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Geohydrologic Framework and Hydrologic Conditions in the
AlbuquerqueBasin, Central New Mexico

By CondeR. Thorn, Douglas P. McAda, and John Michael Kernodle

Summary

Recent investigations indicate that thezoneof highly productiveaquifer, on which theCity of
Albuquerquehas depended for its water supply, is much less extensiveand thinner than was formerly
assumed. The investigation described in this report focused on gathering recent information to requantify
theground-water resources of theAlbuquerqueBasin in Central New Mexico. This report describes the
geohydrologic framework and current (1993) hydrologic conditions in theAlbuquerqueBasin.

TheSantaFeGroup aquifer system in theAlbuquerqueBasin is comprised of theSantaFeGroup (late
Oligocene to middlePleistocene) and post-SantaFeGroup valley and basin-fill deposits. TheSantaFe
Group and post-SantaFeGroup deposits recently havebeen divided into four hydrostratigraphic units by
other investigators: the lower, middle, and upper parts of theSantaFeGroup, and post-SantaFeGroup
valley and basin-fill deposits. Thehydrostratigraphic units were further divided into lithofacies units
characterized by bedding and compositional properties that exhibit distinctivegeophysical, geochemical,
and hydrologic characteristics. TheSantaFeGroup ranges from less than 2,400 feet in thickness near the
margins of thebasin to 14,000 feet in thecentral part of thebasin.

Recent information from wells in theAlbuquerquearea indicate that themost productivepart of theSanta
FeGroup aquifer system is within theupper part of theSantaFeGroup and to someextent themiddle
part of theSantaFeGroup. Themost productive lithologies are the fluvial axial channel deposits of the
ancestral Rio Grandeand, to a lesser extent, thepediment slopeand alluvial-fan deposits. This most
productivepart of theaquifer system is now known to be2 to 6 miles wideand has a remaining saturated
thickness of about 600 feet. Thebasin-floor playa lakedeposits of the lower part of theSantaFeGroup
produce littleground water. Faul~ and cemented fault planes, wherepresent, impedeground-water flow
within theSantaFeGroup aquifer system.

Water levels declined 140 feet from 1960 to 1992 in theeast Albuquerquearea. Water levels declined 40
feet from 1989 to 1992 in eastern, northwestern, and south-central Albuquerque. Themagnitudeof these
declines is due in part to shifts in pumping centers, thepresenceof fault barriers, and the limited extent of
theaxial channel deposits.

On thebasis of an assumed storagecoefficient of 0.2, thewater-level declines in theSantaFeGroup
aquifer system in theAlbuquerquearea represent adecrease in storagedue to groundwater withdrawal of
an estimated 994,000 acre-feet from 1960 to 1992. Thedecrease in storagedue to ground-water
withdrawal from 1989 to 1992 is estimated to be305,000 acre-feet.

Theaverage total annual surface- and ground-water inflow to thebasin from 1974 through 1992 was
estimated to be1,458,400 acre-feet and the total outflow and consumptive loss was estimated to be
1,459,100 acre-feet. Theaverageannual change in storagewas estimated to beminus 31,100 acre-feet.
Thewater budget components of inflow and outflow wereestimated independently from that of change in
aquifer storage. As a result thewater budget does not balance; theerror in thewater budget is 2 percent.

Source: Thorn, C.R., D.P. McAda, and J.M. Kernodle. Geohydrologic Framework and Hydrologic Conditions in the
AlbuquerqueBasin, Central New Mexico. U.S. Geological Survey Water-Resources Investigations Report 93-4149,
1993.
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Simulation of Ground-Water Flow in theMiddleRio Grande
Between Cochiti and San Acacia, New Mexico

By Douglas P. McAdaand Peggy Barroll

Abstract

This report describes a three-dimensional, finitedifference, ground-water-flow model of
theSantaFeGroup aquifer system within theMiddleRio GrandeBasin between Cochiti
and San Acacia, New Mexico. Theaquifer system is composed of theSantaFeGroup of
middleTertiary to Quaternary ageand post-SantaFeGroup valley and basin-fill deposits
of Quaternary age.

Population increases in thebasin since the1940's havecaused dramatic increases in
ground-water withdrawals from theaquifer system, resulting in largeground-water-level
declines. Because theRio Grande is hydraulically connected to theaquifer system, these
ground-water withdrawals havealso decreased flow in theRio Grande. Concern about
water resources in thebasin led to thedevelopment of a research plan for thebasin
focused on thehydrologic interaction of ground water and surfacewater (McAda, D.P.,
1996, Plan of study to quantify thehydrologic relation between theRio Grandeand the
SantaFeGroup aquifer system near Albuquerque, central New Mexico: U.S. Geological
Survey Water-Resources Investigations Report 96-4006, 58 p.). A multiyear research
effort followed, funded and conducted by theU.S. Geological Survey and other agencies
(Bartolino, J.R., and Cole, J.C., 2002, Ground-water resources of theMiddleRio Grande
Basin, New Mexico: U.S. Geological Survey Circular 1222, 132 p.). Themodeling work
described in this report incorporates the results of much of this work and is the
culmination of this multiyear study.

Thepurposeof themodel is (1) to integrate thecomponents of theground-water-flow
system, including thehydrologic interaction between thesurface-water systems in the
basin, to better understand thegeohydrology of thebasin and (2) to providea tool to help
water managers plan for and administer theuseof basin water resources. Theaquifer
system is represented by ninemodel layers extending from thewater table to thepre-
SantaFeGroup basement rocks, as much as 9,000 feet below theNGVD 29. The
horizontal grid contains 156 rows and 80 columns, each spaced 3,281 feet (1 kilometer)
apart. Themodel simulates predevelopment steady-stateconditions and historical
transient conditions from 1900 to March 2000 in 1 steady-stateand 52 historical stress
periods. Averageannual conditions aresimulated prior to 1990, and seasonal (winter and
irrigation season) conditions aresimulated from 1990 to March 2000. Themodel
simulates mountain-front, tributary, and subsurface recharge; canal, irrigation, and septic-
field seepage; and ground-water withdrawal as specified-flow boundaries. Themodel
simulates theRio Grande, riversidedrains, Jemez River, Jemez Canyon Reservoir,
Cochiti Lake, riparian evapotranspiration, and interior drains as head-dependent flow
boundaries.



Hydrologic properties representing theSantaFeGroup aquifer system in theground-
water-flow model arehorizontal hydraulic conductivity, vertical hydraulic conductivity,
specific storage, and specific yield. Variablehorizontal anisotropy is applied to themodel
so that hydraulic conductivity in thenorth-south direction (along model columns) is
greater than hydraulic conductivity in theeast-west direction (along model rows) over
much of themodel. This pattern of horizontal anisotropy was simulated to reflect the
generally north-south orientation of faulting over much of themodeled area. With
variablehorizontal anisotropy, horizontal hydraulic conductivities in themodel range
from 0.05 to 60 feet per day. Vertical hydraulic conductivity is specified in themodel as a
horizontal to vertical anisotropy ratio (calculated to be150:1 in themodel) multiplied by
thehorizontal hydraulic conductivity along rows. Specific storagewas estimated to be2 x
10-6 per foot in themodel. Specific yield was estimated to be0.2 (dimensionless).

A ground-water-flow model is a tool that can integrate thecomplex interactions of
hydrologic boundary conditions, aquifer materials, aquifer stresses, and aquifer-system
responses. This groundwater-flow model provides a reasonable representation of the
geohydrologic processes of thebasin and simulates many historically measured trends in
flow and water levels. By simulating thesecomplex interactions, theground-water-
flowmodel described in this report can providea tool to help water managersplan for and
administer theuseof basin water resources. Nevertheless, no ground-water model is
unique, and numerous sources of uncertainty remain. When using results from this model
for any specific problem, thoseuncertainties should be taken into consideration.

Source: McAda, D.P. and Peggy Barroll. Simulation of Ground-water Flow in theMiddle
Rio GrandeBetween Cochiti and San Acacia, New Mexico. U.S. Geological Survey
Water Resources InvestigationsReport 02-4200, 2002.
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Ground-Water Resources of the
MiddleRio GrandeBasin, New Mexico

By James R. Bartolino and James C. Cole

ExecutiveSummary

TheMiddleRio GrandeBasin covers approximately 3,060 squaremiles in central New
Mexico, encompassing p; of SantaFe, Sandoval, Bernalillo, Valencia, Socorro, Torrance,
and CibolaCounties. In this report, "MiddleRio GrandeBasin" refers to thegeologic
basin defined by theextent of deposits of Cenozoic agealong theRio Grande from about
Cochiti Dam to about San Acacia. In 2000, thepopulation of theMiddleRio Grande
Basin was abou1 690,000, or about 38 percent of thepopulation of New Mexico (U .S.
CensusBureau, 2001a, 2001b).

In 1995, theNew Mexico Officeof theStateEngineer declared theMiddleRio Grande
Basin a "critical basin"; that is aground-water basin faced with rapid economic and
population growth for which there is less than adequate technical information about the
availablewater supply. Though thebasin had been intensively studied for anumber of
years important gaps remained in theunderstanding of thewater resources of thebasin.
In an effort to fill someof thesegaps, theU.S. Geological Survey (USGS) and other
Federal, State, and local agencies began theMiddleRio GrandeBasin Study, a6-year
effort to improve theunderstanding of thehydrology, geology, and land-surface
characteristics of thebasin.

Characteristics of theMiddleRio GrandeBasin

Much of theMiddleRio GrandeBasin is classified as desert, with mean annual
precipitation ranging from 7.6 inchesat Belen to 12.7 inchesat Cochiti Dam. Mean
annual temperatures range from 54.0¡ Fat Corrales to 56.5¡ Fat Albquerqueand Belen
(National Weather Service, 2002).

Scurlock (1998) listed eight main plant communities in thepresent-day MiddleRio
GrandeBasin and bordering mountains. They are, in aprogression from near theRio
Grande to themountaintops: riparian, desert grassland, pIains mesagrassland, scrublands,
juniper savanna, pinyon-juniper woodlands, ponderosapine, and subalpineand mixed
coniferous forest. Thevegetation of the riparian woodland (or bosque) has evolved
significantly since the introduction of exotic species prior to 1900 and theconstruction of
flood-control and bank -stabilization projects. During the la: to 70 years, thebosquehas
developed in an area that was formerly semibarren flood plain.

TheAlbuquerqueareabegan to grow significantly during and after theSecond World
War. Postwar growth expanded theeconomic baseof theareaand led to apopulation
increase in Albuquerque from about 35,000 to about 200,0( peoplebetween 1940 and
1960 (Reeve, 1961). This population growth led to increased pumping of ground water



Geology

TheMiddleRio GrandeBasin lies in theRio Grande rift valley, azoneof faults and
basins that stretches from Menorth to approximately Leadville, Colorado (about 150
miles north of theNew Mexico border)-themodern Rio Grande follows this rift valley.
The rift formed more than 25 million years ago and initially consisted of asuccession of
topographically closed basins. Theseclosed basins filled with sediment from theadjacent
mountain ranges, du deposits from windblown sand, and volcanic deposits from local
volcanic areas such as theJemez Mountains. Flowing southward into and through the
successivebasins in the rift, theRio Grandedeposited river-bornesediment and
established the through-flowing river seen today. About 3 million years ago theRio
Grandebegan to erode into sediment, that it had deposited previously, suggesting that the
river drained all theway to theGulf of Mexico. Basin-fill deposit derived from all these
sources (deposited in both open- and closed-basin conditions) areknown as theSantaFe
G and range from about 1,400 feet thick at thebasin margins to approximately 14,000
feet in thedeepest parts of theMiddleRio GrandeBasin. TheSantaFeGroup, in addition
to younger alluvial deposits along theRio Grande, m up theSantaFeGroup aquifer
system.

Each of thedifferent settings in which sediment was deposited in theMiddleRio Grande
Basin (such as mountainfront alluvial fans, rivers and streams, or sand dunes) resulted in
aunique typeof sedimentary deposit. Thesedeposits areacomplex mixtureof different
sediment types and grain sizes that change rapidly in thevertical and horizontal
directions. Someof thesedeposits makebetter aquifer material than others, resulting in
variations in thequantity and quality of water produced from wells installed in different
locations.
Faults throughout thebasin further increase thecomplexity of theaquifer system.
Ground-water flow can be restricted across faults by offsetting units of different
permeability or enhanced along faults by thepresenceof fractured rock. Over time, such
fractures may becomebarriers to flow becauseof theprecipitation of chemical cements
in the fractures.

Surface, airborne, and borehole-geophysical techniqueshavebeen used to improve the
understanding of thegeologic framework of theSantaFeGroup aquifer system. Such
properties as magnetism, gravity, electrical properties, and natural radioactivity have
allowed scientists to better define theboundaries of theaquifer system, faults, and areas
underlain by amorepermeableaquifer material.

Geologic information collected for theMiddleRio GrandeBasin Study has been
incorporated into anew conceptualization of thecomposition of theaquifer system. This
improved understanding has been formalized into a three-dimensional geologic model
that is thebasis for anew ground-water-flow model of thebasin.



SurfaceWater

In theMiddleRio GrandeBasin, thesurface- and ground-water systems are intimately
linked through aseries of complex interactions. These interactions can make it difficult to
recognize theboundary between the two systems, and changes in oneoften affect the
other. Themost prominent hydrologic feature in thebasin is theRio Grande, which flows
through theentire length of thebasin, generally from north to south. The fifth longest
river in North America, its headwaters are in themountains of southern Colorado. Flow
in theRio Grande is currently (2002) regulated by aseries of dams and storage reservoirs.
Thegreatest flows occur in latespring as a result of snowmelt and for shorter periods
during thesummer in response to rainfall. Historically, theRio Grandehas flowed year-
round through much of thebasin, except during severedrought. Within thebasin,
tributary steams, wastewater-treatment plants, flood-diversion channels from urban areas,
and a largenumber of arroyos and washes contribute flow to the river.

The inner valley of theRio Grandecontains acomplex network of irrigation canals,
ditches, and drains. During irrigation season, water is diverted from the river at four
locations in thebasin and flows through theRio Grande inner valley in aseries of
irrigation canals and smaller ditches for application to fields. This water recharges ground
water, is lost to evaporation, is transpired by plants, or is intercepted by interior drains
and returned to the river. Besides theRio Grande, the inner-valley surface-water system
also contains asystem of riversidedrains, which aredeep canals that parallel the river
immediately outside the levees. Thedrains aredesigned to intercept lateral ground-water
flow from the river, thus preventing waterlogged conditions in the inner valley. The
drains then carry this ground water back to theRio Grande.

Estimated and measured annual surface-water inflow into theMiddleRio GrandeBasin is
about 1,330,000 acre-feet (for water years 1974-2000) and measured annual surface-
water outflow is about 1,050,000 acre-feet (for water years 1974-2000). Currently (2002),
theprimary consumptiveuseby humans of surfacewater in theMiddleRio GrandeBasin
is irrigation in the inner valley of theRio Grande. Other water is consumed by reservoir
evaporation, recharge to ground water, and evapotranspiration by riparian vegetation.
Other nonconsumptiveuses include recreation, esthetics, and ceremonial useby Native
Americans.

Ground Water

TheSantaFeGroup aquifer system is divided into threeparts: theupper (from less than
1,000 to 1,500 feet thick), middle (from 250 to 9,000 feet thick), and lower (from less
than 1,000 to 3,500 feet thick). In places, theupper part and(or) themiddlepart of the
aquifer has eroded away. Much of the lower part may have low permeability and poor
water chemistry; thus, ground water is mostly withdrawn from theupper and middleparts
of theaquifer. Only about theupper 2,000 feet of theaquifer is typically used for ground-
water withdrawal. Ground water from theSantaFeGroup aquifer system is currently the
solesourceof water for municipal supply, domestic, commercial, and industrial use in the
MiddleRio GrandeBasin.



Thedepth to water in theSantaFeGroup aquifer system varies widely, ranging from less
than 2 feet near theRio Grande to about 1,180 feet in an areawest of the river beneath
theWest Mesa. Effects of ground-water pumping arenot evident on theearliest ground-
water-level maps of theMiddleRio GrandeBasin (1936 conditions). However, aground-
water-level map showing more recent conditions (winter 1994-95) shows well-defined
cones of depression in theAlbuquerqueand Rio Rancho areas and marked distortion of
water-level contours across theAlbuquerquearea. Water levels in anetwork of 255 wells
arebeing measured to monitor further water-level changes.

Water enters theSantaFeGroup aquifer system in four main settings: mountain fronts
and tributaries to theRio Grande, the inner valley of theRio Grande, theRio Grande, and
subsurfacebasin margins. Water entering theaquifer in the first threesettings is usually
termed recharge, whereas water entering thebasin in thesubsurface is typically termed
underflow.

Ground water discharges from theSantaFeGroup aquifer system in several ways:
pumpage from wells, seepage into theRio Grandeand riversidedrains, springs,
evapotranspiration, and subsurfaceoutflow to theSocorro Basin. If ground-water
pumpage from an aquifer exceeds recharge, water levels in theaquifer decline, as has
been observed in theMiddleRio GrandeBasin. Thesedeclining water levels can have
adverseeffects that influence the long-term useof theaquifer, including deterioration of
water quality, water-well problems, and land subsidence.

Ground-Water Chemistry

A useful approach to characterizing ground-water chemistry in theMiddleRio Grande
Basin is to divide thebasin into 13 zones, or regions, of different water-chemistry
characteristics. Themedian concentrations of two constituents (chlorideand sulfate)
exceed theU.S. Environmental Protection Agency (USEPA) secondary standards for
drinking water in several zones. Arsenic concentrations in ground water exceeded the
USEPA primary standard (finalized in 2001) of 0.010 milligram per liter (mg/L) of
arsenic in onezone.

Most of theground water in thebasin is not very susceptible to contamination because
thedepth to water in most areas is greater than lOO feet. Deposits in the inner valley of
theRio Grande, however, aremoresusceptible to contamination because thedepth to
water is generally less than 30 feet. Thereare four Superfund sites, threeRCRA
(ResourceConservation and Recovery Act of 1976) sites, and about 700 former and
present leaking underground-storage-tank sites in theMiddleRio GrandeBasin.

Ground-Water-Flow Modeling

Several ground-water-flow models of theMiddleRio GrandeBasin havebeen developed.
Themost recent (2002) is aUSGS model that incorporates new hydrogeologic data
collected since1995 (McAdaand Barroll, 2002). Themodel encompasses theentire



thickness of theSantaFeGroup in order to simulateprobable flow paths in the lower part
of theaquifer. Model simulations show that (I) prior to installation of the riversidedrains
along theRio Grande, the river was losing flow, though currently (2002) thedrains
intercept much of this flow and divert it back into the river; (2) theRio Grandeand
riversidedrainsareso closely related, especially during thenonirrigation season, that
they function as onesystem; (3) thehydrologic connection between theRio Grandeand
underlying SantaFeGroup aquifer system is variableand changes with the lithology of a
particular river reach; (4) in much of theSantaFeGroup aquifer system throughout the
basin, water removed from storage is partially replaced during thenonirrigation season;
and (5) mountain-front recharge to theSantaFeGroup aquifer system is less than
amounts estimated by previous models.

TheMcAdaand Barroll (2002) ground-water-flow model of theMiddleRio Grande
Basin does not makeany projections of futureconditions, though it could bemodified to
do so. However, it does providewater-resourcemanagers amoreaccurateand powerful
tool than previous models to evaluate thepotential effects of management decisions.
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Future Water Use Projections 

for the Middle Rio Grande Water Planning Region 

Executive Summary 

     The Middle Rio Grande Water Planning Region is one of 16 water-planning regions in 

New Mexico.  The planning region essentially consists of Sandoval, Bernalillo, and 

Valencia counties, an area encompassing 5,495 square miles.  The planning region 

includes various federally owned lands as well as lands belonging to 13 different Native 

American Governments.  The planning region includes all of the Jemez River watershed 

and portions of the Rio Grande and Rio Puerco watersheds.  The planning region is 

subdivided along the boundaries of these watersheds. 

     The Middle Rio Grande faces challenges of 

growing population, expanding urbanization, and 

increasing demands for scarce water.  It is an arid 

region, averaging only 9 inches of rain per year.  

The Rio Grande, lifeblood for many, not only 

provides water to our region, but to many others 

both upstream and downstream.  Two countries, 

three states, and several Native American entities 

rely on its waters.  Our region alone contains three 

watersheds, each with its own characteristics and 

problems.  Within this Middle Rio Grande water 

planning region, there are 13 Native American 

governments, three counties and several 

municipalities, each with varying responsibilities for 

managing water resources.  The task of balancing 

water use and availability is necessary to maintain 

the quality of life throughout the region. 

Figure ES-1 - The Middle Rio 
Grande Water Planning Region 



-ii-

     The Middle Rio Grande water-planning region is not alone in having to balance 

increasing demands for water.  The State of New Mexico encourages regional water 

planning to manage those demands.  In keeping with this effort, our region has 

undertaken the development of such a plan.  In so doing, we are attempting to answer 

some basic questions: 

�x What is our available water supply? 

�x What historic demands have we made and are we presently making upon the 

water supply? 

�x What demands do we expect will be made upon the water supply in the next 40 

years?

�x How will we meet the future demands with supply? 

     The first two questions have been considered in other reports, and in the final plan 

the last question is to be addressed, with the alternatives reflecting the region's goals 

and objectives.  The purpose of this report is to anticipate what the future demands on 

the water resource will be.  The estimated demands are based upon projected trends in 

population growth and changes in land use, and are described in terms of withdrawals1

and depletions2.  Some variations of projections have been devised in order to illustrate 

a range of future water usage and the subsequent impacts on water supply.  However, 

the primary purpose is to present a reference baseline of our future water situation given 

our current land and water management practices and the trends that exist today.   

                                                
1

Withdrawal: water that is either diverted from the surface-water system or pumped from wells.  Some of this water may 

return to either the surface-water or groundwater system. 
2

Depletion: that part of a withdrawal that has been evaporated, transpired, or incorporated into crops or products, 

consumed by people or livestock, or otherwise removed from the water environment. It includes the portion of ground-

water recharge resulting from seepage or deep percolation (in connection with a water use) that is not economically 

recoverable in a reasonable number of years, or is not usable. Same as consumptive use.
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Present Day Water Supply and Use 

     The population of the planning region has increased by 21% over the past 10 years, 

from 589 thousand to more than 712 thousand residents.   Despite a decline in irrigated 

agriculture, our water supplies are already stretched to, or beyond, their limits.  The 

water supplies of the Middle Rio Grande region have been documented in a number of 

reports prepared over the last several years.  A group of technical experts, working on 

behalf of the Middle Rio Grande Water Assembly, prepared a water budget for the 

Middle Rio Grande region in 1999.  Their report, entitled Middle Rio Grande Water 

Budget, was based on average flows for the period from 1972 to 1997.  The report 

concluded that: 

�x We are depleting our reserves of groundwater in the region by approximately 

70,000 acre-feet3 per year. 

     Another report, entitled Middle Rio Grande Water Supply Study, was completed by 

the firm S.S. Papadopulos & Associates, Incorporated, in August 2000 for the U.S. Army 

Corps of Engineers and the New Mexico Interstate Stream Commission.  This latter 

report concluded that: 

�x On average, the present water supply is barely adequate (including San Juan-

Chama Project water and groundwater withdrawals) to meet the present 

demands in the Middle Rio Grande region, and 

�x The water supply is highly variable, due to the high variability in Otowi inflow4 and 

the high variability in evaporation from the Elephant Butte Reservoir. 

     In the report entitled Historical And Current Water Use In The Middle Rio Grande 

Region, prepared by John Shomaker & Associates, Inc. together with PioneerWest in 

June 2000, our current (as of 1995) regional water use was assessed.   The Shomaker 

                                                
3

An acre-foot is the amount of water required to cover an acre (43,560 square feet) to a depth of one foot and equal to 

325,851 gallons. 
4

Otowi inflow is the amount of water flowing in the Rio Grande at the Otowi stream gage located at the river crossing on 

the road between Santa Fe and Los Alamos. 
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report utilized an adaptation of the water use categories defined by the State Engineer. 

Shomaker reported the withdrawals and consumptive use5 of water under the following 

categories:  public water supply, riparian vegetation, agriculture, livestock, power, 

mining, self-supplied domestic, self-supplied industrial, self-supplied commercial, and 

open water evaporation. 

Shomaker concluded that: 

�x total withdrawals in the planning region in 1995 were 600,000 acre-feet 

�x total depletions (consumptive use) in the planning region in 1995 were 340,000 

acre-feet.

     The relative proportions of withdrawals reported by Shomaker are shown in Figure 

ES-2.  This figure illustrates the significance of agriculture, riparian vegetation, public 

water supply, and open water evaporation as the major withdrawals in the region. 

Figure ES-2 - Distribution of withdrawals by category 
in total region, 1995

agriculture
46.99%

riparian vegetation
15.52%

public water supply
25.30%

open water evaporation
9.17%

livestock
0.29%

self-supplied domestic
1.29%self-supplied 

commercial
0.98%

self-supplied industrial
0.32% power

0.04%
mining 
0.10%

Total withdrawals in region
in 1995 were 600,000 acre-feet

Reference: Shomaker report, 
Figure 50 on page 88 

                                                
5

Consumptive use means depletion. 
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Land Use and Future Projections 

     The Middle Rio Grande Council of Governments (MRGCOG) created an initial 

regional land-use map using 1996 as the base year for the Focus 2050 Regional Plan

project.  The purpose of the Focus 2050 project was "to create a long-range strategy for 

managing growth and development within the region through the year 2050"  (Resolution 

of Board of Directors, February 10, 2000).   MRGCOG’s regional land-use map includes 

18 land-use categories. 

     Water withdrawal and depletion coefficients for the land use categories were derived 

by correlating water-use information, as reported by Shomaker, with the land-use 

categories developed by MRGCOG. 

     Projections of future withdrawals and depletions were calculated by combining 

withdrawal and depletion coefficients with a map of future land uses. The future land-use 

map used for this project was prepared in conjunction with the Focus 2050 project.  This 

future is based on a projected future population of 1.47 million people in the planning 

region and assuming a continuation of the current trends in land development.  The 

population projections used to calculate future water use are shown in Figure ES-3. 

Figure ES-3 - Projected Population Growth 
in the Planning Region
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     Significant factors influencing future water use include population and economic 

growth and anticipated decreases in irrigated agriculture.  The projected withdrawals 

calculated at 10-year intervals of time for each of the regional land-use categories 

considered in this study are shown in Table ES-1.  (Note:  The numbers displayed in this 

table are not a representation of accuracy, but are the direct result of multiplying 

withdrawal coefficients by a specified amount of land under a specified land use 

category.)  Also, as a comparison to the projected population growth, the projected water 

withdrawals for the region as a whole are shown in Figure ES-4. 

Table ES-1 – Projected withdrawals at 10-year intervals for the planning region 

Withdrawals (acre-feet) 

Land-Use Category 2000 2010 2020 2030 2040 2050 

Single-family residential 108,557 146,451 179,297 205,803 232,265 261,680
Multi-family residential 10,000 11,670 13,117 14,285 15,451 16,747
Major retail commercial 2,451 2,658 2,837 2,982 3,126 3,287
Mixed and minor 
commercial

19,149 23,382 27,051 30,012 32,967 36,253

Office 2,042 3,001 3,832 4,502 5,172 5,916
Industrial and wholesale 5,865 6,535 7,116 7,585 8,053 8,573
Institutions 1,602 1,690 1,767 1,829 1,890 1,959
Schools and univers ities 3,069 2,979 2,900 2,837 2,774 2,704
Airports 5,123 4,894 4,696 4,536 4,376 4,198
Transportation and major 
utility corridors 

591 570 552 537 522 506

Irr igated agriculture 281,934 265,568 251,383 239,936 228,508 215,804
Rangeland and dry 
agriculture 

0 0 0 0 0 0

Major open space and 
parks (with water use) 

5,001 4,795 4,616 4,471 4,327 4,167

Major open space and 
parks  (no water  use) 

0 0 0 0 0 0

Natural drainage and 
riparian systems 

148,140 148,198 148,248 148,288 148,328 148,373

Urban vacant and 
abandoned 

0 0 0 0 0 0

Landfills and sewage 
treatment plants 

2,131 2,164 2,193 2,216 2,239 2,265

Other urban non-
residential

1,347 1,697 2,001 2,246 2,490 2,762

Kirtland Air Force Base 3,000 3,002 3,004 3,005 3,006 3,008
Totals: 600,002 629,254 654,608 675,069 695,496 718,202
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Figure ES-4 - Projected Growth in Water 
Withdrawals in the Planning Region
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The forecast for future withdrawals shown in Figure ES-4 correlates directly with the 

slope of the graph shown in Figure ES-3, given the base case projection for water 

planning purposes in the Middle Rio Grande region.  Again, this implies a decrease in 

irrigated agriculture associated with an increase in population, with no changes in water 

management.  The base-case projection indicates that regional withdrawals could 

increase to 718 thousand acre-feet per year by the year 2050, an increase of 20% 

compared to current withdrawals.  This projection will be used in future efforts to 

evaluate the effects of potential water-supply and water-management alternatives. 

In addition to the base-case projection, several variations were calculated to show a 

range of potential projections for the future.  In one variation, agricultural acreage was 

held constant rather than being reduced by the projected 8,800 acres as assumed in the 

base case projection.  In two other variations, various levels of conservation (15% and 

33%) were examined.  These variations to the base-case projection indicate that if we 

were to stabilize our withdrawals at the current level, we may have to reduce our per 

capita consumption by 33% by the year 2050.  In order to meet the goal of the regional 

water plan, balancing our use with renewable supply, then we will have to reduce total 

water consumption in the region even further.
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SomeStatistics on Attitudes and Preferences of Residents of theMiddle
Rio GrandeWater Planning Region Regarding Water Issues

Summary from the report, Attitudes and Preferences of Residents of theMiddleRio
GrandeWater Planning Region Regarding Water Issues, prepared by the Institute for
Public Policy at theUniversity of New Mexico, June2000.

Summary prepared by theMiddleRio Grand Water Assembly in collaboration with the
MiddleRio GrandeCouncil of Governments
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Executive Summary

Scope of Work

The Middle Rio Grande Water Supply Study develops a quantitative and
probabilistic description of the conjunctive-use groundwater and surface water supply
available to the Middle Rio Grande region, under the constraints of the Rio Grande
Compact.  The Middle Rio Grande region in New Mexico extends along the Rio Grande, 
north to south, from Cochiti Reservoir to Elephant Butte Reservoir, a distance of
approximately 175 miles (Figure ES-1). This study, conducted for the U.S. Army Corps
of Engineers (COE) and the New Mexico Interstate Stream Commission (ISC), provides
information to support regional water planning efforts for the Middle Rio Grande and
describes conditions relevant to maintaining compliance with the Rio Grande Compact.

An Executive Steering Committee (ESC) was commissioned to provide technical
advice and guidance regarding preparation of the Middle Rio Grande Water Supply.  The 
ESC, including technical representatives of a diverse group of stakeholders and agencies
within the Middle Rio Grande region, and interested observers, met periodically to
review the progress of the study and to provide interim comments.

The regional water planning process focuses on five questions:

·  What is the water supply?
·  What is the water demand?
·  What alternatives exist to meet demand with available supply, including water

conservation?
·  What are the advantages and disadvantages to these alternatives?
·  What is the best plan and how will it be implemented?

This study addresses the first of these questions:  characterization of the water supply.
Other studies will be conducted by regional planning entities to address the remaining
water planning questions.

Key products generated in this study include:

·  A summary of available data in the Middle Rio Grande Basin;
·  A bibliography of water-resource reference material;
·  A discussion of previous water budget and depletion studies;
·  Quantification of the impacts on flow of the Rio Grande from groundwater

pumping;
·  Quantification of the natural variability of water sources for the Middle Rio

Grande region;
·  A risk analysis evaluation of the water supply, identifying the range of expected

water supply conditions;
·  Evaluation of the probability of achieving compliance under the Rio Grande

Compact, given present water demands; and, under a hypothetical alternative. 
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These products provide an up-to-date integration of past and on-going technical studies
that can be used in the regional water planning process.  This study differs from previous 
water supply studies in that it considers a range of water supply conditions, rather than
average conditions, or conditions in specific years.  The range of water supply conditions 
considered in this study reflects the climatic variability experienced in this region over
the past 50 years.

Probabilistic Description of the Water Supply

In this study, a probabilistic water budget is developed for the stream system in
the Middle Rio Grande region.  Water inflows and uses are quantified to reflect both
climatic variability and present development conditions.  For each water budget term
exhibiting climate dependency, the range and nature of this variability is described.
Some water budget terms are predominantly influenced by land use or development
conditions.  These terms were quantified according to the present development condition.

Groundwater conditions are linked to the stream flow system using the
groundwater model of the Albuquerque Basin.  Through this approach, hydrologic
processes occurring in the aquifer that have effects on the stream, for example,
precipitation, recharge and groundwater pumping, are integrated into the water supply
analysis.

The available water supply to the Middle Rio Grande region is constrained by the 
terms of the Rio Grande Compact.  Figure ES-2 illustrates the quantity of Rio Grande
inflow at Otowi that is available for use in the Middle Rio Grande region, and compares
this to the amount designated for use below Elephant Butte Reservoir.  The Middle Rio
Grande region’s share of the Otowi inflow is capped at about 400,000 acre feet per year
when the inflow exceeds 1.1 million acre feet per year.

Reflecting the variability in water budget terms, including both Otowi inflow and
other inflows to the region, a profile is derived of the available water supply (the water
available for complete use, or depletion) in the Middle Rio Grande region.  This profile
accounts for the Rio Grande Compact delivery obligations (the Elephant Butte Scheduled 
Delivery) corresponding to the range of water supply conditions (as related to the Otowi
Index Supply).  A profile of the expected range of Compact credit/debit conditions is also 
developed, by subtraction of the estimated water depletions from the available supply,
and comparison to Compact delivery requirements.

This analysis provides the mean (average) water supply conditions and the range
of water supply conditions that are likely to occur given the climatic variability in flow.
Figure ES-3 provides a schematic of the mean annual Middle Rio Grande water supply
under present use conditions.  This figure shows the available water supply at various
points along the river, after deducting the Compact obligation from expected flows.  This 
figure also shows the magnitude of depletions to the flow resulting from present water
uses within each reach.  As shown on this figure, given present uses in the basin, the
available supply (including trans-mountain diversions and wastewater returns), on
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average, is virtually consumed within the Middle Rio Grande region.  This analysis
reflects the non-linearity of the Rio Grande Compact schedule, and appropriately handles 
the calculation of the average obligation for a range of conditions.

Figure ES-4 illustrates the relative magnitude of consumptive uses within the
Middle Rio Grande region, under current land use and groundwater development
conditions and assuming reservoir evaporation as averaged over the 1950-1998 period.
An evaluation of the mean depletions occurring within the Middle Rio Grande region,
given these assumptions, indicates that consumptive use by crops and riparian vegetation
accounts for approximately 67% of the total use.  Consumptive use by reservoir
evaporation accounts for approximately 19% of the total, with the remainder of about
14% comprised of urban consumptive use.  Of these uses, reservoir evaporation is subject 
to the largest variability.  Evaporation from Elephant Butte Reservoir ranges from 10% to 
30% of the overall basin depletion, depending primarily on the reservoir pool elevation
and associated surface area.

While on average, the water supply is approximately equal to the present water
demand, this study provides a measure of the variability in water supply conditions.
Figure ES-5 illustrates the calculated credit/debit under the Rio Grande Compact as a
probability distribution function.  This type of graph is used to show how often a
particular event will occur.  In this case, the graph indicates how often the credit or debit
will likely occur at various levels, given the climatic variability of water inflow and
depletion terms.  These analyses indicate that over the long term, debits are expected to
occur nearly as often as credits, given the present water use conditions and the historic
climatic variability. 

The prognosis for water supply in future years, without significant intervention, is 
less favorable.  The impact of current levels of groundwater pumping on the Rio Grande
flow system continues to grow.  Even without an increase in groundwater withdrawal
rates, increased depletions will occur to the Rio Grande throughout the next 100 years,
and beyond.  While significant quantities of groundwater are available within aquifer
storage, the water cannot be utilized without affecting the stream.  An analysis of
continuation of the present use conditions to the year 2040 indicates that debit conditions 
will occur more often than credit conditions.

An alternative scenario involving increased groundwater pumping was evaluated
with the probabilistic model, to evaluate the impacts of approximately doubling the
withdrawal of groundwater from the aquifer.  Under this scenario, within 40 years the
stream-referenced water supply is expected to diminish by about 43,000 acre-feet per
year, resulting in even more frequent occurrences of Compact debit conditions.  The
probability distribution function for this hypothetical alternative is illustrated on Figure
ES-6.  Clearly, this alternative would not be acceptable without offsets from another
water use sector.  In addition, such an alternative would result in extreme water level
declines and potentially poor groundwater quality.
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The analyses conducted for this study illustrate the general magnitude of the available 
water supply, and its expected variability, assuming the degree of climatic variations
observed during the past 50 years.  These results provide a realistic framework for water
resource planning.  At the same time, it is useful to understand what is not represented in 
these results:

·  This study does not model hydrologic conditions resulting from a specific
sequence of annual conditions; in other words, predictions based on antecedent
conditions are not provided.

·  This study does not represent hydrologic responses to extreme events.  While the
available record includes both wet and drought periods, and the modeled inflow
encompasses this range of conditions, the development of water-budget
relationships for extreme conditions was beyond the scope of this study.

·  This study does not provide localized evaluations of the water supply.  Study
assumptions are based on existing data sets, most of which are adequate for basin-
scale water supply evaluations.  In evaluating specific water supply alternatives as 
part of the water planning process, additional information will be needed to refine
understanding of hydrologic conditions and relationships as they relate to
proposed alternatives.

·  This study does not provide a “ turn-key”  water planning model.  The probabilistic 
water budget model presented in this study is based on a series of empirical
relationships and specific simulations with the Albuquerque Basin groundwater
model.  Assumptions and structuring of the underlying models may require re-
specification, depending on the parameters of an alternative selected for
evaluation.

As the water planning process progresses to the stage of water supply alternative analysis, 
additional evaluations in some of the above-noted areas may prove useful. 

Summary of Conclusions 

Key water supply and hydrologic concepts illustrated or derived from this study,
with implications for water planning are:

··   On average, the present water supply is barely adequate (including San
Juan-Chama Project water and groundwater withdrawals) to meet the
present demands in the Middle Rio Grande region. 

··   The water supply is highly variable, due to the high variability in Otowi
inflow and the high variability in evaporation from the Elephant Butte
Reservoir.
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··   Given the variability of water budget terms, Rio Grande Compact debit
conditions are expected to occur nearly as frequently as credit conditions.

··   Under conditions of increased water use in any sector, a reduction of
water use from other sectors is required to maintain overall water supply
balance, and to avoid increasing the likelihood of incurring Rio Grande
Compact debits.

··   The groundwater supply is not an independent, disconnected water supply.
Use of groundwater results in diminished flows of the Rio Grande that will 
occur in the present and continue into the future. 

··   The location of groundwater well fields affects short-term timing of
impacts to the river; however, regardless of location, the impacts of
groundwater pumping eventually reach the river and require offset.

··   Recharge of groundwater from the stream system reduces the flow of the
Rio Grande available to meet obligations under the Rio Grande Compact.

··   The water supply from Otowi to Elephant Butte is essentially a single
supply; water use in every sub-region of the Middle Rio Grande affects the 
water available to the entire region.

··   The water supply is only depleted by consumptive use; reductions in
diversions and return flows resulting in better delivery efficiency do not
necessarily improve the water supply.

In summary, the water supply of the Middle Rio Grande is marked by limitation and
variability.  The successful water planning process will operate in recognition of these
concepts.
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Elephant Butte
Otowi Index Supply Scheduled Delivery

100 57
200 114
300 171
400 228
500 286
600 345
700 406
800 471
900 542

1,000 621
1,100 707
1,200 800
1,300 897
1,400 996
1,500 1,095

Elephant Butte
Otowi Index Supply Scheduled Delivery

1,600 1,195
1,700 1,295
1,800 1,395
1,900 1,495
2,000 1,595
2,100 1,695
2,200 1,795
2,300 1,895
2,400 1,995
2,500 2,095
2,600 2,195
2,700 2,295
2,800 2,395
2,900 2,495
3,000 2,595

(Quantities in thousands of acre-feet)

Tabulated values from Resolution Adopted by Rio Grande Compact Commission, 1948

Rio Grande Compact Allocation
(quantities in thousands of acre-feet)
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New Mexico Delivery Obligation
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ES-3
Mean Annual Middle Rio Grande Water Supply Under Present Conditions,
Excluding Elephant Butte Scheduled Delivery (in thousands of acre-feet)

Assumptions:
- Present development conditions for groundwater pumping, irrigation, and riparian uses
- Inflows based on mean value of risk model output, sampling from probability functions

incorporating climatic variability, 1950-1998
- Rio Grande native inflow and reach flows represent simulated flows minus mean Compact

obligation derived from risk model output
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ES-4

Summary of Mean Depletions

a) Mean depletions to river system under present land use and groundwater development conditions

b) Mean total Middle Rio Grande depletions (including depletion from groundwater storage),under 
present land use and groundwater development conditions
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ES-5
Credit-Debit Probability Distribution

Present Development Condition, Year 2000



ES-6
Credit-Debit Probability Distribution

Alternative Development Condition, Year 2040
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HISTORICAL AND CURRENT WATER USE
IN THE MIDDLE RIO GRANDE REGION 

EXECUTIVE SUMMARY 

 The Historical and Current Water Use in the Middle Rio Grande Region project was 

carried out under a Professional Services Agreement between John Shomaker & Associates, Inc. 

(JSAI) and the Middle Rio Grande Council of Governments (MRGCOG), working in 

cooperation with the Middle Rio Grande Water Assembly.  This project is part of the Middle Rio 

Grande regional water planning process and is supported by funding from the Interstate Stream 

Commission (ISC).  The project follows the ISC’s Regional Water Planning Handbook (1994) 

and requirements of MRGCOG and the Middle Rio Grande Water Assembly Water Demand 

Working Group. 

 The Middle Rio Grande Region, as the term is used herein, encompasses the portion of 

the Rio Grande valley from Cochiti Dam south to the southern boundary of Valencia County. 

Almost all of three counties, Sandoval County, Bernalillo County, and Valencia County, as well 

as a small portion of Torrance County, are located within the region.  Eleven tribal jurisdictions 

and twelve municipalities (including Albuquerque, the largest city in New Mexico) are located 

within the region.  The Middle Rio Grande Region is subdivided into three subregions according 

to major watershed boundaries: the Rio Puerco, Rio Jemez, and Middle Rio Grande Valley 

(MRGV) (Fig. 1A in report). 

 The study includes a compilation of water-use data from many sources.  These sources 

include publications and publicly-available data from the New Mexico Office of the State 

Engineer (NMOSE), the U. S. Bureau of Reclamation, the Middle Rio Grande Conservancy 

District (MRGCD), as well as publicly-available data from the U.S. Geological Survey, the City 

of Albuquerque, and numerous other public water suppliers.  The historic and current water-use 

data found in these sources were divided into specific water-use categories, as defined by the 

NMOSE and the Interstate Stream Commission (ISC). 
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 Water-use data are presented in the form of withdrawal, water pumped from ground 

water or diverted from surface water, and consumption, consumptive use, or depletion, which is 

water that is removed from the surface- and ground-water systems via evaporation, transpiration, 

or other processes.  All water quantities are expressed in acre-feet, the volume of water necessary 

to cover an acre to the depth of one foot.  There are 325,851 gallons in an acre-foot of water. 

 In 1995, within the study area, riparian vegetation accounted for 29 percent of 

consumptive use; irrigated agriculture, 28 percent; public water supply, 25 percent; open-water 

evaporation, 16 percent; and all other consumption categories fill out the remaining 2 percent of 

water consumption (Fig. A).  Total consumption in 1995 was about 340,000 acre-feet. 

Figure A.  (Fig. 52 in the text)  Percentages of consumptive use by category in study region. 

Distribution of consumptive use by category in whole region, 1995
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25.20%

agriculture
27.52%

riparian vegetation
28.14%

open water evaporation
16.26%

mining
0.05%

self-supplied Industrial
0.11%

self-supplied 
commercial

1.06%

self-supplied domestic
1.13% livestock

0.48%

self-supplied power
0.05%

Total consumptive use in region in 
1995 was 340,000 acre-feet



PIONEERWEST   JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS

iv

 The amount of water withdrawn each year in Sandoval, Bernalillo, and Valencia counties 

combined is about 600,000 acre-feet.  Roughly half of those withdrawals are for irrigated 

agriculture, and one quarter is withdrawn for public water-supply systems in the region. Sixteen 

percent of withdrawals are by riparian vegetation, and 9 percent represent open-water 

evaporation.

 Water is supplied to the different categories from either ground- or surface-water sources.  

Irrigated agriculture derives its water mostly from the Rio Grande.  Water diverted to, but not 

consumed by, irrigated agriculture either returns directly to the surface-water system or seeps 

into the shallow ground-water system.  Open-water evaporation is obviously withdrawn and 

consumed from surface-water sources.  All public water-supply and self-supplied commercial, 

industrial, domestic, mining, and power categories derive their water primarily from ground-

water sources, except for a very small amount of surface water used for commercial fish 

hatcheries and public water supply.  In general, return flow from self-supplied and municipal 

systems processed by municipal wastewater treatment facilities is returned to the Rio Grande.  

Some water evaporates and is lost during the treatment process, and some is reused for 

landscaping and crop irrigation.  Some water is sent to septic systems and returns to the ground-

water system.  Finally, riparian vegetation (which includes indigenous vegetation like 

cottonwoods and exotic species such as salt cedar) extracts its water from both surface- and 

shallow ground-water sources.  Overall, roughly equal amounts of water are consumed or 

depleted from surface- and ground-water sources. 

 Valencia County leads the Middle Rio Grande region with consumptive use of water, a 

result of its extensive agricultural development (Fig. B).  Bernalillo County is second, with 

consumption driven by water demand for the City of Albuquerque, New Mexico’s largest 

metropolitan area. Though Sandoval County water use today is less than in either of the other 

counties, significant population and industrial growth is occurring.
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Sources: 1975--no data for self-supplied commercial, self-supplied domestic, and mining 
 1985--open water evaporation 1975 data; no data for self-supplied domestic 
 1990--open water evaporation 1993 data 
 1995--open water evaporation 1993 data; riparian consumptive 1994 data 

Figure B.  Consumptive use of water by county. 

 JSAI intends this work to form a basis for projecting water demand in the future, and to 

highlight the current status of water-demand data availability and quality.  Many sources provide 

very good water-use data, and data collection and processing methods have improved over time.  

There is still room for improvement, however, and an increase in the quality of water-demand 

data and the development of a centralized data repository would greatly assist the water planning 

process in the Middle Rio Grande region.  During the process of this project the study team did 

find inconsistencies in data, but the team would be surprised if improved data quality were to 

significantly change the currently reported amounts.
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Framework for Public Input to a StateWater Plan

New Mexico Officeof theStateEngineer and the InterstateStream Commission

OVERVIEW

New Mexico's futuredepends on our ability to manageour water resources in away that ensures
asecure, reliablewater supply. Achieving this will require forceful leadership that reflects a firm
grasp of facts, the law and New Mexico's needs. Difficult decisions need to bemadeabout
complex and sensitive issues. It is critical that we leavebehind our historical laissez fairestyleof
water usemanagement.

If we fail to moreassertively manageour water resources, others are ready to step in and dictate
how they will bemanaged. Our control over our own resources, as well as our economic vitality
and quality of life, now depend m New Mexico completing the transition to forward-looking,
ActiveWater ResourceManagement.

THIS DOCUMENT ARTICULATES A
BROAD RANGE OF INFORMATION

This document is published to enable thegreatest possiblenumber of New Mexico's citizens to
participate in shaping aStateWater Plan. Weareon the threshold of an intensiveplanning effort
that lays out thecommitments wechoose to make, steps wemust take to protect our water and
our priorities for action. Our goal is to foster inclusivediscussion about thepractical realities and
trade-offs beforeus as astate. Wehope to stimulatenew thinking about how New Mexico can
makesignificant changes in our approach to water management.

This booklet summarizes the initial findings of amajor re-assessment of thestate's water
resourcesÑ the first assessment done in 25 years and the first ever to integratesurfacewater
(rivers and streams) and groundwater as complementary and inter-related supplies. TheNew
Mexico Water Resources Assessment, 2001 will becompleted in thesummer of 2003 and
available to thepublic on compact disc. A summary is provided basin-by-basin and focuses on
key issues for discussion and resolution. Many of these issues havebeen raised by regional water
planning groups in seeking to define thewater supply, needs and priorities of their local
communities. Other issues havearisen from themandates to theOfficeof theStateEngineer and
InterstateStream Commission (OSE/ISC): compliancewith interstatecompacts and federal laws
such as theEndangered Species Act, to cite just two examples.

The following sections of this booklet address subject areas wherestudy and public input have
indicated specific needs. These include theurgent topic of developing themeasurement
programs required to provide the factual basis for defending and managing water resources,
developing inclusivepublic processes that foster problem solving, and outlining capital
commitments required for water development projects.

Not every important topic is discussed at length. For example, no section deals exclusively with
adjudication of water rights, which has long been aknotty problem. On onehand, the



adjudication backlog is asymptom of theState©s failure to focus on thebuilding blocks of Active
Water Management. On theother, the logistics of resolving every aspect of adjudication would
overwhelm even amuch larger organization. This issueclearly requires anew frameof reference
and creativeapproaches.

To enhance thevalueof this booklet, as a tool for thepublic and technical experts alike,
background information and dataareavailable in appendices on compact disc. Thecontents of
theseappendices range from acompilation of public comments received at outreach meetings
regarding statewater planning to technical datadeveloped over thepast year with regard to the
location and effectiveness of individual stream gaging stations. A DVD containing two half-hour
video presentations is also available. When thecomprehensive resourceassessment now in
progress is completed in thespring of 2003, it will also beavailableon compact disc. To request
these resources, contact the InterstateStream Commission in SantaFeat 505-827-6160.

THE KEY FACT ABOUT OUR WATER: DEMAND EXCEEDS SUPPLY

New Mexico©s water supply is limited. Demand, needs, and rights to usewater exceed thewater
supply available in most years. Many of New Mexico©s difficult water dilemmas arise from these
facts.

During drought conditions, the imbalancebecomes acute. After decades of promoting water use,
New Mexico lacks both thephysical facilities and theadministrative infrastructure to ensure
availablewater is delivered on thebasis of water rights priorities to senior water-rights holders.
Theother sideof thecoin is that in most places we lack themeans to limit water uses by junior
water rights holders whosedemands cannot bemet from theavailablesupply. Nor havewater
users been adequately informed about theserious natureof problems sparked by unauthorized
use.

New Mexico uses about four million ac-ft of water every year. Irrigated
agriculture receives about 75% of the total. About 12% evaporates from
reservoirs. Public water supplies account for about 8% and remaining 5% is used
for mining, power, domestic wells and other uses.

Ñ Norman Gaume

However, this is not thewhole issue. In astatewhere75% of water use is for agricultural
purposes theproblem becomes acutewhen considering thestate©s population has almost doubled
since1960. Growth has been thegreatest in New Mexico©s threeMetropolitan Statistical Areas
{ MSAs), Albuquerque, SantaFeand LasCruces. Growth in each of theseMSAshasat least
doubled since1960. Theseareas consist of oneor morecounties and often hold junior water
rights that could becut off during adry year, yet supplying them is vital to public welfare. The
Statemust thereforealso provideaclearinghousewherevoluntary leasing transactions can take
placebetween senior water rights owners and municipalities and other engines of thestate©s
economy.

A third difficulty is that simply enforcing thestate©s priority water rights administration produces
unacceptableor unintended consequences. For example, priority administration may prevent



groundwater users with junior water rights from pumping in dry years, even though the intended
benefit of increased surfacewater flow may not occur until yearsÑ even decadesÑ later.

This problem of demand exceeding supply affects virtually all water planning regions. Those that
do not experiencewater shortages themselves areoften viewed as apotential sourceof water by
thirsty neighboring regions.

New Mexico©s rainfall is highly variable. Drought periods arecommon. On the
other hand the19805 and 19905 wereunusually wet. Wehaveaveraged
significantly more rainfall over the last 20 years, than the last 20 centuries.

Ñ Norman Gaume

Theunusually wet decades of the1980s and 1990s haveallowed hard decisions to bedeferred
despite large increases in population and water demand. TheSouthwest is due for adrought on
theorder of a1950s drought. Even the few dry years that haveoccurred in 1996, 2000 and 2002
haveseriously taxed our ability to meet fundamental demand.

Thepriorities guiding theOSE that persisted through theearly 1990s led theorganization to
neglect thedevelopment of the information and tools that comprise thebasis of administration:
workableprocedures within asystem of reliablemeasurement dataand themeans to limit water
uses to valid, adjudicated water rights according to theavailablewater supply and their seniority.

New Mexico must now act to complete theconversion to activemanagement of New Mexico©s
water resources. Weneed to establish functional limits on theuseof finitewater resources,
especially in areas wheredemand far outstrips supply or where failure to limit uses may create
liability for theStateand bad outcomes for water users.

ActiveWater ResourceManagement is thenamewehavegiven to thecomprehensive, assertive
approach that is needed to protect and enhanceNew Mexico©s water supply.

Although many deficiencies areevident, New Mexico has madeprogress in recent years that lays
the foundation for aStateWater Plan that provides for ActiveWater ResourceManagement.

WATER RIGHTSAND PERMITS

TheOSE has assembled an expert and effective team of lawyers, hydrologists and engineers who
focus on moving controversial applications through theprocess whileproviding dueprocess for
both applicants and protestants. An intensiveeffort to automateall water rights documentation is
taking place, but the resources needed to complete the job in a timely manner arenot available.

DATA

Onekey building block wecurrently lack is theability to measurewater uses and return flows,
which is vital to preventing unauthorized useof water. In addition, thesection of this document
entitled "SurfaceWater and Groundwater Measurement Programs" summarizes recent
knowledgeof what is needed with regard to cooperativeprograms with theUS Geological



Survey. Furthermore, major advances havebeen made in updating and improving theWATERS
and eGIS databases, which provide rapid access for agency staff and thepublic to information
about water. TheNew Mexico Water ResourceAtlas provides agraphic exampleof progress.
Again, there is more to do in this area. All of thesedatasources areneeded to realistically
evaluatepossibleoptions for managing our water resources.

PLANNING

Regional water planning groups havebeen formed and areat various stages in preparing and
evaluating their regional plans. Many have led outstanding public education efforts and are
providing important forums for discussing local and regional needs and priorities. The ISC funds
and provides technical assistance to thesegroups, which will continue to play avital role in the
water planning. The ISC has also built its water planning skills and staff in order to provide
leadership in regional and StateWater Plan development.

Without aStateWater Plan to guide implementation of programs, set priorities and traceout the
means of effecting controversial but essential changes, many issues cannot beadequately
addressed.

FEDERAL REGULATIONSAND OPERATIONS

Federal agencies play a large role in managing reservoirs and water facilities, and as enforcers of
federal laws. TheOSE/ISC has taken a three-pronged approach to working with federal agencies:
1) litigating wherenecessary, 2) negotiating directly with individual agencies wherepossible,
and 3) initiating and participating in collaborativeefforts when they show promise. Maintaining
knowledgeof federal laws and regulations and creating strong working relationships with these
agencies areneeded to effectively implement water programs and projects. Thechallenges in this
areaare immense, as a review of thebasin descriptions makes clear.

MANAGEMENT/INTEGRATION AND PUBLIC INVOLVEMENT

The legal documents, processes, information and administrative infrastructure that form the
foundation for action must beefficiently managed and require the involvement of awidevariety
of stakeholders. TheOSE/ISC has taken the lead in collaborativeaction to seek optimum
solutions.

To cite just oneexample, theOSE/ISC convened and worked with water users in theLower
Pecos to find aconsensus solution to address problems in their area. Despite the lack of public
information staff, theagency has conducted activeoutreach to civic groups, regional water
planning groups and federal agency officials, as well as government-to-government outreach to
Pueblos and NativeAmerican groups. For theStateWater Plan, avariety of avenues for public
involvement and education will beneeded. See thePublic Involvement section of this document
for further information on successes to dateand what remains to bedone.



CORE ACTIVITIES IMPROVE OUTCOMES

Theactivities discussed in theprevious paragraphs areessential, but they arenot ends in
themselves. Rather, they make it possible for theState to takeeffectiveaction to preserveand
develop water supplies and to facilitatewater transfers. This is where the real benefits accrue.

WATER DISTRIBUTION

Ensuring that water is distributed to thosewith themost senior water rights when theavailable
supply is not adequate for all uses is oneof thecoreservices that theOSE/ISC was created to
perform. Without theability to securedeliveries on apriority basis, water anarchy would prevail
when supplies are limited by drought.

WATERMARKETS

Becausevirtually all water supplies arealready allocated, providing supplies to new uses
requires reducing theamount of water dedicated to an existing use. This can bedoneon apurely
voluntary basis if wehaveastreamlined mechanism for leasing and sales of water rights.
However, wemust guard against water transfers that actually increasewater depletions by
converting paper water rights to new wet water uses. The institutional arrangements for efficient
and proper transfers must createa fair and open market that can benefit all New Mexicans. Here
is another areawhereparticipation by awide rangeof stakeholders should make it possible to
find workableconsensus solutions.

WATER SUPPLY DEVELOPMENT

While in many areas water users aregradually exhausting underground aquifers, theState is not
now taking advantageof theopportunities to develop renewablesurfacewater supplies. As will
beevident in thesection on theCapital Needs Assessment, many projects lack funding or are
impeded by other factors. Fostering conservation and developing ways to enhanceexisting
supplies areessential to accommodating New Mexico©s growing population.

SEVERAL ISSUES MAY COME TO A HEAD IN 2003

The "Issues for StateWater Resources Management" section of this document sets forth generic
and specific questions that theStateWater Plan must begin to address. Someof theState©s most
immediatechallengesareoutlined below.

PECOSRIVER COMPACT AND DECREE COMPLIANCE

There is no alternative to compliancewith thePecos River Compact and US SupremeCourt
Amended Decree, but thereare threeways to achieve it, each with considerably different costs.
The first two choices are: (a) implementation of thePecos Consensus Plan, or (b) priority
administration.



TheConsensus Plan is dependent on funding and on settlement of a longstanding regional
dispute, but if thesecan besecured, compliancewill haveamanageableeconomic impact.
Priority administration alonewould produceharsher conditions in thePecosBasin and would be
certain to trigger costly litigation. It would also requireamajor commitment of personnel and
resources.

The third way is: (c) placedecision-making and imposition of penalties in thehands of theUS
SupremeCourt. Alternative (a) is clearly preferable to (b) or (c). With alternative (c), thecourt-
appointed river master will takecontrol of the river.

SAN JUAN RIVER "SHARING SHORTAGES" AND
PREVENTION OF UNAUTHORIZED USES

"Sharing shortages" are reductions in water availability on theSan Juan River system that are
required by federal law whenever water supply for theNavajo Indian Irrigation Project is
inadequate. Drought is likely to trigger sharing shortages for the first time in 2003.

This could affect diversions for theSan Juan-ChamaProject and San Juan County electrical
generating plant water uses. Drought also creates thenecessity for theOSE/ISC to limit water
users with rights only to direct river flow from improperly using storagewater from Navajo
Reservoir that has been released for other purposes, including downstream flows for endangered
fish.

DEFENSE IN RIO GRANDE COMPACT LITIGATION

Drought shortages areexpected to affect water users in theLower Rio Grandebelow Elephant
ButteDam for the first timesince1979. Theseshortages imperil southern New Mexico water
users, as well as others further downstream. New Mexico must assure that Texas receives its
proper shareof the limited water supply.

Texas has appropriated $6.2 million for litigation against New Mexico to obtain morewater.
Texans haveclaimed that New Mexico uses are impairing both thequantity of water that Texas
has received and thequality of that water. Texas©consistent failure to use its entitlement-among
other factors-provides astrong defense. However, New Mexico must gather moreand better
hydrologic information to support its case. Moreover, management and limitation of uses in New
Mexico are required to ensure that Texas receives its proper share.

MIDDLE RIO GRANDE AND RIO CHAMA
PRIORITY ADMINISTRATION

The federal government is insisting that New Mexico enforcewater rights limitsbelow El Vado
Dam in order to protect water destined for thesix MiddleRio GrandePueblos. If theState fails
to do so, the federal government has indicated it will storeenough water to meet the
unauthorized uses plus thePueblos©prior and paramount water rights. This federal action would
decreasewater deliveries to Elephant ButteReservoir and be likely to prompt Texas to claim a



violation of theRio GrandeCompact-setting yet another lawsuit in motion. Clearly, New Mexico
must makeevery effort to ensurewater rights enforcement in this area.

ENDANGERED SPECIESACT (ESA) COMPLIANCE

Recent court rulings and stays affecting management of theMiddleRio Grande in favor of the
silvery minnow are just themost newsworthy exampleof this issue. On several New Mexico
rivers, the federal government is changing previous water operations regimes as ameans of
providing habitat for endangered species. The result is adecrease in thewater supply for other
uses, including for compact compliance. ESA issues areboth under negotiation and in litigation.
Whatever theoutcome, ESA compliance is likely to haveasignificant impact on both the future
of water management and water users along most New Mexico rivers.

THE STATE WATER PLAN PROCESS
WILL FACILITATE DECISION-MAKING

Stategovernment, including its water agencies, has not addressed and decided with water
stakeholders ahost of questions about how New Mexico©s water supply will bemanaged for the
benefit of all. Confronting tough issues and setting priorities for theuseof scarcewater, human
and financial resources is vital to our ability to move forward economically whilemaintaining
our diversity, cultureand quality of life.

ThePolicy Issues for StateWater Resources Management section of this document includes:
§� Governor-elect Richardson©s water policy platform; and
§� New Mexico©s Water: Perceptions, Reality and Imperatives, Twenty-eighth New Mexico

First Town Hall (May 2002).
A report of theOSE/ISC staff©s summary of key issues and questions developed in late2002 at a
series of strategic planning meetings is included in theAppendices.

This document helps us to focus on:
§� Using theStateWater Plan process to increase interaction with stakeholders and honeour

understanding of workablebases for consensus.
§� Addressing critical matters that, if left unresolved, will damageNew Mexico©s future.
§� Setting priorities.
§� Building astronger foundation of staff and data resources for key functions, including

strengthening teams that aremoving adjudications forward, improving thewater rights
application processes and defending our resources from other states and the federal
government.

TheStatemust takegreat carenot to perpetuate the laissez fairepolicies of thepast by limiting
itself to expedient, short-term actions that increase thewater deficit or make long-term solutions
moredifficult.
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ExecutiveSummary

In September, 1996, theWestern Water Policy Review Advisory Commission contracted with
ECONorthwest to study themajor problems associated with thegrowing competition for scarce
water and related resources in theUpper Rio GrandeBasin, and to make recommendations for
appropriate federal policies and actions for- addressing theproblems. This is our final report. The
study covers thearea from theheadwaters, in Colorado, to Ft. Quitman, Texas (seemap).

An Impor tant Message For TheReader
In this report we identify problems and make recommendations associated with the
growing competition for scarcewater and related resources in theUpper Rio Grande
Basin. Our definition of problems has aspecific meaning. A problem exists if the
BasinÕs water and related resources arenot used in theoptimal manner that meets the
threeeconomic criteriadescribed in the text. In identifying theproblemswearenot
making any evaluation, positiveor negative, of any individuals, laws, institutions, or
activities, associated with theproblems. Our recommendationsapply solely to federal
policies, agencies, and activities. Wemakeno recommendations whatsoever regard-
ing theRio GrandeCompact, stateand local laws, the responsibilities and rights of
resourceowners, thesubstantivemeritsof disputantsÕclaims to resources, or changes
in specific resourceuses.

A. Background

Precipitation in theBasin is limited and highly variable. Most of theBasin receives7-15 inches
annually, on average. Half of theprecipitation occurs as snowfall in thehigh mountains of Colorado
and New Mexico and theother half as intense, summer thunderstorms. TheColorado portion of the
Basin produces about 975,000 acre-feet (at) of water annually, but, becauseof agricultural produc-
tion and transportation ÒlossesÓfrom evaporation and seepage, only 325,000 a f reach theColorado-
New Mexico border.1 Streamflows in New Mexico add another 650,000 af and about 100,000 af are
imported from theSan Juan Basin, apart of theColorado River Basin. About two-thirds (on average,
700,000 af/yr) of thewater entering theMiddleRio GrandeValley surrounding Albuquerque reaches
Elephant Butte .

1 An acre-foot ofwater is theamount of water that would cover oneacreof land one foot deep. It is equivalent to
326,000 gallonsand 43,560 cubic feet of water.





TheU.S. must deliver 60,000 af of this to Mexico. Heavy agricultural use in southern New Mexico
and western Texas, together with growing municipal consumption in theEl Paso-Ciudad Juarez area,
deplete the river so that it generally goes dry before reaching Ft. Quitman.

Agricultureaccounts for about 89 percent of themajor water uses (typically associated with with-
drawals or diversions) in theBasin. The remainder goes to municipal and industrial use, primarily in
theMiddleRio GrandeValley and in theEl Paso area. TheBasin's citieshave relied on groundwater
but El Paso (population about 650,000) and her Mexican neighbor, Ciudad Juarez (more than 1.5
million), as well asAlbuquerque (about 650,000) recently recognized they cannot long continue
mining groundwater at historical rates. El Paso hasbegun using surfacewater from theRio Grande
and Albuquerque is examining similar options.

Sediment levels in the river arehigh for most of its length. Intenseagricultural use in thesouthern
partsof theBasin increase thewater's salinity and add nutrientsand agricultural chemicals. The
shallow aquifersnear urban centers, which providewater for many low-incomehouseholds, exhibit
pollution from septic systemsand hazardous-chemical spills. Effluent from municipal wastewater-
treatment plants frequently fails to meet water-quality standardsand surfacewater near urban centers
is not potableand often not suitable for human contact. Water from thedeep aquifers under Albu-
querqueand El Paso-Ciudad Juarez often includes elevated levels of dissolved solids, such as ar-
senic.

Human settlements in theBasin havediverted water from the river for centuries, and competition for
water has long been intense. Friction among thestates led to the1938 Rio GrandeCompact, which
stipulates the fractionsof availablewater that Colorado must deliver to New Mexico, and New
Mexico to Texas. Theallocations in theCompact reflect theagrarian economy and thedistribution of
agricultural activity that existed at theend of the1920s, not today's highly urbanized economy.
Much of theagricultural development reflected in theCompact occurred in theupper end of the
Basin, but most of today'seconomic growth isoccurring farther south, in El Paso-Ciudad Juarez and
Albuquerque.

Diversionsof water from the river, construction of damsand other structures in the river bed, ma-
nipulation of thehydrograph, modification of thechannel, and control of vegetation haveextensively
modified the riverine-riparian ecosystem. The reach below Elephant ButteDam is largely anetwork
of canalsand 71 percent of thenative fish speciesno longer can be found in thisarea. Only one
portion of theBasin's ecosystem, the riparian cottonwood forest known as thebosque in theMiddle
Rio GrandeValley, hasbeen examined extensively. The forest no longer isdispersed throughout the
historical floodplain, much of it is disconnected hydrologically from the river, and significant
changes in ecological structureand function areexpected to occur if current management regimes
continue. In 1994, theU .S. Fish & WildlifeService listed theRio Grandesilvery minnow as an
endangered species.

Theprior-appropriation doctrineunderliesmost water movement in theBasin, but it doesnot apply
uniformly to all resources or in all areas. Also important is the influenceof aboriginal rules and
custom, Spanish and Mexican lawsantedating the1848 Treaty of GuadalupeHidalgo that ceded
much of theBasin to theU .S., international treaties, theRio GrandeCompact, the federal
government's trust responsibilities for Pueblo tribesand asstewardsof many resources, and the
unique laws and institutions of the threestates.



Water-management issues areespecially complex in New Mexico. Thestatedoes not recognize
instream flows asabeneficial useand, hence, it doesnot protect in stream flows. Furthermore, it has
not adjudicated most water rights in theBasin and there is little infrastructure for measuring flows
and diversions. Particularly disturbing to many is the lack of adjudication for Pueblo water rights
which, at someplaces and timesof theyear, probably would embraceall surface flows.

Competition for theBasin'swater and related resources is far more intenseand complex than in the
past. Decades ago, demand cameprimarily from agriculture, but it now competes with demands
reflecting thespiritual value Indians and others placeon the river, thecontributions the river makes
to theBasin'squality of life, and themyriad usesof water in amodern metropolitan city. Someof
thecompetition manifests itself through market mechanisms, but most doesnot. Powerful economic
forces arechanging thecharacter of thecompetition for resources by reducing theability of tradi-
tional resource-intensive industries, such asagriculture, and increasing theability of non-consump-
tiveand passiveuses, such as recreation, to generatenew jobsand higher incomes. Increasingly, the
economic prospectsof communitiesaredetermined by their ability to produce, attract, and keep a
highly qualified workforceand, asboth firmsand householdsbecomemore footloose, communities
that offer ahigh quality of lifeoutperform those that do not. Water-related recreational opportunities
and aesthetics are important elements of thequality of life in theBasin, whereeconomic activity is
concentrated near thenarrow ribbon of water flowing through thedesert.

Throughout the report, weuse the term ÒvalueÓto mean more than just price. We takeabroad view
of the term, employing it to refer not just to goodsand servicesassociated with theBasin'swater and
related resources that aremeasured in monetary terms, such as bales of hay produced from irrigated
fields, but also to those that arenot measured in monetary terms, such as recreational opportunities,
protection of endangered species, and maintenanceof cultural traditions. Consistent with thisap-
proach, wealso employ the term ÒuseÓto refer both to conventional uses associated with physical
manipulation of theBasin's water and related resources, such as withdrawing water from astream
for irrigation, and to morepassiveor nonquantifiableuses, such asdilution of pollutantsor maintain-
ing riparian habitat. Werecognize that individualshavemultipleperspectiveson theÒvaluesÓand
ÒusesÓassociated with theBasin's resources. Thesemultipleperspectives givesupport to acentral
messageof the report-thecompetition for the resources is complex.

Much of thewater in theBasin isnot being used in themanner that would generate thebundleof
goods and services with thegreatest valueor thehighest levels of jobs, incomes, and standards of
living. Thepricesof water and related resourcesgenerally do not reflect these resources' scarcity
and, hence, resources often areput to a low-valueusewhileother useswith ahigher valuego unsat-
isfied. Much of thewater used at theeconomic margin for irrigation yieldscropswhosevalue is less
than thecost of growing them. The fundamental legal and institutional structureoverseeing water
uses tends to favor agricultural and other diversionary uses, however, and does not facilitatevolun-
tary transactions that would release resources from low-valueusesand direct them toward high-
value ones.

Much of theemphasis on diversionary uses stems from traditions that see irrigation not in economic
termsbut as anecessary support for human lifeand an essential element of local cultures. These
traditions arebeing challenged, especially near metropolitan centers, wheremany farmers see the
inevitability, if not theeconomic advantage, of transferring water to municipal-industrial users.



Issues related to perceptions of the fairness of different resourceuses and competing demands
abound in thisBasin. Many farmersand advocatesof irrigation believe thosewho would restrict
irrigation in favor of instream flows and other environmental amenities are latecomers with no right
to interferewith theactivities of thosewith aprior claim to water. Many instream advocates counter
by arguing that diversionary uses imposeenvironmental damageson all of society and the institu-
tional-legal framework unfairly favorssuch users. Public officials in Albuquerqueand elsewhereare
hoping that residents' senseof fairness toward futuregenerationswill encourage them to curtail their
consumption of finitegroundwater resources. Supportersof Indians' rightsbelieve the federal
government's failure to defend these rights as it helped finance thedevelopment of others' rights is
deplorable.

B. Major Problems

Theproblems affecting thecompetition for theBasin's water and related resources areso numerous
and intertwined that it is impossible to demonstratecleanly whereonestopsand another starts.
Whatever theapproach for describing and evaluating theproblems, one first must define thecriteria
for determining if aproblem exists and for measuring its severity. Weuse threecriteria that are
standard hallmarksof thisnation'seconomic system to assess thecompetition for water and related
resources in theBasin. Thesecriteriaalso reflect threemajor typesof arguments raised during
controversies over water and other resources. This framework indicates that theoutcome from this
competition isoptimal if: (1) the resourcesareused in themanner that yields thehighest net value
for thebundleof goodsand servicesderived from the resources; (2) the resourcesareused in the
manner that yields thehighest standard of living; and (3) the resourcesareused in themanner that is
perceived to be fair.

Weseparate theproblems into two sets. We first describe two problems that represent themost
serious, fundamental aspects of thepast and current failure to meet the threecriteriadescribed
above. Wecall these thebottom-lineproblems. Oneof them focuses on the resources themselves,
and theother on theeconomies and communities dependent on the resources. We then describe
several of the factors that create, exacerbate, or prevent mitigation of thebottom-lineproblems. We
call these thecontributory problems.

1. Bottom-LineProblem #1: TheResources areFinite,
but theDemands areNot

TheBasin'swater and related resourcesarecomponentsof, and produced by an ecosystem. This
ecosystem, likeall others, has limits on how much water and other resourcescan beextracted from it
to support and sustain humans. Within thepast decade, theedgesof theecosystem'scarrying capac-
ity havebecomemoreclear. Thedesignation of theRio Grandesilvery minnow as an endangered
species reflects theextremestresswithin theecosystem. The low snow pack during 1995-96 showed
that thesupply of water can fall far short of current consumption levels, and theprospect of global
climatechangepromises to exacerbate theshortfall. Both theAlbuquerqueareaand theEl Paso-
Ciudad Juarez areahavebumped against the limitsof thesupply of readily accessiblegroundwater,
and areexpecting rapid population growth. Many locations within theBasin haveeither encountered
declines in water quality or recognized that such declinesmay materialize in the foreseeable future.



2. Bottom-LineProblem #2: TheBasinÕsWater and Related ResourcesarePersistently
Allocated in a Manner That isLessThan Ideal

If theBasin's water and related resources reflected thenation's ideals of competitivemarkets, they
consistently would go to their highest-valueuses. As theeconomy changesover time, somedemands
for a resourcewould grow, others would diminish, and the resources would shift accordingly through
multiple, voluntary transactions. Reality, however, is far different from this ideal. For most, if not all,
of theBasin's water and related resources theprevailing prices do not tell theeconomic truth about
either theoverall scarcity of the resources or thestrength of onedemand relative to another. As a
result, the local, regional, and national economies forgo valuablegoods and services as well as
opportunities for more jobs, larger incomes, and higher standardsof living. Somegroups, especially
thePueblos, assert that thesystem is grossly unfair.

Many additional factors contribute to thebottom-lineproblems. Thesecontributory problems in-
clude:

Ð TheBasin's ResourcesHaveNot Been Managed asElementsof an Ecosystem

Ð Past and Current PracticesHaveRendered Water and Related ResourcesUnsuitable for Some
UsesWithout CorrectiveAction

Ð Resource-Demands that ComeFrom Industrial Activitiesand AreMeasured in Monetary
TermsAreDifficult to Reconcilewith Those that AreNot

Ð Many GroupsFeel They AreUnable to ParticipateEffectively in Resource-Management
Decisionmaking

Ð There IsWidespread Uncertainty about theHydrosystem and Ecosystem of theUpper Rio
GrandeBasin

Ð TheRelationship Between theResourcesand theEconomy IsPoorly Understood

Ð There Is PervasiveDistrust Among Stakeholders

C. Conclusions and Recommendations

Wemake threemajor recommendations regarding federal resource-management policies and activi-
ties in theUpper Rio GrandeBasin. Each embraces several components.

1. Recommendation #1: Federal Policies and Actions Should Reflect theEcosystemÕs Com-
plex Role in a Complex Economy

We intend this recommendation to provide fundamental guidance for future federal policies and
actions in this Basin. It has two essential features. The first is that federal policies and actions should
view theBasin's water and related resourcesaselementsof an ecosystem, not as independent re-
sourcesseparate from theecosystem. Thesecond is that federal policiesand actionsshould recog-
nize the full set of competing demands for theBasin's water and related resources and, wherever



appropriate, strive to optimize these resources' contribution to theeconomy.

Federal policies and actions should account for theuncertainty surrounding thequantity and avail-
ability of theBasin'swater and related resourcesand makean effort not to step beyond thebounds
of current knowledge. Federal agencies should adopt thebroad view of the term ªuseº to ensure that
nonquantifiableor passiveuses arenot ignored in resource-management decisions. In asimilar
manner, we recommend that federal agenciesalso adopt thebroad view of the term ªvalueº to
includenot only thegoodsand servicesassociated with theBasin'swater and related resources that
aremeasured in monetary terms, but also those that arenot monetized.

Webelieve four changes in how federal agenciesdo businesswill expeditepoliciesand actionswith
abroader view of theecosystem and economy. Federal agencieswith asignificant impact on the
Basin's resourcesshould (1) promote institutions that takeabroad view of theeconomy and environ-
ment; (2) initiatean integrated scientific assessment of ecological and economic conditions in the
Basin; (3) describe tradeoffsmoreclearly; and (4) communicateecological and economic issues
moreclearly. Effecting thesechangeswill require funding, staff, and attention to reducing theconfu-
sion generated by variousagencies' conflicting policies.

2. Recommendation #2: Str ive to Mitigateor Correct
Anticompetitive Factors

Werecommend federal agencies in theBasin do more to mitigate theconstraints to competition that
keep water and other resources in low-valueuses whilehigh-valuedemands go unmet. Werecog-
nize, however, that theRio GrandeCompact with itspreeminent legal position over interstatewater
decisions in theBasin is an impediment to competition across stateboundaries, and will continue to
be, absent changeby the threesignatory statesand Congress. Resourcemanagersshould work to
reduce the transaction costs that restrict theability of willing ªbuyersº and ªsellersº of resources
from consummating mutually beneficial transactions. Webelieve they can do thisby identifying
ªhotspotsº where thediscrepancy between thevalueof resourceuseand unmet demand aregreatest
and helping potential ªbuyersº and ªsellersº come together.

Resourcemanagers also should work cooperatively to curtail theexternalitiesof federal resource-
management activities. They should continue to work in multi-agency groups, recognizing that the
concernsof all must bedealt with jointly. Federal resource-management agencies, acting individu-
ally or jointly, periodically should prepareasummary of how their activitiesaffect thevalueof
resource-related goods and services and their impact on jobs, incomes, and other indicators of
standard of living. Wealso recommend that theBureau of Reclamation (BuRec), theArmy Corpsof
Engineers (CoE), and other resource-management agencies, working with Congress, broaden the
scopeof activitiesauthorized for federal damsand other facilities. Congressshould specify eco-
nomic and ecosystem goals for theBasin, identify priorities for how the facilitiesshould contribute
to theattainment of thesegoals, and give theagencies greater leeway to work toward them.

Werecommend that federal agencies support institutional innovations to facilitatevoluntary transfers
of resources from low-value to high-valueuses. In particular, weencourage federal resourcemanag-
ers to anticipateproposals, and even develop their own, for thedevolution of resource-management
responsibility and authority from federal agencies to stateand local ones. To participatesuccessfully
in adevolution process, federal agenciesmust beprepared to specify theoutcomes they want to see.



Then they must haveappropriatemechanisms for measuring progress toward individual outcomes,
and actions for holding stateand local agenciesaccountable.

3. Recommendation #3: Clar ify Federal Interests in the
Basin'sWater and Related Resources

Werecommend that the federal resource-management agencies initiatemeaningful steps to clarify
the federal interests in theBasin's water and related resources. Thereareat least fivegeneral catego-
riesof federal interest in theBasin's resources to beclarified: stewardship, corporate, Pueblo trust
responsibilities, economic-welfare, and public-participation. Each of these isaffected by risk and
uncertainty, to thepoint that thedistribution of risk, itself, constitutes a federal interest in the re-
sources that should beclarified.

Werecommend that each agency prepareastatement of its interest in theBasin's resources. This
statement should be informed by the results of adopting an ecosystem-management approach, com-
pleting theassessment of theBasin'secological and economic conditions, and setting priorities. It
should explicitly address each types of potential federal interest, including thoseassociated with risk
and uncertainty. Wherenecessary, it should identify where the federal interest remains ambiguous
and exploremechanisms for resolving theambiguity.
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