|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Analyzing the Potential Water Conservation Strategies: An
Application to Irrigated Agriculture in the Texas Panhandle

Rachna Tewari
Graduate Student
Department of Agricultural Sciences

West Texas A&M University, Canyon, Texas 79016
rtewaril@buffs.wtamu.edu

Lal K. Almas
Associate Professor of Agribusiness and Economics
Department of Agricultural Sciences
West Texas A&M University, Canyon, Texas 79016
lalmas@wtamu.edu

David G. Lust
Assistant Professor of Agriculture
Department of Agricultural Sciences
West Texas A&M University, Canyon, Texas 79016
dlust@wtamu.edu

Stephen H. Amosson
Professor, Extension Economist and Regents Fellow
Texas AgriLife Extension Service, TAMU-Amarillo, TX 79106
s-amosson@tamu.edu

Fran Bretz
Research Associate
Texas AgriLife Research, TAMU-Amarillo, TX 79106
f-bretz@tamu.edu

Selected Paper prepared for presentation at the Southern Agricultural Economics Association
Annual Meeting, Orlando, FL, February 6-9, 2010

Copyright 2010 by Rachna Tewari and Lal Almas . All rights reserved. Readers may make
verbatim copies of this document for non-commercial purposes by any means, provided that this

copyright notice appears on all such copies



Abstract: Witnessing a rapid surge in irrigation requirements as well as the pressure on natural
resources to augment production for satisfying grain demand for the growing human and
livestock population, ground water supply in the Texas Panhandle reflects itself as a limiting yet
indispensable factor. This study evaluates the effectiveness of eight potential water management
strategies in terms of water savings, implementation costs as well as the regional impact of each
policy on the agricultural economy of Region A, comprising 21 counties in the North Texas
High Plains, over a fifty-year planning horizon.
Key Words: Ogallala Aquifer, Water Management strategies, Texas Panhandle, Regional
Impacts
Background: Witnessing a rapid surge in irrigation requirements as well as the pressure on
natural resources to augment production for satisfying grain demand for the growing human and
livestock population, ground water supply in the Texas Panhandle reflects itself as a limiting yet
indispensable factor. The Texas High Plains area faces a semi-arid climate and experiences an
average low rainfall as a result of which surface water availability as irrigation source cannot be
considered as dependable, year round for agriculture. Thus, more than 90% of the water used in
agriculture in the High Plains area comes from the Ogallala Aquifer (Stewart, 2003 and Jenson,
2004).

On an average, the aquifer recorded an approximate decline of 1.28 feet per year (Jenson,
2004). The problem is further aggravated due to the low recharge rate of the aquifer in the High
Plains area, because of Ogallala being an unconfined aquifer where almost the entire recharge is
constituted for by rainwater and snowmelt. These conditions call for development of
conservation strategies which could look at reducing ground water usage for irrigation and

subsequently reduce the rate of aquifer depletion over the planning horizon.



The Agricultural Demands and Projections Subcommittee of the Panhandle Water
Planning Group for Region A (21 counties) suggested water management strategies for
potentially reducing irrigation demands to retain 50 percent of the groundwater currently in the
Ogallala Aquifer over the 50 year period of 2010 to 2060.

These strategies include the use of the North Plains Potential Evapotranspiration Network
(NPPET) to schedule irrigation, changes in crop variety, irrigation equipment efficiency
improvements, and changes in crop types, implementation of conservation tillage methods,
precipitation enhancement and conversion of irrigated land to dry land. As an addition in the
third senate bill, biotechnology was also incorporated as a recommended water saving strategy.
Each of these strategies was analyzed to calculate the anticipated annual water savings and
subsequent direct regional impacts, if any of these strategies on the economy of the region.
Research Objective: This research aimed at developing and analyzing water management
strategies for potentially reducing irrigation demands in the Region A of Texas Panhandle (21
counties) with a long term objective of retarding excessive depletion as well as promoting
conservation of groundwater for future use in the Ogallala Aquifer over a 50 year planning
horizon from 2010 to 2060.

Description of Potential Water Management Strategies:

Use of NPET network: This network offers a uniform and independent source of crop water use
for both irrigators and the public. It is comprised of 10 meteorological stations in Region A and
used to acquire localized crop weather data focusing on corn, sorghum, cotton, wheat, and
soybeans (Comis, 2000). The detailed weather data are then used to compute daily reference
evapotranspiration and crop water use. These computed parameters help farmers know exactly

when conditions are optimal to plant and to irrigate. This information is especially critical when



moisture is short, and when well capacity is limited, as producers must carefully schedule the
timing of their applications to efficiently use their water resources (Marek et al., 1995). The cost
of implementing this water conservation strategy is evaluated in terms of the purchase and
maintenance of weather stations used throughout the NPET Network.

Change in Crop Variety: Shifting from long season to short season corn and sorghum varieties
IS another water savings strategy. Water savings are generated by reducing the length of the
growing season. However, lower yields are associated with short season varieties (Timmer,
1994). This study also indicated that changes in cultural practices can affect the amount of water
used. Substituting a shorter-season crop into a rotation appeared to be a viable option for saving
water. It was determined that these varieties may not have as much yield potential, but will likely
produce a crop. A significant point of this study was to apply one irrigation near a critical-growth
stage, such as flowering. Previous analysis by the Amarillo water team indicated that other major
crops resulted in no water savings.

Irrigation Equipment Efficiency Improvements: Each irrigation system has a different level
and range of efficiency and can be dramatically affected by operator management during the
growing season. A study by Amosson et al. (2001), estimated conventional furrow, surge flow,
mid-elevation spray application (MESA), low elevation spray application (LESA), low elevation
precision application (LEPA) and drip with application efficiencies of 60 percent, 70 percent, 78
percent, 88 percent, 95 percent and 97 percent, respectively. These application efficiencies are
the percentage of irrigation water that is actually used by the crop, while the rest is lost to runoff,
evaporation or deep percolation and the differences were used as a basis of improvement for the
strategy.

Change in Crop Type: Crops such as corn require a large amount of irrigation on the High

Plains. By reducing the amount of acreage of high water use crops and shifting them to lower



water use crops (cotton), substantial water savings could possibly be generated. The cost of
implementing this water conservation strategy is evaluated in terms of reduced land values. It is
assumed that land is being shifted away from corn production to generate water savings. Land
that has more water available for irrigation is worth a premium compared to land with limited
irrigation resources. Therefore, as land is shifted from corn to lower water use crops, its value is
reduced.

Implementation of Conservation Tillage Methods: Conservation tillage leaves plant residue on
the soil surface to help reduce this evaporation loss and to aid in the infiltration of water into the
soil where rain and irrigation occurs. Conservation tillage can not only save water, but it may
have other benefits. Other benefits that are rarely analyzed from an economic standpoint are the
environmental impacts such as topsoil protection, protection of water, such as less chemical
runoff into water sources, more nutrient rich soil, and less carbon dioxide released into the air.
Essentially, it can be concluded that converting from convention to conservation production
practices involves replacing tillage operations with herbicide applications. This conversion
strategy eventually results in reduced moisture losses as well as an improved soil profile and
therefore carries water saving potential especially in arid areas.

Precipitation Enhancement: Precipitation enhancement introduces seeding agents to stimulate
clouds to generate more rainfall. This process is also commonly known as cloud seeding or
weather modification. The cloud seeding process involves the intentional treatment of individual
clouds or storm systems in order to achieve a beneficial effect. The benefits that can be realized
from increased rainfall through precipitation enhancement projects include increased agricultural

production, improved economic sustainability and future growth, decreased surface and ground



water consumption, increased reservoir levels, increased and higher quality forage for livestock
and wildlife, and fire and hail suppression.
Conversion from Irrigated to Dry land: Reducing the amount of irrigated acreage in Region A
will reduce the amount of water applied to crops in the area. While converting from an irrigated
to dryland cropping system may be a viable economic alternative for many Region A producers,
research indicates that only a limited number of dryland crops can be produced profitability in
this area. The primary dryland crops are winter wheat, grain sorghum, and upland cotton.
Musick, Jones, Stewart, and Dusek (1993) state that winter wheat is a major dryland crop
grown in the U.S. Southern High Plains, second only to cotton. The crop has excellent drought
tolerance, is deep rooted and widely grown under limited (deficit) irrigation. Grain Sorghum also
has dryland profit potential. Armah-Agyeman et al.(2002) assert that sorghum’s leaves and root
system are what make the crop drought tolerant and give it superiority over corn and other
cereals.Cotton is another drought resistant crop whose deep root system enables it to produce
some lint yields even under limited soil water conditions. A study conducted by Blackshear and
Johnson (2001)found that dryland cotton production in the Texas High Plains was profitable in
three out of every five years, and resulted in a positive net income when evaluated by the five-
year average.
Biotechnology: Biotechnology has been identified as another potential water management
strategy which could significantly enhance the long-run sustainability of agricultural activities in
the Texas Panhandle. Specifically, biotechnology could extend the economic life of the Ogallala
Aquifer through the development of crop varieties with high tolerance to water stress or reduced

water requirements for crop growth (Arabiyat et. al, 1998). Biotechnology is defined as: "An



applied field of science whereby the scientific principles are used to discover new methodology
and instrumentation to produce new forms of biological entities" (Quaslet, 1991).

Middleton (1997) conducted a study to analyze the effects of agricultural plant
biotechnology on crop production profitability with the consideration of risk and uncertainty
factors. Representative farms from the Northern Plains Region of Texas were used to study the
effects of stress mitigation on profitability and enterprise selection. Four crops were used in the
study; cotton, grain sorghum, winter wheat and com. The results showed that biotechnological
advances can be expected to reduce the proportion of expected net revenues represented by risk
premiums for each sub-region. The results also showed that biotechnology could encourage
production of dry land sorghum and cotton at the expense of wheat and irrigated sorghum
acreage.

Data and Methods: The irrigated acres that are utilized for calculation purposes for all 21
counties of Region A are obtained from the Farm Service Agency (Table 3). Each strategy for
water management was analyzed individually for annual water savings as a result of
incorporation of such a strategy in each county of the region. Associated implementation cost as
well regional impact was also calculated for each strategy if applicable. Annual water savings
were calculated by assuming certain water savings for each strategy in acre-feet.

The details of assumed annual water savings in acre feet per acre per year and percentage
adoption goals for each decade associated with each water management. It is assumed that by
utilizing the North Plains Potential Evapotranspiration Network (NPPET) 0.083 acre-feet of
groundwater will be saved annually. By changing from long season crop to a short season crop,
0.341 acre-feet and 0.054 acre-feet of irrigation water will be conserved per acre for corn and

sorghum respectively. It is assumed that the incorporation of more efficient irrigation



equipment/technology in a farming/ranching operation would provide another method of
conserving groundwater. The application efficiencies of furrow irrigation, surge flow, low
elevation sprinkler application (LESA), low energy precision application (LEPA), and drip are
60 percent, 75 percent, 88 percent, 95 percent, and 97 percent, respectively (New, 1999). The
system with the higher efficiency rating is considered more efficient because it leads to less
water usage while maintaining the same yields. The assumed water savings by utilizing the
irrigation equipment changes strategy are 0.525 acre-feet.

Another strategy for reducing groundwater use is changing the crop type that is planted.
The assumption is that corn acres will be converted to sorghum, cotton or soybean acres, and
thereby conservation of water will be facilitated. The associated water savings are 0.692 acre-
feet. By implementing conservation tillage methods strategy, it is assumed that at least 0.146
acre-feet of groundwater on an annual basis will be saved. Through the precipitation
enhancement strategy, it is assumed that there will be no acres utilizing precipitation
enhancement in the baseline year. However, assuming that over a 50 year period, 100 percent of
the acres will be using this technology, the estimated water saving are 0.08 acre-feet annually.

By converting irrigated land to dry land, the annual associated water savings are 0.892
acre-feet. Incorporation of Biotechnology, the most recent of all strategies is assumed to result in
annual water savings of 0.24 acre-feet for corn, 0.08 acre-feet for cotton and 0.12 acre-feet for
soybean respectively, as assumed in the baseline year and subsequently increase in the further
planning horizon.

The regional economic impact of strategies, wherever applicable are measured by the change
in gross receipts on implementation of the strategy. Gross receipts are calculated by using five-year
(2003-2008) average regional crop prices obtained from the Master Marketer website and five-year

average yields obtained from the Texas Agricultural Statistics Service (TASS, 2003-2008). The



estimated implementation costs and the direct regional impacts are both represented in terms of
2009-dollar values.

Results and Discussion: The potential water saving strategies were analyzed for various
parameters to evaluate and predict the effectiveness and efficiency of each of the strategies
during the planning horizon of 2010 to 2060. Biotechnology, as a water management strategy
brought out the maximum cumulative water savings of 10.6 million acre-ft (Table 11), at the end
of the planning horizon. The next highest water savings were recorded by the adoption of
precipitation enhancement technique at 4.8 million acre-ft (Table 9). This was followed by
Irrigation Equipment changes with a water savings of 3.9 million acre-ft (Table 6) and change in
crop type, with cumulative water savings of 3.31 million acre-ft (Table 7) respectively.
Converting irrigated land to dry land generated approximate water savings of 2.5 million acre-ft
(Table 10). Change in crop variety projected cumulative water savings of 2.3 million acre-ft
(Table 5).Use of NPET showed that about 1.01 million acre-ft water could be saved at the end of
the planning horizon by implementation of the strategy (Table 4).

Implementing conservation tillage method showed the least water savings of 0.8 million
acre-ft (Table 8). The associated implementation costs and direct regional impacts, if any were
calculated for individual strategies to evaluate the economic feasibility and outcomes of
incorporating these strategies for water management. Irrigation equipment changes recorded the
highest implementation costs followed by Change in crop type, Biotechnology and Conversion
of irrigated land to dry land. Implementing conservation tillage, on the other hand led to a
savings of $69.56 million, on account of reduction in field operations like chiseling and disc

plowing.



On evaluating the investment costs associated with each acre feet of water saved , it was
found that Irrigation equipment changes would require the highest implementation costs of
$54.69 per acre-ft, followed by change in crop type for which the implementation costs for
saving an acre-ft of water was $34.68. Converting irrigated land to dry land would require an
investment of $29.90 to save an acre-ft of water. Precipitation enhancement technology and Use
of NPET were found to incur implementation costs of $6.01 and $8.89 respectively.
Biotechnology recorded an implementation cost of only $7.13 per acre-ft of water saved.
Implementing conservation tillage methods, however led to a savings of $8.20, for reducing
water use by one acre foot when compared to conventional tillage.

The associated implementation costs and direct regional impacts with each acre-ft of
water saved, for each strategy is given in Table 2. Direct Regional Impact for implementation of
Biotechnology, was the highest which was calculated as savings on variable cost incurred per
acre feet for total water savings generated. This was estimated to be $1194 million. However,
change in crop variety had a negative direct regional impact of loss in gross receipts for
producers, which accounted to $851 million. Change in crop type also led to a decrease in gross
receipts of $317 million while converting irrigated land to dry land recorded a loss in gross
receipts of $133 million. The strategies were also evaluated for the impact on the economy of the
region with associated water savings for each acre foot. It was found that Biotechnology had the
highest positive regional impact for each acre foot of water saved, which was estimated to be
$112.32. Further, it was estimated that change in crop type led to a negative regional impact on
the economy of $95.92 per acre-ft of water savings associated. Change in crop variety and

converting irrigated land to dry land also had negative regional impacts on the regional economy
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due to loss in gross receipts, and was estimated to be $376 and $53 for an acre-ft of water saved
respectively.

Conclusion: Prioritizing and implementing the eight irrigation conservation strategies will be
affected by the farm level decisions of the individual irrigator and regional support of the
strategy. Biotechnology could be looked at one of the most promising water management
strategy, given the high associated cumulative water savings and positive direct impacts on the
economy of the region. Also, it has been found to have a comparatively low implementation cost
on an acre-ft basis which makes it a potential strategy of interest with feasible and economical
investments on farm level.

Another leading water saving strategy, change in crop type, yields significant water
savings, but has a negative impact to the regional economy of $95.92 per ac-ft of water saved.
The other two strategies that yield large water savings, change in crop variety and converting
irrigated land to dry land, are projected to generate a significant negative impact to the regional
economy, $375.98 and $53.02 per ac-ft of water saved, respectively. Changing to more efficient
irrigation systems comes with the highest estimated implementation cost of $54.69 per ac-ft of
water saved. Conservation tillage is a proven water management strategy that is already widely
adopted in the region; however, further adoption would result in significant water savings.
Implementation costs per acre-ft for this strategy are negative which implies that there are
associated savings instead of costs because of reduction in field operations from conventional
tillage.

Precipitation enhancement and use of NPPET appear to carry the potential of significant
water savings while positively impacting the regional economy. However, of all the strategies

considered, there is less documentation of the effectiveness of these strategies.
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It is assumed that the recommended water conservation strategies will have a more
thorough analysis prior to implementation. These analyses should include more detailed
documentation of the selected strategies; a county level assessment of the water savings impacts;
and a complete cost analysis of the strategy or strategies including required government
expenditures and producer borne costs. Completing these analyses will allow for development of
an implementation plan of action that could maximize water savings given available funding for
a specific strategy or combination of strategies on a county and regional basis. It is also noted
that the associated water savings with these strategies are “potential” water savings. In the
absence of water use constraints, most if not all the strategies considered will simply increase
gross receipts. Therefore, a careful review and in depth analysis of every possible outcome, due
to the implementation of each of the strategies can be thought of as a necessary prerequisite and
only then an essential incorporation of these into the agricultural production systems of the

region could prove reasonable.
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Table 1. Potential water management strategies for reducing irrigation demands

Assumed
Annual
Water R\?\?mnal Baseline | Goal | Goal | Goal | Goal | Goal
ater
Management savings year for for for for for
strategy (acre- (2010) | 2020 | 2030 | 2040 | 2050 | 2060
feet/ac/
year)
Use of NPPET 0.083 20% | 27.5% 35% | 42.5% | 50% 50%
0.341-corn
Change in 0.054-
Crop Variety sorghum 40% | 70% 70% | 70% | 70% 70%
Irrigation
equipment
changes 0.525 80% | 85% 90% | 95% | 95% 95%
Change in
Crop type 0.692 20% | 40% 40% | 40% | 40% 40%
Convert
Irrigated Land
to dry land 0.892 5% | 10% 15% | 15% | 15% 15%
Conservation
Tillage
methods 0.146 60% | 70% 70% | 70% | 70% 70%
Precipitation
Enhancement 0.083 0% | 100% | 100% | 100% | 100% | 100%
Savings for
each
Biotechnology | crop/year* 0% | 50% 90% | 100% | 100% | 100%
*Crops 2010 | 2020 | 2030-2060
Corn 0.24 0.32 0.31
Cotton 0.08 0.11 0.11
Soybeans 0.12 0.17 0.16

(These are the assumed annual water savings (acre-feet/ac/year) for Biotechnology only)
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Table 2. Impacts and associated costs of implementation of water saving strategies

Water Cumulative WS/ *IC IC/ (DRI DRI/
Management Water Total (1000%) WS $1000 WS
strategy savings WS Irrigation $/ac-ft $/ac-ft
(ac-ft) demand %
Use of NPPET 1,012,894 1.40 9000  $8.89 + +
Change in Crop 2,265,030 3.14 - -851,613 -$375.98
Variety
Irrigation 3,966,151 5.49 216,907 $54.69 + +
equipment
changes
Change in Crop 3,312,507 4.59 114,885 $34.68 -317,734 -$95.92
type
Convert 2,522,546 3.49 75,412  $29.90 -133,740 -$53.02
Irrigated Land to
dry land
Implement 848,437 1.18 -6956 -$8.20 + +

Conservation
Tillage methods

Precipitation 4,823,304 6.68 28,994  $6.01 + +
Enhancement
Biotechnology 10,635,558 14.73 75,816  $7.13 1,194,586 $112.32

L+indicates an anticipated positive impact that was not quantified for Direct Regional Impact (DRI)
*Implementation costs of Water Management strategy (IC)

Table 3. FSA Irrigated Acreages and Estimated Applied Irrigation

FSA Average Irr Total Irr % Applied Irr
Acreage (ac-in/acre) (Acre feet)

Corn 478,686 18.52 738,772 54%
Cotton 121,053 10.69 107,838 8%
Hay 0 31.24 0 0%
Peanuts 16,986 17.05 24,134 2%
Sorghum 84,226 9.98 70,048 5%
Soybeans 9,228 9.95 7,652 1%
Wheat 423,158 10.39 366,384 27%
Other 28,905 22.4 53,956 4%
Total 1,162,242 1,368,784

Source: Farm Service Agency, 2008
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Table 4. NPET-Estimated Affected Acreage, Implementation Costs and Water savings

2010 2020 2030 2040 2050 2060 Total
Affected 232,448 87,168 174,336 261,504 348,673 348,673 -
Acreage
Implementation - $1.80 $1.80 $1.80 $1.80 $1.80 $9.00
cost (Millions)
Water savings - 72,350 144,699 217,049 289,398 289,398 1,012,894
(Acre Feet)

Implementation cost /Water savings $8.89

Table 5.Change in Crop variety-Estimated Affected Acreage, Regional Impact and Water

savings
Corn
2010 2020 2030 2040 2050 2060 Total
Affected Acreage 172,32 129,245 129,245 129,245 129,245 129,245 -
7
Regional Impact - -$148 -$148 -$148 -$148 -$148 -$741
(Millions)
Water savings (ac-ft) - 440,726 440,726 440,726 440,726 440,726 2,203,629
Regional Impact/ Water savings  -$607.63
Sorghum
2010 2020 2030 2040 2050 2060 Total
Affected Acreage 30,322 22,741 22,741 22,741 22,741 22,741 -
Regional - -$22.08 -$22.08 -$22.08 -$22.08 -$22.08  -$110.39
Impact(Millions)
Water savings - 12,280 12,280 12,280 12,280 12,280 61,401
(Acre Feet)
Regional Impact/ Water savings  $,3403.84

16



Table 6.Change in Irrigation Equipment-Estimated Affected Acreage, Implementation

costs and Water savings

2010 2020 2030 2040 2050 2060
Acreage affected - 58,112 116,224 174,336 174,336 232,448
Total - - - - -
Implementation cost
(Millions)

Water savings

Implementation cost/Water savings

Total

$216

305,089 610,177 915,266 915,266 1,220,354 3,966,151
$54.69

Table 7. Change in Crop Type -Estimated Affected Acreage, Implementation Costs,

Regional Impact and Water savings

2010 2020 2030 2040 2050 2060 Total
Affected Acreage 95,737 95,737 95,737 95,737 95,737 95,737
Implementation - $115 - - - - $115
cost (Millions)
Regional Impact - $ 64 $ 64 $ 64 $64 $ 64 $ 318
(Millions)
Water savings - 662,501 662,501 662,501 662,501 662,501 3,312,507
(Acre Feet)
Implementation cost /Water savings $34.68
Regional Impact/ Water savings -$95.92
Table 8. Conservation Tillage- Estimated Affected Acreage, Implementation costs and
Water savings
2010 2020 2030 2040 2050 2060 Total
Affected 697,345 116,224 116,224 116,224 116,224.2 116,224 -
Acreage
Implementation - -$1.39 -$1.39  -$1.39 -$1.39 -$1.39 -$6.95
costs (Millions)
Water savings - 169,687 169,687 169,687 169,687 169,687 848,437
(Acre Feet)
Implementation cost /Water savings -$8.20
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Table 9. Precipitation Enhancement-Estimated Affected Acreage, Implementation costs

and Water savings

2010 2020 2030 2040 2050 2060 Total
Affected Acreage - 1162,242 1,162,242 1,162,242 1,162,242 1,162,242 -
'Operating Expense - $5.32 $5.32 $5.32 $5.32 $5.32 $26.60
ZAircraft Replacement - $ 080 $ 0.80 $ 0.80 $2.39
Water savings (ac-ft) - 964,661 964,661 964,661 964,661 964,661 4,823,204
Implementation cost /Water savings $6.01
Implementation cost (Millions) **
Table 10. Converting Irrigated land to dry land -Estimated Affected Acreage,
implementation Costs, Regional Impact and Water savings
2010 2020 2030 2040 2050 2060 Total
Affected Acreage 31422 31422 31422 31422 31422 31422 -
Implementation cost - $37.71 $37.71 - - - $75.41
(Millions)
Regional Impact - -$14.86 -$29.72  -$29.72 -$29.72 -$29.72  -$133.74
(Millions)
Water savings (ac-ft) - 280,283 560,566 560,566 560,566 560,566 2,522,546
Implementation cost /Water savings $29.90
Regional Impact/ Water savings -$112.03

Table 11.Biotechnology - Estimated Affected Acreage, Cost of Implementation, Regional
Impact, Water savings, and cost of Water savings

2010 2020 2030 2040 2050 2060 Total
Affected - 306,504 550,100 608,967 608,967 608,967 -
Acreage
Implementation - $4.57 $18.27 $18.27 $18.27 $75.82
cost (Millions) $16.44
Water savings - 640,696 2,306,506 2,562,785 2,562,785 2,562,785 10,635,558
(Acre Feet)
Regional Impact - $71.96  $259.06  $287.85  $287.85 $287.85  $1,194.85
(Millions)
Implementation cost /Water savings $7.13
Regional Impact/ Water savings $112.32
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