that they also raised
non-rice crops (Figure 8.1). The average size of rice farms on the two districts was 554
acres. In Lakeside District, the average size of rice farms was 744 acres and in Gulf
Coast District, the average size of rice farms was 356 acres. The average size of farms on
the two districts when acreage planted in non-rice crops is included in the estimated was
636 acres. Figure 8.2 displays the responses to the questions regarding farm size.

Land Tenure. Land ownership patterns may influence farmer’s decisions to impiement
farming practices or make capital investments that might increase irrigation efficiency.

In these irrigation districts, farmers own, lease, and sharecrop the land on which they
irmgate rice. Because the benefits associated with infrastructural improvements becomes
capitalized into the sale price of the land, farmers that sharecrop or cash-rent their lands
may not be willing to make capital improvements. The only remaining incentive for a
farmer who does not own the land he irrigates to make capital improvements is the
potential cost-savings associated with water conservation. Under a fixed, per-acre
irrigation rate structure, landowners have little incentive to make improvements. Under
the volumetric rate structure, it may be that landowners will have an incentive to make
such infrastructural improvement. A landowner might recoup his investment by charging
a higher rental rate based on the increased water efficiency in a field. However, it may
also be that farmers could implement water conservation measures without making
capital improvements to the land. If so, they may be unwilling to pay a higher rental rate
as long as alternatives exist. Under the traditional pricing system, the farmer could not
save money by using less water. The new volumetric pricing system should give both
landowners, sharecroppers, and cash-renters some evident incentives to invest in
improving water efficiency through either improvements in infrastructure or management
practices. In order to understand the relative importance of land ownership, the survey
asked farmers about land ownership (Figure 8.3). Only 28 percent reported that they
owned between 81 to 100 percent of the land they farmed. A majority of 56.5 percent
reported that they owned between zero to 20 percent of the land they farmed. Of those
who did not own land that they farmed, 85 percent reported that they leased it (see Figure
8.4). Thirteen percent reported that they were in a cooperative arrangement with the
owner of the land.

Use of Holding Streams. One water-intensive farming practice employed by some
farmers is known as a holding stream. The practice enables the farmer to keep a steady
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stream of water flowing through field at all times and reduces the labor cost associated
with tending fields. This survey attempted to determine the percentage of farmers using a
holding stream and thetr motivations for doing so. A knowledge of these factors could
assist the LCRA and the farmers to reduce the use of holding streams. Fifty-five percent
of the farmers reported using a holding stream. Figure 8.5 shows the reasons given by the
farmers for their use of the stream. The most frequently reported reason for using a
holding strearn was that it takes too long for the water to arrive at the field once the
farmer places an order for water. Thirty percent of the farmers who use holding streams
gave this as their reason for implementing the practice. It may be that if LCRA addresses
the problem of the waiting time for water, farmers will have less incentive to use holding
streams.

Distance to Fields. The number of miles a farmer travels each day to manage the fields
may be related to the number and location of fields farmed. These factors could have an
impact on the quality of management at individual fields. It is more difficult to manage
many small fields scattered over large distances that it is to manage a few relatively large
fields. If a farmer must travel long distances between fields, it follows that it is more
difficult to implement labor-intensive water management practices. To determine
whether or not this is an important factor affecting water management practices, farmers
were asked for information regarding the distance between fields. In spite of the
“logical” connection, no correlation between the number of fields farmed, the distance
between fields, and water management practices was found in the survey based on cross-
tabulations.

Water Conservation Techniques. A variety of farming practices can increase irrigation
efficiency and reduce water use. These practices include both labor-intensive
management techniques and capital-intensive infrastructural improvements. Labor
intensive techniques require the farmer’s time and effort but are less expensive than
infrastructural improvements.

In contrast, capital-intensive water management practices require a large investment but
may actually reduce labor costs. Examples of capital intensive techniques include
precision-leveling and the construction of in-field laterals. Given a list of possibie water
conservation techniques, farmers were asked to identify those that they currently use.
This information may help to determine which water conservation methods future
policies should emphasize. Figure 8.6 shows the response frequency for each technique
listed in the survey.

In the Lakeside District 80 percent of farmers reported using multiple delivery points. In
Gulf Coast District, 60 percent of farmers responded that they used multiple delivery
points. Of the respondents on Lakeside District, 57.5 percent reported having used
precision-leveling while 26 percent in Gulf Coast District reported having used precision
levelling. In the Lakeside District, 30 percent of farmers reported using underground
pipes while in Gulf Coast District, 13 percent of farmers reporting using underground
pipes. For the two districts combined, the most frequently reported practices were: canal
maintenance, 72.2 percent; levee improvement, 72.2 percent of farmers; and multiple
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delivery points, 70.9 percent. The least popular practice was the use of underground
pipes, 21.5 percent. Respondents were given an opportunity to report water conservation
technologies they implement that were not listed. 5.1 percent of respondents listed
additional technologies. Perhaps the biggest surprise was that only 41.8 percent of the
farmers reported using field records. Field records will not save as much water as
techniques such as precision leveling and underground pipelines, but they are inexpensive
and can assist the farmer in examining his practices in a systematic manner. The greatest
percentage of farmers reported using four water conservation techniques. The average
number of techniques employed was 4.2. The difference between the number of reported
conservation techniques in use on each district was not statistically significant, but there
seems to be a difference in which techniques farmers select between the two districts.

Precision-Leveling. The farmers were asked to provide the acreage of fields that had been
precision-leveled (Figure 8.7). Counting both districts, 41.8 percent indicated that they
had precision-leveled the land. This leaves 58.2 percent who do not use this technique.
Twenty-three percent of the farmers indicated they had between 50 and 300 acres of land
precision-leveled. Twenty-three percent also said they had over 300 acres of land that
had been precision-leveled. Farmers appear to fall into three categories: those with no
acres precision leveled; those with relatively few acres precision-leveled; and those with
many acres precision leveled. The last two groups are the same size and added together
Jjust about equal those in the first group.

Conjunctive Use. The potential for conjunctive use of groundwater and surface water
was examined in chapter 6 of this report. To understand current groundwater use, the
farmers were asked to estimate the portion of their irrigation water that comes from
surface sources (the LCRA canal system) and the portion that comes from groundwater
wells. Overall, 32.9 percent of the farmers reported using at least some amount of
groundwater to irrigate crops. Of those who did report the use of groundwater, the
average amount as a percentage of total water usage was 41.6 percent. The most common
portion reported was 50 percent. Therefore, of those who do use groundwater, 23.1
percent use it for half of their water supply. This represents 7.6 percent of all farmers.

LCRA Response to Inquiries. A large portion of the survey was designed to assess
farmers’ attitudes toward the LCRA. Most of the questions in this section deal with the
performance of the LCRA as perceived by the farmers. Farmers were asked to evaluate
LCRA staff’s response to their concerns about billing for irrigation water (Figure 8.8).
Roughly 97 percent of the farmers reported that the LCRA was “helpful” in regards to
such questions with 35.2 percent reporting that the LCRA was “very helpful.” Only 2.8
percent rated the staff as “not helpful.” The farmers were also asked to rate the LCRA’s
response to their questions about water conservation (Figure 8.9). A combined 89.6
percent said the LCRA was at least “helpful” and 17.9 percent reported the LCRA was
“very helpful.” LCRA staff were described as “not helpful” in answering such questions
by 10.4 percent of respondents. On questions about water deliveries, a combined 94.4
percent felt the LCRA was at least “helpful” with 26.4 percent feeling the LCRA was
“very helpful” in answering such questions (Figure 8.10). Only 5.6 percent reported the
LCRA was “not helpful” in answering questions about water deliveries.
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Water Deliveries. Although most farmers felt that the LCRA did a good job in answering
questions about water deliveries, many farmers were uncertain about the ability of LCRA
to measure water deliveries. Figure 8.11 shows that while a combined 54.2 percent felt
the deliveries were “accurate,” 45.8 percent felt that they were “not accurate.” This
question takes on greater significance with the introduction of the new volumetric pricing
system for water. For the new rate structure to be fair, the amount of water delivered
must be measured accurately. Farmers concemns over the accuracy of water measurement
are addressed in the following section.

Farmer Meetings with LCRA. Farmers were asked a series of questions about LCRA-
sponsored farmer meetings. One question was whether they had been invited to a farmer
meeting in the past year (Figure 8.12); 97.4 percent of farmers reported receiving
invitations to these meetings and 2.6 percent reported that they had not been invited. The
LCRA appears to have done a good job informing the farmers of the meetings. The
farmers were then asked about meeting attendance. The majority of farmers reported
attending at Jeast one of the meetings (Figure 8.13) and 80.3 percent of the farmers
reported having attended a meeting in the past year. Farmers in Lakeside District were
more likely than farmers on Gulf Coast District to have attended at least one meeting.’ In
the Lakeside District, 89.5 percent of the farmers reported attending a meeting. In the
Gulf Coast District, 71.1 percent attended. This result indicates that farmers in the
Lakeside District are more involved with the LCRA than farmers in the Gulf Coast
District. The LCRA may need to give special attention to motivating Gulf Coast farmer
involvement. The greater the number of farmers that work closely with the LCRA, the
greater the chance the LCRA has of achieving its water conservation objectives. Farmers
were asked to evaluate the meetings that they attended. As Figure 8.14 shows, 81.8
percent of the farmers felt that the meetings were at least “useful.” 18.2 percent felt that
they were “not useful.”

Water Conservation Demonstration Projects. The LCRA has conducted water
conservation demonstration projects in the area. The farmers were asked whether or not
they had been invited to observe the demonstration project and whether or no the
demonstration was of any value. Figure 8.15 shows that 88.2 percent of farmers reported
having been invited to demonstration projects. Three-quarters (75.4 percent) of the
farmers who attended these demonstrations gave them favorable ratings; 9.4 percent of
farmers even rated them as “very helpful.” Some farmers reported that they found the
demonstrations “not helpful” (see Figure 8.16). These results indicate that the LCRA
should continue to implement conservation demonstration projects.

Technical Advice. In a question related to the conservation projects, farmers were asked
whether the LCRA had offered them any technical advice in the past year (Figure 8.17).
One half (50.7 percent) of the farmers reported receiving technical advice from the LCRA
in the past year. There is no information on whether or not the farmers implemented any
of this advice. The question stated, “did the LCRA offer you any technical* advice . . .7”,
so the advice may have been offered as a response to questioning by the farmer and was
not necessarily instigated by the LCRA.
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Attitudes Toward Regulation. The survey also attempted to gain insight into farmers’
attitudes toward the regulation of both surface water and groundwater. It may be that
LCRA'’s attempts to implement on-farm water conservation programs are confounded by
a strong bias against the regulation of water. Only a small percentage of farmers felt that
both groundwater and surface water should “always be regulated” (Figure 8.18).
However, 69.4 percent felt that surface water should be regulated under conditions of
drought, when the demand for water exceeded the supply, and 22.2 percent of
respondents felt that surface water should “never” be regulated. More than one-third of
the farmers (39.7 percent) felt that groundwater should be regulated under drought
conditions. This is an unexpected result because groundwater is not regulated per se by
the state in Texas. In Texas, landowners have a right to access groundwater supplies that
may be pumped from wells located on their property. As was expected, a large
percentage of farmers (54.8 percent) felt that groundwater should “never” be regulated.

To determine whether farmers were consistent in their responses to questions regarding
the reguiation of groundwater and surface water supplies, responses were cross tabulated
to determine whether or not there was a statistical significant correlation between
responses (Tabie 8.2). Results showed a statistically significant correlation between
responses.’ The largest group of respondents were those who felt that both groundwater
and surface water should “never” be regulated. An even 50 percent of the farmers felt
that even in situations when demand exceeds supply, neither groundwater nor surface
water should be regulated.

General Attitude Toward LCRA. To get an impression of the overall relationship
between the farmers and the LCRA, the farmers were asked whether they felt that, in
general, the LCRA was helpful to rice farmers. Most of the farmers or 84.4 percent felt
that the LCRA was at least “helpful” to the farmers (Figure 8.19). The LCRA was
identified as “very helpful” by 14.7 percent of respondents. An equal number, 14.7
percent, felt that LCRA was “not helpful” to rice farmers. This indicates that, overall, the
LCRA has a good reputation with the farmers although one-seventh (14.7 percent) are
unhappy with the organization. It is not certain how much of this sentiment was
specifically associated with implementation of the volumetric rate structure. It is possible
that some farmers judge the LCRA’s entire operations on this basis. However, it is also
possible that this small but statistically significant number of farmers have a poor opinion
of the LCRA regardless of the volumetric rate structure.

New Rate Structure

Access to Information on the New Rate Structure. The volumetric rate structure
represented a major departure from the past. Beginning in 1993, the farmers would
reduce their water bill if they use less water. Conversely, water bills could go up if the
farmers use more water. An important factor in obtaining farmer support for the new plan
was to educate them about its design, purpose, and function. Over 90 percent of the
farmers felt that LCRA had done at least an “adequate” job of informing them about the
new rate structure (Figure 8.20); 12.3 percent even felt the LCRA had done a “very
adequate” job of informing them of the new rate; and 9.6 percent felt that the LCRA had

188



done an “inadequate” job. Given the reservations farmers have about the new rate
structure, it was interesting that over 90 percent report LCRA has done an adequate job
informing them about it. This seems to indicate that most farmers understand the
principles behind the new rate structure, but disagree with its implementation.

The Accuracy of Water Measurements and Changes in the Cost of Water. Much of the
opposition to volumetric water pricing appears to be associated with potential changes in
the cost of water. Slightly less than half (45.1 percent) of respondents reported that their
water cost would increase as a result of the new rate structure (Figure 8.21), 33.8 percent
predicted that there will be no change in their water cost, and 21.1 percent of respondents
predicted that their water cost would decrease. A major concern among respondents is
that the methods used to measure water are not accurate: 45.8 percent of respondents
responded LCRA’s water measurements were inaccurate. Responses on the accuracy of
water measurement and the effect of the volumetric billing on the cost of water were
cross tabulated. The results show a strong correlation.® Farmers who believe that water
measurements are inaccurate also believe that the new rate structure will increase their
water cost. It is not clear whether or not they just “fear” it will increase their water cost
or they actually believe it will increase their water cost. If water measurements are
inaccurate, but not systematically biased, it is possible that mis-measurements could also
reduce their water cost by underestimating water deliveries. However, many farmers
apparently feel that the water measurements will be systematically biased towards over-
estimating water deliveries. The most common correlation (33.8 percent) was found
among those respondents who felt that water measurements were not accurate, and that
the new rate structure would increase their water cost. The next largest group (26.8
percent) were those who believed the water measurements would be accurate and there
would be no change in their water cost.

When were asked if they felt the new rate structure was fair, 63.7 percent of respondents
felt that the new rate structure was at least “fair,” 7.2 percent felt it was “very fair,” and
36.2 percent felt that the new rate structure was “unfair” (see Figure 8.22). A cross
tabulation was run on the questions of fairmess and the predicted effect on water bills (see
Table 8.4); responses were correlated strongly.’

Farmers who believed that the new rate structure would increase their water cost felt that
the rate structure was unfair. This represented the single largest group of responses at
30.9 percent of the total. The second largest group believed their water cost would not
change and considered the rate structure fair, More than one-eighth (13.2 percent) felt
that their water cost would increase and yet still considered the new structure to be fair.

Questions about the fairness and accuracy of water measurement were cross-tabulated to
determine the existence of any correlation between responses (Table 8.5). Results show a
statistically significant correlation.! The largest group (35.3 percent) thought that water
measurements were accurate and considered the new rate structure fair. The second
largest group (26.5 percent) felt that water measurements were inaccurate and that the
new rate structure was unfair.
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Incentive for Water Savings. Farmers were asked whether the new rate structure provided
an incentive to save water (Figure 8.23). Of the respondents, 58.3 percent thought that
the new rate structure provided an incentive to conserve water, 20.8 percent felt that it did
not promote water conservation and 20.8 percent of respondents expressed no opinion in
response to the question. Cross tabulations among responses to questions about whether
or not the new rate structure provided an incentive to save water and whether or not
LCRA’s method of water measurement was accurate were not statistically significant.
However, results showed the largest group (30 percent) felt that water measurement was
accurate and that the new structure provided an incentive to save water. The second
largest group (22.9 percent) felt that water measurement was not accurate but that the new
structure did provide an incentive to conserve water. This result is somewhat surprising
because one might expect that if water measurements were not accurate, then a
volumetric rate structure would not provide an incentive to save water.

Responses to questions about whether or not the new structure provided an incentive to
save water and the farmers perception of its effect on water cost were also cross tabulated
(Table 8.6). The results from these tests showed a statistically significant correlation.’
Twenty percent of the farmers believed that the new structure did provide an incentive to
save water but that it would also increase their water cost. An equal number also felt that
the new structure provided an incentive to conserve water but that it would not alter the
cost of water. The third largest group (18.6 percent) also felt that the new structure
provided an incentive to save water but that it would result in a reduction in their water
cost.

Essay Responses

Farmers were given the opportunity to respond to an open-ended question regarding the
LCRA. The response rate to this question was 53 percent. The most frequent comments
were in regard to the accuracy of water measurements and the operations of the LCRA.
Many farmers expressed an opinion that the LCRA is an inefficient bureaucracy.

Farmers cited water measurement as their biggest concern (Figure 8.11). Many farmers
remain unconvinced that LCRA can measure water and charge them on a volumetric
basis. The farmers’ main concern appears to be that fluctuating canal depths prevent the
flow of water through the delivery structures from remaining constant between
measurement. As one farmer states:

Without an actual gear driven counter, the volumetric rate structure will be
inaccurate. This is because the canal level fluctuates up and down, and at times
(up to 36-48 hours) no water is flowing through the water box, but the clock is
still ticking indicating how much water should be flowing through the opening in
the water box.

Of the farmers responding in this section of the survey, 30 percent commented about this
issue. Several of these respondents noted that they agreed with the theory of volumetric
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pricing but felt that in practice it would not be fair since the accuracy of the water
measurement was in question.

The second most commonly identified issue in the essay section was the feeling that the
LCRA was inefficient in its use and management of water. Many respondents expressed
an opinion that the LCRA was an inefficient bureaucracy, that it had become a self-
serving organization, and that it was not responsive to the farmers’ needs.

Farmers suggested that LCRA could save large amounts of water by improving its canal
system. (LCRA has implemented an ongoing capital improvement project for canal
rehabilitation since 1988.) This would include better maintenance of the levees as well as
removal of vegetation from the canals. Several farmers also suggested that, while on-
farm water use had decreased in recent years, LCRA had increased water prices. The
comments reflected a view that much of the inefficiency of water use had already been
removed, but farmers had not benefited financially from this savings; they are paying
more money for less water. The argument continued that now, when increases in
irrigation efficiency are harder to realize, the LCRA is implementing a volumetric rate
structure.

Several other farmers did remark in the essay section that volumetric pricing was a good
thing and should account for a larger portion of the total water bill. While they welcomed
the opportunity to save money by conserving water, they also argue that the cost-savings
will be insufficient to merit investment in capital-intensive water conservation
technologies such as underground pipelines and precision leveled fields. Some farmers
indicated that a greater incentive to save water would occur if the flat fee was reduced and
the volumetric fee increased.

Some farmers also expressed frustration over their perceived lack of input about issues on
the irrigation districts that affect them. Although questions regarding the effectiveness of
farmer meetings received a generally positive response (Figure 8.14), several farmers
remarked that they had been “taken out of the decision-making loop.” Generally, these
types of opinions were associated with the perception that LCRA has become a self-
serving bureaucracy that LCRA is not concerned about working with the farmers.
However, many farmers also made positive comments. The most frequent comment was
that the LCRA and the farmers need to work together more. The farmers noted that they
are not the only ones benefiting from rice farming, as they represent a large segment of
the economy in their areas and support many local businesses. The LCRA also derives
income from the farmers.

Conclusions

One finding of the survey is that only 42 percent of farmers are currently maintaining any
type of field records. Field records provide an economical means of improving water
management. The use of field records may also assist in changing farmer attitudes.
Keeping records of field conditions and problems aids in the solution of problems and
promotes a more systematic approach to the practice of farming. A more systematic
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approach may help many farmers improve their irrigation efficiency and become more
receptive to new technology.

Farmers indicated there is concern over the accuracy of the water measurements. Some
farmers responded positively to the idea of volumetric pricing but did not endorse the
program because of perceived inaccuracies in water measurement methods. Farmers
might be more willing to accept volumetric pricing if the LCRA can assuage concerns
with the issue of accuracy of irrigation water measurement. For example, if a third party,
selected by farmers on the irrigation districts, could take measurements independently at
several delivery structures, over an extended time period, farmers could observe the
correspondence between water use and measure watered use. Such an approach could
deal with the issue of measurement accuracy due to fluctuations in the depth water in the
canal between measurements.

Many farmers indicated that communication between the LCRA and farmers couid be
improved. Improving communications with farmers could help convince farmers that the
LCRA’s water measurements are accurate and the districts are interested in the farmers’
welfare.

Although many farmers expressed a generally positive attitude toward the LCRA, others
felt that their concerns were not being given enough weight. The farmers want to feel
that they are a part of the decision-making process. In light of the fact that a majority of
farmers indicated that farmer meetings were of value, LCRA should continue to hold
meetings regularly.

The excellent response rate to this survey indicates that the farmers appreciate the
opportunity to express their views. Future surveys could continue monitoring the
farmers’ water management practices and their opinions. The fact that this survey,
conducted by a third party, received an excellent response rate suggests that future
surveys also be conducted by third parties. This fact apparently convinced the farmers
that their opinions would be considered fairly.
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Notes

' Paul O. Erdos, Professional Mail Surveys (New York: McGraw-Hill Book Company, 1984).

? The number and percentage of farmers who did not respond to any question, along with all raw survey
data, can be found in the raw data presented in Appendix B.

? Pearson chi-square significance is 0.04.

* The term “technical” was not defined in the survey and may have been misunderstood.
* Pearson chi-square significance is equal to 0.01.

8 Pearson chi-square significance is 0.0001.

? Pearson chi-square significance is 0.0001.

§ Pearson chi-square is 0.0002.

® Pearson chi-square significance is 0.004.
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Table 8.1
Response Rate for Survey

District Response Rate Percent of Farmers
Gulf Coast 38/128 30
Lakeside 40/102 39
Total 79/230 35

Note: All tables and figures derived from LBJ Policy Research Project survey.
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Figure 8.1
Percentage of Farmers Who Grow Crops Other than Rice
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Source: LBJ School Policy Research Project survey.
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Figure 8.2
Size of Farms in Study Area
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Source: LBJ School Policy Research Project survey,
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Figure 8.3

Percentage of Land that is Owned by Farmer
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Source: LBJ School Policy Research Project survey.
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Figure 8.4
Legal Relation to Land Farmed but not Owned
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Source: LBJ School Policy Research Project survey.
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Figure 8.5
Farmers’ Reasons for Using a Holding Stream
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Figure 8.6
Farmers Using Specific Water Conservation Techniques
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Source: LBJ School Policy Research Project survey.
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Number of Acres Precision Leveled

Figure 8.7
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Source: LBJ School Policy Research Project survey.
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Figure 8.8

Farmers’ Evaluations: LCRA’s Response to Billing Questions
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Source: LBJ School Policy Research Project survey.
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Figure 8.9

Farmers’ Evaluations: LCRA’s Response to Water Conservation
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Source: LBJ School Policy Research Project survey.
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Figure 8.10
Farmer’s Evaluations: LCRA’s Response to Water Delivery Questions
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Source: LBJ School Policy Research Project survey.
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Farmers’ Evaluations: Accuracy of LCRA’s Water Deliveries

Figure 8.11
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Source: LBJ School Policy Research Project survey.
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Figure 8.12
Percentage of Farmers Invited to Farmer Meetings
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Source: LBJ School Policy Research Project survey.
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Figure 8.13
Farmers who Attended Meetings
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Source: LBJ School Policy Research Project survey.
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Figure 8.14
Farmers’ Evaluation: Usefulness of Farmer Meetings
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Source: LBJ School Policy Research Project survey.
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Figure 8.15
Percentage of Farmers Invited to Water Conservation Demonstration
Projects
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Source: LBJ School Policy Research Project survey.
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Figure 8.16
Farmers’ Evaluations: Value of Water Conservation Demonstration
Projects
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Source: LBJ School Policy Research Project survey.
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Figure 8.17
Farmers Offered Technical Information by the LCRA
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Source: LBJ School Policy Research Project survey.
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Figure 8.18
Farmers’ Opinions: When Should Water Supplies be Regulated?
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Source: LBJ School Policy Research Project survey.
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Table 8.2
Cross Tabulation: Farmers’ Attitudes Towards Regulation for
Groundwater by Surface Water

Surface Regulation Groundwater
Regulation
During When Demand
Always Drought > Supply Never Total

Always 0 (0%) 2 (2.9%) 2 (1.3%) 2 (1.3%) 6 (8.6%)
During Drought 2{2.9%) 9 (12.9%) 3(4.3%) 9{12.9%) 23 (32.9%)
When Demand > Supply | 2 (2.9%) | 2 (2.9%) 9 (12.9%) 12 (17.1%) | 25 (35.7%
Never 0(0%) 2(2.9%) 0 (0%) 14 (20%) 16 (22.9%
Total 4(5.7%) 15(21.4%) | 14 (20%) 37 (529%) | 70 (100%

Source: LBJ School Policy Research Project survey.
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Figure 8.19
Farmers’ Evaluations: LCRA’s Helpfulness to Farmers
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Source: LBJ School Policy Research Project survey.
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Figure 8.20
Farmers’ Evaluations: LCRA’s Attempts to Inform Farmers of New
Rate Structure
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Source: LBJ School Policy Research Project survey.
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Table 8.3

Cross Tabulation: Accuracy of Water Deliveries and Effect on Water
Bill of New Rate Structures

Accuracy of Deliveries Effect on Water Bill

Increase No Change Decrease Total
Very Accurate 1 (1.4%) 1(1.4%) 2(2.8%) 4 (5.6%)
Accurate 7 (9.9%) 19 (26.8%) 8(11.3%) 34 (47.9%)
Inaccurate 24 (33.8%) 4 (5.6%) 5 (7.0%) 33 (46.5%)
Total 32 (45.1%) 24 (33.8%) 15 (21.1%) 71 (100%)

Source: LBJ School Policy Research Project survey.
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Table 8.4

Cross Tabulation: Effect on Water Bill of New Structures and Fairness

of New Structure

Fairness of New Structure Effect on Water Bill

Increase No Change Decrease Total
Very Fair 1(1.5%) 1 (1.5%) 3 (4.4%) 5(7.4%)
Fair 9 (13.2%) 19 (27.9%) 11 (16.2%) 39 (57.4%)
Unfair 21 (30.9%) 2 (2.9%) 1(1.5%) 24 (35.3%)
Total 31 (45.6%) 22 (32.4%) 15 (22.1%) 71 (100%)

Source: LBJ School Policy Research Project survey.
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Figure 8.21
Farmer’s Opinions: Effect of New Rate Structure on Water Bill

B50%

45% -

40% -

35% -

30%

25% -
20% +
15% -
10% +

5% ~

0% -
Increase water costs No change in water Decrease water costs
costs

Response

Source: LBJ School Policy Research Project survey.
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Figure 8.22
Farmers’ Opinions: Fairness of New Rate Structure
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Source: LBJ School Policy Research Project survey.
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Table 8.5
Cross Tabulation: Accuracy of Water Deliveries and Fairness of New

Structure
Accuracy of Deliveries Fairness of Structure
Very Fair Fair Unfair Total
Very Accurate 2(2.9%) 2 (2.9%) 0 (0%) 4 (5.9%)
Accurate 2(2.9%) 24 (35.3%) 6 (8.8%) 32 (47.1%)
Inaccurate 1(1.5%) 13 (19.1%) 18 (26.5%) 32 (47.1%)
Total 5(74%) 39 (57.4%) 24 (35.3%) 68 (100%)

Source: LBJ School Policy Research Project survey.
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Figure 8.23
Farmers’ Opinion: Will new Rate Structure Provide Incentive to Save
Money?
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Source: LBJ School Policy Research Project survey.
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Table 8.6

Cross Tabulation: Effect on Water Bill of New Structure and “Does
New Structure Provide Incentive to Save Water?”

Effect on Biil Agree with Statement

Yes No Opinion No Total
Increase 14 (20%) 8(11.4%) 10 (14.3%) 32 (45.7%)
No Change 14 (20%) 6 (8.6%) 314.3%) 23 (32.9%)
Decrease 13 (18.6%) 0 (0%) 2 (2.9%) 15 (21.4%)
Total 41 (58.6%) 14 (20%) 15 (21.4%) 70 (100%)

Source: LBJ School Policy Research Project survey.
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- Appendix A
Pump Ratings at LCRA Irrigation District Pumping Stations

The following two tables provide information on recent pump ratings which were
conducted by the LCRA. Pump ratings reflect the volume of water (in gallons per
minute) that each unit is able to pump. Some pumps are used to divert water from the
river and some are used between canal segments to relift the water to higher elevations.
Because the pumps do not have variable speeds, the ability of the districts to vary the rate
at which they supply water through the canal systems is limited. The districts are further
limited by the possible combination of available pumps.

Table Al
Lakeside Water District

Plant Pump Rating (thousand
gallons per minute)
River Plant
Pump #1 79
Pump #2 74
Pump #3 73
Pump #4 67
Pump #5 24
Prairie Relift Plant
Pump #1 29
Pump #2 35
Pump #3 24
Lake Relift Plant
Pump #! 26
Pump #2 59
Pump #3 57
Pump #4 33
Groundwater Pumps
Pump #2 3
Pump #4 3
Pump #5 3
Pump #6 3
Pump #8 3

Source: Memorandum from Sean Maijala, Lower Colorado River Authority (LCRA), to Bruce Hicks,
Manager, Irrigation Operations, LCRA, July 26, 1991; Henry Bradford, District Superintendent, Gulf Coast
Irrigation District, LCRA, Bay City, Texas, interview by Martin Schultz, November 17, 1992,
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Table A2
Gulf Coast Water District

Plant Pump Rating (thousand
gallons per minute)

Lane City Plant

Pump #1 40

Pump #2 50

Pump #3 50

Pump #4 60

Pump #35 60

Office Plant

Pump #1 40

Pump #2 40

Plant #3

Pump #1 40

Pump #2 60

Pump #3 70

Pump #4 70

Source: Memorandum from Sean Maijala, Lower Colorado River Authority (LCRA), to Bruce Hicks,
Manager, Irrigation Operations, LCRA, July 26, 1991; Henry Bradford, District Superintendent, Gulf Coast
Irrigation District, LCRA, Bay City, Texas, interview by Martin Schuitz, November 17, 1992.
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Appendix B
Survey Instrument

The following pages contain the survey document used in this report.
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1. We wan! to stant by thanking you for your valuable parucipation in this survey. Section ! focuses on your field(s)

and farming practices.
Please do not
1. Which crops did you farm last year? (Please check all that apply) write in this
—Tice — maize e sOrghum — column
 Other (ploase specify) NN EE
—td
2. How many acres of each crop did you farm last year? (Please write in the appropriate ngmber)
—fict — a2t —_— cotton : S A
. Other (please specify) A A
3. Do you rotate crops?
J—yes (within same year) __yes(yeartoyesr) ___mo A .
4. Please estimaie the percentage of irrigation water you uee from murface and groundwater soarces.
% surface water % groundwater e
5. How many separate fields did you farm last yesr?
1 2 3 —_ 4 or more B A A A
6. How would you describe the soll types of your field(s)? (Please check ali that apply)
sity sand ____ sandyclay __nndydlylmm — loam A A
—siltloam ___ sndylam ___ clay —— fand A A A
7. Of the land you farmed last year, what percentage do you own?
t___ 0-20% —2140% —d1-60% - 61-80% —Bi-100% Y A S A
8. On:hehndyoutmnedMyoudololown m;ou
— leasing? —cmployed? —t
9. Do you employ any field hands?
|———yes (give number) —no A
10. Do you live next o the land you farm?
—Yes —n0 -
11. How many miles do you travel each day during the growing season to tend your fields
(average)?
010 - 1130 _ 3150 ——more than 50 S
12. Which of the following water conservation methods are you currenlly using?
(Picase check all that spply)
| — precision leveling — multiple delivery points B A B A
| improved jevees w shallow flood
___ underground pipelines —_ canal maintenance .
— Deld records —_ permanent levees
____ Oher (please specify)
13. How many acres of your farm land has been precision leveled?
- 050 50-100 —_100-200 —200-300 ___ more than 300 el e f
14. How many flushings did you rse last year?
1 2 3 more than 3 (please write in the number) A A
15. If you use a feeder stream to maintain the waler level an your field(s), please check the ressons
as they spply to your Situanion.
— Jead time on ordens is wo long e WALET T2Y BOX be delivered when ordered S A .
—— (oo litle time 1o check every field —— sed only during extreme heat waves A A .
—Onher (please specify)
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Lyou do not wish 1o answer 8 question in section II, please fes! free 10 skip it.

II. Section 1 covers personal characieristics. We would like 1o kmow this mformation to help us with our analysis. 1f

Please do not
16. What is your age? wrile in this
1 lestan30 ___3140 __ 4150 ___5160 __ morthan&0 column

P A A
17. In which irrigation district do you farm?
|— Gulfcoast __ Lakeside .
18. Are you a native of this area?
[—yes —no -t
19. How many years have you been farming in this district? . )
1__05 610 11-15 —1620 ___morethan 20 A A A
20. What is the highest level of education that you have completed?
_Sibgnade ___ highachool college —graduate school St
21. Is your formal education related 10 your success in farming?
| . very imporun: —_Telated . DOt TElted -t
22. How many persons are there in your househald?
| S | -2 -3 _ —_— - w—_more than 6 S A

. T A A

23. Which of the following comes closest 10 your total fsmily income?
| 0-510,000 — $10,000-520,000 — $20,000-530,000 A A
| —— $30,000-340,000 — $40,000-560,000 — over 360,000 _
10. Section 1L is the last section, It deals with your Interaction with the LCRA, your Opinions on waler
conservation, and the proposed raie structure. We reallv appreciate your time and effort

Please do not
24, Who do you most ofien contact at LCRA? write in this
‘ water boss — district manger — SecTetRry — SUpCcrviser column
| — Onher (pleass specify), A A
25. How do you mast often communicate with this person?
| by telephone during the working day —— by telephone in the evening S S -
| by coincidental meeting in the field by planned meeting St
|—Other (please specify) .
26. How frequently do you communicate with LCRA?
] moretanoncepermonth ____sboutonce permonth ____less than once per month A
27. Approximaly how many times did you order water from LCRA during last year's growing
season?
1st crop: 1 2 3 4 more than 5 P A O
2nd crop: 1 2 3 4 more than 5 -
28. Has LCRA invited you ©o any farmer meetings during the last two years? '
___yes S —te
29. Have you attended soy of these LCRA fxrmer meetings?
j—yes —_—T0 —t
30. If you atiended any fzrmer meetings, how nseful was the information you received from them?
| very useful - useful — ot useful A
31. Has LCRA informed you about its water conservation demonsiration projecss?
j—Yes —n —r—
32. If you have observed these demonstration projects, how would you sssess their valoe to you?
| very helpful — helpful e BOK helpful A
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33. Did LCRA offer you any technica! infonnazion last year?

|y —_ho
34. Do you ever experimen! with new or different farming sechniques?
oo yes —Be

35. How helpful are LCRA staff when you have questions sbout water deliveries?
| very belpful — helpful D0t helpiul

36. How belpful are LCRA staff when you have questions aboua water conservation techniques?
| verybelpful  ___ belpliul —— Dot helpful

37 Hwhelphﬂnmmmmhwquemmmmnmmbﬂp
{— very belpful o helpiul not belpful

3&. Bow would you rate the accuracy of LCRA's water deliveries?

39. How would you rate LCRA" smmpcnnfamymdmpopondvnlmcmm"
___va'yudnqum. adequate nadequate

40, hmmnmmennpmedvolunmnumm
| very fax fair cafalr

41. In your opinion, how will the proposed volumetric rate structure affect your bill?
— increase inwnercostis ___ no change in watercosts . decTease in waler cosis

— —r—

42. What is your position on this statement, “LCRA s proposed rate structure will provide
Incentives 10 SavVe waler™!

| agree e RO OpiniOn —_disagree

43. From which of these sources have you gotien most of your farming knowledge?
(Piease check all that apply)

‘,___plmumunves —_school

S - bade magarines
‘____m_cucuexpmence e LCRA

—_Other (please specify)

44, Of the sowrces you checked above in # 43, which one is most related o your farming success?
{Plzase check only one)

| ____parents/relgtives — hool
I other {xrmers —rade magazines
| _agnricultural extension service

— Onher (please specify)

e

45, When LCRA develops its water conservation policies, whose interests do they have in mind?
(Please check all cha: apply) -
—farmers’ inierests
sate government

—_LCRA's own interest
mmapnhues

—other (please specify)

46. In your opinion, which of these options should be most imporwant in the development of water
mmmmsfwne:hrm;" (Please check only one)
{____Isrmers’ interests — LCRA's gwn interest

municipalities

._aha'@lns specify) —

47, When should public anthorities have the right 10 regulate surface water use?
al the time e, Only when there are more demands than supply

. In perinds of extreme drought — DEVET

-t

-

e
-
S
—
wt/
A

S

Y
A

A A
-

ted S S
-,

e ]
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48. When should public authanties have the right 1o regulate groundwater use?
— all the time —— Only when there are more demands than supply et
{ __ in periods of exwreme drought —— mever ———

49. Do you believe that LCRA bhelps rice farmers?
[ very belpful  helpful — Bot belpful Y

$0. Please add your comments about any issues not sddressed in the questionnare.

Thank you for your cooperation. Please rewrn the questionnaire in the postage-paid envelope as soon as possibie.
If you would like 3 free of the results please fill om the enclosed e-peid and send it to us.
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Dear LCRA Customer,

As part of a graduate course at the LBJ School of Public Affairs at The University
of Texas, my students are conducting an evaluation of the LCRA's water
conservation program. An important part of this evaluation will be a survey. We
will be asking farmers who use LCRA water for irrigation about their opinions on
the LCRA and its water policies.

The survey should be arriving shortly. Please watch for it.
Thank you.

David J. Eaton

Beth Harris Jones Centennial
Professor in Natural
Resource Policy Studies




12

Dear LCRA Customer,

If you would like to receive a copy of the survey results, please check the
box below and retum this card with your name and address.

[] Yes, I'would like to be sent a copy of the survey reuslts.

Return address:




Appendix C
Survey Data

This appendix contains the raw data response for each question on the survey
administered to the rice farmers. Following each response is the number of farmers who
marked that particular response. To the right of this number is the percentage of total
responses represented by this number. The total of all percentages for each question may
not add up to 100. This may be due to any combination of two reasons. One reason is
the rounding of percentages. The second reason is that several questions contain multiple
responses. As an example of the latter, a question may ask a farmer to “check all answers
that apply.” In this case, the recorded data will indicate the percentage of farmers who
“checked” a particular respense, not a particular response’s percentage out of all possible
responses.

Surveys mailed 230
Surveys returned 79 (35%)

Surveys not returned 151 (65%)

Question 1 — “Which crops did you farm last year? (Please check all that apply)”

No response 0

Rice 79 (100.0%)
Maize 8 (10.1%)
Sorghum 9 (11.4%)
Cotton 9 (11.4%)
Other 13 (16.5%)

232



Question 2 — “How many acres of each crop did you farm last year?”

(Average acreage for those who farm each respective crop)

No response 1

Rice 554.3 acres
Maize 190.3 acres
Sorghum 557.8acres
Cotton 327.3 acres
Other 244.1 acres

(Average total acreage cultivated by each farmer for 1992)

Total 636.2 acres

Question 3 — “Do you rotate crops?”
No response 0

No 16 (20.3%)
Yes (within same year) 5§ (6.3%)

Yes (year to year) 58 (73.4%)

Question 4 — “Please estimate the percentage of irrigation water you use from
surface and groundwater sources.”
(Average responses)

No response 7
Surface Water 86.8%
Groundwater 41.6%
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Question 4 — “Please estimate the percentage of irrigation water you use from
surface and groundwater sources.”

No response 2

1 7 (9.1%)
2 Il (14.3%)
3 7 (9.1%)
4 11 (14.3%)
5 or more 41 (53.2%)
Average 3.9 fields

Question 6 — “How would you describe the soil types of your field(s)? (Please
check all that apply)”

No response 0

Silty Sand 3 (B.8%)
Sandy Clay 23 (29.1%)
Sandy Clay Loam 30 (38.0%)
Loam 1 (1.3%)

Silt Loam 6 (7.6%)
Sandy Loam 38 (48.1%)
Clay 17 (21.5%)
Sand 4 (5.1%)
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Question 7 — “Of the land you farmed last year, what percentage do you own?”

No response 1
0-20% 44 (56.4%)
21-40% 8 (10.3%)
41-60% 1 (1.3%)
61-80% 3 (3.8%)
81-100% 22 (28.2%)

Question 8 — ““On the land you farmed that you do not own, were you...”

No response 19

Leasing 51 (85%)
Employed 1 (1.7%)
Co-oping 8 (13.3%)

Question 9 — “Do you employ any field hands?”

No response 0

No 36 (45.6%)
1 23 (29.1%)
2 8 (10.1%)
3 5 (6.3%)
4 3 (3.8%)
5 1 (1.3%)
6 2 (2.5%)
7 0 (0.0%)
8 1 (1.3%)

235



Question 10 — “Do you live next to the land you farm?”

No response 1
No 60 (76.9%)
Yes 18 (23.1)

Question 11 — “How many miles do you travel each day during the growing season
to tend you fields? (Average)”’

No response 3

0-10 12 (15.8%)
11-30 24 (31.6%)
31-50 20 (26.3%)

More than 50 20 (26.3%)

Question 12 — “Which of the following water conservation methods are you

currently using? (Please check all that apply)”’

No response

Precision leveling
Improved levees
Underground pipelines
Field records

Multiple delivery points
Shallow flood

Canal Maintenance
Permanent levees

Other

3

57

17

33

56

51

57

14

33 (41.8%)

(72.2%)
(21.5%)
(41.8%)
(70.9%)
(64.6%)
(72.2%)
(17.7%)

(5.1%)
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Question 13 — “How many acres of your farm land has been precision leveled?”

No response 5

0-50 40 (54.1%)
51-100 5 (6.8%)
101-200 5 (6.8%)
201-300 7 (9.5%)
More than 300 17 (23.0%)

Question 14 — “How many flushings did you use last year?”

No response 7
0 24 (33.3%)
1 32 (44.4%)
2 11 (15.3%)
3 5 (6.9%)
More than 3 0

Question 15 — “If you use a feeder stream to maintain the water level on your
field(s), please check all reasons as they apply to your situation.”

No response 35 (44.3%)
Lead time on orders is too long 15 (19.0%)
Too little time to check every field 3 (3.8%)

Water may not be delivered when ordered 24 (30.4%)
Only during periods of extreme heat waves 14 (17.7%)
Other 13 (16.5%)

237



Question 16 — “What is your age?”

No response 1

Less than 30 6 (7.7%)
30-40 18 (23.1%)
41-50 22 (28.2%)
51-60 18 (23.1%)

More than 60 14 (17.9%)

Question 17 — “In which irrigation district do you farm?”

No response 1
Gulf Coast 38 (48.7%)
Lakeside 40 (51.3%)

Question 18- — “Are you a native of this area?”

No response 1
No 9 (11.5%)
Yes 69 (88.5%)

238



Question 19 — “How many years have you been farming in this district?”

No response
0-5

6-10

11-15

16-20

More than 20

Question 20 — “What is the highest level of education that you have completed?”

No response
8th grade
High school

College

Graduate school

Question 21 — “Is your formal education related to your success in farming?”’

No response
Very important
Related

Not related

2

7 (9.1%)
15 (19.5%)
9 (11.7%)

13 (16.9%)

33 (42.9%)

1
0
29 (37.2%)
41 (52.6%)
8§ (10.3%)

2
14 (18.2%)
42 (54.5%)

21 (27.3%)
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Question 22 — “How many persons are there in your household?”

No response 2

1 3 (3.9%)

2 23 (29.9%)
3 18 (23.4%)
4 20 (26.0%)
5 10 (13.0%)
6 3 (3.9%)
More than 6 0 (0.0
Average 3.2 people

Question 23 — “Which of the following comes closest to your total family income?”
No response 6

$0-$10,000 2 (2.7%)

$10,000-$20,000 6 (8.2%)

$20,000-$30,000 6 (8.2%)

$30,000-$40,000 14 (19.2%)

$40,000-$60,000 26 (35.6%)

Over $60,000 19 (26.0%)
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Question 24 — “Whom do you most often contact at the LCRA?”
No response 2
Water boss 69 (89.6%)

District manager 2 (2.6%)

Secretary 4 (5.2)
Supervisor 0 (0.0)
Other 2 (2.6)

Question 25 — “How do you most often communicate with this person?”

No response 1

By telephone during the working day 62 (79.5%)
By coincidental meeting in the field 8 (10.3%)
By telephone in the evening 1 (1.3%)
By planned meeting 3 (3.8%)
Other 4 (5.1%)

Question 26 — “How frequently do you communicate with this person?”

No response 3

More than once per month 60 (78.9%)
About once per month 4 (5.3%)
Less than once per month 12 (15.8%)

241




Question 27 — ‘““Approximately how many times did you order water from the

LCRA?”
1st Crop

No response
1

2

3

4

5 or more

Average

2nd Crop
No response
1

2

3

4

5 or more

Average

Question 28 — “Has the LCRA invited you to any farmer meetings?”

No response
No

Yes

1 (1.4%)
9 (12.9%)
6 (8.6%)
11 (15.7%)
43 (61.4%)

4.2 times

25

5 (9.3%)
15 (27.8%)
12 (22.2%)
7  (13.0%)
15 (27.8%)

3.3 times

2
2 (2.6%)
55 (97.4%)
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‘Question 29 — “Have you attended any of these meetings?”

No response 3
No 15 (19.7%)
Yes 61 (80.3%)

Question 30 — “If you attended any farmer meetings, how useful was the
information you received from them?”

No response 13

Very useful 10 (15.2%)
Useful 44 (66.7%)
Not useful 12 (18.2%)

Question 31 — “Has the LCRA informed you about its water conservation
demonstration projects?”

No response 3
No 9 (11.8%)
Yes 67 (88.2%)

Question 32 — “If you observed these demonstration projects, how would you assess
their value to you?”

No response 26

Very Helpful 5 (94%)
Helpful 35 (66.0%)
Not Helpful 13 (24.5%)
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Question 33 — “Did the LCRA offer you any technical information last year?”

No response 8
No 35 (49.3%)
Yes 36 (50.7%)

Question 34 — “Do you ever experiment with new or different farming
techniques?”

No response 6
No 16 (21.9%)
Yes 57 (78.1%)

Question 35 — “How helpful are the LCRA staff when you have questions about
water deliveries?”

No response 7

Very helpful 19 (26.4%)
Helpful 49 (68.1%)
Not helpful 4 (5.6%)

Question 36 — “How helpful are the LCRA staff when you have questions about
water conservation techniques?”

No response 12

Very helpful 12 (17.9%)
Helpful 48 (71.6%)
Not helpful 7 (10.4%)
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Question 37 — “How helpful are the LCRA staff when you have questions about
your irrigation bill?”

No response 8

Very helpful 25 (31.6%)
Helpful 44 (55.7%)
Not helpful 2 (2.5%)

Question 38 — “How would you rate the accuracy of the LCRA’s water deliveries?”

No response 7

Very accurate 4 (5.6%)
Accurate 35 (48.6%)
Inaccurate 33 (45.8%)

Question 39 — “How would you rate the LCRA’s attempts to inform you of its
proposed volumetric rate structure?”

No response 6

Very adequate 9 (12.3%)
Adequate 57 (78.1%)
Inadequate 7 (9.6%)

Question 40 — “In your opinion, the proposed volumetric rate structure is...”

No response 10

Very fair 5 (7.2%)
Fair 39 (56.5%)
Unfair 25 (36.2%)
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Question 41 — “In your opinion, how will the proposed volumetric rate structure
affect your bill?”

No response 8
Increase in water costs 32 (45.1%)
No change in water costs 24 (33.8%)

Decrease in water costs 15 (21.1%)

Question 42 — “What is your position on the statement, ‘the LCRA’s proposed rate
structure will provide incentives to save water’?”

No response 7

Agree 42 (58.3%)
No opinion 15 (20.8%)
Disagree 15 (20.8%)

Question 43 — “From which of these sources have you gotten most of your farming
knowledge? (Please check ail that apply)”

No response 4

Parents/relatives 51 (64.6)
Other farmers 62 (78.5)
Practice/experience 63 (79.7)

Agricultural extension service 41 (51.9)

School 11 (13.9)
Trade magazines 15 (19.0)
LCRA 5 (6.3)
Other 2 (2.9
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Question 44 — “Of the sources checked above in #43, which one is most related to
your farming success? (Please check only one)”

No response 7
Parents/relatives 25 (34.7%)
Other farmers 13 (18.1%)
Practice/experience 27 (37.5%)
Agricultural extension service 6 (8.3%)
School 0

Trade magazines 0

LCRA 0

Other 1 (1.3%)

Question 45 — “When the LCRA develops is water conservation policies, whose
interests do they have in mind? (Please check all that apply)”

No response 4
Farmer’s interest 29 (36.7%)
State Government 19 (24.1%)

LCRA’s own interest 49 (62.0%)
Municipalities 36 (45.6%)

Other 9 (11.4%)

247




Question 46 — “In you opinion, which of these options should be most important in
the development of water conservation programs for rice farming? (Please check
only one)”

No response 6
Farmer’s interest 67 (91.8%)
State Government 1 (1.4%)

LCRA’s own interest 1 (1.4%)
Municipalities 0

Other 4 (5.5%)

Question 47 — “When should public authorities have the right to regulate surface
water use?”

No response 7
Always 6 (8.3%)
In periods of extreme drought 24 (33.3%)

Only when more demands than supply 26 (36.1%)

Never 16 (22.2%)

Question 48 — “When should public authorities have the right to regulate
groundwater use?”

No response 6
Always 4 (5.5%)
In periods of extreme drought 15 (20.5%)

Only when there are more demands than supply 14 (19.2%)

Never 40 (54.8%)
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Question 49 — “Do you believe that the LCRA helps rice farmers?”’

No response 4

Very helpful 11 (14.7%)
Helpful 53 (70.7%)
Not helpful 11 (14.7%)

Question 50 — “Please add your comments about any issues not addressed in the
questionnaire.”

Written responses were given by 42 of the 79 respondents. Note that the symbols “----"
indicate writing on the survey form that could not be read.

Respondent 1:

LCRA wastes more water than any farmer ever thought about. They never patrol their
canals to look for leaks. They often leave canals leaking all season, resulting in pastures
being flooded and roads washed out. The volumetric billing is simply LCRA figuring a
way to make the farmers pay for their incompetence. The extra charge for purchase of
stored water is unfair. The farmer cannot pass extra and unexpected costs through to his
customer and LCRA should not either. There should be one price for water no matter
where it comes from.

Respondent 2:

(questions) # 40, 41, 42: Cannot express an opinion at this time because it has not been
in practice long enough or on enough fields to determine its efficiency.

Respondent 3:

How about the price of LCRA water compared to others in the state and other states?
One, in my opinion, to be higher than any other.

Respondent 4:

We have farmed rice for only one year, therefore, our answers are limited in value to you.
At arecent Rice Growers’ Seminar in Bay City, it was shown that we are the high cost
producers of rice in the nation. Water is a big part of that cost. This puts a premium on
LCRA to provide lower cost water to rice farmers or lose the customers.

Respondent 5:

I can pump groundwater cheaper than I can buy from LCRA.
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Respondent 6:

I think the LCRA needs to pay more attention to the quality of water being dumped into
the river by cities and towns up the river.

Respondent 7:

The metering system of measuring water flowing into fields is not accurate when pushing
water to high points. Canals are not checked for trash or ---- in them. Canals are not held
at regular levels.

Respondent 8:

I believe LCRA, like most other public utility companies, spends too much money on
new equipment. If farmers had new trucks, backhoes, tractors, etc., we wouldn’t be able
to afford them. I believe the average tractor in the U.S. is 19 years old. I wonder what
the average price of equipment of LCRA is. Also I believe we should have a lower flat
rate for water and a higher charge for the amount of water that we really use. This would
make farmers conserve more water.

Respondent 9:

Any regulations placed on water that is used by the agricultural community or farmers
would only lead to further regulations, to which my tax doilars, as well as other farmers,
would be used to fight these usually very unfair regulations.

Respondent 10:

I believe the metering of our water is needed and has been needed in the past. There are a
lot of people in Texas today and water will become a very important and costly
commodity. Hopefully we will be able to answer the challenge. The only way we will be
able to compete with cities for water is by using up to date methods of conserving water.
This will come with the implementation of volumetric metering of our usage of water.
Farmers must curtail the way they use in every way and every phase of the crop during
the year. But LCRA needs to make these efforts worthwhile to the farmer. Incentive is
going to have to play a big part in this project. This will have to come from LCRA.
Hopefully the process of metering will also improve in 1993 over 1992. Too much
difference from field to field in ‘92, Hope you can get something out of this. Thank you
for your efforts.

Respondent 11:

LCRA has done a very good job through the years. My biggest concemn is on the new
measuring system that we are going to be charged by in 1993. I think there has not been
enough studies done on the system for enough years to start charging us by this method,
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although it has been said there will be adjustments made if there is a large amount of
difference in the normal amount of water used. I just think this program needs a few
more years and different weather conditions in these years, such as a drought or two, to
come up with fair rates to both LCRA and the farmer.

Respondent 12:

Surface water belongs to everyone, but the people in the Colorado River Water Shed
should have priority. Here we share the concerns of floods, droughts, or any
environmental or industrial disaster that may occur on the River or Highland lakes. The
rice farmer pays for water used in the irrigation of their crops that support their families,
cities, counties, and businesses along the Colorado River. Without our water so goes the
rice farmer and everyone connected, including LCRA. I also feel that ground water
should be regarded as a mineral and should be handled in this manner. The land owner
should have some consideration in this, an important issue as well. I support a volumetric
metering concept for conservation and billing purposes, but I feel that inconsistencies in
canal levels, high rainfall amounts, debris in delivery points add to the problem with the
method and type of metering equipment available for an accurate delivery measurement,
plus or minus 10%, at this time. This is the only opposition I have, as well as many of
my cohorts. Higher irrigation cost is a fear shared by all farmers. The incentive for better
water conservation needs to be addressed further, the proposed Rate Tariff does not make
it feasible or profitable to invest in the enormous expense involved in precision land
leveling and or underground pipelines. Perhaps, lower per acre charges and higher
diversion charges, and/or discounts for precision leveled land, along with higher rice
prices could help enhance these incentives. We all need each other, to work together, to
achieve our goals, and make this program profitable for all of us.

Respondent 13:

Thank you for this opportunity to share my thoughts and feelings regarding LCRA and
the proposed water conservation program. As rice farmers dependent on water from the
Colorado River we realize that we are forced to deal with, yea - at the mercy of a
bureaucracy. A bureaucratic organization with little interest in irrigation. In my small
farming operation, water costs have increased 21.12% in three years. In a dry year this
could increase another 10% as projected by the LCRA stored water charge ($5.27 per
acre foot). At each meeting for farmers and the LCRA which I have attended some
farmer has asked “Are you attempting to shut down irrigation and put farmers out of
business?” Volumetric billing is sound, however three boards and a yardstick in a silted
lateral do not a meter make. Qur water costs go up - then there is an announcement that
“LCRA has frozen electric rates until the turn of the Century.” AND another — “LCRA
announces with pride the winning of $1.5 million in grants for Environmental Purposes”
including $414,000 in fact gathering and report preparation for the Colorado River under
Clean Rivers Act. Also $200,000 for solid waste management planning. Folks, what are
we dealing with here? Oh yes, BUREAUCRACY. A far better question - Would not
LCRA employees and customers all be far better served should these assets become part
of a well managed and for profit business? Again, thank you.
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Respondent 14:

LCRA is a state agency - it pays no taxes - generates 0 jobs in the private sector, but can
greatly effect jobs in the private sector by its decisions and policy making.

Respondent 15:

#48 - Water usage policy must be developed in a rational and objective atmosphere and
environment and not as a “knee jerk reaction”. The establishment of policy for water is
critical and should be openly debated.

Respondent 16:

The LCRA makes no attempt to listen to, or implement any of our ideas. Sure, they have
meetings down here but they are only to pacify us. It's obvious because of their attitude
and we see nothing coming back our way at all. We used to have local farmers on some
committee that went to Austin from time to time to voice our concerns and give
suggestions to help us and LCRA see things eye to eye but this committee has not met in
2 years. We as farmers have been taken out of the decision making loop. We just do and
pay as we are told with no input. Six or eight years ago we in Matagorda County were
using approximately 8 to 9 acre feet per acre (AFPA). This past year I think we used an
average of approximately 4.5 to 5 AFPA. We as farmers in the field are the ones for this
decrease in usage by our hard work and our willingness to be conservative for
environmental reasons. LCRA is getting and gladly taking all of the credit and in return
we farmers are getting to pay approx. 45% more in rates. Times as they are in the nice
farming business, it has become apparent that something has got to change for the better
or we will be out of business soon, real soon. We have got to all work together because
without us we take down lots of other businesses with us. This includes a lot of jobs
employed by LCRA.

Respondent 17

Person in charge of water, water boss: isn’t working with the farmer like he should, in the
last 3 year this is a little better than year ago. LCRA needs the rice farmer and rice
farmer need LCRA. Some of your personnel is hard to get along with.

Respondent 18:

No one with LCRA has ever actually watered rice. They do not understand a lot of the
many problems the farmer faces in his day to day watering process. This in turn costs the
farmer alot of time, money, and stress. There needs to be more understanding and
cooperation between the farmers’ everyday needs and LCRA’s employees handling the
water distribution.
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Respondent 19:
LCRA is becoming a self-servicing organization.
Respondent 20:

The only revenue that I can remember to pay for the dams was from the rice farmer for
many years. [ know it is going to cost more to meter and keep back then the small
amount of water saved. It will create new jobs and cost.

Respondent 21:

Without an actual gear driven counter, the volumetric rate structure will be inaccurate.
This is because the canal level fluctuates up and down, and at times (up to 36-48 hours)
no water is flowing through the water box, but the clock is still ticking indicating how
much water should be flowing through the opening in the water box. In other words - we
are being charged for the hole in the water box and nothing is passing through it but air.
Unfluctuating canal depths to maintain constant pressure is extremely important.

Respondent 22:

This is an estate (family) operation. We have a tenant farmer, therefore cannot answer all
the questions.

Respondent 23:

Thank you for giving us the opportunity to make comments on the LCRA. It is our
opinion that the LCRA is working for the good of all in their attempt at volumetric
metering, but there are many problems that must be worked out if it will be successful
and have the approval of farmers. Two problems that have already surfaced at Gulfcoast
are:

A. inaccuracies in measurement
B. lack of incentive in curtailment of usage

The LCRA staff has attempted over the last several years to obtain a better working
relationship with its customers. They have organized two different “‘Farmer Advisory
Groups”, the first met only once or twice. The second group was formed only shortly
before the first of the year. For the most part, members of the group feel that their
opinions and suggestions fall on deaf ears with the staff at Austin. The staff uses the
“Farmer Advisory Groups” to add to their recommendations to the LCRA board. Ata
recent board meeting in Austin the staff stated that over 50% of their irrigation customers
were in support of a rate change. This could not be farther from the truth. Nearly all
Texas rice farmers are feeling the effects of higher inputs and lower prices from the mills.
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Respondent 24:

I believe that the volumetric rate system will not be an accurate way to charge for water
use.

Respondent 25:

Re: Volumetric Rate Structure. The method of measurement is unfair. The system used
is accurate when the water level in the canal is constant. Unfortunately, the water level
fluctuates and therefore true water use is not fairly determined.

Respondent 26:

Out of the 650 ac. of rice, only 250 ac. on LCRA. The remainder of the rice and
soybeans are irrigated by a private irrigation well.

Respondent 27:

Questions #47 and #48 need one more choice - that being a water commission of equal
representation from each water user in the river basin. This is a nice questionnaire, but
what is its purpose? LCRA has a monopoly and our only choice is to pay their proposed
rate or do without the water, in other words, don’t grow a crop that depends upon the use
of irrigation water. LCRA could provide the same or better service to our area by cutting
overhead, staff, ---------- , etc.

Respondent 28:

The G&A cost factored into the water division of the LCRA continued to grow as the
LCRA Bureaucracy grows. This monster has grown exponentially since 1980 to date.
This growth has been by Management, Board of Directors, Legislated Mandates, etc.
The farmers and Water division of LCRA have taken a lot of flack from the Board and
Lake People because we are not a profit center with the huge G&A expense in our
budget. Which by the way continues to grow annuaily.

Respondent 29:

Your survey is not applicable in several ways to us as we are landowners who lease their
land for a share of crop and for cash. For crop share leases for rice, we provide land,
water and seed plus a portion of the other crop inputs, however the lessees provide the
labor and equipment. Also the land is owned and operated by partnerships of six people
so the personal questions are answered only by one partner, the managing partner.
W.R.T. LCRA meetings — they are generally on short notice and in conflict with other
important meeting and at a distance. (In fact it seems that LCRA schedules meetings in
conflict with some obvious events.)
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Respondent 30:

Some rice farmers have abused their water rights. They were inattentive to their watering
practices and did not care about using water conservatively - I appreciate the method that
if a farmer conserves and manages his water he will be billed accordingly.

Respondent 31:

LCRA is overstaffed and overpaid. Too much emphasis put on recreation. Environmental
input is great. Farmers will soon be priced out of business per acre ft. costs will soon
outgrow our income.

Respondent 32:

The volumetric measurement was inaccurate. I had two fields side by side. One read 1.5
feet difference. It will be very good to help conserve water when it is perfected. If the
water Boss would spend a little more time on the canal he could do a better job. They
don’t have the experience the older water bosses had.

Respondent 33:

Water is becoming a bigger farming issue every year. A farmer’s conservation practice is
becoming more important and mandatory. We cannot afford to experiment with too
radical a farming techniques so the information LCRA and extension services provide can
be very helpful.

Respondent 34

In my opinion LCRA needs a more accurate way to measure water discharged into fieids.
The way water is measured to date is not accurate enough to allow them to fairly charge
farmers for usage.

Respondent 35:

I have been farming rice since 1976. Water is absolutely necessary in growing rice.
Since ‘76 LCRA has more than doubled, in fact almost tripled, the rate they charge me
for water. Yet with practically no change in services - except for now a metering system
which in “theory” is great but in *“practice” is terribly inaccurate! Personally, I feel
LCRA is selling water to the highest bid which would be municipalities and leaving the
farmers hung out to dry because of the prohibitive cost of LCRA water. I think it’s
terrible and I can’t stop it and will merely become a victim of the system.

Respondent 36:

Four years ago rates were increased by 28% spread over a four year period at 7%/year
actually compounded to a 35% increase. At the same time water use by LCRA’s own
numbers have decreased in Gulf Coast from over 9 acre feet/acre to under 6 acre
feet/acre. Actually 5.25 acre feet/acre. Over 30% savings in water usage. We were also
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promised there would be no more rate increases for 4-5 years after this. Now to get
around a rate increase they come up with a new system of billing - volumetric rates -
which in most of the farmer’s opinion a very poor method of measurement. Wildly
fluctuates between fields. So you tell me - do you believe that LCRA helps rice farmers?
Sadly most of us feel that we will be paying 10-25% more within 2-3 years and the low
prices of rice will not sustain this increase.

Respondent 37:

As a rice producer I feel like the municipalities and recreational interests have tried to
take away water rights from the farmers. As a whole the farmers have cut way back on
the amount of water used in the last 10 years. But every year we pay more and more for
water. While the price we receive for our crop decreases every year. I sometimes feel
people are more concerned about the water level of the lake, that was built for irrigation
purposes, than the crops that produce food to feed them. I also feel that after studies have
been completed they will show water coming out of our rice fields are cleaner than the
water we are putting in the top of our fields.

Respondent 38:

LCRA does not spend enough time or energy conserving water within their system, i.e.,
main canals.

Respondent 39:

Best relations between water boss and farmer in my 50 years of farming. Note I own
$100,000.00 LCRA bonds. .

Respondent 40:

The accuracy of LCRA measurements of water concerns me greatly. They need an
independent measuring service consisting of farmers and LCRA employees that are
educated in the practice of measuring water so that this will be fair for everybody. Hand
held meters should be thrown away. This is not in my opinion an accurate way to
measure water, especially when you are farming on the end of the canal because of canal
level fluctuations. Accuracy above all is my main concern. Send me this survey a year
from now and I will be able to answer your questions more accurately.

Respondent 41:

Water rate is too high in comparison to the prices we receive on our rice.
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Respondent 42:

LCRA is a bureaucracy with too many folks trying to run other people’s business to
impress the folks above them. The water districts and their local management should be
left alone to do their jobs without Austin breathing down their necks. This survey just
seems to me to be another attempt by bureaucrats to look impressive. There is a point at
which information becomes futile. LCRA is not and will not every be one of the rice
farmers’ main sources of information. That is not and should not be LCRA’s
responsibility except where it pertains to water conservation.
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Appendix D
GIS Maps
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Figure D1
Lakeside Irrigation District - 1992
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Figure D2
Magnified View, Eagle Lake Area
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Figure D3
Lakeside 1992 First Crop Water Use, Small Fields
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Figure D4
Lakeside 1992 Second Crop Water Use, Small Fields
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Figure D5
Lakeside 1992 First Crop Water Use, Large Fields
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Figure D6
Lakeside 1992 Second Crop Water Use, Large Fields
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Appendix E
Administrator’s Comments
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ATTACHMENT 1
TEXAS WATER DEVELOPMENT BOARD
Attachment 1
Texas Water Development Board
Review Comments — Contract No. 92-483-330
University of Texas at Austin

Attachment 1
Texas Water Development Board
Review Comments — Contract No. 92-483-330
University of Texas at Austin

Report title “South Texas Rice Fields” should be more specific. Since the report
only addresses rice fields within LCRA's jurisdiction, not all of the South Texas rice
growing areas. Please consider changing the title to better portray the project's
scope, for example, “Rice Water Irrigation Conservation in LCRA Irrigation
Districts”.

2. The two volumes should be labeled clearly as: “Volume | of II” and “Volume Il of II”

3. Maps would be easier to interpret in color. Consideration should also be given to
enlarging maps using smaller icons so that they are not so congested with
information. Should review tables and figures for completeness and accuracy.

4. An Executive Summary should be included at the beginning of the report that
concisely describes what work was performed, who sponsored the project (LCRA),
why the work was needed and the findings of the report.

5. A reference on the report “Policy Research Project Participants” face sheet should
note Jobaid Kabir's affiliation with the LCRA.

6. Page xv, “Acknowledgements”; Mike Personett, Turner, Collie and Braden Inc.,
formerly an employee of the Texas Water Development Board and the Lower
Colorado River Authority. Please correct this reference.

Chapter 1

7. First sentence; please rewrite to read “In recent years, LCRA has owned and . . .”

8. Page 1, third paragraph; different years are chosen to represent the various
characteristics of water use and volume instead of a single set of, say 5 years. By
choosing different years for different statistics it makes it difficult to compare data.
Please standardize to 1992 data.

9. Page 1, fourth paragraph; first sentence, please change program to programs.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Page 2, fourth paragraph, last sentence “If the natural run-...” Please correct this
statement to reflect operating and water right practices more appropriately. In the
case of a drought, for example, LCRA will probably not release water downstream
to meet junior water right needs even though the river flow may be low.

Page three is missing from the report.

Page 6, second to last paragraph, last sentence: “In addition...” How did the
coordinators actually “measure” this quantity for each farmer? Please describe the
methodology that LCRA irrigation managers used to estimate or measure the water
used by “each farmer.”

Page 6, last paragraph, first sentence; Measuring water flows can be very
complicated depending upon the means of measurement. Explain why
measurements were straightforward. This conflicts with later statements on page 9,
paragraph two where “measurements” are actually described more like averages of
estimated flows. Again, how are these “measurements” taken?

Page 7, second to last paragraph, first paragraph; “In the Lakeside...” Refers
suddenly to the “Water Management Project’. The Water Management Project is
not described until page 10.

Page 9, second paragraph “Farmers ordered...” Explain terminclogy (e.g.
“undershot”) and describe ordering units in a clearer manner. If a box is equivalent
to 3,000 gpm then what constitutes one box (i.e. 3,000 gpm for how many
minutes)?

Page 9, it is not a “paradox” that an ordering unit does not arrive in strict adherence
to its title. “The farmer does, however, receive...” is vague. Please rewrite
sentence to provide more meaningful content within the report context.

Page 11, third paragraph; the report refers, intermittently, to various measurement
techniques as proposed or used. There is no reference to the actual number of the
“global flow meters” or whether each farmer had one assigned to them. Please
give numbers of meters used and cost of an example meter.

Figure 1.2 reflects number of acres irrigated since 1968. Text stated table was to
reflect 1960 as starting period.

Chapter 3

19.

Page 54, second paragraph, first sentence, recommend removing “the water” from
the sentence.

C:\WINDOWS\DESKTOP\memo.doc 2



Chapter 4

20. Page 68, first paragraph, first sentence states that environmental and economic
considerations make construction of new water supply projects “unlikely”.
Recommend changing “unlikely” to “more challenging”.

21. Page 70, “Summary of Results”. Suggest that section come after the “Methods”
section.

Farmer’s attitudes resulting from the legal and political changes along with other
behavioral variables do not appear to be addressed in Chapter 4.

Page 80, fourth paragraph, first sentence. “The parameter estimate for the acreage
variable [Beta], purifies the meaning of average water use per-acre on each district.
The use of “purifies” is questionable.

22. Page 84, second paragraph, second sentence: recommend changing “that”
determining to “in” determining, for grammatical correctness.

Page 84, second paragraph, fourth sentence, “This is an unexpected result”. That
water is used more efficiently as a field size increase should be expected. Also, the
paragraphs use of the term “water use” here is vague. Per acre? Total?

Chapter 5
23. Page 5, first paragraph, sixth sentence: recommend changing “included” to
“include.”

Chapter 6
24, Cost estimates ignore many associated costs such as project costs and piping.
Chapter 6 does not address third party impacts or costs.

25. Page 19, second paragraph, seventh line: recommend adding “be” between “flows
to” and “available”.

26. Page 23, third paragraph, second line: recommend changing “represented” to “
represent’

27. Page 27, paragraph 4, line 5, the phrase “when supply exceeds demand . .. “is
reversed. It should be “when demand exceeds supply.

28. The report is missing figures, entire pages, and has notes such as “Where did data

come from?” (see figure 6.5 ) and Vol. ll, page 66. The source(s) of all data should
be identified.
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29.

Chapter 6 does not adequately address subsidence problems or the issue of
increased use of surface water as pumping draws down water tables.
Socioeconomic feasibility analysis consisting of surveys and five paragraphs of text
seem inadequate.

Chapter 7

30.

31.

32.

33.

34.

35.

36.

Please include a conclusion section.

Page 59, line 6, and page 60, line 23: A reference is made to Figure 7.1 as
showing East Matagorda Bay. The figure shows Matagorda Bay and only a tiny
portion of the western tip of East Matagorda Bay. There is not enough of East
Matagorda Bay in the figure to aliow the reader to see several inlets that connect
the ICWW with the bay even though the figure is specifically referenced to show
that on page 60.

Page 61, line 8. There is a reference to zones 3 and 6 being at the "western end of
the bay.” In fact, they are at the eastern end of East Matagorda Bay.

Page 62, line 27. The paragraph ends with the statement “then [Greek letter alpha]
can be computed to be 0.025." How this constant is calculated is not clear unless
the reader understands that the preliminary value is merely 1 day divided by 39.37
inches per meter. An additional phrase to the sentence would clarify the
calculation.

Page 62, line 32: The next-to-last sentence on the page states "the sum of rainfall
intensity and runoff is proportional to precipitation measured at the East Matagorda
Il station." The previous sentence in the paragraph states "runoff has a linear
relationship to rainfall intensity." These sentences imply that the sum of rainfall
intensity and runoff, which is a linear function of rainfall intensity, are proportional to
rainfall intensity: (Intensity + (a +b * Intensity)) is proportional to Intensity. What is
the importance of this? Itis not clear why the sum of rainfall intensity and runoff as
a value is important. Some clarification of the importance of this statement is
needed.

Page 64, lines 3-4: The last sentence of the paragraph states "The definition of n
is identical to that in equation 7.2." Equation 7.2 does not have "n" init. Do the
authors mean equation 7.37

Page 65, lines 24-25: These lines are the descriptions of the columns of values in
Table 7.2. It is not clear what some of the columns of values mean. Some do not
appear to be discussed in the text and it is not clear what they show.
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37. Page 66, lines 17-18: The last sentence of the paragraph reads "the value of
[Greek letter gamma] decreased relative to its value in the model with precipitation
only." The entries for [Greek letter gamma] in Table 7.2 for precipitation had the
lowest (0.0765) and highest (0.1517) values in the table. It is unclear how this
conclusion was reached; it does not seem to agree with information in the table.

38. Page 67, lines 12-14: Suggest that the last sentence of the paragraph be deleted.
The greater relative importance of runoff versus river flow seems clearly
demonstrated in the analysis. It is not clear why this sentence is introduced.

39. Page 74: The draft copy of the report contained two copies of Page 74, Figure 7.6.
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Chapter 1
Summary of Results

Introduction

Property rights in surface water ensure that water is adequately distributed throughout a river
basin. In addition, the assignment of private property rights to common property resources can lead to
economic benefits by reducing investment risks. However, when water supplies become limiting and
water is inefficiently allocated among users there are suboptimal economic returns. Apgricultural
interests have had and continue to have preferential access to water supplies. In the process of
promoting agricultural development by the assignment of water rights, the state has failed to ensure that
agricultural interests develop water-saving technologies in response to water shortages. As a result, the
economic returns from limited supplies of water have not reached their potential.

This paper analyzes the allocation of water within the Lower Colorado River Basin and
measures the economic impact of water rights. This is accomplished by estimating the derived demand
for water on two rice irrigation districts that account for most water diversions. The demand for water
and the value of water in its assigned use are determined through farm budget analysis and linear
programming methods common in agricultural economics. The benefits of agricultural water use are
then assessed against the cost of obtaining alternative supplies of water within the river basin. Results
show an economic cost associated with the allocation of water.

The approach used to evaluate the allocation of water is to measure the benefits of water used
on the irrigation districts against what less-senior owners of water rights are willing to pay for water.
The reallocation of water for storage in the Highland Lakes is not considered itself to be a productive
use of run-of-river water that is not diverted by the irrigation districts. The economic rationale for
reduced downstream consumption of Highland Lakes water is that if water is reallocated from the
irrigation districts, and reduces the cost of stored water for less-senior water rights holders, the benefits
10 the basin could exceed the costs. Although there may be various environmental benefits associated
with reducing water diversions on the irrigation districts, the assumption is that these are satisfied by
existing institytional constraints.

If water is not a limiting resource, there is no need to allocate it among users and there are no
costs or subsidies associated with its vse. Once water is allocated by water rights, and market transfers
of water that would occur in a competitive market do not occur, the allocation of water becomes
inefficient. Market efficiency is defined as the condition in which water is freely traded among parties
so that the productive output of water is maximized. Inefficiencies arise when water rights and state
regulations obstruct price signals between buyers and sellers that indicate water might be more
productive in another use.

This paper considers whether economic principles could support a transfer of water, and not
how a transfer should take place. In the absence of market mechanisms, an efficient ransfer of
resources is still possible. Efficient transfers meet the conditions of Pareto efficiency. That is, a trade
occurs such that one party is better off, and the other party is at least no worse off. In the case that a
transfer of resources represents a tradeoff between the well being of two parties, there is yet another
indicator of whether or not that transfer is efficient. The Kaldor-Hicks standard of efficiency assesses
whether or not those who gain from the transfer could compensate those who lose from the transfer.

Diversions of water for irrigation account for the vast majority of conswmptive water diversions
from the lower Colorado River (Table 1.1). Agricultural water diversions, in particular those for rice
irrigation, dominate all other uses. Although agriculture is an important part of the regional economy,



the allocation of a substantial portion of the regional water resources to agriculture has a significant
burden cn the economy as whole. This allocation of water increases the cost of water to other users.
Others who seek to divert n-of-river water under their own water rights. but cannot do so. must
purchase relatively expensive stored water supplies from the Highland Lakes. An economic argument to
reallocate run-of-river water to other uses can be made if the value of water in irrigation is less than the
value of water in alternative uses.

Table 1.1
Water Consumption, Lower Colorado River, Texas, 1980 - 1989
(Acre-Feet)
Municipal Industrial Mining Irrigation Total

Year

1980 90.005 38,844 2,242 605,075 736,166
1981 84,935 24,070 2,123 573,732 684,860
1982 97.243 26,524 2,082 607,873 733,722
1983 91,874 49,710 1,571 410,779 553,934
1984 114,106 41,600 1,893 580,497 738,096
1985 116,248 82,381 2,035 447,677 648,348
1986 118,497 38,419 1,795 441,265 599,984
1987 114,101 26,362 1,576 432,590 574,637
1988 122,300 89,293 3,800 568,971 784,372
1989 138,527 105,816 2,519 488,415 735277

Source:  Texas Water Commission (TWC). 1993. “Reported Surface Water Use For Colorado River Basin, All Rights and
Claims,” Austin, Texas. (Computer Printout.)

Note: Does not include non-consumptive diversions for recreational uses, industrial uses, or hydro-electric power generation.
Irrigation water uses include agricultural and non-agricultural water diversions.

Chapter 2 presents a normative framework for evaluating the allocation of water in a river
basin. The results of this project are interpreted in terns of the economic efficiency critetia established
in that section of the paper. Economic efficiency is not and should not be the only basis for evaluating
the allocation of water. Social or non-economic policy goals may indicate that an uneconomical
allocarion of water is a legitimate or a preferred outcome. Chapter 2 also discusses the use of crop
production functions and farm budget analysis to estimate the marginal benefit of water in crop
production. In competitive markets, resources are allocated according to the value of their marginal
product.

It is not possible to determine the demand for water directly because no competitive market for
water exists. Derived demand is a method of estimating the value of water based on the demand for
farm outputs. One complication with this approach is that there is an artificial demand for farm output.
The market for rice is subsidized through Apgricultural Stabilization and Conservation Service (ASCS)
farm programs. Therefore, the demand for farm outputs is not an entirely accurate measure of the value
of farm outputs.

Chapter 3 systematizes information about the irrigation districts so that farm budget methods
and linear programming may be applied to estimate the value of water. Chapter 4 assesses the potential
for water conservation in rice irrigation. This is an application of data envelopment analysis to data



collected at sample farms during the Texas A&M University's Less Water-More Rice research project.
Chapter 5 follows with a description of the linear program and a discussion of model assumptions.
Model resuits are presented and interpreted in Chapter 6.

Research Results
Research results include:

»  a model for predicting district rice acreage in the upcoming season based on ASCS program
parameters;

+  a model for estimating reductions in per-acre on-farm water use in response to LCRA's
introduction of volumetric pricing;

*  an estimate of the crop-water production frontier;

e  derived demand functions for irrigation water.

Predicting district rice acreage in the upcoming season based on ASCS program parameters:

Chapter 3 presents a regression model for forecasting each districts’ rice acreage in the
upcoming season using information about ASCS program parameters. The model predicts rice acreage
on the basis of historical acreage levels, maximum planting rates, and advance deficiency payment rates.
ASCS program parameters for an upcoming crop scason are made public in January. Rice acreage and
crop prices affect estimates of the value of water. Using these acreage estimates in the linear
programmming model incorporates these factors into derived demand estimates and makes the model
mote suitable as a planning tool.

Formerly, LCRA required information on farmers planting intentions to forecast rice acreage.
This information is not available until just before planting begins in March. This regression model
lengthens LCRA's planning horizon by approximately three months because estimates are available
beginning in January.

Estimating reductions in per-acre on-farm water use in response to volumetric pricing:

Chapter 3 also discusses a model for estimating decreases in on-farm water use that resulted
from LCRA’s introduction of volumetric water pricing in the 1993 crop season. Results are interpreted
in terms of on-farm water savings during the first crop period in Chapter 3 and short-run elasticity
estitnates in Chapter 6.

Estimating the crop-water-production frontier:

Chapter 4 applies data envelopment analysis to estimate the production frontier for irrigation
water as an input in the production process. Data envelopment analysis (DEA) is a non-parametric
method of estimating a technically efficient level of input use. Model results could be used to establish
field-specific irrigation water standards, and to estimate the potential water savings associated with on-
farm water conservation programs. These results suggest more analysis is needed to develop a uniform
irrigation standard.

DEA results reveal a significant water savings potential associated with on-farm water
conservation that are distinct from efforts such as canal improvement and volumetric pricing. On-farm
water conservation programs emphasize the introduction of water-saving technologies in rice farming.
The potential water savings associated with an on-farm water conservation program during the first crop
period on Lakeside District is 24 percent of 1993 irrigation inflows during that period. Similarly, the
potential water savings is 51 percent of 1993 first crop irrigation inflows on Gulf Coast District.



Estimating and using derived demand functions for irrigation water:

Chapter 5 presents the linear program and discusses model assumptions. Chapter 6 presents
and interprets derived demand functions based on linear program and farm budget analysis results.
Derived demand functions may be interpreted to estimate the:

+ collective value of water delivered to the farm gate;

¢ short-run average value of water delivered to the farm gate;

¢ short-run average value of land during the crop season;

s marginal value of successive units of water on the districts;

¢ value of the subsidy to farmers associated with LCRA's irrigation district water right;

e cost to others associated LCRA's irrigation district water right;

¢ equilibrium price for water under an average cost per acre-foot pricing strategy;

e decrease in rice acreage resulting from implementation of an average cost pricing strategy.

Linear program results should be interpreted with a knowledge of the limits of the linear
programming model. In general, the linear programming method requires a rigid specification of
conditions on the irrigation districts and the results will be sensitive to year-to-year changes in these
conditions. For exampie, changes in crop price and farm acreage will affect estimates. On the other
hand, this model is easily updated to reflect changing conditions. This report presents a detailed review
these assumptions.

The collective value of water delivered to the farm gate:

The total value represents that portion of profit on the irrigation districts specifically associated
with farmer's access to irrigation water. It is a collective value of water based on agricultural markets,
alternative crops, farming costs, on-farm water use and water prices during the 1993 crop season. On
Lakeside Irrigation District, the collective value of on-farm water deliveries to 26,221 acres at an
effective price of $11.11 is approximately $4.133 million. On Gulf Coast Irrigation District, the value
of on-farm water deliveries to 25,371 acres at an effective price of $6.55 is $4.198 million. For reasons
discussed later in this report, these are modelled acreage values, not actual acreage values. Total values
will be sensitive to the acreage assumptions used in the linear program. As rice acreage and water
deliveries increase, so will the total value of water.

The value of water will decrease as the price of water increases. The effective price used in
making these estimates represents the expected price of one acre-foot of water on the district pius the
expected cost of stored water. The districts also charge farmers on a per-acre basis. To account for this
cost, payments made by farmers to the LCRA have been subtracted from estimates of the total value.

The short-run average value of water delivered to the farm gate

When the collective value of water is averaged over the volume of water delivered to farmers,
the result is an average value per acre-foot. Individual farmers might place more or less value on the
water they use depending upon their range of crop alternatives and their farming practices. Unlike
collective values described above, average values are not sensitive to acreage assumptions.

Estimates of the average value of water are short-run values. They represent the value of water
during the 1993 crop season only. Short-run estimates are based on variable costs of farming. Long-
run values are a function of the farmer's perception about the market for irrigated crops in the future,
and both the capital cost and the variable cost of farming. Economic theory suggests that long-nun
values are generally lower than short-run values. Estimates represent the value of water, not the value
of water rights. The rationale for this approach is those who use the water rights on these districts do
not own them and therefore have no right to sell them.



The short-run average value of one-acre foot of water represents the price that the average
farmer would be willing to sell his right to use one acre-foot of water if that farmer stopped raising
irrigated crops, switched to dryland farming where possible, and sold all of his water. Table 1.2
presents estimates of the short-run average value of water. The average value of water over the full
crop season (first and second crop periods combined) is $37.95 on Lakeside District and $32.80 on Gulf
Coast District.

In general, the value of water will be higher during the first crop period than the second crop
period because yields are higher. In 1993 the short-run value of one acre-foot of water delivered to
fields on Lakeside District was $61.44 during the first crop period, and $7.41 during the second crop
period. On Gulf Cost District, the average values are $41.47 and $13.15 for first and second crop

periods respectively.

The short-run average value of land during the crop season:

It has been suggested that transfer payments might be used to reduce rice acreage by paying
farmers to farm non-irrigated crops. Table 1.2 presents estimates of the value of one irrigated acre used
in rice production. This may be interpreted as the expected cost of paying the average farmer to raise a
non-irrigated crop during the 1993 crop season. For example, on Lakeside District, the average value of
one irrigated acre is $144.26. The average value of one second crop acre is $13.38. The total cost of
such a program, $1.22 million, can be estimated by multiplying first crop acreage by the value of
second crop acreage.

The marginal value of successive units of water on the districts:

This paper also estimates the margina] value of successive units of water on the irrigation
districts. Marginal values are more useful in allocating water between users, but are of little use without
comparable information on the marginal value of water in alternative uses. No estimates are presented
for instream values because reliable estimates of canal losses are unavailable. Because canal losses are
part of the cost of transferring water from the river to the farm gate, instream values would be lower.

The value of the subsidy to farmers associated with LCRA's irrigation district water right:

Estimates of the value of water developed in this paper suggest that the current allocation of
water in the Lower Colorado River Basin is inefficient. Model results show that the volume of water
mefficiently allocated is 49,929 acre-feet on Lakeside District and 42,122 acre-feet on Gulf Coast
District. This inefficiency may be characterized as a cost to those who must purchase alternative
supplies of water in the Highland Lakes, or as a benefit to those who have access to the water. The
approach used in this paper is to characterize the inefficiency as a benefit.

The benefit is an indirect subsidy. It arises from farmers’ access to water that would not be
available if water were allocated on the basis of economic efficiency criteria. The indirect subsidy to
farmers on Lakeside District is approximately $395,249. The indirect subsidy to farmers on Gulf Coast
District is approximately $561,895. Results of the model in Chapter 6 indicate that the value of the
indirect subsidy to farmers and the cost 2ssociated with the current allocation of water rights are a
function of second crop acreage. One assumption implicit in these estimates is that other users that
currently purchase water from the Highland Lakes would use all of the water the districts did not divert.

The cost to others associated LCRA''s irrigation district water right:

Although the benefit farmers receive is small, the cost to others who must obtain alternative
supplies of water may be much larger. The cost to others can be estimated as farmers’ cost of replacing
the volume of water that is inefficiently allocated with stored water from the Highland Lakes. Farmers
could not afford to do this, but if they did, the cost on Lakeside District would be $2,521,380 and the



cost on Gulf Coast District would be $2,127,208. Thus, the total cost associated with LCRA's
ownership of water rights on the irrigation districts in 1993 was approximately $4.65 million.

The equilibrium price for water under an average cosi per acre-foot pricing strategy:

Estimates of the value of water are followed by a review of the potential for average cost
pricing. Average cost pricing is the practice of pricing water so that LCRA's cost of operating and
maintaining the irrigation districts is fully recovered. Untl 1993, LCRA averaged its cost over acreage
and charged farmers only for the number of acres irrigated, not the volume of water used. Under that
system there was no cost associated with water and no incentive for farmers to reduce water use.

Economic theory suggests that if the marginal cost of water is high, farmers will use less water.
This concept is reflected in the price elasticity of water demand, the percent change in on-farm water
use relative to a percent change in price. Implementation of an average cost per acre-foot price requires
an understanding of how much less water farmers would use as the price increases. If not, there is a
risk LCRA would not recover its cost of supplying water. This report evaluates the elasticity estimates
implicit in the linear programming model. Assumptions used in developing the model may have
resulted in artificially low elasticity estimates. Relaxing these assumptions provides a maximum
elasticity value. Chapter 6 provides details of this aspect of the swdy.

Table 1.2
Short-Run Average Value of Water on LCRA Irrigation Districts in 1993

Lakeside Gulf Coast
Description District District
Average Value of Water:
(Value per acre-foot) Full Crop* $37.95 $32.80
First Crop 61.44 41.47
Second Crop 7.41 13.15
Average Value of Irrigated Land:
(Value per-acre) First Crop $144.26 $145.16
Second Crop 13.38 33.85

Source:  Calculated by the author based on data generated by the linear program using XA Software.

Note: Values based on 1993 agricultural markets, farming costs, and on-farm water use. (*) The average value during the full
crop period is the average value of water in the first and second crop periods combined.

The decrease in rice acreage resulting from implementation of an average cost pricing strategy:

Linear programming results show that average cost pricing would not substantially reduce first
crop acreage, and would have only a small effect on first crop water diversions. Under an average cost
pricing system, the price of one acre-foot of water on Lakeside Diswrict would be approximately $36.42.
First crop acreage would decrease 220 acres and all second crop acreage would go out of production.
Similarly, on Gulf Coast District the price of one acre-foot would be approximately $26.05. First crop
acreage would decrease 1,848 acres and all second crop acreage would go out of producton.



How These Results May be Used by Affected Agencies

Results contained in this report have many applications for the planning and management of
water tesources. Some of these have already been discussed. Results may be directly applied within
the Lower Colorado River Basin to:

»  evaluate water conservation benefits;

e  evaluate water conservation program alternatives;

. establish water conservation targets;

»  evaluate costs and benefits of water rights;

e  evaluate economic impacts of alternative dronght management policies;
*  establish volumetric water prices in accordance with state law.

This report demonstrates how results can be obtained using derived demand functions
developed in this paper. Any agency interested in pursuing an evaluation of water conservation benefits
on the LCRA districts may adapt the models accordingly. Cost and benefit estimates will be specific to
1993 unless the model is updated. However, exact estimates may not be as important as the magnitude
and sign of model results. For example, the exact estimate of costs associated with LCRA irrigation
district water rights within the basin will vary from year to year, but the magnitude of costs will not
likely change much. This demonstration of cost should be sufficient to evaluate policy options unless
specific decisions require more exact estimates.

Throughout this paper, there are discussions of the potential water savings associated with price
increases and on-farm water conservation. On-farm water savings might occur when farmers voluntarily
adjust technology and input ratios in response to volumetric pricing. Extension efforts can also educate
farmers and encourage them to adopt water-saving technologies. Regulations can produce water savings
by either prohibiting certain practices or requiring farmers to adopt specific technologies as a condition
of service. This report reveals substantial on-farm water savings that are yet un-tapped on the LCRA
districts.

Water conservation estimates are not additive. For example, it would not be reasonabie to
impitement an on-farm water conservation program and increase the variable price of water with the goal
of achieving the maximum potential savings associated with each of these programs individually.
Finally, all estimates are made under the assumption that there is no change in the conditions on which
the model is based. Despite this sensitivity of results, these models provide insights into irrigation
district water rights and tangible lessons for regional water policy that are not available elsewhere.

This report develops a methodology for addressing each of these tasks and demonstrates how
conclusions can be drawn from the linear programming models. The report also demonstrates how
management and policy alternatives may be evaluated using this information. The methods can be
applied in other areas of the state as well, but adjustments may be needed to accomodate differences in
the availability of data and local conditions. The emphasis this report places on clarification and
validation of model assumptions should be useful to any agency interested in applying linear
programming and farm budget analysis to specific problems.



Chapter 2
Methods Estimating the Value of Water

Economic theory provides a window through which to view and understand issues associated
with the allocation of water in a river basin. The assignment of water rights has caused an inefficient
distribution of water among users and a net economic cost in the river basin. The cost is increasing as
the demand for water increases due to population pressures and economic growth. The purpose of this
chapter is to present a normative theoretical framework for interpreting the effect of LCRA irrigation
district water rights on the economy in the Lower Colorado River Basin, and to present analytical
methods for evaluating that effect. This analysis also provides a tool for estimating the subsidy
associated with the allocation of water rights and for determining an appropriate price for water on the
LCRA irrigation districts.

Water has been the subject of much theoretical and applied research because its availability can
make or break a regional economy. Economic theory of perfectly competitive markets suggests the
most efficient allocation of water occurs when those willing to pay the most have access to water. If
economic efficiency is a goal, knowledge of waters value indicates how to distribute access to limited
water supplies. For example, this information could be used to determine the optimum placement of
water development projects. Knowledge of the value of water also provides information on how much
to charge those who use the water, and whether or not water development projects are cost effective.

The Value of Water in Competitive Markets
Consumptive uses of water are often allocated according to the category of use. Typical

categories include municipal, commercial, industrial, agricultural, and environmental uses. With the
exception of environmental uses, the value of water is equal to the consumer’s willingness to pay. In
municipal uses, water is an end product from which consumers derive direct utility. The value of a unit
of water in municipal uses is equal to the utility consumers derive from the use of that unit of water. In
commercial, industrial and agricultural uses, water is a factor in the production process. The value of a
unit of water is equal to the marginal contribution of that unit of water in production. The value of
water in environmental uses is more difficult to evaluate, although several methods exist (Gibbons,
1986). For the purposes of this paper, water allocated to environmental uses is considered unavailable.
This is consistent with previous studies which focus only on the portion of water which regulations
allow to be allocated among users (Yaron, 1967; Gisser, 1970).

If water is a2 commodity, the value of water is equal to the consumers willingness to pay, and
each consumer is willing to pay more for the first unit of water than for additional units. This pattern
of diminishing marginal value of water exists in all categories of water use. A marginal value product
curve describes the change in consumers willingness to pay for water. Figure 2.1 provides an example
of what hypothetical marginal value product curves might look like in a typical river basin. Any point
along the line of the curve represents the maximum amount that any user in that category would be
willing to pay for that water. Figure 2.1 also displays an aggregate marginal value product curve. This
is the horizontal sum of all three category-specific curves. For example, if the marginal value of water
is MV2, and if Q2 units of water are available, municipal users will value Q1 units of water more
highly than industrial usess. Industrial users will value Q2 - Q1 units of water more highly than the
remaining municipal users. Therefore, municipal users will get Q1 units of water, and industrial users
will get Q2 - Q! units of water. Agricultural users do not value water at a level above MV3, and
therefore receive no water. In a competitive market, these curves relate directly to the value of any one
unit of water.

Figure 2.1 describes how water might be allocated in a competitive market. Other investigators
have documented that municipal users place the highest value on the first few units of water (Gibbons,
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1986). One reason may be that water is a life requisite, no other activities are possible without it.
Agricultural users of water place the lowest value on their first few units of water. The reason is that
the economic returns from water are lower in agriculture than in commercial and industrial uses (Kelso
et al., 1973). Figure 2.2 displays the agpregate demand curve for water in the same hypothetcal river
basin. P1, P2, and P3 are possible prices of water. Given a price of P1. industrial and agticultural
users would not purchase water because the marginal value product of water in those uses is less than
its value in domestic use. Similarly, at price P2, some industrial and most agricultural users would sull
not purchase water. At price P3, most possible uses are satisfied.

In a perfect market, the equilibrium price is a function of the availability of water and the cost
of supplying that water 10 users. Price will equal the marginal value product of the last unit of water
used in each category. The value of water is given by the area above the price line and below the
demand curve.

Figure 2.2 shows that if water price in a competitive market is equal to P2, then the value of
Q2 - QI units of water is equal to the shaded area beneath the demand curve and above the price line.
Another perspective can reveal the value of water in a particular use. If water price is P3, and the
maximum volume of water available to all users of water is Q3, then the value of water in agricultural
uses is equal to the crosshatched area beneath the demand curve and above the price line.

If the price of water rises due to competition among users during 2 water shortage, marginal
users would be the first to loose access to water. In their study of the economic impact of water
shortage in Arizona, Kelso et al. (1973) found that marginal users in the agricultural category were most
critical because, in relation to other users, the volume of water they use is large and the marginal
productivity of water is low. In many cases, it is possible to focus an analysis of regional water
demand exclusively on this marginal user group because a reallocation of water among users will occur
in this portion of the demand curve.

A normative demand function reveals problems associated with the allocation and management
of surface water in practice. Price serves as a mechanism for allocating resources to their highest
valued use. When surface water is allocated among end users through non-market mechanisms, the
allocation is potentially inefficient. When water rights specify the use, the point of diversion, the
location of use, and the priority of right, they create a barrier through which price signals cannot wavel.
As long as sufficient quantities of water are available to satisfy all water rights, no inefficiency exists.

There is a cost associated with any inefficient allocation of water. This may be characterized
as either a subsidy to those who use the water in ways that are less productive than the market value of
the water, or a cost to others who would have used the water but were deprived of that use. The value
of a subsidy is equal to the difference between the price of water in a perfect market, and the
productivity of that unit of water. The cost is equal to the difference between the water price and either
the potential productivity of a umit of water, or the cost of obtaining altemnative supplies of water.

There can be only one efficient price for a certain quantity of water. This price is equal to the
marginal value of the last available unit of that water in any category of use. If some users are granted
access to water at an artificially low price, they receive an indirect subsidy. Figure 2.3 shows how to
evaluate this subsidy. The demand function for water in agriculture has a positive slope rather than a
negative slope. This is accomplished by expressing the quantity of nn-of-river water available to group
2 as a function of the quantity of water available in the river basin that is not allocated to group 1.
Suppose the maximum quantity of run-of-river water available 1o those that own water rights is Qmax.
If all run-of-river water is available, Qmax = (Q1 + Q2), and Q2 = (Qmax - Ql). The variables Q1
and Q2 represent the volume of water allocated to group 1 and group 2 respectively.



Maximum willingness to pay is a function of the quantity of water available. Suppose that
group 1 consists of municipal, commercial, and industrial users of water. Their maximum willingness
to pay is P = f(Qmax - Q2) = f(Q1). Group 2 consists of agricultural interests. Their maximum
willingness to pay is P = f(Qmax - Q1) = f(Q2). At the price P*, water will be allocated so that
group 1 receives Q* units of water and group 2 receives (Qmax - Q*) units of water. P* is the
efficient price at which the two groups’ maximum willingness to pay is equal. The maximum price each
group is willing to pay is a function of both the amount of water available and competing demands.

The price P* is the market clearing price for water. At this price, all water in the river basin is
allocated to its most highly valued use. However, if agricultural interests have preferential access to
water at some below market price, there will be an inefficient allocation of water. The degree of
inefficiency will be a function of the marginal cost of diverting that water for irrigation, Pa.
Agricultural interests will demand (Qmax - Q1) units of water, and their maximum willingness to pay,
Pa, will equal the cost of diverting water. The result is a net loss to the economy in the river basin,
and an indirect subsidy to agricultural interests.

The economic cost is given by the shaded area D that is associated with the lost productivity of
water. The indirect subsidy to agriculture is given by the sum of the shaded areas A and B. The
shaded area A is associated with the benefit of access to an additional (Q* - Q1) units of water that
would have been allocated to others in a competitive water market. The shaded area B is the benefit to
farmers associated with paying less than the competitive market price for water that would have been
used for agricultural purposes anyway.

Inefficiencies can still occur if both groups of users pay only their individual costs of diverting
water. For example, if group 2 has a senior water right that allows it to divert water first, and the cost
of diverting water is Pa, then the group will divert (Qmax - Q1) units of water. Water users in group 1
will use the remaining Q1 units of water and the preceding evaluation of inefficiencies is still valid. If
group 1 has access to stored water supplies at a price above P*, it can be shown that stored water
supplies mitigate the inefficiency represented by area D that is associated with group 2's preferential
access to water. However, if the cost of the stored water is above the market clearing price P*, there
will still be a net loss to the economy in the river basin.

Figure 2.4 displays the demand curve for on-farm wrrigation water on a hypothetical irrigation
district where farmers have no individual water rights. Suppose this public irrigation district possesses a
senior water right within a river basin where river flows are limiting. Also suppose that this irrigation
district determines its price on a cost of service basis. P3 is the unit price of water, and Q3 is the
quantity of water farmers currently use. P2 represents the hipghest price farmers would be willing o pay
for an additional unit of water at Q2. It is the price they would be willing to pay if they adopted
irrigation technologies that increased the value of water in response to local water shortages. For
example, if water were distributed among farmers on the irrigation district on the basis of their
willingness to pay, rather than the cost of service, farmers would adopt technologies and find substitutes
in response to the localized scarcity of water. The point Pl is the highest price that municipal and
industrial water consumers would be willing to pay the irrigation district not to divert water under its
water rights, therefore making Q1 umits of water available for themselves.

When the allocation of water encourages technological inefficiency, the subsidy to irrigators can
be divided into two parts. Shaded areas in the Cartesian plane reflect key values of subsidies associated
with irrigation district water rights. The sum of shaded area represents the total indirect subsidy to
farmers as a result of the current system of water rights and district pricing strategies. The gray shaded
portion of the subsidy is due specifically to district ownership of water rights. The crosshatched portion
of the subsidy is due specifically to a price for water which is less than the maximum willingness to pay
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if the quantity of water available were restricted to Q2. As water becomes increasingly scarce this area
increases and the total value of the subsidy increases. Similarly, if the price of water on the irrigation
district decreases, the area within the crosshatched portion of the subsidy increases; therefore, the value
of the subsidy to farmers increases.

Economic Inefficiencies Related to Water Markets in Practice

In practice, the State of Texas does not allocate water rights and water development projects on
the basis of economic criteria. With certain exceptions, the state allocates water administratively on a
first-come, first-serve basis. To understand how this allocation can be economically inefficient, it is first
necessary to understand how the state manages its water resources.

In Texas, water is a commodity. Water rights and water itself may be bought and sold. Water
rights allow an owner to divert surface water from a stream, subject to limitations on the volume, the
rate of diversion, the purpose, and the location of use. For that individual, the cost of a unit of water is
the cost of delivering it to the point of use. Those who do not own water rights must purchase their
water from those who own water rights. For these individuals, the cost of a unit of water is the rental
rate of that portion of the water right, plus the cost of delivering it to the point of use. In Texas, the
Texas Natural Resource Conservation Commission ({TNRCC) administers water rights, and menitors the
transfer of water rights between individuals. Because the wransfer of water rights can have negative
impacts on other water rights owners, the TNRCC must approve all market transfers (Griffin and Boadu,
1992).

Access to water under a water right is restricted by the prior appropriation doctrine. This
doctrine states that owners of water rights may divert water only if the needs all other water rights
owners with a more senior (earlier) priority date have been satisfied. The priority date is the date on
which the state granted those water rights. When water is scarce, those users who would apply water to
more highly valued uses might be required to defer to those applying water to less valued uses, if the
latter user has an earlier priority date.

As a rule of thumb, the State of Texas grants water rights when the flow of water at the point
of diversion is sufficient to supply the applicant with at least 75 percent of the volume he requests at
least 75 percent of the time (Evans, Interview, January 20, 1994). It follows that if the state has
allocated all of the water rights within a river basin, 25 percent of those who own water rights will not
have access to water 25 percent of the time. During drought periods, when river flows are lower than
normal, those with less-senior water rights will have even less access to surface water. Storage facilities
can help alleviate this problem by making water available when it is needed. However, water rights do
not typically extend to stored water supplies, and water rights owners must purchase stored water just
like those users without water rights.

It is important to distinguish between water rights and water itself. A water right is a capital
good that puarantees access to water when it is available. Because in theory a water right is valid in
perpetuity, it may be valued in either the short or the long run. When the use of water diverted under
those rights is specified, it is possible to calculate and compare the long-run value of water rights in a
river basin. However, water rights are not a substitute for water in municipal, industrial, or agricultural
uses. When the value of water in environmental uses is excluded from the analysis, water that is not
diverted from the stteam has no value. Unless a unit of water is stored for future use, its value is a
short-nm value because any unit of water is only available temporarily as it flows downstream.
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Figure 2.2
Hypothetical Demand Curve for Water
in a Typical River Basin

Figure 2.1
Hypothetical Marginal Value Product Curves
in a Typical River Basin
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Figure 2.3
Value of a Subsidy in an Efficient Water Market
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Figure 2.4
Hypothetical Demand Curve for Water on a Public Irrigation District
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Methods of Estimating the Value of Water
Gibbons {1986) provides a good summary of techniques for determining the value of water and

water demand in municipal, industrial, agricultural, and environmental settings. This discussion will
focus on methods of determining the value of water in agricultural uses, and deriving water demand
functions from nop-markst sources.

There are two methods of deriving the demand for irrigation water from non-market sources.
Crop-water production functions measure the contribution of water to agricultural production. Farm
budget analysis measures the farmers willingness to pay for water. Table 2.1 provides a brief outline of
the advantages and disadvantapes of each method. Estimates of the value of water may be either
average or marginal values, and may be estimated in the short-run or the long-nm. In general, those
studies which resort to the use of the average value of water do so in response to a lack of information.
Marginal values provide more information on how best to allocate water among users. The decision
whether or not to calculate short- or long-run values of water is slightly more complex. In the context
of a farmer’s irrigation and planting decision, short-run values provide a more meaningful measure of
the value of water in any one crop year. When making long-term decisions about how to allocate water
rights among municipal, industrial, and agricultural uses in the future, or where to construct reservoirs
and pipelines, long-run values are more meaningful.

Demand curves appear to provide a simple mechanism for determining the quantity of water
farmers in an irrigation area would use at any particular water price. In planning water projects, public
agencies and private suppliers of irrigation water can ensure that water sales will cover project costs.
Private water suppliers can adjust their prices to maximize profits and state agencies charged with
funding irrigation projects can allocate their funds more efficiently if they know the relationship between
inter-regional water values.

Several caveats accompany the conceptual simplicity of these models. There is rarely good
information on how consumers respond to different water prices because competitive markets for water
are uncommon. In the context of agricultural production, water is an intermediate good. As such, its
value may only be derived in terms of its marginal value product which is a function of the crop price
(Young and Gray, 1982, p.1820). Whether or not the estimated value of water is derived through a crop
production function or through farm budget analysis, the value of water and the elasticity of demand
will change in response to changing crop prices.

Farmers subjective estimates of what crop prices will be in the future will usually differ from
those specified in the model. In addition, farmers will differ in their decisions about what proportion of
inputs to use in production, and each farmer will achieve different levels of production. These factors
will result in deviations from the projected demand in any one crop season (Flinn, 1969, p.140).
Projections of the demand for water are also susceptible to changes in technology, environmental
conditions, and institutional factors. These changes will result in year to year deviations from the
projected demand.

Within a given season, the demand for irrigation water may be nearly inelastic because farmers
have already made their planting decisions. In the face of increasing water prices, farmers will be
reluctant to make large adjustments in irrigation intensity or abandon their crops. Therefore, demand
models based on crop production functions or farm budgets may be more useful in predicting the effect
of changes in the price of water on short-run planting decisions, or on changes in the year-to-year
demand for water.
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Table 2.1

Methods of Estimating Derived Demand: Advantages and Disadvantages

Model

Advantage

Disadvantage

Production Functions

Quadratic specification

Models the relationship between water input
and yield as determined in experimental
fields,

Requires experimental or field data on water
inputs and crop yields.

Regression line underestimates the production
frontier.

Underestimates the elasticity of water demand
when crop altematives are present.

Product method Models the relationship between water inpat Requires experimental or field data on water
and yield as determined in experimentai inputs and crop yields.
fields.
Underestimates the elasticity of water demand
Incorporates additional information on the when crop altematives are present.
sensitivity of yields to the timing of
irrigation.
Cobb-Douglas Gives the partial elasticity of output with Form is inconsistent with the negative marginal
specification respect to farm inputs directly and allows product of water observed at high irrigation
calculation of the retumns to scale. intensities in experimental settings.
May be applied to data on either physical Underestimates the elasticity of water demand
farm inputs or on farm production costs. when crop altematives are present.
May be applied to individual fields, Regression line underestimates the production
individual farms, or to farming regions. frontier.
Farm Budget Analysis

Static budget valuation

Computationally simpie method of estimating
the average value of water.

The crop water requirement is fixed in the farm
budget.

Provides only a static average value.

Linear programming

Provides a means of estimating either average
or marginal values of water.

Crop water requirements and water prices
need not be fixed in the budget.

Incorporates information about crop
altematives, risk, and farmer's reactions to
chanping farm input or output prices.

Requires detailed knowledge about the imgation
area.

Provides marginal values of water on individual
farms, but not by crop type if there is more than
one irrigated crop on the farm.
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There are several examples of attempts to estimate the long-run value of water using derived
demand curves (Gisser, 1970; Shumway, 1973; Kulshreshtha and Tewari, 1991). However, there is not
much conceptual support for concluding that a static derived demand curve based on a rigid input-output
model can adequately capture future changes in technology, input prices, crop prices, environmental
conditions, or institutional factors. The fact that many farmers actually make their planting decisions on
the basis of anticipated crop prices provides an additional argument for interpredng these models on a
short-run basis.

The most reliable interpretation is in the short-run, during which all conditions are relatively
predictable. However, even in the short-run, derived demand models may not be useful in predicting
farmers immediate reactions to abrupt changes in the price of water or abrupt changes in crop price. In
any one year, farmers subjective estimates and farming decisions may be different from those specified
in the model. In recognition of this problem, Moore and Hedges (1963, p.131) conclude that, over a
longer time span, farmers will adjust to what they should do according to a short-run model as long as
the model parameters remain constant. Lacewell and Condra (1976, p.16) came to the same conclusion
in their work on the Texas High Plains.

Estimates of the demand for water are location specific. Environmental conditions vary
between sites and farmers have different crop aliernatives. As a result, farmers’ planting decisions and
crop production levels will vary, even within a small geographic boundary. Choosing the size of the
area under analysis is perhaps more important when using farm budget methods than crop production
functions. In general, farm budget methods include assumptions about a larger number of variables, and
attempt to model the behavior of farmers on individual farms. Crop production functions only reflect
the biological demand for water in relation to crop productivity.

Crop Water Production Functions

Both marginal and average values of water may be measured in terms of water’s contribution to
crop production. Because these functions are not related to the economics of production, but to the
physical demands of the plant, they may not be defined in terms of the short- or the long-nin (Gibbons,
1986, p.28). In dryland farming, plants depend on soil moisture and rainfall to meet their
evapotranspiration requirements. When these two factors are limiting, the plant suffers from water
stress which in turn reduces crop production. Irrigation can boosts production by satiating this demand.
For many years, agricultural scientists assumed that each plant’s water requirement was fixed (Flinn,
1969, p.128). But small amounts of water stress may have only a negligible impact on yields, and at
near optimum levels of irrigation, the demand for water may be near perfectly elastic. As the supply of
water decreases, the demand for water becomes increasingly inelastic.

Production functions can assist the farmer in achieving both economic efficiency and irrigation
efficiency, but efficiency is a complex variable that consists of several economic and technical factors.
Moreover, statistically derived production functions and most derived demand functicns do not
adequately account for these factors. Therefore, the results have limited usefulness in terms of
improving the on-farm irrigation efficiency on either a technical or an economic basis.

When estimating the crop water production frontier from sample farms, the implicit assumption
is that farmers operate on the production frontier, and that farmers are acting rationally (maximizing
profits) with complete information. However, most farms are inefficient and therefore do not operate on
the production frontier (McGuckin et al., 1992). Figure 2.5 shows a production frontier and describes
each of these inefficiencies. A farm is technically inefficient if the combination of inputs does not
achieve the appropriate production level on the frontier.
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In Figure 2.5, farm A is both technically inefficient and price inefficient. However, given a
technical inefficiency constraint, farm A can still maximize its profits if it meets price efficiency criteria.
The farmer must adjust his use of water so that the marginal product of water equals a ratio of water
prices to other input prices. He must also produce at a marginal cost that is equal to the crop price.
These conditions are referred to as allocative efficiency and scale efficiency respectively. In Figure 2.5,
farm B is price efficient, but remains technically inefficient. Farm C is technically efficient because its
yields are precisely on the production frontier, but it is economically inefficient. Farm D is both
technically and economically efficient.

According to this analysis, the optimum use of water is not the volume of water that maximizes
yield, but rather the volume of water that produces a marginal benefit equal to the marginal cost of
supplying that water. For the purposes of modelling irrigation water demand, most researchers assume
that farmers internalize this condition as a constraint in making their irrigation water management
decisions.

Experimental evidence has been used to argue that, within a region, the slope of the crop-water
production function is constant across experimental fields with different levels of soil fertility, and
across years with different environmental conditions, including weather and pest infestation. Within a
region, quadratic production functions will vary in their elevation on the y-axis (crop production), but
not in the slope of the parameter estimates (Yaron, 1967). This stable parameter simplification allows
farmers to optimize production if they know how much water is needed, and use the appropriate
combination of farm inputs. Given an optimwn volume of water, producton actoss farms will still vary
as a result of differences in the input mix.

Marginal values of successive units of water plotted against volume is a demand curve for
water. However, deriving the demand function from the production function directly assumes that
farmers have no crop alternadves. The existence of crop alternatives will increase the elasticity of
demand within a region. If the existing crop mix is known, the appropriate production functions may be
weighted and added to represent the on-farm demand for irrigation water for that prowing season.

Equation 2.1 presents a simple crop water production function. The model states that yield
(crop production per acre of land under cultivation) is a function of the amount of water the farmer
applies to the field:

Yk=‘30+31wk+32wk2 (Eq. 2.1

expected yield

Crop water requirement

an index of crop type

parameters estimated by regression

=R g

In practice, the variable W represents either acrual evapotranspiration divided by potential
evapotranspiration or the total volume of water used in production. In many cases, these functions
include other variables related to plant growth such as fertilization and weather. Those equations based
solely on evaporaton ignore the concept of irrigation efficiency and are therefore less useful in
estimating water values (Gibbons, 1986).
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Figure 2.5
The Relationship Between Economic and Technical Efficiency on Hypothetical Farms
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Since the timing of water applications is often a critical factor in production, more sophisticated
analyses incorporate information on both the time and volume of water applied reladve to growth stages.
Equation 2.2 presents a Jensen growth-stage production function in which a shortage of water in one
period can have differential effects on production (Water Resources Management Incorporated, 1992).
The model states that yield is a product of the ratio of actual evapotranspiration to potential
evapotranspiration in defined growth stages.

Y T Vi .22
Y—m-H( ) (Eq. 2.2)

the total yield for all growth stages
the maximum yield under full irrigation
water applied in growth stage i
i the water requirement under full itrigation in growth stage i
an index of growth stage
the number of growth stages
i an empirical water-response sensitivity coefficient specific 1o growth stage i

22~
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One drawback to the quadratic and product methods is that both require data from experimental
or field observations. These data are rarely available. Some researchers have resorted to estimates of
the ratio of acwal to potential evapotranspiration to explain the ratio of actual to potential yields.
Kulshreshtha and Tewari (1991) used the sum of residual soil moisture and the volume of irrigation
water applied to estimate actual evapotranspiration. However, the authors used these estimates to
establish the optimum volume of water required by crops, not as a means of imputing the marginal
value of water directly. Nevertheless, the use of non-experimental data to estimate yields using crop
water production functions reduces both the validity and the reliability of these estimates.

The Cobb-Douglas production function is an alternative to quadratic and product methods. The
independent variables in the Cobb-Douglas equation are some substitutable combination of farm inputs.
From the economist’s perspective, this is a more intuitively satisfying alternative because it recognizes
that water does more than satisfy evapotranspiration requitements. Water can serve as a substitute for
other farm inputs, and this may be more efficient if the cost of the water is less than the alternative
input. The Cobb Douglas production function is particularly useful because it provides information on
the partial elasticity of yield with respect to individual farm inputs.

Ruttan (1965) modelied the demand for irrigated acreage for agricultural regions in an attempt
to project future irrigation water demands in regions within the United States. Equation 2.3 presemts his
specification of the Cobb-Douglas production function. The equation states that irrigated crop yield
within a region is equal to the area of land under irrigation times the operating expenses for farms in
that region.

Y-BoX{'X;" (Eq. 2.3

value of farm products sold in the region
number of acres irrigated in the region
regional farm operating expenses
parameters estimated by regression

™ 4 K<
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Equation 2.3 may be transformed to a linear equation and estimated by ordinary least squares
regression. By themselves, the parameters P, and B , represent the partial elasticity of yield with
respect to inputs. The sum of the parameter estimates § | and f , gives the total elasticity of yield with
respect to all inputs. The elasticity of yield is the proportional change in yield with respect to a
proportional change in inputs. A sum of parameter estimates greater than one suggests increasing
reumns to scale and a sum less than one suggests decreasing returns to scale.

Equation 2.4 shows how to derive the marginal physical product of inputs from equation 2.3
once the parameter estimates are known. The equation states that the marginal physical product of
irrigated land is equal to the yield per-acre times the partial elasticity of yield with respect to acreage:

A= (2B, (Eq