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Groundwater Use in Texas and New Mexico: Prior Appropriation Versus the Rule of Capture

Christopher J. Brooks

Abstract.  This paper examines groundwater use under differing property regimes in adjacent areas of west Texas and eastern New Mexico, where climate, land area, farming practices, and population are similar.  The significant difference between the states, for purposes of this paper, is the legal regime governing access to groundwater.  In New Mexico access to groundwater is governed by the doctrine of prior appropriation coupled with a rigid permit system that limits the establishment of new appropriative rights to groundwater in “declared” basins, thereby protecting existing pumping rights even further.  Texas, by contrast, governs access to groundwater by the rule of absolute ownership (also called the rule of capture – the terms are used interchangeably in this paper), under which property owners are unrestricted in their ability to pump groundwater existing beneath their property.  

Using the economics of property rights it is predicted that landowners will pump more water and irrigate more acreage in Texas under the rule of absolute ownership than will similarly situated landowners in New Mexico, whose ability to pump groundwater is relatively limited under the prior appropriation doctrine.  This region provides a unique natural laboratory for testing the effect of the property regime on the behavior of irrigators because of the property rights dichotomy it presents.  

Data is compiled from existing sources and used to compare amounts of irrigated acreage and groundwater pumpage for irrigation in counties along the border between eastern New Mexico and the Panhandle area of Texas.  This data suggests that the rule of capture results in significantly greater groundwater pumpage and irrigated agriculture in Texas than is occurring across the border in New Mexico. 
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 Introduction

The law and economics of property has shown that different governance regimes can have large effects on the use of natural resources, especially when private ownership of resources is compared to open access.  Private ownership has been shown to lead to more efficient use of resources because the ability of owners to capture the rents from the resource leads to concentration of the rights to that resource in the highest value uses (Demsetz, 1967; Libecap and Smith, 2002; Edwards, 2002).  This is contrasted with common pool or open access resources, where private ownership is never established, leading to inefficient use and rapid depletion of the resource – the “tragedy of the commons” (Hardin, 1968; Lueck, 2002).   

In this paper I examine how two distinct property regimes for groundwater mimic private ownership and open access, and how these regimes affect groundwater use.  I do this by comparing data on population, land area, irrigated farmland, number of wells and total groundwater pumpage from three counties in New Mexico with the same data for nine counties in Texas.  These counties are located adjacent to each other along the border between eastern New Mexico and the Texas Panhandle, with similar climate, geography, population, total land area and general prevalence of irrigated agriculture as a major segment of their local economies.   The location of the study area is shown in Figure 1.
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Figure 1: Location of counties in study area: Curry, Roosevelt, and Lea Counties in New Mexico; Deaf Smith, Parmer, Castro, Bailey, Lamb, Cochran, Hockley, Yoakum, and Terry Counties in Texas.

These counties all overlie, either partially or entirely, the High Plains (or Ogallala) aquifer.  This aquifer is the primary source of water for irrigation in each of these counties.  These data were selected for the area studied in an attempt to control for many of the factors that might influence the ability or inclination of landowners to utilize groundwater resources to irrigate agricultural land, attempting to isolate differences due to the contrasting property rights regimes governing access to groundwater.  This region provides a unique natural laboratory to test for the effects of this difference because of the similarities in land use coupled with the sharp dichotomy of the property regimes employed to manage groundwater use.

This paper tests the prediction that landowners in Texas will place more land in irrigation, with corresponding greater use of groundwater than similarly situated landowners in New Mexico.  In the situation examined here, the common perception is that groundwater pumping should be higher in Texas, because of the lack of legal restraints on pumping.  Higher rates of groundwater pumping would typically be associated with large amounts of irrigated agriculture, which is by far the largest user of water in most arid areas where agriculture is prevalent.  Therefore, under the rule of absolute ownership, where groundwater usage is limited only by ability to pump water, there should be more irrigation because more land would be put into production as long as the marginal cost of putting an additional unit of land into production is less than the marginal benefit obtained from that activity.

Previous investigations in this area have focused on the benefits obtainable from management of groundwater resources, often finding that the benefits of management do not outweigh the costs.  However, this conclusion is sensitive to differences in the discount rate employed by pumpers and relative rates of groundwater depletion that can have a significant effect on the benefits obtained from groundwater management.
  

Gisser and Sanchez (1980) noted that in the situation where the resource stock is large
 relative to the amount of extraction the benefits from management often do not exceed the costs of management.  Their model indicated that the collective decision-making by many well owners would produce essentially the same result as would occur with a single-owner aquifer, finding no significant benefit from management.  But, they incorporated two key assumptions: the aquifer has sufficient storage capacity that perceptions of shortage would not affect the behavior of irrigators in the competitive scenario
, and only landowners overlying the aquifer would be able to pump the water and irrigate.  The first assumption in particular has been criticized as not indicative of typical aquifers that are relied on for irrigation in arid to semi-arid areas.
A study similar to the present paper was conducted by Emel and Roberts (1995) in which they looked at three forms of groundwater management in use on the Southern High Plains of Texas and New Mexico and the effect they have on use of the resource.  Their study looked at groundwater level declines in areas where groundwater use was governed by a community-organized regime (underground water conservation districts in Texas), a centralized state-organized regime (prior appropriation with administrative controls in New Mexico), and an unrestricted private-property regime (areas of Texas outside of organized water conservation districts).  They found that while water level declines were less in managed versus unmanaged areas, the difference between the two management regimes was insignificant.  

Property Regimes Applicable to Groundwater in Texas and New Mexico

A key distinction between the property regimes governing groundwater use in New Mexico and Texas is that under New Mexico law all natural waters, including groundwater belong to the state and are held in trust for the people, while in Texas groundwater is considered the property of overlying landowners.  However, that distinction is misleading because in New Mexico a landowner with an appropriative right to groundwater can be said to have ownership rights to a specified quantity of groundwater in situ.  While in Texas a landowner actually has no property rights to groundwater in situ but only the right to as much of the flow of water as they can pump to the surface.  Groundwater in New Mexico, while officially held in trust by the state for the beneficial use of the people, is in some respects owned by those who hold rights to it.  Groundwater in Texas, although nominally owned by all landowners, is really owned by no one.  

New Mexico has had significant state oversight of groundwater use for many years.  This oversight began in the early 20th century with authorization of local control through water districts and well supervisors in artesian basins in southern New Mexico in response to concerns about waste of water and declining artesian pressures in existing wells. The apparent ineffectiveness of these measures led the state to adopt prior appropriation as the legal regime governing rights to all waters in the State in 1931.

Although prior appropriation had been common for determining legal rights to surface water throughout the western United States since the 1800s, New Mexico is regarded as the first state to apply this doctrine to groundwater.
  Prior appropriation gives landowners a clearer, more definable property right to the groundwater beneath their property.  The right is established by putting the water to beneficial use and is quantified by the amount necessary to maintain that beneficial use.  Once established, a prior right can be protected against subsequent pumpers whose action negatively impacts the right of the prior pumper.  

Administrative oversight authority for all water rights in New Mexico is in the Office of the State Engineer (NMOSE), who asserts control over appropriation of groundwater in an area by “declaring” a basin.
  In order to appropriate groundwater in a declared basin, applicants must file with the State Engineer for a permit.  The permit can be challenged by other groundwater users within the basin or by the State Engineer.
  

Governing access to groundwater by prior appropriation has been characterized as a close approximation to true property rights in groundwater.
  Owners of appropriative rights in New Mexico have an entitlement to a quantity of water that may be consumptively used, subject to certain constraints imposed by the State.  The water must be beneficially used; all new rights are subject to existing rights with a higher priority; and the right can only be created, altered, or transferred with the approval of the State Engineer.
 

For over 100 years, the law governing access to groundwater in Texas has been based on the common law rule of absolute ownership, which gives a property owner unlimited rights to extract groundwater found beneath his property.
  Absolute ownership, as applied in Texas is based on English common law.  The Texas Supreme Court explained their reasoning for adopting the rule of absolute ownership in the 1904 case Houston & Texas Central Railroad Co. v. East
, in which they described the uncertain nature of groundwater movement
 that made application of law similar to the riparian doctrine impractical.  The court also noted concerns that any limitation on the ability of landowners to utilize available groundwater resources would limit economic development in the state.  The rule has been affirmed several times in Texas courts, most recently in Sipriano v. Great Spring Waters of America
.

Under current Texas law, groundwater resources are managed locally by water conservation districts, authorized pursuant to laws enacted in 1949.  The first such district created was the High Plains Underground Water Conservation District (HPUWCD), which covers most of the area studied here.  The primary mechanisms by which the district manages groundwater use are well permitting, well spacing rules, and conservation programs.  Each of these programs has a potential impact on groundwater pumping within the managed area, but the district does not specifically manage groundwater pumping by placing limits on the amount of water that can be pumped from any existing well
.  The district was created in the early-1950s, when the problems of rapid water level declines were first becoming apparent.  But some commentators have suggested that the law enabling creation of such districts was nothing more than protection of local practices from impending state control.
  The evidence shows that after the district was created, water levels continued their decline unabated.

The Law and Economics of Groundwater Use

Since the ability to pump water and thus irrigate land is theoretically limited by the ability to obtain water rights in a prior appropriation state – a limitation not present under the rule of capture - the marginal cost of pumping additional groundwater in order to put additional land into production should be higher, resulting in less irrigated land, all other factors being equal.  In pure economic terms then, the point where the marginal cost of pumping an additional unit of groundwater equals the marginal benefit obtained from that unit of groundwater should be reached at a lower level of pumping in New Mexico than in Texas.  

The lack of clearly definable property rights to groundwater is frequently cited as a major cause of inefficient use of that resource.  As with any fugitive resource the only rights that can be clearly established are usufructuary rights – a right to the use of what you can capture or in this case, pump to the surface.  With incomplete information as to the availability and location of the resource stock it is nearly impossible to establish rights to groundwater in-situ.  According to Coase (1960), where clear property rights exist, market transactions should create the most efficient ordering of rights.  If pumping by an individual landowner harms an adjacent landowner, negotiation could produce an equitable outcome - where the landowner whose pumping was infringed would pay the second landowner to pump less, thereby providing the first landowner with his full allotment.  Or, alternatively, the second landowner would compensate the first for the costs imposed by the second landowner’s pumping.  Determining which party would pay depends on which has the greater marginal benefit from his use of an additional unit of groundwater.  Under this ordering of rights, the amount of groundwater pumped would be the amount that creates the greatest efficiency, which would include maintaining sufficient water in the aquifer for future pumping. 

Prior appropriation comes closest to establishing clear property rights in groundwater, but as applied often lacks the necessary elements of excludability and transferability that mark true property rights.  If appropriation created real property rights to water in-situ, rights holders would be able to prevent other users from infringing on their rights to pump (right to exclude) and would be free to transfer their rights to higher value uses (alienability).
  The right to exclude, however, is illusory because as Tarlock (2006) notes: (1) absolute shortages are rare - shortages tend to reflect unavailability at an accustomed cost and (2) determining which pumpers should curtail their use to accommodate senior right-holders is difficult, especially when all pumpers have contributed to the shortage.  Also, the large transaction costs commonly associated with water transfers often create an impediment to all but large scale transfers.

Owners of appropriative rights to groundwater in New Mexico should consider the overall effects of pumping on the aquifer, to the extent that such pumping will affect their ability to take their full entitlement from the aquifer.
  Also, if the marginal benefit of their pumping is only slightly greater than the marginal cost, they will have incentive to ensure that their cost of pumping does not increase as a result of water level declines resulting from pumping by other well owners.  Under that scenario, they would challenge any application for additional appropriation or application for transfer of water right if there is any indication whatsoever that their rights could be impaired.

Under the rule of capture, land ownership restricts use of the aquifer
.  But when the number of landowners is large relative to the areal extent of the aquifer the result is a common-pool resource.  It has long been assumed that because the rule of capture places no limits on the ability of landowners to pump groundwater beneath their property, the essentially common-pool nature of the resource would result in gross over-pumping and rapid depletion in an economically inefficient manner.  Prior appropriation, by contrast, when coupled with strong administrative management has the ability to limit groundwater pumping to levels that will maximize the use of the resource over a longer time horizon – which may still involve depletion of the resource, but in a managed fashion.

Open access, however, leads to inefficient and over-rapid depletion of the aquifer largely as a result of the overdiscounting market failure caused by pumpers employing a personal discount rate that exceeds the discount rate of society as a whole.  Griffin (2006, p. 236) describes how a well owner, in deciding how much to pump in a given year, should consider the future costs of present pumping.  If more pumping now will result in higher pumping costs in the future, the well owner would discount those costs to present value in assessing how much to pump today.  But if the wrong discount rate is used, causing future pumping costs to be underestimated or as often seems likely pumpers are pessimistic about the availability of sufficient water supplies in the future, the result will be too much pumping today.  Additionally, a rational agent has no incentive to consider the impacts on future pumping costs of other well owners, only his own.  The result, in most cases where there are many well owners pumping from the aquifer, is excessive pumping by all well owners.

data Analysis
In order to ideally test the stated hypothesis, a region of near complete homogeneity would be necessary to sufficiently isolate differences attributable to the applicable property rights regimes.  In the present study, the surface factors are reasonably well homogenized.  Because the climate is nearly uniform across the study area, the water demand of crops should be similar – absent significant differences in soil characteristics.  However, by collecting data over a large area it was hoped that localized differences in soil would be averaged out.  The predominant crops grown in the study area are corn, wheat, and sorghum, (as well as cotton in certain counties) providing the necessary similarity in crops (NMOSE 2003, HPUWCD 2008).  The primary method of irrigation in the study area is by center-pivot sprinkler.  

The aquifer is probably the most important variable not controlled for in this study.  Differences in aquifer characteristics such as saturated thickness, hydraulic conductivity, depth to water, etc. have a significant impact on irrigators decisions to irrigate additional acreage, method of irrigation, type of crop grown, and number of wells to install.
  Differences in the aquifer between Texas and New Mexico are noted below as a possible explanation for some of the differences seen between the two states.

To test the hypothesis that groundwater pumpers in Texas will pump more water than those in New Mexico, data was assembled that included: population and land area of each county studied, total land area in farming, total land area in irrigated farming, total number of irrigation wells, and total volume of fresh groundwater pumped for irrigation (Table 1).   The data is analyzed by looking at the percentage of land in the county that is irrigated; the number of wells per capita and per irrigated acre; and the annual groundwater use per capita, per acre, per well, and per acre of irrigated land (Table 2).  To avoid problems arising from the fact that the data on farmland and irrigated land are not collected in the same year as the data on groundwater pumpage, data was collected over a several year period and averaged to generate the numbers used in Table 1.

Table 1.  Data analyzed from individual counties in New Mexico and Texas.

	County
	Population

(2000 Census)

(i)
	Total Land Area (acres)

(i)
	Total Land Area in Agriculture (acres) (ii)
	Total Land Area Irrigated (acres) (ii)
	Percentage of Farm Land in Irrigated Agriculture
	Number of Irrigation Wells (iii)
	Annual Irrigation Groundwater Usage (acre-feet per year) (iv)

	NEW MEXICO COUNTIES

	Curry
	45,044
	899,840
	467,437
	89,455
	19.14%
	1,393
	241,710

	Lea
	55,511
	2,811,520
	111,067
	40,688
	36.63%
	1,626
	112,885

	Roosevelt
	18,018
	1,566,720
	378,079
	76,801
	20.31%
	1,717
	181,213

	Totals
	118,573
	5,278,080
	956,582
	206,944
	21.63%
	4,736
	535,808

	TEXAS COUNTIES

	Deaf Smith
	18,561
	958,080
	542,488
	156,744
	28.89%
	733
	211,103

	Parmer
	10,016
	564,480
	435,727
	197,781
	45.39%
	248
	323,360

	Castro
	8,285
	574,720
	423,161
	206,369
	48.77%
	188
	365,964

	Bailey
	6,594
	529,280
	286,707
	67,228
	23.45%
	214
	167,480

	Lamb
	14,709
	650,240
	439,428
	212,658
	48.39%
	321
	308,018

	Cochran
	3,730
	496,000
	265,107
	59,099
	22.29%
	111
	60,658

	Hockley
	22,716
	581,120
	406,233
	115,675
	28.47%
	153
	112,143

	Yoakum
	7,322
	512,000
	235,573
	73,887
	31.36%
	57
	99,580

	Terry
	12,761
	569,600
	385,129
	117,236
	30.44%
	103
	142,740

	Totals
	104,694
	5,435,520
	3,419,553
	1,206,675
	35.29%
	2,128
	1,791,044


(i)  Population and total land area data from 2000 United States Census.  Available at: http://quickfacts.census.gov/qfd/states/00000.html 

(ii)  Total land area in agriculture and total land area irrigated data are averages from United States Department of Agriculture Census of Agriculture, 1987, 1992, 1997, and 2002.  Available at: http://www.agcensus.usda.gov/Publications/2002/index.asp 

(iii)  Number of wells in New Mexico counties compiled from the New Mexico Office of the State Engineer W.A.T.E.R.S. Database.  Available at: http://www.ose.state.nm.us/waters_db_index.html 

Number of wells in Texas counties compiled from Texas Water Development Board Water Information Integration and Dissemination Groundwater Database.  Available at: http://wiid.twdb.state.tx.us/  

(iv)  Annual groundwater usage data is averaged from United States Geological Survey, Estimated Use of Water in the United States in 1985, 1990, 1995, and 2000.  Available at: http://water.usgs.gov/watuse/ 

Table 2.  Analysis of data on wells, irrigated land, and groundwater use for irrigation.

	County
	Wells per Capita
	Wells per Acre Irrigated
	Annual Groundwater Use per Capita (acre-feet/person)
	Annual Groundwater Use per Acre of Land (acre-feet/acre) 
	Annual Groundwater Use per Well (acre-feet/ well)
	Annual Groundwater Use per Irrigated Acre (acre-feet/acre)

	NEW MEXICO COUNTIES

	Curry
	0.03
	0.0156
	5.37
	0.27
	173.52
	2.70

	Lea
	0.03
	0.0400
	2.03
	0.04
	69.42
	2.77

	Roosevelt
	0.10
	0.0224
	10.06
	0.12
	105.54
	2.36

	Average
	0.05
	0.0260
	5.82
	0.14
	116.16
	2.61

	TEXAS COUNTIES

	Deaf Smith
	0.04
	0.0047
	11.37
	0.22
	288.00
	1.35

	Parmer
	0.02
	0.0013
	32.28
	0.57
	1303.87
	1.63

	Castro
	0.02
	0.0009
	44.17
	0.64
	1946.62
	1.77

	Bailey
	0.03
	0.0032
	25.40
	0.32
	782.62
	2.49

	Lamb
	0.02
	0.0015
	20.94
	0.47
	959.56
	1.45

	Cochran
	0.03
	0.0019
	16.26
	0.12
	546.46
	1.03

	Hockley
	0.01
	0.0013
	4.94
	0.19
	732.96
	0.97

	Yoakum
	0.01
	0.0008
	13.60
	0.19
	1747.02
	1.35

	Terry
	0.01
	0.0009
	11.19
	0.25
	1385.83
	1.22

	Average
	0.02
	0.00182
	20.02
	0.33
	1076.99
	1.47

	Two-tailed t-test, P value
	0.0033
	0.000030
	0.28
	0.078
	0.019
	0.0024


Source of data is the author’s analysis of data presented in Table 1.

As indicated by the data the counties in Texas are much more intensively farmed.  Since irrigated agriculture is the largest user of water in these areas, it is unsurprising that more than three times more groundwater is pumped for irrigation in the Texas counties.  The data in Table 2 indicates that the annual amount of groundwater used per capita, per acre of land, and per well is higher in Texas.  However, annual groundwater use per irrigated acre is almost 80% higher in New Mexico.
  A T-test analysis of the values for annual groundwater use per irrigated acre in each state indicates that this difference is statistically significant at a 95% confidence interval (Table 2).   The only data set that exhibited no statistically significant difference was annual groundwater use per capita. 

When you take into account the fact that the High Plains aquifer is much more extensive and contains considerably more water in storage in Texas than it does in New Mexico, the differences may have more to do with different aquifer properties rather than property rights regimes.
  These differences would naturally tend to result in more water being used in Texas because there is simply more water available.  But comparing the rates at which the aquifer is being depleted in each state clearly reaffirms the previous findings.

An estimate of the amount of recoverable water remaining in storage in 1980, in the New Mexico counties comes from Gutentag, et al. (1984).
  Data from Texas for recoverable water in storage is available by county in a report issued by the Texas Water Development Board (Peckham and Ashworth, 1993).
  Using those numbers as a baseline and the average pumpage data over the 1985 – 2000 period, the New Mexico pumpage was approximately 1% of storage during that period, while the Texas pumpage was just over 2.6% of storage.  Recharge values for the High Plains aquifer have been estimated on several occasions, and the data indicates considerable variability.
  But if an average recharge over the entire area of 1% of mean annual precipitation is assumed (0.15 inches, a generous estimate by some accounts), the average recharge would total approximately 89,000 acre-feet in New Mexico and 92,000 acre-feet in Texas (annual recharge, in feet, multiplied by the total land area from Table 1).  This would mean that the average groundwater pumpage in New Mexico for the 1985-2000 period was over six times the amount of annual recharge.  For the same period, the average pumpage in Texas was more than 24 times the average recharge.  

Summary and Conclusions
Using existing data, this study compared the use of groundwater for irrigated agriculture in adjacent areas of New Mexico and Texas overlying the High Plains aquifer.  The study was conducted to assess differences that might be attributable to the different property rights regimes governing access to groundwater in the two states, a natural laboratory for testing the effect of those regimes on groundwater use.  Those regimes encompass what many would consider the extremes of property rights regimes dealing with groundwater: prior appropriation and the rule of capture.  Prior appropriation has been noted to be the best system for protection of water supplies because it comes closest to approximating true property rights in groundwater (Gisser 1983).  The rule of capture, in contrast, is most often characterized as an effectively open access property regime (Griffin 2006).  This difference led to the prediction that significantly more groundwater would be pumped to irrigate significantly more acreage, on a relative basis, in the Texas counties studied than in the neighboring areas of New Mexico.

The prediction is well-supported by the data analyzed.  There is much more land in the Texas counties being used for irrigated farming than in New Mexico.  The annual groundwater use per capita, per acre of land, and per well was greater in Texas.  The only comparison where groundwater use in New Mexico exceeded Texas was annual groundwater use per irrigated acre.      

While the pumping data supports the hypothesis that more groundwater will be pumped in Texas, that conclusion must be tempered by an awareness that physical parameters, especially aquifer characteristics, may have a more significant impact on the amount of groundwater being used than the applicable property rights regime.  For example, the study by Emel and Roberts (1995) indicated that irrigation demand may be more closely linked to soil type and potential well yields than management institution. 

A significant unanswered question remaining is: does either property regime provide better incentives to encourage efficient rates of groundwater pumping?  Unfortunately this analysis cannot determine whether either regime adequately incentivizes landowners to properly consider the future pumping costs that are likely to result from today’s pumping decisions.  Prior appropriation does, however, provide a framework within which many pumping externalities can be minimized through administrative controls in order to manage the depletion of an aquifer.  It may be too early to tell whether the local management of groundwater in Texas will be sufficient to effectively manage the resource.  The evidence at present indicates that it has not yet done so.
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� The lower the personal discount rate employed by the resource user, the greater the potential benefit from groundwater management.  This is because where the discount rate is low, a pumper is more likely to perceive sufficient benefit from foregone pumping today because the future value of that water is more likely to exceed the underlying rate of interest.  For example, Feinerman and Knapp (1983) found that decreasing the discount rate from 5% to 3% resulted in benefits from management that increased by a factor of three.  Brill and Burness (1994) developed a model that showed increased divergence between the rate of managed versus unmanaged groundwater pumping in the situation where declining water levels lead to declining well yields and increased water demands.  Burness and Brill (2001) found that falling well yields resulting from water level declines will lead to greater potential for benefits from groundwater management.  Additionally, those pumpers would then be more likely to recognize the value of management because it ensures that other users will not usurp the benefit of conserved groundwater.


� As noted by Griffin (2006), the aquifer from which Gisser and Sanchez derived their hydrologic parameters was somewhat anomalous in that both the rate of recharge and aquifer storage was very high.  Robson and Banta (1995) noted that the natural rate of recharge to this aquifer has been estimated to be on the order of 290,000 ac-ft/year, based on measured discharges from the aquifer in 1978 of approximately the same amount, coupled with very small changes in water levels in the aquifer over a several year period up to 1978.  This results in an aquifer able to support significant, long-term pumping contrary to most aquifers in arid or semi-arid regions, which have almost negligible recharge.  This type of aquifer could be characterized as a flow resource, rather than a stock resource.  As defined by Kelso (1961), stock resources, such as aquifers or coal mines, are typically non-renewable and flow resources, such as rivers or air, are renewable.


� Clark (1987) notes that both Nevada and Oregon enacted statutes adopting prior appropriation for groundwater earlier.  Nevada enacted an unlimited appropriation statute for a brief period between 1913 and 1915, and Oregon, just two weeks before New Mexico, but only applicable to the eastern portion of the state.  The law in New Mexico was significant because of its inherent limits on ability to appropriate groundwater due to the degree of authority exercised by the State Engineer.


� According to the NMOSE, a declared basin is one with “reasonably ascertainable boundaries.”  As of 2005, all groundwater in the state of New Mexico is located within a declared basin.


� These guidelines are found in the Rules and Regulations Governing the Appropriation and Use of Groundwater in New Mexico, Article 2, section 2-2, Change of Place and/or Purpose of Use and in N.M.S. § 72-12-3.  The State Engineer may deny any new or changed right, even in the absence of challenge, upon a finding that no unappropriated water exists within the basin or that the new or changed right will impair an existing right or is contrary to water conservation goals or the public welfare of the state.  As will be discussed the right to challenge new permit applications is a key aspect of what makes appropriative rights more closely resemble true property rights.  


� Gisser (1983, p. 1002) referred to the legal and administrative system in New Mexico as coming “within an eyelash of attaining the optimal allocation of water.” 


� New Mexico statutory law governing rights to underground water is found in New Mexico Statutes (N.M.S.) § 72-12-1 et seq. and regulations promulgated by the Office of the State Engineer.


� The absolute ownership doctrine traces its lineage to the 19th century English case of Acton v. Blundell [152 Eng. Rep. 1223 (Ex. Ch. 1843)], a suit by a cotton spinner whose wells were dried up by pumping to dewater a nearby coal mine.  The cotton spinner alleged that his rights to percolating groundwater were protected in the same manner as those of a riparian landowner to the flow of a surface stream.  But the court ruled that the riparian doctrine was not suitable for application to groundwater, because riparian rights were dependent on knowledge of where the water came from and where it was going and knowledge of adjacent uses by neighboring riparians dependent on that flow.  In the case of groundwater, the court reasoned, it can not be assumed that neighboring landowners would have such knowledge.  Additionally, the court noted that giving such rights to neighboring landowners would slow the development of groundwater resources for the economic benefit of the state.   


� 81 S.W.2d 279, 281-282 (Tex. 1904)


� The court described groundwater movement as “secret, occult and concealed.”


� 1 S.W.3d 75 (Tex. 1999)


� Green (1973, p. 177) provides a description of the political wrangling that took place between West Texas farmers and the Texas Water Conservation Association, which wanted to impose state-wide regulation of groundwater to limit the impacts of aquifer depletion.  He describes the commentary of Southwestern Crop and Stock (the trade journal of the farming and ranching community) after successful passage of the local control legislation, saying “West Texans can consider the water their own – to use or to waste as they please.”


� Green (p. 185) notes that between 1951 and 1958, the average water level decline in the Texas High Plains was almost 28 feet.  Records indicate that groundwater pumpage from the High Plains aquifer in Texas peaked in the early 1970s, then declined until the early 1980s.  Pumpage generally increased during the 1990s, when higher than normal precipitation resulted in rising water levels in many areas.


� Gisser (1983, p. 1009) describes a properly defined right to use groundwater as “three-dimensional,” incorporating “the right to (a) use, (b) exclude, and (c) transfer.”  These aspects of a property right to groundwater also require “[m]easurement (quantification) and enforcement” for the right to be “meaningful.”  He argues that New Mexico comes very close to accomplishing this.


� Transfer of rights to groundwater in New Mexico is permitted and fairly common, although strictly regulated by the State Engineer.  Because all groundwater rights for irrigation purposes take into account both consumptive use and return flow components, where a transfer occurs from an irrigation use to another type of use that does not incorporate the return flow element, the transferable right is limited to the consumptive use portion of the right.  The State Engineer, in approving the transaction, decrees what the transferable portion of the right will be.  This serves to mitigate the loss of return flow externality associated with transfers.


� Well owners under appropriation, however, would still be unlikely to properly discount the cost of future pumping in their present pumping decisions, because their ability to pump water in any given year is limited to the extent of their right and there is often no perceived benefit to foregone pumping in the current year to limit the cost of pumping in the future.  There is in fact a disincentive to pumping forbearance in the fact that an appropriative right can be forfeited by a specified period of non-use (this rule is found in N.M.S. § 75-5-28(A), prescribing two consecutive years of non-use).  This “use it or lose it” provision of appropriative rights is often cited as one of the most significant failings of the prior appropriation system.  It is alleged to encourage continuation of inefficient uses of water to which there are rights because of the concern of losing those rights if the use is made more efficient, requiring less water for the beneficial use.   


� For example, Emel and Roberts (1995), studying differences in water level declines between managed and unmanaged areas in the high plains, found in one of their tests that physical factors such as saturated thickness and well yield may explain differences in irrigation demand as readily as the contrast between the two administrative regimes.


� Other commentators have noted that increased efficiency does not necessarily lead to lower overall water use, but can actually lead to higher net water use, because the same amount of water may be withdrawn, while the amount of return flow is less.  See e.g. Peterson and Ya (2005); Huffaker and Whittlesey (1995).  This analysis needs to indicate that the concern with implementing more efficient irrigation methodology is due to the fact that consumptive use appears to increase when efficiency increases – esp. when comparing flood irrigation and drip.  The actual amount of water pumped or diverted will be less, but the elimination of a portion of return flows comes at the expense of greater consumptive use by growing the same crops on the same acreage (resulting in higher yields but at the cost of return flows).  Cite to PNAS article by Ward and Pulido-Velazquez.


� Gutentag et al. (1984) discusses the physical characteristics of the High Plains aquifer, specifically noting that the amount of recoverable water stored in the aquifer under New Mexico in 1980 was approximately 50 million acre-feet.  The amount available under Texas was approximately 390 million acre feet.  They note further that the aquifer has no effective saturated thickness and only a few areas where the saturate thickness exceeds 100 feet in New Mexico.  Texas, by comparison, has extensive areas where saturated thickness ranges from 100-200 feet.  However, the report also indicates that water level declines are generally much greater and more widespread in Texas than in New Mexico.


� Because the 3 New Mexico counties studied here represent the bulk of the available water in the High Plains aquifer under New Mexico, the value in this report is considered representative of the value for those counties.


� The total estimated recoverable water under the nine Texas counties in 1990, according to this report was approximately 68 million acre-feet.


� Gutentag et al. (1984) lists estimated recharge values derived from several sources that range from 0.1% of mean annual precipitation (0.024 inches) in Texas to 6% of precipitation (0.82 inches) in New Mexico.  Recharge is highly variable over large areas such as this and even the best estimates are based on large assumptions.





�What they are essentially saying is that pumpers must perceive the presence of shortages for racing behavior to occur.  Absent recognition of shortages, normal competitive behavior by pumpers will produce at least next best case scenario.


�Discuss Desired Future Conditions programs in texas and the possible impact it could have on pumping regulation in the future.  DFC designed to introduce long-range planning for GWCDs.


�Apparently not true – GW rights can be severed from surface rights under TX law.





