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This report of the Lower Colorado Region Framework Study State
Federal Interagency Group was prepared at field-level and presents a
framework program for the development and management of the water and
related land resources of the Lower Colorado Region. This report is
subject to review by the interested federal agencies at the depart
mental level, by the Governors of the affec.ted States and by the Water
Resources Council prior to its transmittal to the President of the
United States for his review and ultimate transmittal to the Congress
for its consideration.
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"The argument is increasingly heard
that a fundamental contradiction has
arisen between economic growth and
the quality of life, so that to have
one, we must forsake the other.

"The answer is not to abandon growth
but to redirect it."

Richard M. Nixon
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SUMMARY

The basic purposes o~ the Land Resources and Use and Watershed
Management appendixes are to express the interrelationships o~ land and
water and to provide, ~or the years 1980, 2000~ and 2020, a broad guide
to the wise use, treatment, and management o~ land resources in the
Lower Colorado Region to maintain and improve the productivity and
environmental stability of the land base. The in~ormation presented in
this appendix should provide most o~ the land-oriented data required
for the other appendixes and ~or the Main Report.

The Lower Colorado Region, as defined ~or purposes of this water
and related land resource study, occupies 90,328,000 acres (141,137
square miles) in the Pacific Southwest area o~ the United States. The
1965 population of the Region was 1,847,300 (hydrologic area).

Elevations within the Region range ~om slightly under 100 feet
above sea level near Yuma, Arizona to over 12,500 feet on Humphreys
Peak near Flagstaff, Arizona. Although aspect, latitude, prevailing
winds, and storm patterns directly influence temperature and precipi
tation, the range in elevation is the major influence. A combination
of these ~actors present variable management problems related to the
associated activity, vegetation, erosion, water yield, etc.

The Lower Colorado Region has a wide variation in vegetal cover
types. The forest types extend from the small alpine areas on top of
the highest mountain peaks; through the coniferous forest zones of
spruce-fir, Ponderosa pine, and the pinon-juniper and oak woodlands,
and the chaparral types. The rangeland type extends ~rom the forest
type through the northern and southern desert shrubs, the northern and
desert grasslands, down through a small area of true desert near the
mouth of the Colorado River on the boundary between Mexico and Arizona.
Scattered throughout the Region are areas o~ cultivated land, including
irrigated pasture, with the largest blocks in the lower Gila and the
southern half of the Lower Main Stem subregions. More than 500,000
acres of the Region are developed as urban and industrial areas. More
than 340,000 acres of the Region are occupied by water in the form o~
streams, lakes, impoundments, and reservoirs.

About 52 percent of the total land is federally owned, 12 percent
is in state and other public ownership, and 36 percent is private land.
About one-half o~ the latter is in Indian reservations held in trust by
the federal government.

i



VEGETAL. COVER

PUBLIC
SEelOR

LAND OWNERSHIP a
ADMINI STRATtON

'OREST LAND

Woodlond

,,,,,,,,
'~"""", ... ,, ~~ ..
I "',, ...

I fti90rian
, URBAN. ETC.

" Groslloftd CROPLAND
I

RANGEL.AND

In 1965, about 2 percent of the Region was in cropland, 64 percent
pasture and range, 33 percent forest and woodland, and less than 1 per
cent in urban, transportation, utilities, etc. More than 76 million
acres were grazed by domestic livestock on rangeland, forest land, and
cropland. Commercial timber was produced on about 5.5 million acres.
About 5.5 million acres within the Region were designated for outdoor
recreation, almost 3 million acres being in the national parks and monu
ments. More than 0.8 million acres were in designated wilderness areas
and 1.9 million acres were managed primarily for fish and wildlife. An
estimated 75,000 acres are utilized for production of mineral resources.
More than 4.1 million acres were within military reservations.

Most land is suitable for more than one use. The general charac
teristics of the land - topography, soil, elevation, native vegetation,
climate, etc. - determines the suitability of the land to support kinds
and combinations of uses. An inventory and analysis of land suitability
and availability reveals that, while there are sufficient suitable lands
available for land use considered in the study, there will need to be
widespread adoption of the mUltiple-use principle in order that the
projected requirements for all uses may be fulfilled. A summary com
parison of land suitability and availability with requirements projected
to the year 2020 follows:
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Suitable & Projected
Use in . Available Requirements

Land Use 1965 Y 1965 2020 Y

--------- 1,000 acres -------------
Cultivation (irrigated) 1,785 l6,620 1,833

CuItivation (nonirrigated) 31 188 19

Livestock Grazing 76,054 76,054 65,807

Timber Production 5,458 5,458 5,044

Urban and Industrial 513 N/A Y l,564

outdoor Recreation d! 5,542 N/A 6,l46

Wilderness 861 3,458 3,458

Military 4,126 N/A N/A

Mineral Production 75 N/A 223

Fish and Wildlife Y 1,858 1,858 15,020

Water Yield Improvement 114 3,685 1,414

Transportation &utilities 660 N/A 1,145

Flood Control 2/ 77 N/A 336

Y Compatible uses are not excluded.

~ N/A signifies not applicable.

d! Designated outdoor recreation areas.

~ Designated lands available for hunter. use but not excluding
other compatible useso

2.1 Area required for impoundments and structural works.
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Watershed management is the analysis, protection, .development,
operation, or maintenance of the land, vegetation, and water resources
of a drainage basin for the conservation of all its resources for the
benefit of man. This process is complicated in the Region because of
the cnmplex land ownership and administration pattern. Major problems
involved in the protection and management of the Region's watershed
lands include erosion, inadequate water yield, upstream floodwater and
sediment damage, degrading water quality, wildfire damage, water supply
deficiency, and those environmental quality problems directly related
to land use and management of land resources.

Watershed protection problems and needs are projected on the basis
of expected development and growth with no additional protection or
improvement measures installed after 1965. Average annual upstream
floodwater and sediment, erosion, and wildfire damages are $28.9 million,
$6.7 million, and $5.7 million, respectively, based on 1965 conditions;
a total damage of $41.3 million. These damages are projected to
increase to about $272.0 million by 2020.

Over the past several years, significant advances have been made
in watershed management practices and techniques by landowners and
public land managers. The goal has been to minimize the effects of
changes in the ecological balance that man's first activities had dis
rupted, and to modify it to create greater benefits for man.

Although most land has had some treatment, there is no accurate
method for determining what portion of the total area had received
adequate land treatment and management by 1965. On an equivalent acre
basis, using present standards, sufficient measures had been installed
to adequately treat about 37 percent of the irrigated cropland in the
Region. While most public forest and range lands utilized by domestic
livestock are under some form of improved livestock management, only
15 percent of these lands benefit from completed management programs.
Less than 10 percent of the commercial timberland in the Region has
been developed and is being managed for the maximum production of timber
products. An estimated 25 percent of the measures and treatment needed
for the efficient development and management of urban and other lands
have been provided for based upon the 1965 needs of the people. In
nearly all cases, the measures and practices meeting the standards in
1965 are expected to be inadequate in the near future because of
improved technology and a limited useful life. All will require
maintenance and rehabilitation.

Cooperative type projects constructed by 1965 include 17 upstream
flood prevention projects and one agricultural water management project.
Between 1965 and 1970, four additional upstream flood prevention projects
were completed.
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The suggested program was divided into two categories; Land Treat
ment and Management and Upstream Flood Prevention. In formulation of
the land treatment and management part of the program a distinction was
made between that portion which is "water related" and that portion
which is "associated." The water related portion is that which has
significant effects on the water resource. The associated portion is
primarily production oriented. The upstream flood prevention program
was considered totally water related.

Land Treatment and Management

The land treatment and management program includes water related
practices and measures which improve the quantity, quality, and timing
of runoff; reduce erosion and sediment production; and improve the
efficiency of irrigation water use. The associated practices and
measures are needed to meet the requirements for production of food and
fiber.

The suggested program represents a composite level program which
reconciles environmental protection, and production objectives. It is
necessary to satisfy the projected requirements and insure the improve
ment of production of all resources and uses from water and related
land on a sustained yield basis.

As the plan was formulated esthetic values and environmental
factors were of primary consideration. Ideally the land treatment and
management program should harmonize with all water and related resource
development programs required to satisfy present and projected demands
within the Region.

Total cost of the suggested program by time frame is presented in
the following tabulation:

Suggested Land Treatment and Management Program
Regional S'J,1IIlmary ($ million)

Note: Installat~on costs are total for the t~me frame; OM&R costs
represent the annual cost in the last year of the time frame.

Costs 1966-1980 19~1-2000 2001-2020

Installation
Water Related 236.4 42602 281.8
Associated 43.3 99.1 47.7

Total 279.7 525.3 329.5

OMBeR
Water Related 23.8 57.6 70.7
Associated 5.2 9.5 13.3

Total 29.0 67.1 84.0

.
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Of the total installation cost, about 20 percent would be on
cropland, 22 percent on rangeland, 56 percent on forest land, and 2
percent on urban and other land. About 68 percent of this cost would
be federal expendituxes and the other 32 percent would be nonfederal.

In comparing the annual rate of expenditure for installation cost
of the suggested program with the annual rate of expenditure for the
going program (average for the 1965-70 period): The suggested program
rate would be 2.3 times the going program rate for the 1966-1980 time
frame; 3.1 times for the 1981-2000 time frame; and 2.0 times for the
2001-2020 time frame.

On an equivalent basis, a total of 19.7 million acres would be
adequately treated during the 1966-1980 time frame; 27.3 million acres
during 1981-2000; and 17.1 million acres during 2001-2020.

Implementation of the suggested program would minimize irreversible
losses of the land resources and preserve the freedom of choice for
future resource users. A carefully designed and widely applied program.
will enhance rural development opportunities by providing protection of
the land resource base, more efficient production and water use,
increased recreation opportunities, improved fish and wildlife habitat,
increased and stabilized patterns of streamflow, and reduction of
sediment yield. It may also help to relieve population pressures on
cities thereby promoting a more healthful urban environment.

upstream Flood Prevention

The upstream flood prevention portion of the program. is considered
water related. This portion includes those larger structural measures
required to reduce flood damages occurring within watersheds with
drainage areas of 250,000 acres or less. In development of the
structural program consideration was given to the degree of flood
damage prevention which could be accomplished through use of non
structural measures. Considered were such measures as zoning, open
space regulation, tax adjustments, flood forecasting, and building
codes. Utilization of the nonstructural program is a major requirement
in future community planning. Needed land treatment practices and
measures are included in the program for flood control; these are
described in the "Land Treatment and Management" section.

The principal function of upstream corrective measures is to con
trol floodwaters so that the risk of flood damage for any portion of
the upstream. flood plain is compatible with the use. Environmental
quality was one of the primary considerations in the formulation of the
upstream flood control program. The program must be fully coordinated
with other existing and planned water and related land resource develop
ment within the Region to insure that maximum multiple use is made of
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water impoundments and other features for fish and wildlife, for out
door recreation, and other beneficial uses.

In the suggested program are 163 projects which include 230 im
poundments, 730 miles of channel improvement, and 153 miles of levees.
About 11,500 square miles of drainage area would be controlled.

Total cost of the program by time frame is summarized for the
Region in the follo¥dng tabulation. About 91 percent of the total
installation cost is federal.

Costs of the Suggested upstream Structural Measures
for Flood Prevention

Costs
Measures 1966-1980 1981-2000 2001-2020

Installation Cost ($1,000)
Levees and Channels 54,351 103,690 46,849
Flood Control Reservoirs 98,337 57,666 31,890

Total 152,688 161,356 78,739

Annual OM&R Costs ($1,000)
Levees and Channels 151 249 188
Flood Control Reservoirs 445 269 190

Total 596 518 378

The program would be effective in reduction of upstream floodwater
and sediment damages" Average annual damages would be reduced from
about $228 million (without the program) in 2020 to about $55 million
with the suggested program. A high intensity use area of about 1.7
million acres would be provided protection. There would also be
opportunities for mUltiple use of the structural sites.
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CHAPTER A - INTRODUCTION

Twentieth century man finds his landscape essentially formed, and
the evidences of either good or poor management upon the face of the
nonurban lands. It is on or from this portion of the environment that
we draw the food, fiber, water, and enjoyment for a demanding civili
zation. The land and its resources are available, and technology is
within our grasp with which to improve them or destroy them. The
"good earth," as viewed so spectacularly from space, awaits our
judgment and our acts of stewardship regarding the various resources of
the land.

The shape of the earth's surface to a large degree has been carved
by water in its journey from the atmosphere to the sea. As the princi
pal geomorphic agent, water transports soil, rock, and organic matter
from one place to another. In this process, nature seeks a balance of
forces at work. Vegetation produced by moisture and the earth's
minerals provides a protective ~over that moderates geologic erosion
and helps to maintain water quality. At the same time, soil is pro
duced which is a reservoir of minerals and organic materials that man
draws upon to feed, clothe, and supply a hungry and demanding civili
zation. But in the process, man also alters nature's dynamic equi
librium, land and resources are sometimes damaged and restoration
measures become necessary.

Land treatment and management programs are needed not only to
protect and enhance land resources such as soil, vegetation, and wild
life and to improve the living environment, but also to insure the
optimum combination of water quantity and water quality at a given
location. Most conservation practices enhance the quality of water
while also ameliorating the quality of related land resources. Use and
development of the land may damage or destroy the archeological
resource base which is the sole source of information on the history of
the American Indian prior to the seventeenth century A.D.

Conflicts are inevitable in the competition for land and water
resources. The growing demands for these resources raise important
policy issues: Natural resources based production and co~servation on
one hand versus the rapidly increasing "demands for space for urban
development on the other. An effective land and water resources
development program should minimize conflict between the various
preservation, conservation, land use, and development policies. The
principle of multiple use and sustained yield management of land and
water resources provides for the coordination of these resources and
activities on a given area so they will best meet the needs of the
American people without impairment of the production of the land. Land
management agencies and many private landowners have adopted the
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multiple-use concept of land management. Land used for production of
timber, livestock forage, and/or crops also provides the base to meet
the demands for recreation, wildlife, high quality water, and pleasant
surroundings. Open space land in metropolitan areas can also be used
for multiple-purpose management programs.

PURPOSE AND SCOPE

The basic purposes of the Land Resources and Use and Watershed
Management appendixes are to express the interrelationships of land
and water and to provide, for the years 1980, 2000, and 2020, a broad
guide to the wise use, treatment and management of land resources in
the Lower Colorado Region to maintain and improve the productivity and
environme~tal stability of the land base.

Three basic considerations are involved in achieving the purposes
of the appendixes. They are (a) the timely development and management
of the land and water resources as essential aids to the economic
development and growth of the Region, (b) the protection of land
resources to insure their availability for best use as needed, and
(c) the well-being of all t~e people as the overriding determinant in
the planning process.

The guidelines set forth by the Water Resources Council ~
determined the scope and intensity of this study.

Major items of scope are as f'ollows:

1. These appendixes are based on reconnaissance type investi
gations and provide an inventory of land resource data; a
broad-scale analysis of land resource problems; and furnish
general appraisals of the probable nature, extent and timing
of measures for their solution, for use in the formulation of
framework plans.

2. These appendixes are concerned with land resources, the uses
and suitability of these resources as well as their avail
ability, treatment and management.

3. These appendixes considered all areas within the Region, and
all purposes served by the conservation, development, and
use of the land resources.

Y "Guidelines for Framework Studies," October 1967, Water Resources
Council.
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4. The appendixes used available data, reasoned approximations,
and judgment of experienced planners.

5. Alternative programs and an indication of their accomplish
ments by time frame were stud;i.ed in order to appraise the
effects of various intensities of implementation. Using the
"with and without" approach the following alternatives were
studied:

a. No Program - no funding after 1965.

bo Going Program - continuation of the 1965 level of funding.

c. Suggested Program - sufficient funding to most nearly
satisfY the projected multiple objections.

6. Regional and subregional economic projections were used as a
base for formulating the programs (see Chapter K). The needs
for food, fiber, water, and related goods and services rele
vant to land resource development are expressed in terms of
product output and translated to acres of land.

7. The programs recognize the capacity of the land base to pro
vide for multiple uses and yield a variety of outputs,
including water, in determining the extent to which the needs
or demands can be met.

8. The programs are based upon the suitability and availability
of the land resource to provide effectively for anticipated
uses.

9. Cost estimates are provided for broad components of the
suggested programs, based on constant 1965 prices.

10. These appendixes appraise the urgency of land resource
problems and watershed management needs and the opportunities
available for solving or fulfilling them through existing
authorities. They identify remaining problems and needs and
suggest approaches for their solution. In addition, they
suggest more detailed studies in the near future leading to
the authorization of action programs to meet desired ob
jectives.

The early drafts of the Land Resources and Use and the Watershed
Management appendixes were prepared as separate repo~ts, However, due
to the amoun~ of duplication of maps, tables, and narrative, the
apparent overlapping of program elements relating to land use and
watershed management and the additional pUblication costs, the later
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dra:fts of the Land Resources and Use and the Watershed Management
appendixes were assembled in one volume. This treatment molds them
into one appendix.

RELATION TO OTHER PARTS OF THE REPORT

The data gathered for the preparation of this appendix should
provide most of the land oriented information required for the other
appendixes and for the Main Report. In addition, data pertaining to
land resources, or the use of these resources, which are compiled for
the preparation of other appendixes, are summarized in this appendix.
Examples of the latter are outdoor recreational use of land (summarized
from the Recreation Appendix), fish and wildlife habitat (Fish and
Wildlife Appendix), and irrigated crop production (Irrigation and
Drainage AppendiX). The authors intended that the readers of this
appendix should be referred to other appropriate appendixes for further
details on these subjectso

Details on the development of projections of economic activity,
which provided the basis for program formulation, are described in the
Economic Base and Projections Appendix although comparisons of alter
nate projections as related to land are described in Chapter K of this
report. Economic values associated with the various products of the
land may also be found in the economic Base and Projections Appendix,
although relative crop yields and carrying capacities of rangeland and
the like are frequently alluded to in this appendix as indicators of
land productivity and potential.

Irrigation Soil Classes are described and summarized in this
appendix for the purpose of indicating the extent of the Region suitable
for development of irrigated cropland. However, for Irrigation Land
Classes and details on development and management of land and water for
irrigated crop production the reader is referred to the Irrigation and
Drainage Appendix.

Although all pertinent data on water resources are summarized in
the Water Resources Appendix, the effect watershed management has on
the quality and quantity of water is discussed in this report.

The Water Q}J.ality Appendix contains data on present and future
quality of water and its effects or possible effects on future pro
duction, people, etc. This report relates the watershed management
role in reducing erosion, sediment (the largest single pollutant of
water) and dissolved solids.

The complete (upstream and downstream) floodwater and sediment
situation is described in the Flood Control Appendix. That portion of
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the f'loodwater and sediment damages and the alternatives to reduce those
damages, attributable to upstream watersheds (drainage areas of' 250,000
acres or less), are presented in this report as part of' the total
watershed management program.

This report describes the overall management of' land resources in
the Region, but does not describe in detail all land management
activities.

CHARACTERISTICS OF THE REGION

The Lower Colorado Region, as def'ined for purposes of' this water
resource stu~, occupies 141,137 square miles in the Pacif'ic Southwest
area of' the United States. Of this total area, 532 square miles is
water (permanent inland water bodies having 40 acres or more of surface
area and streams, sloughs, estuaries and canals 1/8 of a statute mile
or more in width).

The Region is.bounded on the east by the Continental Divide in
New Mexico and on the west by California and approximately the 1150 30 1

line of longitude in Nevada. The northern boundary extends from north
east of Ely, Nevada, southeasterly along the northern boundary of Muddy
River drainage, east on the northern boundary of Virgin River and Kanab
Creek drainages in Utah, southeast to Lee Ferry, Arizona, east
southeast on the northern boundary of Little Colorado River drainage.
The southern boundary is Mexico, although some drainage flows into
Mexico while others originate in Mexico and f'low into the Lower
Colorado Region. Examples are Whitewater Draw and the Santa Cruz River
respectively. The Region includes the Colorado River drainage in the
United States below Lee Ferry, Arizona, except that occurring in
California. In addition, it includes several closed basins in Arizona,
Nevada, and New Mexico. The Region encompasses most of Arizona and
significant areas of Nevada, New Mexico, and Utah. See Map 1.

For purposes of' this study the Lower Colorado Region was divided
into three subregions: Lower Mlin Stem, Little Colorado, and Gila.
Table 1 gives the total area (land and water) of these hydrologic
subregions.

The 1965 hydrologic area population of the Region was 1,847,300.
Of the total population, the Lower Main Stem Subregion had 312,800,
Little Colorado Subregion 151,300, and the Gila Subregion 1,383,200.
About 45 percent of' the total population was concentrated in the three
major cities of' Las Vegas, Nevada and Phoenix and Tucson, Arizona. In
1960 nearly 74 percent of the population was classified as urban and
26 percent as ruraL.
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The following tabulation shows the 1965 population and the pro
jected population for 2020. More detailed population information for
the economic area of the Region may be found in Appendix IV, Economic
Base and Projections.

Lower Colorado Region
Population

(1,000)

1965 Projected 2020 -
I

Hydrologic Area Population %of Total Population % otTOtal

Lower Main Stem 312.8 16.9 1,874.7 27.3

Little Colorado 151.3 8.2 389.4 5.7

Gila 1,383.2 74.9 4,612.7 6700
. -- ILower Colorado Region 1,847.3 100.0 6,876.8 100.0

I
,

Source: MOdification of the OBE-ERS Projections by States in the
Region.

6



LEGEND

- - Region Boundory

---- Subregion Boundory

._ ------ State Boundary

----- County Boundary

LOCATION MAP

BASIN

CALIFORNIA

REGION

;;::
--J

CJ),
~
~

~
rn
zL-----------------------------------------~~-------..:----.J



Table 1 - Total Area by State and Subregion
Lower Colorado Region, 1965

Subregion
New

No. Name Unit Arizona Nevada Mexico Utah Total

1 Lower M9.in Stem Acres 22,882,000 11,078,000 -- 2,234,000 36,194,000
Sq. Miles 35,754 17,310 -- 3,490 56,554

2 Little Colorado Acres 13,867,000 -- 3,398,000 -- 17 1 265,000
-.;j Sq. Miles 21,667 -- 5,310 -- 26,977

3 Gila. Acres 31,719,000 -- 5,149,000 -- 36,868,000
Sq. Miles _ 49,561 -- 8'_045 -- 57,606-- _~- -

TOTAL Acres 68,468,000 11,078,000 8,547,000 2,234,000 90,327,000 Y
Sq. Miles 106,982 17,310 13,355 3,490 141,137

Y Due to rO'Wlding this :figure may appear elsewhere in this appendix as 90,328,000



Employment within the Lower Colorado Region totaled 675,700 in
1965. Employment by sectors for 1965 and projections for 2020 are
given in the following tabulation. Additional employment information
may be found in the Economic Base and Projections Appendix.

Lower Colorado Region
Employment

(1,000)

Estimated 1965 Pro.iected 2020
Sector IEmployment %of Total Employment %ofT~

Agriculture Y 39.20 5.7 43.16 1.5

Forestry Y .91 0.1 .78 -
Mining 17.90 2.6 17.05 0.6

Manufacturing 90.87 14.5 477.95 16.9

Trade 125.90 18.4 503.26 17.8

Services 178.20 26.1 1,043.58 36.9

Transportation 21.50 3.1 66.02 2.3

Contract Construction 56.60 8.3 183.53 605

Rentals 32.10 4.7 156.83 5.5

utilities 20.40 3.0 82.74 2.9

other l/ 92.12 13.5 258 .60 9·1

- - -- -
Total 675.70 100.0 2,833.50 100.0

- -
Y Includes agricultural service businesses.

~ Includes only private sector employment in commercial timberland
management and harvesting.

l/ Government, professional services, domestic, and miscellaneous
employment.
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CHAPrER B - HISTORY OF LAND USE

Man has occupied and used the land in the Lower Colorado Region for
many centuries. About 6,000 BoC. a desert culture of Archaic Stage
emerged. Artifacts of this period indicate that Man had adapted to an
intensive use of a wide variety of plant and animal species as the sub
sistence base in the harsh desert and semi-arid uplands. It is during
the later periods of the Archaic Stage that the people of the desert
culture began to specialize into regionally identifiable groupings out
of which the Hohokam, Mogollon, Anasazi and Patayan prehistoric
cultures emergedo These cultures are ancestral to several surviving
historic and modern American Indian peoples. It is estimated that
before 300 B.C. some Indian tribes settled in permanent locations along
the Gila and Salt rivers and tributaries, and in the area north of the
Little Colorado River in the Little Colorado Subregion.

Anasazi-culture Indians were the first settlers in southern Nevada,
living along the river bottoms of the Muddy, the Virgin, and the other
perennial streams of the area, particularly in the vicinity of the
Virgin River and Beaver Dam Wash and along the lower Virgin River
Valley 0 These Indian settlement sites, probably belonging to the
Virgin Branch of Southwestern Anasazi culture, may date back to 500 A.D.
However, by A. Do 1150, the Indians had largely abandoned their settle,·
ments. Evidence at these sites indicates that these early Indians
probably developed a primitive system of agricurGure and utilization of
st~eamflow. Both the earlier and latter~day Indian settlements were
influenced by the availability of fair-to-good-quality domestic and
irrigation water.

The Hohokam Indians began farming the desert valleys of the Salt
and Gila rivers about 300 B.C., by diverting water into more than 125
miles of canals. They were able to cultivate and harvest squash, corn,
beans and cotton. In the middle 1300's it is estimated that no fewer
than 15,000 people inhabited these valleyso At the height of their
culture these Indians were irrigating about 250,000 acres.

The Hohokam mysteriously vanished about 1400 A.D. leaving behind
the shadowy tracings of their irrigation system etched on the desert
floor as a pattern for modern man to follow when he developed a far
more elaborate plan to irrigate the desert valleys. The Spanish
explorers found the ancestors of the Pima and Maricopa Indians irri
gating crops from the Gila and Salt rivers, but to a much lesser extent
than the Hohokam.

The Hopi, Zuni and other Indian tribes developed pueblo communities
on the mesas of northern Arizona and New Mexico. They raised corn,
pumpkins, and beans in areas surrounding these mesa communities, mostly
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without the help of irrigation. Unlike the Hohokam to the south, these
pueblo Indians to the north continue to inhabit their mesa homes and
farm the surrounding areas much as they did before the coming of the
white man.

The first beef animals were introduced into Mexico from Spain in
1521 by Villalobos. In 1539 and 1540 the Spaniards introduced the
first horses, sheep, and cattle into what is now Arizona in the Lower
Colorado Region. The Spanish missions became the livestock and farming
centers in the mid 1700's. However, the livestock population in the
Region did not increase to any extent before the l860's because of
marauding Indians and outlaws.

The first whites to enter the Colorado River portions of the State
of Nevada were Spanish explorers and traders. The first American
explorations of southern Nevada were made by Jedediah Smith in 1826,
enroute from Great Salt Lake to southern California, Smith at that
time noted the muddy and brackish nature of the Virgin's waters, and
commented on the agricultural practices of the Indians he saw there.
They were raising corn and pumpkins, which would imply at least a basic
system of irrigation for the growth of such crops.

In the early 1800 ' s and until the outbreak of the Civil War, miners
and mine owners had small herds of cattle and sheep, and where climatic
conditions were favorable farming operations were carried on around the
mining communities. During the Civil War the protection of the troops
was withdrawn and by 1865 there was very little farming or livestock
raising in what is now the Lower Colorado Region.

The early settlement and development of southern Nevada is largely
the history of the Mormon colonies called by the MOrmon Church during
the period 1855-1880. The first of several of these Mormon settlements
to be established was around the springs and meadows of the Las Vegas
Valley in June 1855. Life was grim and hard in all these settlements;
flooding, destructive rivers and streams periodically tore out and
wrecked all the laboriously laid out ditches and fields. Indians stole
and destroyed, there were clouds of mosquitos from spring until fall,
the climate was dry and scorchingly hot, the desert winds blew
constantly, and the colonies were far from markets and sources of
supply.

The remains of the Indians' abandoned canals provided the inspi
ration and challenge of again making the desert valleys green. In 1867
the Swilling Irrigation Canal Company was organized to bring water from
the Salt River to irrigate the land near the east edge of the present
day c~ty of Phoenix. The first canal was completed in March 1867. The
new area prospered, food was grown for the army personnel and residents
of the valley and nearby mining camps and hay was grown for the army
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horses at Fort McDowell. More settlers migrated to the valley and by
1888 additional canals had been constructed and more than 100>000 acres
were under cultivation. This historic era was the beginning of present
agricultural development in central Arizona. In the early 1870's the
St. George area in southwestern Utah was settled by colonists from the
Salt Lake settlement, who developed irrigation using water diverted
from the Virgin River and tributary streams.

The period of 1870 to 1890 was an era of expansion in the farming,
mining, livestock grazing, and timber industries. During this same
period the Southern Pacific Railroad constructed a line across the
southern part of the Region. The Atlantic and Pacific Railroad, later
to become the Santa Fe, tapped the northern and central part of New
Mexico and Arizona, and the Union Pacific Railroad was built to supply
transportation into the Nevada and Utah portions of the Region.

During this period the first sawmills were built in the mining
communities of southern and central Arizona to supply railroad ties,
bridge timbers, and camp construction lumber to the railroads. Mills
were built in the Charleston Mountains in Nevada to supply lumber for
the expanding towns of Las Vegas and Tonopah, and in southwestern Utah
to supply lumber for the expanding agricultural communities in the
St. George and Hurricane areas.

From 1884 to 1890 cattle feeding operations in the Salt and Gila
farming areas became an integral part of the livestock, farming enter
prise. However, the drought of 1891 to 1894 was disasterous to the
livestock industry. It is estimated that there was some 50 to 75
percent mortality in the range livestock in central and southern
Arizona during the months of May, June~ and July in 1893. In addition,
an estimated 200,000 head of cattle were shipped out to feed in
California, Wyoming, Colorado, New Mexico, and Texas. Much of the thin
layer of top soil on the heavily grazed lands was lost through gully
and sheet erosion and, with it, the ability of the range to produce
maximum yields of forage. This same drought resulted in extensive crop
failures in the Salt> Gila, and San Pedro valleys of Arizona and New
Mexico.

The construction of Roosevelt Dam and the formation of the Salt
River Valley Water Users' Association in 1903 stimulated farming in the
central Arizona area, and marked the beginning of stabilized irrigated
agriculture in the desert areas in the southwest that had been de
pendent upon erratic river flow for irrigation water. Cotton, later to
become one of the most important crops in the Region~ was first grown
commercially during this period.

National forests were established between 1898 and 1908 bringing
some control to the use of the mountain livestock ranges in the Region
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and stabilized the livestock industry dependent upon these grazing
lands. In addition, the establishment of the National Forest System
was recognition of the necessity to protect and manage the timber and
watershed lands of the Region.

Following the cattle boom between 1895 and 1910 sheep were brought
into the range areas of the Region in large numbers, reaching a peak
in 1912. Du.ring the period 1914 to 1918 mining, farming, livestock
grazing, and timber production were greatly expanded to provide for
the needs of the Nation during World War I. In the late 1920' s and
1930' s irrigation from deep wells was developed. The Roosevelt
Irrigation District west of Phoenix (organized in 1928 as a drainage
and irrigation district) was the first organized group of water users
dependent entirely upon pump water for supplying irrigation needs.

Between 1920 and 1940 additional water storage reclamation projects
were constructed on the Salt, Gila, and Verde rivers, and the main stem
of the Colorado. During this period irrigated agriculture doubled from
about one-half million acres to almost one million acres. Hoover Dam,
the world's highest dam of that time, was completed in 1935. This dam
and reservoir provide for improved navigation, river regulation, flood
control, and water for irrigation and the generation of electric
energy in the Lower Colorado Region and southern california. The
reservoir originally had a storage capacity of 31.2 million acre-feet
of water. Total generating capacity of the power plant exceeds 1.3
million kw.

Improved management of the open public domain lands, brought about
by the passage of the Taylor Grazing Act of 1934, resulted in range
improvement and a degree of stability of the livestock on most of the
public lands in the Region.

Beginning in the early 1940's, during and following World War II,
all types of land use expanded with an increase of population from
582,467 people in 1940 to 1,847,000 people in 1965. It was during
this period that recreation and tourism accelerated, becoming the
third largest industry by 1965. By 1965 the public land management
agencies and a large majority of the'private landowners had initiated
active programs for improvement of the grazing lands and resources of
the Region. Although the number of range livestock in the Region is
far below the maximum number in 1918, improvement in the ranges
through improved management has perInitted an increase in stocking in
many caseso

The number of sawmills in the Lower Colorado Region reached a peak
in 1946 with 71 cutting 350 million board feet of lumber. By 1965 the
number of mills had declined to 31; however, the production of lumber
had increased to 475 million board feet. In addition to the lumber
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and lumber products, a pulp and paper mill went into production in 1961
in the Little Colorado Subregion (at Snowflake, Arizona) and by 1965 it
had an annual utilization of 150,000 cords of pulp wood.

The increasing demands for all resources of the lands and waters
of the Region following World War II emphasized the need for legalizing
the multiple-use management systems practiced on the lands administered
by the Forest Service and Bureau of Land Management. The MUltiple
Use-Sustained Yield Act of June 12, 1960, and the Classification and
MUltiple Use Act of September 19, 1964, declared it a Congressional
policy that these lands Hshall be administered and developed, so that
its various resources are utilized in the best combination .. on a
sustaining basis <. to meet the social, economic and environmental
needs of the people, both local and nationaL" The Classification and
Multiple Use Act provides for management as well as classification.

During the 1940 to 1965 period the area of land developed for irri··
gation expanded from about one million to more than one and one-half
million acres. During this same period some of the land previously
developed for irrigated agriculture was converted to urban and in..
dustrial use o The national needs during and immediately after World
War II, and until cotton quotas were imposed in the early 1950 1 s,
resulted in numerous desert valley areas in the Gila and Lower Main
Stem subregions being developed for irrigation from deep wellsc The
construction of a natural gas line from Texas supplied the necessary
fuel for operating the Pumps in the Eloy and Gillespie areas. Deer
Valley, Magma, and other areas were also developed for irrigation from
deep wells. Portions of some areas developed during this period were
later abandoned and reverted to desert when the ground water supplies
were exhausted, developed excessive salts, or became too deep for
economical operation. In the late 1950's, deep wells were developed in
the vicinity of Willcox, Arizona to supply water for extensive irri
gated agriculture specializing in fruits, nuts, vegetables, and more
recently, sorghums.

Prior to 1940 much of. the land in the Wellton-MOhawk area of
Arizona was abandoned when the quality of the ground water made it
unfit for use. In 1952 water from the Colorado River became available
and most of the land that had previously been farmed went back into
production. Between 1940 and 1965, about 150,000 acres of land in the
Lower Main stem Subregion, including 44,000 acres of the Colorado
River Indian Reservation, were developed utilizing water from the
Colorado River supplemented by wells.

Rapid expansion of the urban and industrial areas of the Region,
especially in the Phoenix and Tucson areas, resulted in the urbani
zation of nearly 100,000 acres of previously irrigated agricultural
land during the 1940-1965 period. The irrigated farm land in Las Vegas
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valley was almost completely converted to urban and industrial use
during this same period.

Photo 1. Citrus groves being replaced by
housing developments

scs

Improvement of the highway system together with the increasing
recreation demand has resulted in abandonment of many of the farming
enterprises on the ranch headquarters and fannsteads in the mountainous
central and northern portions of the Region. Many of these small
irrigated and dry fanns have been converted into summer home develop
ments or other recreation oriented uses. Other areas formerly de
veloped for production of hay and stock feed to supply the logging and
timber industries have reverted to livestock range following the
conversion of the timber industry from horse to machine operation.
Likewise, much of the dry farming formerly necessary on the Indian
reservations to supply corn, beans, etc. for local consumption has
been abandoned with improved transportation and the improvement of
living standards.

During the 1940 to 1965 period the mineral industry experienced
cyclic but continually expanding growth. Commercial production since
1940 in the Lower Colorado Region has included 42 different mineral
commodities. Copper has been the leading mineral commodity produced
in the Lower Colorado Region since 1940. The production of copper
more than doubled between 1940 and 1965, reaching a total of more than
700,000 short tons in 1965. Over 60 percent of the copper produced in
the United states is mined in the Lower Colorado Region. By-products
of the copper mining industry include silver, gold, and molybdenum.
Uranium, vanadium, lead, zinc, asbestos, pearlite, sand~ gravel, and
cement are other important minerals that have gained in importance in
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the Region since 1940. The cement, sand, and gravel output is tied
closely to the extraordinary growth and development of the Region,
particularly near the urban and population centers,
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CHAPTER C - GENERAL DESCRIPI'ION OF THE LAND RESOURCE BASE

TOPOGRAPHY AND CLIMATE

Elevations within the Region range f'rom slightly under 100 feet
above sea level near Yuma, Arizona to over 12,500 feet on Humphreys
Peak near Flagstaff, Arizona. The northeastern portion of the Region
is characterized as a broad, nearly level plateau dissected by canyons
and escarpmentso The Mogollon Rim which traverses the Region in a
southeasterly to northwesterly direction provides the beginning of the
transition between this level plateau and the southern portion of the
Region. The western and southwestern portion of the Region is cha:rac..
terized by its broad, flat alluvial-filled valleys interspersed with
stark, nearly barren mountain ridges. The southeastern section of the
Region is generally rolling upland with scattered mountain ranges.
Ancient volcanic cones and reddish-black lava flows occur throughout
the Region to lend fUrther display to the varied topography. The
significant variations in topography, elevations, and land shapes have
a direct and strong bearing on the climate.

The daily average January temperatures are 200 to 300 in the
north and northeast portion of the Region to above 500 in the south
western desert. Daily average JUly temperatures range from about 700

in the areas above 7,000 feet to above 900 in the areas below 1,500
feet in elevation. See Figures 1 and 2. This wide range in daily
average temperature is an important factor in the determination of
land treatment and management programs that compliment the activity
vegetation, etc. in various parts of the Region.

The mean length of the frost-free period in the Region varies
from less than 90 to more than 330 days" See Figure 3. The shorter
frost-free periods are found in areas above 7~500 feet elevation.
The f'rost-free periods increase to nearly yearlong below 1,000 feet in
desert areas.

The higher elevations of the central and northeast portions of
the Region get considerable amounts of snow during the colder months.
The San Francisco and White Mountains receive between 8 and 11 feet of
snow in some years. Generally however, there is less than 4 feet of
snowfall each year. Temperatures are usually near f'reezing and the
snow may remain on the ground for several months. There are a few
isolated areas in the remainder of the Region that receive more than
4 feet of snow during a normal year. These areas are in the mountain
ranges that rise above 7,000 feet. Most of the Region's supply of
surface water for irrigation originates as snowmelt; therefore,
proper management of these areas is critical.
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Photo 2. Alpine Snow Field,
Mount Baldy, Arizona

FS

Photo 3. Hot, dry desert in
southern Arizona
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In the desert portions of the Region, snow is a rarity. When it
does fall it melts rapidly. The lower elevations in the southeast
portion of the Region receive between one and six inches of snow
annually.

In the higher elevations, generally above 7,000 feet, prec~p~

tation occurs as rain between spring and fall and as snow during the
winter. Rainstorms may occur throughout the year in the desert and
foothill sections, but are more frequent during JUly through September
and again during December through March. Precipitation ranges from
general showers to local violent thunderstorms which often cause
flooding from normally dry or nearly dry stream channels. These in
tensive storms cause high runoff and the accompanying floodwater,
erosion, and sediment damage.

About one-half of the Region receives an average of less than 10
inches of precipitation per year, more than 30 percent receive between
10 and 20 inches and less than 20 percent of the total area receives
over 20 inches (see Map 2). This wide range in precipitation presents
management problems related to the associated vegetation, erosion,
water yield, etc.

The mountain ranges that are the headwaters of the major per
ennial rivers are the areas of highest precipitation; a few of the
higher peaks receive more than 30 inches of precipitation per year.
The southwest portion of the Region is extremely dry, with fewer than
8 inches annual precipitation.

There are two distinct moisture sources. Winter precipitation is
associated with moisture moving into the area from the Pacific Ocean,
while the Gulf of Mexico and Gulf of California supplies moist air for
the Region's summer rains. Winter rains usually occur as gentle
showers over a large area sometimes lasting for several days. Local
summer thunderstorms which usually cover only small areas are usually
of high intensity and of short duration and produce many of the de
structive flash floods well-known in the southwest.
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Photo 4. Area of high water yield, mixed conifer,
White Mountain area
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At the lower elevations the combination of high temperatures and
low humidity causes high rates of evaporation and transpiration. The
mean annual lake evaporation rates vary from 48 inches at higher ele
vations in the north to 86 inches in the southwestern portion of the
Region. See Figure 4. In the alluvial valleys of the west and south
west portions of the Region, where the need for water is greatest,
precipitation is least and the rate of evapotranspiration is highest.
Special management programs are necessary in this area to reduce water
losses.

FIGURE 4

Streamflow is extremely variable in both frequency and duration.
Many of the streams are intermittent while others have been controlled
for beneficial use. Periodically, however, torrential rains cause
flooding from normally dry stream channels. Prolonged periods of
winter and early spring runoff are infrequent.

Ground water represents an important portion of the Region's water
supply. Recharge to the alluvial aquifer systems is limited by both
climatic and geologic factors.

Details on streamflow and ground-water characteristics such as
Cluantity and Cluality, and uses for mankind are presented in the Water
Resources and Water Quality appendixes.
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SOILS

The soils of the Lower Colorado Region are inherent to the parent
materials of the two broad physiographic provinces; the Colorado
Plateau Province that occupies the northeast part, and generally the
higher elevations, of the Region and the Basin and Range Province that
covers the remainder of the Region (see Map 3). (Some authorities
prefer to show the division line between the Colorado Plateau Province
and the Basin and Range Province along the Mogollon Rim.) Elevations
of the Plateau Province range from approximately 4,000 feet above sea
level to over 12,000 feet on Humphreys Peak north of Flagstaff,
Arizona. Elevations of the Basin and Range Province range from
slightly under 100 feet above sea level near Yuma, Arizona, in the
extreme southwestern corner of the Region, to nearly 12,000 feet on
Mt. Charleston just west of Las Vegas, Nevada.

Soils have formed on granitic, metamorphic, volcanic and sedi
mentary rocks and, to a lesser extent, on alluvium derived from these
rocks.

In the Colorado Plateau Province the major parent materials are
sedimentary rocks that range from limestone to sandstone and shales.
Also, in some areas the soils occur on alluvium and on volcanic rocks
which either intruded or covered sedimentary rocks. In the Basin and
Range Province most of the soils have developed on alluvium materials
derived from the igneous and sedimentary rocks that comprise the
mountain ranges typical of the Province.

As shown in Map 3, the Colorado Plateau and the Basin and Range
provinces have been further divided into three sections each for
orientation of the following discussion of more detailed soil charac
teristics.

The Colorado Plateau Province comprises the entire Little
Colorado Subregion and a portion of both the Gila and Lower Main Stem
subregions. In general, the soils in this Province are shallow in
depth to the parent material, often quite erodible, and are severely
aissected in places. Most of the soils on the Plateau are on gentle
slopes except those in the mountains. The soils in the mountains, on
steep to very steep slopes, are shallow to very shallow. Most of the
soils in this Province have textures favorable to the entrance and
movement of water,· except where developed from clayey materials.
Some of these slowly permeable soils border the Little Colorado River
in Arizona and are a significant source of sediment.
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The Province contains three sections, i.e. Flagstaff-Navajo,
Grand canyon, and Tonto. The latter two are often referred to as the
transition zone between the Colorado Plateau and the Basin and Range
Province and contain no large areas of level' and deep soil. The Grand
Canyon section, which includes the area north of the Colorado River,
has generally level to moderately undulating topography but the soils
are often shallow and are occasionally dissected. Many of the soil
bodies are medium to coarse textured, slightly saline, and easily
eroded.

The Flagstaff-Navajo section includes almost all of the Little
Colorado Subregion. This Subregion contains only a small percentage
of the presently irrigated soils, but most of the dry farming practiced
in the Lower Colorado Region, is in this area. The soil bodies range in
texture from coarse textured sandy material to deep, dense clay loams
and clays. They are easily eroded, are often highly saline, and
support sparse vegetative growth. Land at the higher elevations in
this Subregion is generally forested except for interspersed open
areas. Most of the timber products from the Lower Colorado Region and
much productive grazing is derived from this Subregion.

The Basin and Range Province is characterized by steep, generally
barren northwest-southeast ~rending mountains and broad alluvial-filled
valleys. Most of the soils in the basins and valleys of this Province
are deep, level to nearly level, and have textures favorable to both
water entrance and soil workabilityo The soils on the mountains of
this Province are very shallow to moderately deep, are on steep to
very steep slopes, and generally have loamy to clayey textures. In
places these soils are very stony and/or rocky. Important source
areas for sediment in this Province are in the valley of the San Pedro
River and along the Gila River between San Carlos Lake and the
Arizona-Ne'W Mexico boundary. This Province has been divided into
three sections because of physiographic and climatic differences.

The Mexican Highland section occupies the southeast corner of the
Lower Colorado Region and reflects the transition zone between the
desert valleys of southwestern Arizona and the semidesert grassland
areas extending to the Continental Divide in New Mexico. The section
is somewhat higher in elevation than the western valleys and has
slightly more rainfall. The soils in this section are usually deep
and are medium or moderately fine in texture.

The Sonoran Desert section of this Province is representative of
the physiographic characteristics of the southwestern desert portions
of Arizona. It contains most of the presently irrigated land of the
Lower Colorado Region. Yearlong growing seasons are common and all
crops are grown under irrigation. The mountainous areas of this
section are steep and have little vegetal cover. The soils in the

23



gently sloping alluvial-filled valleys are deep, quitehetrogeneous in
texture and have smooth to gently undulating topography. The soils
are quite low in organic material and have not been leached of soil
nutrients. The third part of this Province is the Mohave section
which comprises the northwest portion of the Lower Colorado Region.
This section consists largely of the lower canyon section of the
Colorado River and minor tributary streams of southeastern Nevada and
southwestern Utah. Soil textures vary from coarse sands to clay, and
the soils are generally shallow except in the narrow alluvial valleys
of streams. In some locations the soil profiles have soluble salts in
quantities sufficient to inhibit or prevent plant growth.

For information regarding the suitability of land for various
uses, refer to Land Suitability and Availability section of Chapter E.

VEGETAL COVER AND RELATED CATEGORI:E2

The Lower Colorado Region has a wide variation in "vegetative
cover types and related categories. II The forest types extend £'rom the
small alpine areas on top of Mt. Baldy in the White Mountains, the tip
of Humphreys Peak in the San Francisco Peaks, and the crest of
Charleston Mountain, Nevada; through the coniferous forest zones of
spruce-fir, Ponderosa pine, and the pinon-juniper and oak woodlands,
and the chaparral types. The rangeland type extends from the forest
type through the northern and perennial and ephemeral southern desert
shrub types, the northern and southern grasslands, down through a
small area of true desert near the mouth of the Colorado River on the
boundary between Mexico and Arizona. Scattered throughout the Region
are areas of cultivated land, including irrigated pasture, with the
largest blocks in the lower Gila and the southern half of the Lower
Main Stem SUbregions. More than 500,000 acres of the Region are
developed as urban and industrial areas. More than 300,000 acres of
the Region are occupied by water in the form of streams, lakes, im
poundments, and reservoirs. See the Vegetal Cover Map, Map No.4.
The vegetative cover type is dependent upon the precipitation, to
pography, soil, and climate. Each type is limited to rather specific
ranges in elevation as shown in Figure 5. The extent of vegetal cover
and related categories is shown in Table 2.
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Table 2
Lower Colorado Region

Vegetal Cover and Related Categories - 1965
Area (1000 Acres)

Lower Little Total
Main Stem Colorado Gila Lower Co1ora.do
Subrellion Subrellion Subre9:ion Rellion

Conifer 1,068 1,702 3,752 6,522

Woodland 7,396 5,609 6,898 19,903

Chaparral 439 - 3,027 3,466

Riparian 52 - 54 106

Subtota.1 (Forest Land) 8,955 7,311 13,731 29,997

Southern Desert Shrub 17,111 - 15,026 32,137

Northern Desert Shrub 5,628 2,919 - 8,547

Grassland 3,765 6,940 6,197 16,902

Subtotal (Rangeland) 26,504 9,859 21,223 57,586

Urban & Industrial 129 19 365 513

Cropland 332 63 1,421 1,816

Water 249 13 78 340

Barren 26 - 50 76

Total 36,195 17,265 36,868 90,328
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Alpine

The alpine area occurs above timber line, about 12,000 feet in
elevation. There are less than 10,000 acres alpine and subalpine
areas in the Region. Because of the short frost·-free growing season
(frost may occur at any time of the year) the vegetation is limited to
short grasses and sedges, hardy forbs, and alpine fir, subalpine
willows; and other low shrubby plants. The principal plant species in
this alpine zone, above timber line, include a number of species of'
sedges; alpine timothy, thurber fescue, areanaria, geraniums, bluebell,
and a few species of alpine clovers. These areas are too small to
include on the cover type map.

Photo 5. Alpine Zone

Coniferous Forest

FS

The coniferous forest in the Lower Colorado Region extends from
an elevation of about 4,700 feet to timber line.
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Spruce-Fir

The spruce-fir timber type extends .from about 8,500 feet to timber
line. The dominant tree species in this type include Engleman spruce,
white fir and cork bark fir. other components of the type include
aspen and limber and Mexican white pine with willow, alder, birches,
and currants and gooseberries growing along the streambeds and most
areas. Interspersed throughout this spruce-fir type are numerous
subalpine and wet mountain meadows and grasslands. These meadows and
grasslands characteristically are parklike openings between 9,000 feet
and timber line. The vegetation consists of lush growth of grasses
and grasslike plants and f'orbs with the sedges, rushes, Arizona and
thurber fescue, and mountain timothy being the most important.
Geraniums, peavines, bluebells, vetch, and clover make up the most
important forbs.

Photo 6. Spruce-Fir Forest

Ponderosa Pine-Douglas Fir

FS

The Ponderosa pine timber type provides most of the commercial
f'orest land in the Lower Colorado Region. This type extends f'rom an
elevation of' about 5,500 f'eet to 9,500 feet with Douglas fir providing
an important component of the timber type between the elevations of
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8,000 and 9,500 feet. Other woody components of this type include
mountain maple, alder, alligator and prostrate junipers, Gamble oak and
Arizona locust. The grass and· forb understory in the open an4 semi
open stands of Fonderosa pine and associated species include Arizona
fescue, mountain muhly, muttongrass, western wheatgrass, pine dropseed,
and blue grama. The forbs include geranium, peavine, vetches, and
clovers.

Photo '7. Ponderosa Pine Forest FS



Bristlecone Limber Pine

A very small area, less than 10,000 acres, of bristlecone and
limber pine occurs along the crest of the White Pine, Quinn, and Ward
mountains in the northern tip of the Region in Nevada. other components
of the type include mountain mahogany, cercocarpus, serviceberry, and
ceanothus. The principal grass and forb species include blue bunch
wheatgrass, blue grass, and Idaho fescue, with bluebells, geraniums,
and peavines making up the principal forbs.

Photo 8. Bristlecone Pine Forest
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Woodland

Pinon-Juniper

The pinon-juniper type occurs at elevations above 4,500 feet and
generally occupies an area immediately below the Ponderosa pine, in the
central and northern part of the Region. The principal species in this
type include one-seeded juniper, Utah juniper, alligator juniper, and
pinon pine , with an understory of Emory and Gamble oak, ceanothus,
bitterbrush, and cliff rose. There is some big sagebrush in the
northern half of the Region. The sideoats gra.ma., blue grams., mutton
grass, galleta, threeawn grass, sand dropseed, and Arizona fescue make
up the principal grass species. Hawksbeard, f'ils,ria, peavines, and
vetches make up the forbs in the understory.

Photo 9. Pinon-Juniper Woodland
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Oak Woodland

The oak woodland type occupies the foothills and mountains in the
southeastern part of the Region between the elevations of 4,500 and
6,000 feet. The principal species include the Emory oak, Mexican
blue oak and Arizona white oak. Serviceberry, false mesquite,
ceanothus, cliff rose, Apache plume, and numerous species of cacti are
present in the type. Under normal conditions the oak woodland type
has a good stand of bluestem, sideoats, black and blue grama, curley
mesquite, sprangletop, June grass, muttongrass, sand dropseed, and·
Arizona cottontop. Filaria, wooly buckwheat, and deer vetch are the
principal forbs in this type.

Photo 10. oak Woodland
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Chaparral and MOuntain Brush

l'he most extensive areas of the chaparral vegetative type in the
Region lies south of the main Ponderosa pine forest in central Arizona
between the elevations of 4,000 and 5,500 feet. Scrub liveoak,
mountain mahogany, manzanita, desert ceanothus, laurel and hollyleaf
buckthorn with individual junipers, pinon pines and scrubb yellow pine
sometimes forming a scattered overstory of the chaparral type. Side
oats, black, blue, and hairy grama, lovegrasses, curley mesquite,
galleta, sprangletop, vine mesquite, and Arizona cottontop are the
principal grass species. Filaria, deer vetch and Indian buckwheat make
up most of the forbs.

Photo 11. Chaparral-MOuntain Brush
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Riparian

The riparian type is scattered along the drainages throughout the
entire Region in narrow strips, some of which cannot be shown on the
Vegetal Cover Map. About 106,000 acres of this vegetative type does
occur along the main Colorado River in southwest Arizona and along the
Gila and Salt rivers in blocks of significant size. The dominant
plants in this type include salt cedars, cottonwood, baccharis, and
willow in the lower elevations, with alder, maple, ash, walnut, and
locust occurring along the streams in the elevations above 5,000 feet.
Mesquite and sycamore occur in the type at lower elevations along with
ar.row weed, bermuda, and saltgrass. In the higher mountains shrubby
willows and alder are the principal understory occurring along the
streams and wet spots.

Photo 12. Riparian Warm Climate
SRP

Photo 13. Riparian Cool Climate
FS



Northern Desert Shrub

The northern desert shrub or sagebrush vegetative type in the Lower
Colorado Region is confined l.arge1y to the Little Colorado drainage, the
area north of the Colorado Rivef ,in Arizona and utah, and the northern
third of the Region in Nevada.!t The vegetative type extends :fram
4,.000 feet to 6,000 feet in elevation. Big sagebrush is the predominant
overstory plant over most of the area occupied by the northern desert
shrub type, with black brush being quite common in southern utah and
northern Arizona (Arizona Strip), and some greasewood and shadscale in
localized areas in the northern part of the Region in Nevada. other !,
shrub species occurring in this type include four-wing salt bush,
winterfat, buckwheat, ·serviceberry, and snakeweed. Western wheatgrass,
Indian rice, sideoats grama, blue grama., galleta, sacaton, sand drop
seed, and needle- and thread grass make up the understory grasses.
Bluebell and Indian wheat are the principal fOrbs found in the northern
desert shrub community.

Photo 14. Northern Desert Shrub FS

Y The "salt desert shrub" type, a significant type in the adjoining
Great Basin Region, was not separated out in this Region. The salt
desert shrub type occurs in the Nevada and utah portions of the
Lower Colorado Region.
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Southern Desert Shrub

Perennial

The perennial southern desert shrub types OCCur in the southern
and western portion of the Region between 3,000 and 4,500 feet in
elevation. The type is characterized by cacti, inclUding the saguaro,
cholla, and prickly pear. Palo Verde, ocotillo, creosote bush, catclaw,
rabbit bush, mesquite, coffee berry, tar bush, and bursage are the
important woody plants in this type. Indian buckwheat and filaria are
the most iJnportant forbs in the type, while black grams., bromegrass,
tobosa, spike muhly, and threeawn provide most of the grasses.

Photo 15. Perennial'Southern Desert Shrub FS
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Ephemera.l

The ephemeral southern desert shrub types occur along the western
part of the Region, usually at elevations below 3,000 feet and less
than 8 inches of annual rainfall. The type is composed largely of
creosote bush with same bursage growing in open stand with little to no
perennial ground cover. Numerous annual forbs and annual grasses may
occur during favorable periods of moisture.

Photo 16. Ephemeral Southern Desert Shrub

Grassland

Northern Grassland

BLM

The northern grassland types occur on extensive areas in Arizona
and New Mexico north of the Mogollon Rim, Mogollon m(),"l1ntains~ and
north of the Colorado River in northwestern Arizona and southwestern
utah. Generally it occurs at elevations above 4,000 feet. The type
ranges from the short grass community on the dryer 8ites to the mid
grass and tall grass communities on the more favorable sites. Blue
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grama, sideoats grama, hairy grama, and galleta are the principal
species in the short grass type. Western wheatgrass, Sandberg blue
grass, big bluestem, little bluestem, Indian rice, lovegrass, sand
dropseed, and needlegrass make up the principal species in the mid
grass and tall grass communities. Winter fat , filaria, and Indian
buckwheat are the principal forbs, while big sagebrush and service
berry occur in limited amounts throughout the type.

Photo 17. Northern Grassland

Southern Grassland

BLM

The southern grassland occurs below the Mogollon Rim in the south
eastern portion of the Region. The type occurs generally below 4,000
feet in elevation. Black grarna, sideoats, blue. grama., and tobosa,
sand dropseed and Arizona cottontop are the dominant grass species
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making up this type. Scattered individual" oak trees may occur forming
a thin overstory in some areas. Four-wing salt bush, mesquite, and
cacti occur in limited quantities throughout the type.

Photo 18. Southern Grassland

Cultivated and Pasj;ure

FS

Nearly all of the cultivated and irrigated pasture of the Region
is located in the southern portion of the Region along the main stem
of the Colorado and Gila rivers, together with the Salt, Verde, and
Santa Cruz valleys. Important areas also occur in the southeastern
corner of the Region in the Sull'hur Springs Valley, upper Gila, and
San Simon areas. Smaller, but important, cultivated areas are located
in southwestern Utah along the Virgin River, and along the Muddy River,
White River, and Meadow Valley Wash in Nevada. A few communities in
the Little Colorado drainage have sizeable areas devoted to agriculture
and improved pasture. In addition, there are many small isolated
tracts £'rom a few acres to several hundred a.cres sca.ttered throughout
the entire Region that have been developed for cropland or improved
irrigated pasture.
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The western and central valleys of the southern half of the Region
are suitable for most cultivated crops. The cool climate crops are
grown during the fall, winter, and spring seasons, while crops adapted
to the warmer tempera.tures a.re grown during the summer season. Winter
vegetables, cotton, and citrus are limited to this lower, warmer
section of the Region.

Small grains, tame and native grasses, and alfalfa make up the
typical improved pastures in the higher elevations. Cool season
vegetables, hardy fruits, and cereal grains are common cultivated crops
above 5,000 feet elevation.

Urban

Photo 19~ Irrigated Crop Production SCS

Of the more than 500,000 acres of land devoted to urban and in
dustrial develo:PInent, more than 350,000 acres are included in the
greater Las Vegas, Phoenix, and Tucson urban centers. The cities of
Yuma, Flagstaff, Gila Bend, Arizona; St. George, Utah; and Gallup and
Lordsburg, New Mexico occupy nearly 66,000 acres of the urban and
industrial lands of the Region.
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water

Impoundments

Most of the 340,000 acres of water surface in the Region is in
cluded in the impoundments along the Colorado River from Lake Mead
to the Mexican border and in the reservoirs on the Salt, Verde, and
upper Gila rivers. There are numerous other small impoundments
scattered throughout the Region.

Photo 20. Lynx Lake, near Prescott~ Arizona SCS

Live Streams and Natural Lakes

Live streams and natural lakes make up only a very small per
centage of the water in the Region. A few of the larger rivers and
streams; Virgin, Colorado, Upper Santa Cruz, Upper Gila; Bill Williams,
Salt, Verde, Tonto, San Pedro and Little Colorado generally have a
continuous flow through all or portions of their reaches. The lower
Gila and Salt rivers are largely controlled by reservoirs and flow
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only periodically. The smaller live streams making up the headwaters
and most natural lakes are usually located in the higher f'orested
portions of' the Region.

Photo 2l. Live Stream

Wetlands

FS

The wetlands of' the Region are generally found along the lower
main stem of the Colorado River from Lake Mohave to the International
Boundary. An area of several thousand acres occurs above Gillespie
Dam north of' Gila Bend, Arizona on the Gila River. Cottonwood,
mesquite, baccharis, arrow weed, and willow are the dominant tree and
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shrub species. Cattails, bulrushes, reed grasses, salt grasses, and
water lilies provide the shorter vegetative growth.

Barren

Photo 22. Wetlands in the Desert BSF&W

Scattered barren areas occur throughout much of the Lower Colorado
Region 0 These areas range.in character from wind-blown sandstone in
the Navajo Reservation, to the volcanic rock and cinder areas as ex
emplified in the Sunset Crater National Monument, to areas of geologic
erosion with the rock cliffs, sculptured forms, and talus slopes of
the Grand Canyon, to barren desert areas and sand dunes of the south
western desert lands, and the alkaline dry lake beds of the numerous
closed basins in the Region.

Three areas are of sufficient size to show on the Vegetal Cover
Map. The Willcox Playa in southeastern Arizona and the Alkali Flats in
southwest New Mexico are salt flats devoid of any type of vegetation.
During periods of abnormal precipitation, water may accumulate in these
dry lake beds for short periods of time.· These two barren areas have a



total area of about 50,000 acres. About 26,000 barren acres in south
eastern Utah is an area of geologic er~sion. The area consists of
volcanic and granitic rock, with a few scattered small areas of very
thin soil supporting sparse stands of mountain mahogany and Gamble oak,
with an understory of grama. grass and annual forbs.

Ownership and management responsibilities as related to vegetal
cover types are tabulated in Table 3.

The land ownership and administration acreage figures may not
agree with individual agency records because of the computer program
used, lack of data or time and money.
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Table 3
Lower Colorado Region

Land Ownership & Administration by Vegetal Cover Type
(1000 Acres)

Lower Main Stem Subregion

Vegetal -
ICover .-I rc

Type rg al I=l I=l I=l I=l rc
H f-l f-l f-l al al I=l

I ~~ ~ ~
OJ +> OJ +> r-l ·rl al I=l

l..c:lf-l,o ..c:lf-l,o til f-l I=l .-l OJ .-I.
Land Ownership & I

..... (1)

~ +>ev::l +>ev::l til al al Pi H alrcalI=l f-l 0 ::l I'Jl f-l f-l I'Jl f-l ct3 Pi ,0 0 H
~~~o 0 0 ..c:l OOJ..c:lIOev..c:l

~
..... {j f-l ct3Administration J (.)~ ~ (.) u.:l~u.:l ~~u.:l P:<. (.) r:q E-iH

Federal Land l
Administered by: .

I
I

186Forest Service 559 793 109 108 282 - - - 20 2,057

B.L.M. 41 3,732 94 7,242 .4,419 1,224 7 - - 5 16,764

B.S.F.&W. - 173 2 1,484 27 3 15 - - - 1,704

Nat'l Park Service 195 669 - 1,671 103 33 - - - - 2,671

Bureau of Rec. 10 114 - 219 22 53 - - - - 418

Defense - - - 2,829 - - - - - - 2,829

Defense & B.S.F.&W. - - - 806' ~ - - - - - 806

other - - - 8 6 - - - - - 14

State 7 560 167 797 143 762 9 - 11 - 2,456

Other Public 3 - - - - - - - - - 3

Individual or Corporate 198 867 67 1,286 340 1,238 19 127 252 1 4,395
Indian 55 488 - 661 : 286 266 2 2 69 - 1.829
Total Land Area . 1,068 7,396 439 17,111 5,628 3,765 52 129 332 26 35,946
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Table 3
Lower Co~orado Region

Land Ownership & Administration by Vegetal Cover Type
(lOOO Acres)

Little Colorado Subregion
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Federal Land
Administered by:

Forest Service 1$282 803 - - - 237 - - - - 2,322

B. L.M. 55 388 - - 20 398 - - - - 861

B.S.F.&W. I - - - - I - - - - - - -
Nat'l Park Service 6 23 - - 23 107 - - - - 159

Bureau of Rec. - '- ~ - - - - - - - -
Defense 4 3 - - - 6 - - - - 13

Defense & B.S.F.&W. - - - - - - - - - - -
other - - - - - - - - - - -

State 22 751 - - 118 789 - - - - 1,680

Other Public - - - - - - - - - - -
Individual or Corporate 123 1,323 - - 306 2,260 - 18 47 - 4,077

Indian 210 2.318 - - 2,452 3,143 - 1 16 - 8.140- 6,940 ITotal Land Area 1,702 5,609 - - 2,919 - 19 63 - 17,252



Table 3
Lower Colorado Region

Land Ownership & Administration by Vegetal Cover Type
(1000 Acres)
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Table 3
Lower Colorado Region

Land Ownership & Administration by Vegetal Cover Type
(1000 Acres)

Regional Summary
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Federal Land
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Forest Service 14,4531 5,748 11,8()1- 11,5!l6 I 282 I 1,075 I 50 1 -I - I 20 1114,975
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B.L.M. I 98 I 4,335 I 510 110,838 4,439 2,440 7 - - 20 22,687

B.S.F.&W. I - I 173 I 2 I 1,484 27 3 15 - - - 1,704

Nat'l Park Service I 223 I 722 3 1,709 126 141 - - - - 2,924

Bureau o:f Rec. I 10 I 114 - 219 22 53 - - - - 418

De:fense I 20 I 3 I 29 I 3,144 - 52 - 2 - 27 3,277

De:fense & B.S.F.&W. - - - 806 - - - - - - 806

Other - - 22 72 6 - - - - - 100

,....... State I 61 1,751 520 4,156 1 261 I 3,687 1 101 -I 124 1 6 1110,576
~

0 other Public I 3 I - I - I 22 I - I - I - I -I - I - II 25H.>
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417 646 221 500....... Individual or Corporate 395 2,899 3,970 5,730 1,502 3 16,084
Indian 1,259 4,158 162 4.171 2.738 3.721 2\ 11 190 - 16,412
Total Land Area 6,522 19,903 3,466 32,137 8,547 16,902 1061 513 1,816 76 89,988



CRAPI'ER D - LAND OWNERSHIP AND ADMINISTRATION

The territory that includes the Lower Colorado Region was obtained
by the United states from the "Cession from Mexico" (1848) and the
Gadsden Purchase (1853). Included were lands previously granted to
private ownership by the King of Spain. These were known as Spanish
Land Grants and were recognized as private land by the Uo S. Govern
ment. All the remaining area became a part of the nation's public
domain. Withdrawals for national forests s national parks and other
purposes from the public domain lands have created the current pattern
of ownership and administration of land.

By 1965 about 18 percent of the total had become individual or
corporate, 18 percent Indian trust, 12 percent state and municipal,
with 52 percent remaining in federal ownership.

The basic land ownership and administration statistics are pre
sented in Figure 6 and in Table 4. The land ownership and adminis··
tration acreage figures may not agree with individual agency records
because of the computer program used, lack of data or time and money.
Location is shown on Map 5, Land Ownership and Administration.

The Department of the Interior and the Department of Agriculture
administer 91 percent of the federal lands in the Region. Some four
million acres are also administered partially or wholly by the Depart
ment of Defense. In addition to the management of federal lands, the
Interior Department, Bureau of Indian Affairs holdS in trust for the
Indian tribes the title to reservation lands. The United States also
holdS in trust status for individual members of Indian tribes who are
recipients of allotments, or for their heirs, title to such allotted
lands of individual ownership. As trustee, the federal government is
responsible for the protection and management of these lands. Adminis
tration is by the Bureau of Indian Affairs.

The Bureau of Land Management currently administers about 23
million acres or about 25 percent of the land area. These lands
represent the remaining public domain. They are generally located in
the more arid areas where vegetation is sparse.

The Classification and Multiple Use Act of 1964 directed the
Secretary of the Interior to determine which of the public lands
e.dministered by BLM should be classified as suitable for either dis~·

posal or retention for multiple-use management. Lands classified for
disposal can be transferred to states, counties, municipalities, and
private interests to meet their specific needs.



Some public domain lands are withdrawn for specific purposes and
administered by other agencies or managed jointly. Lands withdrawn
for military purposes, power sites, and recreation areas are examples.
Special use arrangements are made with private individuals or concerns
for the use of public domain for concessions or other uses not covered
by existing public land laws.

Another Interior Department agency with significant administrative
responsibility is the National Park Service. The first national parks
and monuments were established from public domain lands. Later
national parks and monuments were established when lands were acquired
by the states or through private philanthropy and donated to the
federal government. Only recently have federal fUnds been authorized
for the acquisition of lands for inclusion in the National Park System.

The Bureau of Sport Fisheries and Wildlife administers lands to
protect wildlife in danger of extinction, resting areas for migratory
waterfowl, hatching and growing fish for stocking and related uses.

The Bureau of Reclamation withdrawals for the preservation of
power and reservoir sites are managed for recreation and other uses as
well. Lands withdrawn for military purposes are managed by the
Department of Defense usually as single purpose use. However, some of
these lands support grazing, recreation and other uses that do not
interfere with the military use.

Within the Department of Agriculture, the Forest Service is the
only land management agency. The Forest Service administers the lands
reserved from public domain or acquired through purchase or exchange
and established as the National Forest System. This includes
14,975,000 acres or 17 percent of the Region. About 825,000 acres of
the land within national forest boundaries are private, state, or
other nonfederal land. These lands consist of farms or ranches, small
communities or towns, state or local parks or recreation areas, public
reservoirs, etc.

A large share of state ownership resulted from land grants to
states for aid to education. The school land grants were provided for
at statehood, but title did not pass until the lands were surveyed.
Variations are found in the amount of grants depending on time and
circumstances of admission to statehood. Utah received four sections
per township, while Nevada received two sections on lands already
surveyed. In 1880 Nevada waived their rights on unsurveyed lands and
were allowed to select 2,000,000 acres of land anywhere in the state.
Arizona was granted four sections per township of public domain lands
for support of public schools. This included some 9,180,000 acres.
In addition, Arizona was granted lands to support penitentiaries,
military institutes, for payment of bonds, and for similar purposes
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Table 4
Lower Colorado Region

Land Ownership and Administration

Lower Main stem Subregion
1965

Area
State of' State of' State of' -

Land Ownership & Administration Arizona Nevada Utah Total
,Thous. ac) I' Thous. ac J \Thous. aC J Thous. ac)

Federal Lands
Administered by Dept. of' Agri.

Forest Service 1,432 336 289 2,057

Administered by Dept. of' Into
Bureau of' Land Management 7,526 8,123 1,115 16,764
Bureau of' Sport Fisheries &

Wildli:fe 772 932 0 1,704
National Park Service 2,091 441 139 2,671
other (Bureau o:f Reclamation) 364 54 0 418

Administered by Dept. o:f De:f. 3,109 Y 526 ~ 0 3,635
other 0 14 0 14

Subtotal Federal Lands (15,294) (10,426) (1,543) (27,263)

State-Owned Lands 2,280 39 137 2,456

other Public Lands 3 0 0 3
Subtotal Non-Federal
Public Lands ( 2,283) ( 39) ( 137) ( 2,459)

Privately-Owned Lands
Individual or Corporate 3,368 473 554 4,395
Indian Trust Lands !±/ 1,824 5 0 1,829

Subtotal Private Lands ( 5,192) ( 478) ( 554) ( 6,224)

Total 22,769 10,943 2,234 35,946
-

11 Includes Cabeza Prieta Game Refuge which is administered jointly with BSF&Wc
Y This includes Desert Game Refuge administered jointly with BSF&W.
3/ Administered by County, State, etc.
"'§j All BIA administered lands appear as line item "Indian Trust."

(1 o:f 4)
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Table 4
Lower Colorado Region

Land Ownership and Administration

Little Colorado Subregion
i9b5

Area
state. of State of

Land Ownership ~ Administration I Arizona New Mexico Total
j(Thouso acT {Thous. acr {Thous. ac)

Federal Lands
Administered by Dept. of Agri.

Forest Service 1,990 332 2,322

Administered by Dept. of Int.
Bureau of Land Management 313 548 861
Bureau of Sport Fisheries &

Wildlife 0 0 0
National Park Service 159 0 159
other (Bureau of Reclamation) 0 0 0

Administered by Dept. of Def. 0 13 13
other 0 0 0

Subtotal Federal Lands ( 2,462) ( 893) ( 3,355)

State-Owned Lands 1,354 326 1,680

other Public Lands 0 0 0
Subtotal Non-Federal
Public Lands ( 1,354) ( 326) ( 1,680)

Privately-Owned Lands
Individual or corpoIjte , 2,989 1,088 4,077
Indian Trust Lands 1 7,052 1,088 8,140

Subtotal Private Lands (10,041) (2,176) (12,2l7)
~ - . ~ .-
Total 13,857 3,395 17,252

- --

Y Includes BIA administered lands.

(2 of 4)
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Table 4
Lower Colorado Region

Land Ownership and Administration

Gila Subregion
1965

Area
State of State of

Land Ownership &Administration Arizona New Mexico Total
(Thous. ac) (Thous. ac) (Thous. ac)

Federal Lands
Administered by Dept. of Agri.

Forest Service 8,103 2,493 10,596

Administered by Dept. of Int.
Bureau of Land Management 4,104 958 5,062
Bureau of Sport Fisheries &

Wildlife 0 0 0
National Park Service 94 0 94
other (Bureau of' Reclamation) 0 0 0

Administered by Dept. of' Def'. 435 0 435
other 86 0 86

Subtotal Federal Lands (12,822) (3,451) (16,273)

State-Owned Lands 5,674 766 6,440

other Public Lands 22 0 22
Subtotal Non-Federal

Public Lands ( 5,696) ( 766) ( 6,462)

Privately-Owned Lands
Individual or corpo1jte 6,680 932 7,612
Indian Trust Lands 6,443 0 ·6,443

Subtotal Private Lands (13,123) ( 932) (14)055)

Total 31,641 5,149 36,790

11 Includes BIA administered lands.

(3 of' 4)
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Table 4
Lower Colorado Region

Land Ownership and Administration

Region Summary 11
1965'

Area
State of State of State of State of

Land Ownership & Administration Arizona. tq"evad.a Utah New Mexico Total
(Theus 0 ac) (Thous. ac) (Thous. ac) (Theus. ac) (Thous. ac)

Federal Lands
Administered by Dept. of Agri.

Forest Service 11,525 336 289 2,825 14,975

Administered by Dept. of Int.
Bureau of Land Management 11,943 8,123 1,115 1,506 22,687
Bureau of Sport Fisheries &

Wildlife 772 932 0 0 1,704
National Bark Service 2,344 441 139 0 2,924
other (Bureau of Reclamation) 364 54 0 0 418

Administered by Dept. of Def. 3,544 526 ° 13 4,083
other 86 14 0 0 100

Subtotal Federal Lands (30,578) (10,426) (1,543) (4,344) (46,891)

state-Owned Lands 9,308 39 137 1,092 10,576

other Public Lands 25 ° ° ° 25
Subtotal Non-Federal

Public Lands ( 9,333) ( 39) ( 137) (1,092) (10,601)

Privately-Owned Lands
Individual or Corporate 13,037 473 554 2,020 16,084
Indian Trust Lands 15,319 5 0 1,088 16,412

Subtotal Private Lands (28~356) ( 478) ( 554) (3,108) (32,496)

Total 68,267 10,943 2,234 8,544 89,988

11 All previous footnotes are applicable (4 of 4)
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to bring the total acreage in the Lower Colorado Region as of 1965 to
9,308,000 acres. New Mexico was granted approximately 13,000,000 _.
acres originally on the general basis of four sections per township.
Transactions since the original grant leave the state in control of
about 9,476,000 acres.

State land in Arizona is administered by the State Land Depart
ment. The State Land Commissioner, as executive officer of the Land
Department, interprets and administers all laws pertaining to these
lands. Small parcels of state land are administered by the State
Highway Commission, the State Game and Fish Department, State Parks
Board, and the universities.

New Mexico state trust lands are managed by the Commissioner of
Public Lands with assistance from state agencies. The agencies include
the State Bark Commission, the State Forestry Commission, the State
Department of Game and Fish, the State Engineer (for use of water from
state lands), the State Highway Department, and others dealing with
land use.

State land in Utah is under the jurisdiction of the Department of
Natural Resources. Within this department most of the land is managed
by the Division of State Lands.

Most state land in Nevada is controlled by the Department of
Conservation and Natural Resources.

Individual or corporate lands, other than the original Spanish
land grants, have been obtained from public domain under various
land laws. They include about 18 percent, or 16 million acres, of
the Region.

Indian trust lands have been obtained from public domain under
various treaties and orders. They include about 16 million acres, or
18 percent, of the Region.

In the early 1850's railroad land grant laws were passed to
encourage and assist building railroads in vacant and sparsely
settled sections of the country. This resulted in a shift of large
acreages from federal to private ownership. The Santa Fe Railroad
received government grants for alternate sections of land in strips
approximately 20 miles on each side of the railroad through portions
of the Lower Colorado Region. These grants caused a checkerboard
pattern of landownership. The railroads sold this land to individuals,
corporations, municipalities, etc.

In order to encourage individual development of the public domain
in the west, Congress passed various homestead acts and the Desert Land
Act. Under these laws it was possible for a citizen of the United States
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over 21 years of age to acquire land at a very low cost by settling
and developing it. Such lands are found scattered throughout the
Region, generally in the fertile valleys where water was available.
A small amount of land is still being disposed of today for specific
purposes under appropriate laws, but such dispositions have steadily
decreased. Today it is difficult to find land that will meet the
requirements of these laws. Some public domain is sold or exchanged
to private and nonfederal entities when the best public interest is
served.

Most of the private lands are considered agricultural. Individual
and corporate ownership units vary from 10 acres to over 100,000 acres.
In 1965 there were about 7,900 separate operating units in the Region.
This number has been decreasing from about 23,000 in 1939, to 12,000 in
1949, and to 9,000 in 1959.

The number of operating units by economic class in 1964 are as
follows:

Region

1,738

765

773

770

754

668

2,471

7,939

Lower
Main Stem

284

155

136

148

160

120

527

1,530

Little
Colorado

28

37

46

67

53

36

268

535

Gila

1,426

573

591

555

541

512

1,676

5,874

(Value of Products Sold)
In Dollars

$40,000 or more

20,000 to 40,000

lO,OOO to 20,000

5,000 to 10,000

2,500 to 5,000

50 to 2,500

other (part time, etc.)

Totals

Large corporations, about 650 units of 500 irrigated acres or
more, are included in the $40,000 or more category and are found mainly
in the southern parts of the Gila and Lower Main Stem subregions.
Small units that are considered uneconomical in supporting themselves
are shown in the last four categories (about 20 percent of the total
number of units). Over 50 percent of these units are operated by the
owners, about 11 percent by tenants, some 5 percent by paid managers,
and the remaining operators are classified as part time, retired, hobby,
institutional, etc.
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CHAPTER E - lAND RESOURCES AND USE

PRESENT USES AND PROJECTED REQUIREMENTS

Land in the Lower Colorado Region is used in many ways. Some
uses are as old as the resource itsel~. Almost all uses, by man,
modify the environment to some extent. In some cases resource
deterioration may result.

Man-caused changes need not be destructive, however. The land
can be used ~or the production o~ ~ood and ~iber, water yield, ~orage,

recreation, wildli~e, etcc while still maintaining the productive
capacity o~ the resources. This requires proper planning and re
straint.

Land Resource Groups in the Lower Colorado Region in 1965 are
summarized in Table 5.

Table 5
Lower Colorado Region
Land Resource Groups

(1,000 Acres)

Lower
Main Little Region

Land Resource Groups Stem Colorado Gila Totals

Cropland
y

332 63 1,421 1,816

Rangeland 26,504 9,859 21,223 57,586

Forest Land 8,955 7,3ll 13,731 29,997

Urban and Built-up l29 19 365 513

other 26 0 ---.20 76

Total Land Area 35,946 l7,252 36,790 89,988

y Includes irrigated pasture, acres planted but not harvested, acres
developed ~or irrigation but idle or hllow in 1965, farmsteads,
~arm roads, ~rm irrigation canals, etc.
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Most land has more than one use. Vast areas of land, such as
grassland and forest land, support many varied uses (wildlife propa
gation, recreation, watershed, etc.). Some uses are nearly exclusive
such as urban, developed recreation, and cultivation. Such uses
usually cannot exist, in significant amounts, at the same time on the
same land area without some downgrading of the uses or deterioration
of the resources. Ms.ny uses, however, are compatible when proper
planning and effective management are provided.

The principle of IImultiple use" has come to be regarded as a key
to guiding good land management. Most public-land-managing agencies
and many private landowners have endorsed and followed this multiple
use principle for a number of years.

M.lltiple use is a system of planning and applying management on
areas of land which emphasizes the protection, development, and use of
its various resources so they are utilized in the best combination -
on a sustaining basis - to meet the social, economic, and environmental
needs of the people. Periodic adjustments are required and desirable
to conform with changing needs and conditions. Based upon landowners'
goals, legislative or administrative direction, and land capabilities,
not all resources are used on same land. Coordination in the uses of
the various resources is directed toward achieving an optimum output
and a desirable balance in the harvest of products and enj oyment of
services from the land while maintaining a quality environment. It is
not necessary that the combination of uses give. the greatest dollar
return or the greatest unit output. Often, though, maximum outputs
from the use of one or more of the resources may be attained without
loss of other values. This study uses the term "multiple use" within
this framework.

MUltiple use of the land base by land resource group is shown in
Table 6. The table suggests the kinds of use combinations involved in
IllUltiple-use management as of 1965. The "Projected Output from Land
Under Alternative Program Levels" Table 48 (page 223) shows the antici
pated outputs from the land for the last year in each projection
period.

Changing technologies, needs of people, and resource situations
will, to a large extent, determine the management direction and the
coordination needed to foster optimum productiono Within the fore
seeable technologies, there is a limit to the amount of goods and
services that a land base can yield. As the pressures for more pro
duction, less pollution, and quality environment increase, sound land
management objectives will need increasingly to recognize and emphasize
the management of all the land for the greatest total benefit of all
the people.
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Table 6
LAND USE, 1965

(Areas in thousands of acres)

Present Land Use
Lower Colorado Region
Lower Main Stem Subregion

0\o

I

I ~
rl 'd UJ glArea Cli (1) UJ
'M Outdoor .p (1) t- 'M Fish &of QO 08~

~ ~
rl.p

Cultivation s:: I~ 0 .p
Recreation Cli CliO Wildl;Lfe Watershed Transp.Land LRG's 'M • Q) ;:::l s:: UJ QOQ) .p

~.g
(1965) Non- t-:l P't:I ~.§ 0]1 Un-· 'M 'd 'M .Ijj Un- Un- andResource Cli

~~
UJr-I r-I s:: 0

~
~t:1 Q) 'M

~ s1~ ~lass.Groups y Irrig,o irrig d Desig desig" A~ Desig desig. class. Utilities
(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)

Cropland Y 332 267 5 132 0 - - 250 0 - - - 332 I 0 332 20

Rangeland 26,504 0 0 20,600 0- .. 3,203 20,612 0 3,652 4 1,148 23,929 0 26,504 100

Forest Land 8,955 0 0 7,238 873 - 1,304 5,705 0 - 1 675 7,493 0 8,955 45

Urban 129 - - - - 129 10 30 0 - - - 128 0 129 56

Barren 26 0 0 01 0 - - 26 0 0 0 0 26 0 26 -
Total 35,946 267 5 27,970 873 129 4,247 26,623 0 3,652 5 1,823 31,908 0 35,946 221

~ Including Pasture
g; Land Resource Groups
3/ Includes National Barks, City Barks, County Parks, Public Campgrounds, etc.
:£! Another 1.4 million acres were managed primarily for wildlife but were not available to the hunter.

NOTE: Dash indicates small acreage

(1 of' 4)



Table 6
LAND USE, 1965

(Areas in thousands of acres)

Present Land Uses
Lower Colorado Region
Little Colorado Subregion

0'\
t--'

~ r-l 'd rIJ ~

Area 0 a$ 0) rIJ 0
·rl 'M +=>0) t- ·rl

of ~ +=> 08 H OUtdoor ~ E r-l+=> Fish &
~ H t.l +=> ~ ~ ()

Land LRG's Cultivation ·rl

~~ j~ Recreation .~~ +=> ~.§ Wildlife Watershed Transp.
~ 'rl

Resource (1965) Non- a1 11 Un- Ulr-l r-l ~ 0 Un- Un- and
lj E::&:: ~~

Q)'rl i1 ,il&::Group ?J Irrig. irrig. lIe-sig. desig. ~~ Desig. desig. Class class Utilities
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)

Cropland Y 63 28 16 36 0 - - 52 0 - - - 63 0 63 3

Rangeland 9,859 0 0 9,381 - - 175 7,985 0 21 5 8 9,851 3 9,856 32

Forest Land 7,311 0 0 7,187 1,419 - 26 6,886 0 - 2 8 7,303 12 7,299 20

Urban 19 - - - - 19 2 2 0 - - - 18 0 19 8

Barren 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 -
Total 17,252 28.. 16 16,604 1,419 19 203 14,925 0 21 7 16 2.7,235 15 17,237 63

11 Including Pasture
~ Land Resource Groups
JI Includes National Parks, City Parks, County Parks, Public Campgrounds, etc.

NOTE: Dash indicates small acreage
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Table 6
LAND USE, 1965

(Areas in thousands of acres)

Present Land Uses
Lower Colorado Region
Gila SUbregion
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rtJ.-l .-l s:l 0Resource (1965) Non-

~ 8~ ~~
(]) .r-!

iJ li!~
! Un·· Un- and

Group Y Irrig. irrig. Desig desil?9 A~ Desig' desig,Class. class. Utilities
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ll)I(12) (13) (14) I (15) (16) (17)

Cropland Y 1,421 895 - 412 0 - -1 1,000 0 - 1,3331 0 1,421 88
,

Rangeland 21,223 0 0 120,777 - - 655 12,000 10 402 13 12 12,157 i 4 21,219 123
I I I

Forest Land 13,731 0 0 ;1..0,291 3,1661 - 401 8,000 851 51
1

50 I 7 13,681 20 113,719 65

100IUrban 365 .. - - - 365 36 0 ··1 ., , _,1 65 0 365 100

-I 0 i
I

Barren 50 0 0 0 0 ~ 0 50 0 0 50 0 50 -
Total 36,790 895 - ~1,480 3,166 365 1,092 21,150 861

1
453 63 I 19 36,286 24 36,774 376

!I Including Pasture
Y Land Resource Groups
~ Includes National Parks ~ City Parks, County Parks, Public Campgrounds, etc.

NOTE: Dash indicates small acreage
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Table 6
LAND USE, 1965

(Areas ~n thousands of acres)

Present Land Uses Lower Colorado Region

0\
lJJ

I=: r-l 'd rI.l I=:
0 al Q) rI.l 0

.r-! .r-! oP Q) >., 'r-!
Area tlD oP 08 H Outdoor ~ E H r-loP Fish &I=: H CJ oP as til CJ

Land of Cultivation .r-! Q) ~ l:: rI.l Recreation tlDQ) oP ~.g Wildlife Watershed Transp.N
~'8 al ~ -r-! 'd 'r-!

Resource 1965) Non- til ..c'd ~ Un- rI.lr-l r-l l:: 0

~ Un- Un- &H
E=:~ ~~

Q).r-! s1 s1~.Groups 2./ Irrig. irrig 0 Desig. desig. A~ Des~g. desig. Class. class •utilities
(1) (2) (3) (4 ) (5 ) (6 ) (7) (8) (9) 10) (11) (12) (13) (14) (15) (16) (17 )

Cropland Y 1,816 1,190 21 580 0 - - 1,302 0 - - - 1,728 0 1,816 111

Rangeland 57,586 0 0 50,758 - - 4,033 40,597 10 4,075 22 1,168 54,937 7 ~7,579 255

Forest Land 29,9r:.J7 0 0 24,716 5,458 - 1,461 15,591 851 51 53 690 28,477 32 ~9,973 130

Urban 513 - - - - 513 48 132 0 - - - 211 0 513 164

Barren 76 0 0 0 0 - 0 76 0 - 0 0 76 0 76 -
Total 89,988 1,190 21 76,054 5,458 513 5,542 57,698 861 4,126 75 1,858 ~5,429 39 89,957 660

1/ Including Pasture
~ Land Resource Groups
3/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc.
Tjj Another 1.4 million acres were managed primarily for wildlife but were not available to the hunter.

NOTE: Dash indicates small acreage
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Cultivation

The availability of suitable irrigation water, in terms of both
quantity and quality, has been the major determining factor in the
location and amount of irrigated land in the Basin and Range Province
(see Map 3). In this area there are vast areas of soil suitable for
irrigation. The nearly yearlong growing season makes this area ideal
for irrigated crop production. Yields per acre for most irrigated
crops a,re among the highest in the nation.

Irrigated farming in the Colorado Plateau Province has developed
primarily along major streams where soils are productive, of uniform
slopes, and where suitable water is available. Irrigated crop pro
duction in this area is limited because of the relatively short growing
season (75-150 days).

The Region's total cropland area contains about. 1.8 million acres.
Of this amount, about 77 percent is in the Gila Subregion~ some 21
percent is in the Lower Main Stem Subregion, and less than 2 percent is
in the Little Colorado Subregion. Only 31,000 acres of the Region's
total c?opland are nonirrigated.

Most of the irrigated cultivated areas in the Gila Subregion are
ar.ound Phoenix and southeast in the Casa Grande area and Santa Cruz
valleys. Smaller irrigated areas are found in the eastern portion of
the subregion in Arizona and New Mexico. The irrigated ac:::'eage in the
Lower Main Stem Subregion is concentrated around Yuma and along the
Colorado and lower Gila rivers in Arizona, Smaller areas lie along
the White and Muddy rivers in Nevada and the Virgin River in utah.
The Little Colorado Subregion contains smaller, scattered areas along
the Little Colorado RiveI' and many of its tributaries. Most of the
products of these small irrigated areas are consumed locally,
especially by the Indians on reservations.

Refer to Map 4, Vegetal Cover, for extent of cultivated lands,
and the Irrigation and Drainage Appendix for additional information on
irrigated lands.

Water for irrigation is .usually the limiting factor in crop pro
duction. More land is developed for irrigation than is used annually.
The acreage planted to crops increases when the quantity of water in
storage is above average at the beginning of the crop years.

The long growing season (250'·330 days) at the lower elevations of
the Gila and Lower Main Stem subregions make it possible to produce
crops on most of this irrigated land anytime during the year. CrOpR
adapted to cool temperatures (vegetables, small grains, etc.) are
grown during the cooler months, crops such as cotton and sorghum are
grown during the warmer months. Citrus is in danger of frost only for
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a short time during the year. In most of this area it is possible to
produce two or more crops per year.. In 1965, about 125,000 acres in
this area produced two or three crops 0

Irrigated land in other sections of the Region is not used as
intensively and supports crops such as forage and small grains with
row crops occasionally.

Much of the irrigated land is highly developed. The land has
naturally uniform slopes or has been leveled for the most efficient
border type of irrigation methods. Modern irrigation systems and
irrigation techniques are used. Some of the systems are highly auto
mated with surface irrigation timed by clocks which control electri
cally operated valves.

The Region's farmers generally have taken advantage of the tech
nology available to them and have incorporated new technologies into
their operations as they become available and where appropriate. It
is expected that the Region will continue to be responsive to and
benefit from technological advances.

Of the four main sources of income (manUfacturing, nunJ.ng, agri
culture, and tourism) agriculture produces approximately 20 percent of
the total and employs about 7.2 percent of the Region's labor force.
The major agricultural enterprise is cash crops such as cotton, barley,
alfalfa, sorghum, vegetables, and citrus. Practically all production
of these crops is on irrigated land. In 1965, approximately 55 percent
of the Region' s agricultural income was related to crop production.

As shown on Table 7, yields of most irrigated crops in the Region
are high compared with those of other regions of the United States.



Table 7
Lower Colorado Region

Irrigated Crop Distribution, Yields, Rank in Average Yield Per Acre 1/,
and Percent of Total U. S. Irrigated Acreage by Major Crops-1965

3.7

4.0115

17Alfa.lfa. Hay

Sorghum

_~_----'-'"~_--_·_~crop--r··r~ Cr<2tlield Percent'Of' Total
Distributi~~l Range in U. S, Irrigated

Major croIL i (Percent)· g;I,Yield Per Acre Rank Acreage for C!21?

Barley I 14 11600-5000 Ibs. 1 8.7
I
13500-7500 Ibs.

4-10 tons I 2

Cotton (All)

Cotton (America-Egypt)

Citrus Fruit

Vegetables

other

28 I 500-1500 Ibs. 2 9.7

(3) I 500-750 lbs. 1 44.0

3 8-10 tonsIN.A. 2.1

6 150-200 cwt. N.A. 5.6

17 - - -

Y In comparison with the other 19 Water Resource Regions of' the United
states.

gj .B,y acres harvested

NOTE: Ref'er to the Economic Base and Projections and Irrigation and
Drainage appendixes f'or further details.
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The Region produces a significant amount of the national supply of
early summer, late fall, spring and winter vegetables and melons.
Table 8 indicates the relative importance of the Region in supplying
this demand.

Table 8
Percent of National Supply of Vegetables and Melons

Supplied by the Lower Colorado Region
1~5

Crops

Vegetables.
Broccoli

Carrots

Cauliflower

Lettuce

Lettuce

Lettuce

Onions

Period of Year Percent

Winter 19

Spring lOa

Winter 32

Winter 26

Early Spring 52

Late Fall 100

Late Spring 35

Melons
Cantaloupes

cantaloupes

Honeydews

Spring

Early Summer

Early Summer

52

12

100

In 1965 there were about 39,000 acres planted to citrus in the
Region. Of this acreage 53 percent was producing oranges, 23 percent
grapefruit, and 24 percent lemons. Citrus is grown in the lower
elevations of the Gila and Lower Main Stem subregions where the
growing season is nearly yearlong. Because of the unique climate in
this area of the Region, there is a vast acreage of land suitable for
expansion of citrus production as the need arises.

Irrigated lands of the Region provide pasture in crop rotation and
permanent pasture. Grass and legume pastures help control soil erosion
and reduce water runoff. They are also soil conditioning crops which
increase soil fertility and improve soil structure.
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About 38,000 acres of irrigated land are devoted to pasture. The
Gila Subregion contains about 80 percent of this total with 15 percent
in the Lower Main Stem and 5 percent in the Little Colorado subregions.

Irrigated pastures, which make up a very small percent of the
total agricultural sector of the economy, are generally used in dairy
cattle and feeder cattle operations and for horses. Intensity of use
is similar throughout the Region with more production expected and
obtained from the irrigated land in the valley areas than from higher
elevation lands with shorter growing seasons. YieldS range from about
9 animal unit months per acre per year to 20 or more.

Grazing of livestock animals on irrigated pasture and after harvest
of other crops is a common practice and occurs on more than 540,000
acres.

Photo 23. Irrigated Crop Production MCES

Irrigated lands are compatible with some kinds of recreation use.
Sightseeing, family outings, horseback riding, nature study, hunting,
some fishing in irrigation canals and farm ponds, and picnicking are
recreation activities using this land.
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There were 31,000 acres of nonirrigated cropland in the Region in
1965. This cropland is located on gently to moderately sloping lands
above 4,000 feet elevation with annual precipitation of 16 inches or
more. About 21,000 acres of the total were harvested in 1965. The re
maining area, about 10,000 acres, includes idle and fallow, crop
failures, roads, farmsteads, etc.

The most successfully dry farmed area is found between 5,000 and
8,000 feet in elevation with 20 inches or more average annual precipi
tation. Crop failure in years of below average annual precipitation
is significant below these limits. Other problems in nonirrigated
farming include short growing season, which limits the choice of crops,
and the low precipitation rate (less than two inches in some years)
during the growing season.

More than one-half of the 'production from nonirrigated cropland
is consumed in the local area where grown. Although this represents
a very small fraction of the total agricultural output for the
Region, it is very important in the locality where it is produced.
Indians on reservations are dependent on this source for a substantial
part of their food supply. More details may be found in the Economic
Base and Projections Appendix.

Table 9 presents the major nonirrigated crops and their range in
yields for 1965.

Table 9
Lower Colorado Region

Major Nonirrigated Crops and Yield - 1965

Nonirrigated Crops

Dry Beans

Corn - grain

Oats

Cereal grain - grain

Tame hay

Grass - hay

Grass - pasture
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General Range in Yields

200-500 Ibs/ac

300-700 lbs/ac

400-1,000 lbs/ac

500-1,000 lbs/ac

3/4-2 tons/ac

3/4-l~ tons/ac

3/4-2"! AUMs/ac



Most irrigated and nonirrigated cropland is associated with a
livestock operation and is grazed after crop harvest. They frequently
provide food and sometimes cover for some species of wildlife. Hunting,
sightseeing, nature study, and horseback riding are compatible uses.

Cultivated land provides food, cover, and water for many species
of wildlife. These are the three basic requirements for survivaL
The kind of crop, its maturity, and the type of vegetation adjoining it
are but a few of the many factors determining the species which will
use this land, and the benefit this species will derive from the land,

Doves, for exampl~, may feed in a grain field, and drink from the
adjacent irrigation waters. But they must seek roosting and nesting
cover elsewhere. These same doves often roost and nest to some degree
in a citrus orchard, and may again find water here. But they must go
elsewhere for food. The limiting factor determining the population of
the species mayor may not be cultivated crops or practices.

Human activity on cultivated lands tends to affect native wild·
life habitat and may result in changing or introducing other species.
Activities such as cultivating, irrigating, and spraying necessary for
high agriculture production may in some cases be sufficient disturbance
to limit wildlife activities on and adjacent to agriCUltural lands.

Table 10 presents present and projected values of crop production
in the Region, by subregions. Table 11 shows present and projected
acreage of lands required for crop production.

Table 10
Lower Colorado Region

Total Value of Crop Production
(million dollars ~. 1960 prices)

ProjectionsY
Subregion 1965

1980 1 2000 "f 2020

Lower Main Stem 87.2 269.119501 I140.4

Little Colorado 2,1 2.9 4.3 I 6.1

Gila 250.0 356.6 504.3 656.6

Total Region 339.3 499.9 703.7 931.8

l/ These projections, and all others in this appendix with the
exception of those in Chapter K, are based on the Modified
OBE-ERS projected level of development. For a comparison of
alternative projections, see Chapter Kc
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Table '11
Lower Colorado Region

Land Required for Crop Production
(1,000 Acres)

2020
1,e52

( 409)
( 56)
(i,387)
1,833

( 403)
( 43)
(1,387)

19
( 6)
( 13)
L- )
1,IqIi:'

( 370)
( 46)
(1,058)
1,459

( 366)
( 35)
(1,058)

15
( 4)
( 11)
L - )
1;b13

( 405)
( 40)
(1,168)
1,598

( 401)
( 29)
(1,168)

15
( . 4)
( 11)

Pro.iections
Subregion I 1965 I 1980 1 2000

TOtal Cropland-Area- ~ 1,816 ~ 1,891 1,905
Lower Main Stem (332) (386) (388)
Little Colorado ( 63) ( 65) ( 61)
Gila (1,421) (1,440) (1,456)

Irrigated 1,785 1,863 1,882
Lower Main Stem (324) (379) (382)
Little Colorado ( '40) ( 44 ) ( 44)
Gila (1,421) (1,440) (1,456)

Nonirrigated 31 28 23
Lower Main Stem (8) ( 7) ( 6)
Little Colorado ( 23) ( 21) ( 17)
Gila ( - ) (-) (- )

1/ The total planted acreage is equal to~he total cropland area less:
the acreage of public and private roads, ditches, utilities, etc.
within cropland areas; the acreage on farms not developed for irri
gation; and idle and fallow cropland.

~ The total harvested acreage is equal to the total planted acreage,plus
the acreage double cropped, less the acreage planted but not harvested
because of floods, insects, disease, hail, unfavorable markets, etc.

NOTE: A dash (-) indicates an insignificant acreage.
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Livestock Grazing

The total area useable for grazing by domestic livestock is about
76 million acres, 84 percent of the total land area of the Region.
About 21 percent of the grazing land is in private ownership, 14 per
cent state and county ownership, 20 percent in Indian trust, and the
remaining 45 percent is owned by the federal government.

The following tabulation indicates subregional distribution of
grazing lands and the amounts in federal and nonfederal ownership:

Lower Colorado Region
Area Used by Domestic Livestock 11

(1,000 Acres)
1965

Lower Little Gila Lower Colorado
Main Stem Colorado Region
Subregion S~region Subregion Total

Federal Land 20,138 2,491 13,222 35,851

Nonfederal Land 7,83~ 14,113 18,258 40,203

Total 27,970 16,604 31,480 76,054

Y Includes pasture and af'termath grazing on cropland which totaled
542,000 acres in the Region in 1965"

The land area produces an annual aveTage of about 7,876,000
animal ~it months (A~) of forage production on native grazing
lands. ~ In addition, grazing af'termath of crops on cultivated land
and permanent pastures supply about 600,000 AUMs. An estimated 30
percent of this 8.5 million AUMS forage production is on private, 16
percent on state and county, 18 percent on Indian trust lands, and 36
percent on federally-owned lands.

gj See Economic Base and Projections Appendix for further detail.
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Livestock on grazing lands within the Region numbered approxi
mately 1.1 million in 1965. Distribution o~ the total number o~

livestock and AliMs used was about as ~ollows:

Percent of total Percent o~ total
Kind o~ Livestock number ~ora.s.e

Cattle 42 73

Sheep 48 15

Horses 4 10

Goats 6 2

The native grazing lands of the Lower Colorado Region present a
wide variance in complexities and resource values. These variations
are the result o~ di~~erences in topography, climate, elevations,
vegetative types, and soil type. Lands that are suitable ~or use by
domestic livestock will, under proper management, support a livestock
industry indefinitely and continue to be an important and integral
part of the economic £'ramework o~ the Region. Some o~ the Region
cannot be grazed by livestock because of rough topography, dense shrub
and timber stands, poor soil, deficient precipitation, and lack of
water development. About 7 million acres in the southwest part o~ the
Region and along the Colorado River at elevations below 3,000 feet
(where the average annual precipitation is less than 8 inches) are
generally utilized by livestock only during the years when precipi
tation is above average. Areas above 3,000 ~eet in elevation and
having more than 8 inches of precipitation support perennial vegetation
and have a dependable carrying capacity.

Seasons o~ ~orage growth between 2,500 and 5,500 feet in elevation
occur in both the spring, and midsummer to ~all (February to M9.rch and
July to November) when moisture is adequate. . Forage growth below
2,500 ~eet in elevation follows periods of precipitation and varies
from year to year. Above 5,500 feet in elevation~ forage growth is
limited to the spring and early summer seasons (April to June).

The estimated average carrying capacity o~ the native grazing
lands of the Region will increase £'rom 7.9 million animal unit months
to 9.4 million animal unit months by the year 2020. Most livestock
grazing lands in the Region can be improved through intensive manage
ment, revegetation, and other improvements. The increase in carrying
capacity is expected as livestock management techniques are improved
and as grazing land improvements, revegetation o~ depleted ranges,
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conversion of desert shrub, chaparral and pinon-juniper types to grass,
and installation of livestock management fences, water developments,
etc. are installed.

Photo 24. Livestock Use of Southern Grassland FS

The following tabulation indicates average carrying capacity of
native grazing lands, improved pasture and aftermath grazing on crop
land:

Lower Colorado Region
Carrying capacity 1965

(1,000 AUM's)

---- ._---- ---Lower Little Gila Lower Colorado
Main Stem Colorado Region
Subregion Subregion Subregion Total

Federal Land 1,164 264 1,613 3,041

Nonfederal Land 647 1,733 3,032 5,412

Total 1,811 1,997 4,645 8,453
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Areas above 7,000 feet are generally used during the summer season
with cattle moved to lower elevations during the winter months. Sheep
are grazed on the high mountain ranges (above 7,000 feet elevation)
during the summer and "wintered" on desert shrub or cropland at the
lower elevations.

The condition of the grazing lands on the Navajo Indian Reser
vation has been the result of a unique set of circumstances.
Traditionally the Navajo family has a small herd of sheep and goats
that are an important part of the family way of life. Because the
Indians have been dependent on horses for transportation the herds
were grazed close to home. This has not been conducive to good manage
ment of the grazing resource. In 1965 there were an estimated 205,000
head of sheep, 62,000 head of goats, and 15,000 head of horses owned by
6,000 individuals, grazed in this manner.

Photo 25. Livestock are important to
the Navajo way of life.

BIA

Conditions are slowly changing for the better. cattle are re
placing the family bands of sheep and goats and the pickup truck and
the automobile are replacing the horse. cattle are the usual class
of livestock on the other Indian lands of the Region.

75



Livestock use of rangelands in the Lower C.olorado Region is not
commonly oriented toward producing the final livestock""product. The
livestock ranges are generally more adaptable to the production of
cattle and lambs to supply the feeder livestock industry. Beef cattle
are the predominallt class of range livestock produced in the Region
although there is an important sheep raising industry that utilizes the
mountain and desert grazing lands. In the higher elevations of' the
Region where f'orage production is primarily dependent upon winter and
spring precipitation, the domestic livestock f'orage~resource is
generally utilized f'or maintenance of' the cow-calf' industry and f'or the
summering of ewes, that lamb in October and November, supplying lambs
f'or the valley feedlots. In the southern low elevation areas .of' the
Region, livestock grazing operations often include f'all, winter, and
spring f'orage f'or weaner calves produced at the higher elevations or
imported !'rom outside the Region. These animals partially supply the
need f'or the f'eeder livestock industry. The bands of' ewes utilize the
lower desert shrub and chaparral types for spring grazing !'rom the time
the lambs are weaned in February or March until ewes can again be moved
to the higher conif'erous f'orest in April and loE.y.

Hloto 26. High country grazing lands
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In addition to domestic livestock, herds of wild horses roam the
rangelands of the Region. Some 3,000 are estimated to be in the Lower
Main stem Subregion in Nevada. An equal or greater number of wild
horses exist in the remainder of the Region.

The range livestock industry developed as one of the basic indus
tries of the Lower Colorado Region during the earliest settlement, in
the mid 1700 1 s. In 1965 there were about 1,750 ranches in the Region,
providing 9,700 man-years of employment. The total gross output of
the range livestock industry for 1965 with projections is shown in
Table 12.

Table 12
Lower Colorado Region

Total Gross output with Projections 
Range Livestock Industry

($1,000)

Projections
Subregion 1965 1980 2000 2020

Lower Main stem 17,626 18,004 19,257 20,651

Little Colorado 12,208 14,198 18,657 23,201

Gila 57,344 58,729 61,500 64,339

Nonirrigated pasture is limited in extent in the Region.
Generally above elevations of about 5,000 feet there is an annual
precipitation of 14 inches per year or more which is necessary for
establishing tame grass-legume or small grain production of forage for
pasture. About 2,000 acres of land produce such pasture at least part
of the time. Most of these acres are in the Little Colorado Subregion.

The economic importance of nonirrigated pasture is less than that
of irrigated pasture. Production may range from near one ton to more
than two tons of dry forage per acre. The higher yielding tame grasses
such as orchard, brome, and fescues are normally used with or without
legumes such as alfalfa and clovers. Small grains (oats, barley, or
rye) are also pastured. The aftermath of these and other crops is
grazed after harvest.
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Fully developed and properly managed, grazing land will, in most
cases~ enhance the wildlife and watershed resources and values. Same
of the better grazing lands in the Lower Colorado Region are the cam··
mercial timber lands and under proper management practices timber
harvesting will improve the grazing values.

The following table compares present (1965) livestock grazing
with projected carrying capacity:

Table 13
Lower Colorado Region

Li~estock Grazing Capacity 11 - 1965 and Projected
(1,000 AU".oo.s)

5,936

10,359

5,389 I

9,61011
4,645

8,453

Lower ~.~in Stem

Total

Little Colorado

Gila

--- . '1965-'-F:~~0 -r~~~oo.J. -:220 -.=
1,811! 1,890 1,996 I 2)093

1,997! 2,052 I 2,225 i 2,330

4,806 I

8,7481

Subregion

11 Includes native grazing lands, improved pasture, and aftermath
grazing on cropland.

Through the projection period land requirements for all uses
expand with the exception of land required for livestock grazing.
This is due to grazing land being converted to other uses. With
substantial increased demand for red meat in each time frame, it was
assumed that all land available for livestock graZing would be
utilized to the fullest extent.

Table 14 compares 1965 land required for livestock grazing with
projected requirements.
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Table 14
Lower Colorado Region

Land Re~1red for Livestock Grazing - 1965 and Projected
(1,000 acres)

Pro.;ections
Subregion 1965 1980 2000 2020

Lower lein Stem 'Zl,970 26,769 24,017 20,608

Native Grazing Lands (27,838) (26,618) (23,866) (20,475)

Crop Aftermath ( 12'0 ( 144) ( 142) ( 122)

Pasture ( 5) ( 7) ( 9) ( 11)

Little Colorado 16,604 16,429 16,263 16,057

Native Grazing Lands (16,568) (16,388) (16,226) (16,026)

Crop Aftermath ( 34) ( 38) ( 34) ( 27)

Pasture ( 2) ( 3) ( 3) ( 4)

Gila 31,480 30,541 29,622 29,142

Native Grazing Lands (31,068) (30,160) (29,233) (28,781)

Crop Aftermath ( 381) ( 340) ( 338) ( .300)

Fasture ( 31) ( 41) ( 51) ( 61)

Total Region 76,054 73,739 69,902 65,807

Native Grazing Lands (75,474) (73,166) (69,326) (65,282)

Crop Aftermath ( 542) ( 522) ( 513) ( 449)

Fasture ( 38) ( 51) ( 63) ( 76)
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Timber Production

There are 30 million acres of forest land in the Lower Colorado
Region. In general, the forests occur at the higher elevations,
roughly within the elevational range between 4,000 and 12,000 feet
above sea level. The average range of the principal forest types is
shown on Figure 50 There are local variations of these ranges dua to
differences in soils, exposure, precipitation, and other environmental
factors.

The forest land, 33 percent of the Region,has outstanding values
for water production, z:ecreation, wildlife, livestock grazillg, timber
products, wilderness, and ecological and hydrological research and
study areas.

Of the 30 million acres of forest land, 21~ million acres are
classed as nonproductive for the production of commercial timber
products, This 80 percent of the forest land includes areas of
chaparral and mountain brush and pinon-juniper and oak woodland, and
the area of coniferous types growing under adverse conditions usually
in the lower elevation fringe areas or the area just below timber line
in the higher elevations. About one million acres or four percent of
this nonproductive class of forest land is included in the na.tioMl
parks, wildernesses, and other areas reserved for recreation, water
shed, and scientific purposes. See Figure 7.

CLASSES OF FOREST LAND

reserved 2%~
0.5 million acres

TIMBER

FIGURE 7

nonraserved 75%
23 m!li ion ocr'Ss

WOODLAND AND
CHAPARRAL
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Six million acres of the forest land in the Region are capable of
producing commercial timber products. Of this six million acres of
productive timber-producing land, one-half million acres are included
within wilderness, national parks, and scientific areas that are re
served from commercial timber harvesting.

The outstanding feature of the distribution of the commercial
timber· type in the Region is the largely unbroken block that extends
for more than 300 miles along the Colorado Plateau. This block of
commercial timber begins on the east at the Continental Divide in the
Black Range of New Mexico. It extends westward through the Mogollon
Mountains in New Mexico, White Mountains in eastern Arizona, and
westward along the Mogollon Rim and Colorado Plateau to the Grand
canyon. The North Kaibab Plateau is an extension of this block north
of the Grand Canyon. Ninety-one percent of the timber in this block is
Ponderosa pine and is the largest single block of Ponderosa pine in the
United States. other species include Douglas fir four percent, fir··
spruce three percent, and aspen, cottonwood and other hardwoods two
percent. other areas large enough to support timber operations include
the southern portion of the Chuska MOuntains (included in the Lower
Colorado Region) in Arizona and New Mexico and the Zuni Mountains in
New Mexico; a small area within the Haulapai Indian Reservation south
of the Colorf,l.do River in wesl;'ern Arizona, and the Dixie National
Forest in southwestern Utah.

other areas of the commercial timber type occur on the crests of
the small scattered mountain ranges and peaks, above 4,700 feet in
elevation in the Gila and Lower Main Stem subregions. These cool
coniferous forest areas are generally too small and scattered to
support an economical timber operation, and have very high esthetic,
recreation, and other environmental values. It is expected that these
environmental values near the principal centers of population of the
Region will preclude commercial timber harvesting during the projection
period.

The 5.5 million acres of forest lan~ in the Lower Colorado Region
are classified as commercial timberland IIin 1965. Nearly all of the
commercial timberland is on the national forests (69 percent) and the
Indian reservations (23 percent)o The states and counties own and
manage 1 percent; 5 percent is owned by farmers and ranchers; and 2
percent by other private operators including timber companies. See
Table 15. It is estimated that the increasing values of these forest
properties for other uses, especia.1.ly recreation and urban develop
ments, will result in nearly one-half (150,000 acres) of these

II Forest land capable of, and available for, production of more than
20 cubic feet of industrial wood per acre per year.
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Table 15
Lower Colorado Region

Present and Projected Area
of Commercial Timberland by Status

(1000 Acres)

Indian Small Owner Other YI Total
Nat'l Total Reser- State & Farm & Misc. Total Fed. &

Subregion Forest B.L.M. Federa;L vati0ns Counties Ranch Private Non-Fed. Non-Fed.

1965
844 6 I 850 ILower Main Stem 0 3 10 10 I 23 873

Little Colorado 1,049 0 1,049 199 30 75 66 I 370 1,419
Gila 1,8~9 7 1,896 b 070 12 174 14 12270 I 3,166..

Lower Colo. Reg. 3,7 2 13 .I 3,795 1,269 45 259 90 i 1,663 5,458

1980
Lower Miiii Stem 824 1 ~ 825

o I 3 1 8 I 9 Ii 20 845
Little Colorado 1,042 0 . 1,042 199 I 29 63 63 354 1,396
Gila 1,880 5 II 1,885 ll~~ 12 139 13 'I 1,232 JJ1l7

Lower Colo. Reg. 3,746 b 3,752 i,27 , 44 210 tr5 I, 1,606 5,358

2000
Lower Main stem 824 0 824 0 3 4 7 I 14 838
Little Colorado 999 0 999 199 29 48 58 334 I 1,333
Gila 1,770 0 1,770 1,066 11 124 11

1
1,212 2,982

Lower Colo. Reg. 3,593 -0 3,593 1,265 18 I.7'b 70 1,560 5~153

2020
Lower Main Stem 820 0 820 0 3 3 5 ! 11 831
Little Colorado 980 0 980 196 28 30 50 304 1,284
Gila 1,740 0 1,740 1,067 11 101 10 1,189 2,929

Lower Colo. Reg. 3,540 0 i 3,540 °1,263 I 42 134 b5 1,504 5,044
,

y Forest industry has been combined with miscellaneous private to avoid discloSure of holdings of
individual owners.



privately-owned commercial timberlands being converted to other uses
by 2020. Commercial timber operations on sizeable areas of other
public and privately-owned forest lands will be eliminated to satisf'y
the need for additional developed recreation areas, and esthetic
considerations during the projection period.

Photo 27. Recreation and urban uses replacing
timber production on private forest lands FS

More than 90 percent of the volume of growing stock (7.5 billion
cubic feet) of the commercial timber in the Region is in saw timber
sized trees, with about two-thirds of this in trees 19 inches in
diameter or larger. More than nine-tenths of the commercial timber
area support saw timber stands, while about three percent of the area
is nonstocked. Most of the remaining area supports pole-sized stands.
Saw timber stands generally have a well stocked understory of seedling
and sapling-sized trees. There ~s a shortage of timber in the pole and
small saw timber sizes (under 12 inches in diameter). See Table 16.
The planned timber management and harvesting programs will onl.y start
the needed adjustments in areas of these age classes in short supply
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Table 16
Lower Colorado Region

Present and Projected Volume and Area o~ Growing stock
on Commercial Timberlands by Stand Classes

.-
Seedling-Saw Pole I Total Saw Pole Non- Total

Timber Timber ~ Volume Timber Timber Sapling Stocked Area
Subregion (MiL Cu.Ft. ) (1000 Ac' 1'1000 Ac \ (1000 Ac) 1000 Ac) (1000 Ac)(Mil. Cu.Ft. (Mil. Cu.Ft. )

1965
1,086 I 108 808 26 873Lower Main Stem I 1~195 9 I 30 ILittle Colorado ! 1,765 ! 176 1,942 1,312 43 15 48 1,419

Gila 3,940 395 4'a3~ 2,9f9 98 32 107 3,166
Lower Colo. Reg. 6,791 i 679 7, 70 5,0 9 167 5b 185 5,458

1980
140 845Lower Main Stem 1,030 1,170 775 35

I
15 20

Little Colorado 1,680 220 1,900 1,266 70 30 30 1,396
Gila ~780 500 4,280 2,889 90 40 98 3,117

Lower Colo. Reg. I ,~90 860 7,350 4,930 195 85 m 5,358

2000
Lower Main Stem 923 I 200 1>123 763 50 15 10 838
Little Colorado i 1,430 420 1,850 1,188 ·90 45 10 1,333
Gila 3,560 650 4,210 2,752

~
65 60 2,982

Lower Colo. Reg. 5,913 1,270 7,183 4,703 2 5 125 80 5,153

2020
Lower Main Stem 770 300 'I 1,070 731 70 25 5 831
Little Colorado 750 1,050 1,800 1,117 100 60 7 1,284
Gila ~O 12g2.Q ~Q f2 716 130 75 8 2,929

Lower Col,o 0 Reg" ~ 0 2, 00 7,000 ,564 300 160 '26 5,044



during the proj ection periods. Needed adjustments in the timber volume
by tree or stand size will be well under way, by the end of the pro
jection period, under the programmed timber management and harvesting
plans. The nonstocked commercial timberlands will be artificially
reforested by 2000, and present and future timber management programs
will provide for reforestation, either naturally or artif'icially, as
an integral part of the timber harvesting programs.

Photo 28. 1eture pine with understory FS
of' seedlings and saplings

Timber management must become increasingly intensive to meet the
projected demand f'or timber products from. the shrinking area of com
mercial timberlands in the Region. Precommercial thinning has been
made on some 35,000 acres of dense sapling and small pole ti.mber stands.
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To meet the need of timber products in the projection period, and in
future years, an estimated one-half million acres of existing young
precommercial timber stands must be thinned, along with reforesting
the "nonstockedTI timber producing lands of the Region. Timber manage
ment plans for the spruce-fir and selected areas of the Douglas fir
timber types provide for a natural or artificial regeneration to be
achieved through clear cutting in small blocks or strips on public
owned and Indian reservation lands. The Ponderosa pine type will be
regenerated by either a seed tree or shelter-wood cut. Should improved
timber management techniques become available through research and re
fined technology, they will be employed. The use of this silvicultural
practice will be influenced by the importance and values of the
esthetic recreation and wildlife resources that might be adversely
affected. Research and barometer watersheds have indicated a potential
average annual increase in water yield of from 10 to as much as 50 per
cent during years of normal precipitation.

It is estimated that approximately 40 percent of the commercial
timberlands in the Region will be under even-aged management by 2020.
See Table 17.

Table 17
Lower Colorado Region

Improved Timber Management Projections
(1,000 Acres)

Subregion Lower
Lower Little Colorado

Management Practice Main stem Colorado Gila Region _

1965-1980
Planting 5 15 35 55
Precommercial Thinning~ 20 40 80 140
Intensive Management 1 75 125 400 600

1981-2000
Planting 15

I
20 40 75

Precommercial Thinning 50 100 200 350
Intensive Management Y 125 I 400 275 800

2001;.2020
Planting 10 15 30 55
Precommercial Thinning 10 10 30 50
Intensive Management 11 125 375 275 775

Total 1965-2020
Planting 30 50 105 185
Precommercia1 Thinning 80 150 310 540
Intensive Management 11 325 900 950 2,175

- -
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Approximately 85 percent of the commercial timber is Ponderosa pine,
6 percent Douglas fir, 7 percent fir and spruce, and 3 percent other
species including aspen, cottonwood, and other hardwoods. This ratio
will remain about the same through the projection period.

The total output of timber products for the base year (1965)
amounted to about 87 million cubic feet. Eighty-four percent of the
timber harvested is in the form of saw logs, 14 percent pulpwood, and
2 percent other industrial wood products. See Table 18. Of the 39
wood conversion plants in this Region in 1965, 33 were sawmills, 2
manufactured house logs, 2 pulp and paper and 2 excelsior and poles.
Twenty-two of the sawmills were in the Little Colorado Subregion, 8 in
the Gila Subregion, and 2 in the Lower Main Stem Subregion. The two
house_ log plants were in the Gila Subregion, and both of the pulp and
paper plants were in the Little Colorado Subregion.

Projections indicate that the production of lumber and sawmill
products will increase until about 2000 with a decrease in lumber
production between 2000 and 2020. The production of pulpwood will
increase more than five times by 2020 and veneer, plywood, and particle
board plants will utilize about 38 million cubic feet of timber by
2020.

Approximately $30,000 worth of wood and other forest products
were harvested from the "unproductive" (chaparral and pinon-juniper
woodland) forest types in 1965. Most of these products were taken
from the pinon-juniper type with Christmas trees being the principal
item. Other products include boughs, fence posts, fuel wood,
wildings, pinon nuts, manzanita, and other products. It is estimated
that the use of these "inferior forest species" will more than triple
by the end of the projection period.
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Table 18
Lower Colorado Region

Present and Projected Timber Products Harvested
and Net Annual Growth on Commercial Timberlands

(Million Cu.Ft.)

other
Saw y Wood Total Net
Logs Pulpwood Products Timber Annual

Subregion Harvested Harvested Harvested Harvested Growth

1965

Lower. Main Stem 12 0 1 13 20
Litt1e Colorado 19 8 1 28 30
Gila 42 3 1 46 ...1Q

Lower Colo. Reg. 73 11 3 87 100

1980

Lower Main Stem 13 1 1

I
15 20

Little Colorado 20 19 1 40 50
Gila 43 10 2 55 50

Lower Colo.. Reg. 7b 30 4: 110 120

2000

Lower Main Stem 12 3 2 17 25
Little Colorado 41 30 2 63 60
Gila 28 12 J. 50 60

Lower Colo. Reg. El 52 7 130 145

2020 I
Lower Main Stem 12 6 2 20 35
Little Colorado 29 38 3 70 75
Gila 21 25 4 50 60

Lower Colo. Reg. 1)2 b9 '9 II+O 170

Y Includes harvested f'or veneer and particle board.
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The timber and dependent industries have been important to the
economy of the Lower Colorado Region for more than 100 years. In 1965
the timber industry generated nearly 175 million dollars into the
Region I s economy. The industry employed nearly 10,000 employees in
1965, with a total of more than 7<7 thousand man-years employment.
Projection indicates that by 2020 the industry will provide nearly
11,000 man-years employment with a total gross output of nearly 325
million dollars. See Table 19.

Photo 29. Timber Harvesting FS

The Economics Appendix IV provides additional information and
detail on the economic and employment opportunities in the timber
industries. The "commercial timber" and the "productive reserved"
timber types provide the greatest total value and variety of resources
and uses of any of the natural vegetative types in the Region.
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Table 19
Lower Colorado Region

Present and Projected Employment
in Timber-Based Industries 11

(Man Years) and Total Gross output (Thousand Dollars)

'B

Pulp, Total y
Sawmills Veneer & Particle Paper & other Gross

Timber Timber & Plan. Plywood Board Allied Timber Total output
Subregion Mgt. Harvest Mills Plants Plants Products Products Man-Yrs. ($1,000)

1965
Lower Main Stem 395 120 465 0 0 0 125 1,105 65,280
Little Colorado 410 325 1,515 0 0 1,495 335 4,050 64,358
Gila 410 460 1,080 0 0 270 345 2,560 44,587

Lower Colo. Reg. 1,215 905 3,060 -0 0 1,735 805 7,715 174,225

1980
Lower Main Stem 500 225 715 0 0 0 245 1,685 35,363
Little Colorado 525 395 865 585 125 1,420 635 4,550 81,918
Gila 580 445 970 0 125 405 635 3,160 64,998

Lower Colo. Reg. 1,605 1,065 2,550 5B5 250 1,825 1,515 9,395 182,279

2000
Lower Main Stem 675 255 670 170 125 0 340 2,235 58,468
Little Colorado 750 425 515 405 350 1,320 735 4,500 102,978
Gila 875 380 970 170 125 540 735 3,795 105,725

Lower Colo. Reg. 2,300 1,060 2,155 745 600 1,860 1,810 10,530 267,171

2020
Lower Main Stem 800 260 560 180 125 0 430 2,355 71,137
Little Colorado 1,000 415 340 400 350 1,180 775 4,460 116,602
Gila 1,200 345 795 220 125 700 795 4,180 134,951-

Lower Colo. Reg. 3,000 1,020 1,695 800 600 1,880 2,000 10,995 322,690
11 Includes total employment (public and private) timber-based industries on commercial timberlands.
~ Does not include secondary manufacturing products and processes (furniture, cardboard boxes, paper

products, etc.)



other Forest Resources

The coniferous timber type lands in the Region provide more than
2.8 million acre-feet of surface water and an undetermined but im
portant volume of underground water annually that is utilized by
industries, agriculture, and urban users in the cities and valleys of
the Region.

More than one million animal unit months grazing by domestic
livestock are dependent upon the forage resource of the coniferous
forest lands. The commercial timberlands, particularly the Ponderosa
pine type, provide some of the better domestic livestock range in the
Region.

Nearly one-half of the cold-water fishing in the Region occurs in
waters within the coniferous forests and is dependent upon maintaining
these forest lands and cover. These same timberlands are the home of
much of the wildlife resources of the Region. Timber management and
harvest programs are being designed to maintain these fish and wildlife
resources, and in some areas they will be enhanced through special
timber management programs.

Since World War II the recreational uses of the high cool timber
lands in the Region have tncreased nearly twentyfold. Pleasure
driving, picnicking, and camping have increased the most and provide
nearly 90 percent of the forest recreation use. Timber management and
harvesting programs are designed to mitigate and maintain the esthetic
and recreation resource values.

More than 100,000 acres of public-owned commercial timberlands
have been included within developed recreation areas and esthetic
zones adjacent to roads, trails, water areas, recreation areas, summer
homes, etc. Timber management and harvesting programs within these
developed and esthetic zones provide for maintaining the natural
beauty for the enjoyment of the forest users. Similar programs are
being incorporated in private timberlands.
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Photo 30. Timber managed to maintain natural FS
beauty in roadside zone

The timber resources on all public~owned lands and most of the
pr-ivate-owned lands in the Region are protected, developed, and
managed to utilize the timber resource so it will contribute its
greatest social and economic benefits on a sustained yield basis, in
harmony with the protection, development, and use of the range,
wildlife, recreation, water, and other resources and activities of
the commercial timberlands.
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Urban and Industrial

Mbstof the urban and industrial land use in the Lower Colorado
Region is in the Basin and Range Province. other than small amounts
of grazing land, nearly all of the development has taken place in the
valleys on lands that are highly suitable for irrigation. Soils are
deep and in most cases have an available surface or ground water
supply. In fact, much of the urban and industrial development
occupies land in active irrigation districts or outlying irrigated
areas. Approximately 90,000 acres of the 257,000 acres within a major
irrigation project area in central Arizona are now urbanized. Of the
remaining urban and industrial areas in the Region, only a very small
portion is on lands suitable for mineral, timber production, or other
nonagricultural uses. .

Urban and industrial developments occupied approximately
513,000 acres of the Lower Colorado Region in 1965. Individual
developments range in size from Phoenix's 158,000 acres down to small
unincorporated towns of less than a square mile. Population densities
are generally lowest for the large towns with their sprawling suburbs;
hence, average densities range from about 3.5 people per acre for
Phoenix to a high of about 10 people per acre for a typical small
town 0 Figure 8 shows present and projected population densities for
the Region, by subregion. Industrial users of land are generally
wi thin urbanized areas; only the mining industry occupies large
blocks of land outside of the urban areas.

In general, urban and industrial land developments are not com
patible with other uses. However, there is incidental agriculture,
nongame wildlife, water yield, and important outdoor recreation use.
The larger cities have recreation areas set aside. Phoenix' South
Mountain Bark with 60,000 acres is a good example.
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The following table compares present urban and industrial land
use with projections.

Table 20
Lower Colorado Region

Present and Future Requirements
for Urban and Industrial Land Use

(1,000 Acres)

t"LTo.jec _____
1965: 19C5O 2000 2020

Lower Main Stem 129 286 460 530

Little Colorado 19 78 98 135

Gila' 365 499 672 899

Total Region 513 863 1,230 1,564

Outdoor Recreation

The Lower Colorado Region provides an exceptionally wide variety
of outdoor recreation opportunities. The Lower Colorado, the Salt and
the Gila rivers and impoundments offer all forms of water recreation
throughout the year. The deserts provide winter recreation, inclUding
camping, picnicking, hiking, trail riding, rockhounding, and pleasure
~iving. The clear, cold mountain streams and cool forests of the
higher elevations provide summer outdoor recreation for the local
resident and tourist alike. Numerous high mountain areas, including
the White Mountains of western New Mexico and ea.stern Arizona, the
S8.i1 Francisco and Bill Williams mountains in central Arizona, the
Pine Valley Mountains in southwestern Utah, Charleston MOuntains in
southern Nevada and Mt. Lemmon in southern Arizona, provide oppor
tunities for the enjoyment of winter sports activities within a few
miles of the mild desert recreation areas and principal winter resort
centers of the Region. Golf, tennis and other outdoor sports are
available year~·round in the major centers of population throughout
the Region.
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Practically all of the land in the Region has something of
interest to the outdoor recreationist. Areas most valuable are
generally those which have some special attractions such as rivers,
streams, lakes and reservoirs, coniferous forests, areas of unusual
archeological, historical, botanical, scenic, and geologica.l values.
The White Mountains, Colorado Plateau, San Francisco Peaks areas of
Arizona. and New Mexico, the Charleston· Mountains near Las Vegas in
Nevada, and the Pine Valley Mounta.ins of southwestern utah are
nationally known summer recreation a.reas for both tourist a.nd local
inbab1tants. The geologic wonders of the Grand canyon and Zion
national parks and the Petrified Forest National Monument a.ttract
tourist ~ recreationists alike from around the world.

Photo 32. Enjoying the wonder of Grand Canyon
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The Organ Pipe Cactus National Monument in southern Arizona, the desert
mountains of the Superstition Wilderness Area and the desert areas of
the Gila and Colorado rivers, provide unexcelled recreation oppor
tunities for winter tourist and local citizens interested in desert
flora and fauna. For those interested in archeology the Casa Grande,
the M::mtezuma Castle~ the Tonto and Wupatki national monuments provide
nationally known areas for study and recreation.·

Photo 33. Winter Visitors - Organ Pipe Cactus
National Monument

NPS

The "outdoor recreation" resources of-the Region provided more
than 138 million recreation days use in 1965. As shown in Table 21,
this is expected to increase to more than 900 million by 2020.
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Table 21
Lower Colorado Region

OUtdoor Recreation Demand - 1965 and Projections
(1,000 recreation days) !I

Pro.i ections
Subredon 1965 1980 . 2000 2020

Lower Main Stem 41,645 92,430 193,601 313,082

Little Colorado 19,381 35,904 63,171 101,091

Gila 77,158 139,271 283,005 503,408

Lower Colorado Region 138,184 267,605 539;777 917,581

!I Recreation day is a visit by one person for all or a portion
of one 24~hour day.

The above recreation use does not include driving or walking for
pleasure. It is estimated that one-fourth of the total recreation use
in the Region is spent in viewing scenery and in enjoying the unique
and unusual surroundings. This form of outdoor recreation is es
pecially popular during the winter tourist season. Administration and
management of IIlost public lands (federal, state, and local) provide
for the maintenance and enhancement of the esthetic values along high
ways, roads, trails, waterways, and areas having important recreation
and other public use. Private utility companies in the Region are
sometimes providing for preservation of scenic values in new construc
tion and reconstructing existing facilities to enhance the attractive
ness of their installation and surrounding area. Land developers in
the rural and urban areas of the Region are prOViding for protecting
and improving the natural beauty of the landscape.

About one-fifth of the Lower Colorado Region is within the
boundaries of Indian reservations. The Indian tribes are developing
outdoor recreation attractions on these reservations as one of their
important natural resources. The Forest Service, Bureau of Land
Management, Bureau of Sport Fisheries and Wildlife, National Park
Service, and the State Parks and Fish and Game departments of the
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four states in the Lower Colorado Region, as well as many of the
counties and private landowners, are developing the camp, picnic, and
resort opportunities of the Region •

. Designated recreation lands are those .lands where recreation use
is the primary consideration in management. These lands include high
use areas, unique natural areas, primitive areas, and historic and
cultural sites. Areas of intensive recreation use within urban
developments are excluded. All lands are important and are used for
recreation. Only designated recreation lands are shown as requirements
in Table 22. However, to satisfy the total recreation demand, it is
assumed that recreation use of virtually all land will continue.

Table 22
Lower Colorado Region

Land Required for Designated outdoor Recreation
(1,000 acres)

Projections
Subre~ion 1965 1980 2000 2020

Lower Main stem 4,247 4,570 4,609 4,660

Little Colorado 203 206 246 262

Gila 1,092 1,112 1,157 1,224

Lower Colorado Region 5,542 5,888 6,012 6,146

Of the total area shown in Table 22, Table 23 shows that portion
which has been or is projected to be developed for high density
recreation use or for substantial development for a wide variety of
specific recreation uses. In the first category are included such
areas as: bathing beaches, artificial lakes, golf courses, and playing
fields. In the second category are included areas such as: camp
grounds, picnic areas, winter sports areas, and those areas developed
for nature walks and water sports.
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Table ~~3

Lower Colorado Region
Areas Developed for Outdoor Recreation

(Acres)

Projections
Subreltion 1965 1980 2000 2020

Lower Mt.in Stem 3,725 7,868 16,614 35,517

Little Colorado 1,716 3,470 5,916 8,972

Gila 11,682 . 50,407 121,992 221,144

Lower Colorado Region 17,123 ,61,745 144,522 265,633

". --. ."
~.. i:.... ~...,!..~

Photo 34. Picnicking at forest campground FS
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The high mountain areas of the Region provide excellent quality
winter sports activities including skiing, snowmobiling, and family
winter recreation. Excellent ·winter sports areas have been developed
in the mountains of southern Arizona, the Coconino Plateau, the White

.Mountain area of central and eastern Arizona, the Pine Valley Mountains
of southwestern utah and Mount Charleston near Las Vegas, Nevada,
These high mountain areas provide recreation opportunities for the
winter sports enthusiasts attracting visitors t'".com New Mexico ~ Texas,
and California, as well as for the winter tourist and local winter
sport e~thusiasts of the Region.

Photo 35. Winter Recreation in the FS
Southland
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As of 1965, the live streams and lakes in the Region provided
about 219,000 acres of water for recreation use. Nearly every live
stream or lake has a developed recreation site or has potential for
recreation development. That portion of the Colorado River in this
Region provided more than nine million visitor days of water-based
recreation in 1965. Most of the users were residents of Arizona,
California, Nevada and Utah. The lakes on the Salt, Verde and Gila
rivers provided 825,000 visitor days of water-based recreation for
local residents and visitors.

Most reservoirs are managed as multiple-purpose projects. They
are managed to provide the maximum recreation benefits consistent with
maintaining other values; power, irrigation~ flood control, and fish
and wildlife.

The extensive areas of public lands administered by Forest
Service, Bureau of Land Management, Bureau of Sport Fisheries and
Wildlife, National Park Service, state and county parks, state game
and fish departments, and others, provide almost unlimited oppor
tunities for dispersed recreation such as hiking, riding, rockhounding,
pleasure driving, hunting, fishing, and general enjoyment of the
desert, mountain, and forest environment. These recreation resources
and opportunities are being coordinated with all other resources of
these public lands to prOVide the greatest total benefits to the
people of the communities and Nation.

The cities, towns, and villages of the Lower Colorado Region are
particularly aware of the value of a need for outdoor recreation
opportunities offered in city parks and golf courses. The cities of
Phoenix, Tucson, and Las Vegas, the primary recreation and resort
cities of the Lower Colorado Region, as well as other communities of
the Region, provide both public and private opportunities for outdoor
recreation for the local citizens and tourist.
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Photo 36. Enjoying the forest surroundings FS

Recreation and tourism have grown into a multi-million dollar
industry in the Lower Colorado Region. The outdoor recreation oppor
tunities provided by the forest, mountain, desert, and water areas of
the Region, as well as the opportunities provided by intensively
developed city, county, and other local government recreation areas,
are an important factor in this expanding tourist industry, as well
as strong attraction for other types of industrial development~

Additional detailed information may be found in Recreation Appendix XII.
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Wilderness, and Wild and Scenic Rivers

Wilderness

For purposes of this study a wilderness or primitive area will be
considered as an area of 5,000 acres or more of undeveloped federal
land, retaining its primeval character and influence, without permanent
improvements or human habitation, which is protected and managed so as
to protect its natural conditions.

In 1924 the Gila Wilderness Area in New Mexico was designated by
the Forest Service for wilderness management. After the esta.blishment
of this first wilderness area in the United States, 11 additional
areas on national forests in the Lower Colorado Region were classified
as wilderness or primitive areas. In 1964 Congress incorporated six
of these areas in the National Wilderness Preservation System under
the Wilderness Act of September 3, 1964. By the same Act, the desig
nated primitive areas on the national forests and other areas within
the national forests, national parks and monuments, and recreation
areas administered by the National Park Service, will be studied for
inclusion in the Wilderness Preservation System by 1980. They may not
be classified until the 1980-2000 time frame. See Table 24. The
National Park Service plans to study roadless areas in Saguaro, Grand
Canyon, Organ Pipe, Lake Mead, Zion, and Wapatki for possible future
inclusion in the system. Fift~-five thousand acres, administered by
the National Park Service, in the Lower Colorado Region have been
reconnnended for inclusion in the Wilderness Preservation System.
Lands administered by the Bureau of Sport Fisheries and Wildlife
amounting to 1,645,000 acres in the Region are being reviewed for
suitability for inclusion in the Wilderness Preservation System.

An area of 5,667 acres, administered by the Bureau of La.nd Manage»
m.ent, in the Gila Subregion has been designated by the Secretary of
Interior as the "Aravaipa Primitive Area" for protection and management
of the wilderness values. Projections indicate that by 1974 about
25,000 acres of land administered by the Bureau of Land Management will
be designated as "primitive areas" for wilderness management and pro
tection.
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Photo 37. Primitive Area and Use BLM

Lands managed as wilderness in the Lower Colorado Region are
unique in that they include a variety of climate, land~ and vegetative
types. They range from the lower Sonoran desert to the alpine tundra
above timber lineo The rugged desert beauty of the Superstition
Wilderness, the primeval timberlands of the Gila Wilderness, desert
scenic Canyon Gorge of the Aravaipa Primitive Area, the rugged beauty
and unique geologic formations of the Chiricahua Wilderness,and the
alpine tundra of the Mount Baldy Primitive Area are but a few of the
diverse geologic, vegetative, and clima~ic types.
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Photo 38. Wilderness use tripled between
1955 and 1965.

FS

In 1965 more than 150,000 visitor days were spent in the wilder
ness and primitive areas in the Lower Colorado Region, More than
33,000 visitor days were spent in the Superstition Wilderness and
70,000 visitor days were spent in the Gila Wilderness. More than
3,000 visitor days were spent in the Mount Baldy Primitive Area which
includes 7,000 acres of the Apache National Forest and 7,000 acres of
the Fort Apache Indian Reservation set aside by the White Mountain
Apache Tribe to compliment the adjacent area. Use of the wildernesses
and primitive areas in the Region in 1965 was more than three times
the use in 1955.
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Table 24
Lower Colorado Region

National'Wilderness Preservation System
1965
Acres

Wilderness

Name
Gila Wilderness
Chiricahua Wilderness
Galiuro Wilderness
Mazatzal Wilderness
Sierra Ancha Wilderness
Superstition Wilderness

Total Wilderness

Administering
Agency

FS
FS
FS
FS
FS
FS

Subregion
Gila
Gila
Gila
Gila
Gila
Gila

Area
433,9lb
18,000
52,717

205,346
20,850

12~4140
~.nz:r.---05 ,::N9

Primitive Areas

Name
Black Range
Blue Range
Gila
Mt. Baldy
Pine Mountain
Sycamore Canyon
Aravaipa

Total Primitive Areas

Administering
Agency

FS
FS
FS
FS
FS
FS
BLM

Subregion
GilA
Gila
Gila
Little Colorado
Gita
Gila
Gila

Area
169,984
2l1,470
132,788 , /

7,400 b
16,399
49,590 gj
5 667

593:298

DeSignated :for Study :for
Suitability o:f Wilderness Classification

Name
Petrified Forest
Chiricahua
Havasu Lake
Kofa
Castle Dome
Imperial
Cabeza Prieta
Desert Wildlife Refuge

Total

Administering
Agency

NPS
NPS
BSFW
BSFW
BSFW
BSFW
BSFW
BSFW

Subre.s.ion
Little Colorado
Gila
Lower Main stem
Lower Main stem
Lower Main Stem
Lower Main Stem
Lower Main Stem
Lower Main Stem

Area
50,2"bO"I!
4,685 JJ

17,000
202,000
125,000
l2,000

624,000 4
665,000 !:J

1,699,945

~J Included 'in the ~ilaerness Preservation System in 1970 and area
adjusted to 6,975 acres.

g; Area designated 'by Secretary of Interior as Primitive Area.
JI Recommended to Congress for inclusion in, Wilderness Preservation

System.
~ Approximately 835,000 acres, not shown, will be reviewed if and when

area is no longer needed for military operations.
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The increasing appreciation and demand for wilderness environment
is expected to continue through the projection period. As the re
sources (timber, livestock forage, intensive recreation, wildlife, etc.)
are developed, and as the transportation systems in the natural en
vironment areas are expanded and improved, the demand for use of
classified wildernesses will increase. Before 1980 those wildernesses
or portions of wildernesses easily accessible to the principal centers
of population, and those wildernesses having special attractions will
be utilized to their capacity and will require limits and controls on
the use. Projections indicate there will be nearly 3.5 million acres
of classified wilderness in the Region with a capa.city of l.~ million
visitor days per year by 2020. See Table 25. The demand for more
than 18 million visitor days per year may be expected by 2020.

Areas within the Wilderness Preservation System are closed to all
forms of motorized transportation. They are open to most forms of
outdoor recreation, to hunting and fishing, to the grazing of' live
stock where established prior to the effective date of the Wilderness
Act, and for other uses (scenic, scientific, educational, conservation,
and historical), so long as the wilderness character of the area is
preserved. Prospecting for the purpose of gathering inforrr~tion about
mineral or other resources will be permitted until December 3l j 1983,
so long as such activity is carried on in a manner compatible with the
preservation of the wilderness environment. 11 The harvesting of
timber for commercial purposes is not per.mitted within the areas in
cluded in the Wilderness Preservation System. Permanent roads will not
be constructed within the wilderness area nor shall the use of motor
vehicles, motorized equipment, or motor boats, landing of aircraft or
other forms of mechanical transport be permitted, and no structure or
installation may be constructed; Resources and uses within the
wildernesses are managed, within the wilderness concept, to maintain a
vegetative cover to prevent erosion and water pollution.

11 Hunting~ prospecting or use by domestic livestock are usually not
permitted on lands administered by the National Park Service and
these activities are not permitted on wildernesses within the
national parks and monuments.
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Tab~e 25
Lower Co~orado Region

Area and Use of C~assified Wi~derness !I

- 2000 2020- Area Use yBe Area Use_y
000 (1,000 Ac.) (1,000 (1,000 Ac.) (1,000
itor visitor visitor
ys) days) days)

1,700 400 2,000 500

58 40

I
58 40

1,400 600 1,400 600

3,158 1,040 I 3~458 1,140

C900
-_.~- Aw,i1able Area and Use

--
.)1 (1

lvi
Ida

-I~

!
I 5I-
i
I 5,
I

-t~965 1
Area Use --r Arel

(~,000 Ac.) (1,000 '1,000
visitor

Subregion days)

Lower Main Stem ° 0 l

Little Colorado ° ° 51

Gi:~a:;;, 861 80 I l)40l

Lower Colorado I
Region 86~ 80 I ~,45i

. !

~o

!I Includes only areas classified Ul'!.der the Wilderness Preservation Act cif September 3, 1$164, and
formally designated by the Bureau of Land Mane..gement as Primitive Areas under the Land
Classifica.tion and Multiple Use Act, P.L. 88-607 (Aravaipa ,. 5,667 ac.)

gj Limited tQ the capacity, about one~fifth of the projected demand.



Wild and Scenic Rivers

As of 1965 some rivers or sections of rivers had been studied or
recommended for study to be included in the Wild and Scenic Rivers
Act. This Act, P.L. 90-549, enacted in 1968 did not include any
rivers in the Lower Colorado Region.

Military and Related Uses

Most of the land used for military and related purposes in the
Region is barren desert or semiarid mountainous terrain. Large areas
in southwestern Arizona, southern Nevada, and western New Mexico are
used by the Army, Air Force, and the M<3.rine Corps to test military
equipment and weapons, to give gunnery and bombing training to military
personnel, and for ordnance depots. This land has been selected for
testing of dangerous equipment and for training of personnel in its use
because it is located far away from developed areas and because there
is a low demand for other uses except for desert game rangeso
Generally, the land is not readily suited for agriculture and does not
yield minerals in economical quantities.

Table 26 shows the acreage of land used for military purposes in
the three subregions and in the four states i~ the Region. .

Table 26
Lower Colorado Region

Land Used for Military Purposes - 1965

Subregion
State Lower Main Stem Little Colorado Gila Total

Acres Acres Acres Acres

Arizona 3,171,000 0 453,000 3,624,000

Nevada 481,000 ° 0 481,000

New Mexico 0 21,000 0 21,000

Utah ° ° 0 °
Total 3,652,000 21,000 453,000 4,126,000
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With the exception of the bombing and gunnery ranges, all of the
military facilities have heavy economic impact on the surrounding
areas. They employ large numbers of civilians and the demand for
goods and services for military personnel stationed at the bases
create many employment opportunities in nearby cities. The military
range facilities~ such as Las Vegas Bombing and Gunnery Range, Nevada,
and the Luke Bombing and Gunnez'y Range, Arizona~ in themselves do not
create a significant economic impact on local areas, However, the
bases associated with those ranges would not exist if it were not for
the large amount of land available for military range purposes. At
present, there is no significant demand for the military reservations
except f'or game refuges and recreation. Currently, in some instances,
the military is encouraging the multiple use of the reservations to
include fish and wildlife management and recreation when consistent
with the basic mission of the facility and the safety of the user.

Mineral Production

The actual acreage used for mineral production is a very small
percentage of the total land area. As an example, the open-pit copper
mine at MOrenci, Arizona, which is one of the largest mines in the
world, requires less than a township of land f'or the mine, mill,
smelter, tailings, ponds~ waste dumps, and the town itself. Lands
producing minerals while small in extent are intensively used. Their
economic importance is great and their compatibility with other uses
is low. These lands are almost entirely in private ownership.

Mineral deposits are scattered over a signif'icant portion of the
Region. MOre than 10 percent of the national forest lands and over 25
percent of' the public domain lands in the Lower Colorado Region are
covered by legally located mineral claims. These mineral deposits will
be developed as the demand and improved technologies make development
feasible. It is difficult and often impossible for public land
managers to know where the mineral claims are located. Holders of
valid mineral claims are,assured, under existing laws, the right to
construct a road or other means of' access to valid mineral claims, and
are entitled to the use of any of the surface necessary for exploration
and development of the claim. These provisions for location and
development make it difficult for the land managing agency to control
environmentai impacts. Where the deposits are valuable the locator
may acquire title to the land within his claim or claims upon payment
of a nominal sum. Usually most lands covered by mineral claims are
managed according to multiple-use principles prior to the time they
may be developed for mineral production.

Generally the lands administered by the National Bark Service and
Bureau of' Sport Fisheries and Wildlife are closed to mineral entry.
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Federal lands included in the wilderness system will be closed to
mineral entry after December 31, 1983. In addition, 209,000 acres of
national forest lands and 967,000 acres of public domain lands have
been withdrawn from mineral entry for recreation, research, watershed
protection, public use, scenic and environmental values.

Many of the old mineral developments and mining camps are
popUlar resort, tourist and outdoor recreation attractions. Jerome,
Bumblebee, Tombstone, and the Vulture Mine near Wickenburg are
examples.

Mineral' production constitutes one of the primary sources of new
wealth in the Lower Colorado Region. In 1968, the value of minerals
and metals exceeded $626 million in Arizona alone. It supplied well
over 50 percent of the total U. S. production of copper and substantial
amounts of gold, silver, molybdenum and other metallic and nonmetallic
minerals.

The following table compares mineral industry land use in 1965
with projected requirements.

Table 27
Lower Colorado Region

Land Required for Active Mineral Production 11
(1,000 acres)

Projections
Subregion 1965 191)"0 2000 2020

Lower Main Stem 5 9 10 11

Little Colorado 7 28 41 84

Gila 63 78 105 128-
Total Region 75 115 156 223

11 Does not include areas being utilized for prospecting,
assessment work, and access to mineral claims.
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Fish and Wildlife

Fishery resources of the Lower Colorado Region are predominantly
the re!3ult of man-made facilities. These resources range in quality
from poor, shallow, polluted areas to clear 1 cold mountain streams and
large multiple-purpose reservoirs such as Lake Mead. Fish species
occurring ip. the Region vary from marine striped bass in the Colorado
River, through a wide variety of warm-water species associations, to
rainbow and native trout in the colder waters of the Region. Public
recreation use of many existing fishery resources is hampered by lack
of access and facilities; however, much of the quality fisheries are
the result of lack of access and facilities, and these situations must
be carefully studied prior to opening them up. Fishermen contributed
approximately $50 million in 1965 to the economy of the Region. Land
use changes may affect the fishery resource adversely or beneficially.

Photo 39. Stream improvement for fish
habitat

FS

Wildlife resources of the Lower Colorado Region occur in all of
the vegetative cover type zones from the lower desert areas to above
timber line. Big game species, represented by mule deer, white-tailed
deer, black bear, desert bighorn sheep, pronghorn antelope, javelina
(collared peccary)~ elk, and wild turkey, occur within the Region
where suitable habitat is available.
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Wildlife game species are somewhat adaptable, and may occur in
& variety of habitats. Hunter use of upland game species occurs
throughout most of the Region, being limited in those areas where
firearms limitations are imposed.

The -Region contains habitat that supports many other species of
birds, mammals and reptiles. Migrating waterfowl depend on rather
small areas of wetland type habitat throughout the Region. The arid
character and habitat of the desert supports some species that are
unique to this area. The riparian vegetation is an important habitat
type for many wildlife species, particularly in the desert. Sight
seers, photographers, study groups, and others enjoy the search for
and observation of all forms of wildlife.

The compatibility of some wildlife species with other land uses
cannot be generalized. Species such as the desert bighorn sheep and
the wild turkey will not sustain wild populations if more than mildly
disturbed in their native habitat.

Hunting in this Region is vitally important to the well-being of
the people, as well as being important economically. It is estimated
that expenditures on hunting activities in the Lower Colorado Region
contribute in excess of 25 million dollars to the Region's economy
annually.

Table 28
Lower Colorado Region

Land Requirements for Fish and Wildlife Y
(1,000 acres)

Subregion 1965 Y 1geO 2000 2020

Lower M9.in stem 1,823 3,326 5,330 12,680

Little Colorado 16 47 226 476

Gila 19 173 1,619 1,864

Total Region 1,858 3,546 7,175 15,020

Pro.iect·

!I Designated lands available for hunter use but not
excluding other compatible uses.

y Another 1.4 million acres were managed primarily
for wildlife in 1965 but were not available for
hunting because of access restrictions.
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Water Yield ~2:0vement

Every acre in the Region can be considered as watershed, and
management of every resource and activity has an effect upon water
yield. Water yields vary depending upon the topography, climate,
vegetation, and so~ls. Conditions of the watershed are affected by
past and present use.

The g~owing population with its increasing demands upon the land
and water resources has created a greater need for protecting the
water quality and increasing the water yield. The public is becoming
increasingly aware of this need.

Research studies were initiated in the Region before 1920 by the
Forest Service to provide direction for improved water yield on the
forest and range lands of the Southwest. The Bureau of Reclamation,
Geological Survey, state land departments, and colleges and universi
ties have conducted related studies in watershed management since the
1940 t s, with special emphasis on increasing the water yield and
improving the water quality, particularly from the forest and range
lands.

Photo 40. Structure for studying the effect FS
of watershed treatment on water yield
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Water is a critical factor in the economy and fUture development
of the Region and the entire -Southwest. Underground reserves are being
depleted; the annual pumping rate in the Salt River Valley alone is
about three times the annual recharge and other underground basins are
being "depleted as fast or faster. As the water level in the under
ground basins decline, water quality deteriorates in most uses. Other
water sources are being sought, including additional water from water
sheds within the state.

A hydrologic reconnaissance and analysis has been made for the
national forest lands in the Southwest to determine the potential
increase in water yield and decrease in sediment. Based upon this
survey and analysis, together with hydrologic studies by the Geological
Survey and others, water yield improvement program involving vegetation
management can be an effective and efficient means of augmenting
existing water supplies in water-short areas.

The forest lands of the Region contribute an average of about 90
percent, 2.8 million acre-feet, of the water to the streamflow
annually. In addition, the forest lands contribute an important but
unmeasured quantity of water to the underground aquifers.

Table 29 compares the area treated for water yield improvement in
1965 with projected requirements. The treatment consists of modifying
the practices of timber harvesting and of converting chaparral, mountain
brush, and deeper-rooted riparian trees and shrubs to grasses.

Table 29
Lower Colorado Region

Land Requirements for Water Yield Improvement
(1,000 acres)

Projections
Subregion 1965 19tso 2000 2020

Lower Main Stem 4 49 99 149

Little Colorado 50 115 245 425

Gila 60 200 620 840- -- -- ---

Total Region u4 364 964 1,414
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TABLE 31

LOWER COLORADO REGION

GENERAL LAND CHARACTERISTICS AND SUITABIl,ITY FOR USE

MAP
SYMBOL

Topographic
Position

I
Elev. I SoU
in Parent
~'t. Material

GENERAL LAND CHARACTERISTICS

I
Soil IMean Ann.
Depth Precip.

In Inches 1Mean Ann. lAve. Frost- I Dominant
Temp. FO Free Period Native

in Deys Vegetation

Livestock
Grazing

I
Native
T:imber

Production

GENERAL surfABILITY FOR USE Y

1

Cropland INative
(irrigated WildliJ'ey
~~~:;snoted) Habttaii M I

Outdoor
Recreation

I
Surface
water
Yl.eld

1 Gentle Slopes,
Escarpments,
Ledges &
Breaks

5,000
to

7,500

Sandstone & Very shallow
some Shale to shallow,

locally deep

6
to
16

49
to
53

100
to

1'70

Grass, Shrubs
& Pinon
Juniper Woods

F to G P to
F-deep soils

G to I:
Mule Dfer ,
AnteloI>e &
'furkey

J;' to G
(cool summer)

P to F

Mountainous

Rolling,
Sloping
Hills,
Escarpments,
Ridges &
Canyons

8,000
to

12,000

6,500
to

7,500

Basalt,
Limestone,
Sandstone &
Alluvium

Sandstone &
Shale

Very shallow
to shallow,
locally stony

Very shallow
to shallow,
locally deep

20
to
35+

10
to
16

32
to
40

1'7
to
52

30
to
70

100
to

160

Mixed Conifer P to F
:B~orest &
Alpine

Wooded, Shrubs, Ii' to G
Grass &
conifer l!~orest

G to E

F to G

P

P to
G-deep soils

G to I:
Most Bllccies
Big Garle

F' to c
Mule Deer,
Antelore &
UI)land Game

G to E
(cool summer &
wintersports)

.b' to G
(cool sUJIuuer)

1~,OOO Alluvium &
to Aeolian

5,500

Shrubs & Grass F to G4

6

Flood Plains,
Rolling Hills,
& Local Sand
Dunes

Uplands &
Rolling
Plains

Uplands
Rolling Hills,
& Local
Sand Dunes

5,500
to

6,700

5,500
to

6,000

Basalt &
Cinders
with
Alluvium

Old
Alluvium
& Sandstone

Deep to Mod.
Deep (medium
texture)

Mod. Deep
to Deep

Mod. Deep
to Deep
(sandy)

6
to
13

8
to
11

8
to
.ll

50
to
55

1.8
to
54

48
to
54

110
to

200

110
to

200

110
to

180

Grass & Shrubs

Wooded, Shrubs
& Grass

P to G

F to G

G to E

F to G

F to G

F' to G
Upland Game
& Mule Deer

F to E
Upland Game

p to J
Mule ~er

& Up.lal'd
Game

Ii' to .~

W.T • .D~er &
Upland Game

G to ~
Anteloye

P to G
(cool sUJIIDler)

P to G
(cool sUJlIDler)

F to G
(cool summer)

p

P to F

P to F'

7 Gentle Slopes
& Valleys

4,000 Alluvium
to

6,500

Mod. Deep
to Deep

6
to
16

56
to
62

190
to

228

Wooded, Shrubs, P to F."

Grass &
Conifer Forest
on cool, moist
sites

P - warm
drJr sites to
G - cool
mo:l.Bt ai tes

P to G F' to j:
Upland Game
& Ml.l.le Deer

G to Ii;
(cOOl summer)

P to F

8

9

10

11

12

Plains,
Rolling Hills,
Some Breaks &
Escarpments

Mountain
Slopes,
Breaks &
canyons

Gentle,
Sloping Hills
with Narrow
canyons

Rolling
Plains,
Canyons,
Rock Ledges,
& M:>untain
Slopes

Mountain
Slopes with
Deep Canyons
& Escarpments

4,500
to

5,500

5,000
to

8,000

4,500
to

7,000

5,000
to

8,000

2,500
to

5,000

Interbedded
Sandstone &
Shale

Shale &
Sandstone

Limestone

Basalt,
Cinders
& Tuff

canyon
lands,
Rocklands
& Alluvium

Very Shallow
to Mod. Deep,
some Deep
(generally
clayey)

Very Shallow
to M:>d. Deep
(stony)

Very Shallow
to Shallow

Shallow to
generally
Deep (stony
& clayey)

Very Shallow
to Shallow
(Rocky)

6
to
16

16
to
30

8
to
30

12
to
30

8
to
12

50
to
55

39
to
50

47
to
55

39
to
50

50
to
56

110
to

f!OO

'10
to

130

60
to

150

70
to

130

130
to

250

Wooded & Grass

Wooded, Grass,
Bhl'UDS &
Conifer Forest

Wooded, Grass,
Shrubs & some
Conifer Forest
in areas above
18" ppt.

Wooded, Grass,
Shrubs &
Conifer It'orest
in areas above
18" ppt.

Bare rock
to Wooded
& Grass

Pta F

P to G

P to G

P to F

P to F

.P - warm
dry sItes to
G - cool
moist sites
G to g for
Ponderosa
Pine

P - warm
dry sites to
G - cool
moist sites

P - vrn..rm
dry sites to
G - cool
moist sites

P to G

P to
C··deeper

soila
Irr. &
non-Irr.

P
(except.
small local
areas)

P to G
irr. &
non-lrr.

p

P to ~
Deer, ~:Urkey

& Bear
F to I:

Antel·Qt}

G
Deer, :rear ,
Turkey, lSlk
& Javelina 
lower EleVa

E
Deer, J!lk,
Antelot-e,
'furkey & Bear

G to ]!
Deer, Jj'lk,
Anteloj:e &
Turkey

F' to E
Deer, TLlrkey
& Bighoin
Sheep

P to J;'
(cool sunuuer)

G to E
(cool sUl1llUer)

C t.o .~

(cool summer)

G to F~

(cool summer)

P to E
(Grand Canyon)

P

G to l!~

P to G

P to ]'

13 Mountain
Slopes

3,000
to

5,500

Mixed
Granite,
Rhyolite,
& Gnesia

Very Shallow
to Deep
(stony)

48
to
56

60
to

160

Bhrubs, Grass, P to G
Pinon-Juniper
Woods &
Conifer I~orests

in areas above
18" ppt.

P - warm
dry sites to
G - cool
moist sites

:P-shallow
soil to
G-deep soD.

G to E
Deer, Bear,
Javellna,
Ant.elope,
Turkey,
(/)lail &
Non-game
Species

P to G F to F:

14

15

16

17

Gentle Slopes
& Valley
Floors

Valley noors
& Closed
Basin

Gentle Slopes
& Valley Floors

Desert
Mountains &
Slopes

3,500
to

5,000

4,100
to

4,200

125
to

3,500

500
to

4,000

Recent &
Old
Alluvium

Alluvium

Alluvium

Granite,
Schist,
Rhyolite
& Basalt

Mod.. Deep
to Deep

Deep & Dense
(Saline)

Deep to
Very Deep

Shallow to
Mod. Deep

8
to
16

Neal'
10

3
to
10

4
to
14

58
to
62

58
to
62

62
to
'12

55
to
65

175
to

210

1'75
to

210

220
to

Yearlorlg

190
to

Near
Yearlong

Grass, Shrubs
& Woods

BEl,rren &
Grass

Ca,cti, Annual
Grass &
Shrubs

cacti, Annual
Grass to
Perennial
Grass & Shrubs

G to E

P

P to F

P to F'

G to E

p

G to E

P

F' to E
Mule Deex
J'a,velina &
Quail

F' to E
Hare Species

E
Waterfowl &
Non...game
Species

F'to E
Mule Dee,r,
Sonoran
Antelope,

E
~"or all
wildlife in
riparian areas

F'to Fi
Desert B~gh()rn

Sheep, Mille
Deer & '
Javelina at
higher e:,-eva

IP 'to G
(mIld winter)

P to G

P to E
(near water
aU year)

(warm winters)
P-sununertime

to
E-wintertime

P to F

P

P

P to F'

Y General Rating P - Poor
F' - Fair
G - Good
E - Excellent

?J This habitat supports many bird, reptile and
other forms of wildlife but are too numerous
to list.



SOIL PARENT GENERAL
MATERIAL CLIMATE

Sandstone
Cool and moistand shale

limestone Moderote

Bosolfand Cool to
cinders moderate

Rocklonds
Warm to
moderate

Granite and Worm to
other cool

Alluvium Dry and worm

Alluvium Dry and warm

Alluvium Hot Desert -30-

Mixed Hot Desert

Upland plains
and mountains

Hills and plains

- - Region Boundary

------ Subregion Boundary

------ State Boundary

----- County Boundary

~ Mountainous
~ with canyons

~ Mountainous

GENERAL
TOPOGRAPHY

Mountainous
and foothills

~ Volley Plains
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About 39,000 acres of national forest lands in the Region are
included in "classified watersheds lt to provide for high quail ty
domestic water. Six areas have been designated as municipal watersheds
under agreement between the Forest Service and the local municipality.

other federal and most state·'owned lands included within the
watershed of municipalities are managed to maintain high water quality
as provided for in the agency land management plans. These management
programs provide for control of livestock use, camping, timber
harvesting practices, and residential and industrial developments,
including swnmer homes and resorts 0
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Transportation and utilities

Demands for additional land for transportation and utilities have
kept pace with the rapid regional growth which mushroomed in the
1950's. We can expect to see even greater demands for this type of
land use in the future as the regional population continues to soar.

Main highways, railroads, and airports effectively exclude almost
all other land uses. However, these facilities exist within such a
large area that generally they do nothing more than break the country
up into large blocks. Resultant land management problems are generally
local ones centered a~ound such factors as road erosion, reduced access
along freeways, the stimulation of land use change near major freeway
interchanges, and disruption of local grazing patterns and cattle
movements. The most serious problem is the continued reduction in the
taxable land base associated with highway rights-of-way encroachment
upon private land. In this Region only 18 percent of the land is
privately owned. Beneficially, facilities such as main traveled roads
and service roads open up previously inaccessible areas to industry
and recreation and facilitate better management of the natural resource.
Additionally, a wealth of jeep roads, horse and foot trails permit
access to virtually all portions of the Region.

Transportation and utilities playa key role in the economic
development of the Lower Colorado Region. Improved utility services
and increased production of power and water are essential if industry
and a growing population are to be supported. AlSO, in this Region
remote from the traditional market centers of the Nation, transpor
tation assumes an especially vital role. Interstate railroad freight
amounts to more than 25,000,000 tons annually. Of this, roughly one
third originates from within the Region and approximately one-third
terminates within the Region. Because of excellent climatic con
ditions, the Lower Colorado Region supports some of the heaviest
flight traffic to be found anywhere. This climate is also a factor in
the establishment of heavily used trucking routes through the Region.
Twenty-five percent of all motor vehicle traffic is commercial. An
estimated 30,000 people are employed by the transportation and
utilities industry.

Telephone, canal, electric power, and buried pipeline rights-of
way often modifY existing uses. Irrigation canals provide fishing
opportunities and canal side trails for horseback riding or hiking
may be provided in urban areas. Rights-of-way for overhead trans
mission lines can be designed to harmonize with the surrounding
environment while at the same time creating openings for wildlife.
Erosion control seeding along these rights-of-way can include wild
life feed. Water storage reservoirs exclude timber, forage, and crop
production but often enhance other uses such as recreation and
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Photo 41. Transportation, Interstate System,
R1oenix, Arizona
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fisheries. Management must be aimed at achieving maximum mUltiple
benefits where possible. For example, management of reservoir storage
requires the coordination of various needs and interest groups. In.
some instances, reservoir water levels are adjusted when possible to
assure a desirable fish spawn. As uses are intensified the need for
closer coordination will become necessary.

The following table compares 1965 use of land for transportation
and utilities with projected requirements:

Table 30
Lower Colorado Region

Land Requirements for Transportation and utilities
(1,000 acres)

Projections
Subregion 1965 191:)0 2000 2020

Lower M9.in Stem 221 266 318 357

Little Colorado 63 103 130 136

Gila 376 489 582 652

Total Region 660 858 1,030 1,145

Archeological Resources

The Region's archeological resources are highly significant to
the understanding of the prehistory of the nuclear Southwest. The
unstudied archeological resources of the area are analogous to pages
in the only copy of a book on the history and activities of Man over
the past 15,000 to 20,000 years. The science of reading this .
archeological book is well developed and its ability to translate the
significance and meaning of the archeological record is constantly
increasing. MOdern man, with his necessary demands for development
of resources to meet his modern needs, is sometimes removing
archeological pages from the one and only book on the prehistory of
aboriginal America.
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LAND SUITABILITY AND AVAILABILITY

Land suitability and availability is a system to classifY land
areas according to their potential to satisfY needs. Suitability, in
general, is based upon physical land characteristics and relationships
among land resources and uses. Land availability emphasizes legal and
institutional constraints on the land. Water quality and quantity were
not considered as constraints in determining land suitability and
availability, nor were economic criteria.

Land suitability is relative and, therefore, needs qualification.
For example, there are nearly 40 million acres of land in the Lower
Colorado Region which contain soils suitable for cultivation. However,
the astronomical cost that would be required to develop that acreage
for irrigated agriculture, and the water required, as well as the
limitations of the market to absorb the output precludes serious con
sideration of but a small portion of this potential.

Similarly, with regard to land suitability for outdoor recreation,
it might be safe to say that virtually all of the Region's land is
suitable for some type of recreation activity. Even the highways could
qualify since it is from his car one does much of his sight'seeing.

Suitability of land for livestock grazing is relative indeed.
Certainly one does not find many vast, lush pastures in this Region
since there is, for the most part, insufficient rainfall. However,
much of the Region's rangeland is productive relative to land costs
and is, therefore, considered suitable for this use.

Most land is suitable for more than one use. The general charac
teristics of the land - topography, soil, elevation, native vegetation,
climate, etc. - determines the suitability of the land to support kinds
and combinations of uses. In planning the management and use of land
these factors must be considered to minimize conflicts between uses,
to reduce the cost of land use changes and to enhance and maintain
related water resources.

Within a range, some of these characteristics and interpretations
for selected uses were grouped and are shown in Table 31, General Land
Characteristics and Suitability for Use. Map 6, General Land Charac
teristics, indicates the general location and extent of these groups.
See Cropland Suitability Map 7, and Water Yield Augmentation Map 8, for
further location and extent on these uses. The general location for
suitability for timber production is indicated by the IIconiferous
timber" portion of the Vegetal Cover Map (}vBp 4).
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Cultivation

The Region contains almost 40 million acres with soils suited for
irrigated agricultural production; of this amount, slightly over 16
million were considered of high quality (Class A or B). The Little
Colorado Subregion contains 7,202,000 acres of suited soil; the Lower
Main Stem Subregion contains 13,298,000 acres; and the Gila Subregion
contains 19,260,000 acres. Four soil irrigation classes were es
tablished based on soil limitations that influenced their suitability
for sustained use under irrigation. A brief description of each of the
clasges mapped is as follows:

Class A - None to slight soil limitations for sustained use under
irrigation. Soils placed in this group are suited for
production of all crops climatically adapted to the area
where these soils occur. They are deep, medium textured,
generally level to slightly sloping, contain a minimum of
soluble salts, have no drainage deficiencies, and have
essentially no erosion problems.

Class B - Moderate soil limitations for sustained use under irrigation.
These soils are nearly as good as the Class A group; however,
they do have minor deficiencies that are easily corrected.
They can be coarser or finer textured, have less depth, un
dulating to steeper topography, minor drainage or erosion
problems, and a higher concentration of soluble salts than
the Class A group. However, their productive potential is
favorable for ali climatically adapted crops when cultivated
and furnished with an adequate water supply.

Class C ~ The Class C group of soils is less suited for general crop
production. They may be coarse or fine textured; quite
shallow or stony; have adverse topographic, drainage, or
salinity characteristics; or they exist in narrow drainage
ways or on steep slopesc However~ when supplied with
adequate water and good management practices they can be
farmed beneficially over a long period of time.

Class D - Very severe soil limitations for sustained use under irri
gation. Soils placed in this class are generally restricted
to a narrow variety of crops. They may be shallow, ex
cessively stony, coarse or fine textured 7 slowly permeable,
very steep~ quite saline, or have other adverse conditions
which limit the soils to a particular crop or require out
standing management to be profitably farmed. However, they
can be a beneficial portion of the overall area suited for
irrigate~ agriculture.
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These soils all have a m1n1mum depth of over 10 inches, are not
excessively saline or droughty, can be worked with cultural machinery,
and can be leveled and developed for crop production when adequate
amounts of water and favorable climate are available.

A Class E group of soils was also established to designated those
soils not considered suited for irrigation. This group of soils
totals some 50 million acres and, although considered not suited for
crop production, contain resource potential for essentially all other
land uses. It is in this group of soils that much of the recreation
and fish and wildlife potential exists. Likewise, much of the timber
production and mineral resources occur on the Class E areas. Materials
used in the building and construction industries, such as sand, gravel,
clays, ceramic sands, gypsum, building stones, and facing stones are
also generally found in the Class E type soils areas. Also, it is
often within this area that erosive forces are more likely to develop,
and rapid sheet runoff from local storms cause flood damage.

The following table presents by soil classes the acreages by
states and subregions. Figure 9 also indicates the relative magnitude
of the soil areas by percentage and acreage for each of the subregions
and for the Region.

Map 7 Cropland Suitability, shows the distribution of presently
irrigated (1965) lands and the location of soils suitable for crop
production. This map is of general nature and is not in enough detail
to locate small specific areas.

The availability of land for cropland depends upon the demand for
crop production relative to the needs and values of the land for other
resources, uses, and activities, the availability and location of water
for irrigation, the ownership and management responsibilities.
Generally, privately-owned land near presently irrigated areas is most
readily available. If new sources of water become available and the
need for other resources and uses permit, land ownership may need to
change from federal to private to allow for increased cropland use.
There is no anticipated shortage of land available for this use.
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Table 32
Lower Colorado Region

Acreage of Irrigation Soil Classes
(1,000 acres)

Irrigation Soil Classes
Sub- Total

Total !IState region A B -.£... D A-D E

Arizona 1 1,408 3,043 3,401 2,805 10,657 12,112 22,769
2 1,083 1,145 2~312 1,635 6,175 7,682 13,857
3 ~501 3,541 _5,175 4,359, 17,576 14,06~ 31,641

6,992 7,729 10,888 8,799 34~408 33,859 68,267

New Mexico 2 74 305 569 79 1,027 2,369 3,396
I-' 3 _ 245 2!.~ 7~~ _~05 1 684 l,465 5,149f\) ----, -

VI

319 817 1,291 284 2,711 5,834 8,545

Nevada. 1 60 209 705 1,4Q9 2,383 .Jh2E}0 10,943

60 209 705 1,409 2,383 8~560 10,943

utah 1 10 37 110 101 258 1,975 2,233---
10 37 liO 101 258 1,975 2,233

Subregion

1 Lower MLin Stem 1,478 3,289 4,216 4,315 13,298 22,647 35,945
2 Little Colorado 1,157 1,450 2,881 1,714 7)202 10,051 17,253
3 Gila 4t74~ 4,053 5,897 4~564 ;1-9,260 17,~30 36,790

REGION TOTAL 7,381 8~792 12~994 10,593 39,760 50,228 89,988

!I Totals do not necessarily agree due to rounding.
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Ownership and administration of lands having irrigable and non
irrigable soils in the Lower Colorado Region are shown in Table 33.
The following is a summary comparison of these soils and status:

(1,000 acres)
Irrigable Nonirrigable

Land Status Soils Soils Total Land Area.._- ----
Federal 16,538 30,353 46,891

State 6,602 3,999 10 601 Y,
Indian Trust 6,003 10)409 16,412

Individual &
Corporate 10~17 ~467 16;1084

39,760 50,228 89,988

11 Includes 25)000 acres of other public

The percentages of land classified as having irrigable soils are
35 percent for federal, 37 percent for Indian~ 62 percent for state,
and 66 percent for individual and corporate.

There are about 1.6 million acres within the Lower Colorado
Region having suitable soils and sufficient precipitation for non
irrigated crop production (see Map 7). The 1<6 million acres are
also suited for irrigated crop production. However, nearly all of
this land is covered by coniferous forest with high values for
recreation, timber production, wildlife, watershed, and similar public
uses. It is anticipated that, for reasons both economic and esthetic,
there will be little pressure to develop any appreciable acreage for
nonirrigated crop production.
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Table 33'
Lower Colorado Region

Land Ownership and Administration Y
by Irrigab1e and Nonirrigable Soils

Lower Main Stem Subregion
(1,000 Acres)

Land Ownership Irrigab1e Nonirrigable Total
and Administration Soils Soils Land Area

Federal Land
.1

Administered by:

Forest Service 388 1,669 2,057

B. L.M. 5,710 11,054 16,764

B.S.F.&W. 586 1,118 1,704

Nat'l Park Service. 451 2,220 2,671

Bureau of Reclamation 169 249 418

Defense 1,701 1,128 2,829

Defense & B. S. F.&W. 482 324 806

others 6 8 14

state 1,053 1,403 2,456

Other Public 3 - 3

Indiv. or Corp. 2,286 2,109 4,395

Indian 463 1,366 1,829

Total Land Area 13,298 22,648 35,946

(1 of 4)
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Table 33
Lower Colorado Region

Land Ownership and Administration l/
by Irrigable and Nonirrigable Soils

Little Colorado Subregion
--1I,000 Acres)

'Laiid-Ownership ~IrrigableJLNonirrigable II Total
and Administration Soils Soils LanQ Area
.--..-: - --
Federal Land
Administered by:

Forest Service I 999 I 1~323 'I 2,322

B. L. M. I 382 I 479 I 861
I

B.S.F.&W. -
Nat'l Park Service 47 I 112 II 159

Bureau of Reclamatioll -
I

4 IIDefense
I 9 I 13

Defense &B.S.F.&Wc

others

State I 953 I 727 I 1,680II
other Public

, I 'IIndiv. or Corp. 2,268 1,809 II 4,077

Indian I -b?44 -l_ 5,596 , ~140

Total Land Area I -·;~~-T 10,050 r:7,252

(2 of 4)
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Table 33
Lower Colorado Region

Land Ownership and Administration 11
by Irrigable and Nonirrigable Soils

Gila Subregion
(1,000 Acres)

Land Ownership I Irrigable INonirrigab1e II Total
and Administration Soils Soils Land Area

Federal Land
Administered by:

Forest Service I 2,412 I 8,184 I10,596

B. L.M. 2,922 I 2,140 5,062

B.S.F.&W. -
I

-
I

-
Nat'l Park S~rvice 13 81 94

Bureau of' Reclamation - . - .. -
Defense 226 209 435

Def'ense & B.S.F.&W. - - -

others 35 51 86

State 4,·582 1,858 6,440

other Public 11 11 22

Indiv. or Corp. 6,063 1,549 7,612

Indian I 6,443

Total Land Area I 19,260 17,530 36,790

(3 of' 4)
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Table 33
Lower Colorado Region

Land Ownership and Administration 11
by Irrigable and Nonirrigable Soils

R~onal Summa.....::l
1,000 Acres)

Land Ownership rrigable Nonirrigable Total
and Administration Soils Soils Land Area

Federal Land
Administered by:

Forest Service 3,799 11,176 14,975

B.L.M. 9,014 13,673 22,687

B.S.F.&W. 586 1,118 1,704

Nat'l Park Service 511 2,413 2,924

Bureau of Reclamation 169 249 418

Defense 1,936 1,341 3,277

Defense & B.S.F.&W. 482 324 806

other 41 59 100

State 6,588 3,988 10,576

other Public 14 11 25

Indiv. or Corp. 10,617 5,467 16,084

Indian 6,003 10,409 16,412-
Total Land Area 39,760 50,228 89,988

!I The land ownership and administration acreage figures may not
agree with individual agency records because of the computer
program used, lack of data or time and money.

(4 of 4)
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Livestock Grazing

Livestock grazing suitability depends on the ability of the land
to produce useable kinds and amounts of livestock forage, and land
characteristics that permit utilization without damage to the soils
and other resources. Precipitation, soils, elevation, topography,
past and present use pressures~ and distribution of livestock water
are the more important factors affecting the suitability of land for
livestock grazing.

Most area of vegetal cover, except barren are suitable for live
stock grazing. Some of.the Region is not suitable for livestock use
because of inaccessibility, rough topography, unstable soils and/or
dense, woody vegetation. Approximately one-third of the southern
desert shrub area is below 3,000 feet elevation and has a normal
annual precipitation less than 8 inches per year. Portions of this
area are not reliable, on a yearly basis, for livestock grazing.
Cropland areas are suitable when crop aftermath provides forage. See
the Vegetal Cover Map, No.4, and Table 34, Suitability for Livestock
Grazing, for general location and extent of these lands.

Table 34
Lower Colorado Region

Suitabili~y for Livestock Grazing

Vegetal Cover General Range Range in Area Considered
Type Topography in Precipitation Suitable for

Elevation Average Livestock
Annual in Grazing

I

Inches/Year Ac. in 1.000's

Grassland Uplands 4,000-12,000 16-30+ 16,902
Northern Desert

Shrubland Uplands 4,000-6,000 8-16 8,387
Coniferous

Forest Land Mountains 5,500-12,000 20-30+ 5,544
Woodland Foothills 4,500-7,500 8-18 19,306
Chaparral and

Mtn. Brushlands Foothills 4,000-5,500 12-20 3,396
Southern Desert

Shrubland Very broad Near sea 3 or less 31,497
valleys level to to 12
with some 4,500
mountains

Crop Aftermath )
Irrigation Pasture) - - - 1.000
Total 85,032
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Native forage production is highest per acre on the grasslands in
the southeast portion of the Region and along streams, and on mountain
meadows and savannas where there is more than 16 inches average annual
precipitation. The northern desert shrub ranks next in forage pro
duction followed by coniferous forest lands, northern grasslands,
woodlands, chaparral and mountain brushlands, and southern desert shrub
lands.

Most grazing lands are available on a multiple-use basis. Areas
not available are most national parks and monuments, parts of military
reservations, parts of wildlife refuges, most urban areas, roads, air
ports, and most intensively used recreation areas. Other use pressures
may, at times, tend to reduce the availability of an area for livestock
grazing.

Timber Production

Almost 30 million acres of land in the Lower Colorado Region are
capable of producing forest (wood) products under natural conditions.
Nearly 24 million acres of the forest lands are considered as unpro-
ductive for production of commercial timber products. These non
commercial areas include: areas of chaparral and pinon-juniper and
oak woodland, usually growing at elevations and sites where precipi
tation is inadequate for growth of commercial timber species; sub
marginal sites, within the commercial timber areas because of poor or
shallow soil; ar~as where the land has an excessive potential for
erosion if the vegetative cover is disturbed; and areas capable of
producing commercial timber but so small and isolated that timber
harvesting operations are not feasible (such as the small timber areas
on the mountain peaks in the southeast and northwest portions of the
Region), and small stands of hardwood (riparian) trees scattered
throughout the Region. About six million acres are suitable for the
production of commercial timber products.
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Table 3.5
Lower Colorado Region

Forest Land - Suitability
(1,000 Acres)

Subregion
Total Lower Little
Region Main Stem Colorado Gila

Area Suitable for Com-
mercial Timber Produc-
tion 11 6,173 1,063 1,510 3,600

Land Unproductive for
Commercial Timber
Production 23,718 7,840 5,801 10,077

Total 29,891 8,903 7,311 13,677

Y Land capable of producing economically available useable crops of
wood (usually saw timber).

Ponderosa pine occupies more than five million acres (91 percent)
of the commercial timber producing land. It occupies many areas in the
Region between 5,500 and 8,500 feet in elevation; however, most of the
Ponderosa pine type occurs in an unbroken block of more than 300 miles
in length along the Mogollon Plateau between the Black Range in
western New Mexico to the Grand Canyon in Arizona. The North Kaibab
Plateau in northern Arizona, the Defiance Plateau in eastern Arizona
and the Zuni Mountains in western New Mexico are other areas producing
commercial timber stands of Ponderosa pine.

Areas in the Region capable of supporting fir-spruce stands of
commercial timber include about 155,000 acres between the elevations
of 8,500 feet and 12,000 feet. These areas include the White
Mountains in eastern Arizona and western New Mexico, the San Francisco
Peaks in north central Arizona, and the Pine Valley Mountains in
southwestern Utah.

About four percent (235,000 acres) of the Region between the
elevations of 8,000 and 9,500 feet are suitable for production of
commercial Douglas fir timber. These Douglas fir stands usually
occupy the cooler, damper sites in the Ponderosa pine type and the
warmer, drier sites in the fir-spruce type.
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Apache pine, Chihuahua pine, and Arizona pine replace the
Ponderosa pine in the mountains of the southern portion of the Region.
There are about 115,000 acres of commercial hardwood timber stands
including principally aspen and cottonwood with small amounts of oak
and walnut. Aspen occupies areas above 8~000 feet, generally following
fires in the fir-spruce or Douglas fir sites. Cottonwood suitable for
commercial timber production occurs in the valleys and high water table
lands from the Lower Colorado River below 1,000 feet in elevation to
the mountain valleys and streambanks above 5,000 feet in elevation.

Table 36
Lower Colorado Region

Area Suitable for Production of Commercial Timber
(1,000 Acres)

- -
SUbregion Total Douglas Ponderosa Fir-Spruce Other

Fir Pine Softwood Hardwoods

Lower Main Stem 1,063 96 801 110 0 56

Little Colorado 1,510 17 1,437 18 1 37
I

Gila 3,600 122 3,425 28 .l 22

Total 6,173 235 5,663 156 4 115

Extensive areas of land in all subregions may be considered as
suitable for growing commercial timber crops if developed for irri
gation. Production of commercial timber crops in the Lower Colorado
Region on irrigat.ed land is not considered as practical or economi
cally feasible.

An estimated 666,000 acres of commercial timber producing lands in
the Lower Colorado Region are included within the boundaries of
national parks, monuments, and recreation areas; wilderness and
primitive areas; developed recreation areas on both public and private
owned lands; and high value scenic areas such as viewing areas and
buffer strips adjacent to highways and recreation roads. Th~ total
area suitable and available for the production of commercial crops of
timber in the Region is approximately 5.5 million acres.

It is estimated that nearly one-half million acres of available
commercial timberland will be converted to recreation, residential,
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transportation and utility rights-of-way, and other uses between 1965
and 2020. Land "suitable" and "available" for production of' commercial
timber crops in the Lower Colorado Region is estimated to be about
five million acres by the end of the projection period 2020 (refer to
Table 15, Present and Projected Area of Commercial Timberland by
Status) u

Urban and Industrial

MOst land in the Region is suited for urban and industrial use.
Lands undesirable for these uses but not precluded from such use
include steep lands, lands subject to flood, and, in general, lands
which require high development costs. Because economics generally
favor land development for urban and industrial use as compared with
competing uses? availability of land for these uses is not considered
a restraint,

Important considerations in developing land for urban and in
dustrial use include the location of dependent industries and markets,
adequate transportation facilities, the availability of water supplies
and other municipal services, and environmental considerations.

If past trends were to continue, future population growth and in
dustrial development would be expected to take place primarily in
close proximity to existing urban centers. Suitable land is available
within present corporate boundaries and surrounding areas to accommodate
part of the anticipated future expansion. In 1965 about 513,000 acres
of land were used for urban and industrial purposes. By 2020 an
additional 1)051,000 acres will be needed.

outdoor Recreation

The scope of recreation as it makes demands for space--both land
and water~-is exceptionally broad. As far as the Comprehensive Frame
work Studies are concerned, some 19 recreation activities were con
sidered, see the Recreation Appendix, as requiring facilities and/or
space for their enjoyment and pursuit. These include the following:

Picnicking
Attending Outdoor Sports Events
Nature Walks
Attending OUtdoor Concerts, etc.
Playing OUtdoor Games, etc.
Bicycling
Horseback Riding
Swimming
Boating other than Sailing, canoeing
Water-Skiing
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Sailing and Canoeing
Sledding or Tobogganing
Ice Skating
Snow Skiing
Fishing
Hunting
Camping
Hiking
Mountain Climbing
Miscellaneous



In addition to those 19 activities listed there are many rapidly
expanding activities in the Region such as: dune buggying, jeep cara
vaning, motorcycling, snowmobiling, rockhounding) sand skiing, sail
planing and soaring.

Each of these activities requires certain facilities and con
ditions. Assessing the suitability of land for any of them is a
problem, however, since there are few features, either cultural or
natural, common to all of them.

The suitability of land for playing outdoor games and sports~

attending outdoor concerts and dramas, bicycling, ice skating and pool
swimming, for example, is very difficult to assess, With sufficient
investment, any parcel of land can be developed to provide opportuni
ties for participating in these activities, Many of them take place in
urban communities with little regard for soil type, slope, vegetation
or other physical attributes.

A noteworthy opportunity exists for the development of selected
recreational facilities on undeveloped, flood-prone lands within urban
areas. In this Region there are more than 60,000 acres which met
these criteria in 1965. Of this total area, more than 36,000 acres
are located in the Lower Main stem, 6,000 acres in the Little Colorado,
and 17,500 acres in the Gila subregions.

Picnicking and camping, on the other hand, do generally require
natural environments for their enjoyment. Again, however, the level
of investment can make even undesirable areas attractive. Some people
prefer desert environments, others mountain forests and still others
city parkso Some people alternate in their choice among the available
opportunities.

MOuntain climbing and hikirig~ it might seem, require particular
resource characteristics. The question becomes one of determining
whether a mountain is "suitable" for climbing. Some mountains that
may seem unsuited actually are suited to a few highly trained people
who are expert in the use of ropes and safety techniques. Less
imposing slopes may be best suited to beginners or hikers. Rock
climbing of outcrops within urban areas has become popular--belying
the image of climbing as a rugged and remote experience.

Fishing, hunting, and horseback riding are activities requiring
rather more definite resource qualities. The fishing and hunting
needs are closely related to habitat management and are considered in
detail in the Fish and Wildlife Appendix. Horseback riding usually
requires a natural or rural environment.

In Short, it does not appear reasonable to treat recreation in the
same way as grazing or agriculture. If it were possible to develop
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data on the need for forest as opposed to desert recreation experi
ences, there might have been some basis for jUdging suitability by
vegetative cover. This is not a very meaningful approach, however,
since recreation is a social phenomenon that is basically a fUnction
of available time and income. The resource is essential, of course,
but more for the space it provides than for any particular vegetative
type, soil or slope. The physical character of the land often enhances
the recreation experience and sets limits on available opportunities.

Wilderness, and Wild and Scenic Rivers

There are unique recreation resources, however, the value of
which depends almost entirely on their special character. Usually
they are irreplaceable and must be protected rather than developed.
Their value is often intangible, but the rationale for their preser
vation is no less worthy than that based on economics. Indeed, pre
serving some of our unique natural and cultural heritage is an
essential expression of our national goals.

Among the most significant of these areas are the following:

Wilderness Areas
Wild and Scenic Rivers
Unique Natural Areas
Historic Areas
Archeologic Areas

Each of the above is characterized by unique attributes that can
be rather well defined. The criteria for preserving wilderness areas,
for instance, is set forth in detail in the Wilderness Act (Public Law
88-577):

"A wilderness, in contrast with those areas where man and his
own works dominate the landscape, is an area where the earth
and its community of life are untrammeled by man, where man
himself is a visitor who does not remain. An area of wilderness
is further defined to mean an area of undeveloped federal land
retaining 'its primeval character and influence, without permanent
improvements or human habitation, which is protected and managed
so as to preserve its natural conditions and which generally
appears to have been affected primarily by the forces of nature,
with the imprint of man's work substantially unnoticeable; has
outstanding opportunities for solitude or a primitive and un
confined type of recreation; has at least 5,000 acres of land or
is of sufficient size as to make practicable its preservation and
use in an unimpaired condition; and may also contain ecological,
geological or other features of scientific, educational, scenic
or historical value."
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Wild and Scenic Rivers

The Wild and Scenic Rivers Act, P.L. 90-542, provides for design
nation of rivers or sections of rivers as "wild rivers" when their .
immediate environments possess outstanding, remarkable, scenic, recre
ation, geologic, fish and wildlife, historic, cultural or other
similar values. These rivers shall be preserved in a free-flowing
condition and their immediate environment shall be protected for the
benefit and enjoyment of present and future generations. Rivers
falling in the Wild and Scenic category have three general categories
and will be administered in one of these three categories. They are:

1. Wild river areas··-Those rivers or sections of rivers that
are free of impoundments and generally inaccessible except
by trail, with watersheds or shorelines essentially
primitive and waters unpolluted. These represent vestiges
of primitive America.

2. Scenic river areas--Those rivers or sections of rivers
that are free 0f impoundments, with shorelines or water
sheds still largely primitive and shorelines largely
undeveloped, but accessible in places by roads.

3. Recreational river areas--Those rivers or sections of
rivers that are readily accessible by road or railroad,
that may have some development along their shorelines
and that may have undergone some impoundments or
diversion in the past.

The remaining areas including archeologic, historic and unique
natural areas have been identified in the Recreation Appendix.
Reference to that appendix will indicate management direction that
will provide for maintaining the unique characteristics of these areas.

More than 1,300 miles of streams in the Lower Colorado Region have
been suggested for study for possible inclusion in the Wild and Scenic
Rivers System.

Streams recommended for classification as "wild rivers" in the
Lower Colorado Region afford a wide variety of "wild river" and
"wilderness" experiences. The scenic, geological, climatic, bio
logical, and ecological characteristics range from the rugged canyon
and rock formations in the lower Sonoran life zone of the Lower
Colorado River Canyon, to the montane and SUbalpine forests of the
Upper Black River in the eastern Gila SUbregion.
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Military and Related Use

Most lands within the Lower Colorado Region are suitable for
military and related uses. Lands adjacent to urban areas, for example,
are suitable for ordnance depots, and for military bases and reser
vations. Other lands remotely located from urban development and
other intensive uses are well suited for such uses as training,
testing, bombing and gunnery practice. These latter uses require
remote, large land areas, and are generally located in areas having
limitecl economic value.

Mineral Production

vast areas in the Region have a potential for mineral production,
including an estimated 20 percent of the federal lands that are
covered by mineral claims under the various mineral laws. Land use
planning must include provision for developing the mineral resources,
both those that are rare and required to meet the needs of the Nation
outside of the Region, and those that are required daily to meet
local needs.

Mineral deposits may occur under any topographic feature, from
streambeds to mountain tops, but they can only be extracted from
those locations where nature has placed them in sufficient quantity
and quality. Mineral deposits occur over large areas. Mineral
extraction from these deposits will occur when demands and technology
make it feasible to mine them economically.

Lands administered by the National Park Service and Bureau of
Sport Fisheries and Wildlife are generally not available for mineral
exploration or development. Other public-owned lands have been with
drawn from mineral production where justified by higher values for
recreation, research, watershed and other environmental values, and
for administrative and public use. Lands included in wildernesses
are available for prospecting until December 31, 1983, for the purpose
of gathering information about mineral resources, if such activity is
carried on in a manner compatible with the preservation of wilderness
environment.

Fish and Wildlife

The criteria for the suitability of land for wildlife are many
and varied. The land must provide food, water, and cover for each
species. These requirements for some species are simplified in that
these animals can derive their water through metabolic processes,
thereby requiring no free water. Some desert rodents fall into this
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category and require only a burrow to shelter them tram the elements,
and a few blades of grass and some grass and weed seeds to feed on.

The requirements for most species are not so easily satisfied.
Each species must derive its own requirements tram the land, and all
of these requirements must be available within the range of their
travels. If anyone of the requirements is not locally adequate, the
species will not survive in that locality.

Water Yield Improvement

Research studies have shown that increases in water yield can be
obtained from forest land by reducing the water used by on-site vege
tation. In many areas water yield can be increased by modif'ying the
practices of timber harvesting and by conversion of chaparral and
mountain brush, and the deeper-rooted riparian trees and shrubs to
shallow-rooted grasses and forbs. Map 8 shows the extent of the areas
suitable for this .tYJle of management, and Table 37 presents the
potential average annual water yield increase and the cost per acre
foot by vegetative tYJle. The cost per acre-foot of increased water
yield is estimated to be as low as 50 cents to as high as $150 including
operation, maintenance, and replacement. Increases in water yield
costing in excess of $150 per acre-foot have been considered excessive
and have not been included in the areas suitable for water yield
augmentation programs. Treatment of some areas that result in minimal
increases may be justified for enhancement of other resources,
including livestock forage, .specialized wildlife habitat, timber, and
development of farm lands. Potentials for water yield augmentation on
the forest lands in the Lower Colorado Region are limited to those
that can be achieved through vegetative management programs, and do not
include small amounts that might be achieved through snowpack manage
ment on the few acres in the alpine zone of the Region.

Precipitation is the most important factor when considering vege
tative management for increased water yield trom the upland vegetative
zones, conifer, woodland, and chaparral. Average annual precipitation
of 16 inches is considered as the minimum for possible increased
yield, with average winter precipitation of 10 inches to assure a
reasonable increase. Water yield increases are dependent upon the
nature of the soil mantle and the underlying parent material.
Geologic substrata of fractured materials, granites, schists, un
consolidated sediments, etc. ,are desirable, especially in the
chaparral and mountain brush types. The density of the vegetation and
crown canopy and steepness of slope are important considerations in
determining feasibility for water yield improvement programs. Areas
of erosive soils and areas on which the potential for vegetation
growth is low due to soil or climatic factors are not considered as
treatable.
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Table 37
Lower Colorado Region

Potential Average Annual Water Yield Increase
and Costs by Vegetative Type and Hydrologic Provinces

CHAP. RRAL RIPARIAN COIIJ:FllROIJB POIUIST • UN: ,PER WOOPT.ANll 'l'n 'l'AT,

Average Average Average Average Average
PotentW

Average Y
Potential

Average )j
PotentiaJ.

Average ~
Potent1aJ.

Average )j
Potential

Treatable Increased Treatabl.e Increased Treatable Increased Treatabl Increased Tree.table Incre&sed
Hydrol.ogic Province Area I~..ter Yield Coat Fer Area I~~ter Yiel~1 Cost Per Area ;r~ter Yield Cost Per Area We.ter Yiel~\ Cost Per Aree. ~~ter Y1el~1
No. Name 1(1000 Ac;) 1000 Ac-Ft Ac-Ft. ($) 1(1000 Ac.l 1000 Ac-Ft Ac-Ft. ($) (1000 Ac. \ 1000 Ac-Ft Ac~Ft. ($) 1(1000 Ac. (1000 Ac-Ft Ac-Ft. ($ (1000 Ac. 1000 Ac-Ft

Lower Main Stem Subregion

1 'PlAteau - - - - - - 330 1.3 5 26 1.2 129 356 8.5

2 Desert - - - - - - eo 4.4 4 - - - 80 4.4

5 Ut.ah - - - - - - 15 .2 50 - - - 15 .2

6 Great Basin - - - - - - 15 .1 16 - - - 15 .1

1 _t~e - - - 141 404 2 - - - - 141 404.0

Subregion Total - - - 141 404 2 440 12.0 6}/ 26 1.2 129 C:iJ7 ,43,1.2

L1ttle Colorado Subresion

1 PlAteau - - - - - - 906 32 5 216 1.9 80 1,122 33.9

3 Southern Nts. - - - - - - 495 41 3 5 .2 lOB 500 41.2

4 Ceat...1 Mts. - - - . - - 30 5 11 6 .3 140 36 5.3

1 Phreatopbyte - - - 20 20 4 - . - - - - 20 20.0

Subregion 'l'otaJ. ' - - - 20 20 4 1,431 78.0 5}/ 221 2.4 90~ 1,618 100.4

Gill. Subreg!.on

1 PlAteau - - - - - - 124 3 4 - - - l2li 3.0

2 Desert 1,232 241 18 59 6 20 351 3B 3 15 4.5 70 1,717 289.5

3 Southern Mts. - - - - - - 826 92 4 9 .4 100 835 92.4

Hlreatopb;yt<l 100 2Qli 3 - - - - - - 100 200.0
7 - - -

Subregion Tot&1 '1,232 241 18 .l59 w:; 4l! 1,~)l 133-0 4~ 84 4,9 9O'j/ 2, 716 5~.9

Region Total 1,232 241 - 320 630 - 3; 172 223.0 - 337 8.5 - ,.061 1,10'3

11 Costs per acre-feet includes costs of treatment plus costs of oa1Iltenance, averaged over proj ection period.

3/ COsts fer treatment of coniferous forests include~ additional costs over DOrmal t1lllber barvesting coets.
No oa1Iltenrme:e costs are included as the &?eaS will became reforested and grow to maturity at the, end of the
rota.tion.

}/ Average costs for all vegetative types.



A large part of the Lower Colorado Region, estimated at 5.1
million acres, offers the potential to increase water yields by
reducing evapotranspiration through changes in emphasis in vegetation
management practice. These opportunities to provide increased runoff
are generally found on the watershed lands at the higher elevations
where precipitation is high and along the broad flood-plain lands at
lower elevations covered with phreatophytic growth.

Since large increases in water yields will result only through
substantive changes in management emphasis, it is not likely that the
full potential increase would become a feasible or desirable objective.

While a part of the potential can be realized" as a spin··off from
carefully planned, intensified and improved land management, further
increases may be obtained only through trade-offs of the values of
other resources and products as viewed by present-day standards. To
achieve fUll potential would adversely affect social, economic and
other resource values along with overall environmental quality.

The maximum average-annual potential increase in water yield
within the Region through changes in vegetation management is estimated
at 1,1 million acre-feet per year from 5.1 million acres. The goals to
be established for increased yield will probably be much less than the
potentials shown in Table 37 as determined by such considerations as
esthetics, outdoor recreation and wildlife habitat requirements,
together with other land management objectives for forage and timber
production.

These increases in water yield do not include those from lands
inside wildernesses, primitive areas, national parks or other lands
where land treatment measures are prohibited by law or regulation.
Areas where treatment and maintenance costs would exceed $150 per
acre-foot have not been considered as land suitable for water yield
improvement. Water yields are predicted to increase following pre·,
scribed timber harvest, but will decrease as new stands of trees
develop and will usually phase out when the stand reaches forty years
of age. However, the stands in the 0 to 40 year age classes will show
significant increases over uncut mature stands.

The riparian type offers the most promising potential for treat
ment in the Lower Colorado Region where up to three acre-feet per year
of increased water yield may be expected for each acre treated. An
estimated 1.25 million acres of chaparral in the desert hydrologic
province are considered as suitable for treatment, with an estimated
potential of 240,000 acre-feet of additional yie+d if all suitable
chaparral stands were treated. An estimated 3.2 million acres of
coniferous forests (commercial timber lands) are suitable for manage
ment with increased water yield as one product under designated
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silvicultural systems. Less than 1/3 of the total suitable areas could
provide an increase in yield of an estimated maximum potential of
223;000 acre-feet annually. Some scattered areas of pinon-juniper and
oak woodland may provide limited opportunities for treatment for
increased water yield, particularly when other benefits, such as
livestock forage and wildlife habitat, are included.

The hydrologic, ecologic, esthetic and economic values associated
with the f'orest and wildland types require intensive inventory,
analysis and planning before water yield improvement by vegetation
management is initiated.

Transportation and utilities

The suitability of land factors for transportation and utilities
is dependent primarily upon location and availability. Physical
characteristics such as slopes, vegetal cover, subsurface conditions,
and soil tj~es are of considerable importance too.

Econorrdcs, of course, is the most significant criterium in
selecting route alignments. The use of lands for transportation and
utilities has visual, social, and functional impact on the landscape.
All of these factors affect the SUitability of the land for trans
portation and utilities use. Increasing attention is now being focused
on the esthetic and social implications of route alignments.

Land suitability for water impo~ndments is quite restrictive.
For hydro-electric dams a canyon or valley must have sufficient fall
so power can be generated. The soil and rock formation must be capable
of supporting the dam and tight enough to retain the watero

Airports have many social and environmental implications. In
choosing a major airport, a few of the factors involved are the noise
created by the airplanes, the distance from the center of town
(accessibility), the air pollution associated with the airplanes] and
the topography of the surrounding area. With big planes in the future
and airport needs to be far enough away from the mountain terrain to
enable large aircraft to maneuver safely into low level approach and
takeoffs during inclement weather.
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Archeological

The archeological resources consist of thousands of sites ranging
from ancient stone chipping stations of the Lithic Stage through the
architectural remains of the lOth - 13th century Anasazi, Mogollon and
Hohokam villages,to the evidences of the historic American Indian
period such as Awatovi Ruins and the Seven Cities of Cibola. The sites
represent the sum of Man's activities in the Region from most ancient
times to most recent history. Yet our knowledge of Man's life-ways
over the past 15,000 years is fragmentary and inconclusive when com
pared to the potential knowledge that remains undisturbed in the
unstudied archeological resources of the Region. Techniques of getting
more information and different kinds of information about past cultures
have increased tremendously over the past 70 years and we are on the
threshold of developing even more sophisticated methods of recon
structing the daily life of the people of past societies, and how they
interacted with their environment and used the associated natural
resource base.



RELATIONSHIP OF LAND AVAILABILITY TO PROJECTED REQUIREMENTS

Table 38 compares land suitability and availability with projected
requirements of. land for all principal uses. It should be noted that,
while there are sufficient suitable lands for each individual land use,
there will need to be widespread adoption of the multiple-use principle
in order that the requirements for all uses ~Y be fulfilled.

Table 3S
Lower Colorado Region

Comparison of Land Suitability and Availability
with Projected Land Requirements

(1,000 acres)

Lowe,r
Main Little Total
Stem Colorado Gila Region

Cultivation - irrigated
Suitable 13,298 7,202 19,260 39,760
Suitable & Available (1965) 2,749 4,812 9,059 16,620
Use in 1965 324 40 1,421 1,785
1980 Requirement 379 44 1,440 1,863
2000 Requirement 382 44 1,456 1,882
2020 Re quirement 403 43 1,387 1,833

Cultivation - nonirrigation
Suitable 181 707 743 1,631
Suitable &Available (1965) 39 67 82 188
Use in 1965 8 23 31
1980 Requirement 7 21 28
2000 Requirement 6 17 23
2020 Requirement 6 13 19

Livestock Grazi~

Suitable 35,645 16,654 32,733 85,032
Suitable &Available (1965) 27,970 16,604 31,480 76,054
Use in 1965 27,970 16,604 31,480 76,054
1980 Requirement 26,769 16,429 30,541 73,739
2000 Requirement 24,017 16,263 29,622 69,902
2020 Requirement 20,608 16,057 29,142 65,807

(continued)
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Table 38 - continued
Lower Colorado Region

Comparison of Land Suitability and Availability
with Projected Land Requirements

(1,000 acre·s)

Lower
Main Little Total
Stem Colorado Gila Region

Timber Production
Suitable 1,063 1,510 3,600 6,173
Suitable &Available (1965) 873 1,419 3,166 5,458
Use in 1965 873 1,419 3,166 5,458
1980 Requirement 845 1,396 3,117 5,358
2000 Requirement 838 1,333 2,982 5,153
2020 Requirement 831 1,284 2,929 5,044

Urban and Industrial
N/AYSuitable N/A N/A N/A

Suitable &Available (1965) " II " "
Use in 1965 129 19 365 513
1980 Requirement 286 78 499 863
2000 Requirement 460 98 672 1,230
2020 Requirement 530 135 899 1,564

outdoor Recreation (Designated)
Suitable N/A N/A N/A N/A
Suitable &Available (1965) " " " "
Use in 1965 .Y 4,247 203 1,092 5~542
1980 Requirement 4,570 206 1,112 5,888
2000 Requirement 4,609 246 1,157 6,012
2020 Requirement 4,660 262 1,224 6,146

Wilderne~ (Classified)
58 1,400 3,458Suitable 2,000

Suitable &Available (1965) 2,000 58 1,400 3,458
Use in 1965 0 0 861 861
1980 Requirement 0 58 1,400 1,458
2000 Requirement 1,700 58 1,400 3,158
2020 Requirement 2,000 58 1,400 3,458

Military &Related Uses
Suitable N/A N/A N/A N/A
Suitable &Available (1965) " II " "
Use in 1965 3,652 21 453 4,126
1980 Requirement N/A N/A N/A N/A
2000 Requirement " " " "
2020 Requirement II " " "

(continued)
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Table 38 - continued
Lower Colorado Region

Comparison of Land Suitability and Availability
with Projected Land Requirements

(1,000 acres)

Lower
Main Little Total
Stem Colorado Gila Region

Mineral Production
Suitable N/A N/A N/A N/A
Suitable &Available .(1965) II 11 11 11

Use in 1965 5 7 63 75
1980 Requirement 9 28 78 115
2000 Requirement 10 41 105 156
2020 Requirement 11 84 128 223

Fish & Wildlife
(Designated)

Suitable 30,615 14,600 31,210 76,425
Suitable & Available (1965) 1,823 16 19 1,858
Use in 1965 1,823 16 19 1,858
1980 Requirement 3,326 47 173 3,546
2000 Requirement 5,330 226 1,619 7,175
2020 Requirement 12,680 476 1,864 15,020

Water Yield Improvement
Suitable 607 1}678 2,776 5,061
Suitable &Available (1965) 456 1,229 2,000 3,685
Use in 1965 4 50 60 114
1980 Requirement 49 115 200 364
2000 Requirement 99 245 620 964
2020 Requirement 149 425 840 1,414

Transportation and utilities
Suitable N/A N/A N/A N/A
Suitable &Available (1965) 11 II 11 11

Use in 1965 221 63 376 660
1980 Requirement 266 103 489 858
2000 Requirement 318 130 582 1,030
2020 Requirement 357 136 652 1,145

(continued)
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Table 38 - continued
Lower Colorado Region

Comparison of Land Suitability and Availability
with Projected Land Requirements

(1,000 acres)

Lower
Main Little Total
Stem Colorado Gila Region

Flood Control JI
Suitable N/A N/A N/A 'N/A
Suitable &Available (1965) " " " "
Use in 1965 3 74 77
1980 Requirement 36 12 181 229
2000 Requirement 54 17 218 289
2020 Requirement 61 20 255 336

}j N/A signifies not applicable.

gj Designated outdoor recreation areas, 1965.

1/ Area required for structures, impoundments, flowage easements,
and other necessary rights-of-way ..





CHAPl'ER F - WATERSHED MANAGEMENT

Watershed management is the analysis, protection, development,
operation, or maintenance of the land, vegetation, and water resources
of a drainage basin for the conservation of all its resources for the
benefit of man.

When emphasis is focused on anyone objective, the definition of
watershed management is more restrictive. Effective management of an
area requires a well-founded knowledge of the interrelationships among
climate, plants, soils, geology and other factors. M3.nagement objec
tives may be one or mOI-e of the following: increased water yield,
improved water quality, control of erosion and sediment yield, and
reduced floodwater damage. These objectives may be achieved through
variations. in management of livestock forage, timber and other
vegetative types, wildlife habitat, residential and commercial areas
in respect to location (zoning), recreation, crop production, and other
resources.

Efficient multiple use requires that watershed management programs
be carefully planned and implemented. The watershed problems and needs
as of 1965 and projected for 1980, 2000, and 2020 are discussed in this
section. Problems and needs were projected under the assumption that
development and growth would continue but no additional protection or
improvement measures would be installed after 1965. In most cases,
problems and needs are discussed in the form of monetary average annual
damages, others do not lend themselves to economic evaluation. Damages
were projected with prices held constant at the 1965 level. In a later
section (Chapter H) the effects of the ltgoing" and "suggested" programs
in solving the problems and meeting the needs are described.
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WATERSHED PROBLEMS AND NEEDS

Proper management and use of land to improve the quantity and
quality of water~ to reduce erosion and sediment yields, and to main
tain a productive watershed are dependent upon a number of factors.
These are: past use of the land, ownership patterns, soils, vege
tative type(s), climate, and physiography. Any well balanced water
shed management program must consider the use and development of such
resources as timber, fo:rage, and wildlife, and such social values as
recreation and esthetics. This discussion, however, will focus on
water and sediment yields, erosion, and flooding.

Although loss of protective ground cover may result from natural
ecological increases of overstory .trees and shrubs, attention is more
often focused on effects of competitive demands imposed on the land by
an increasing population and an expanding economy. Mbre intensive use
of the land resources has created a multitude of watershed management
problems including: increased soil erosion, accelerated sediment
production, reduced productivity, increased flood damage, and degraded
water quality. Major land use changes have occurred, The growth of
urban populations has resulted in land being shifted from irrigated
agricultural production to urban use. Recreation demands have expanded
rapidly as has most other uses. Through multiple-use management,
attempts are being made to meet these increasing demands.

Land ownership and administration influence watershed ~nagement.

Because a high percent of the Region (64 percent) is in public owner
ship, pUblic agencies have the greatest opportunity and responsibility
for watershed improvement.

Most of the federal lands are in contiguous ownership. Since the
ownership pattern is not as diversified and scattered as most other
ownerships, administrators can effectively protect and enhance water
shed values as part of the mUltiple-use programo Some small holdings
within the federal lands cause minor problems of continuity and
coordination of programs.

On a portion of the federal lands several agencies share the
responsibility for administration of the various resources. The
purposes for which the agencies manage may not be completely com
patible. This situation complicates watershed management and close
coordination and cooperation is necessary.

Most of the state ownership resulted from land grants for aid to
education. The school land grants were on the basis of a certain
number of sections per township. This resulted in state lands being
interspersed with other ownerships. Planning and development of
effective watershed management programs are very complex where many
different ownerships and management policies are involved.
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The United states Government holds the·title to r~servation

lands in trust for the Indians. As trustee, the federal government is
responsible for the protection and management of the lands. Reser
vations comprise large blocks of land on which watershed programs can
be very effective. The right to use land by individuals, associations,
or groups is governed by the Tribal Council. In some areas, because
of traditions, there has been improper use which has resulted in
damage to the watershed values. A continuing problem has been the
lack of fUnds to implement an effective program.

Past public land laws resulted in transfers of land to private
ownership in small parcels causing inefficient intermingled ownership
patterns and accessibility problems. Railroad grants of alternate
sections, state grants of scattered sections and private homesteads
and requisitions have contributed to this situation. Many isolated
tract.s exist that are too small to form viable management units.

A major complicating factor associated with watershed management
on r:rivately-owned lands is that many of the benefits resulting from
watershed restoration cannot be realized by the same private owner
who makes the investment. Consequently, there is little individual
incentive to make watershed investments other than those which will
improve production or protection directly.

In order to select effective management and treatment practices,
information such as soil depth, texture, origin .and the nature of the
unde:rlying material must be evaluated. These factors determine the
eroCibility of the soil and its ability to receive, transmit, and store
water.

Proper management must provide for on-site protection or improve
ment as well as off-site benefits. For example, if management for
increased water yields requires vegetative conversion on soils with a
surface of unstructured clay or sandy texture, consideration must be
given to the length of time needed to re-establish a protective
vegetative cover.

The capability of coarse granitic and other open structures soils
to receive and store water provides a potential for increased sustained
flov. On the other hand, soils of basalt origin are tighter and have
less potential for storage and sustained flow. However, these basalt
soils do provide opportunities for increased overland flow.

The vegetative types within the Region represent extremes from
the true desert and the ephemeral southern desert shrub type near the
mou~h of the Colorado River to the true alpine type at the summit of
the San Francisco Peaks and Mount Baldy on the Colorado Plateau. The
spa::,se overstory of shrubs with no perennial grasses or forbs in the
ephemeral southe:rn desert shrub type provides very little protection
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to the soil and rapid runoff from torrential rains which occur result
in flash floods and localized severe sheet and gully erosion. The
perennial southern desert shrub type, on the other hand, supports a
fair stand of perennial grasses and forbs which, together with a. more
dense stand of woody vegetation, provides fair to good protection to
the soil mantle. During intense storms the perennial southern desert
shrub type, like the ephemeral southern desert shrub, is subject to
localized flooding and moderate to severe erosion depending upon the
density and condition of the ground cover. The northern desert shrub
type under good conditions provides a fair overstory of low shrub and
fair to excellent ground cover of grass and forbs; thus providing
good to excellent infiltration with a minimum to moderate erosion
hazard. Much of the southern perennial and northern desert shrub
types are in poor condition and in this area, particularly in the
northern desert shrub type, the highest anilUal sediment yield in the
Region occurs.

Grassland types provide excellent ground cover and good to
excellent control of runoff with minimum to moderate erosion hazard.
Much of the grassland types have been severely overused with the
perennial grasses being replaced by sparse stands of annuals. In
these areas, infiltration has been reduced and both gully and sheet
erosion are occurring in moderate to severe rates.

Dense crown canopy in the chaparral and pinon-juniper vegetative
types limits grass and forb ground cover offering little protection
to the soil mantle. They offer opportunities for increasing water
yield through conversion to perennial grasses on the deeper, better
soils, particularly in the chaparral types. When subsurface geology
limits storage, conversion of pinon-juniper stands to grass may
merely result in making more efficient on-site use of precipitation
rather than increasing water yields.

Throughout the coniferous forest type a layer of needles along
with grass, forbs and other low vegetation provides excellent pro
tection against erosion and favors rapid infiltration. This type
offers good to excellent opportunities to improve the water yield
through timber management systems and techniques.

The alpine type is of a very fragile composition. Under good
conditions the infiltration rate is good to excellent with little or
no erosion. It is subject to severe damage with only a moderate
amount of use.

Climate and physiography must also be considered in developing a
watershed management program. The interrelationship of all or a
combination of some of the following factors contribute to an area's
capacity for water yield and sediment production< These factors are:
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slope and aspect, rainfall (amount, seasonal distribution, storm in
tensity, duration and pattern), and amount and character of snowfall.

Short and longwave radiation, barometric pressure, wind, temper
ature, and relative humidity are important modifiers of snowmelt and
evapotranspiration. These factors produce short term variations in
snowmelt runoff and sustained water yield. They also determine the
opportunity for increased water yields through weather modification.

Water Yield

As established in the Water Resources Appendix, "The Lower
Colorado Region faces a shortage of renewable water supply to satisfy
the Modified OBE-:-ERS projected levels of development. The Gila Sub
region, even after construction of the Central Arizona Project, shows
large water deficiencies. II One suggested source for helping offset
future.shortages was vegetative management to increase water yield.

Average annual runoff varies widely, as to precipitation, temper
ature, and terrain in the Regiono Runoff averages 0.05 inches or less
in the desert to as much as 8 inches in the mountainous areas. There
is an urgent need to treat these high yielding mountain watershed
lands (which now supply more than 90 percent of the R.egion' s surface
water supply exclusive 9f Colorado River supplies) to increase and
regulate water yield in order to help fUlfi~l the ever-increasing
water requirements. This requires carefully coordinated management
practices that will increase water yield, and simUltaneously minimize
impacts on or enhance other important resource values. Effects on
soil stability, timber and forage production, recreation and esthetic
values, wildlifehabitat, and other environmental values must be
incorporated and provided for in all programs for increased water
yield.

Sediment Yield

Erosion and sedimentation processes have been active throughout
geologic times. Soil erosion causes damages as does sediment, the
product of erosion. Sheet erosion results in reduction of soil
productivity and reduced income. Streambank and gully erosion may
result "in severe land damage and land value depreciation. Sediment
derived from the transport of eroded materials creates damages such
as deposition of sediment on "agricultural lands, in reservoirs, and
on streets and in buildings.

The normal or g~ologic erosion of the" land surface can be greatly
changed by man's activities. The normal rate of erosion can be
greatly accelerated by removal of protective vegetation, disturbance
of surface soils 'Qy activities such as mining and other means. Both
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erosion damage and sediment yield can be materially Jreduced by proper
land treatment and management measures. 'Sixty percent of the area
needs land treatment and management for erosion cOmirol and sediment
yield reduction. Approximately 40 percent of the land does not need
treatment because either the measures have been applied, the erosion
problem is minor, or it is not feasible to treat. Ten percent of the
total has moderate to severe geologic erosion and is within the 40
percent not needing treatment (see Figure 10). Geologic erosion is:
(1) normal soil erosion, or the erosion characteristic of the soil
type in its natural environment under the native vegetation undisturbed
by human activity; and (2) rock erosion, or erosion of rocks consoli
dated or unconsolidated, on which there is little true soil - as in
stream channels, high mountains, or badlands. ExampJ..es within the
Region are the Salt River channel, the upper portion of Mount Baldy,
the steep slopes within the Grand Canyon, and the Painted Desert.

Sediment yield is the volume of sediment carried out of a water~

shed or to any point of concern within the watershed. It is a fUnction
of both the amoui1t of gross erosion in the watershed and the capability
of the stream system to transport eroded materials. Sediment yield is
not the same as erosion, but is the product of erosion and the ef
ficiency of the stream's transport ability. Factors used in this
study in determining sediment yield are geology, soil...s,· climate, run
off, topography, ground cover, land use, sheet erosion, channel
erosion, and sediment transport. y

The five classes of sediment yield, expressed in acre-feet per
s quare mile per year, are as follows:

Sediment Yield Class 1 - more than 3.0

Sediment Yield Class 2 -

Sediment Yield Class 3 -

Sediment Yield Class 4 -

1.0 - 3.0

0.5 - L 0

0.2-0.5

Sediment Yield Class 5 - less than 0.2

Y The method used in this study is as described in a report of the
water Management Subcommittee of the Pacific Southwest Inter
Agency Committee entitled "Factors Affecting Sediment Yield in
the Pacific Southwest Area" dated October 1968.
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.The Sediment Yield Map (Map 9) shows the general location of the
four sediment yield classes (2 through 5) which occur in the Region.
This map represents sediment yield unadjusted for cul.iiural activities.
For watersheds of 500 to 2,000 square miles the map can be considered
adequate f'or computing the volumes of' sediment leaving the basin.
Because of' variability between areas the map is not considered adequate
for areas smaller than 500 square miles. For larger areas, such as the
subregions, man's diversion and storage of' the streamf'low have reduced
the stream discharge and, theref'ore, reduced the streams' sediment
transport ability so that the map does not represent actual yields.
In other words, man has utilized the streamf'low within the subregion
so the sediment accompanying the water must remain in the subregion.
This sediment is lodged in storage reservoirs, distributed along with
the diverted water onto cropland, or deposited iIi stream. channels.

The f'ollowing f'igures show the amount and percentage of land in
each sediment yield class in the Region, by.subregion. It is interest
ing to note that nearly half' the area of the Region is in sediment
yield class 4. Also, no sediment yield class 2 was mapped in the Gila
Subregion and no sediment yield class 1 was mapped in the Region.
While local areas of sediment yield class 1 exist in the Region, their
size is so small that it was not f'easible to show on the map, or to
determine acreages.

Acreage and Percent of' Sediment Yield Classes

Sediment Yield Classes
1 2 3 4 5

Subregion Ac* .% . Ac*. %. .'.Ac*. % Ac* % Ac* %

Lower Main Stem 0 0 1,955 2.2 3,321 3.7 17,759 19.7 12,910 14.3

Little Colorado 0 0 3,167 3.5 3,861 4.3 4,866 5.4 5,358 6.0

Gila 0 0 0 0 5,467 6.1 21,517 23.9 9,806 10.9

Total - Region 0 0 5,122 5.7 1.2,649 l4.l 44,142 49.0 28,074 31.2

-
* Thousands
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Most of the area mapped as class 2 has moderate to severe sheet
erosion with severe trenching in the alluvial soils in the valleyso
Class 2 sediment yields are restricted to those areas adjacent to the
Little Colorado and Puerco Rivers in the Little Colorado Subregion,
and that area within the Lower Main Stem Subregion where Arizona and
Utah share a common boundary. These areas have soil and geologic
materials which· are very sensitive to erosion.

Photo 42. Land in Sediment Yield Class 2. SCS
Note rilling, lack of vegetation
and rock cover, and steep topography
in background.
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Areas of sediment yield class 3 are scattered throughout the
Region but generally lie northeast of a line drawn from the southeast
corner of Arizona to the junction of the California, Nevada, and
Arizona borders. Within the Basin and Range Physiographic Province
(Map 3) this sediment yield class is restricted to narrow alluvial
valleys. In the Colorado Plateau Province this class is represented
by canyons, such as the Grand Canyon, the broad areas of eroded soils
ahd geological materials in the northeastern portion of the Region.
This sediment yield class has slight to moderate sheet erosion and
moderate to severe gully erosion.

Photo "43. Land in Sediment Yield Class 3. SCS
Note lack of ground cover and gully.
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The sediment yield class with the largest acreage is class 4. It
is represented in all subregions and is one or the largest classes in
each. Forty-nine percent of the Region is in this class.

Both sheet and gully erosion range :from slight to moderate in
class 4.

Photo 44. Land in Sed.iJnent Yield Class 4.
Note steep topography and small
gullies on the hillside.
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Sediment yield class 5 has the second largest acreage in the
Region. The largest areas of this sediment yield class occur in that
portion of the Region in Nevada, the area along the boundary between
the Lower Colorado and the Gila subregions, and the valley floor
between Tucson, Phoenix, and Yuma.

As might be expected of this sediment yield class, sheet and
gully erosion is slight and as a whole contributes an insignificant
amount of sediment yield.

:Eboto 45. Land in Sediment Yield Class 5.
Note level topography and good
ground cover.

SCS

Erosion on forest land generally is slight to moderate. In the
commercial timber types it is usually the result of soil disturbance
resulting fram road construction or timber harvesting activities and
normally is in the form of gully erosion. At the lower elevations
in the woodland and chaparral types, areas of moderate to severe
erosion occur either in the form of gully or sheet erosion where the
understory of vegetation or duff is insufficient to protect the soil.
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Erosion following a fire can be severe with both sheet and gully
erosion. This erosion gradually diminishes as the area revegetates.
As shown in the following tabulation, most forested lands are within
classes 4 and 5.

Sediment Yield Class on Forested Land

2 3 4 _5

Acres * 1,143 4,872 14,144' 9,838

Percent 3.8 16.2 47.2 32.8

* Thousand

Erosion on rangeland varies rather widely - from severe to slight
although generally it is slight. Areas of severe erosion occur along
the Little Colorado and Virgin rivers and areas where the vegetative
cover has been depleted by overuse. These are characterized by valley
trenching and moderate to severe sheet and wind erosion.

Area~ of moderate erosion are the Gila, San Pedro, San Simon,
Big Sandy, and Verde river valleys and the Grand Canyon. Most of
these areas have slight to moderate sheet erosion and moderate to
severe gully erosion. The remainder of rangeland has slight erosion.

Even though. sediment yield is generally low on rangeland, most of
the highest yields in the Region come from localized areas of this
land resource. group. As shown on the following tabulation, most
rangelands are within yield classes 4 and j. .

Se?-iment Yield Class on Rangeland

3,929 7,636 29,650

6.8 13.3 51.5

Acres *
Percent

* Thousand

2 3 4 _5_

16,371

28.4
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Erosion of cultivated and pasture land in the Region is primarily
in the form of sheet erosion. Some scour occurs when these lands are
flooded. These scoured areas must be filled with soil and releveled
in order to maintain proper irrigation grades. Land management
practices keep almost all of these lands in sediment yield classes 4
and 5 even though their potential yield may be higher.

Erosio~ Dama~

The 1965 average annual erosion damages by land resource group
and subregion are presented in Table 39.

The 1965 average annual erosion damage on forest and rangelands
is estimated to be $6,117,000. Of this, $3;118,000 is from loss in
land productivity; $102,000 is from land lost from streambank erosion
and gullies; $1,044,000 is damage to improvements and equipment; and
$1,853,000 is damage to public facilities.

The 1965 average annual losses in cultivated and pasture areas,
from erosion, is $527,000. Of this, $402,000 is loss in productivity;
$45,000 is loss of land due to streambank and gully erosion; $47,000
is damage to improvements and equipment; and $33,000 is damage to
public facilities.

The 1965 average annual erosion damage in urban areas is $63,000.
Of this, $37,000 is from. land lost from. streambank erosion and
gullies; $16,000 i'8- damage to improvements and equipment; and $10,000
is damage to public facilities.

The future average annual erosion damages by subregion and time
frame are presented in Table 40. These damages are projected to
increase from $6.7 million in 1965 to $24.2 million in 2020, based
upon 1965 prices and level of protection.

163



Photo 46. Streambank. Erosion

Upstream Floodwater and Sediment Damage

SCS

Upstream floodwater and sediment damages are those occurring in
watersheds having drainage areas of 250,000 acres or less, and in
cluding that portion of damages on common Y flood plain lands that
result from flows originating in upstream watersheds regardless of the
type or magnitude of these damages.

The effects of floodflows, which cause enormous floodwater and
sediment damage in the Region, are closely related to the overall
management of water and related land resources. The management of the
upstream watershed lands can also have a material effect upon down
stream floodwater and sediment damages.

Y Flood plain at the junction of two or more streams, which is
subject to flooding by either one or all streams.
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Flooding is widespread and often damaging in the Region. An
estimated 5.6 million acres of land is subject to periodic flooding in
the upstream areas. Of this total, about 4,284,000 acres are forest
and range; 1,110,000 acres are in cultivation and pasture; and 164,000
acres are in urban uses.

Flooding of timber and rangeland is not totally detrimental. The
resultant increase in soil moisture increases yield provided inundation
is not of sufficient duration to harm plants. Diversion and spreading
of floodwater is used as a management tool to increase range forage
production. In cases where silt is deposited on extremely coarse
textured soil, the nutrient supplying ability and the water holding
capacity of the soil is enhanced.

Photo 47. Floodwaters spreading over
irrigated cropland

scs

Floodwater losses vary widely depending upon the extent of
development, land use, and frequency of flooding.

The 1965 average annual floodwater and sediment damages occurring
within upstream watersheds are shown in Table 39.
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Damages on forest and rangelands, from floodwater and sediment,
are generally of localized nature from small storm cells or rapid
snowmelt. The major items of damage are improvements and public
buildings, recreation facilities, bridges,and sediment deposition in
stream channels, lakes and reservoirs. Damage from floodwater in
terms of reduction in grazing capacity or timber production is minor.
The "other" category of damage includes such items as reduced recreation
opportunities and values, detrimental effects on fish and wildlife
habitat because of decreased water quality, etc. This damage category
measures the adverse effects of floodwater and sediment on overall
environmental quality. Average annual upstream floodwater and sediment
damages on forest ahd rangelands for the Region amount to $5,366,000
for 1965.

When major floods occur in the Lower Colorado Region, ~loodwater

and sediment damages on cultivated lands are extremely high due to the
presence of high value crops such as lettuce, melons, cotton, etc.

Photo 48. Floodwater and sediment damage SCS
to young citrus grove
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Floodwater damage sustained by crops depends upon the damageable
value per acre, time of year, depth and duration of inundation,
velocity of flow, and sediment and debris content. Farm property and
equipment are damaged by floodwater. Cleaning of debris after flood
waters recede is a problem. Weed seeds are deposited by floodwater;
reducing yields and increasing production expenses.

Floodwater damage to irrigation canals is a serious and costly
problem. Delivery of irrigation water to cropland served by damaged
canals is often interrupted causing significant yield reductions.

Sediment deposited by floodflows may cover vegetables, nursery,
and other crops, smothering the plants and destroying production.

On-farm irrigation ditches and laterals are often filled with
sediment when breached by floodwaters. This causes additional loss of
crop yield due to inability to provide proper amounts of ir~igation

water because of reduced ditch capacities.

Within the Region the 1965 average annual floodwater d~ages in
cultivated areas are estimated to be $12,525,000. Of this, $1,608,000
is loss in productivity; $5,830,000 is to crops, $4,061,000 is to
other agricultural properties; and $1,016,000 is to public property
such as roads and bridges, and utilities.

Major upstream floods cause extensive damage in residential and
business districts of several cities and towns throughout the Region.
Peak runoff is higher in urban areas because of the extensive areas of
impervious cover such as roofs, parking lots, streets, etc. These
floodwaters often constitute a serious threat to human life. Homes
are severely damaged by floodwater and sediment. Lawns, fences,
paving, walls, water and waste facilities, automobiles, and other
property are damaged. The control of disease caused by water contami
nation and insect infestation after flooding is a serious and ex
pensive health problem. In business and commercial areas similar
damages are suffered. In addition, there are high indirect damages due
to loss of income during the interruption of business.

Public property and utilities, including highways, roads and
railroads are also damaged by floodwaters.
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Photo 49. Irrigation canal and road damage SCS

An example of one of many streams that cause extensive urban
floodwater damage is Cave Creek. This creek has a drainage area of
about 270 square miles and flows through the western part of Phoenix,
Arizona before its confluence with the Salt River. Several major
floods have resulted from excessive flow along this creek. There are
13,000 acres of developed urban land in the flood plain; yet, there
is no trace of the drainage ways which were obliterated during the 
development of this area.
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Photo 50. F~ooding o'f residential homes. SCS
Maryvale, Arizona

About one-third o'f the over'flow area o'f Cave Creek was in resi
dential use in 1963, including about 30,000 homes ranging in value
from $8,000 to $40,000. Thirteen percent is in commercial development
and includes more than 1,700establishroents. Public property in
cluding 36 schools, 7 hospitals, and 81 churches is also subject to
'f~ooding. Industria~ development includes about 650 separate
businesses. utilities, highways, and streets are also included.
Total value o'f property subject to 'flooding is estimated to be one
billion dollars.

A major 'f~ood in the Cave Creek area cou~d cause 'floodwater
damages that exceed $100,000,000. Average annua~ damage in this
watershed is estimated at $3.5 million.
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Sediment damage in urban areas consists of deposition on streets,
roads, utilities, lawns, and buildings. Sediment also plugs storm
sewers and drains. This type of damage presents a formidable clean-up
problem. As new urban areas develop, this type of damage will increase.

Photo 51. Sediment damage, Wickenburg, Arizona Double V

Total 1965 average annual urban floodwater damages for the Region
are estimated to be $12,537,000, of which $8,941,000 are in upstream
areas. Table 39 provides a breakdown of 1965 upstream urban damages.

An additional sediment damage is the depletion of the storage
capacity of reservoirs. This additional capacity must be provided for
in the design to allow for adequate floodwater storage capacity during
the life of the structure. It is estimated that the 1965 average
annual fuunage from this depletion is $2,068,000.

One of the most serious consequences of erosion and the resulting
sediment is water pollution. Phosphorous, a major pollutant, is not a
mobile element but stays where it is placed, attaches to the soil, and
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moves only with the soil. Erosion of that soil, then, causes phosph
rous bearing sediment to reach waterways and reservoirs.

The projected 1980, 2000, and 2020 average annual upstream flood
water and sediment damages by subregion and land resource group are
shown in Table 40. These damages were projected to increase from
$28.9 million in 1965 to $227.7 million in 2020 with only the 1965
level of protection.

Wildfire

Control of wildfire is basic to the development and utilization
of nearly all resources, activities and uses of the forest and range
lands of the Lower Colorado Region. The agencies and organizations
responsible for protection of the forest and range lands from damage
by wildfire must continue to expand their technology and methods for
prevention and suppression to keep in step with the increasing values
of the Region's water and related land resources. Problems and
responsibilities for wildfire protection and control in the Lower
Colorado Region are multiplying due to the development of small com
munities, expanding urban, industrial, and public use developments
scattered throughout the forest and range land of the Region and in
creases in recreation uses. This trend is expected to continue through
the projection period.

Danger from wildfire on the forest and range lands may be and
usually is present some place in the Region during every month of the
year. The Region usually has a split fire season. The early season
may begin the first of March with fire danger reaching a peak during
May and June. The late fire season may build up again in September
continuing through November, following the rainy period in July,
August, and September. There are exceptions such as the northwestern
section of the Region where the fire danger is the highest during the
summer months. The length and severity of the fire season varies from
year to year, with the wide fluctuation of the precipitation and
climatic condition common in the southwest and emphasized in the Lower
Colorado Region.

Wildfire usually destroys both plant cover and the litter or duff
leaving the soil wholly unprotected and resulting in decreased infil
tration, increased overland flows and accelerated erosion. Damages
include sediment deposition in reservoirs, streams, and irrigation
systems, and floodwater and sediment damage to urban and industrial
developments. Wildfires bring about a destruction of the humus within
the upper soil mantle, resulting in a lowering of infiltration rates,
an acceleration of runoff, and sometimes producing the condition
referred to as "nonwettability," with resultant increases in erosion
rates and high sedimentation. Damage from floods and sediment
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deposition may occur both locally and at considerable distances down
stream from the burned area. Damages from forest and range fires can
be reduced by emergency land treatment, consisting of site preparation
and artificial revegetation.

Photo 52. Burned area in chaparral type FS

An average annual burned area from wildfire in the Lower Colorado
Region is about 45,000 acres (1965)~ about equally divided between
range and forest land areas. The average total damage (including the
resource value lost and improvements) resulting from wildfire is
estimated to be about $60 per acre, with rangeland damages being about
$50 per acre, and commercial timberlands often sustaining a damage in
excess of $1,000 an acre. Suppression and rehabilitation costs of
wildfires in the Region average in excess of $75 per burned acre. In
1956, one of the more severe fire years in recent times, more than
87,000 acres of national forest lands burned in the Region with total
damages, including suppression costs, in excess of $50 million. The
1965 average annual damage from wildfire for the Region is estimated
to be $5,700,000. See Table 39·.
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Table 39
Lower Main Stem Subregion

Average Annual Damages Resulting from Upstream Watershed Problems 11
Present Development (1965)
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Present Development (1965)

!I 1965 Prices and level of' protection
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Jj Includes f'orage, timber, and wood products (3 of' 4)
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Environmental Quality Problems

Although environmental quality problems are discussed throughout
this section where applicable in relation to watershed problems, a
partial list of those directly related to land use and the management
of land resources follows:

water

Sediment as a pollutant
Fertilizer
Pesticides
Animal and human wastes
Competing or conflicting uses on rivers and lakes

Land

Accumulation of pesticides
Septic tanks (poor drainage)
Destruction by removal, burying, etc.
Misuse and/or lack of long-range planning
Competition for the use of the land
Litter and solid wastes

Air

Dust resulting from cultivation, construction activities,
mining, and some recreation activities

Dust from wind erosion
Spraying of pesticides
Odors from animal or human wastes
Pollutants from wildfires and burning of crop residues

Natural Beauty

Unnecessary removal of natural vegetation
Marring of the landscape by unsightly construction and by

inconsiderate recreationers and others

Environmental problems are best treated at the source. In most
cases, treating the symptoms is far more expensive and far less effec
tive.
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STATUS OF WATERSHED MANAGEMENT PROGRAMS (1965)

The goal of watershed management in the Region is not only toward
minimizing the effects of changes in the ecological balance that man's
first activities had disrupted, but also toward modifying it to create
greater benefits for man•.

Over the past several years, significant advances have been made
in watershed management practices and techniques by landowners and
public land managers. They strive for improvement of water yield,
improvement of water quality, and the reduction of erosion, sedimen
tation, and flooding. These watershed management program£ often
result in increased livestock and wildlife forage, improved timber
production, recreation, reduced fire hazard, and esthetic values.
Management techniques and practices are expected to improve and
intensify as a result of continuing research and the continuing
demand for increased yield of high quality water.

Public Land

The Soil and Watershed Conservation Program of the Bureau of Land
Management is a combination of management, land treatment, and
structural practices having a planned pattern in support of multiple
use management. It is designed to regulate floodwater and to control
accelerated erosion, to stabilize the soil resource for plant pro
duction, to prOVide for efficient use of water for the improvement of
vegetal cover, to rehabilitate areas damaged by wildfires, and to
increase the productive capability of the land.

This system is designed to fUnction within the two broad water
shed program objectives of conservation and development. The conser
vation objective is to manage and invest only to the extent necessary
to protect the watershed from further deterioration. It includes
prevention of erosion, restoration of eroded areas, control of pol
lution, the related enhancement of the quality of water, and enhance
ment of social well-being. The development objective is to manage
and improve the watershed to the extent that benefits are beyond the
conservation objective. These benefits result in increased output of
goods and services and reduced flood and sediment damages measured in
dollars. These dollar benefits must exceed the cost of' development.

Under the 1965 level of land management and capital investment,
treatment was limited to projects on critical areas needing immediate
attention and those areas needing early correction to reduce need for
future treatment. ~t this level vegetal resources and soil conditions
continue to decline on approximately 15 percent of the public lands
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administered by the Bureau of Land Management. Lands that are in an
advanced state of erosion continue to move into a more serious state
of massive erosion.

Improved livestock, recreation and wildlife habitat management
programs are being coordinated with the watershed tillage, treatment
and structural programs. Emphasis has been placed on livestock
management involving adjustment of stocking rates; construction of
fences and waters to improve livestock distribution; and vegetation
management and reseeding to relieve livestock grazing pressures on
critical watershed areas.

There are 4,083,000 acres of land included in the military
reservations administered by the Department of Defense. Other uses
of the land include limited hunting and fishing and, in some cases,
limited grazing by domestic livestock when not in conflict with
military use. Where other uses are permitted, management is generally
under one of the other land management agencies, either the Bureau of
Sport Fisheries and Wildlife or the Bureau of Land Management. Con
siderable soil movement and erosion are occurring on portions of these
national defense lands due to off-road travel with motor vehicles.

The Forest Service administers the national forests for multiple
use and sustained yield of the various resources inclUding, but not
limited to, outdoor recreation, range, timber, watershed, wilderness,
and fish and wildlife. The forest and range experiment stations are
carrying on research throughout the Lower Colorado Region to provide
information on management of these national forest lands for improved
resource management, and to guide in the improvement of watershed
values on forest and range lands. The Pacific Southwest Hydrologic
Survey, made on the national forest lands in the Pacific Southwest
area, provides information to be used in national forest resource
management for improvement of watershed management conditions, in
cluding increased water yield and reduction of erosion. Pilot and
barometer watersheds have been established on the national forests to
initiate the findings of the experiment stations and the Hydrologic
Survey.

Livestock range management programs, including adjustment in
stocking and range improvements, such as water developments and
diversion fences, are being developed to maintain and improve the
watershed conditions. One hundred thousand acres of pinon-juniper
type have been included in a control program whereby the pinon-juniper
type was replaced by grass to increase the carrying capacity of the
range and reduce erosion. Ten thousand acres of chaparral have been
controlled in the watershed improvement program and converted to grass
for improvement of watershed conditions and livestock grazing.
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Timber management systems in the commercial timber types have been
and are being adjusted to provide for maintaining ground cover for pre
vention of erosion and improvement of the water yield capabilities of
these high water producing areas.

Logging practices, road conditions, and other activities and
programs on national forest lands provide for holding erosion to a
minimum during the development programs and for rehabilitating roads,
trails, and other disturbed areas when no longer in use.

The history of efforts to prevent and coritrol wildfires in the
Southwest dates back to the mining era in the 1880's. At this time,
minimum local efforts were made to prevent and control fires in the
timberlands that were the source of wood and timber utilized in the
mines and mining camps. The first organized efforts at fire control
came with the establishment of the national forests in the early
1900's. Outside of the national forests and national parks little
progress was made in fire prevention or control until the 1940's and
later. The states provided fire suppression for their timber pro-
ducing lands either directly or through individual agreement with the
federal government. Federal aid to the states has been available through
Section 2 of the Clarke-McNary Act since its pB.ssage in 1924. y

Photo 53. Thorough training is required to control
wildfire safely and efficiently

!I Refer to Legal and Institutional Environments Appendix
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Nevada has provided fire protection
private lands through the act since
since 1957, and Arizona since 1967.
provided organized fire prevention,
the public domain lands since 1947.

and fire control for the state and
1931, utah since 1941, New Mexico

The Bureau of Land Management has
presuppression and suppression for

Lands under the administration of the National Park Service
include among others national parks, national monuments, and national
recreation areas. These areas are classified into three management
categories, -- natural, historical and recreational -- and are managed
under the applicable classification to protect and preserve the unique
feature for which they were set aside. Thus natural areas are pre
served, or if necessary restored to as near natural conditions as is
possible; historic areas are protected, restored if feasible and
maintained in a condition that portrays the scene at the time of the
historic or prehistoric event commemorated; and recreational areas are
managed to conserve and if required to enhance the natural setting
for general outdoor recreation activities. No use which impairs an
area's primary function is permitted, and if existing, it is the
general policy to seek the elimination of such use.

In certain areas uses such as water development projects are
authorized by statute, and in these cases management will consider
restoration of the natural" values, including useable water and control
of accelerated erosion.

While livestock use is permitted in some areas administered by
the National Park Service, termination of this use and restoration to
natural conditions is sought except where a historic grazing scene is
desirable or in recreational areas where the use is not a detriment to
the area or its primary function. In any event grazing where present
is regulated to maintain and protect the natural conditions.

In the management of parks, monuments, and recreation areas,
outdoor recreation is considered as an appropriate use where consistent
with the areas' primary classification.

The primary objective of management on the wildlife refuges is
for the protection and enhancement of wildlife species. Two types of
refuges are common in the Lower Colorado Region, namely the refuges
for protection and development of big game habitat, such as the desert
bighorn sheep, and the development and protection of habitat for
migratory waterfowl. The use by livestock on both the big game
habitat areas and the migratory waterfowl areas has been eliminated or
controlled to maintain the wildlife habitat and satisfactory ground
cover.
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The Bureau of Sport Fisheries and Wildlife has developed manage
ment plans and improvements, particula~ly for water supply, on these
areas to prevent concentration of animals and resulting erosion. Some
trespass by livestock occurs in a few places and cross-country vehicular
travel has presented some localized erosion problems.

Watershed problems are minor on the migratory waterfowl refuges
along the main stem of the Colorado River. It is necessary to maintain
a high water table or wetland condition for satisfactory migratory
waterfowl habitato Channelization of the Colorado River near some of
the wetland areas has resulted in deterioration of migratory waterfowl
habitat.

There are about 10.6 million acres of state-owned land in the
Region. This land is administered by various state agencies. While
use of these lands is made by all interests, federal law dictates that
the land be used to produce revenue to help operate the various schools
and institutions in the state. This then must be the guide to manage
ment of state lands.

The timber producing state lands have been put under a sustained
yield management plan designed to produce maximum benefits ~om timber
growth and forage production. The methods involved consider enhance
ment of the intangible resources such as recreation, esthetics, etc.
The management of the chaparral areas has been initiated using pre
scribed burns to reduce the fuels for fire hazard reduction, improved
forage production and increased water for livestock and wildlife.

Further studies are planned to fully evaluate the potential for
management and development on all state lands.

Privately-Owned Lands

The primary objective of management measures on privately-owned
lands (36 percent of the Region) is to protect and/or restore the land
and water resources of the immediate area. However, the measures
installed for these purposes usually have significant off-site effects
in reducing sedimentation, controlling runoff, and improving water
quality.

Soil conservation districts have active programs for the improve
ment of watershed lands. These districts, organized under state law,
are governed by local peopleo The districts utilize technical and
financial assistance from various public and quasi-public agencies and
organizations, They work directly with individual owners and/or
operators and cooperate with agencies administratively responsible for
public lands within the district boundaries. Over 90 percent of the
Region is within 48 soil conservation districts. Technical leadership
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in land and resource management on Indian land is provided by the
Bureau of Indian Affairs.

Land management programs on private lands in the Region include
land treatment measures related to watershed protection projects
carried out by local people with federal and state assistance. These
measures are installed in conjunction with structural measures such as
floodwater retarding structures, floodways, dikes, irrigation control
structures, etc., to reduce sediment production and control runoff.
They increase the effectiveness of the structural measures and help to
insure that the watershed area will remain productive.

Progress of Practices and Measures

Following are some practices and measures that have been in
stalled on public and private land as of 1965.

Measures that have been applied to reduce channel erosion are as
follows: 330 miles of bank and/or channel protection and 2,300
stabilization structures.

Improved grazing management (7,600 sq. mL) has the following
objectives: maintain or improve the quality and quantity of forage,
provide soil protection and improve on-site and downstream water
values.

Fencing (13,000 miles), stock ponds-earthen (12,000), tanks
(5,700), and reseeding (800 sq. mi.) have facilitated proper grazing
management objectives while improving the vegetative cover and re
ducing erosion and sedimentation.

Terraces (1,200 miles) have been installed to control runoff and
minimize soil erosion.

Upstream land treatment programs supplement downstream flood
control structures and p~olong their useful lives by reducing the
sediment load of floodwater.
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Photo 54. Erosion control structures on
forest land

FS

An important goal of land treatment and management is to reduce
the damages from erosion, flood runoff and sediment. Some of the
measures installed as of 1965 to reduce these damages are as follows:
Floodwater retarding structures (2,900), which provide temporary
storage of floodwater; dikes and-levees (1,200 miles); floodwater
diversions (500 miles), and floodways (20 miles) have been installed
to protect land from overflow.

Two hundred miles of stream charmel improvement, which includes
clearing of obstructions and realignment, have been installed to
provide greater floodwater carrying capacity.

There had been vegetative management on 2,500 sq. miles by 1965.
This includes control of chaparral and riparian shrubs and trees and
pinon-juniper woodland for improvement of water yields and forage.
The treatment involves reducing the density of the existing woody
vegetation by mechanical, chemical and biological means and by fire
and replacing it with grass.
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Photo 55. FS Photo 56. FS

Two different areas - one before and one after
conversion of chaparral vegetative type to grass

Increasing costs of irrigation water have encouraged more
efficient use of the water available. Diversion dams, irrigation
structures and other water control facilities (245,000) have been in
stalled. Supplemental practices and measures such as water storage
facilities (1,000), irrigation ditch and canal lining (7,400 miles),
and land leveling and smoothing (1,100 sq.mL) have also been instru
mental in saving and efficiently using the available water.

At the present time there are minor drainage problems in the
Lower Colorado Region. Tile drains (150 miles), tile system struc
tures including wells (30), and drainage ditches (40 miles)have been
installed to correct high water table problems which have occurred on
irrigated land.

Additional information on drainage may be found in Appendix X,
Irrigation and Drainage.
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PrOgress in Cooperative Project-Type Programs

There were 17 upstream flood prevention projects constructed by
1965 (see Map 10). These projects include 47 reservoirs which control
a total drainage area of 2,306 square miles. The reservoirs, when
constructed, provided storage for 95,710 acre-feet of floodwater and
22,660 acre-feet of sediment. Thirty-six miles of flood channel im
provements were constructed to safely convey the water from several of
these reservoirs. See Table 41 for more details on these projects.

An additional project, primarily for agricultural water manage
ment, had been constructed, in Nevada, by 1965.

Photo 57. Floodwater retarding structure SCS
after September 13,1966 storm.
Magma Watershed

There were four upstream flood prevention projects constructed
between 1965 and 1970. See Map ll, Chapter G, for general locations.
The five reservoirs within these projects control 276 square miles of
drainage area and provide storage for 1,370 acre-feet of sediment and
16,080 acre-feet of floodwater. Within these projects, 13.0 miles of
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Lower Colorado Region

Existing Upstream Projects
for Flood Prevention - 1965

Drainage Storage Flood
Number Area Above Ac. Ft. Channel

Subregion Name ot: Project y of. Reservoirs Flood Improvement
Map Iden. or Measure . Agency Reservoir~ Sq. Mi.. Control Sediment Total Mi..

Lower Main Stem
1 Butler BLM 1 304 900 100 1,000 -
2 crosby Tanks BLM 1 39 800 300 1,100 -
3 Iverson BLM 1 84 1,300 600 1,900 -
4 Flat Top BLM 1 370 1,700 400 2,100 -
5 Mathews Canyon CE 1 34 5,300 1,000 6,300 -
6 Pine Canyon CE 1 45 6,400 1,400 7,800 -
7 Upper Meadow

Valley Wash SCS 1 200 - 640 640 -
Gila

8 Arroyos #1 SCS 12 29 1,400 420 1,820 1
9 Railroad Wash BLM 15 203 2,740 370 3,110 -

10 Creighton BLM 1 106 1,500 1,300 2,800 -
11 H-X Det. BLM 1 41 1,100 500 1,600 -
12 Frye Creek Stock SCS 5 203 7,500 2,800 10,300 14
13 Magma 8C8 1 62 4,850 160 5,010 4
14 Whitlow Ranch CE y 1 143 28,900 7,000 35,900 -
15 Cave Creek 1 162 11,000 3,000 14,000 -
16 McM1cken CE 1 I 247 16,800 2,500 19,300 6
17 White Tanks SC8 2 34 3,520 170 3,690 11

1/ Agency: BLM - Bureau of Land Management; CE - Corps 'of Engineers; SCS - Soil Conservation Service

y Constructed by several agencies, including a railroad and oil company, City ot: Phoenix, and
others; maintenance now by the Maricopa Flood Control District.



channel improvements and 5.5 miles of floodwater diversions were con
structed. These four projects protect 198 square miles of agricultural
and urban areas.

Eleven additional projects had been authorized, but not con
structed, by 1970. Many of these projects are located in the Phoenix,
Arizona vicinity and will provide protection for a large urban area.
See Map 11 for general location of these projects.

The above-mentioned projects had been authorized under several
authorities.

Public Law 566 provides for technical and financial assistance by
the Uo S. Department of Agriculture to states or other qualified local
organizations for land treatment, flood prevention, irrigation, drain
age, public recreational or fish and wildlife developments, and
municipal or industrial water supplies on watersheds up to 250,000
acres in size. It also authorizes coordination with related work of
other agencies, including the departments of the Interior and Defense.

Projects under this Act are planned for integrated use and con
servation of all water and related resources in a watershed. Structural
measures can be of three kinds: (1) flood prevention measures (2)
agricUltural water-management measures (3) nonagricultural water
management measures'.

These small watershed projects are initiated by local organizations
having authority to construct, operate, and maintain works of improve
ment. The federal government supplies technical and financial as
sistance and can share up to 50 percent of the installation costs for
agriCUltural water management, fish and wildlife, and recreation.
Landrights acquisition, operation, and maintenance are the responsi
bilities of the local sponsors.

Those projects constructed by the Bureau of Land Management were
done under authority of the, Soil and Watershed Conservation Program as
described in an earlier portion of this section (F-,2).

The U. S. Corps of Engineers received its initial responsibility
for flood control in the 1936 Flood Control Act. This Act, as amended
by subsequent acts, established federal policy with regard to flood
control. Each flood control project constructed by the Corps of
Engineers, except certain small projects under provisions of Section
205 of the 1948 Flood Control'Act, must be specifically author~zed by
Congress. The cost of a flood control project is usually divided
between the federal government and local interests directly benefited.
The local interests' share of the cost is governed by the requirements
in the authorizing act. '
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Photo 58. Mathews Canyon Reservoir,
near Caliente, Nevada

CE

Watershed management programs of the Forest Service administered
lands are authorized by a number of Acts of Congress. These include
the Weeks Law of 1911, the Federal Power Act of 1920, Clarke-McNary
Act of 1924, the Bankhead-Jones Act of 1937, the Watershed Protection
and Flood Prevention Act of 1954, the MUltiple Use Act of 1960, and a
number of others. In addition to specialized watershed management
programs, watershed management objectives are provided for in other
resource and activity programs by maintaining the ground cover
necessary to reduce erosion, peak flows and the augmentatiop of the
water supply.
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CRAPI'ER G - PROGRAM FORMULATION

The program as presented in tables 42, 43, 44, and 47 is based
upon the Modified OBE-ERS level of projection. A comparison of the
two levels of projection (OBE-ERS and Modified OBE-ERS) is made in
Chapter K. Major differences in land requirements and costs of the
programs are also discussed in Chapter K for the two levels.

The program was divided into two categories: (1) Land Treatment
and Management, including associated minor structural measures and,
(2) upstream Flood Prevention, which includes larger structural
measures in upstream areas necessary for flood prevention and other
purposes which further the conservation, development, utilization, and
disposal of the water resource. In formulation of the land treatment
and management part of the program a distinction was made between that
portion which is "water related" and that portion which is "associated."
The water related portion is that which has significant effects on the
water resource. The associated portion is primarily production
oriented. The upstream flood prevention program was considered to be
totally water related.

LAND TREATMENT AND MANAGEMENT

The total land treatment and management program (water related
and associated) is presented in Table 42 by land resource group, sub
region, and time frame. The water related portion of the program is
broken out in Table 43, and the associated portion is shown in
Table ~ The equivalent acreages treated by land resource groups,
time frame, and function for the total Region is shown in Table 4~

The land treatment and management portion of the program was
formulated based upon the translation of water and related land
resources required to satisfY short- and long-term needs within the
Region. The economic projections formed a common base for determi
nation of gross demands in terms of goods and services. In the
projection of land requirements, assumptions were made that (1) to the
extent practicable, land use will be based on sustained or increased
production without deterioration of the land and water resources and
(2) the maximum application of the principle of multiple use will be
employed.

Land treatment and management includes water related practices
and measures which improve the quantity, quality, and timing of run
off; reduce erosion and sediment production (the principal water
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pollution agent); and improve the efficiency of irrigation water use.
The associated practices and measures are needed to meet the require~

ments for production of food and fiber.

Fire is a useful and valuable tool to the land manager, when
properly applied and controlled, to meet the objectives of land manage
ment on the forest and range lands of the Region. A vigorous, well
founded program of prescribed burning could materially reduce the
extent and severity of wildfires, thus reducing total losses and total
costs of fire suppression in the Region. Prescribed fire is a tool
used to manage the vegetative cover to improve the total Ifmultiple use lf

benefits including livestock forage, wildlife habitat, and improve the
quantity and quality of water for downstream use. Burning prescriptions
should include conSiderations to minimize smoke and esthetic pollution
impacts on air quality.

Two "alternates were considered in formulating the land treatment
and management portion of the program. These were the "Going Program"
and the "Suggested Program." The going program for land treatment and
management, using the with and without approach, is the without
element; actually without any acceleration in the current annual level
of investment. An evaluation of the going program was necessary to
provide an understanding of the relative investments required and
accomplishments that may be achieved at other alternative levels of
development. The suggested program represents a composite level
program which reconciles environmental protection, and production ob
jectives~ It is necessary to satisfy the projected requirements and
insure the improvement of production of all resources and uses from
water and related land on a sustained yield basis.

Implementation of the total progr~ would minimize irreversible
losses of the land resources and preserve the freedom of choice for
future resource users. A carefully designed and widely applied
program will enhance rural development opportunities by providing
protection of the land reso~ce base, more efficient production and
water use, improved water quality, increased recreation opportunities,
improved fish and wildlife habitat, increased and stabilized patterns
of streamflow, "and reduction of sediment yield. In order for people
to stay or migrate to rural areas there must be opportunities to
realize an adequate return on their labor, management, and capital.
The suggested program would be instrumental in helping to achieve this
objective. In turn, this would help to relieve population pressures
in cities thereby promoting ~. more healthfUl urban ~pviropment.

As the plan was formulated esthetic values and environmental
factors were of primary consideration since, "The weil-being of all
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the people shall be the overriding determinant in considering the best
use of water and related land resource~·." Y Ideally the land treat
ment and management program should harmonize with all water and
related resource development programs required to satisfy present and
projected demands within the Region.

The land treatment and management program was formulated by land
resource groups. A general explanation of what is included in the
program for each land resource group follows:

Cropland

Water Related--This portion of the land treatment and management
program for cropland is divided into irrigation water management
measures and erosion, sediment, and runoff control measures.

Irrigation water management measures include land leveling, ditch
lining, water control structures, and pipelines. These water related
measures are for control and more efficient use of irrigation water
and/or to reduce costs of irrigation. At the same time these measures,
in combination with cultural practices, reduce pollution of the ground
water, maintain or improve the productive capacity of the soil and
provide opportunity for increased yields through better water distri
bution and timeliness of operations.

Water related measures such as diversions, levees and dikes,
channel improvement, floodways, and streambank protection were con
sidered for erosion, sediment and runoff control on cropland, These
measures are primarily for protection of the land and improvements,
but also help to maintain and/or improve the productivity of the land,
reduce the sedimentation and erosion hazards that would adversely
affect the operation and maintenance of structural measures, and help
in keeping soil losses within allowable limits. These measures have a
beneficial effect on water quality, air quality) and further other
environmental quality objectives. Water pollutants such as sediment,
plant nutrients, and pesticides which could be carried to the water
courses by floodwaters are retained on the land where they are needed.

Associated-·~This portion of the program for cropland includes
soil surveys and investigations which are necessary for implementation
of the irrigation water management, and erosion, sediment and runoff
control measures.

y Senate Document 97-87th Congress



The program for cropland does not include cultural or management
practices that are considered a part of normal farm operations.
Neither does it include cost of research and information programs
needed for the increase in technology that is projected.

Rangeland

Water Related--This portion of the rangeland program includes those
practices and measures necessary for erosion, sediment, and runoff
control Q These consist of (1) small structural measures, such as
diversions, terraces, grade stabilization, gully plugs, etc., (2)
vegetative measures, such as grass seeding, and tree and shrub plant
ings, (3) intensive management, which is the orderly and efficient use
of water, land, plants, and other resources and (4) wildfire control.

Associated--Some of the practices and measures included in the
water related portion of the program for rangeland are also effective
in increasing or maintaining forage production. The cost of such
practices and measures were divided on the basis of benefits derived,
and that part of the cost for increased livestock and/or forage pro
duction was included in the associated portion of the program.

Proper gra~ing management is necessary for maximum multiple use
and production while protecting and improving environmental values.
The total program was designed to reduce sediment yield, reduce' wild
fire damage, improve water quality and/or quantity, and increase the
productive ability of the land. Proper land treatment and intensive
management of rangeland can benefit recreation, wildlife, esthetics
and other resources, uses, and services. Costs for continued research
for range,landimprovement are included in the program.

Forest Land

Programs for development and management of forest land and
resources are designed to protect, utilize, maintain or improve the
total productive capacity of the land, including wood, forage,
recreation, wildlife, and water to meet the regional and national
needs of the people. Research costs for continued forest land and
resources improvement are included in the program.

Water Related--This portion of the program includes measures that
control erosion, sediment and runoff and improve water yield.
Included are structural; management; and development measures such as
proper construction of roads, trails and other structural improvements,
reforestation, vegetative management for increasing water yield, re
ducing erosion and sediment, and wildfire control.
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Structural and other management and developing programs are
designed to reduce sheet, 'gully and streambank erosion, control peak
runo~~, and reduce downstream ~loods. Roads, trails, and other
improvements are designed, constructed, and maintained to minimize
erosion and sediment yield and deposition.

Associated--The associated program ~or ~orest land consists of
development and management to utilize and maintain or improve the total
productive capacity o~ the land. The production oriented portion o~

the above measures including re~orestation, thinning, insect and
disease control, vegetative management ~or forage production, enhance
ment of recreation resources, including esthetic and environmental
values, and improvement of wildlife habitat are considered in the
associated portion of the program.

Urban and Other

water Related--Measures such as diversions, levees and dikes,
channel improvement, floodways and vegetative were considered for
erosion, floodwater, and sediment control in urban and mined areas
and along roadsides, utility rights-of-way, etc. These measures may
be temporary or permanent. The protective vegetative cover o~ land
being developed is usually disturbed by land shaping or heavy equip
ment. These areas should be provided temporary protection during and
immediately after construction. Research costs are not included.

Permanent type measures must be planned and installed during the
initial stages of any development to adequately protect the area from
future erosion, floodwater, and sediment damages.

The total land treatment and management program is presented in
tables 42, 43, and 44. Costs are based on constant 1965 prices.
The operation, maintenance and replacement (OMBeR) costs are an annual
amount and ~or the last year o~ the time period.

outdoor recreation and fish and wildlife habitat program costs
are shown only for the "Forest Land" land resource group and are not
included in any totals in tables 43 and 44.. These costs were not
segregated for cropland and rangeland. The total programs for out
door recreation and fish and wildlife are reported in the respective
appendixes, Recreation and Fish and Wildlife.
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Table ,42
Lower Co+orado R~ion

Suggested Land Treatment a1'l.dM8.nagement Programs
REGrONAL SID1MAR:;'

.~. .. ..,

WATER RELATED AND ASSOCIATED

, .

>'lIOllIUl" CUlrnl. Lit '1,000.

WiD Annual. Qolag I!'J'ogr_ . SIUIli••ted~
IlISOtIRCI JYOCl-1.9~O ' 1!10; ~OOl~ZC

OIlllllPS InetafiiUon Ann. 0H&i na_IaUon Alln. tJWl ' InaGliition Il1n. 0MiCR IIl8iil1iUoll Ann. CiiiJI
SUJIIJlQIOIS MOIl- Non- !Ion- , HOII- 1I0n- Non- 1fO .... !lon-

r.d. hel. Ped. Ped. Ped. Peel. Peel. Fed. Ped. Fed. Fed. Feel. Peel. red. l"ed. Peel~

CIIOPLAlID - Total 771 3,182 479 4.414 12,223 47,6li9 519 7,879 16.335 66,752 530 8,104 lS,93O 65,257 529 8.052

L_r Metn Ste. lS3 648 87 911 2,908 9,460 127 1,624 3.924 16,245 145 1,804 3,966 16.552 147 1.871

1.1totole Col.....do 14 56 10 93 226 896 10 171 307 1,.213 11 178 308 1.212 11 178

Qn. 604 2.476 382 3.410 9.089 37,291 382 (,078 12.104 1.9.294 174 6 122 116.;a 47.1.93 311 5997

BAtlaEaND - Total 1,123 473 1,453 439 59,782 21,165 4.032 515 78,135 ~.304 6.379 707 32,9ho 24,251 9.224 . 738

LDver IIa1I1 Stela 556 51 797 49 16,874 3.414 1,204 7'2 22.867 4,981 2.065 71 6,308 3.951 '2,702 76

1.1totole ColJr.do 175 147 212 133 6.008 3,)69 524 164 8,249 4,71.9 142 197 4,503 4,llS 782 198

0'11. 192 275 hhh 257 36.900 14,182 2.3OIl 339 4101.9 19.604 3.512 1.39 22 129 16 185 5, 71lO h64

PORBST arm - 'loal 1,767 689 6.593 758 110.845 2'2.595 12,185 2.926 293,190 31&,625 )6,208 13,526 147,480 35,190 54.220 8,814

LDver IIa1n Ste.. 2'26 30 1,277 21 lS,796 3,045 2,516 110 61,410 5,275 6,506 775 32,100 7.110 10,123 115

1.1totole Colorado 599 61 2,1.94 628 44,151 6,150 4,217 1,081 104.100 11,900 12.316 5.125 52,680 12,860 18,246 3,302

lIlla 91.12 592 3.122 103 50.292· 12800 5.392 1,729 121 680 17650 11,386 7626 62 700 IS. 220 2~. 8~1 1..717

lJRMN - Toul 50 200 38 331 1,092 4,368 92 629 1,368 5,472 161 1.41.4 1,692 6,768 245 2,206

LoIter Main SteI!I 14 58 11 91 336 1,344 28 248 474 1,896 51 462 534 2,136 76 102

L1ttole Coloredo 4 14 3 24 114 456 8 76 144 516 16 140 168 672 24 21.6

ClUe 32 128 24 216 642 2568 56 505 750 3.000 91. 842 990 1.960 11.3 1288

GRA!ID TOTAL - Region 3,711 11,544 8.563 5,948 183.942 lIS.171 16.828 12,209 369,028 ,1)6,353 43,278 23,181 1.98,042 131,466 64,218 19,810

Lower Main S_ 949 787 2,172 1,084 35,~14 17,263 3,875 2,054 94,615 ~8,397 8,767 3,112 42,910 29,149 13.050 3,4)0

1.1ttl. Coloredo 792 286 2,419 878 $1,105 11,473 4,819 1,504 112.800 18,408 1).085 5,640 57.6$9 18,859 19,063 3.8~1I

Ql.le 1,970 3,471 3,972 3,986 96.923 67,041 8,134 8,651 181,553 81',548 21.426 IS,029 l'7,413 82,858 .32,105 12,486
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Table 43
Lower Colorado Region

Suggested Land Treatment and Management Programs
RIDIONAL SUMMARY

WATER RELATED PORTION

PRO<'dW1 COSTS IN Sl 000.

r.:1JRCE AlIllual Going ~ogram SUll' sted Pl'Ogr8Jll8
1.5'¢C>-19llC 19~1-2ooo . .001-20.0

ClROIlPS nstall.ation Ann. OK&R InstaUation Ann. OM&R .. InstallAtion Ann. om:R ~tall"tion Ann. Ql4!dl
Progr8lll ...0 ..... Non- lIon- lfon~ !fon- Non- NOIl_ Non-
Punctions '!'Ad. Fed" Fed. Fed. Fed. !'ed. Ped. Fed. Fed. l'ed. Fed. Fed. Fed Ped, Fed. Fed.

aulPUND - subtotal 749 3,182 419 1l,41L 11,853 41,649 519 7,819 15,8lB 66,152 530 8,JD4 15,424 65,251 529 8,052

Erosion, Sediment '"
Rano1'1' Control 59 145 93 228 911 2,236 95 233 1,253 3,010 100 238 1,239 3,035 98 237

Irrigation Water
3.037 386 1.541' 42lL 7.6U6 14 565 63.682 4'lO 7 866 431Mallllge..snt 690 4186 10 942 14 185 62 222 7.815

IllNOELAND - 8ubtote1 882 292 1,062 261 48,703 16,316 2,611 345 61,612 23,334 4,201 427 ?6,504 17,119 5,810 462

Erosion, Ssd1lllent '"
Jilinoff Control 882 292 1,06? 261 48,703 16,316 2,617 345 61,612 23,334 4,201 4n 26,504 17,179 . 5,810 46?

stru ctural MeasllJ'1ls (716) (172) (655) (135 (41.317) (lJ,084) (575) (163) (50,596) (19,353) (1,34!l) (183)' (22,215) (12,466) (1.,860) (183)

Vagetative lIanagenoeot (166) (120) (219) (IlL (7,386) 0,232) (766) (11)6) (U,016) (3,981) (1,149) (110) (4,289) (4,11.3) (1.942) (156)

Wlldtin Pl'evention 8<
(168) (1.2' (1;276) (36) (1 108) (14) (2008) (1.23)su,,"";'ssioo

FOREST lAND - sub1>otal 1,387 6JJ. 5,328 683 86,395 20,010 9,010 2,541 225,290 26,600 29,828 12,886 l.l6,580 32,430 45,355 8,074

Erosion, Sediment «<
Raboff Control 281 l3U 4,588 633 12,125 16,010 7,610 2,361 1.98,390 20,600 13,628 6,13/J 86, J80 21,4):) 18,915 2.914

Watarahat! Melll'gement (90) (100) (12) (100) (65,550) (14,400) (545) (210) (119,000) (18,000) (735) (4,650) (13,000) (27,000) (660) (800)

TiJlber lIanage1ll&nt (US) (4) (90) (25) (5,480) (1,300) (140) (6) (10,900) (1,800) (343) (11) (700) ():) (415) (4)

PoreRe Management (82) (30) (36) (B) (1,555) (310) (525) (160) (8,170) (800) (1,100) (400) (1.2,280) (400) (2,550) (320)

li1ldfil'e Prevention '"
Suppussioo (4,450) (500) (140) (6,400) (1,925) (J20) (11,450) (1,675> (1100) (15,350) (l,B50)

Water Yisld Improvement 1,100 500 740 50 13.610 4,000 1, ltJo 180 26,900 6.000 16,200 6,150 ):),200 5,000 26,)80 5,100

[outdoor RecreationJ -11 [500] [250] [200J (100] [40,595J [12,500] (10,900] [3,BBOJ [B1,900] [37,100J [31,000] [10,200] (110,500] [55,oooJ [49,250] [20,750]

[Fish'" WdJ-fe
[1151 [sBl [1161 [5B (10351)1 [3.1501 [7301 [ml [13001 [2 250] [900] [120] [11 9001 [31751 [1 5001 [2BO1Habitat

URlIlN - subtotal 50 200 38 331 1,092 4,)6B 92 829 1,)68 5,412 1.61 1,444 1,692 6,16B 245 2,206
...

Erosion. Ssd1ment '"
Ruo.ot1' Control 50 200 3B 3.31 1,092 4,3/J8 92 B29 1,36B 5.472 161 1,444 1,692 6,76B 245 2,206

SUB1'OTAL ~ Water
Related .3.068 lL,30B 6,907 5,695 148,043 86,Uo.3 12.238 11,594 JOlI,oBB 1.22,158 JJ..72O 22,861 160,200 121,634 51,939 IB,794

!./ .<lIltdoor recreation and fiah aod wildlife habitat costa were segregated tor 1'orest lend onJ,y and ar<l not included in the totals. (sheot I of 4)



....
\0
\0

T&'O.Le "t-.)

Lower Colorado Region
Suggested Land Treatment and Management Programs

LOWER MAIN STEM SUBREGION

WATER RELATED PORTION
-'&'MmC;TS III''' ~

:1IllC! Annaal <loing PrOgr..

IInlta:l~l.966_'_
ClIlOllPS U~ lauon Ann. tiilIl DlI OD ·nn.7liI.f.~ lDn. ClIIl<R IlIIItallation lnnl oliili"

Progr_ lfojl- 10D- Too- MDn- NOn- "Dn- IIon- NOn-
Planot.1ou 1'11<1. 1'IId. r.d. ""d. 1'IId. ""d. 1'11<1. Fed. 'ad. 1'11<1. Fed. 1'IId. Pe<l. Fed. F.d. ,.,d.

CJIOPLAIUl - nbtoWJ. 149 6M 87 9U 2,831 9,1,60 127 1,624 ),800 16,2liS lliS 1,8oIl 3,843 16,SS2 1Jl7 1,877

ErolioD, sed1Juln~ &
bot! Control 4 lO 6 16 68 168 7 17 100 24S 8 18 lO) 252 8 .19

==~nWater
116 6'l11 80<; 2 76~ 0_202 1- M 7 1.700 117 l.740 lW 18<;8at 81 120 16 000 1766 16 )00

IlANIlILAND - nbtota1 u6) )1 606 29 13,202 2,874 786 41 17,170 u,2ul 1,27) 43 S,448 ),0)5 1,6110 42

Ero81on, Sedkant &
US)Ibfnot! Coiltrb1 )1 606 29 13,202 2,871& 786 ul 17,170 1&,241 1,273 43 5,448 3,0)5 1,640 42

St.rllct..ral *uar.1 (u)3) (18) (429) (14) (lO,75u) (2,514) (191&) (16) (13,372) 0,71&7) (342) (17) (U,87S) (2,42S) (4S6) (16)

Veptetbl
(SO) (1) (ll4) (1\0448) (256)Manag_nt (1) (360) (21) (),798) (u94) (U!l7) (1Il) (57)) (610) (61Jl) (14)

W11d!1re Pronntion
(63) (2\ (~16' (4\ (u84) (570) (12\... SUD.....81on (8)

POftBST LlND - Illbtotal 176 25 917 22 1),421 3,020 1,631 9S 61,):1.0 u,750 5,061 735 26,550 7,050 7,9U3 7)S

J:looa1on, Sedaent"" I
95&inol! Control 56 25 9)1 22 12,021 ),020 1,481 S5,9lO ),750 2,661 2.3$ 21,)50 6,550 u,56) 18S

Waterlllle<l lIanag_nt (21) (20) (2) (20) (lO,2S0) (),OOO) ()O) (16) (51,000) C3,25O) (70) (150) (111,000) (6,500) (160) (lOD)

T1IIbeJ' Managnant (25) (15) (1,540) (26) (2,800) (laOO) (91) (150) (10)

ror.p !lanDia.lIt (10) (5) (10) (2) (201) (20) (155) (SO) (2,050) (lOD) (250) (85) O,lOO} (So) (750) (8S)

W1lclt1re Pro...ntiOCl
& Supp....a1on (910) ()O) (1,270) (60) (2, liSO) (lOD) (),5So)

Water Yield Improve-
...nt 120 40 1,400 ISo 5,400 1,000 2,200 sao 5,200 500 3,380 550

[8Iltdoor IIacreationJ
[lODJ [SoJ [50J [lOJ [7,525J [7SoJ [2,25OJ [300J [20,125] [5,oooJ [7,850] [2,075J [25,2OOJ (lO,oooJ [la,500J [5,100].JI

[nah .It W4!e
[2'51 fnl r~.l [121 r~.,1ll:1 flOc:nl r2,c:l r~l [uno1 r'57'51 [2801 r~l h.6~1 r1 0751 rh201 [801Habitat 1

IIKlII.rI - INbtotal 14 58 11 97 ))6 1,34Jl ?o8 248 474 1,896 51 1&62 531l 2,1.36 78 702

Er0ll1on, Se<l1aent- &.
14 ~16 1,~·4 h7u 1896 h62 'ill. 2.1'16 78 702Alnotf Cont-rol 58 U 97 28 248 51

stJB1'O'l't.!. - Water
Belated 822 76'1 1,681 1,059 29,790 16,698 2,572 2,008 82,754 27,1)2 6,S)O ),OU!l 36,375 28,n) 9,808 3,.3$6

..JI DatdoOJ' recraaUon and fi.h and wildlife habitat coat.....toe .egrepted tor !01"I.t labCi on1¥ and U'll not 1nclucllld 1n the totab. (INat 2 of 4)
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Table 43
Lower Colorado Region

Suggested Land Treatment and Management Programs
LITTLE COLORADO SUBREGION

WATER RELATED PORTION

PIlOGIlAM COSTS IN .1~000.

UIIll Annual Going la'0V_

LlI~Ann. OI!&R
RESOlIIlCE .IYOC>-JYOO ;ro 1.L-ilOZIJ
QROUPS llUItallaU"n Ann. OH&R Insa laUon AM. ~ Inatallat.:l.on Installauon Ann. (Jgdl

Progrlllll IIOn- Nod- Hon- Non- Non- Non- Non- NOn-
Functions Fed. P'ed. Fod. • d. Fed. Fed• Fed. Fed. Fed. Fed, Fed. !'ed. !"ed. Fed. Jed; Fed,

CROPlAND - subtotal 1lI S8 11) 93 220 696 JD 117 296 1,213 U 178 298 l,21a.~: U 118

Erosion, Sed1Jlent 8<
S 53 $3 4Runoff Control . 2 3 8 36 87 3 9 131 4 10 1)0 JD

lrrigation Watar
53Kanagellent 12 7 6S 164 8u 7 168 24S 1082 7 166 245 1082 7 l68

IlANOl!LAND - subtotal 124 101 147 67 4,505 2,5JD 310 lJD 5,9)8 3,472 435 1)1) 3,392 2,651 468 137

El'oaion, Sed1"",nt &.
1lI7Runoff Control 124 101 1I7 4, 50S 2,5JD 3JD lJD 5,938 3,472 43S 130 3,392 2,851 468 137

Structural (69) (70) (68) (52 (3,503) (1,936) (55) (68) (4,397) (2,640) (73) (77) (2,652) (2,009) (73) (73)

Vegetative Manage-
l1Ient (35) (1) (30) (29 (1,002) (572) (122) (34) (1,541) (83?) (172) (37) (740) (642) (173) (36)

Wildfire Prevention
((,&. SIlDoression (49) (113) (8) (00) (16 (222\ (28\

JtOlUlST lAND - aobt.otal, 434 52 1,174 573 32,532 5,750 3,142 957 67,250 8,300 9,911 4,820 .34,S30 10,660 )5,181 2,957

Ilrodon, Sed1m8 nt &:
Rulloff Control " 114 52 1,574 553 27,932 4,750 2,617 932 58,150 6,~ 4,511 2,710 25.530 9.660 6,781 1.407

WataX's!1ed llan&gfl-
IIlllnt (30) (40) (6) (40 (25,300) (4,000) (US) (lOO) (51,500) (S,3OO) (140) (1.600) (21.000) (9.500) (200) (200)

Timber ".allllgeJllll nt (53) (2) (5) (10) (1,980) (600) (62) (2) (4.100) (700) (111)

~l
(325) (10) (161) (2)

Forage Kan.go..nt (31) (10) (~) (3 (602) (150) (160) (30) (3,050) (00) (300) (90 (4.080) (150) (800) (:lO5)

Wildfire Prevention
&; Suppreasion (1.520) (500 (50) (2,280) (600) (100) (3.900) (l,07S (115) (5.600) (l,lOO)

watAlr Yield lioprove.
_llt 320 200 20 4,600 1,000 52S 25 6,Soo 2,000 5,400 2,050 ",000 1.000 8.1;00 I.S50

[Outdoor Recreation]
[lSa] [75] [7S] [30J [13.025) [5,000] [3.8S0) [2,OOS] [32,100] [12.200] [6.250] [3,OSO] [ltl.lOO] [20.000] [20,7;OJ [7.500].JJ

[l'iah \~ldl1fi
[451 [23] r361 fJ3 [41301 [1 o9Jl r2451 rSo r 2 900] re~l [260J [40 [4 6001 r1 0501 [ S4o] [90]Habitat ).

URIlI:f - subtotal 4 14 3 24 1111 456 8 76 144 576 16 140 168 672 24 216

El'oeion. SediJllent &

2hRunoff Control 4 :IJ~ 3 24 114 456 8 76 144 576 16 140 168 '>72 216

SUBTOTAl. - ....ater Related 576 225 1,934 777 37.371 9,614 3,470 1,320 73,630 13,561 ]0,373 S,268 38,3A8 1$.39S 1$,664 3.488
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Table 43
Lower Colorado Region

Suggested Land Treatment and Management Programs
GILA SUBRIDION

WATER RELATED PORTION

PROOIIAK COSTS III Il. 000.
UND Annual. U01ll& I'rogr&lll ~dPrOlZ1'''''
llESotlRCE 11.-2000 2lJll1-2020
llIlOlJPS InaGJiit.lon Ann. 0K!dl IlI8tauat1on Ann. 0Kldt nata lJ.at.1on Ann'. 0K&It lnataillit.1on Ann. 0MQl

Progru Non- NOli- KDn-
Fed~'

Nan- Na". lton- fion- !Ion-
l"o.notiona red, Ped. Fed. Feel. Fed Fad. Fed, I"rd. Fed. Fed.' r.d. Fad. Fed. Fed Fed.

CROPLAND .. aubtotal ,66 2,476 382 J,4Jo 8,802 J7,291 382 6,078 11,720 49,294 374 6,122 11,283'" 41,493 371 5,997

Eroeion, Sed1lllent. &.
2,694 88 1,083 2,65J 66 208lllinoft Co"trol 53 130 84 204 807 1,981 85 201 1,100 210

Inigat10n Watar
5J3 2.346 1.206 7 995 15.110 297 10 620 46 600 286 5 912 10 200 w.., 8JIO 285 5 789...nag....nt 298 5871

IUIiOELAND - aubtotaJ. 275 160 3C19 145 ~,996 1O,9J2 1,521 194 38.5'04 15,621 2,493 251l 17,664 11,293 3,70? 283

Erosion, Bed1....nt 8<
38,504 15,621 2,493 254 17,664 11,293 3.702 283'!lIulott" Control 275 160 .Jl9 145 30,996 10,932 1,521 194

3truct~J'&1 (194) (84) (158) (69) (27,060) (8,632) (J26) (79) (32,827) (12,966) (929) (89) (14,688) (8,032) (I,J31) (94)

Vegetat.ive
(:81) (3,9)6) (388) (91) (5,677) (2,655) (530) (llS) (2,976) (3,261) (1,155) (106)lIanagelll8nt (16) (75) (72) (2,300)

1i11df1re Prevention
(76l {4l {807l (24\ (1 034) (SO) (1 216) (83)It SUD1>reaa1on

!'ORESi' IAND - aubtotaJ. 777 557 2,577 88 40,442 11,300 4,237 1,489 96,7.Jl 13,550 14,856 7,J31 55,500 14,720 22,231 .4.382

Ertla1on, Sediment. «< I
58 39.500 11,220 1,631 1,382Runoff Control 117 51 2,077 32,772 8, .JlO 3,512 1,334 83,130 10,550 6,256 3,731

Watershed Man.ogeme nt (J9) (La) (4) (Jc) (Jo,oor» (7,400) (400) (125) (76,500) (9.450) (525) (2,900) (34,000) (11,000) (JOO) (500)

Timber Management (37) (~) (40) (15) (1.960) (700) (52) (4) (4,000) (700) (81) (6) (225) (20) (131) (2)

Fora g. Manarement (41) (15) (13) (3) (752) (200) (210) (80) 0,070) (400) (550) (225) (5,100) (200) (1,000) (130)

Wildfire Prevent.ion
'" Suppression (2,020) (60) (2,850) (1,125) (160) (5,100) (600) (175) (6,200) (750)

Water Yield Improve"",nt 660 500 Soo 30 7,670 3,000 125 155 IJ,OOO 3.000 11,600 3,600 16,000 3,500 14,600 3,000
- 'I

[20,050) [6,750) [l-,575] [3S,67S] [20.500) [14,900] [45,200] [25,000] [18,000) [8,150][Olttdoor gecreatlt>n] U[lSO) [125) [75] (60) [4.llOO) [S,07S)

[neh 8<"rJ-fe [,.s'l [221 [l,6] [ 331 [31.151 [1 0501 [nol [50) [2 oociJ [8$0] [3601 [So] r3.650] [1 osrU [5401 [110]Habit.. 1.

TJRIrl N - subt~tal 32 128 24 216 61;2 2,5611 56 S05 750 3,000 911 842 990 3,960 143 1,288

ErOSion& Sediment '"
!llla-rt ontrol " 12 128 24 216 6112 2568 56 505 750 3.000 94 842 990 J 960 14J 1288

S!IIfl:01'AL - Water
Related 1,670 3,321 3,292 3,859 80,882 62,091 6,196 8,266 147, 701~ 81,465 17,817 14,549 {l5,437 77,466 26,447 ll,950

l./ Outdoor .... creat.ion and fish and, wildlife habit..t costs were segregated for forest land onl,y and are not included ill t.he t.otala. (she&t4of 4)
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Table 044
Lower Colorado Region

Suggested Land Treatment and Management Programs
REGIONAL SUMMARY

ASSOCIATED PORTION

PROOIWl COSTS III $1,000.

::llIlCB Annua.l. Golng l!1'ogr... So... sted PrORruer--- :l'lClO-l.S'llC 'ZOO.l.-l!020
CWllIPS nata llAt.1on lAn.n. CiD! ,InstalliUon Inn. OMLR . Iutall&Uoll Inn. oiiiJi nst.o.:ll.at1on Ann. OHleR

,,"olll'_ liOn- 1fOn- Woo- RO"", ROIl- NOn- Iton- "o~
l'I1nctlons red. ....d. led. Yed. oFed. Ped. Yed. hd. oPed. hd. red. ,Ped. l'.d Fed. Yed. !"ed.

CROPL\1Il - 'Ilbtotal 2~ 370 $17 $06

So11 Suney"
370 1)17Jnve.th.UQtl ~2 S06

RAllOIlLANll - .Ilbt.ot.l 2111- 181 )91 178 11,079 11,649 1,411) 2)0 16,1)23 S,970 ~,17S 280 6,1136 7,072 3,blb 276

J'oJ'ap ProdllcUon ~41 lSI 3)2 U4 11.079 b,849 1,096 220 16,$23 $,970 1,725 260 6.436 7,072 2,9~ 24b

ir1ldfir. Pre."nUon .\
&aD"....e1on 59 b 319 10 bS3 20 502 J2

POJmST L\lfD - .Ilbtotal )80 SS 1,265 75 24,450 2,525 3,175 3S5 67,900 8,22$ 6.380 6IlO 30,900 2,760 8,865 7110

'l'1Jab... Prl>dlLcUon 2)0 11) 160 5S 21,500 2,200 S60 0 7S $1,000 6,600 1,470 50 13,)00 2,100 1,390 10

F-p Prodnct1on 1$0 110 95 20 2,S50 32S 211) lOS 16,)00 l,62S 760 26S 16,800 660 1,77S 330

W1lA1tlr. Preventlo11
• SlIppr.ulon 1,010 110O 2,boo 205 600 4,1SO 325 800 S,700 400

[OoltdoOr !lflc.....t1on].JI. 1!lOO] [200] [2OS) [70] (3).600] [10,750) [9,100) [3,800] [84, boO] [2".000] [23,600] [8,100] [m,boO] [so,ooo] [35,250] [20,1)0]

[P:!.'h!c ;tldlv"
f101 f12,,1 f151 f29,,1 rbOl fl1701 fl)S f&;,,1 fool f71.;1 Is"l 11 ~.,1 f4S1 f8Bol f 901Habitat.

SUBl'O'l'AL !asool.ted 64J 236 1,6S6 2$3 35,S99 7,374 4,S9O 615 84,940 lb,19S 8,SSO 920 37,842 9,832 12,279 1,016

-?I QQtdoor ....creation .nd nah .nd "llclll1'e bAbitat. coats vere Bflsreg.tlod tor t .....t. lallll oa4r QIld nre not. lncltlcifld 111 the totlols. (sheet lof 4)
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Table 44
Lower Colorado Region

Suggested Land Treatment and Management Programs
LOWER MAIN STEM SUBREGION

ASSOCIATED PORTION

PJI)QIW( CCE 15 II( el.OOO.
LAND Aonual 1.I011lg PI'oI1''' :;_a -USOIllCZ -
0RClIIPS IuUmtlon Lin•.0Mldl In.ii1iitlon Inn. 0HtlIt IIUIUlliUol'i Ann. 0I!&1l rnaGIlitlOn 1M. iiml

ProI1'U1 iIOiI- NOn- No~ IfDn- iOn- 8On- "on- HOIl-
runcUona hd !Ped. !Ped. !Ped. P.d. F.d l'ed P8d. !Ped. Fed. ""d P8d. hd. F.d. Pold. "-d.

atOPUNIl - aubtotal 4 77 121i 125

Soil S_7 4<
L. l2J.lfllnat.1JraUon 11 125

IW!(lIlLAND - aubtotal 13 20 191 20 ,;,672 SUO 4lll 31 5,697 1Qo 792 28 860 916 1,062 34

l"crap ProcIIlct1on 73 20 17,3 19 3,612 S40 .334 30 5,697 740 611 26 860 916 920 )0

Wlldt1'l'lO Prev.ntion
8L. IL& S\10""".a1Dfl 18 1 1 121 2 l1L2

l"OlIES1' LAND - aubtotal SO 5 )00 5 2,375 2, 885 15 6,100 525 l,Wl$ 40 5,550 60 2,180 40

r1JoIher Prodllction 3S 20; 1,575 1.05 3.200 1m 260 650 ;OS

PIl..a&" Production 15 5 25 5 700 25 55 15 2,750 125 135 uo 11,500 60 375 IlO

Wildt1... Prevent100
'" Suppreu10n 250 100 725 150 1,OSO 2')(l 1,500

[Outdoor ..0....t10n] .!J[1OO] [SO) [5OJ [l.OJ [7,520) [?SO] [2,030) [260) [20,100] [5,000) [7,550] [2,020) [25,150] [1.0,000) [:W,075] [5.0110]

[neh &a~1d~r.
f5J [201 fl.Os1 [201 [1551 [2,,1 [22,,1 [151 [200;1 [ J01 [u51 [151 r'1.01 r~llIII.b1tat 1

SUBl'O'!'AL Associated U1 25 1L91 25 6,121L S6S 1,303 46 11,921 1.260; 2,221 66 6,S3S 976 3.2112 711

1./ OuWoor recreatiOfi and U.h and v1ldU£e bab1tat costa we... segregated tor torast land on1¥ and .... IIOt lnclllded 1D t!IlI totala. (shea' 2 ot 4)
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Table 44
Lower Colorado Region

Suggested Land Treatment and Management Programs
LITTLE COLORADO SUBREGION

ASSOCIATED PORTION

PllOORAK OOlTS Iff tl,ooo.
UJID Annual Going PrOgl'llIIl SIlJl",ested1"r~
RISOllIlCIl .l.\IClO-1900 l'JOl,..2(]

aROUPS Installation Ann. OMIt!! Ill8taU8tion Ann. QI&R lUltallAtion Ann. OH&R Instailition Ann. OI!lI:Q
Prog1"8Ill Non- lIon- Non- Non- Non- WOn- NOn- Boll';'
Fllnctions Fed. Fed. Fed. Fed. Fed. Fed. Jl'ed. Fed. - li'eel. 1'ed. Jl'ed. F~d. hd. Fed. Fed. Fed.

CROPlAND - subtotal 6 9 10

So11 Suney &.
Invest1l!ation 6 9 10

RANllELAND. subtotal 51 46 65 h6 1,S03 859 2111 ,lJ 2,311 1,247 307 67 I,m 1,26lJ 31.4 61.

Forage Production 51 46 45 45 l,S03 859 181 52 2,311 1,247 259 62 l,U1 1,264 259 54

Wildt1re Prevention
55.It SU'ODression 20 J. 33 2 48 5 1

JIORI!ST LAND - subtotal 16, 1$ 420 55 12,225 1,000 l,JJ5 l30 36,850 3,600 2,1;)5 305 J.8,lSO 2,200 3,065 345

Timber Production 110 5 90 50 10,975 900 300 5 31,400 3,100 880 30 11,SOO 2~000 765 S
Forage Production 55 10 25 5 1,100 100 3.5 20 5,200 500 225 75 6,400 200 550 65

Wildfire Prevention
& Suppression 305 150 800 105 250 1,,300 200 250 1,750 275

(Outdoor Ilecreati0'lLY [lSoJ [75] [75] [30J [JJ,030) [5,oooJ [J,52O] [1,770) .(32,1$0J [12,000J [8,07SJ [;l,030J [40,100] [20,000] [12,S75] (7,01;)]

[1"1sn & ~~Jd'i}fe
f30l fl0l f50l f101 f1051 flO flS5l [20J f2051 [25] [180] [2OJ [260] [,,1Habitat 1

SlJBfOTAL Associated 216 61 485 101 13,728 1,8,9 1,349 J.8lJ 39,161 4.847 2,712 102 19,261 3,464 3,379 406

1.1Outdoor ....cnation ancl liBh and wildll1'e habitat coets ....rIO segregated 1'or 1'orest land onJ,y and ere not inclnded ill the totala. (she.' :5 of 41
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Table 44
Lower Colorado Region

Suggested Land Treatment and Management Programs
GILA SUBREGION

ASSOCIATED PORTION

l'RlllRAM OOSTS IN 11l,OOO.
UIlIl Annual 001111Ji ~ograa su~~ea~d Pr02rlllll8
R!SOtlIlCE lSOl>-lllllO LIID: -2000 2(01-2020
OIlOUPS IlllItallat10ll Ann.. <JU.R Inatiliition .lnn. Ci&R IllJItallat10n Ann. ClH&R Inatall.ation .lnn. 0M&Jl

Prop'- 110.... lion 1I0n- Non- Non- IIon- Non- 1I0n-
Functions lI'1ld. !'ed. Fed. red. Fed. Fed. red. Fed Fed. Plod. Fed. Fed. Fed. Fad. Fed. Fed.

CIIJPIAND _ allbtotal 18 267 384 371

Sol1 Sl1J'V87 '"
364 371Inftat1l!at10n 16 287

TlAIIOEL/IIlIl - aubtotal 117 US 13$ 112 5,904 3,hSo 78) l4$ 8,515 3,983 1,079 185 4,465 4.892 2,036 181

Forage Procllletion U7 115 114 110 5,904 3,450 581 136 8,515 3,983 795 112 4,ll65 4,892 1,133 160

W11dl1ft Pravention
"lO~&t SnnDJ'uaion 21 2 202 7 264 1'1 21

JI'OREST UIlIl - .lI1lbtotal l65 35 545 15 9,850 1,500 1,155 240 24,950 4,100 2,530 295 7,200 500 3,620 355

1'1Ilber Prndllct10l1 85 lD 45 5 8,950 1,300 155 10 16,400 3,100 330 20 950 100 320 ,
Forage Produet.1on 80 2$ 45 lD 150 200 125 10 6,350 1,000 400 150 5,900 400 8$0 225

Wildfire Preyention
'" SupPl"lel1on 455 150 875 100 2CO 1,800 125 350 2.160 125

[OUtdoor BeeNation] .!J[l5o] [75] [80] [30] [13,0$0] [5,000] [3,550] [1.770] [32,150] [12,000] [6,07'] [3,o5oJ [50,150] [20,000] [12,600] [7,050]

[l'iab &t ~tld) ~t't [,J [25] [S] [1401 [lDl [2101 [201 [22,1 [2'] r3051 [ 301 [WO1 [101 [3lD1 [551Habitat 1

Sl1lll'OT4L - .laaoe1.tad )00 15'0 680 127 16,041 4,950 1,936 365 33,849 8,083 3.609 480 12,036 5,392 5,656 536

.JI. :outdoor recreation and nell and 1dl<ll11'e Ilab!tat "coata ...re .egregated tor tore.t. land onq and. arc not. lDCluded in the totalJl. (ch••t 4 of 4)



The approximate area treated in the suggested land treatment and
management program is shown in Table 45, Equivalent Acreage Treated.
This table shows area receiving treatment, by function, within water
related and associated portions of land resource groups. The acreages
are generally not additive since the treatment in one function may be
applied to the same land as that in another function. For example,
land that is treated to improve water yield may also be treated to
control erosion, sediment, or runoff and, in addition, treated for
forage or timber production. The acreages also include updating of
measures and necessary re-treatment of the land.
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Table 45
Lower Colorado Region

SUGGESTED LAND TREATMENT AND MANAGEMENT PROGRAMS
EQUIVALENT ACREAGE TREATED

(1,000 Acres)

As of 1965 1966-1980 1981-2000 2001-2000

CROPLAND 675 573 801 779

Water Related
Erosion, Sediment &

Runoff Control 153 211 209
Irrigation Water Management 573 801 779

Associated
Soil Survey & Investigation 344 481 467

RANGELAND 4,184 15,328 21,567 13,219

Water Related
Erosion, sediment &

Runoff Control 15,328 21,567 13,219

Associated
Production Measures 3,065 4,529 3,173

FOREST LAND 2,000 3,600 4,700 2,850

Water Related
Erosion, Sediment &

Runoff Control 2,700 4,700 2,850
Water Yield Improvement 250 600 450

Associated
Timber Production 3,600 3,400 1,600
Forage Production 400 1,000 1,600

URBAN 125 182 228 282

Water Related
Erosion, Sediment &

Runoff Control 182 228 282

Equivalent Acreage Treated-Total 6,984 19,683 27,296 17,130
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UPSTREAM FLOOD PREVENTION

The total upstream flood prevention program is considered water
related and is presented in tables 46 and 47. Table 46 shows the
suggested upstream structural measures by time frame, subregion, state,
and type of measure. Table 41 presents the total cost by these same
breakdowns. Costs are based on constant 1965 prices.

The upstream flood prevention portion of the program includes
those larger structural measures required to reduce flood damages
occurring within watersheds with drainage areas of 250,000 acres or
less. This program for the upstream area is included in the total
flood control program as presented in the Flood Control Appendix. The
formulation of the upstream flood prevention program was based upon an
appraisal of the present and projected upstream flood prevention needs
while recognizing the operational effects of existing projects. The
projected needs were based upon economic projections and generalized
estimates of the tendency and opportunity for future development in
upstream flood plain areas while considering the effectiveness of pre
ventive measures which influence flood plain development. In deter
mining the quantity of the program, consideration was given to the
projected population, agricultural production requirements, and other
land and resource needs. It was recognized that prevention of all
upstream floodwater damages would not be physically or economically
feasible.

The principal function of upstream corrective measures is to con
trol floodwaters so that the risk of flood damage for any portion of
the upstream flood plain is compatible with the use. Environmental
quality was one of the primary considerations in the formulation of
the upstream flood control program. The program must be fully coordi
nated with other water and related land resource development within
the Region to insure that maximum multiple use is made of water im
poundments and other features for fish and wildlife, for outdoor
recreation, and other beneficial uses.

The structural measures included in this part of the program con
sist of floodwater retarding structures for temporary storage of
floodwater and sediment, levees, and channel improvement. Flood
control structures regulate the flow so that flood damages are kept to
a minimum. Flow regulation is accomplished by constructing reservoirs
with floodwater storage or levee and channel improvement works sepa
rately or in combination. Damages are reduced by either storing the
floodwater then later releasing it at nondamaging rates, or by pro
viding sufficient channel capacity.

In development of the structural program consideration was given
to the degree of flood damage prevention which could be accomplished

208



through controlling the use of flood plains by such measures as zoning
and ordinances, subdivision or building codes, health regulations,
open space regulation, tax adjustments, and flood-warning signs. The
purpose of flood plain regulation is not to deny use of the flood
plains, but rather, to prescribe land uses that are compatible with
nature's need to pass flood water. Also considered was flood fore
casting which provides opportunities for the implementation of
emergency measures to minimize damages by evacuation of people, live
stock, and movable objects from areas expected to be flooded and by
the construction of temporary protective structures. Utilization of
the nonstructural program is a major requirement in future community
planning. Needed land treatment practices and measures are included
in the program for flood control. These practices and measures are
described in the previous section on "Land Treatment and Management."

Map 11 indicates the general area of the structural measures in
cluded in the suggested upstream flood prevention program.
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Number Total Area Above Stora~e (1.000 Ac. Ft. Flood Channel
of' Recommended Impoundments Flood y Improvements Levees

Subregion Pro.iects Impoundments Sa. Mi. Sediment Control Other Total Mi. Mi.

Lower M9.in Stem
Arizona 7 14 307 9.4 28.3 -- 37.7 22·5 3.0
Nevada 3 4 125 2.8 9,7 -- 12.5 12.5 2.2
Utah ...l 15 87 3.6 4.7 0.8 9.1 9.3 ----
Subregion Total 13 33 519 15.8 42.7 0.8 59.3 44.3 5.2

Little Colorado
Arizona 11 16 1,112 28.3 82.2 34.0 144.5 16.0 6.0
New Mexico .2- 4 326 I 15.3 26.3 8.0 49.6 4.0 ----
Subregion Total 14 20 1,438 43.6 108.5 42.0 194.1 20.0 6.0

Gila
Arizona 52 66 3,818 91.6 411.9 46.0 549.5 277.6 53.8
New Mexico 2

I
14 79 2.3 9.6 -- 11.9 2.8 ---- --

Subregion Total 54 80 3,897 93.9 421.5 46.0 561.4 280.4 53.8=
Region Total 81 133 5,854 153.3 . 572.7 88.8 814.8 344.7 65.0
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Lower Colorado Region
Suggested Upstream Structural Measures

for Flood Prevention (1966-1980)
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~ ~ Irrigation and Recreation
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Number Total Area Above Stora~e (1.000 Ac. Ft.) Flood Channel.
of Recommended Impoundments Flood Y Improvements Levees

Subregion Pro.iects Impoundments Sq. Mi. Sediment Control other Total· Mi.. Mi.

Lower M:l.in Stem
Arizona 5 8 193 4.7 26.0 -- 30.7 39.0 5.0
Nevada 10 12 822 15.1 54.7 -- 69.8 27.5 12.0
Utah 2 1 60 0.6 0.7 11.8 13.1 2.0 --- -- --
Subregion Total 17 21 1,075 20.4 81.4 11.8 113.61 68.5 17.0

Little Colorado IArizona 6 5 565 14.9 45.0 10.0 69.9 14.1 4.0
New Mexico 1 -- -- -- -- -- -- 2.5 --- -- -- --
Subregion Total 7 5 565 14.9 45.0 10.0 69.9 16.6 4.0

Gila
Arizona 34 35 2,005 63.8 214.0 25.0 302.8 170.0 27.6
New Mexico -- -- -- -- -- -- -- -- --- - - -- --
Subregion Total 34 35 2,005 63.8 214.0 25.0 302.8 170.0 27.6=

Region Total 58 61 3,645 99.1 340.4 46.8 486.3 255.1 48.6
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Lower Colorado Region

Suggested Upstream Structural Measures
ror Flood Prevention (1981-2000)

~
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Number Total Area Above Storage (1,000 Ac. Ft.) Flood Channel
of Recommended Impoundments Flood g Improvements Levees

Subregion Projects Impoundments Sq. Mi. Sediment Control Other Total . Mi. Mi.

Lower Main Stem
Arizona 2 5 166 3.9 29.0 -- 32.9 3.0 --
Nevada 2 2 202 5.7 12.9 -- 18.6 8.0 --
utah 1 2 67 4.7 3.7 -- 8.4 -- --- - -
Subregion 5 9 435 14.3 45.6 -- 59.9 11.0 --

Little Colorado
Arizona 4 8 346 10.1 25.9 -- 36.0 5.0 --
New Mexico -- -- -- -- -- -- -- -- --- - -- - --
SUbregion Total 4 8 346 10.1 25·9 -- 36.0 5.0 --

Gila
Arizona 14 18 1,029 27.4 118.7 -- 146.1 114.0 40.0
New Mexico 1 1 156 ~ 16.6 -- 22.1 -- --- --
Subregion Total 15 19 1,185 32.9 135.3 -- 168.2 114.0 40.0= = =

Region Total 24 36 1,966 57.3 206.8 -- 264.1 130.0 40.0
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Lower Colorado Region

Suggested Upstream Structural Measures
for Flood Prevention (2001-2020)

(3 of 4)



Total Area Above Storage (1,000 Ac. Ft.)· . Flood Channel
Recommended Impoundments Flood ¢I Improvements Levees

Subregion Impoundments Sq. Mi. Sediment Control Other Total Mi. Mi.

Lower Main Stem
Arizona 27 666 18.0 83.3 -- 101.3 64.5 8.0
Nevada 18 1,149 23.6 77.3 -- 100.9 48.0 14.2
utah 18 214 8.9 9.1 12'~1 30.6 11.3 --

63 169.7 232.8 123.8Subregion Total 2,029 50.5 12.6 22.2

Little Colorado I
Arizona 29 2,023 53.3 153.1 44.0 250.4 35.1 10.0
New Mexico 4 326 15.3 26.3 8.0 49.6 6.5 --
Subregion Total 33 2,349 68.6 179.4 52.0 300.0 41.6 10.0

Gila
Arizona 119 6,852 182.8 744.6 71.0 998.4 561.6 121.4
New Mexico 15 235 7.8 26.2 -- 34.0 2.8 --
Subregion Total 134 7,087 190.6 770.8 7l.0 1,032.4 564.4 121.4=

Region Total 230 11,465 309.7 1,1l9.9 135.6 1,565.2 729.8 153.6
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Table 46
Lower Colorado Region

Suggested Upstream Structural Measures
for Flood Prevention (1966~2020)

(4 of 4)



I\)
I-'
+-

....-..
I-'

o
H)

+-
"--/

Table 47
Lower Colorado Region

Costs of Suggested Upstream Structural Measures. (1966-1980)
for Flood Prevention
(Costs in $1,000)

Levees & Channels Flood Control Reservoirs

Federal Non-Federal Federal Non-Federal

Instal- Annual Instal- Annual Instal- Annual Instal- Annual
lation O~R lation 0M?eR lation O~ lation O~R

Subregion/State Costs Costs Costs Costs Costs Costs Costs Costs
1 2 3 4 5 6 7 8 9

Lower Main Stem
Arizona 2,648 249 12 6,348 432 27
Nevada 1,046 125 4 2,893 289 13
Utah 652 13 -2 2,903 42 12

Subregion Total 4,346 - 387 19 12,144 - 763 52

Little Colorado
Arizona 3,156 277 15 13,232 177 55
New Mexico 390 5 2 3,927 67 16- -
SUbregion Total 3,546 - 282 17 17,159 - 244 71

Gila
Arizona I 40,557 5,028 114 59,493 4,802 307
New Mexico 202 3 1 -1,674 58 15

Subregion Total 40,759 - 5,031 115 63,167 - 4,860 322====
Region Total 48,651 - 5,700 151 92,470 - 5,867 I 445

(1 of 4)
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Table 47
Lower Colorado Region

Costs of Suggested upstream Structural Measures (1981-2000)
for Flood Prevention

(Costs in $1,000)

Levees & Channels Flood Control Reservoirs
Federal Non-Federal Federal Non-Federal

Instal- Annual Instal- Annual Instal- Annual Instal- Annual
1ation OMlcR lation OM&R lation OM&R 1ation OM&R

Subregion/State Costs Costs Costs Costs Costs Costs Costs Costs
1 2 3 1+ 5 6 7 8 9

Lower Main Stem
Arizona 2,639 204 11 3,832 560 17
Nevada 14,821 2,537 34 8,758 2,191 40
utah 78 1 1 3,380 31 14

Subregion Total 17,538 - 2,742 46 15,970 - 2,782 71

Little Colorado
Arizona 2,010 180 10 6,077 82 25
New Mexico 400 100 _5 - .. --
Subregion Total 2,410 - 280 15 6,077 - 82 25

Gila
Arizona 70,489 10,231 188 29,270 3,485 173
New.Mexico - - - - - -- -
Subregion Total 70,489 - 10,231 188 29,270 - 3,485 173

Region Total 90,437 - 13,253 249 51,317 - 6,349 269

(2 of 4)
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Table 47
Lower Colorado Region

Costs of Suggested Upstream Structural Measures (2001-2020)
for Flood Prevention

(Costs in $1,000)

Levees-& Channels Flood Control Reservoirs

Federal Non-Federal Federal Non-Federal
Instal- Annual Instal- Annual Instal- Annual Instal- Annual
1ation O~ 1ation O~ 1ation O~ lation O~

SUbrePdon/State Costs Costs Costs Costs Costs Costs Costs Costs
1 2 3 4 5 b '7 tl 9

Lower Main Stem
Arizona 195 8 1 3,104 321 13
Nevada 4,335 545 13 1,817 184 8
Utah - - - 2,106 26 --2- -
Subregion Total 4,530 - 553 14 7,027 - 531 30

Little Colorado
Arizona 343 4 1 4,749 103 20
New Mexico - - - - - -- - -
Subregion Total 343 - 4 1 4,749 - 103 20

Gila
Arizona 39,703 1,716 173 17,359 100 206 32
New Mexico - - .- 1,868 - 47 8-
SUbregion Total 39,703 - 1,716 173 19,227 100 253 40= -

Region Total 44,576 - 2,273 188 31,003 100 887 90I

(3 of 4)
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Lower Colorado Region

Costs of Suggested Upstream Structural Measures (1966-2020)
for Flood Prevention

(Costs in $1,000)

Levee.s & Channels Flood Control Reservoirs

Federal Non-Federal Federal Non-Federal

Instal- Annual Instal- Annual Instal- Annual Instal- Annual
lation OMBeR lation OM&R lation OMll;R lation OM&R

SUbregion/State Costs Costs Costs Costs Costs Costs Costs Costs
1 2 3 4 5 6 7 8 9

Lower Main Stem
Arizona 5,482 461 24 13,284 1,313 57
Nevada 20,202 3,207 51 13,468 2,664 61
Utah 730 14 4 ~89 99 35-
Subregion Total 26,414 - 3,682 79 35,141 - 4,076 153

Little Colorado
Arizona 5,509 461 26 24,058 362 100
New Mexico 790 105 J 3,927 67 16-
Subregion Total 6,299 - 566 33 27,985 - 429 116

Gila
Arizona 150,749 16,975 475 106,122 100 8,493 512
New Mexico 202 3 1 5,542 - 105 23-
Subregion Total 150,951 - 16,978 476 111,664 100 8,598 535

Region Total 183,664 - 21,226 588 174,790 100 13,103 804

(4 of 4)



OTHER LAND RESOURCE RELATED SUGGESTIONS

Following are additional suggestions regarding land use, adminis
tration, and management not specifically included previously in either
the land treatment and management or the upstream flood prevention
portions of the program. These relate in most instances to land use
decisions that are made by county and city planning boards, elected
officials, and private landowners. In many cases there are no
"installation costs" involved but there may well be need for zoning
ordinances, tax incentives, public information programs, and the like.

Cropland

1. Accelerate research and experimentation to develop effective
pesticides and herbicides which will not be harmful to humans
and domestic animals nor to desirable plants, fish, and wild
life.

2. Encourage private landowners to consider making more cropland
available for income-producing recreation.

3. Plant field borders to vegetation which will provide food and
protection for-wildlife.

4. Improve rural envirorunent by planting windbreaks and by vege
tative screening of farmsteads, equipment lots, etc.

5. Use minimum tillage cultivation practices and crop residue
use to reduce the quantity of dust which enters the air,
decrease soil compaction and maintain soil structure, and
reduce costs of crop production.

6. Encourage equitable taxing of cropland. Zoning may be a
vehicle to slow "urban sprawl." Land capability should be
one of the primary criteria to be considered in zoning.

7. Accelerate research and experimentation to develop strains
of crops which require less water and are otherwise well
adapted to the Region.

Rangeland

1. The system by which grazing privileges on public·-owned lands
are tied to private holdings should be reviewed periodically
to insure that the system is both equitable and conducive to
good management.
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2. Take advantage of the unique natural beauty of the Region's
rangelands by developing additional dude ranches and other
tasteful outdoor income-producing recreation enterprises.

3. Accelerate research and experimentation leading to the intro
duction of well adapted and productive forage species.

4. Maintain coordinated methods and procedures of land transfer
to insure maximum benefit to state, federal,and private
interests.

5. Accelerate efforts to direct recreation activities on range
lands in such a way as to reduce damage done to the forage
and wildlife resources, the Rancher's property, and to pro
tect to the maximum extent possible, the cacti and other
natural flora and fauna.

6. Provide for measures to improve wildlife habitat and maintain
water quality when constructing livestock water developments.

7. Encourage flexibility in numbers of grazing animals to permit
adjustments in times of drought or of unusually high forage
production.

Forest Land

1. Accelerate research on production and marketing of forest
products and establish, where feasible, forest related indus
tries in rural areas to provide job opportunities.

2. Accelerate research and experimentation on pesticides and
herbicides and alternate control methods which will not be
harmfUl to humans and domestic animals nor to desirable
plants, fish, and wildlife.

3. Develop additional tasteful income producing recreation
facilities on private forested lands.

4. Review periodically the procedure for land transfers for
maximum benefit to federal, state, and private interests.

5. strengthen multiple-use land management plans and programs
to assure equitable consideration for all resources and uses,
including recreation and wildlife.
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Urban and Other

1. Accelerate land use planning of areas which are expected to be
developed for urban use and implement effective and equitable
taxing and zoning ordinances in order to direct this develop
ment in an orderly and esthetically pleasing fashion.

2. Use flood prone sections of cities and towns for parks and
green belt areas.

3. Facilities for efficient use of runoff water from urban areas
should be provided. In these areas, because of roof tops and
paving, a high percentage of the total rainfall results in
runoff.

General

1. Develop adequate and safe facilities for animal and human
waste disposal, giving full consideration to soil character
istics, to reduce water and air pollution.

2. Adequate provision should be made to reduce sediment produced
during construction of roads, housing developments, pipelines,
powerlines, etc., thereby reducing wate~ pollution.

3. To minimize the effect of increases in land use for trans
portation and utilities in the future, government at all
levels should coordinate and perhaps direct the establishment
of transportation··utility corridors. Several kinds of
utilities should be incorporated, where possible, in the same
right-of-way. Locations of rights-of~ways and underground
construction should be considered in order to have the least
effect on productivity and esthetics.

4. Intensify educational programs to encourage the practical
app~ication of land treatment and management practices on
the land.

5. Archeological resources are a competing land use and pro
visions should be made to investigate and evaluate these
resources as the basis for deciding which resources should be
preserved for future generations, salvaged prior to start of
construction actiVities, or which sites may be allowed to be
destroyed.

60 Strengthen coordinated planning on state, private, and
federally administered grazing lands to make maximum use of
the range resources within the concept of balanced multiple
use management of all the resources and values.
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CHAPTER H - EFFECTS OF THE SUGGESTED PROGRAM 1/

The suggested program includes a variety of structural and manage
ment measures to maintain and/or increase the productive capacity of
the land resource base; increase efficiency of water use; reduce pro
duction costs; decrease damaging peak runoff; improve the timing,
quality, and quantity of water yield; stabilize streamflow; and
decrease sediment production. The program would have varying effects
on other land resources, uses, and values, such as recreation, fish and
wildlife, and environmental quality.

Projections of the land requirements were based upon the capa
bility of the land resources to satisfy future demands placed upon
them. Proper land use, treatment, and management were basic consider
ations in the determination of land requirements. With the exception
of those uses not dependent upon productive capacity, failure to
provide and implement an adequate program would substantially increase
the land requirements, increase production costs, and adversely affect
environmental quality.

The projected outputs from the land for two alternatives of
development are shown in Table 48. The llGoing Programll is a continu
ation of the 1965 program level of funding. The "Suggested Program"
merges protection and production measures to most nearly satisfy the
projected multiple objectives. The suggested program might be an
acceleration or deceleration of the going program for any specific
phase. Figure 11 graphically illustrates output from these two alterna
tives plUS a third alternative which is "no program." The no program
alternative is an estimate of the probable effect on output from land
if all programs were discontinued after 1965.

The suggested land treatment and management program for cropland
is needed to meet the projected increase in demand for food and fiber
production at a reasonable cost, while maintaining or improving the
productive capability of the land resource base. The program would
provide for reduced costs to the consumer by increasing the efficiency
of use of factors of production. The water management measures would
provide for control and more efficient use of irrigation water; the
flood-and erosion control measures will protect the cropland from
damage from these sources; and the associated programs are necessary
for the implementation of the total cropland program. The program
would beneficially affect water quality by reducing sediment yield and
by keeping farm chemicals out of the water courses and on the cropland
where they are needed. Farming practices such as minimum tillage and
crop residue use help control air pollution by reducing dust particles
in the air.

y-Based on Modified OBE-ERS. Chapter K gives a comparison between
OBE-ERS and Modified OBE-ERS.

221



As indicated in the Irrigation and Drainage Appendix, the total
diversion requirements for irrigation decreases from about 9.1 million
acre-feet in 1965 to 8.4 million acre-feet in 2020. At the same time,
the total irrigated area increases from about 1.3 million to 1.6
million acres. The diversion rate per acre would decrease from about
6.9 acre-feet to 5.2 acre-feet. This indicates a substantial increase
in irrigation efficiency. The increased efficiency will result from
installation of on-farm irrigation practices and measures through the
suggested land treatment and management program and installation of
improved distribution systems through the suggested irrigation program.
As the diversion requirements are theoretical figures based on a full
water supply and a portion of the present supply is an overdraft of the
ground water, it should not be construed that the decrease in water
requirements is a surplUS or a water yield change. Therefore, no
figures are included in Table 48 to show the increased efficiency
resulting from the on-farm. program.

With the going program, total value of crop production is expected
to increase from about $339 million in 1965 to $899 million in 2020.
The recommended program is an acceleration sufficient to meet the pro
jected crop production requirement of approximately $932 million. With
no program, crop production by 2020 would be far below the 1965 level,

There will be increased use of the grazing land for recreational
and other purposes. This intensified use will create protection' and
management needs that presently do not exist. At the same time there
will be a need for increased forage production from the graZing lands
because of the significantly increased livestock production projected
for the Region. The suggested program for grazing land is designed to
protect the land base while satisfying as much of these demands as
possible. It is estimated that, under the going program, total animal
unit months of grazing will increase from about 8.5 million to 1965 to
9.5 million in 2020. There will be a further increase to about 10.4
million with the accelerated suggested program by 2020. With no
program the total aum's would decrease to less than half the 1965 level
by 2020.

The improved and more intensive use and management of forests have
the effect of reducing the cost _of producing forest resources and will
result in more effective multiple use of forest lands. The going and
suggested programs provide for effective timber management within the
rotation period, including provision for wildlife, recreation, and
water production, but such a program will not be completed within the
projection period. The projected program will increase timber harvest
from about 87 million cubic feet to 140 million cubic feet during the
projection period, and will increase the rate of wood production
(growth) from 100 million cubic feet to 170 million cubic feet. The
suggested program for timber production under the OBE-ERS is approxi~

mately the same as under the Modified OBE-ERS for the projection period.
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Table 048
Lower Colorado Region

Lower Main Stem Subregion
Projected Output From Land Under Alternative Program Levels

Production in Last Year of Time Frame
Time Frame Water Sedlment

PROGRAM LEVEL Crop Timber Yield Yield
Land Resource Acres Production Grazing Harvest Change Change
Group (1000) (Million $) (1000 AUM) (Million CF) (AF/yr! ) (AF/Yr. )

1966 to 1980
(1000)

GOING PROGRAM
Cropland 386 133.9 115 - - - 1
Rangeland 26,240 - 1,271 - - - 300
Forest Land 8,888 - 495 15 +129 - 333
other Land 681 - - - - - 15

TOTAL 36,195 133.9 1,881 15 +129 - 649
SUGGESTED

PROGRAM
140.411Cropland 386 124 - - - 2

Rangeland 26,240 - 1,290 - - - 364
Forest Land 8,888 - 476 15 +100 - 431
Other Land 681 - - - - - 27

TOTAL 36,195 140.4 1,890 15 +100 - 824

1981 to 2000
GOING PROGRAM

Cropland 390 184.3 135 - - - 1
Rangeland 26,004 1,280 - - - 740
Forest Land 8,804 - 498 17 + 46 - 566
other Land 997 - - - - - 24

36,195 184.3 - ~ -1,331TOTAL 1,913 17
SUGGESTED

PROGRAM
195.1YCropland 390 143 - - - 2

Rangeland 26,004 - 1,332 - - - 866
Forest Land 8,804 - 521 17 +120 - 856
Other Land 997 - - - - - 45

TOTAL 36,195 195.1 1,996 17 +120 -1,769

2001 to 2020
GOING PROGRAM

Cropland 409 259.6 149 - - - 1
Rangeland 25,830 - 1,312 - - -1,266
Forest Land 8,761 - 510 20 + 26 -1,168
Other Land 1,195 - - - -

~TOTAL 0 36,195 259.6 1,971 20 +2b -2,
SUGGESTED

PROGRAM
269.1YCropland 409 154 - - - 2

Rangeland 25,830 - 1,399 - - -1,510
Forest Land 8,761 - 540 20 + 61 -1,419
Other Land

~ - - - - - 56
269.1 - + 61TOTAL 3 ,195 2,093 20 -2,987

Y Also reduces production costs and increases efficiency of irrigation water
use. 223 (1 of 4)



Table ~8
Lower Colorado Region

Little Colorado Subregion
Projected Output From Land Under Alternative Program Levels

T

Production in Last Year of Time Frame
Time Frame Water Sediment

PROGRAM LEVEL Crop Timber Yield Yield
Land Resource Acres Production Grazing Harvest .'Change Change
Group (1000) (Million $) (1000 AUM) (Million CF) (AF/Y;. (AF/yr. )

(1000)
1966 to 1980

GOING PROGRAM
Cropland 65 2.8 38 - - - 0
Rangeland 9,765 - 1,242 - - - 313
Forest Land 7,267 - 730 40 + 4 - 211
Other Land 168 - - - - - 5

TOTAL . 17,265 2Jj 2,010 Ij:Q +4 - 529
SUGGESTED

PROGRAM 2.9YCropland 65 40 - - 0
Rangeland 9,765 - 1,274 - "'" - 441
Forest Land 7,267 - 738 40 + 5 - 296
Other Land 168 - - - - - 14

TOTAL 17,265 2.9 2,052 Ij:Q + 5 - 751

1981 to 2000
GOING PROGRAM

Cropland 61 4.1 43 - - 0
Rangeland 9,715 - 1,262 - - - 937
Forest Land 7,240 - 773 63 + 7 - 535
Other Land 249 - - - - - 7

TOTAL 17,265 G 2,078 b3 + 7 -1,479
SUGGESTED

PROGRAM
4.:#Cropland 61 46 - - 0

Rangeland 9,715 - 1,338 - - -1,452
Forest Land 7,240 - 841 63 +12 - 746
other Land 249 - - - - - 22

TOTAL 17,265 G 2,225 b3 +12 -2,220

2001 to 2020

56 5.9 48 - - - 1
9,646 - 1,279 - - -1,562
7,204 - 818 70 +13 -1,056

359 - - - - - 12
17,265 5.9 2,145 70 +13 -2,631

56 6.111 50 - - - 2
9,646 - 1,393 - .. -2,206
7,204 - 887 70 +20 -1,268

359 - - - - - 35
17,265 b:l --2,330 70 +20 -3,511T

Y Also reduces production costs and increases efficiency of irrigation water
use. 224 (2 of 4)



Table 48
Lower Colorado Region

Gila Subregion
Projected output From Land Under Alternative Program Levels

wa
(3 of' 4)

rrlgclencye
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use.

Production in Last Year of Time Frame
Time Frame Water Sediment

PROGRAM LEVEL Crop Timber Yield Yield
Land Resource Acres Production Grazing Harvest Change Change

Grou'O (1000) (Million $) (1000 ADM) (Million CF) (AF/-Yr. ) (AF/Yr. )

1966 to 1980
(1000)

GOING PROGRAM
Cropland 1,440 340.2 501 - - - 4
Rangeland 20,857 - 2,669 - - - 342
Forest Land 13,682 - 1,568 55 +139 - 315
other Land 889 - - - - - 23

TOTAL 36,868 340.2 4,738 55 +139 - 684
SUGGESTED

PROGRAM
356.6YCropland 1,440 526 - - - 5

Rangeland 20,857 - 2,712 - - - 653
Forest Land 13,682 - 1,568 55 + 85 - 441
other Land 889 - - - - - 49

TOTAL 36,868 356.6 4,806 55 ~ -1,148

1981 to 2000
GOING PROGRAM

Cropland 1,456 476.4 593 - - - 8
Rangeland 20,513 - 2,730 - - -1,021
Forest Land 13,642 - 1,746 50 +174 - 944
other Land 1,257 - - - - - 47

-TOTAL 36,868 476.4 5,069 50 +174 -2,020
SUGGESTED

PROGRAM
504.3YCropland 1,456 627 - - - 13

Rangeland 20,513 - 2,904 - - -1,805
Forest Land 13,642 - 1,858 50 +120 -1,258
Other Land 1,257 - - - - - 100

TOTAL 36,868 504.3 5,389 50 +120 -3,176

2001 to 2020

1,387 633.4 691 - - - 12
20,201 - 2,772 - - -1,709
13,589 - 1,926 50 + 95 -1,573
1,691 - - - - - 68

36,868 633.4 5,389 50 + 95 -3,362

1,387 656.fiJ 716 - - - 21
20,201 - 3,065 - - -2,512
13,589 - 2,155 50 + 80 -1,914
1,691 - - - - - 148

36,868 656.6 5,936 - + 80 -4,59550
1 .. - - . -

T'
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Table 48
Lower Colorado Region

Regional Summary
Projected Output From Land Under Alternative Program Levels

Production in Last Year of Time Frame·
Time Frame Water Sediment

PROGRAM LEVEL Crop Timber Yield Yield
Land Resource Acres Production Grazing Harvest Change Change

Group (1000) (Million $) (1000 ADM) I(Million CF) (AF/vr. ) (AF/'Yr. )

1966 to 1980
(1000)

GOING PROGRAM
Cropland 1,891 477 655 - - - 5
Rangeland 56,862 - 5,182 - - - 955
Forest Land 29,837 - 2,793 110 +272 - 859
other Land 1,738 - - - - - 43

TOTAL 90,328 477 8,630 110 +272 - 1,862
SUGGESTED

PROGRAM
500YCropland 1,891 690 - - - 7

Rangeland 56,862 - 5,276 - - - 1,458
Forest Land 29,837 - 2,782 liO +190 - 1,168
Other Land 1,738 - - - - - 90

TOTAL 90,328 500 8,748 110 +190 - 2,723

1981 to 2000
GOING PROGRAM

Cropland 1,905 665 771 - - - 9
Rangeland 56,234 - 5,272 - - - 2,698
Forest Land 29,686 - 3,017 130 +227 - 2,045
Other Land 2,503 - - - - - 78

TOTAL 90,328 b65 9,060 130 +227 - 4,830
SUGGESTED

PROGRAM
704YCropland 1,905 816 - - - 15

Rangeland 56,234 - 5,574 - - - 4,123
Forest Land 29,686 - 3,220 130 +252 - 2,860
Other Land 2,503 - - - - - 167

TOTAL 90,328 704 9,610 130 +252 - 7,165

2001 to 2020
_. --

1,852 899 888 - - - 14
55,677 - 5,363 - - - 4,537
29,554 - 3,254 140 +134 - 3,797
3,245 - - ... - - 109

90,328 E99 9,505 140 +134 - 8,457

1,852 93rcY 920 - - - 25
55,677 - 5,857 - - - 6,228
29,554 - 3,582 140 +161 - 4,601
3,245 - - - - - 239- 14090,328 932 10,359 +161 -11,093

~ Also reduces production costs and increases efficiency of irrigation water
use. 226 (4 of 4)



FIGURE II

ALTERNATIVE PROGRAM OUTPUTS
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The suggested regional program for water yield increase involves
only forest land and is a slight deceleration from the going program
rate of accomplishment; although, this varies by sUbregion. The
deceleration in the Lower Main Stem and Gila subregions during the
projection periods reflect the decrease in rate of conversion of
phreatophytes on the lower Colorado and Gila rivers during the 1960
1970 decade. The increased yield expected during an average year by
2020 with the suggested program is about 600,000 acre-feet. With the
going program the yield would be about 633,000 acre-feet. The effects
of the suggested vegetation management program for increased water yield
is shown in more detail in Table 49.

Timber management plans for the mixed conifer types provide for
a natural or artificial regeneration to be achieved through clear
cutting in small blocks and strips. The Ponderosa pine type will be
managed on a seed tree or shelter wood silvicultural system. Approxi
mately 40 percent of the commercial timbeT producing lands in the
Region under the proposed program will be under intensive management
by 2020. Should improved timber management techniques become available
through research and refined technology, they will be employed. The
proposed treatment of the pinon-Juniper, chaparral, and riparian types
is a conversion to grass and forbs leaving a sufficient percentage of
the area in permanent tree and brush cover to provide a favorable
wildlife habitat o This treatment for increasing water yield wil.!-, if
properly planned and carried out, maintain or enhance other resources
and uses and give added protection to the soil thereby decreasing
sediment production.

The average annual sediment yield for the Region, considering the
p~ojected yield with no program, would be reduced by about 8,500 acre
feet with the going program and by about 11,100 acre-feet with the
suggested program in 2020 as shown in Table 4e and Figure 11.

The suggested program would significantly decrease downstream
damages caused by sediment. These include deposition of sediment on
agricultural lands, in reservoirs, and on streets and in buildings.
The program would beneficially affect water quality by reducing sedi
ment content, the major poliutant of surface water. This would
enhance fish and wildlife habitat, increase recreation values, reduce
costs of irrigation and municipal and industrial water treatment, and
keep nutrients which are absorbed on soil particles in the fields and
out of the water courses, lakes, and reservoirs.

The effects of the alternative program levels in reduction of
~verage annual damages from erosion, floodwater and sediment, and
wildfire are presented in Table 50 and Figure 12.
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Lower Colorado Region

Vegetation Management for Increased
Water Yield for Downstream Uses

1966 - 191.:30 191.:31 - 2000 2001 - 2020 1966 - 2020
Hydrologic Area Increased Area Increased Area Increased Area Increased
Provinces rrreated Water Treated Water Treated Water Treated Water

(1,000 Yield JI (1,000 Yield l./ (1,000 Yield l.! (1,000 Yield
Ac. ) Ac. Ft. Ac.) Ac. Ft. Ac. ) Ac. Ft. Ac. ) Ac. Ft.

Lower Main stem
11

40 60,000Phreatophyte 35 100,000 120,000 20 95 280,000
other ?J 10 200 10 200 30 600 50 1,000
Total l0 100,000 50 120,000 50 61,000 145 281,000

Little Colorado
y

Phreatophyte - - 5 5,000 10 10,000 15 15,000
other 'Y 65 4,500 125 7,500 170 10,500 360 22,500
Total b5 5,000 130 12.000 180 20.000 375 27,000

Gila
y

60,000 40,000 40,000 140,000Phreatophyte 30 20 20 70
other ?J 110 25,000 400 80,000 200 40,000 710 145,000
Total I40 85,000 420 120,000 220 80,000 780 285,000

Lower Colorado Region
11

65 160,000 65 165,000 435,000Phreatopby"te 50 110,000 180
other ?J 185 30,000 535 87,000 400 51,000 1,120 168,000
Total 250 190.000 600 252.000 450 161.000 1,300 603,000

Y Includes management of riparian (phreatophytes) vegetation on flood plains of main rivers and
streams. Principal species cottonwood, salt cedar, mesquite and willow.

?J Includes coniferous and woodland forests and chaparral and mountain brush.
JI Average annual for the last year of the time frame.



With no additional program after 1965 the erosion damages are
projected to increase from $6.7 million in 1965 to $24.1 million in
2020. With the going program the damages in 2020 are estimated to
increase to only about $11.5 million. The suggested program will
further reduce these damages to $6.3 million.

The program would be effective in reduction of land loss from
gully and streambank erosion; give protection to a major portion of
lands presently being damaged, through loss in productivity, by sheet
scour and rilling; and provide protection to improvements, equipment,
and pUblic facilities. Eroded lands often mar the beauty of the land
scape and degrade the quality of the environment. The program would
substantially reduce this type of damage.

It was readily apparent that total reduction in erosion damages
was not physically or economically feasible. The extent to which
erosion control structures are considered is only for the most critical
areas where either on-site or downstream damages are significant.

The average annual upstream floodwater and sediment damages are
projected to increase from $28.9 million in 1965 to about $227.7
million in 2020 with no program. The going program rate of instal
lation of upstream flood projects would reduce this damage to about
$170.6 million in 2020. The accelerated suggested program would
further reduce the total damage to about $55.2 million. Reductions,
by subregion and time frame, are shown in Table 50 and Figure 12.
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Table 50
Lower Colorado Region

Projected Damage Reduction Under Alternative Program Levels
(Ave. Ann. - $Million - 1965 Prices)

Type of Damage Lower Main Stem Little Colorado Gila Total
Program Level 1980 . 2000 2020 1980 2000 2020 19t5O 2000 2020 19C)0 2000 2020

Erosion
No Program 2.9 4.9 7.0 1.5 2.1 2.8 6.2 9.6 14.3 10.6 16.6 24.1
Going Program 2.5 3.1 3.5 1.3 1.4 1.4 5.1 5.7 6.6 8.9 10.2 11.5
Suggested Program 2.3 2.2 2.1 1.2 1.0 0.9 4.7 3.8 3.3 8.2 7.0 6.3

Upstream Floodwater I
& Sediment

4.1 I 707 I 15.6No Program. 12.0 26.4 48.7 36.7 76.2 163.4 52.8 110.3 227.7
Going Program 11.5 22e7 37.5 3.9 I 6.7 I12.1 33.8 64.0 120.9 149•2 93.4 170.6
Suggested Program 9.2 10.9 15.4 2.9 3.3 5.1 18.5 22.4 34.6 30.6 36.5 55.2

Wildfire
No Program - - - - .. - - - - - - -
Going Program 1.6 2.2 2.7 0.8 1.1 1.4 6.0 9.6 15.9 8.5 12.9 20.0
Suggested Program 1.6 2.2 2.7 0.8 1.1 1.4 5.0 I 6.4 7.9 7.4 9.7 12.0



FIGURE - 12

ALTERNATIVE PROGRAM EFFECTS
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Upstream flood plain given protection by the suggested program is
presented in the following tabulation:

Upstream Flood Plain Receiving Protection (1,000 Acres)

Subregion 1980 2000 2020 Total

Lower :M3.in Stem 60.7 142.5 17.4 220.6

Little Colorado 124.0 39.3 4.1 167.4

Gila 955.7 275.9 113.6 1.z345.2

Total 1,140.4 457.7 135,1 1,733.2

The total area provided protection (1.7 million acres) by 2020
represents 30 percent of the total area subject to inundation (5.6
million acres). The 30 percent suggested for protection comprise those
areas in high intensity use where damageable values are high (mostly
urban and cropland). Most of these areas would be given some degree of
flood protection with the suggested program by 2020.

The upstream structural measures would be designed to provide damage
reduction benefits primarily in the upstream areas but they would also
afford some reductions in damage on the main stems of the larger streams.
The sediment storage provided would reduce sedimentation damages, below
structures, in the upstream watersheds and also in the downstream reaches
by extending the life of downstream reservoirs; decreasing dredging
costs; reducing municipal and industrial water treatment costs; de
creasing costs of irrigation; and enhancing water quality, recreation
values, fish and wildlife habitat and overall environmental quality.

There will be opportunities for multiple use of the structural
sites. In instances, where physically and economically feasible, and
where prior water rights are not jeopardized. or infringed upon permanent
storage could be added which would be of benefit to fish and wildlife,
recreation, irrigation, municipal and industrial water, and/or other
beneficial uses. Storage could afford a valuable increase in low-flow
control providing enhanced water quality, recreation values, and fish
and wildlife habitat.

In rural areas the program would provide increased income to farmers
and ranchers, raise their standard of living; thereby contributing to
rural development. The increased production from the agricultural land
would foster an increase in business activities associated with trans
porting, processing, and marketing the additional farm products. This
would result in an overall increase in the economic level of the Region.
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In urban areas where human life is threatened by floodwater, the
suggested program would alleviate a large part of this danger. Also,
most of the human suffering associated with evacuation and re-establish
ment of homes in flooded areas would be prevented.

Wildfire damages are projected to increase from $5.7 million in
1965 to about $20.0 million in 2020 with only the going program. The
accelerated suggested program would reduce these damages to about
$12.0 million.

Within the suggested program is provision to give protection to
the expanding development of small communities, industrial, public use,
and other developments scattered throughout the forest and rangelands
of the Region. The program includes provisions to provide protection
to the various resources, timber, livestock forage, wildlife and fish
habitat, recreation, and esthetics. The program would have beneficial
effects in reduction of damaging runoff and sediment yield. The
average burned area, with the going program, would be about 45,000
acres. The recommended program would reduce this to about 30,000
acres by 2020.

The overall consequence of these effects is to make the country
side more desirable and productive thus providing more opportunities
for people in rural areas. This might tend to decrease, at the same
time, the pressures and resulting social problems in the cities.
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CRAPI'ER I - OPPORTUNITIES AVAILABLE FOR IMPLEMENTING
THE SUGGESTED PROGRAM

Existing programs have been changing to meet the demands as new
pressures and research have indicated. These same activities, if
expanded and accelerated and new activities added, are essential to
implement the suggested program.

A discussion of authorities and programs under which the agencies
operate are discussed in the Legal and Institutional Appendix.

PRIVATE AND CORPORATE EFFORTS

Private landowners, including Indians, using their own initiative
and resources, will continue to apply land treatment and management to
lands they own and operate. They will become even more effective in
getting these practices and measures on the land as their technical
and financial abilities continue to improve. Projects benefiting more
than one owner or operator usually require group action, and assistance
from public agencies and organizations.

The Farmers Home Administration provides soil and water conser
vation loans to rural landowners. These loans are authorized to make
available adequate financing for soil conservation; water development;
water conservation and use; watershed protection; forestation;
drainage; establishing and improving permanent pasture; development of
public recreationz fishing and wildlife areas; and other related
purposes.

Research in soil, plant and water technology is conducted by the
Agricultural Research Service and state experiment stations, either
individually or through cooperative arrangements. Educational work of
soil and water conservation is carried on through the Extension Service.

The Soil Conservation Service performs a broad technical and
financial program to assist in the use and protection of soil and water
resources. Upon request, the Service assists other agencies and
organizations as well as private landowners with the conservation of
soil and water.

Among the major Soil Conservation Service activities are the
development of overall conservation plans and direct assistance to
land owners and operators in the application of conservation practices
on the land. The federal portion of the National Cooperative Soil
Survey and the Cooperative Snow Survey and Water Supply Forecasting are
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direct responsibilities. The Service administers the Watershed Pro
tection and Flood Prevention Program under Public Law 566, has USDA
leadership in the National Inventory o~ Soil and Water Conservation
Needs, is designated by USDA as the administrator o~ Resource Conser
vation and Development Projects, acts as liaison with agricultural
research programs and cooperates with programs such as the Federal
National Flood Insurance, loan programs o~ the Farmers Home Adminis
tration, regional planning activities and other related programs.

Private landowners may receive ~inancia1 assistance ~om the
Agricultural Stabilization and Conservation Service ~or installation
o~ land treatment and structural measures. Technical assistance to
private landowners is provided by the Soil Conservation Service through
this program. This assistance includes determination o~ need and
~easibi1ity, design and layout, supervision o~ installation, and ~ield

checking prior to certi~ication o~ compliance with technical standards
o~ land treatment measures. The Soil Conservation Service under Public
Law 46, provides this service through locally organized soil conser
vationdistricts. The a~~airs o~ these districts are directed by
unsalaried local boards elected by the people within the district
boundaries. These districts are legal subdivisions o~, and their
activities are coordinated by, state governments.

Water users' organizations through cooperation with Forest Service,
Bureau o~ Indian A~~airs, and private landowners, carryon watershed
management research and develop watershed management programs and
projects ~or improving the ~uantity and ~uality o~ water ~or downstream
use. Livestock associations and organizations through cooperation with
the public land managing agencies, universities, and private landowners,
carryon research and develop programs and projects ~or increasing
livestock ~orage and the productive capacity o~ range livestock.
Private ~orest industries through the universities, Forest Service,
Forest and Range Experiment Stations, and private and public forest
land managers, cooperate in research for timber growth and harvesting
and marketing of various timber products.

State ~orestry agencies prOVide fire protection for much of the
private forest and range lands. This may be accomplished through
direct protection by the States or in some cases they work with local
groups in organization, training and by prOViding ~ire ~ighting e~uip

ment. State forestry departments also provide technical assistance in
forest management on private lands.
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PROGRAMS OF LAND-ADMINISTERING AGENCIES

The Bureau of Land Management Watershed Conservation and Develop
ment Pr'ogram provides for the protection, enhancement, and maintenance
of environmental quality through conservation and development of the
soil and water resource base. The program employs general principles
which serve to conserve the land resource base for present and future
uses, protect public values, help stabilize dependent uses and indus
tries, assist in meeting regional and national needs for land resource
products and services, and contribute to the beneficial growth and
stability of communities.

The major functions of the program are to apply land treatment
and watershed management practices (including related emergency
activities such as Fire Rehabilitation) that will:

Control or prevent soil erosion to the extent practicable,
through stabilization of depleted lands; control of runoff,
etc.

Restore soil productivity to enhance on-site resource use
values, including fish and wildlife development, livestock
forage, timber production, outdoor recreation, industrial
development, mineral production, and esthetic values.

Enhance off-site values, including improvements of water
quality, improved timing and yield of streamflow, renewal
of ground-water supplies, control of flood and sedimentation,
protection of public health, and stabilization of local
economies.

This program is accomplished under the following activities:

Soil and Water Conservation

The Soil and Watershed Conservation Activity is the
primary activity with the responsibility of protection,
enhancement, and maintenance of environmental quality.
This activity is directed toward the protection, use,
improvement, development, and maintenance of the soil and
water resources and associated ecological systems within
the jurisdiction of Bureau of Land Management.

FUnctions include resource inventories and interpre
tations; research and studies; analysis and plans; purchase
of easements and water rights; water management and develop
ment; land treatment practices; resource use and protection
facilities; weed control and pest control.
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Range Improvement

The range improvement program. is that portion of the
broad program authorized by the Taylor Grazing Act which
contributes toward effective and efficient grazing adminis
tration through the establishment and maintenance of
facilities for promoting orderly grazing use and the improve
ment of forage and water resources on the public lands and
Farm Tenant Act lands. Range improvement funds are limited
each fiscal year to the total receipts collected the previous
fiscal year as range improvement fees. Detailed watershed
project plans prepared under the Watershed Conservation and
Development Program include project practices financed under
this program to assure coordination. All types of practices
designed to contribute toward better management, rehabili
tation and perpetuation of the public land and its resource
may be conducted under this program.

Fire Rehabilitation

The basic objective of the Fire Rehabilitation Program
is the timely mitigation, in the most economic and expeditious
manner possible, of the adverse effects of fire on the
vegetation-soil complex, inherent renewable resources of the
watershed, and other damages.

Means for restoration of the damaged area includes one
or any combination of the following: Management (all types-
livestock, people, wildlife, etc.), Vegetation Establishment
~ing, planting), Watershed Tillage (fUrrowing and trench
ing, ripping, etc.), Water Control (detention dams, dikes,
diversions, etc.), or Restricted Use (curtailment or elimi
nation of all uses).

Special Projects

Special projects generally consist of identified areas
scheduled to receive partiCUlar emphasis in management,
development, protection and use.

Cooperative

These activities are conducted jointly with other federal
agencies, soil conservation districts, state agencies, and
private parties .•
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Public Law 566 authorizes the Secretary of Agriculture
to cooperate with the Department of Interior as well as local
organizations in planning and carrying out works of improve
ment for flood prevention or for the conservation, development,
use and disposal of water in watersheds. Provision is made for
close cooperation between the Bureau of Land Management and
Soil Conservation Service. The program provides for federal
technical and financial assistance to local organizations for
solving or alleviating existing watershed problems which cannot
be solved adequately or timely by other means.

The Agricultural Conservation Program under Public Law 264
provides for those conservation practices carried out on
federally-owned noncroplands which directly conserve or benefit
nearby or contiguous nonfederally··owned lands. The Bureau of
Land Management prOVides limited technical assistance and
cooperates with the program.

Under the Private Range Improvement Program range user
privately-owned improvements on public domain lands may be
covered by permit (not classified as trespass) if such
improvements comply with the program requirements. The entire
cost of constructing projects under this program must be
financed by the applicant; however, Bureau of Land Management
may fUrnish technical assistance in the development of projects.

Watershed treatment involves management practices along with a
treatment program and/or installation of structures. In some cases,
sound management alone will suffice, i.e. changes in season-of-use of
livestock, adjusting other uses of the land, etc. How the land is being
used and the extent of deterioration of the resource are the criteria
that determine the degree and intensity of watershed treatment.

Forest Service management of lands, historically based on a conser
vation ethic, has recognized the dual responsibility of providing for
both protection and the wise use of natural resources. Guided by this
ethic, principles of sustained yield and multiple use have become the
hallmarks of good forest and range land management.

On the face of growing demands the husbandry of land under the
multiple-use, sustained-yield concept has maintained resources in an
ecologically healthy state while providing forest and forage-land uses
to satisfy the social, environmental, and material needs of the people.
Forest Service activities include concern for the less tangible values
such as scenery, pure air, quality water, recreation, open space,
environmental quality, economic strength and social well-being. The
ability of forest and related lands to provide enough products and
services to meet the needs of the people of the Lower Colorado Region
depends upon applying the right input combinations of capital, manpower,
and resources"
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Recreation programs provide for development of intensively used
areas (such as picnicking, camping,and winter sports); management of
unique natural values, wilderness and primitive experiences; and
management (access, protection of esthetics, etc.) on lands providing
recreation experiences in a natural environment in conjunction with
other resource uses.

Wildlife management programs protect and enhance all forms of
wildlife, game species and nongame species. The latter, nongame
species, and their habitat are becoming more important for public study
and recreation and may exceed game species in importance in the fUture.
Programs to provide habitat inventory and management for the restoration
of rare and endangered species are provided.

Based on hydrologic knowledge and surveys, watershed management is
programmed to increase water yield, maintain or improve water quality,
reduce water pollution, control soil erosion and sedimentation, control
runoff and downstream flooding, and provide for downstream municipal
water supply.

Timber management programs provide a continuous supply of forest
products through improved silvicultural systems of harvesting, more
efficient utilization, timber stand improvement, and reforestation. To
maintain forests, programs for insect and disease control by use of
chemicals and biological agents, sanitation logging, and disposing of
forest debris are included.

Livestock forage production programs on forest and related lands
include surveys, improved livestock management systems, water develop
ments, management of vegetation for increased forage production and
other grazing land improvements.

The fire control program provides for intensive prevention and
presuppression plans, prescribed burning for improved forest manage
ment, improved wildfire suppression, training techniques, and rehabili-
tation of burned areas. .

Mineral developments are planned to minimize adverse effects on
other resources through cooperation of federal, state, and private
organizations in leasing, exploring, and extracting operations.

Through land exchange and acquisition programs, national forest
lands are consolidated for more efficient administration and resource
management, provide for transferring national forest lands to private
ownership where needed for expansion of urban areas, and acquiring
private lands having outstanding values for environmental enhancement,
outdoor recreation, and wilderness enjoyment.
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Engineering programs provide for expanding and improving the forest
road and trail systems, transmission facilities, buildings, and other
structures to protect and enhance forest and related land values.
Programs provide for updating forest maps, aerial photography and for
developing systems of obtaining forest information from data banks,
using information provided by aerial photography, remote sensing and
other sources.

The information and education program provides for keeping the
public informed about Forest Service activities and plans, assisting in
conservation education through various educational institutions, youth
conservation programs, and numerous in-service training activities.

The National Park Service ~ the Bureau of Sport Fisheries and
WildlLfe and other agencies who administer land carry out their specific
land management and treatment programs for their particular objectives.
These activities also assist in controlling erosion, sediment yield,
and generally protect and encourage growth of vegetation.

Agencies of the states have responsibilities and some programs to
carry out soil conservation and watershed treatment on state-owned
land. On these lands, where appropriate, they develop and appl:y land
treatment and management programs, such as multiple-use plans on forest
land. Their activities would assist in implementing the suggested
program in this appendix.

FEDERAL AND NONFEDERAL ASSISTANCE PROGRAMS

Programs covering large areas, serving many people, and dealing
with mutual problems are most effective when coordination of program
objectives and fUnctions are accomplished through cooperation between
agencies, organizations, and the public. These programs that include
all aspects of environmental problems are necessary to implement the
suggested program in this appendix.

A Resource Conservation and Development project is a locally
initiated and sponsored activity to expand the economic opportunities
for the people of an area by developing and carrying out a plan of
action for the orderly conservation, improvement, development and wise
use of their natural resources.

Public Law 87-703 authorizes the Secretary of AgricuJ.ture "to
cooperate with federal, state, territorial, and other public agencies
in developing and assist in carrying out these plans."
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Project measures proposed by local interest groups or individuals
include structural measures, land treatment, associated measures, and
supporting measures. FUnds are made available from Resource Conser
vation and Development appropriations to defray that portion (cost
share) of total costs for authorized purposes with group or community
benefits.

The Watershed Protection and Flood Prevention Act, (Public Law
566) as amended authorizes the Secretary of AgricUlture to' cooperate
with states and local agencies in the planning and carrying out of
works of improvement for soil conservation, and for other purposes.
Works of improvement are undertakings for flood prevention (including
structural and land treatment measures) and the conservation, develop
ment, utilization, and disposal of water in watershed areas with
drainage areas of less than 250,000 acres.

All resource planning by the Bureau of Indian Affairs is developed
in conjunction with the Indian tribe concerned and individual Indian
owner where allotted lands are involved. Such plans are developed
progressively, coordinated with the river basin activities, but go only
as far as Indians are willing to make the necessary divisions. The
plan encompasses a study of social, economic and natural physical
resources; an exploratory investigation of the ways and means of
obtaining desired goals arrd objectives; and a specific statement of
programs to accomplish them. Tribal governing organizations generally
participate financially in conservation programs to the extent that
circumstances permit. This may be accomplished by providing cost
sharing fUnds required for their participation in federal programs,
implementing tribal public work projects, conducting tribally-financed
resource programs, and funding a limited number of positions in on
going government programs.

The Bureau of Indian Affairs cooperates fully with soil conser
vation districts and recommends the inclusion of Indian lands in the
formation of new districts, and encourages the enlargement of established
districts to include Indian lands.

Indian soil and moisture conservation associations may be formed on
reservations to assist the Indian people to participate in natural
resource conservation programs. Equipment procured with Bureau of Indian
Affairs fUnds may be granted or loaned to such organizations who in turn
can utilize it in the application of conservation practices to the land.

The main function of the Bureau of Indian Affairs with respect to
watershed management programs is to act as trustees for land held in
trust by the United States Government and to assist the owners in making
the most effective use of these lands and associated resources. This
entails the primary duty of providing technical services in matters of
resource management.
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These services include programs for protection of the land against
erosion and soil deterioration, the restoration of eroded and depleted
areas, the improvement of production with respect to cropland, forest,
pasture, and range, and the retention of water for farm, ranch, and
recreational purposes. A multi-purpose land management use of resources
is encouraged to provide for maximum beneficial return from the land.

In addition to technical services, funds are sometimes provided on
a limited basis for the installation of physical structures. Funds for
special projects such as construction of water delivery and power
distributlon systems on the San Carlos Irrigation Project are ac~uired

from Congress and administered by the Bureau of Indian Affairs. These
fUnds are reimbursable and must be repaid.

The Bureau of Sport Fisheries and Wildlife and the National Park
Service provide technical services under memorandums of understanding
with the Bureau of Indian Affairs for individual tribal governing
organizations, The Soil Conservation Service provides assistance in
determining compliance with the Agricultural Conservation Program on
Indian lands and renders specialized technical assistance upon re~uest.

The Bureau of Reclamation also undertakes studies and supervises the
construction of projects within Indian reservations on a specific
request basis. The coordination of their project planning with that of
the Bureau of Indian Affairs is vital to the development of Indian lands.

The United States Geological Survey maintains stream gaging
stations which provide runoff and silt-load data essential to Bureau of
Indian Affairs planning. Information supplied on water yields and
water-bearing strata is essential in locating wells and earthen tanks.
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CHAPTER J - ADDITIONAL STUDIES REQUIRED

MORE DETAILED RIVER BASIN STUDIES

Data relating to water and related land management in the Lower
Colorado Region are, in many areas, on a reconnaissance level and will
need to be in more detail to permit effective planning. Studies to
refine the information on the current watershed conditions, soil types,
erosion susceptibility, sediment yield rates, and contribution to
salinity in streams are-essential to effective planning and management.

There appear to be many opportunities for upstream watershed
development for purposes of watershed protection and flood prevention,
water yield improvement, increased range forage and timber production,
fire protection, wildlife habitat improvement, and recreation develop
ment. However, more detailed river basin studies of Type 2, 3, and 4
intensities would be needed to identify and evaluate individual projects.
Studies are needed in areas such as the Santa Cruz-San Pedro river
basins, Whitewater Draw, and Willcox Playa in order to determine pri
orities for upstream flood prevention projects and other water and
related land resource developments. Studies are also needed in the
Salt-Verde, Gila, and Agua Fria drainage areas and along those major
river flood plains with riparian vegetation to determine impact of and
potential for a vegetative management program for increased water yield.

RESEARCH

Research is essential to provide direction for instalLation of a
complete watershed and land resource management program which will
assure maximized benefits to individuals, the communities, the Region,
and the Nation. Development of new or improved techology and increased
application of the present technology are important opportunities.
Problems on natural resource management and enhancement of the environ-·
mental quality are complex. In the future much of the research will
need to be multifUnctional, that is, concerned with two or more land
use commodities which must work together closely in order to provide
the information needed for the management of forest land, rangelands,
croplands, and urban areas of the Southwest.

Examples of research needs are:

(1) Determine the amounts of water yield increases which can be
expected from specific patterns and intensities of vegetative
management within specific vegetative types. Evaluate the
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e~~ects o~ these treatments on soil stability, water quality,
esthetics, archeaological sites, and public opinion. Also
determine the effects of these water yield treatments on other
multiple-use values, i.e., timber, forage, wildlife, recre
ation, and esthetics.

(2) Determine the effects on surface supply and ground-water
recharge of runof~ control and floodwater retarding measures.

(3) Develop snow management guidelines by better defining the
parameters and the interrelationships which affect snowmelt
and runoff, and improving snow data collection techniques and
runoff prediction ~ormulas.

(4) Determine the effect o~ amount and type of precipitation on
runo~f from watersheds characterized by the various vegetative
and soil types •

(5) Develop economical water harvesting techniques.

(6) Accelerate research to develop more effective pesticides and
herbicides and further define the use limitations of presently
used chemicals. Alternate management tools (such as mechanical,
biological, and fire) need additional investigation.

(7) Determine how man's activities and land management affect the
habitat requirements of the associated game and nongame species
of ~ish and wildlife, including rare and endangered species.

(8) Develop census techniques and determine opportunities for
habitat management to obtain optimum populations for game and
nongame species of fish and wildlife.

(9) Develop improved timber management systems and superior genetic
strains of timber species to increase timber yields and reduce
insect and disease damage.

(10) Develop new methods and more efficient methods of utilizing
forest products.

(11) Perfect methods to reduce erosion and sediment yields, improve
infiltration, and establish protective vegetative cover which
is suitable for domestic livestock and wildlife use on dis
turbed areas.

(12) Continue development of improved strains of vegetation for
food, feed, oil, and fiber.



(13) Investigate effects of meteorological conditions on wildfires,
control burning, and opportunities for precipitation in-
ducement. .

(14) Improve techniques for inventorying resources, measuring
reSource conditions, and organizing reSource data for more
meaningful interpretation and utilization in management
decisions. An example is remote sensing from aircraft and
satellites;

Research is needed not only for investigations into the specific
factors affecting management of each individual resource, but also needs
to be aimed at the various combinations of products and values to
determine their interactions before and after management treatments.
Because optimum use of a resource may conflict with the optimum use of
other resources, a systems analysis approach is needed to determine the
trade-off values among resources such as wood, water, wildlife, and
forage products in relationship to each other and to other values such
as recreation, esthetics and environmental quality. Knowledge of these
reSource interrelationships and trade offs will present the resource
manager with the tool for improved management jUdgments.

NEW PROGRAMS

Although existing programs are designed to handle many of the
situations or problems there are areas where new programs may be
required.

Broadening the scope by amendments to present laws may fulfill
the need in some cases.

Areas of need include the following:

1. Additional federal and state financing and assistance for
installation of land treatment measures.

2. Additional federal and state financing for all watershed
management practices to meet the objectives for improvement
of the quantity, quality, and timing of water yields.

3. Authority for local sponsoring organizations to use funds
under federal programs, where appropriate, for acquiring
land, easements, and rights~of-way for small watershed
program purposes.
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4. Increased state participation in the management o~ watershed
areas where state ownership is intermixed with other public
and private lands.

5. Federal cost-sharing for additional water storage in flood
water retarding structures to provide low-~low augmentation
to reduce water pollution.

6. Additional federal and state financing for the investigation
and salvage of archaeological resources that are endangered
by program activities.
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CHAPTER K - COMPARISON OF ALTERNATE PROJECTIONS

Two sets of projections were developed in some detail in the Type I
study. One set is referred to as the OBE-ERS projections since they
were made by the Office of Business Economics, u. S. Department of
Commerce, and the Economic Research Service, U. S. Department of Agri
culture. They comprise a part of a coordinated set of national and
regional projections made at the national level for the Water Resources
Council and are considered the baseline projections to which other
projections are related.

The second set of projections is referred to as the modified
OBE-ERS projections. The modified OBE-ERS projections are modifications
of the OBE-ERS projections of population and irrigated land made by the
States of Arizona, Nevada, New Mexico, and Utah, together with modifi
cations of the economy emanating from these revisions. A few additional
modifications were made by the Economics Work Group with a view to
making the OBE-ERS projections more consistent with historical trends.

The following tabulation reflects the difference by subregion and
state between the OBE-ERS and modified OBE-ERS population projections.

Population Projections
Modified OBE-ERS Compared to OBE-ERS

Subregion
State 1980 2000 2020

------- Percent -------
Lower Main Stem

Arizona 100 100 100
Nevada 164 161 118
Utah III 113 133

Subregion 151 153 116

Little Colorado
Arizona 100 100 100
New Mexico 113 148 207

Subregion 103 110 122

Gila
Arizona 100 100 100
New Mexico 113 141 150

Subregion 100 100 100

Total Region 110 113 105
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Fbr the State of Arizona the population projections are the same.
The modified OBE-ERS projections for the other three states are higher.
The greatest increase was in Nevada; the increases in New Mexico and
utah were smaller and more gradual through the projection period.

Most of the demands for related land resource uses are based on a
translation of the population projections. One exception is irrigated
cropland. The projected increase in irrigated crop production was
adjusted to more nearly reflect local historical and anticipated trends.
The total acreage of irrigated cropland in 2020 for the Region is about
seven percent higher for modified OBE-ERS. There were significant
differences in the acreages of crops produced. For modified OBE-ERS the
acreage of vegetables and citrus was increased SUbstantially; the
Region is especially well-suited to production of these crops.

The land requirements by specific use are given in the following
tabulation.for OBE-ERS projections:

Land Requirements for OBE-ERS Level
of Projection

Lower Main Stem Little Colorado
Gila f Total

Land Use ~ 11 I 11 !I I yYear Acres Percent Acres Percent Acres IPercent Acres Percent

Cultivation~

Irrigated
1980 323 117 40 110 1,417 102 1,780 105
2000 317 121 39 113 1,390 105 1,746 108
2020 310 130 38 113 1,358 102 1,707 110

Cultivation-
Nonirrigated (Same as Modified OBE-ERS)

Livestock
Grazing

1980 '26,929 99 16,450 100 30,565 100 73,944 100
2000 24,253 99 16,304 100 29,699 100 70,256 99
2020 20,782 99 16,162 99 29,194 100 66,138 99

Timber
Production (Same as Modified OBE-ERS)

(continued)



Land Requirements for OBE-ERS Level
of Projection (continued)

Lower Main Stem Little Colorado Gila Total
Land Use I }/ I V . I 11 I 11Year Acre s Percent IAcres Percent Acres Perce~t Acres Percent

Urban &
Industrial

1980 189 151 76 103 498 100 763 113
2000 299 154 89 110 671 100 1,059 116
2020 456 116 III 122 8gJ 100 1,464 107

outdoor
Recreation

1980 4,566 100 206 100 1,112 100 5,884 100
2000 4,601 100 245 100 1~156 100 6,002 100
2020 4,655 100 260 101 1,224 100 6,139 100

Wilderness (Same as Modified OBE-ERS)

Military &
Related (Same as Modified OBE·ERS)

Mineral
Production

1980 6 150 13 215 78 100 97 119
2000 8 125 15 273 96 109 119 131
2020 9 122 10 840 107 120 126 177

Fish &
Wildlife (Same as Modified OBE-ERS)

Transportation &
Utilities (Same as Modified OBE-ERS)

Flood Control (Same as Modified OBE-ERS)

y Modified OBE-ERS land requirements (as shown in Table 38) compared to
land required for OBE-ERS.
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The different pattern of land use projected for OBE-ERS, compared
to modified OBE-ERS, would affect to some extent the related land
resource problems and could affect the general approaches that appear
appropriate, for their solution. The magnitude and nature of projected
problems and needs related to land resource development and use would
be significantly different only for the irrigated cropla.p.d and urban
areas.

The major difference in the suggested program for irrigated crop
land would be in the Lower Main Stem Subregion. For this subregion
OBE-ERS irrigated acreage is 15 percent less than modified OBE-ERS in
1980, 17 percent less in 2000, and 23 percent less in 2020. The Lower
Main Stem Subregion also has the major difference in urban land require
ments. In 1980 urban land requirements for this subregion were pro,·
jected to be 34 percent less for OBE-ERS, in 2000 about 35 percent less,
and in 2020 only 14 percent less. The acreage projected for livestock
grazing is the only use which increases using the OBE-ERS projections,
and this increase is very insignificant. The remainder of the uses
either remain the same or increase slightly with modified OBE-ERS. The
change iIi the suggested program because of these differences would be
insignificant?

In all cases the suggested program outlined in Chapter G would be
adequate to meet OBE-ERS projection requirements.

Using acreage as a basis of estimation, there would be very little
differe:rre in cost of the suggested program as outlined in Chapter G for
forest land and rangeland. For the Region the total cost of the
program for cropland would be about four percent less in the 1965-1980
time frame under the OBE-ERS level of development, and about seven
percent less in the last two time frames. The program cost for urban
land would be about 12 percent less in the 1965-1980 time frame, 14
percent less in the 1981-2000 time frame, and only about 6 percent less
during the la.st time frame.
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