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ABSTRACT

An interdisciplinary approach to the solution of the water resource
problems of the Upper Rio Grande region in New Mexico was centered around
a socio—economic model, developed to represent the New Mexico economy, and
with special emphasis placed upon the Rio Grande region. Inputs into the
socio~economic model were obtained from separate studies covering the hydro-
logical, agricultural, municipal, and industrial areas.

Three sets of alternatives were considered: 1) growth without a water
constraint; 2) growth, holding surface water constraint; 3) growth, holding
both surface and ground water constraint.

Without a water constraint, in the Rio Grande Region, both production
and depletions are expected to exhibit the largest increase (59.7 percent
and 47.4 percent, respectively). When a surface water constraint is imposed,
the value of production is reduced by $18.1 million in 2020 and water deple-
tions are expected to decrease about 18.1 percent by 2020. When a total water
constraint is imposed, the value of production is decreased $4.1 million
below that expected when using only a surface water constraint, and water
depletions are reduced about 8.4 percent.

The Upper Rio Grande Region is expected to follow the general trend of
the total Rio Grande region but at a lower growth rate. The expected in-
crease in total value of production from 1970 to 2020 is 53.8 percent, em-
ployment 53 percent, and water depletions about 20 percent.

When a surface-water constraint is imposed, production is expected to
be reduced $0.6 million in 2020, employment by 212 employees, and water
depletions by 13,569 acre~feet. When an additional constraint is imposed on
ground water in the URGR, production would be decreased $0.6 willion in 2020,
employment by an additional 212 employees, and water depletions by 13,497

acre—feet.

KEYWORDS: *New Mexico, *Rio Grande Basin, *Water resources, *Socio-economic
model, Interdisciplinary, Ground water appropriation, Water law, Compacts,
Treaties, Litigation, Adjudication of water rights, Water quality, Water
utilization, Population, Employment, Industrial, Recreation, Water manage-
ment, Input-output coefficients, Linear programming model, Surface-ground-
water, conjunctive use model, Economic land classification, Irrigation
diversions and depletions.
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AN ANALYTICAL INTERDISCIPLINARY EVALUATION OF THE UTILIZATION
OF THE WATER RESOURCES OF THE RIO GRANDE IN NEW MEXICO:
UPPER RIO GRANDE REGION

Robert R. Lansford, Shaul Ben-David, Thomas G. Gebhard, Jr.,
Willem Brutsaert, and Bobby J. Creel#*

INTRODUCTION

This report represents an in-depth look at the water and related
resources in the Upper Rio Grande Region (URGR) of New Mexico (Figure 1).
Other reports have been prepared for the Middle Rio Grande Region (WRRI
Report No. 022), the Socorro Region (WRRI Report No. 023), and the Lower
Rio Grande Region (WRRI Report No. 024). These reports are viewed as basic
data reports to supplement the overall report (WRRI Report No. 020, an
Analytical Interdisciplinary Evaluation of the Utilization of the Water
Resources of the Rio Grande in New Mexico, March 1973).

The Upper Rio Grande Region extends from the New Mexico~Colorado
state line to Otowi Bridge and includes the counties of Rio Arriba, Taos,
and Santa Fe; the Middle Rio Grande Region from Otowi Bridge to the
Socorro-Valencia county line includes the counties of Sandoval, Bernalillo,
and Valencia; the Socorro Region, which includes Socorro County; and the
Lower Rio Grande Region from the Socorro-Sierra county line to the New
Mexico-Texas state line. This differs from other previous divisions in
that the Middle Rio Grande Basin generally includes the designated Socorro
Region. A distinction was made primarily because the Socorro Region, even
though served by the Middle Rio Grande Conservancy District, is essentially
a separate area in relation to the type of agriculture, hydrology, geology,

and the influence of the Albuquerque metropolitan area.

* Principal contributors to this interdisciplinary research effort:
Associate Professor, Agricultural Economics and Agricultural Business,
NMSU, Associate Professor, Economics, UNM:; Associate Professor, Civil
Engineering, NMSU; Former Assistant Professor, Geoscience, NMIMT; and
Research Associate, Agricultural Economics and Agricultural Business,
NMSU, respectively.
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GENERAL DESCRIPTION

The Upper Rio Grande Region includes all of Taos and Los Alamos
Counties, most of Rio Arriba, and portions of Santa Fe, Mora,and San Miguel
Counties (Figure 2). The URGR was further divided, for this study, into the
eastern and western subregions. This division essentially separates the Rio
Grande from the Rio Chama, its principal tributary. The western subregion
includes the western portion of Rio Arriba County, and the eastern subregion
includes Taos, eastern Rio Arriba and Santa Fe Counties (Figure 2).

The Upper Rio Grande Region is a large, sparsely populated area with
major population centers at Santa Fe, Espanola, and Taos. A number of
smaller communities dot the area. The principal irrigated areas are along

the Rio Grande and its many tributaries in this Region.

Topography and Climate

The topography of the Upper Rio Grande Region is primarily mountainous,
but relatively flat plains and valleys are common throughout. The Region is
bordered on the north by the Colorado-New Mexico state line, on the west by
the Continental Divide, on the south by the Middle Rio Grande Region, and on
the east by the Sangre de Cristo Mountains.

The climate of the Upper Rio Grande Region is predominantly semi-arid
in the lower elevations and semi-humid in the mountainous areas. Average
annual temperatures in the Region range from 44 degrees Fahrenheit at Tierra
Amarilla to about 50 degrees at Espanola (Table 1).

Precipitation ranges from over 15 inches in the mountainous areas to
about 10 inches in the southern lower valleys. The average frost-free
period at selected stations in the Region is from May 23 to September 30,
or 130 days, but the period ranges from 146 days at Santa Fe to 100 days
at Tierra Amarilla (Table 1).

Drainage Area

The Rio Grande, as it enters New Mexico, is flanked to the east by the
. southern extension of the Sangre de Cristo Mowntains which maintain their

"high altitude as far north as the Glorieta Divide east of Santa Fe. On the
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Table 1, Eleven-year average temperature, total precipitation, and frost-
free period for Tierra Amarilla, El Rito, Santa Fe, Espanola, Taos,
and Cerro, New Mexico, 1960-70

Weather Bureau Average Total Frost—-free Period
Station Temperature Precipitation Length Dates
degrees F inches days
Tierra Amarilla 43,9 15.97 100 June 8 - Sept. 16
ELl Rito 48.1 11.58 134 May 22 - Oct. 3
Santa Fe 48.9 15.05 146 May 18 - Oct, 11
Espanola 50.2 9.62 144  May 14 - Oct. 5
Taos 47.2 12.41 130 May 20 - Sept. 27
Cerro 44,4 11.01 123 May 27 - Sept. 27
Average 47.1 12.6 130 May 23 - Sept. 30

Source: United States Weather Bureau, Climatological Data, New Mexico
(Annual Summaries), Vols. 64-74, 1960-1970.

west, the Conejos Range extends southward between the river and its princi-
pal New Mexico tributary, the Rio Chama, followed by the Jemez Mountains
south of the Rio Chama. It is from this portion of the drainage area that
the Rio Grande receives most of the water supply which originates in New
Mexico.,

The drainage area of the perennial Rio Grande at Qtowi Bridge gaging
station near the southern end of the URGR involves 14,300 square miles,
approximately, of which 2,940 square miles are in the closed basin of the
San Luis Valley, Colorado. The Rio Chama, the only perennial tributary of
the Rio Grande in New Mexico, drains about 3,000 square miles of the URGR.

The Rio Grande flow at Otowi Bridge averages about 1,111,000 acre-feet
per year; about 394,000 acre~feet per year come from the Rio Chama, as meas-
ured near Chamita, before flowing into the Rio Grande. The Rio Grande flow
before entering New Mexico at Lobatos, Colorado, is about 436,900 acre-feet
per year.

Snowmelt in Colorado and northern New Mexico and runoff from torrential
"summer rains constitute the Rio Grande river flow. A major component of this

river flow comes through subsurface runoff, also called river accretion. It



has been estimated (Winograd, 1959) that between 1948 and 1955, the annual
accretion ranged from 10 to 55 percent of the flow in the river immediately
upstream from Red River. During periods of low flow, this accretion has at
times exceeded 90 percent of the flow at the Cerro gaging station. It is
estimated that, on the average, the Rio Grande in the URGR gains about 5 to 6

cfs/mi.

Other tributaries to the Rio Grande are normally perennial, but
with little flow, and are intermittent only in dry years: Examples are
the Arroyo Hondo (20,290 acre-feet/year) and the Red River (57,310
acre-feet/year). Several arroyos of ephemeral nature only flow during

torrential summer rainstorms.

Hydrogeology.

Structurally the URGR corresponds mainly to the Espanola Basin and
partly to the southern end of the San Luis Basin. These basins, from 18 to
40 miles wide, are part of the Rio Grande depression and are also referred
to as the Rio Grande trough (Figure 3). The trough is filled up with mate-
rials eroded from the bordering highlands and lava emitted from numerous
volcanoes in the Region. This valley fill, also referred to as the Santa
Fe formation, is closely related to the occurrence, movement, and quality of
ground water., These sediments extend several thousand feet deep and consist
mainly of sand and gravel. Below these sediments there may be hundreds or
perhaps thousands of feet of sand and gravel of middle and early Tertiary age.
The Santa Fe is, therefore, the major ground-water reservoir in Taos County.

Closely related, because of their interbedding, to the Santa Fe sediments
are the alluvial deposits and andesite basalt lavas. These lavas also form
the lava-capped plateaus in the area. Owing to their different water bearing
capacities and water transmitting characteristics, the subsurface relations
between these rocks directly affect the rate and direction of ground-water
movement. The individual andesite-basalt lava flows are generally less than
50 feet thick and are locally interbedded with thin strata of volcanic ash.
They occur in tabular sheets, often of large extent. Cooling causes frac-
turing, mostly vertical. Near the top of the lava flow are vesicles or

bdbbles formed by gases escaping from the cooling lava. Some vesicles are
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tabular but not well interconnected. Ground water also moves through this
macro-fracturing system which is capable of transmitting large quantities
of water. In shdrt, although the individual portions of a lava flow are
usually impermeable, its formational permeability is rather high.

Although Precambrian granite furnishes an intermittent supply of
water to wells, at Tres Piedras for example, the Precambrian and middle
Tertiary rocks which border the valley on the east and protrude above the
plateau surface are, in general, insignificant with respect to water bearing
capabilities.

An important hydrogeologic aspect in the URGR is a distinct river accre-
tion, Winograd (1959) indicated, for example, that between the Colorado-
New Mexico state line and the Red River, the Rio Grande gains about 96 cubic
feet per second (70,000 acre-feet annually) from ground-water accretion.

This accretion is closely related to the large formational permeability of
the lava plateaus which permit natural ground-water recharge through rapid
infiltration of rainfall. Therefore, the plateau surfaces have a poorly
developed surface drainage system but are otherwise well-drained owing to the

permeable nature of the lava flows lying at or near the surface.
WATER MANAGEMENT

Management of water and related lands involves several federal and state
agencies, municipal and county governments, irrigation districts, conservancy
districts, and innumerable private entities. The New Mexico statutes provide
for dirrigation districts which are formed in cooperation with the United
States. Once a conservancy or irrigation district is formed it is a legally
stable institution with broad powers to perform the purposes for which it was
organized. The districts are able to borrow money, tax lands for the indebt-~

edness, and charge for the water they deliver.

Surface Water

Since the early 1900's, surface-water irrigation in the Rio Grande basin
in New Mexico has been under the jurisdiction of irrigation districts, con-

servancy districts, and community ditch systems. Most of the surface-water



irrigated cropland in the reach above Otowi Bridge (see Figure 2) is served
by commumity dirrigation ditches, one small irrigation district (Santa Cruz),
and one small irrigation company (Llano). The acreages served by these

individual ditch systems vary in size from a few acres to over 200.

Ground Water

The management of the ground-water resources in the Rio Grande drainage
basin is primarily a private entity function. However, the New Mexico State
Engineer can control the use of ground water in an area by defining and
declaring a ground-water basin. Nearly all of the irrigated cropland in the
URGR is in a declared ground-water basin with only isolated tributary units
outside of these basins (Figure 1). Therefore, the development of ground

water is under the jurisdiction of the New Mexico State Engineer.

RESOURCES

Population
Table 2 presents a summary of the population of the URGR from 1950 to

1970, utilizing data from the Bureau of the Census. For the total URGR
there has been a relatively small but steady growth rate; Santa Fe and Los
Alamos Counties account for the greatest share of growth. This Region has
undergone a shift from predominantly rural (58.2 percent rural in 1950) to
predominantly urban (54.5 percent urban in 1970). This change is mainly
due to the growth of urban centers in Taos and Rio Arriba Counties.
Basically there has been little change in total population for Rio
Arriba and Taos Counties. These two counties decreased slightly in popula-
tion from 1950-1960, but made up this loss, along with a small increase, by
1970. The most significant change in Rio Arriba's population has been the
increase in the urban population and the resulting decrease in the rural
population. Rio Arriba County was totally rural in both 1950 and 1960
census years, but by 1970 it had changed to 15 percent urban and only 85
percent rural. Although the figure given for Taos in the major cities
section is above the urban requirement figure used by the Bureau of the

Census, the Bureau does not consider it urban because that figure represents



Table 2. Urban and rural population®* for the Upper Rio Grande Region,
New Mexico, 1950-1970
Percent Change
Year and Percent Percent from
County Urban Urban Rural Rural Total Previous Census
1970
Rio Arriba 3,902 15.5 21,268 84.5 25,170 4.0
Taos 0 17,516 100.0 17,516 9.9
Santa Fe 41,793 77.7 11,963 22.3 53,756 19.5
Los Alamos 15,171 99.8 27 .2 15,198 16.6
URGR 60,866 54,5 50,744 45,5 111,640 13.8
1960
Rio Arriba 0 24,193 100.0 24,193 - 3.2
Taos 0 15,934 100.0 15,934 - 7.1
Santa Fe 34,676 77.1 10,294 22.2 44,970 17.9
Los Alamos 12,584 96.5 453 3.5 13,037 24,4
URGR 47,260 48,2 50,874 51.8 98,134 8.1
1950
Rioc Arriba 0 24,997 100.0 24,997 ~ 1.4
Taos 0 17,146 1060.0 17,146 - 7.5
Santa Fe 27,998 73.4 10,155 26,6 38,153 23.8
Los Alamos 9,934 94.8 542 5.2 10,476 0.0™*
URGR 37,932 41.8 52,840 58,2 90,772 21.5™
Percent Percent
Major Cities 1950 1960 Change 1970 Change
Los Alamos (L.A.) 9,934 12,584 26.7 11,310 -10,1
White Rock (L,A.) 0 6 3,861
Santa Fe (S.F.) 27,998 33,39 19.3 41,167 23.3
Espanola (R.A.) 1,446 1,976 36.7 4,528 129.1
Taos (T) 1,815 2,475 36.4 3,505 41.6

* County definition.

** Egtimate.
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the combined populations of three incorporated areas (Taos, Ranchos de Taos,
and Taos Pueblo), none of which is over 2,500. Nevertheless, an urban center
is developing in Taos County. This shift in population make-up is due to the
decrease in agriculture and the increase in tourism and recreational activi-
ties in this area.

Santa Fe and Los Alamos Counties have shown a steady growth rate over
the past two decades and the urban/rural composition has remained relatively
stable (73.4 percent urban in 1950 and 77.7 percent in 1970 for Santa Fe, and
94.8 percent urban in 1950 and 99.8 percent in 1970 for Los Alamos). Both
counties can expect to maintain this high proportion of urban make-up. Santa
Fe County, as the center of growing state government activity and the major
urban center in an increasingly popular tourist and recreation area, can

expect to maintain a gradual but steady growth rate.

Table 3. Upper Rio Grande Region's percentage of New Mexico's urban
and rural population, 1950-1970

Percent of Percent of Percent of
URGR Urban Rural Total
1950 11.0 15.5 13.3
1960 7.5 15.6 10.3
1970 8.5 16.5 10.9

Industrial Development

The URGR has long been entrenched in government activities. The state
capital, located in Santa Fe County, and Los Alamos Scientific Laboratory
have been, and will continue to be, the main components of the ever expanding
government sector,

The recreational potential of this Region has only recently begun to be
developed, but its effects are already being felt, especially in traditionally
rural Rio Arriba and Taos Counties. The whole Region has experienced sub-
stantial growth in the trade, services, and real estate sectors, but Rio
Arriba and Taos Counties have shown the most dramatic growth in these sectors.

The Region's potential for recreation is tremendous because it is suitable

)



for year-round recreational activities: skiing in the winter, and camping,
hiking, and picnicking in the summer. Great increases are expected in the
Trade, services, and construction sectors in Taos, Rio Arriba, and Santa
Fe Counties to meet the needs of the influx of tourists and other visitors
to the area.

Taos and Rio Arriba Counties have been traditionally agricultural, but
agriculture is becoming less important as other industrial opportunities are
developed. Two new businesses brought to this area recently are the Santa
Fe Downs racetrack and the motion picture industry. Although these indus-
tries do not provide much direct employment, they are a great impetus to
further development in the trade and services sectors.

Mining, one source of industrial potential which seemed to be declining,
may increase again with the recent development of the Moly Corporation

operations.

Employment
Table 4 presents employment data for the URGR for 1960 and 1970. For

the Region as a whole there was a relatively large increase in the total

work force (25.7 percent). Unemployment decreased in all counties except

Los Alamos County. There was a substantial gain in non-agricultural employ-
ment, particularly in Taos and Rio Arriba Counties (58.7 and 78.7 percent
increases respectively). The largest gains in this category were in the areas
of wholesale and retail trade; real estate, finance, and insurance; and
services; Taos and Rio Arriba Counties showed the largest percentage gains
in these areas due to the growth of urban centers and the increase in tourism
and recreational activities.

In those counties for which information is available, there is a de-
crease in Mining employment and Public utilities and transportation. The
only exception is Los Alamos County which has a 113 percent increase in
employment in the Public utilities and transportation sectors, possibly
due to a greater demand for these services among a highly educated and
fairly affluent population. Los Alamos is a special case in other employ-
ment sectors also. It shows a significantly larger increase in employment

related to the Real estate, finance, and insurance sector than the other

12
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counties, which may again be due to the particular character and demands of
the Los Alamos population. In Los Alamos there is a large decrease (36.5
percent) in construction employment, whereas there is a gemeral increase in
the other three counties.

In general, the URGR seems to follow the same trends as other regions of
the RGR. That is, there are substantial increases in non-agricultural employ-
ment and large decreases in agricultural employment. Since Santa Fe County
contains the state capital, and Los Alamos County is totally dependent on the
government sponsored scientific laboratory activities, it is not surprising
that government (state, local, and federal) is the major employer in this
Region. Of the four counties in this Region, Santa Fe has shown more stable
but less spectacular growth. Los Alamos' differences have already been

- pointed out. Taos and Rio Arriba Counties demonstrate drastic changes in
employment patterns. Although unemployment is still high in these counties
there has been a great improvement over the 1960's rate. As noted previously,
employment in sectors affected by tourism, recreation, and urbanization has

increased dramatically.

Land

Within the Rio Grande drainage basin there are approximately 16.9
million acres but only 1.7 percent, or 280,785 acres, are irrigated. The
land ownership of the Rio Grande drainage basin is reported in Table 5.
Federal and state ownership account for about 43 percent of the total land
area in the Rio Grande region (Table 5).

The URGR drainage area accounts for approximately 4.92 million acres
(about 29 percent of the total land area within the Rio Grande region), of
which 87,000 are irrigated. Within the URGR, federal ownership accounts for
about 50 percent of the total land area. Within the Region the acreage of
forest land controlled by the Forest Service accounts for about 36 percent of
the total land area; land administered by the Bureau of Land Management (BLM)
accounts for about 10 percent; defense, none; and other federal ownership
about 4 percent. State ownership accounts for about 7 percent. Private
- ownership accounts for about 36 percent. Indian ownership accounts for

about 7 percent. Inland water accounts for less than 1 percent of the total
land area.

14
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Irrigated Cropland. The reported irrigated cropland in this report

is for the drainage basin and not for the entire four -county region.

The irrigated cropland is located in a somewhat narrow strip along the

rivers in the Uppér Rio Grande Region (Figure 2). However, there are about
6,150 acres, chiefly in northern Taos County, supplied with ground water.

In the western subregion of the drainage basin there are approximately 29,270
acres of irrigated cropland, about 55 percent (16,101 acres) of which are
cropped., In the eastern subregion there are about 57,760 acres of irrigated
cropland, about 65 percent (37,518 acres) of which are cropped.

In terms of acreage, other hays and native pasture were the most impor-
tant crops, accounting for about 24 percent of the total irrigated cropland
acreage in the Upper Rio Grande drainage basin. The other hays and native
pasture account for over two-thirds of the cropped acreage in the western
' subregion, but less than one~third in the eastern subregion. Alfalfa was
the most important crop in the eastern subregion of the drainage basin
with about 32 percent of the cropped acreage (Table 6). Nearly all of the
crops in the URGR were low income—generating crops, with the exception of
vegetables and orchards.

Soil productivity. The soils of the Upper Rio Grange drainage basin

are extremely varied, ranging from some highly productive alluvial valley
soils to extensive, exceptionally low-productive mountain soils. The

soils were derived from two general sources. The alluvial soils of the Rio
Chama and Rio Grande flood plains were formed by material brought down by
the rivers. The other soils of the mesas were formed of material from the
adjacent mountains and are found on the alluvial fans extending into the
valley and on the higher mesas and plateaus.

The largest percentage of the agricultural lands ave on the alluvial
soils of the Rio Grande, Rio Chama, and the tributary flood plains. These
soils are relatively young compared with the soils of the valleys to the
south which were formed of stratified alluvium of mixed origin, are predomi-
nantly deep, and moderately coarse to medium-textured. The principal soils
are of the Fruitland, San Mateo, Ancho, and E1 Rancho series.

The soils occurring on the higher alluvial fans, terraces, and mesas

are generally from unconsolidated old alluvium which is predominantly coarse
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to medium—-textured and gravelly. They are normally gently sloping to moder-
ately steep. The principal soils are of the coarser Fruitland, San Mateo,
Pojoaque, Harvey, aund Fernando series.

The soils were grouped into soil productivity groups according to their
irrigation potential and capability. The acreage of irrigated cropland soils

by productivity group is reported in Table 7.

Table 7. Acreage of irrigatgd cropland by soil productivity groups, Upper
Ric Grande Region, New Mexico, 1970

Soil Produgtivity Western Eastern
Group Subregion Subregion Total
(acres) (percent) (acres) (percent) (acres) (percent)
. Group I 0 0.0 600 1.0 600 0.7
Group II 1,520 5.2 21,920 38.0 23,440 26.9
Group ITI 27,750 94.8 35,240 61.0 62,990 72.4
Total 29,270 100.0 57,760 100.0 87,030 100.0

8Acreage within the Rio Grande drainage basin.

Soils included in each group are described in Appendix A.

Only a very small portion of the acreage is Group I soil. These soils
occur primarily in the valley area near Espanola in Rio Arriba County
(Figure 4), They are primarily loams of the Jocity and San Mateo series.

They are level and deep and are considered to be highly productive. They are
| moderately permeable with good water holding capacity.

The Group II soils account for about 27 percent of the irrigated crop-
land in the Region (Table 7). They occur throughout the valley and plateau
areas, primarily in the eastern subregion. In many cases they account for
large tracts of land. These soils are similar to the soils in Group I, but
are characterized by steeper slopes, shallower depths, and in some areas are
affected by shallow water-tables and alkali accumulation. They consist
primarily of the San Mateo, Doak, Fruitland, Manzano, Fernando, El Rancho,
and Ancho series. In general, they include the coarser—textured and gravelly

soils of the alluvial fans and the stratified soils of the valley. Some have

18
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moderately low to low permeability, others have moderately high to high
permeability. Most are moderately susceptible to water erosion.

The Group III soils account for the largest percentage (72.4 percent)
of the soils in the Region. They account for almost all of the soils in
the western subregion (Table 7 and Figure 5). Their primary limitations are
excessive slope, coarse textures, and shallow depth. The principal soils are
of the Fruitland, Sheppard, San Mateo, Bluewing, El Rancho, Harvey, and Hondo
series. This group also includes a large percentage of the idle and out—of-

production acreage.

HYDROLOGIC DATA

The water supply of the upper Rio Grande Basin in New Mexico is gener—
ated by the melting snow in the Colorado and New Mexico mountains. New
Mexico receives surface water from Colorado and also generates, through snow-

melt, a large portion of the streamflow measured at the Otowi streamgage.

Surface Water

The surface-water resources of the upper Rio Grande basin come from
snowmelt within the New Mexico portion of the basin and from Rio Grande
waters delivered under the terms of the Rio Grande Compact, 1938. The
Colorado obligation to deliver water to New Mexico is measured near Lobatos,
Colorado, and is the sum of the supply indices for the Conejos River and the
Rio Grande, minus ten thousand acre-feet. The supply index for the Rio
Grande is the flow to be delivered to Lobatos as a varying percentage of the
flow measured at the Del Norte station. Likewise, the supply index for the
Conejos River is the flow to be delivered at the mouth of the Conejos River
as a varying percentage of the flow measured at the Mogote station. The
water used by Colorado above the Lobatos gage irrigates over 500,000 acres
of land within the San Luis Valley. The total drainage area above Lobatos is
7,700 square miles, including 2,940 square miles of non-contributing drainage
area in the San Luis Valley.

One of the reasons that the Rio Grande Compact, 1938 was enacted was to

insure equitable apportionment of water between the states of Colorado, New
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Mexico, and Texas, and, thusly, restrict water consumption in Colorado.
Colorado's management of its water has undergone many changes, and the flow
of the Rio Grande has reflected these changes. The mass flow curve for the
Rio Grande near Lobatos is shown in Figure 6. This curve could be segmented
into several lines of different slopes to represent average flows for
different time periods. Table 8 gives the average flows at Lobatos for dif-
ferent time periods. The period from 1958 to 1968 was selected as the base
years to indicate streamflow values; the average inflow to New Mexico was
19,027 acre-feet per month, or 228,322 acre-feet per year. The average out-—
flow from the URGR for the same time period (1955-1968) was 68,171 acre-feet
per month, or 818,049 acre-feet per year, at Otowi Bridge (Table 9).

Table 8. Average monthly flows for the Rio Grande near Lobatos, Colorado

Average Monthly Flow Average Monthly Flow

Average Monthly for for
Period Flow March - October November -~ February
v + + + +« « « .« oacre-feet . . . . . . ... ..
1900-1915 51,439 67,991 18,336
1916-1939 41,946 51,408 23,023
1940-1957 25,927 30,961 15,860
1958-1968 19,027 20,717 15,646
1900-1968 36,315 45,026 18,891
1916-1968 31,749 38,094 19,059
1940-1968 23,310 27,075 15,779

Most of the water available for consumptive use in the Upper Rio Grande
Region is generated by precipitation in the mountains of the Region. Table
10 presents a comparison of the inflow from Colorado to the outflow of the
Rio Grande as measured at Otowi Bridge. For the period 1958-1968, the flow
at Lobatos, Colorado, was only 27.9 percent of the flow measured at Otowi
Bridge, and the gain in flow between Lobatos and Otowi was 589,727 acre-feet

l(Figure 6). Based upon the flow measurements at Otowi Bridge between 1958

and 1968, the outflow from the Upper Rio Grande Region was 818,049 acre-~feet,
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Table 9. Average monthly flows for the Rio Grande at Otowi Bridge, New

Mexico
Average Monthly Flow Average Monthly Flow
Average Monthly for for
Period Flow March - October November~February
. acre—-feet .
1916-1939 106,425 136,817 45,641
1940-1957 83,099 102,867 43,562
1958-1968 68,171 76,949 50,614
1916-1968 90,564 112,862 45,967
1940-1968 77,437 93,036 46,237

" Table 10. Average monthly flows for the Rio Grande at Lobatos Colorado, and
for the Rio Grande at Otowi, 1958-1968

Flow at Lobatos
as percent of

Month Lobatos Otowi Gain flow at Otowi
_ e e . acre-feet . . . . . . percent
January 13,395 38,568 25,173 34.7
February 16,151 41,965 25,814 38.5
March 22,366 62,499 40,133 35.8
April 25,415 119,279 93,867 21.3
May 42,659 173,943 131,284 24.5
June 40,179 107,605 67,426 37.3
July 12,783 43,338 30,555 29.5
August 11,099 53,375 42,276 20.8
September 4,555 28,434 23,879 16.0
October 6,682 27,120 20,438 24.6
November 19,101 68,607 49,506 27.8
December 13,937 53,316 39,379 26.1
Total 228,322 818,049 589,727 27.9

The net gain between Lobatos and Otowi Bridge was 589727 acre-feet. The
surface~water availability for the Upper Rio Grande Region is the sum of the
outflow from the Region and the surface water consumed by irrigated agri-

culture within the Region. Table 11 is a compilation of these values.
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The surface-water availability of the Upper Rio Grande Region is 886,762

acre-feet per year.

Table 11. Total surface water available for the Upper Rio Grande Region,
New Mexico

March - November -~
October February Yearly
. acre~feet . . . . . . .
Surface water outflow 615,593 202,456 818,049
Agricultural depletion 68,630 83 68,713
Total surface water available 684,223 202,539 886,762

Ground Water.

The Santa Fe formation is the major aquifer in the Region (Figure 7).
Beneath the lava plateau to the west of the Rio Grande, both the andesite-
basalt and the alluvial sediments furnish an adequate supply of moderately
hard water for domestic and stock use. The water is encountered under water-
table conditions at depths of about 250 to 750 feet beneath the surface,
although some perched ground-water bodies, yielding an intermittent water
supply, are found at shallow depths along arroyos.

Irrigation with ground water has recently been developed in the URGR,
with irrigation wells yielding 600 to 3000 gpm. Water—table depths range
from about 20 to about 280 feet below the surface, with specific capacities
of the wells generally being less than 20 gpm per foot of drawdown. The
quality of the water is satisfactory for irrigation. 1In the western half of
the valley, the alluvial sediments cover and are interbedded with lava.
Several of the deep irrigation wells have penetrated the lava. In general,
the lava has not been tapped for irrigation water because of the availability
of water at shallow depths within the alluvial sediments and because of the
great depth to water in the lava where it is not overlain by alluvial sedi-
ments. The interbedding of the alluvial sediments with the lava flows causes
‘perching of ground water in the sediments due to the contrasting permeabil-

ities of the lavas and the sediments. Lava flows transmit water much faster

25



COLORADO

TMEX1CO

N“\(
\

for 1965,




through the fractures under lower gradients than do the sediments which
generally have a much lower permeability.

Surface water and ground water in the URGR are closely related and have
to be managed conjunctively. For example, since the Rio Grande flow is gain-
ing through accretion in the entire Region (Figure 7) development of ground
water for irrigation will decrease the availability of surface waters almost
proportionally to the consumptive use of the pumped amount. Although water
levels are dropping in the area, the situation is far from dramatic because
the natural recharge water in the area far exceeds withdrawal rates. The
equilibrium that existed between recharge and discharge has been disturbed
but will eventually reestablish itself, although very slowly, as long as the
water table is above river level. Ground-water levels are considerably above
river level (Figure 7) with rather steep gradients almost perpendicular to
the river, indicating natural recharge from the mountain sides and through
the lava caps.

For the analysis of the surface-water ground-water interrelationship of
the URGR, the mathematical simulator of this study uses 130 grid cells
(10 X 13) and covers an area, shown on Figure 7, 52 miles long and 12 miles
wide. Transmissivities for the area range from 6,000 to 370,000 gallons per
day per foot with an average specific yield of 0.18. Historical conditions
from 1955 to 1965 were simulated to calibrate model parameters. The most
difficult component for the area appeared to be the estimate of natural
recharge and boundary flow. The results of fifteen simulation cases from
extreme dry to extreme wet, each over a 40-year period, were analyzed as
discussed before by stepwise multiple regression analysis. The following

surface-water ground-water relationship was obtained:

bd=-0.5 /3 +29.1106,, (L+0.2x 10) - 166.5
in which A d = decline (~) or rise (+) of the water table in any year (feet),
dn = depth (feet) to the water table in antecedent year with respect to river

level considered as zero, and L = a lump factor in acre-feet per year. The

.lump factor consists of the following: river inflow (+), river outflow (-),
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5 percent of annual average precipitation (+), nonbeneficial evapotrans-
piration losses (-), and the agricultural, mumicipal, and industrial water
needs supplied by the ground-water system (-).

The applicability of this relationship is demonstrated through Figures
8 and 9. Tigure 8 permits the calculation of the drop (-) or rise (+) of the
water table, Ad, given the depth (dn) of the water table at any time and the
L-value, Figure 9 indicates a very slow response in time of the aquifer
system with respect to establishing new hydrologic equilibria as well as the
aquifer response in case of a sudden doubling of the pumpage after 20 years

of present rate pumpage.

Water Quality

Surface water. The quality of the surface water of the Rio Grande

reflects the use of the water upstream. Table 12 illustrates the general
decline of the water quality along the Rio Grande during a recent year.
Below Otowi Bridge, all ionic constituents increase and flow decreases. The
consumption of water by agriculture tends to concentrate constituents. In
addition, deep percolation and return flows to drains tend to compound the
problem. Electrical conductivity (EC x 106 @ 25°C) and Sodium Adsorption
Ratio (SAR) are used to define the salinity and sodium hazards, and are also
used in determining the economic classification of land.

Large concentrations of sediment in the Rio Grande constitute another
major water-quality problem. Table 13 presents total loads of suspended
sediment as measured at selected gaging stations during 1967. Substantial
loads are carried by the Rio Grande to be deposited in Elephant Butte Reser-
voir. Sediment management and control is a major problem throughout the
Middle Rio Grande Conservancy District. Heavy silt loads carried by the Rio
Grande below its confluence with the Rio Puerco at Bernardo have settled and
caused the river bed to become aggraded. Most of the sediment is produced
by the collapse of channel walls where tributaries flow through deep gorges
in silty soil, and by the surface erosion of lands with sparse vegetation.

Ground water. Ground water in the alluvial sediments is classified as

"excellent to good" (Wilcox, 1948) for irrigation purposes. Results of

‘chemical analyses (Winograd, 1959) indicate that this ground water is among
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Valley utilizing varying depths to water, Upper Rio Grande
Region, New Mexico
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Table 13. Total suspended sediment loads at selected gaging stations,
1967 Water Year

Station Suspended Sediment
(tons/year)

Rio Chama near Chamita

3 miles upstream from mouth 3,016,743
Rio Grande at Otowi Bridge 2,650,962
Galisteo Creek at Domingo

4 miles upstream from mouth 1,251,818
Rio Grande near Bernalillo 4,379,253
Rio Puerco near Bernardo

3 miles upstream from mouth 12,257,979

- Rio Grande Conveyance Channel at

San Marcial 10,502,515
Rio Grande Floodway at San Marcial 2,633,789
Rio Grande at El Paso, Texas 208,112%*

*Reported for Calendar Year 1967.

the best in the state, and its hardness ranging from 54 to 192 ppm does not
interfere with use of this water for most purposes. No fluoride was detected
in this analysis and nitrate content was very small. Total dissolved solids
in the samples analyzed ranged from 100 to 300 ppm. Ground water within the

lavas is not appreciably different from that within the alluvial sediment.

WATER DIVERSIONS AND DEPLETIONS

Irrigation

Irrigation water for the upper Rio Grande drainage basin comes primarily
from surface sources. Ground water is used for about 5,200 acres in the
Region. The surface water is supplied through the Santa Cruz Irrigation
District, which serves the area around Espanola, and a large number of small
private and community systems which divert surface water from the Rio Grande,

-the Rio Chama, and their many tributaries.
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The upper Rio Grande drainage basin was divided into two sections: the
eastern section includes Taos, Santa Fe, and eastern Rio Arriba Counties,
and the western section includes western Rio Arriba County (Figure 2). The
two areas essentially separate the Rio Grande from its principal tributary,
the Rio Chama.

Surface-water quantity. The quantity of surface water available for the

lands in the URGR has varied widely from year to year depending upon the pre-
cipitation and runoff. The season is normally short, beginning in early
April and lasting through July. This essentially corresponds to the period
of runoff, since there are virtually no storage facilities in the Region.

The San Juan-Chama diversion will provide for additional use of both
surface and ground water in four units in the Upper Rio Grande Region. The
four tributary units authorized are the Cerro unit, in northern Taos County;
the Taos unit, also in Taos County; the Llano unit, in southern Rio Arriba
Coumty near Espanola; and the Pojoaque wnit, in northwestern Santa Fe County.
These four units will provide for an additional average annual diversion of
about 27,700 acre-feet,

Ground-water quantity. Ground water used for irrigation in the upper

Rio Grande drainage basin is relatively small compared to the quantities used
in the Middle, Socorro, and Lower Rio Grande Regions. The largest use is in
northern Taos County in the Sunshine Valley area where approximately 4,900
acres are served by ground water. Ground water is also used for about 320
acres in Santa Fe County.

Consumptive irrigation requirements calculated by the Blaney~-Criddle
formula (1962) on the basis of the 1970 cropping pattern for the lands in the
eastern URGR are reported in Table 14. A total of about 48,267 acre-feet of
irrigation water was necessary for crop consumption during the full season.
Requirements calculated for the summer season, March through October, were
about 48,075 acre-feet, and for the winter season, November through February,
were about 192 acre-feet., These requirements are the quantities of irriga-
tion water, exclusive of precipitation, stored soil moisture, or ground water,
required consumptively for crop production. They do not include surface
evaporation or other economically unavoidable wastes normally associated with

irrigation. A full water supply is assumed. The total irrigation require-
ments were estimated using a farm irrigation efficiency of 40 percent, and
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The quantity of irrigation water, exclusive of precipitation, stores soil moisture, or ground
water, that is required consumptively for crop production (Blaney and Hanson, 1965, P 5).
The quantity of water, exclusive of precipitation, that is required for crop production, or
the consumptive irrigation requirement divided by the irrigation efficiency (40 percent),
(Blaney and Hanson, 1965, p. 5).

Months of March through October.

Months of November through February.

Includes all of Santa Fe and Tacs Counties within the URGR drainage basin, and the following
areas in Rio Arriba Zounty: Rio Chama below Hernandez, Rio Grande below Dixon, San Juan and
Santa Clara Pueblos, Chimayo and Truchas.

Also includes crops for which consumptive-use values were not available.

Includes the following areas in Rio Axrriba County: Rio Chama below Abiquiu Dam and above
Hernandez, El Rito, Ojo Caliente, La Madera-Vallecitos, Tierra Amarilla and vicinity, Rio
Chama above Abiquiu Dam, Coyote, Cebolla, Conjilon, Canon Plaza, and Tres Piedras.

34

Table 14. Seasonal and total consumptive irrigation requirements and irrigation requirements by crop
for the cropped irrigated acreage in the Upper Rio Grande Region, New Mexico, 1970.
Consumptive a b
Irrigation Requirements Irrigation Requirements
Crop Summer® Winterd ~ Total Summer® Winterd  Total
, acre-feet . . . . . . . acre-feet . . .
Eastern Upper Rio Grande Regione
Cotton - - - - == -
Alfalfa 18,359 - 18,359 45,898 ——-— 45,898
Sorghum 5 - 5 13 me- 13
Corn 986 - 986 2,465 m—— 2,465
Small grains 2,368 192 2,560 5,920 480 6,400
Improved pasture 10,506 - 10,506 26,265 -—-- 26,265
Other hay and native pasture 11,486 - 11,486 28,715 - 28,715
Chile 128 - 128 320 —w-- 320
Orchards 3,682 - 3,682 9,205 ———— 9,205
* Spring lettuce - - - - “--- ---
Fall lettuce - - - - ---- ---
Spring onions - - - - = -=-
Fall onions - - - - == -
Misc, vegetables & family gardensf 555 - 555 1,388 - 1,388
Total 48,075 192 48,267 120,189 480 120,669
Weighted average 1.28 0.01 1,29 3.20 0.02 3,22
Western Upper Rio Grande Regiong
Cotton - - - - == mm-
Alfalfa 6,487 - 6,487 16,218 - 16,218
Sorghum - - - - ---- -
Corn 224 - 224 560 -—— 560
Small grains 493 ~ 493 1,233 == 1,233
Improved pasture 781 - 781 1,953 m——— 1,953
Other hay and native pasture 11,225 - 11,225 28,063 ——— 28,063
Chile 3 - 5 13 -—--- 13
Orchards 116 - 116 290 ———— 290
Spring lettuce - - - - ——— _—
Tall lettuce - - - - ——— -
Spring ounlons - - - - ——— _—-
Fall onious - - - - J— o
Misc. vegetables & family gardensf 56 - 56 140 —— 140
Total 19,387 - 19,387 48,470 mm—— 48,470
Weighted average 1.20 - 1.20 3.01 - 3.01
a.



are also reported in Table 14, The total irrigation requirements for the
summer season were 120,189 acre-feet, or about 3.20 acre-feet per cropped
acre; for the winter season they were 480 acre-~feet, or 0.02 acre-~feet per
cropped acre, for a total of 120,669 acre-~feet, or 3.22 acre-feet per
cropped acre.

Consumptive irrigation requirements for the western URGR calculated on
the basis of the 1970 cropping pattern are also reported in Table 14. A
total of about 19,387 acre-feet of irrigation water was necessary for crop
consumption which was required only during the summer season. These require-
ments are likewise the quantities of irrigation water, exclusive of preci-
pitation, stored soil moisture, or ground water, required consumptively for
crop production. They do not include surface evaporation or other economi-
cally unavoidable wastes normally associated with irrigation. A full water
supply is assumed. The total irrigation requirements were estimated using
a farm irrigation efficiency of 40 percent, and are also reported in Table 14.
The total irrigation requirements for both the summer and total season were
48,470 acre~feet, or 3.01 acre-feet per cropped acre.

The surface-water diversions and deliveries in the Upper Rio Grande
Region are not measured, and the quality of water used was not available.
The same is true for the ground-water supplied areas. The calculated irri-
gation requirements, therefore, provide the best estimate of the total water
depletions in the Region. However, in some areas, primarily those serviced
by the smaller surface-water irrigation systems where the water supply was
limited or available only during a shorter season, a full water supply was
not available. 1In these cases, the irrigation water diversions and depletions
estimated by the consumptive irrigation requirements of the crops were modi-
fied to account for a less than full supply. These estimated depletions are

reported in Table 15.

Municipal and Industrial

Municipal water use depends primarily upon two factors: the number of
urban water users, and the per capita use of water. Industrial water use
- depends partially on the number of employees and the per-employee use of

water in the production of goods and services. Using figures from the State

35



Table 15. Irrigation requirements, availability of water supply, and cal-
culated irrigation water diversions for the Upper Rio Grande
Region, New Mexico, 1970
Irrigation Supply Calculated
Area Requirements Availability Diversions
(acre-feet) (percent) (acre-feet)
Eastern Upper Rio Grande Region
Taos County:
Costilia 8,461 100 8,461
Sunshine Valley 12,263 100 12,263
Cerro 13,057 100 13,057
San Cristobal 1,316 100 1,316
Arroyo Hondo 5,641 100 5,641
Taos 26,992 100 26,992
Pilar 439 100 439
Penasco 16,922 50 8,461
0Ojo Caliente 522 100 522
Sub-total 85,613 90 77,152
Rio Arriba County:
Santa Cruz-Espanola 9,756 100 9,756
Alcalde-Velarde 4,534 100 4,534
Embudo 1,253 100 1,253
Truchas 4,429 _50 2,214
Sub-total 19,972 89 17,756
Santa Fe County:
Santa Cruz 3,875 100 3,875
San Ildefonso 1,786 100 1,786
Nambe -Po joaque-Tesuque 8,409 50 4,204
La Cienega 773 100 773
Galisteo 115 50 57
Santa Fe 126 50 63
Sub-total 15,084 71 10,758
Total Eastern URGR 120,669 _88 105,666
Westerm Upper Rio Grande Region
Rio Arriba County:
" Rio Chama above El Vado 17,619 100 17,619
Rio Nutrias 1,523 50 762
Canjilon-Cebolla 4,471 50 2,236
Vallecitos 2,277 50 1,139
0jo Caliente 1,590 100 1,590
E1l Rito 2,683 100 2,683
Gallina 2,070 50 1,035
Coyote 3,378 50 1,689
Rio Del Cso 83 50 42
Canones 745 50 373
Tusas 3,097 50 1,549
Rio de Los Pinos 588 100 588
Rio Chama below El Vado 8,346 100 8,346
Total Western URGR 48,470 :g% 39,651
Total Upper Rio Grande Region 169,139 86 145,317

a,

b.

Calculated total irrigation requirements

requirements per acre of total irrigated cropland.
Estimates of availability of surface-water supply.
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Engineer Office, an estimate was made of water use for the urban population
in 1960 and 1970 within each county. Municipal use includes more than urban
population: light industrial as well as commercial activities within a
region are dependent upon the municipal water supply. An estimate was made
separately for this type of user, which includes the public sector composed
of government and associated enterprises. Due to the lack of reliable
primary data, these estimates should serve only as crude approximations to
the actual water use within the URGR. The 9,000 acre-feet consumed repre-
sents a probable maximum during the years 1969 and 1970 for the four-county
area.

Over 90 percent of the municipal and industrial water users obtained
their supplies from ground-water systems. Very little surface water is

diverted or depleted by any user other than agriculture.

Rural Domestic

Rural use of water is dependent upon the same two factors, population
size (rural only) and the per capita use of water, as the urban population
use. The 2,050 acre-feet of water consumed by the rural domestic population

was assumed to be derived from ground water.

Livestock

Livestock use of water depends upon both use per amimal within the
region, and the number of, and evaporation from, stock ponds located in
the region. To obtain a county estimate of the use of water by livestock,
an inventory by Capener and Sorensen (1971) for both the number of livestock
and the number of stock ponds was used.

Stock ponds are primarily supplied from surface water, but some live-
stock water comes from the ground supply. However, the most significant
portion of water used can be assumed to be from surface supplies,

Between 1960 and 1970, there was no appreciable change in water con-
sumption by livestock, but since 1960 the number of stock ponds increased.
Consequently, only an estimate of livestock use was made for 1970,

The actual consumption by livestock was estimated to be 1,000 acre-feet

in 1970 for the URGR: stock-pond evaporation was estimated to be 2,740
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acre-feet. Irrigated pasture, for which no sale of commodity is involved,
must be added to these figures. Approximately 57,000 acre-feet of water

was used to irrigate pasture land for grazing by livestock. Therefore, in
the URGR approximately 60,740 acre-feet was consumed each year in the late

60's by the livestock sector.

Recreation

There are no reservoirs in the URGR maintained solely for recreational
use, DSanta Cruz Reservoir does have recreational use and activity but was
constructed for irrigation, flood control, and sediment abatement. Abiquiu
Dam was constructed for flood control and sediment abatement with very little
recreational potential. EI1 Vado Reservoir was constructed primarily for irri-
gation and flood control but has extensive recreational use. Herron Reservoir
was constructed as storage facilities for the San Juan-~Chama diversion water.
These reservoirs are expected to have extensive recreational use. However,

the evaporation losses are charged to purposes other than recreation.

Non-beneficial

Each year a portion of the water supply of the URGR is lost through non-
beneficial depletions. These losses are primarily in the form of evaporation
from the surface-water areas and from eévapotranspiration by phreatophytes.

Phreatophytes. The phreatophyte classification describes a distinct

ecological group of desert plants that have adapted their root systems to
survice in arid areas where the water table is between 5 and 30 feet below
ground. The phreatophytes, which include salt cedar, saltgrass, cottonwood
trees, and willow are found in areas such as the lower flood plain of arid
river basins where it is difficult to account for the sources and interaction
of surface and ground-water flow.
Phreatophytes, as defined by Blaney and Hanson (1965), are plants that

habitually grow where they can send their roots down to the water table or

to the capillary fringe immediately overlying the water table. Blaney and
-Hanson (1965) listed consumptive use of ground water by saltgrass as 29.3

inches per year, and for salt cedar 57.2 inches per year. The flood-.plain
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areas of the Rio Grande and the Rio Chama in the URGR are generally covered
with saltgrass and cottonwood (Figure 10). Cottonwood is the predominant
type of phreatophyte in the URGR. The Bureau of Reclamation, in 1971, re-
ported phreatophyte consumptive use in the URGR at nearly 18,300 acre-feet
annually. The total area of phreatophytes in the URGR was estimated (U.S.
Department of Interior, Bureau of Reclamation, 1971) at 5,650 acres.
Evaporation. Losses due to evaporation from reservoirs, lakes, and
ponds affect the net water supply available, Studies of evaporation from
storage reservoirs indicate that during long periods of deficient streamflow,
reservoirs may yield, for useful purposes, as little as 50 percent of the
total water supply. The primary evaporation loss in the URGR comes from
rivers, streams, and the 10,700 acres of lakes. Phreatophyte losses, however,

are far greater than evaporation losses.

ECONOMIC LAND CLASSIFICATION

An economic land classification of the 87,030 acres of irrigated crop-
land in the upper Rio Grande drainage basin was based on an adaptation of
the Cornell system using soil productivity and irrigation water quality and
quantity as the primary variables., This classification was conducted, pri-
marily for use with the socioeconomic model, to provide basic information
on the relative economic productivity of the irrigated cropland areas within
the Region. The delineation of areas with slight, if any, moderate, and
severe limitations provided information for the water and land resource
reallocation criteria used in the model.

All of the irrigated cropland in the Upper Rio Grande drainage basin
was considered to have severe limitations and was classed as economic land
Class III (Table 16 and Figures 11 and 12). The primary reasons were low
soil productivity, reduced water quantity, and extremely small farm size.
The fields were small and irregular in shape as a result of the land division
practices, terrain, and irrigation systems. Most of the farms were operated
on a part-time basis, producing low income-generating crops. The farmsteads

_and buildings were generally old and in poor condition. Existing machinery

and equipment was generally small and obsolete. The irrigation systems were
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normally small, poorly maintained, and inefficient. The water supply for
most of the area was limited because of the seasonal nature of the runoff.
Early spring runoff from the melting snow provided water for irrigation from
about March through April, and summer rainfall runoff provided some irri-
gation water from July through September. In many cases the summer rainfall
runoff only resulted in damage or destroyed the irrigation structures.,
Climatic conditions of the area also restricted the type of crops produced
and the resulting yields. Alfalfa generally provided only about three cut-
tings for an average seasonal yield of 2-4 tons per acre. Other hay and
pasture seasonal yields were approximately one ton for native hay and as
much as two tons for timothy and other improved hays. These crops accounted

for approximately 70 percent of the cropped acreage.

Table 16. Acreage of irrigated cropland by economic land classes, upper
Rio Grande drainage basin, New Mexico

Economic Land Western Upper Eastern Upper
Classification Rio Grande Region Rio Grande Region Total
(acres) (percent) (acres) (percent) (acres) (percent)

Class T 0 0 0 0 0 0

Class II 0 0 0 0 0 0

Class IIL 29,270 100.0 57,760 100.0 87,030 100.0
Total 29,270 100.0 57,760 100.0 87,030 100.0

The restrictions and limitations associated with the irrigated cropland
areas in the Upper Rio Grande Region were considered extensive and significant
in severely restricting the economic productivity and income generating

potential of the Region.
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THE SOCIO-ECONOMIC MODEL

The socio-economic model was used to simulate long-run production and
water utilization patterns in the Rio Grande Basin under alternative assump-
tions. Because of the difficulty of obtaining population, industrial
activity, and employment data by drainage basin they were incorporated into
the socio-economic model on a county basis. Therefore, the results from the
socio-economic model reflect economic activity and water depletions for all
of Taos, Rio Arriba, Santa Fe, and Los Alamos Counties; portions of Rio
Arriba and Santa Fe Counties outside of the Rio Grande drainage basin are
included, but economic activity and water depletioms for the small portions
of Mora and San Miguel Counties that are within the Rio Grande drainage basin
are excluded.

The URGR and the other three Regions constitute the total socio-
economic simulation model. Direct interpretations of the results for only
the URGR do not take into account the interactions with the other Regioms;
therefore, the URGR will be highlighted as a part of the total Rio Grande
region analysis.

Each simulation process starts with the same basic optimal solution to
the model, and continues with annual changes to satisfy the alternative con-
ditions for a period of 50 years. The basic solution used 1970 conditions
and closely approximates the actual production levels attained and resources
used in the base year 1970. Differences between the basic solution of rthe
model and the actual production levels in 1970 result from the optimization
procedures used. The optimal use of resources in the model allows for social
considerations such as recreation demands and unemployment levels. This
basic optimal solution of the model was used as a point of departure for the
alternative solutions; hence, a description of the basic solution will be

presented first.

Basic Optimal Solution of the Model

The economy of New Mexico was represented in the model by twenty-four
production sectors (Table 17). All sectors were defined in the model in

~units of one million dollars of production. Each sector had its own demands
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Table 17. Definition and classification of production sectors
Production 1960 Mejor 4.
Sector I-0 Study SIC Codes Production Sector Description
Agriculture
1 1,2 Meat animals, farm dairy products and poultry
2 .3 Food grains and feed crops
3 4 Cotton and cottonseed
4 5 Vegetables, fruits and nut trees, miscellaneous
food products
b 6 7 Agricultural services
Mining
6 7,8,11,12 10,12,14 Metals and non-metals
7 9,10 13 Crude petroleum and natural gas, oil and gas
field services
Manufacturing
8 13 201 Meat packing and other meat products
9 14 202 Dairy products
10 15 204,205 Grain mill and bakery products
11 16 remainder of 20 Miscellaneous food products
12 17,21 24,25,32 Lumber and wood products, concrete and stone
producte
13 19,20 28,29 Chemicals and petroleum refining
14 22,23 19,34,35,36,38, Electrical machinery and equipment, scientific
371-373 instruments, fabricated metal products
15 18,24 22,23,27,31,39 Printing and publishing, miscellaneous
manufacturing
Trangportation
Communications
Utilities
16 25,26 40,41,42,45,47 Railiroads and all other trausportation
17 27 46,4924 Gas and oil pipelines
18 28,29,30 48,49 Communications, electric and gas utilities
Trade
19 31,34 50,52,53,54,56,57,59 Wholesale trade and most retail trvade
20 32,33 55,58 Retail auto dealers and gas stations, eating
and drinking places
Finance,
Insurance, and
Real Estate
21 35,36 60,61,62,63,64,65,67 Fivance, insurance, and real estate
Seryices
22 37,38,39,40 70,72,73,75,76,78,79 Hotels, motels, personal services, business
services
23 51,42 80,81,82,88,89,37(3) Medical and professional services, research and

Construction
24 47

15,16,17

development

Contract construction

*Source: New Mexico Bureau of Business Research, 1965

**Standard Industrial Classification
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for resources such as water, labor, etc., and its contribution to the total
benefits to the state's economy, measured by the value added of each one-
million-dollar unit. Tables 18 and 19 present some of the major results of
the basic model and relate them to water utilization for both the total Rio
Grande region and for the URGR., Table 18 presents levels of production for
all 24 sectors measured in terms of output. Medical and professional
services and research and development (sector 23) generated the largest
value of production at $517.96 million, and agricultural services (sector 5)
generated the smallest value of production at $4.95 million. Within the
agricultural sector, meat animals, dairy products, and poultry (sector 1)
accounted for about 49 percent of the agricultural value of production;
fruits and vegetables (sector 4) about 23 percent; cotton (sector 3) about
10 percent; food grains and feed crops about 12 percent; and agricultural
services about 6 percent. The metals sector (sector 6) accounted for about
76 percent of the total value of production for the mining industry, and
0il and gas (sector 7) accounted for the remaining 24 percent. In the manu-
facturing sectors, electrical, scientific instruments, and fabricated metal
products (sector 14) accounted for 27 percent of the value of production
($70.346 million); lumber and wood products, concrete and stone products
(sector 12) 22 percent; printing and publishing, miscellaneous manufacturing
(sector 15) 20 percent; meat packing and dairy products (sectors 8 and 9)
18 percent; and the remaining 13 percent included grain mill and bakery pro-
ducts (sector 10} 5 percent, miscellaneous food (sector 11) 5 percent, and
chemicals and petroleum refining (sector 13) 3 percent. The Services sectors
(sectors 22 and 23) accounted for about 40 percent of the total value of
production; Trade (sectors 19 and 20) about 25 percent; Transportation,
communications, and utilities (sectors 16, 17, and 18) about 14 percent;
Finance, Iinsurance, and real estate (sector 21) about 10 percent; and
Construction (sector 24) about 10 percent.

The value added generated by each sector ranges from 17.7 percent of
the total value of output in the meat packing industry (sector 8) to 71.2
percent in retail auto, gas stations, and eating places (sector 20). The
weighted average value added in the Rio Grande region was 58 percent of total
output., The large coefficients of output per unit of water in the nonagri-

cultural sectors are a result of the low water consumption in these sectors.
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The Trades and Services sectors represent about 82 percent of the
employment within the Rio Grande region. Wwholesale trade, retail trade,
gas stations, restaurants, and Services (sectors 19, 20, 22, and
23) represent almost 60 percent of the total employment. Employment in
Manufacturing accounts For about 10 percent of those employed in the RGR,
primarily in lumber and wood products, and concrete and stone products
(sector 12); electrical machinery and equipment, scientific instruments,
fabricated metal products (sector 14); and printing and publishing and
miscellaneous manufacturing (sector 15). These three sectors account for
over 80 percent of the employment within the Manufacturing sectors. Agri-
culture represents about 7 percent of the RGR employment force, with about
38 percent employed in vegetables and fruits (sector 4), and about 33 percent
in meat animal and dairy production.

Agricultural production accounted for 95 percent of the water depleted
in the RGR with food grains and feed crops (sector 2) accounting for about
45 percent of the total depletions, and cotton (sector 3) accounting for
another 27 percent. Mining sectors accounted for less than 1 percent,
Manufacturing sectors only 0.3 percent, and Trades and Services 3.8 percent.

Table 19 magnifies the differences between the Agriculture sectors and
all other producing sectors. While the Agriculture sectors produced only
4.1 percent of the total output, 3.9 percent of the total value added, and
provided only 6.7 percent of the total employment, they consumed 95 percent
of all the water used in production in the Rio Grande region. The Trade and
Services sectors played the opposite role, using only 3.8 percent of all
water depleted by the production sectors, but producing 78 percent of the
total value of output and accounting for 81.9 percent of the total value
added.

In the URGR the agricultural sectors produced the smallest portion of
the subregion's total output (4.1 percent) and total value added (2.8 percent)
percent), and also provided for one of the lowest employment rates (9.4 per-—
cent). Agriculture consumed the largest portion of the water used in pro-
duction (93.8 percent of the URGR total). Mining (sectors 6 and 7), is more
important in the URGR than in the total Rio Grande region, producing 13.3

) percent of the total output, 15.3 percent of the total value added, and
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providing for 5.3 percent of the employment. The Manufacturing sectors are
less important in the URGR than in the total Rio Grande region. The Trade

and Services sectors in the URGR were similar to the total Rio Grande region,
and the general relationships that exist for the total Rio Grande region are
also expressed in the Upper Region; i.e., Trade and Services sectors were
responsible for the largest portion of the total value of output (77.7 per=~
cent), but used only 3.6 percent of the water depleted. The single most
important industry is medical and professional services, research and develop-
ment (sector 23) accounting for almost 40 percent of the total value of pro-
duction in the URGR.

In the agricultural sectors, meat animal and dairy production (sector 1)
accounted for 80 percent of the value of production, 67 percent of the value
added by Agriculture, provided almost 46 percent of the agricultural employ-
ment, and consumed about 46 percent of the agricultural water. Food grains
and feed crops (sector 2) accounted for about 13 percent of the value of
agricultural production, 20 percent of value added, 44 percent of agricultural
employment, and 50 percent of the agricultural water consumed.

The single most important manufacturing sector in the URGR is lumber
and wood products and concrete and stone products (sector 12), followed
closely by printing and publishing and miscellaneous manufacturing (sector
15). These two manufacturing sectors account for 78 percent of the manu-
facturing value of production, 85 percent of value added, 72 percent of
manufacturing employment, and 83 percent of the manufacturing depletions.

The single most important Trade and Services sector is medical and
professional services, research and development (sector 23) comprising
almost 50 percent of the value of production of Trades and Services, 46 per-
cent of value added, but only 31 percent of the employment, and 47 percent
of the water depletions used in Trades and Services. The location of the
Los Alamos Scientific Laboratory in the URGR contributes significantly to
sector 23. The next closest sector in value of production is wholesale
trade and most retail trade (sector 19), but it contributes only 12 percent
of the Trades and Services value of production followed by contract con-

. struction (sector 24) at 9 percent, and motel, personal services, and

business services (sector 22) at slightly less than 9 percent. Wholesale
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trade and retail trade; contract construction; and motel, personal services,
and business services represent 18, 11, and 18 percent of the employment,
respectively, and combined account for 26 percent of the Trades and Services
water depletions.

The regional distribution of water depletions by major production
sectors and municipal and rural uses is presented in Table 20. The signi-
ficance of the agricultural sectors as major water users was maintained in
all Regions, although their share is reduced in the Middle Rio Grande Region
to 74.0 percent, where 16.5 percent of the total water use was for domestic
purposes. The Upper Region was responsible for the second lowest water
depletions in the Rio Grande region, utilizing only 22 percent of the total
water available.

Water recreation demands in the Rio Grande region in the base year
(1970) and the distribution of supply by origin are presented in Table 21.
The major supply area for water skiing and boating is the Lower Rio Grande.
Recreationers from the Middle, Socorro, and Lower Regions, as well as out-
of-state visitors, utilize the availability in the Lower Region.

In the concentrated population centers of the Middle Rio Grande Region,
demands exceed supply of water-based recreation by 453,235 (551,654-98,419)
activity-occasion days (AOD) in water skiing, 146,210 activity-occasion days
in boating, and 807,318 activity-occasion days in fishing. The Lower
Region supplies 589,672 activity-occasion days of water skiing but demands
only 67,719, resulting in a difference of 521,953 AOD (Table 21); in boating
there is a net supply of 293,943 AOD (Table 21); and in fishing there is a
net supply of 382,904 AOD (Table 21). The Upper Rio Grande Region supplies
nearly all of the Upper Rio Grande Region's demand for water skiing, boating,
and fishing. In addition, the URGR supplies 8,281 AOD's of out-of-state
demand for water skiing, 15,673 AOD's of boating, and 162,706 AOD's of fish-
ing, as well as 250,258 AOD's of fishing for the Middle Rio Grande Region.

Three Water Management Alternatives

The socio—economic model was used to estimate the effects of population
growth on the distribution of production and water requirements in the Rio

Grande region for the period 1970-2020. Regional population projections used
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~Table 20. Summary of depletions by major sector in the Rio Grande region (acre-feet)-—-
basic optimal solution

Region Total Rio
Major Sector Upper Middle Socorro Lower Grande Region
« + « . acre—-feet .
Agriculture 111,084 125,795 38,061 222,328 497,268
Mining, 0il & Gas 2,852 1,500 108 111 4,571
Manufacturing 225 1,486 29 87 1,826%
Commercial Trade &
Services 4,199 13,708 202 1,950 20,059
Municipal 3,862 25,568 407 4,362 34,199
Rural 2,042 2,527 203 1,051 5,823
Total 124,264 170,581 39,010 229,889 563,746%
O 21 a1 =3 o K
Agriculture 89.39 73.74 97.57 96.71 88.21
‘Mining, 0il & Cas 2.30 0.88 0.28 0.05 0.81
Manufacturing 0.18 0.87 0.07 0.04 0.32
Commercial Trade &
Services 3.38 8.04 0.52 0.85 3.56
Municipal 3.11 14.99 1.04 1.90 6.07
Rural _ 1.64 1.48 0.52 0.46 1.03
100.00 100.00 100.00 100.00%* 100.00

*Does not add due to rounding.
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Table 21. Water-based recreation by Region, Rio Grande region--basic optimal solution

Demanding Region

Supplying Out of Total
Region Upper Middle SoCorro Lower State Supply

e« + 4 s+ s+ « o « (activity-occasion days) . e e e e

. WATER SKIING

Upper 121,402 8,281 129,683
Middle 98,419 98,419
Socorro
Lower 255,459 13,897 67,719 252,597 589,672

Total Rio Grande

region 121,402 353,878 13,897 67,719 260,878 817,714
Rest of State 18,643 154,768 173,411
Out of State 43,008 1,544 44,552

Total Demand 140,045 551,654 15,441 67,719 260,878 1,035,737
BOATING
Upper 64,012 15,673 79,685
Middle 78,616 78,616
Socorro
Lower 74,923 5,639 28,145 213,381 322,088

Total Rio Grande

region 64,012 153,539 5,639 28,145 229,054 480,389
Rest of State 74,923 74,923
Out of State 16,364 1,023 17,387

Total Demand 64,012 244,826 6,662 28,145 229,054 572,699
FISHING

Upper 380,437 250,258 162,706 793,401

Middle 365,600 365,600

Socorro 30,760 9,371 40,131

Lower 264,910 408,909 673,819

Total Rio Grande

region 380,437 615,858 30,760 264,910 580,986 1,872,951
Rest of State 549,268 3,230 26,005 578,503
Out of State 7,792 7,792

Total Demand 380,437 1,117,918 33,990 290,915 580,986 2,459,246
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in the model were based on the New Mexico Bureau of Business Research county
projections (BEA Projections) (Table 22). An increase in population affects
the final demand for consumer projects, the labor force, as well as the direct
demand for water for municipal and rural use. The model assumes government
employment to be a function of population; therefore, it was determined but
not reported in the following analyses.

An increase in the final demand will affect all 24 sectors according
to the interrelationships of the Input-Output Table. Because of these pre-
determined relationships, any change in the fimal product mix produced
within the region will require a change in the model constraints.

Three alternative solutions of long-run production and water-use
patterns, utilizing a linear population growth at an average rate of 1.19
percent annually or 59.5 percent for the period 1970-2020, are presented
below. The three alternatives differ only in water constraints. In the
first alternative, water availability was not constrained. The production
sectors were permitted to grow as required in order to supply the products
demanded. Thus, additional surface water for agricultural use would become
available as needed: for example, by water importation or water-saving
technological developments. Ground-water sources were assumed to be suffi-
cient to permit the required increases in pumpage but not to substitute for
surface sources.

The assumption that surface water can be imported to satisfy all future
demands is not a realistic assumption. There are only limited opportunities
for water importation to the Rio Grande Basin, i.e., the San Juan—Chama
diversion. It is more likely that no additional surface water will be
available in the foreseeable future. The second alternative reflects this
assumption and places a constraint on surface-water availability: di.e., the
1970 surface water supplies plus the San Juan—-Chama diversion water. Any
increase in water demands is required to be satisfied within the region.

In the model, surface and ground water are used in fixed proportions in the
agricultural sectors, thus ground water cannot be substituted for surface
water. The effect of limiting surface-water availability to 1970 levels
(basic optimal solution) implies that growth in agricultural production can
be expected only in areas where the availability of surface water exceeds
depletions. No effect should be expected in the nonagricultural sectors

because ground-water depletions have not been restricted. Under the legal
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constraints imposed by the water laws of New Mexico, the mining of ground
water may be restricted by authority of the State Engineer to declare a
ground-water basin and close it to future development. Most of the Rio
Grande region in New Mexdico lies within declared basins. To maintain the
base flow of the Rio Grande, increased pumping effects on the river must be
offset by retiring surface-water rights. This alternative approximates the
current administration of water resources in the Rio Grande region.

The third alternative is much more restrictive than the second alter-
native of imposing a constraint only on the surface water. This alternative
reflects constraints placed on both surface and ground-water resources.
Total surface-water availability for use in the Rio Grande region was
restricted to the average surface flow in the Rio Grande, including the
supplementary flow from the San Juan-Chama project. Ground-water pumpage
was initially restricted in this set to the total pumpage in 1970. 1t was
assumed that any future growth will require the transfer of surface-water
rights from agriculture to other production sectors, rural, domestic, and
municipal uses. A transfer mechanism was added to the model to allow the
transfer of surface rights to ground-water rights. Additional pumpage was
permitted only to the extent that surface-water depletions were reduced.

Additional diversions refer to the effect of pumpage upon the flows of
the river. Within the alluvial deposits of the Rio Grande the surface
water and ground water are connected, and pumpage either diverts water from
the river or intercepts water destined for the river.

In order to maintain interregional deliveries over time, the total
surface-water availability in each Region was reduced annually to compensate

for the additional effects of pumping upon the flow of the river.

Alternative 1: No water coastraint. The long-run effects of population

growth under the above assumptions are presented in Table 23 for the RGR and
for the URGR. Table 23 presents the production levels, value added, employ-
ment, and water depletions required to satisfy the increases in local demand
and expected increases in nonagricultural out-of-state sales. Total value
of output in the Rio Grande region is expected to increase at approximately

the same rate as the population. This amounts to an increase of more than

56



796 °L8T zeLioe £€€T°9LE SQLew9 066994 BLTGLT 657696 °T 267°06€°¢C 18301

708 0£9°7 €26°8T1 £09°¢Y w8 Yy 9TL 6T 9L0°CT1 6C9°94L¢ Y

LT0°¢ v6:° L 20T 9¢T STT " 9%2 T1€°01 YR 8T 9L16°¢9% %67 BER €T

0c9 L8ty evy°se T%9°¢€% 660°¢ 656°0T ZTT IYT 7%0°The i

349 0T$°T S10°92 80T SE T6i‘c £48°TT €06 °01¢ 080" %82 1z

1A T%L°T i7e°9T 666°2¢ ST6 L60°8T 6T1°ZTE 0Ly LST 0T

98¢ L09°Yy Le€°8¢ SLT 8BS 196°C XA AT €LY Hhe zTLees 6T

8vZ 1 9¢6 766°9T T%1°92 79T L 062°L 527601 0807°89T 8T

97 08T €6 % ¢Is°9 k29 SHT 968" %1 886°1Z LT

iy Tie 694701 81 9T ey 890 ‘8 20%°9T1 F0E€°6LT 91  S®0TAlag % aperi],

49 LS %879 786" CT 61T VAN wE€LTY €8L°08 ST

€ 6T 98470 998°1 ka4 §8v°9 948" LY 6TL ETT 71

¢ 0 00070 000°0 8y LT "¥8°¢ 898°7T €1

(A% €99 §%9°9 096°€1 09€°1 T7L'€ 796°2% 0Zh 68 T ~

£y icT $8L70 °60°¢ £0¢ 9@ 79874 T46°0C 11 b

0 0 000°0 000°0 AS %68 8.9°9 6L CT ot

€1 94 6080 880°¢€ 64T 718 696°0T 398" 1% 6

T ki 14070 9ev°0 101 Ty 0€6°S Tog €€ 8 SuTanidegnuey

658°‘T L%e €81°2¢ 965°0¢ 66%°C 962 H88°6C 612 1Y 4

795°‘e 16€°T 008°¢¢ LE6 766 669 % 1€L°C T10°€8 S0L6TT 9 sey ® 110 ‘Surury

Y1 L8 8€L°0 802°1T 16 £69 9£9°% 886 °L 9

%079 %61 605°0 $%9°0 208 1L 679°¢C 99¢ 02 ¢18°9¢C s

0 0 000°0 00G°0 SELTTT 89¢ L0E°8 0ES" €T €

£%9 8L £0T°T €66°T 001°¢ 791°2€E ¥00‘z" GZE°6 [Ai R A 4

%Ty19 050°T 829°¢ L0%79T T€8°201 z0ge 79T 61 ZI8°SS T EELEIRCI S
{3°923-9108) (uotTTITE TS) (UoTTTTIU T§) {3993-21081) (UOTTITE T$) (UOTITTW T8)

suoT391deq AuawloTdny PIPPV uOTIDNPOIJ suoT3a1deq JuawloTdug PopPPY woTIoNpoad 10329%

EER)-T) 2NTRA Jo anyep 193BH anyTep Jjo anTep

uoiday spuels ory a=ddp

uoT89) °9pueln OTy [eIOL

JUTEBIAISUOD a8IBM OU--0QZQZ

‘uor8ay spuean ory 1add Iyl ur pue ‘ucrBey BpPUBIH OTY BYI UT 103D8S uoyronpoxd Aq 2sn 1e3em puw ‘jusuioTdwd ‘pappe enfea ‘uoTlonporg €7 ITgel



$1,267.6 million (59.7 percent) in the total value of output for the
period 1970-2020.

Agricultural production is expected to increase only 38.3 percent
($32.5 million) in the Rio Grande region compared to an increase of 59.7
percent in total value of output. This smaller increase results from the
assumption that additional surface water will not be made available for
agricultural exports and will be used only for local increases in demand for
agricultural products. The major increases in agricultural products are
expected in the Middle Rio Grande Region which also expects the largest
population increase. This results from the interregional Input-OQutput
matrix structure which does not allow for changes in the interregional
transfer coefficients. The expected increase varies from 58 percent for
cotton (sector 3) to 32 percent for vegetables and fruits (sector 4), with
agricultural services up 53 percent (sector 5), 47 percent for food grains
and feed crops (sector 2), and meat animals, dairy, and poultry up only
33 percent (sector 1).

The total mnonagricultural production is expected to increase by
$1,235 million. The expected increase in agricultural production represents
only 2.6 percent of the total increase in the value of production while it
represents 85.2 percent of the additional water depletions required. The
value of production for the Mining sectors is expected to increase about
58 percent from 1970 to 2020, Manufacturing up about 61 percent, and Trades
and Services are expected to increase about 60 percent (Table 24).

Water depletions in the year 2020 for the Rio Grande region are
expected to reach almost 830,000 acre-feet. This increase of 266,743 acre-
feet over the depletions in 1970 will be required to meet the projected
population needs in 2020. However, by 2020 an additional 83,000 acre-feet
of surface water will be required to maintain the base flow of the river out
of the region to Texas. Of the 266,743 acre-feet, the agricultural sectors
will require 227,336 acre-feet, the remaining production sectors 15,769 acre-
feet, and domestic needs 23,516 acre-feet. The increase in agricultural
depletions will be met by utilizing 191,720 acre-feet of surface water and
35,616 acre~feet of ground water. All increases in surface water will be

used by agriculture.

58



*JUTPUROI 3O ASNEIDG PpE I0U $90Q
0" %¢ 650991 ZTL0E *£€T 9L 8 €S S0L°EC%Y viLy 2019628 =8LT°GL1 #6€57696°T L'6S 46T 06L°E 173041
L°Ts 6%'8 -~ - == 1°09 099720 = == = Teany § Tedyotung
0°5¢ 8059 LST°6T 149°€62 0°6¢ 91%°008 9709 172 cE WILUEWT  60%LT9°T 8709 £02°989°¢ saOIATRG B Ipedy
8 %¢ e TEY'T 776751 6° %S 9LE " HE €709 8262 18291 66%°£91 {709 0z6°S1y Suranjoegnuek
0°¢¢ 129°% 8E9°T €56°LS 06§ £6%°98 € L8 66T L £20°€ $68°211 ¢ 8% 26 '0LT - BuTuTH
L°1€ 68¢° 991 sev‘t ' 898'8 [ 14 09¢°12 L8y £09°%2L 1666 814719 €8¢ RLrAAL] aan3tnorady 0z02
“€T6°ETT *90T°02 6L6°E%T ST6°L1Y 2998295 20€0°0TT  %£S2°T€2°1 2099°221°2 1230
ST = - == BT 6L = -- =T 1eany g Tedroyung
661°Y €2 ‘91 16€ 681 966°22¢ 65002 £9%°06 0£9°Z10°T 1660291 $3DTAISE § °pRAL
$44 526 %62°01 z61°TT 928°1 16%°01 LZe° %01 7£8°86T ButanjydeynueR
{uotlinyos
7s8°e 9501 L8718 [4:788 44 146°% 026 1 €68 1L 7907801 BuruIR 1ewlado
21seq)
80111 168°1 L16°9 266791 89Z°L6% €61°E L0y yy SLityg 2an31n018Y 0461
(Juadaad) (23993-3a08) (uoriIw 14) (3uooxad) (uwoTTyTW %) {quavzad) (3993-2308) (uoTiIIW 18} (quooaad) (UOTTTIW T1§)
0l61 ) juaumAcTdug PIpPpPY 0461 0461 JWOWAOTAWy pappy 0l6t ECEEETS A82}
woxy aS8uey) aniep woay »3uey) wexy o3uey) anyeA wozxy 23uey)
suorjalded A3l uoTIdMNPOIF IO INTej $uGTqo1doq Xo3Eh UOI3IDNPOLd JO PNYBA
TOT8oY opueiy oty 1eddf UoTgey spuean o1y {8301
JUTRIISUOD 137BM OU--0Z0L-DL6T '0DIXOW MAN 'uoT3aY dpurad o1y aaddn dya ul pue uoiRay Spueld O1Y dY3 U SI0303s IJolew 103 ISN I121eM pue jJuswhodwa ‘poppe InTEA UOTIINPOIS w7 d1qel

59



In 1970 the Upper Rio Grande Region accounted for slightly over 19
percent of the total Rio Grande region's value of production and is
estimated to remain fairly comstant at slightly under 19 percent in 2020.
Trade and Services accounted for about 78 percent of the value of production
in 1970, Agriculture 4 percent, Manufacturing 5 percent, and Mining approxi-
mately 14 percent of the value of production in the Upper Rio Grande Region
(Table 24). 1In the year 2020, Trade and Services are expected to remain
constant at 78 percent, Agriculture constant at about 3 percent, Manufactur-
ing constant at about 5 percent, and Mining to remain constant at about 14
percent of the value of production.

The economy of the URGR is expected to grow at a lower rate than that
for the total Rio Grande region. The expected increase in total value of
production from 1970 to 2020 is 53.8 percent compared to 59.7 percent for
the total RGR. Agriculture is expected to increase at a lower percentage
rate of growth, 25.7 percent for the URGR and 38.3 percent for the RGR, and
the remaining sectors at a rate of about 55 percent for the URGR.

Employment in the URGR is expected to increase 53 percent from 1970 to
2020, with agricultural employment increasing 32 percent and the other
sectors increasing about 55 percent.

Water depletions in the Upper Rio Grande Region in 1970 accounted for
about 22 percent of the total Rio Grande region's water depletions but are
expected to decrease slightly to about 20 percent in 2020. Agriculture is
the largest water user, accounting for 90 percent of total depletion in the

Upper Rio Grande Region in 1970 and about 88 percent in 2020.

Alternative 2: Surface-water constraint. Table 25 presents production

levels, value added, employment, and expected water depletions by sector
under the surface-water constraints for the Rio Grande region and for the
URGR, and is summarized by major sector in Table 26. The Rio Grande
regional value of production with a constraint would be $3,390.3 million,

and $3,372.2 million without a surface-water constraint, thus the cost of
imposing a surface-water constraint is $18.1 million (0.53 percent reduction.
Direct Agriculture production would decrease $6.9 million, Manufacturing

production would decrease $0.3 million, and Trade and Services are expected
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to decrease $10.9 million. The meat animal, dairy, and poultry sector
(sector 1) would not be affected by surface-water constraint, but the value
of production for food grains and feed crops (sector 2) would be decreased
$6.4 million, cotton (sector 3) reduced $0.2 million, fruits and vegetables
(sector 4) would be unchanged, and agricultural services (sector 5) down
about $0.4 million. In the Services sectors, medical and professional, and
research and development (sector 23) is expected to decrease about $10
million.

The level of employment in the Rio Grande region is expected to decrease
by 1,344 employees in 2020 when a surface-water constraint is imposed.
Agriculture production sectors (sectors 2, 3, and 5) are expected to
account for 784 of these employees, with food grains and feed crops account-
ing for 88 percent of the decrease. Services production sectors are expected
to account for 546 employees with sector 23 accounting for all employees.

Surface-water depletions in the Socorro and Lower Regions in the base
year 1970 approached the average annual availability for these Regioms. The
Upper and Middle Regions are expected to benefit from the additional surface
water to be supplied by the San Juan-Chama diversion project. Thus the long-
run average annual availability in these two Regions exceeds their 1970
depletions. Total surface-water availability is reduced over time because
of the increased effect of ground-water pumping over time and the increases
in pumpage necessary to satisfy growth requirements, and it is expected that
83,000 acre~feet of surface rights will be retired by 2020. Because of the
additional San Juan-Chama diversion water, surface-water depletions are
expected to increase until about the year 2000 and then decrease. However,
the Socorro and Lower Regions are expected to have reductions in surface-
water depletions well before the Upper and Middle Regions because they do
not benefit from the San Juan-Chama project. The surface-water usage
decreases in the 50-year period due to the effect on the river of continued
pumpage at an increasing rate, even though the total average flow in the Rio
Grande is increased by 111,000 acre-feet (from the San Juan—-Chama).

The decrease in ground-water depletions for agricultural use in the
same years results from the fixed ground-surface water relationship assumed

for agricultural production. This assumption was necessary in order to

avoid surther surface-flow depletions which would take place if ground
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water were substituted for surface water in agricultural production.

Total water depletions are expected to increase only 22.8 percent and
reach 691,086 acre-feet in 2020. This is 138,524 acre-feet less than the
amount required where no water constraint was imposed. Agriculture accounts
for 136,388 acre-feet of this reduction. The remaining 136 acre-feet
reduction includes 2 acre-~feet in Manufacturing and 134 acre-feet in Trades
and Services.

The demand for agricultural products which could not be satisfied in
this case is allowed to be supplemented by agricultural imports or by
reduction of exports.

The value of production in the Upper Rio Grande Region in 2020 would be
$642.7 million without a water constraint and $642.1 million when a surface-
water constraint is imposed (Table 25). Direct agricultural production
would decrease $0.6 million, and the indirect effects of agricultural
production would account for less than $0.1 million decrease in services
associated with agriculture. Food grains and feed crops (sector 2) accounts
for 77 percent of the decrease in agricultural production.

Employment in the URGR would decrease from 30,722 with no water con-
straint to 30,510 with a surface-water constraint. Again, Agriculture
would account for nearly all 99 percent) of the reduction in employment. The
reduction in food grains and feed crops is expected to account for 98 percent
of the total reduction in employment.

Surface-water depletions in the Upper Rio Grande Region in the base
year 1970 did not approach the average annual availability because of the
San Juan-Chama diversion project that is expected to supply additional
surface water to the URGR. The average annual depletions in 2020 with a
surface-water constraint would be 13,569 acre-feet less than under the
condition of no water constraint. Reduced agricultural depletions account

for all (13,569 acre-feet) of the reduced depletions.

Alternative 3: Surface and ground-water constraint. Production, value

added, employment, and water depletions in this alternative for the Rio

Grande region and the URGR are presented in Table 27 and summarized by major

“sector in Table 28. The cost of imposing the additional constraint on

ground water is $4.1 million in 2020 compared with a surface-water only
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constraint, and $22.2 million compared with the alternative without any
constraint on water. Direct Agriculture production would decrease $2.9
million as a result of imposing the additional ground-water constraint, but
Mining (sector 6) is expected to remain constant, and the indirect
effects of reduced Agriculture production would account for the other $1.2
million in Manufacturing, Trade, and Services associated with agriculture. The
affected Agriculture séctors are expected to be food grains and feed crops,
$2.14 million; cotton, $0.37 million; and agricultural services, $0.38
million. However, annual agricultural production in 2020 is expected to be
$22.6 million more than in 1970, and nonagricultural production is expected
to be $1,225.8 million above the 1970 level.

The level of employment is expected to decrease by 481 employees when
the additional constraint is placed on ground water. Agriculture pro-
duction sectors (sectors 2, 3, and 5) are expected to account for 314 of
these employees, with food grains and feed crops production accounting for
71 percent of the total decrease.

The increased demand for water by the nonagricultural sectors required
a transfer of 47,166 acre-feet from surface rights to ground-water pumpage.
The average annual depletion with a total water constraint is expected to
be 58,182 acre-feet less than under the condition of a surface-water
constraint only, and 196,706 acre~feet less than the alternative of no water
constraint. Agriculture depletions are expected to decrease 58,165 acre-
feet, and Trade and Services water depletions are expected to ' decrease
18 acre-feet when the additional ground-water constraint is added.

The cost of imposing the additional constraint on ground water in the
Upper Rio Grande Region would be $0.6 million in 2020 compared with a surface-
water constraint only, and $1.2 million compared with the alternative of no
constraint on water., Agriculture production would account for $0.54 million
of the $0.6 million of reduced production in 2020. Food grains and feed crops
account for about 90 percent of the total reduction in production.

Employment in the URGR would decrease an additional 212 employees when
the additional ground-water constraint is added. Agriculture employment
. would account for 208 of the employees, with 99 percent in the food grains

" and feed crops sector.
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Total depletions in 2020 in the URGR are expected to decrease 13,497
acre-feet below that of a surface-water constraint only, and 27,066 acre-
feet when compared with the alternative of no constraint on water. Agri-
culture depletions would account for all of the 13,497 acre~feet reduction

in 2020.

Summary. In the previous discussion, three sets of water management
alternatives were presented for the Rio Grande region. The first was an
analysis of the region's growth without a water constraint. The second was
an analysis of growth with a surface-water constraint. The third was an
analysis of growth with both surface- and ground-water constraints. A
summary of the solutions for these alternatives is presented in Table 29
for the total Rio Grande region and for the Upper Rio Grande Region.

Without a water constraint, value of production, employment, and water
depletions in the Rio Grande region are expected to exhibit the largest
increase (59.7 percent, 59.2 percent, and 47.4 percent, respectively.) The
expected increase in value of production varies from 38.3 percent for Agri-
culture to 60.8 percent for Trades and Services. Water depletions are
expected to increase 45.7 percent for Agriculture, 57.5 percent for Mining,
60.3 percent for Manufacturing, 60.6 percent for Trades and Services, and
60.1 percent for Municipal and Rural domestic purposes.

When a surface-water coastraint is imposed, the expected value of
production would be reduced by $18.1 million in 2020, employment by 1,344
employees, and water depletions by 138,523 acre-feet (16.7 percent) below
the alternative of no water constraint (Table 29). Reduced Agriculture
production would account for about 38 percent ($6.9 million) of the reduced
value of production, and Trades and Services about 60 percent ($10.9
million). The level of employment in the RGR is expected to decrease by
1,344 employees in 2020. Agriculture production sectors are expected to
account for about 58 percent and Trades and Service sectors about 41 percent.
Agriculture water depletions are expected to represent about 85 percent of
the total water depletion reduction when a surface-water constraint is
imposed.

In 2020, when a total water constraint is imposed, value of production

in the RGR is expected to be reduced to $3,368.1 million, decreased $4.1
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million below the value obtained when only a surface-water constraint is
imposed, and decreased by $22.2 million below the no-water-constraint
alternative (Table 29). The level of employment is expected to decrease by
481 employees when a constraint is imposed on ground water. Again, Agri-
culture sectors account for 82 percent of the reduced employment.

Water depletions in the RGR are expected to decrease from 829,610 acre-
feet without any water constraints to 632,904 acre-feet with a total water
constraint, a 24 percent reduction. The Middle Rio Grande Region is expected
to deplete for nonmagricultural uses all of the surface-water rights by the
year 2075. Without water imports, increased pumpage restrictions will have
to be placed on Manufacturing, Trades and Services, and Municipal water usage
at this time. Any allocation of surface-water rights to Agriculture will
require these changes at an earlier date. Another alternative might be inter-
regional transfer of water rights. The other Regions are expected to have
enough surface-water rights to last for many years. The Albuquerque metro-—
politan area has about 90 percent of the expected population increase in the
total Rio Grande region, and the pumpage necessary to sustain its growth
increases its effect on the Rio Grande flow by more than 1,000 acre-feet
annually.

The Upper Rio Grande Region is expected to follow the general trend of
the total Rio Grande regiom but at a lower growth rate. The expected
increase in total value of production from 1970 to 2020 is 53.8 percent.
Employment is expected to increase 53 percent. Water depletions are expected
to increase about 20 percent in 2020, with Agriculture accounting for 88 per-~
cent of total depletions in the URGR at that time.

When a surface-water constraint is imposed, the value of production is
expected to be reduced $0.6 million in 2020, employment by 212 employees,
and water depletions by 13,569 acre~feet. Agriculture production sectors
would account for nearly all of the reduction in production, employment,
and water depletions.

When an additional constraint is imposed on ground water in the URGR,
value of production would be decreased $0.6 million in 2020, employment by
an additional 212 employees, and water depletions by 13,497 acre-feet. Agri-
culture production sectors would account for over 95 percent of the ex-

pected reductions in production, employment, and water depletions.
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The supply of water for water-based recreation is expected to be the
highest under the alternative of no water constraint (Table 30), and reduced
about 5 percent when a constraint is placed on the importation of surface
water or mining of ground water. The major effect occurs on surface water

where all of the water-based recreation occurs.
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Table 30. Estimated water-based recreation by type in the Rio Grande

region

Water
Skiing Boating Fishing
.(activity—occasion days). .
No Water Constraints
1870 817,773 480,389 1,872,950
1980 858,247 504,584 1,904,992
2000 939,195 552,975 2,591,525
2020 1,132,085 596,668 2,643,000
Surface Water Counstraints
1970 817,773 480,389 1,872,950
1980 858,347 504,625 2,015,576
2000 939,285 553,210 2,595,245
2020 1,160,546 556,894 2,643,000
Surface & Ground Water Constraints
1970 817,773 480,389 1,872,950
1980 858,273 504,624 1,904,542
2000 939,332 553,356 2,592,460
2020 1,134,160 596,919 2,643,000
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APPENDIX A

SOIL PRODUCTIVITY GROUPS IN THE
UPPER RIO GRANDE REGION, NEW MEXICO

Group I.

Soils in productivity Group I have few limitations that restrict their
use for irrigated crop production and are suited to a wide range of crops,
especially those common to the Upper Rio Grande Region. The soils are deep
and of desirable texture, which combined with a favorable structure makes
them relatively easy to till; and under cultivation a good tilth can be
obtained 1f properly handled. They are sufficiently drained and free from
toxic concentrations of soluble salts. The soils in this Group are naturally
productive and practically free of gravel and stones. The water holding
capacity is good, and consequently the amount of water required to produce
crops is not excessive. The surface of the land in this Group is level or
very gently sloping, which makes it susceptible to easy irrigation. There
is no accelerated erosion of any type on these lands, and they are not sub-
ject to overflow from arroyos which would tend to deposit detrimental
material. The productive capacity is high since they either have a high
fertility level or they respond well to fertilizer inputs. Moisture pene-
tration is generally moderate.

Some of these soils have certain slight limitations which require more
careful management practices; however, in most cases these corrective manage-
ment practices are easy to apply. A very small portion of the irrigated

acreage in the region occurs as Group I.

Group I1

Soils in Group II have certain moderate restrictions that reduce their
productive capabilities, require special management practices, or both. The
conservation and management practices required are usually more difficult to
apply and maintain on these soils than on the Group I soils. These soils are
fairly well adapted to irrigated agriculture, but were classified in this
Group because their productive capabilities were somewhat limited for general
_ farming. These conditions are generally due to unfavorable soil character-

istics, topography, erosion, or impeded drainage. Soils with 1light-textured
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subsoils and sandytextures were included in this Group. The amount of
irrigation water required to produce crops is comparatively high as these
soils have a low water-holding capacity. They require frequent and light
irrigations, and if water is not always available for these needed fre-
quent irrigations, crop failures are apt to result.

In some areas of the region, part of the soils in this Group have
limited use because of a high water table and low permeability. Each
distinctive kind of soil in Group II has one or more special managerial
requirements for successful use. This Group accounts for about 27 percent

of the irrigated acreage in the region.

Group TII

The soils in productivity Group III have limitations which restrict
their use for agricultural production. The character and properties of the
soll itself were given the greatest consideration. The soils are primarily
mountain soils of relative recent origin and in most cases are shallow,
gravelly, and contain less organic matter.

This Group also included lands mapped as nonagricultural but which
were being farmed. These soils include shallow, unproductive soils in areas
subject to overflow from arroyos, and very heavy, compact, and moderately
impervious clay soils which have a high content of salts and a rather high
alkaline reaction.

This Group accounts for over 72 percent of the irrigated cropland in
the Upper Rio Grande Region. It occurs in relatively large areas and is
widespread throughout the region.

The above-described soil productivity groups and those described in
Tables A-1, A-2, and A-3, were defined for purposes of this study and are

not necessarily consistent with Soil Comservation Service Classification.
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