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ABSTRACT

The primary objective of this study was to quantify energy 

equivalents which exists in the form of standing biomass, and the 

amount of biomass produced annually from each vegetation type in Ari

zona. With such baseline information, it may be possible to determine 

whether energy derived from biomass is technologically and economically 

appropriate for use at this time or in the future.

Results from this indicate that energy in the form of biomass 

is potentially available from the vegetation types in Arizona and could 

provide one alternative for decreasing the demand for fossil fuels. 

However, the amount of energy generated through use of biomass depends, 

in part, upon the other uses and products derived from the vegetation 

types.
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INTRODUCTION

Man's well-being and survival depends ultimately on the renew

able biological resources of our planet providing him with indispensable 

sources of food, fibre, and energy. Energy represents today's most 

prevalent topic confronting both highly technical and industrialized 

nations and third world countries. Meeting the present energy needs of 

the world has rapidly become a matter of urgency, supply, and economics.

The 1973 oil embargo marked the beginning of an era in which 

prices and supplies of fossil fuels have dramatically increased and de

creased, respectively. These trends have dealt damaging blows to 

industrialized nations and have limited alternative forms of energy in 

developing countries. At present, the industrial world relies on 

fossil fuels to furnish nearly 90 percent of its energy needs, while 

80 percent of the energy used in developing countries is derived from 

biomass (Bene et̂  al_. 1978). Biomass is the total amount of renewable 

organic matter, whether in the form of plants (phytomass) or animals 

(zoomass).

Historically, wood occupied a unique position in the settlement 

and growth of the United States. This material was not only utilized 

for construction of homes, ships, wagons, utensils, and tools, but also 

for energy. Wood continued to be a dominant use for energy until the 

mid-1700's, when local supplies were drastically reduced and costs

1
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associated with transporting wood long distances became very expensive. 

Before long, Americans were turning to coal and other fossil fuels for 

their energy needs (Zerbe 1977).

In 1850, wood supplied approximately 90 percent of the nation's 

energy needs, but declined rapidly to about 75 percent in 1875 and 20 

percent by the turn of the century. For comparison, the United States 

consumed about four quads1 annually in 1875 while today the figure is 

approximately 75 quads annually (Zerbe 1977). One quad of energy is 

equal to one quadrillion (1015) British thermal units (Btu's). A British 

thermal unit is the quantity of heat required to raise the temperature 

of one pound of water one degree Fahrenheit.

The current oil crisis has prompted intensified research into 

developing alternative energy sources. Such energy sources include the 

direct utilization of sunlight (i.e., solar radiation), wind, nuclear, 

hydropower-generated electricity, geothermal systems, tidal-lunar inter

actions, coal, oilshale, and semi-fossil peat. Little attention has been 

devoted to the extent, availability, and productivity of different kinds 

of biomass such as trees, shrubs, herbaceous material, aquatic plants, 

and agricultural and animal residues. For many countries, this is the 

most readily accessible, least expensive, and important form of energy.

In the United States, about 1.3 quads or 1.4 percent of our present 

total energy needs are derived from wood (Zerbe 1977, Society of American 

Foresters 1979), with a projected estimate of 10 percent by the turn of

1. Conversion factors are presented in Appendix A.
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the century (Wiegner 1979). Falkenberg, as cited by Bene et al.

(1978) , has estimated that present United States consumption of energy 

is approximately equal to the net annual storage of solar energy in the 

biomass system.

With a vast amount of energy stored within our biomass system, 

investigators have begun to explore the concept of biomass as a supple

mentary source to our energy needs. Research has focused upon the 

biological, technological, economical, and sociological aspects surroun

ding biomass, and its potential as an alternative source of energy.

Biologically, many studies have focused upon standing biomass, 

logging residues, milling residues, energy plantations, etc. Weight 

tables and tree-weight equations (instead of traditional volume tables) 

have been prepared for many tree species.

Stanek and State (1978) compiled 95 tree-weight equations for 

major components (crown, bole, and stump:root systems), minor components 

(foliage, branches, topwood, wood, and bark), or both for several 

Canadian plant species. Young (1976) published a summary and analysis 

of all major weight table studies prior to 1976, with Hitchcock and 

McDonnell (1979) updating the information through 1979, excluding those 

listed by Stanek and State (1978). In addition, Hitchcock and McDonnell

(1979) have provided a biomass bibliography with 280 references.

In recent years, the "complete tree concept" has been developed 

to include a wider array of forest products (Young 1964, 1968, 1975, 

Keays 1971). As an extension. Young (1977) defined the "complete forest 

concept" as the "biological and technical investigation of all woody
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fodder, (c) cellulose and textile fibers, (d) structural material, and 

(e) basic materials for chemical industries." Equipment capable of 

cutting, bunching, skidding, and chipping the full tree is currently 

available and in operation (Wahlgren and Ellis 1978).

Examples of wood, as a fuel and an alternative energy source, 

are numerous. Bebee (1979) has compiled a bibliography of 122 citations 

that address these topics. Wood as a fuel can exist in many forms, such 

as pelletized, pulverized, liquified, gasified, and utilized to generate 

electricity (Zerbe 1977, 1978). Karchesy and Koch (1979) and Bene et al. 

(1978) also discussed these processes and many others in much greater 

detail. In addition, these latter authors included discussions regard

ing technologies, processes, and specific applications to furnaces, 

burners, automobiles, boilers, and many others.

Anderson and Lepcio (1979) compiled 228 references that specifi

cally addressed fuelwood use. These varied topics included woodlot 

management, harvesting, processing, marketing, fuel economics, stove 

selection, operation, safety, and maintenance.
I

To supplement biological, technological, and economical aspects 

of wood, as a fuel and alternative source of energy, some consideration 

must be given to sociological implications. This latter issue is most 

important because the rational use of any biological resource must take

shrub and tree species from the root hairs to the leaf tips inclusive

with a view to intensive management of some portions of the forest and

utilization, to include: (a) solid and liquid fuels, (b) food and
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into account social, political, cultural, religious, and economic sys

tems, whether local, state-wide, national, or global. Recently, Boyce 

(1979) edited an international workshop which reported, concluded, and 

recommended various alternatives to sociological problems related to a 

rational use of forest resources for energy and organics.

In Arizona, where a large portion of the demanded energy is 

imported, biomass could provide some relief to increasing costs and 

dwindling supplies of fossil fuels. While it is not currently feasible 

to convert all energy systems for utilization of biomass, wood as a fuel 

could provide supplementary heat for homes and power many industrial 

plants in Arizona.



DESCRIPTION OF STUDY

The development of potential energy equivalents that character

ize standing biomass and rates of biomass accumulation could serve as a 

base in making decisions as to whether this form of energy is technolog

ically and economically appropriate for use in Arizona, presently or in 

the future. Without such information, analysis with respect to use of 

vegetation as a significant energy source is incomplete, as the amount 

and distribution of energy materials are unknown.

Objective

The objective of this study was to derive estimates of potential 

energy equivalents associated with biomass in-situ in each vegetation 

type in Arizona, including characterizations of standing biomass and 

rates of biomass accumulation.

Vegetation Types

Several authors have mapped major vegetative communities in 

Arizona (Nichol 1952, Humphrey 1965, Brown 1973). The map prepared by 

Brown (1973), The Natural Vegetative Communities of Arizona, was 

selected to provide a framework for the study described herein. Selec

tion of this map was based on recent and more accurate information 

regarding Arizona’s vegetative communities, particularly with respect 

to Spruce-Alpine Fir Forests and Montane Conifer Forests. This map

6



delineates 12 major vegetation types (one of which is divided into two 

subdivisions). These vegetation types include:

7

1. Alpine Tundra

2. Spruce-Alpine Fir Forest

3. Montane Conifer Forest

4. Pinyon-Juniper Woodland

5. Encinal and Mexican Oak-Pine Woodland

6. Interior Chaparral

7. Plains and Desert Grassland

8. Mountain Grassland

9. Great Basip Desertscrub

10. Mohave Desertscrub

11. Sonoran Desertscrub, including

Arizona Upland Subdivision 

Lower Colorado Subdivision

12. Chihuahuan Desertscrub

Brown's map (1973) had previously been digitized on a computer 

by the Remote Sensing Laboratory at The University of Arizona as part of 

AIRS (Arizona Information Retrieval System) to generate acreages for 

each vegetation type. AIRS provides the capability of storage, retriev

al, manipulation, and display of inputed information. A family of 

algorithms designed to compute the area of the resultant polygons pro

vided estimates of total acreage associated with each vegetation type.
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In addition to the vegetation types listed above, Riparian 

Associations were also considered an important type in Arizona. Defini

tions for riparian communities have included plants which occur in or 

adjacent to drainageways or their floodplains, and differ from life 

forms or species immediately surrounding riparian vegetation (Lowe 

1964), to terms such as "pseudoriparian" (Campbell and Green 1968), and 

phreatophytes (Meinzer 1923). Pseudoriparian species include woody 

plants that complete their life cycle in relatively xeric or mesic sites, 

but which achieve maximum size and density when additional subsurface, 

moisture is available. A phreatophyte is a plant which habitually 

obtains its water supply, either directly or through the capillary 

fringe, from the zone of saturation. Horton (1969) believed differences 

in these riparian definitions were academic. For purposes of this in

vestigation, all plants whether riparian, pseudoriparian, or phreatophyte 

were considered riparian vegetation.

No attempt was made to classify all riparian acreage to indivi

dual association, as this information was not known. In addition, the 

map prepared by Brown (1973) does not delineate riparian associations. 

Only two riparian communities within riparian associations, cottonwood 

and salt cedar, were considered because baseline information (acreage, 

volume, or density) associated with these two communities was known.

Total acreage for the pinyon-juniper woodlands was divided into acreages

occurring above and below 6,000 feet in elevation due to differing

estimates of wood volume and density for the vegetation type.



The purpose for developing potential energy equivalents for riparian 

associations was to generate a relative magnitude for comparison with 

the other vegetation types in Arizona.

Vegetative communities, including those delineated by Brown 

(1973) and the riparian associations, were subsequently combined into 

eight vegetation types to facilitate an orderly discussion of major 

plant associations with similar characteristics and management oppor

tunities. These vegetation types included:

1. Alpine Tundra

2. Mixed Conifer Forests

3. Ponderosa Pine Forests

4. Pinyon-Juniper Woodlands

5. Chaparral and Oak Woodlands

6. Grasslands

7. Desert Shrub Communities

8. Riparian Associations

Mixed conifer forests included acreage for Spruce-Alpine Fir 

Forests (generated by computer) plus acreage for Douglas-fir forest 

type in Spencer (1966). Ponderosa pine forests included acreage for 

Montane Conifer Forests (generated by computer) less acreage for Douglas- 

fir forest type in Spencer (1966). Grasslands encompassed Mountain 

Grasslands, and Plains and Desert Grasslands as described by Brown (1973), 

while desert shrub communities included Great Basin Desertscrub, Mohave 

Desertscrub, Chihuahuan Desertscrub, and the Sonoran Desertscrub (Arizona

9



Upland Subdivision and Lower Colorado Subdivision). Riparian associa

tions consisted of cottonwood and salt cedar communities.

To estimate potential energy equivalents for each vegetation 

type, only those woody plant species considered important of that type 

were analyzed. No attempt was made to estimate the biomass associated 

with forbs, grasses, grasslike plants, cacti (succulents), or root sys

tems of dominant plant species under consideration. Dominant woody 

plant species, by vegetation type, included:

10

Vegetation Type

Alpine Tundra

Mixed Conifer 
Forests

Ponderosa Pine 
Forests

Pinyon-Juniper
Woodlands

Chaparral and 
Oak Woodlands

Grasslands

Desert Shrub 
Communities

Dominant Woody Plant Species

None

Engelmann spruce,2 Blue spruce, Douglas- 
fir. White fir, Corkbark fir, Ponderosa 
pine, Southwestern white pine, and 
Quaking aspen.

Ponderosa pine, Gambel oak. Alligator 
juniper, Douglas-fir, and Quaking aspen.

Pinyon, Utah juniper. Alligator juniper, 
Gambel oak, and Ponderosa pine.

Shrub live oak, Skunkbush sumac. 
Snakeweed, Wright silktassel, Manzanita, 
Emory oak, Arizona white oak, Netleaf 
oak, Silverleaf oak, and Mexican blue 
oak.

None

Big sagebrush; Shadscale, Winterfat, 
Hopsage, White bursage. Mormon tea. Range 
ratany. Creosote, Wolfberry, Mesquite, 
Tarbush, Snakeweed, Palo verde, White 
thorn, Ironwood, and Triangle bursage.

2. Common and botanical names of plants mentioned in the text 
are listed in Appendix B.

I
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Vegetation Type Dominant Woody Plant Species

Riparian Cottonwood and Salt cedar.
Associations

With these vegetation types and woody plant species serving as 

a basis, methods describing the derivation of standing biomass and rates 

of biomass accumulation for each vegetation type are presented below. .

Methods

Information required to estimate potential energy equivalents in 

Arizona by vegetation type was derived from three categories of available 

information, including published documents, unpublished reports, and 

basic field inventory data. The general procedure for estimating poten

tial energy equivalents for standing biomass and rates of biomass accumu

lation, is displayed in Figure 1.

Standing Biomass

Standing biomass, as defined in this study, included aboveground 

vegetation of dominant woody plant species. Wherever possible, two com

ponents of standing biomass were considered: bolewood and crownwood.

As mentioned previously, no attempt was made to estimate the biomass 

associated with forbs, grasses, grasslike plants, cacti (succulents), or 

root systems.

To estimate potential energy equivalents of standing biomass (in 

terms of Btu's), an assessment of biomass weight was obtained directly 

from reported values, indirectly from cubic foot volumes and appropriate 

wood density values, or through a combination of the two. Estimates of
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Figure 1. Flow chart for determining potential energy 
equivalents of vegetation types in Arizona.
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biomass weight per acre were then converted to energy equivalents by 

multiplying weight by the gross heat content per pound of wood. Product 

of energy equivalents per acre and total acreage comprising standing 

biomass provided an estimate of potential energy equivalents for the 

vegetation type.

Estimates of biomass weight per acre, energy equivalents, and 

total acreage comprising standing biomass were determined for each 

vegetation type in Arizona as follows:

Alpine Tundra. This vegetation type occupies an extremely 

small acreage (about 2,000 acres) within Arizona, on summits of 

Humphrey's, Agassiz, and Fremont Peaks on the San Francisco Mountains, 

northwest of Flagstaff. It occurs above the highest forest overstory 

species and, therefore, no attempt was made to generate estimates of 

energy equivalents associated with this vegetation type. Forbs, 

grasses, and grasslike plants constitute the alpine flora (Little 1941, 

Lowe and Brown 1973, Ffolliott and Thorud 1975, Thilenius 1975).

Mixed Conifer Forests. Mixed conifer forests are one of two 

commercial forests in Arizona (the other being ponderosa pine)(Figure 

2). Commercial forests are those: (a) at least 10 percent stocked by

trees of any size; (b) producing 20 cubic feet of wood per acre each 

year; and (c) not withdrawn or reserved from timber utilization, such 

as National Parks and Monuments, wildlife reserves, and other Federal 

lands withdrawn (Spencer 1966). Forest land not meeting these criteria 

was considered noncommercial. Standing biomass in mixed conifer 

forests was based on commercial forest land.
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Figure 2. Mixed conifer forests from northern Arizona.
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Dominant woody plant species representative of mixed conifer 

forests included Engelmann spruce, blue spruce, Douglas-fir, white fir, 

corkbark fir, ponderosa pine, southwestern white pine, and quaking aspen 

(Gottfried 1978). These species were utilized to estimate standing 

biomass in mixed conifer forests.

Vegetative components used to estimate standing biomass consisted 

of bolewood and crownwood for each dominant tree species. To estimate 

energy equivalents for these components, an assessment of biomass weight 

per acre was required initially. This weight estimate was obtained in

directly from cubic foot volumes and appropriate wood density values for 

bolewood, and directly from solutions of previously reported crownwood 

weight equations and their frequency of occurrence in trees for crown

wood. Estimates of biomass weight per acre were converted to energy 

equivalents based on gross heat content values per pound of wood and 

summed. The product of total energy equivalents per acre and number of 

commercial acres in mixed conifer forests provided an estimate of poten

tial energy equivalents for the type.

Bolewood weight per acre was obtained from cubic foot volumes and 

wood density values. An estimate of bolewood volume per acre was ob

tained from the initial inventory previously conducted on the Willow- 

Thomas Creek watershed located in the White Mountains of east-central 

Arizona (Gottfried 1978). This inventory was selected to represent mixed 

conifer forests because the forest overstory was assumed typical of an 

undisturbed, multistoried southwestern mixed conifer stand. From the in

ventory data, a stock table (volume of trees per acre by species and
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2-inch dbh classes) was developed, to provide bolewood volume estimates 

for trees from 2 to 48 inches dbh, as these classes were the only dbh 

classes reported in the inventory.

Bolewood volume per acre for each dominant tree species was con

verted to weight by multiplying volume by corresponding wood density 

values. These wood density values were derived by multiplying density 

for water (in the English system, this is 62.4 pounds per cubic foot) by 

specific gravity of wood (based on ovendry weight and green volume). As 

an example, wood density value for Douglas-fir is 62.4 x 0.43 = 27 pounds 

per cubic foot. Wood density values used to convert volume to weight 

for dominant tree species considered in this investigation were as 

follows:

Dominant Tree 
Species

Wood Density 
(lbs./ft.3) Reference

Engelmann spruce 21 Maeglin and Wahlgren (1972)

Blue spruce 19 U.S. Forest Products 
Laboratory (1974)

Douglas-fir 27 U.S. Forest Service (1965)

White fir 23 U.S. Forest Service (1965)

Corkbark fir 18 Bendtsen (1979)

Ponderosa pine 26 Barger and Ffolliott (1971a)

Southwestern white 
pine

23 Bendtsen (1979)

Quaking aspen 22 U.S. Forest Products 
Laboratory (1974)
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Converting weight per acre to energy equivalents involved multi

plying weight by gross heat content of wood. Reineke (1960) and others 

have reported the heat content of wood to be directly proportional to 

wood density. Gross heat content for a pound of ovendry wood is approx

imately 9,150 Btu's for resinous (conifers) tree species and 8,600 Btu's 

for nonresinous (hardwoods) tree species. These gross heat content 

values were utilized to convert weight to energy equivalents.

To estimate energy equivalents for crownwood, an assessment of 

crownwood weight for 2-inch dbh classes in the mixed conifer forest 

stand on Willow-Thomas Creek was required initially. The product of 

these weights and frequency of occurrence in trees per acre provided an 

estimate of crownwood weight per acre.

Crownwood weight for individual 2-inch dbh classes was obtained 

from equations presented by Brown (1978) for coniferous species, and 

from equations given by Bartos and Johnston (1978) for quaking aspen. 

These equations predicted crownwood weight for individual trees from 

knowledge of 2-inch dbh classes.

Equations in Brown (1978) were developed for 11 Rocky Mountain 

coniferous species, but within Arizona mixed conifer forests, only 

Engelmann spruce, Douglas-fir, and ponderosa pine were described. For 

the other Arizona mixed conifer species, trees with similar growth 

forms were combined: blue spruce with Engelmann spruce, white fir and

corkbark fir with Douglas-fir, and southwestern white pine with pon

derosa pine.
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Crownwood weight equations included both live and dead branches 

for dominant and codominant, and for intermediate and suppressed trees. 

For analysis purposes, trees greater than or equal to 12.0 inches dbh 

were considered dominants and codominants, while trees less than 12.0 

inches dbh were classed as intermediate and suppressed.

Equations were given by Bartos and Johnston (1978) for estimating 

five crown components in quaking aspen: leaves, current twigs, old

twigs, deadwood, and branches. These equations were solved for each of 

the five components, and then summed to give an estimate of total 

crownwood weight for each 2-inch class.

Once crownwood weights were obtained, the product of these 

weights and frequency of occurrence in trees per acre provided an esti

mate of crownwood weight per acre by 2-inch dbh classes. Numbers of 

trees per acre were obtained from the stand table developed by 

Gottfried (1978).

Crownwood weight per acre for individual dbh classes was multi

plied by appropriate gross heat content values and then summed to provide 

an estimate of energy equivalents for crownwood.

Potential energy equivalents for mixed conifer forests were 

obtained from the product of summation of energy equivalents for bolewood 

and crownwood and the number of commercial acres in this vegetation type.

Ponderosa Pine Forests. This vegetation type represents the 

largest commercial forest in Arizona (Figure 3). Acreage associated with 

this commercial forest provided the basis for extrapolating energy equi

valents of standing biomass per acre to the vegetation type in its en

tirety.



Figure 3. Ponderosa pine forests found on the Mogollon 
Plateau in central Arizona.
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Ponderosa pine forests in Arizona are composed of a variety of 

tree species. These species occur throughout the forest where environ

mental conditions are favorable for establishment and growth. Ponderosa 

pine is the dominant tree species of this vegetation type with other 

tree species occasionally occurring in intermixture, such as Gambel oak, 

alligator juniper, Douglas-fir, limber pine, quaking aspen, and pinyon 

(Ffolliott and Thorud 1975). Tree species used to estimate energy 

equivalents for ponderosa pine forests included ponderosa pine, Gambel 

oak, alligator juniper, Douglas-fir, and quaking aspen, as information 

pertaining to volume or weight per acre for the other species was not 

known.

Vegetative components utilized to estimate standing biomass in

cluded bolewood for the dominant tree species and crownwood for ponderosa 

pine, Douglas-fir, and quaking aspen; estimates of crownwood for Gambel 

oak and alligator juniper were not known. To estimate potential energy 

equivalents for these various vegetative components, an assessment of 

biomass weight per acre was required initially. Estimates of bolewood 

weight per acre for these tree species were obtained indirectly from 

cubic foot volumes and appropriate wood density values. Crownwood weight 

was obtained directly from solutions of reported crownwood weight equa

tions and frequency of occurrence in trees. Estimates of bolewood and 

crownwood weight per acre were converted to energy equivalents by multi

plying weight by appropriate gross heat content values for a pound of 

wood. Energy equivalents per acre for bolewood and crownwood were



multiplied by the number of commercial acres in ponderosa pine forests 

to furnish an estimate of total energy equivalents for the vegetation 

type.

Bolewood weight per acre was determined from cubic foot volumes 

and wood density values for each dominant tree species. An estimate of 

bolewood volume per acre for each dominant tree species was obtained by 

computing a mean, weighted by area, from reported volume estimates per 

acre for the Beaver Creek watersheds (Brown et al. 1974), the Heber 

watersheds (Ffolliott and Baker 1977), and (a derived value for) the 

West Fork of Castle Creek watersheds (Ffolliott and Barger 1964); these 

watersheds, located in northcentral and central Arizona, were assumed to 

represent the best available estimate for ponderosa pine forests in 

Arizona, based on volume comparisons with Spencer (1966) and Schubert 

(1974). The Castle Creek data do not explicitly provide estimates of 

volume per acre. However, an estimate of volume per acre was computed 

indirectly by the summation of products between a stand table reported 

for the West Fork of Castle Creek (Ffolliott and Barger 1964) and aver

age volume per acre associated with each 2-inch dbh class. Average 

volume per acre was obtained from volume tables prepared by Hann and 

Bare (1978) for ponderosa pine, Douglas-fir, and quaking aspen, and 

volume tables reported by Barger and Ffolliott (1972) for Gambel oak and 

alligator juniper.

Average volume estimates were converted to weight by multiplying 

volume by corresponding wood density values. Wood density values used 

to convert volume to weight included:

21
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Dominant Tree 
Species

Wood Density 
(lbs./ft.3) Reference

Ponderosa pine 26 Barger and Ffolliott (1971a)

Gambel oak 40 Barger and Ffolliott (1972)

Alligator juniper 28 Barger and Ffolliott (1972)

Douglas-fir 27 U.S. Forest Service (1965)

Quaking aspen 22 U.S. Forest Products 
Laboratory (1974)

To estimate energy equivalents for crownwood, an assessment of 

crownwood weight for 2-inch dbh classes represented in ponderosa pine, 

Douglas-fir, and quaking aspen on the Beaver Creek, Heber, and West Fork 

of the Castle Creek Watersheds was required initially. From the product 

of these weights and computed average (weighted by area) for frequency 

of occurrence in trees per acre, an estimate of crownwood weight per 

acre was generated.

Crownwood weight for individual 2-inch dbh classes was obtained 

from equations presented by Brown (1978) for ponderosa pine and Douglas- 

fir. These equations predicted crownwood weight for individual trees 

from knowledge of 2-inch dbh classes. Procedures for estimating crown

wood weight per acre for ponderosa pine and Douglas-fir were described 

in mixed conifer forests above.

Equations were given by Bartos and Johnston (1978) for esti

mating five crown components in quaking aspen: leaves, current twigs,

old twigs, deadwood, and branches. These equations were solved for each 

of the five components, and then summed to give an estimate of total 

crownwood weight for each 2-inch class.



Crownwood weight per acre for ponderosa pine, Douglas-fir, and 

quaking aspen was converted to energy equivalents by multiplying weight 

by appropriate gross heat content values.

Summation of energy equivalents for bolewood and crownwood fur

nished estimates of total energy equivalents per acre. This latter 

estimate multiplied by the number of commercial acres in ponderosa pine 

forests provided estimates of potential energy equivalents for the type.

Pinyon-Juniper Woodlands. The largest forest type in Arizona is 

the pinyon-juniper woodland (Figure 4)(Shupe 1965, Spencer 1966). By 

definition, this vegetation type is considered noncommercial. Acreage 

used to estimate available standing biomass in pinyon-juniper woodlands 

consisted of total acreage (generated by computer) less acreage subjected 

to control or eradication treatments (treated acreage) and acreage clas

sified as withdrawn or reserved.

Control or eradication treatments consisted of mechanical up

rooting (cabling, chaining, pushing, etc.) or chemical application. 

Estimates of acreage having received these treatments were obtained from 

Ffolliott et_ aT_. (1979).

Withdrawn and reserved acreages were transposed from an owner

ship map prepared by the USDI Bureau of Land Management (1964) onto 

Brown's (1973) map. Overlapping areas of withdrawn and reserved land 

with pinyon-juniper woodlands were then calculated with a planimeter.

Dominant woody plant species utilized to represent this vegeta

tion type consisted of pinyon, Utah juniper, alligator juniper, Gambel

23



Figure 4. An example of pinyon-juniper woodlands in Arizona.
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Vegetative components utilized to estimate standing biomass 

included bolewood for dominant tree species and crownwood for ponderosa 

pine; crownwood for pinyon, Utah juniper, and alligator juniper was un

known. To acquire an estimate of potential energy equivalents for these 

components, quantification of biomass weight per acre was needed initial

ly. Estimates of bolewood weight per acre were obtained indirectly from 

cubic foot volumes and appropriate wood density values.

Crownwood weight for ponderosa pine in pinyon-juniper woodlands 

was obtained directly from solutions of reported crownwood weight equa

tions and frequency of occurrence in trees. These weight estimates were 

converted to energy equivalents by multiplying weight by appropriate 

gross heat content values for a pound of wood. Energy equivalents per 

acre for bolewood and crownwood were extrapolated to include an estimate 

for the entire vegetation type, by multiplying energy equivalents per 

acre by the number of available acres for standing biomass.

Bolewood weight was obtained from cubic foot volumes and wood 

density values for each dominant tree species. Estimates of bolewood 

volume per acre were obtained from stock tables developed for the Beaver 

Creek watersheds in northcentral Arizona (Ffolliott 1965a, 1965b). In

formation from these tables was utilized to estimate bolewood volume per 

acre for acreage above and below 6,000 feet in elevation because this 

information was assumed representative of the type.

oak, and ponderosa pine for acreage above 6,000 feet, and Utah juniper

and pinyon for acreage below 6,000 feet. These particular species were

used because they represented the dominant tree species from a forest

density standpoint (Barger and Ffolliott 1972, Clary et a l 1974).
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Bolewood volume per acre for each dominant tree species was con

verted to weight by multiplying volume by corresponding wood density

values. Wood density values utilized to convert volume to weight in

cluded :

Dominant Tree 
Species

Wood Density 
(lbs./ft.3) Reference

Pinyon 32 Barger and Ffolliott (1972)

Utah juniper 32 Barger and Ffolliott (1972)

Alligator juniper 28 Barger and Ffolliott (1972)

Gambel oak 40 Barger and Ffolliott (1972)

Ponderosa pine 26 Barger and Ffolliott (1971a)

Weight per acre was converted to energy equivalents by multiply

ing weight by appropriate gross heat content values. Gross heat content 

values utilized included 9,150 Btu's per pound of wood for all dominant 

tree species except Gambel oak, which was 8,600 Btu's per pound of wood.

The same procedure described in ponderosa pine forests above 

were used to estimate energy equivalents for crownwood in ponderosa pine.

Summation of respective energy equivalents for bolewood and 

crownwood furnished estimates of total energy equivalents per acre for 

standing biomass above and below 6,000 feet. Multiplying these latter 

estimates by their respective available acreage for standing biomass 

provided estimates of potential energy equivalents for pinyon-juniper 

woodlands above and below 6,000 feet.

Chaparral and Oak Woodlands. The chaparral vegetative community

in Arizona consists almost entirely of broad sclerophyll (hard-leaved
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plants) shrubs (Figure 5). While Arizona chaparral resembles the Cali

fornia chaparral as a broad sclerophyll shrub community, the major 

dominant species and precipitation patterns are different (Cable 1975). 

Oak woodlands in Arizona are often referred to as enoinal which means 

woodland communities (Lowe and Brown 1973). This vegetation type usually 

consists of evergreen oaks with an understory of forbs and grasses 

(Figure 6) (Cable 1975).

Both vegetative communities were considered noncommercial by 

definition. An estimate of available acreage for standing biomass was 

derived to provide a basis for extrapolating energy equivalents per acre 

for each vegetative community.

Similar to pinyon-juniper woodlands, acreage used to estimate 

standing biomass for chaparral and oak woodlands included total acreage 

(generated by computer) less acreage subjected to control or eradication 

treatments, and acreage classified as withdrawn and reserved. Acreage 

subjected to control or eradication treatments for chaparral and oak 

woodland communities was obtained from reported values provided by 

Ffolliott and Thorud (1975) and Ffolliott et al. (1979), respectively. 

Withdrawn and reserved acreage was determined by procedures described 

in pinyon-juniper woodlands above.

The chaparral vegetation zone in Arizona contains fifty or more 

species of shrubs, but less than 15 are generally important in terms of 

stand density or animal use. Shrub live oak appears to be the dominant 

species. Other major shrub species included Emory oak, mountain



Figure 5. A typical chaparral community in Arizona.
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Figure 6. Oak woodlands characteristic of mountain slopes in 
southern Arizona.
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Woody plant species used to represent chaparral communities in 

this study included shrub live oak, skunkbush sumac, catclaw mimosa, 

snakeweed, hairy mountain mahogany, Wright silktassel, desert ceonothus, 

and Pringle and pointleaf manzanita because weight estimates for these 

species were known and subsequently could be utilized to estimate energy 

equivalents for the type.

Oak woodland communities in Arizona are generally composed of 

evergreen oaks which occur in varied mixtures with juniper and pinyon. 

Dominant evergreen oaks commonly comprising this community include one 

or more of three species: Emory oak, Arizona white oak, and Mexican

blue oak (Lowe and Brown 1973).

Dominant woody plant species used to represent oak woodlands in 

this particular study included evergreen oaks of Emory, Arizona, netleaf, 

silverleaf, and Mexican blue because estimates of weight for these 

various species were known from the literature. These estimates of 

weight were used to quantify energy equivalents for the type.

Vegetative components utilized to estimate standing biomass 

included: bolewood and crownwood for chaparral communities, and bole-

wood only for oak woodlands (estimates for crownwood in oak woodlands 

were not known). Weight estimates for vegetative components considered 

in chaparral communities were obtained directly from a relationship

mahogany, Pringle and pointleaf manzanita, Wright silktassel, hollyleaf

buckthorn, catclaw mimosa, desert ceonothus, sugar and skunkbush sumac,

and cliffrose (Cable 1975).
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between weight and total canopy cover. In oak woodlands, weight esti

mates were found indirectly from cubic foot volumes and appropriate wood 

density values for bolewood in oak woodlands.

These weight estimates were converted to energy equivalents by 

multiplying weight by the appropriate gross heat content value and were 

then extrapolated to include estimates of total potential energy equiv

alents for each community.

Information describing weight per acre for chaparral communities 

in Arizona was limited. Only two known estimates of weight, along with 

respective total canopy cover, were available from the literature (Pase 

and Pond 1964, Pase 1980). These per acre estimates of weight and total 

canopy cover were plotted against each other to determine the relation

ship between these two variables (Figure 7). The resulting relationship 

agreed with information obtained from Pase (1980) in that, the develop

ment of chaparral communities typically begins with an increase in canopy 

cover followed by a decrease in canopy cover and increase in weight per 

acre as the stand matures.

To estimate weight per acre for chaparral communities in Arizona, 

the weight estimates associated with total shrub canopy cover, varying 

from 25 to 60 percent (Figure 7), were utilized; this range in canopy 

cover represents the average canopy cover for chaparral in Arizona (Pase 

1980).

Once the range in weight per acre for chaparral communities was 

estimated, the product of weight and gross heat content value for non- 

resinous species provided estimates of energy equivalents.
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Figure 7. Relationship between percent canopy cover and dry- 
weight per acre in chaparral communities.
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Estimates of bolewood volume per acre for oak woodlands were ob

tained from a stock table developed by McMurtray (1978). These estimates 

of volume per acre for dominant tree species were converted to weight by 

multiplying volume by appropriate wood density values (McMurtray 1978). 

Wood density values utilized to convert volume to weight included:

Dominant Tree Species Wood Density (lbs./ft.3)

Emory oak 51

Arizona white oak 51

Netleaf oak 44

Silverleaf oak 45

Mexican blue oak 54

Bolewood weight per acre was converted to energy equivalents by 

multiplying weight by gross heat content value for nonresinous tree 

species.

The last procedural step in deriving potential energy equivalents 

for standing biomass in chaparral and oak woodland communities involved 

multiplying their respective energy equivalents per acre by the number of 

available acres for standing biomass in each community.

Grasslands. The grassland vegetation zone in Arizona includes 

the mountain grassland type, plains grassland type, and desert grassland 

type (Ffolliott and Thorud 1975). These three types have been combined 

into two vegetative communities by Brown (1973): Mountain Grasslands,

and Plains and Desert Grasslands.
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Mountain grasslands, occupying a small area (about 56,000 acres) 

in Arizona, are found in scattered, park-like openings within mixed 

conifer forests and ponderosa pine forests (Judd 1962, Lowe 1964).

Since dominant vegetation included forbs, grasses, and grasslike plants, 

no attempt was made to quantify the energy equivalents associated with 

mountain grasslands (Patton and Judd 1970, Ffolliott and Thorud 1975, 

Turner and Paulsen 1976).

Plains and Desert Grasslands occur widely in Arizona and encom

pass approximately 16.3 million acres or about 22 percent of the total 

land area. Dominant plant species occupying this vegetative community 

primarily included forbs and grasses and, therefore, no attempt was made 

to estimate the energy equivalents associated with Plains and Desert 

Grasslands (Lowe and Brown 1973, Ffolliott and Thorud 1975).

However, it must be noted that two land management practices in 

particular, grazing and fire suppression, have reduced grassland bound

aries by favoring encroachment of desert shrubs at the expense of native 

perennial grasses (Lowe and Brown 1973). These desert shrubs could pro

vide a source of biomass to be utilized as energy. At the present time, 

however, no information (acreage, volume, or weight) was available to 

quantify energy equivalents associated with these shrub species.

Desert Shrub Communities. As defined in this study, desert 

shrub communities included the Great Basin Desertscrub, Mohave Desert- 

scrub, Chihuahuan Desertscrub, and Sonoran Desertscrub as presented by 

Brown (1973). These four Desertscrub communities are typically charac

terized by overstories of desert shrub vegetation, such as shrubs and
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cacti (Figure 8). Species composition and density of these overstories 

are dependent, in part, upon edaphic factors, climatic patterns, and 

imposed land management practices (Ffolliott and Thorud 1975).

Acreage associated with each Desertscrub community included 

total acreage (generated by computer) less acreage classified as treated, 

withdrawn, and reserved; treated acreage consisted only of reported 

estimates from Ffolliott et ad. (1979) for mesquite communities in the 

Sonoran Desertscrub. Withdrawn and reserved acreage for each Desertscrub 

community was determined by procedures described in pinyon-juniper wood

lands above.

Representative study sites (as discussed in the literature) were 

utilized to estimate potential energy equivalents associated with each 

Desertscrub community because species composition and spatial distribu

tion was not known. As part of the International Biological Program 

(IBP) conducted in the United States, Desert Biome validation sites were 

established to investigate the interrelationship of structure and func

tion in North American deserts (Great Basin, Mohave, Chihuahuan, and 

Sonoran). Each established site was assumed representative of the par

ticular desert in which it was located (Szarek 1979). As a result, 

these validation sites were used to estimate energy equivalents for 

Arizona's Desertscrub communities.

In Arizona, two Subdivisions of the Sonoran Desertscrub communi

ty were recognized: Arizona Upland Subdivision and Lower Colorado Sub

division (Brown 1973, Lowe and Brown 1973). The Sonoran desert
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Figure 8. Typical desert shrub community found throughout 
much of Arizona.
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validation site was used to estimate energy equivalents for the Arizona 

Upland Subdivision because according to Brown's (1973) map, this valida

tion site occurs within this Subdivision. There was no known validation 

site which specifically characterized the Lower Colorado Subdivision. 

Therefore, to compensate for this lack of information, dominant plant 

species (as provided by Lowe and Brown (1973)) occurring throughout the 

Lower Colorado Subdivision were used.

Woody plant species from each validation site used to estimate 

energy equivalents for the four Desertscrub communities in Arizona 

included: big sagebrush and shadscale for the Great Basin desert;

winterfat, hopsage, white bursage, Mormon tea, range ratany, creosote, 

and wolfberry for the Mohave desert; creosote, mesquite, tarbush, and 

snakeweed for the Chihuahuan desert; and palo verde, creosote, white 

thorn, ironwood, and triangle bursage for the Arizona Upland Subdivi

sion. ̂ In addition to the woody species used for the Arizona Upland 

Subdivision, mesquite was also considered representative of this Subdivi

sion (Lowe and Brown 1973). Woody plant species for the Lower Colorado 

Subdivision consisted of creosote and mesquite, as these species repre

sented two of the most common species comprising this Subdivision (Lowe 

and Brown 1973). Other species recognized by Lowe and Brown (1973) were 

not considered because information pertaining to density, weight, or 

volume were not known. * S.

3. Aboveground standing crop biomass values were provided by Dr.
S. R. Szarek, Arizona State University, Tempe, Arizona, from a synthesis 
of research conducted as part of the United States International Biolog
ical Program (Desert Biome).



38

Vegetative components used to estimate standing biomass in each 

Desertscrub community included bolewood and crownwood for all dominant 

woody plant species. Estimates of weight per acre for these vegetative 

components were obtained directly from reported values except in the 

case of mesquite bolewood in the Sonoran desert; bolewood weight for 

mesquite was obtained indirectly from an estimate of cubic foot volume 

and appropriate wood density value because direct estimates of bolewood 

weight were not known. Weight estimates were converted to energy equiva

lents based on appropriate gross heat content value. Product of energy 

equivalents per acre and available acreage for standing biomass yielded 

estimates of potential energy equivalents for the type.

Estimates of weight per acre for Great Basin, Mohave, and Chihua- 

huan Desertscrub communities were obtained from unpublished information. 

Weight per acre for Great Basin and Mohave Desertscrub communities was 

acquired by computing an arithmetic mean from reported weight estimates 

per acre.4 5

Weight per acre for the Arizona Upland Subdivision was acquired 

from unpublished information for palo verde, creosote, ironwood, and 

white thorn;^ weight for mesquite was derived from separate values for 

bolewood and crownwood.

Bolewood weight per acre for mesquite was estimated by multiply

ing bolewood volume (Ffolliott et al. 1979) by its wood density value of 

44 pounds per cubic foot (Wiley and Manwiller 1976).

4. Ibid.

5. Ibid.
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Crownwood weight in an individual mesquite tree was estimated to 

be approximately 10 percent of the tree weight (Barth and Klemmedson 

1980). Using this percentage value (based on a general relationship), 

in conjunction with bolewood weight per acre, an estimate of crownwood 

weight per acre was obtained.

Weight per acre for the Lower Colorado Subdivision consisted of 

estimates for creosote and mesquite. Creosote weight per acre was esti

mated by multiplying creosote density (number of plants per acre) from 

Barbour (1969) by weight per plant furnished by Thames (1973). Proce

dures for estimating mesquite weight per acre were described in the 

Arizona Upland Subdivision above.

Once weight per acre for each Desertscrub community was obtained, 

this weight estimate was multiplied by the gross heat content value for 

nonresinous species to provide an estimate of energy equivalents per 

acre.

Energy equivalents per acre for each Desertscrub community were 

multiplied by their respective available acreage for standing biomass to 

obtain an estimate of potential energy equivalents. Summing these esti

mates of potential energy equivalents for each Desertscrub community, 

yielded total potential energy equivalents for desert shrub communities 

in its entirety.

Riparian Associations. As mentioned earlier, only cottonwood 

and salt cedar communities were considered in'estimating energy equiva

lents within riparian associations (Figures 9 and 10). Information



Figure 9. Cottonwood community found in central Arizona



Figure 10. An example of salt cedar community found along the 
Gila river in south-central Arizona.
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necessary to compute energy equivalents (such as aereal extent, volumes, 

and wood density values) for other species or communities were not known.

Acreage used to extrapolate per acre values for cottonwood and 

salt cedar communities was obtained from Barger and Ffolliott (1971b) 

and Robinson (1965), respectively.

Dominant woody plant species used to represent cottonwood and 

salt cedar communities included: cottonwood for cottonwood communities

(Barger and Ffolliott 1971b); salt cedar for salt cedar communities 

(Robinson 1965, Engel-Wilson and Ohmart 1978).

Weight estimates for each riparian community were obtained in

directly from unpublished volume estimates and appropriate wood density 

values. These weight estimates were converted to energy equivalents 

based on gross heat content values and extrapolated to include potential 

energy equivalents by community.

An estimate of weight per acre for each dominant tree species was 

determined by multiplying volume by appropriate wood density values.

These wood density values included:

Riparian
Community

Wood Density
(lbs./ft.3) Reference

Cottonwood 20 Barger and Ffolliott (1971b)

Salt cedar 29 Ffolliott (1980)

Weight per acre was converted to energy equivalents by multiply

ing weight by gross heat content values for nonresinous tree species.



An estimate of potential energy equivalents was generated from the 

product of energy equivalents per acre and appropriate acreage for each 

riparian community.

Rates of Biomass Accumulation

Rates of biomass accumulation for vegetation types in Arizona 

were determined from either annual growth volumes or growth percent 

values (annual growth volume divided by total volume). Whenever possi

ble, estimates of net growth were used to approximate rates of biomass 

accumulation. Net growth represents the volume increment based on ini

tial trees after mortality has been deducted (Avery 1975).

Estimates of total growth (stumps, boles, branchwood, leaves, 

etc.) were not currently known for many of the species used to represent 

the vegetation types in Arizona. Therefore, only bolewood was consider

ed in generating estimates for rates of biomass accumulation because 

growth estimates for this vegetative component were known.

In general, procedures for estimating rates of biomass accumula

tion for bolewood (ultimately expressed in energy equivalents) depended 

upon the particular annual growth expression (volume or percent) used 

for a given vegetation type.

To estimate rates of biomass accumulation per acre using annual 

growth volumes, these latter values for each dominant tree species were 

converted to energy equivalents by multiplying volumes by appropriate 

wood density and gross heat content values. Energy equivalents for each 

species were then summed to provide an estimate of energy equivalents
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per acre. The product of this latter value and the number of acres 

associated with the vegetation type yielded an estimate of potential 

energy equivalents for rates of biomass accumulation in that type.

Conversely, to estimate rates of biomass accumulation per acre 

using an annual growth percent value, this latter value for each domi

nant tree species was multiplied by their respective bolewood estimate 

of standing biomass (expressed in terms of energy equivalents per acre). 

Estimates of energy equivalents per acre for rates of biomass accumula

tion in each dominant tree species were then summed to provide an esti

mate of energy equivalents per acre. Multiplying this latter value by 

the number of acres associated with the vegetation type furnished an 

estimate of potential energy equivalents for rates of biomass accumula

tion in that type.

Growth expressions used to estimate rates of biomass accumula

tion for each vegetation type in Arizona were as follows:

Mixed Conifer Forests. Rates of biomass accumulation for mixed 

conifer forests were estimated using net periodic annual increment ex

pressed in terms of net volume for individual dominant tree species from 

Gottfried (1978). Annual net growth (expressed in terms of volume) used 

to estimate rates of biomass accumulation were as follows:

Dominant Tree Annual Net Growth
Species (volume per acre)

16.

1.8

44

Engelmann spruce 

Blue spruce 

Douglas-fir 21.



Dominant Tree 
Species

Annual Net Growth 
(volume per acre)

45

White fir 6.2

Corkbark fir 5.4

Ponderosa pine 2.2

Southwestern white pine 4.6

Quaking aspen 14.

These volume estimates per acre were converted to energy equivalents by 

multiplying volume by appropriate wood density and gross heat content 

values discussed in the mixed conifer standing biomass section above.

Energy equivalents for each dominant tree species were summed to 

provide an estimate of energy equivalents per acre for rates of biomass 

accumulation. The product of this latter value and number of commer

cial acres within this vegetation type furnished an estimate of potential 

energy equivalents for the type.

Ponderosa Pine Forests. To determine the energy equivalents per 

acre associated with rates of biomass accumulation for tree species in 

ponderosa pine forests, bolewood estimates of standing biomass (expressed 

in terms of energy equivalents) were multiplied by appropriate values for 

annual gross growth expressed in terms of a percent.

Annual gross growth for dominant tree species considered were 

obtained from information presented by Spencer (1966) for ponderosa pine 

and quaking aspen, and Barger and Ffolliott (1972) for Gambel oak and 

alligator juniper. Estimate of growth for Douglas-fir in ponderosa pine 

forests were not known.
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Annual net growth expressed in terms of a percent for ponderosa 

pine and quaking aspen was estimated using periodic annual increment 

(Spencer 1966).

Estimates of gross growth (net growth was not known) for Gambel 

oak and alligator juniper in ponderosa pine forests were assumed equal 

with gross growth estimates in pinyon-juniper woodlands (above 6,000 feet 

in elevation) (Ffolliott 1980). Gross growth for Gambel oak and alliga

tor juniper were estimated using Schneider’s growth percent formula, 

which is based upon diameter increment (Barger and Ffolliott 1972). 

Specifically, application of Schneider's growth percent formula assumes 

that growth primarily occurs in large mature trees and diameter growth 

approximates volume growth (Davis 1954). In addition, this formula is 

often used to approximate growth in vegetation types with limited source 

information. Annual growth, expressed in terms of a percent, used to 

estimate rates of biomass accumulation in ponderosa pine forests were as 

follows:

Dominant Tree 
Species

Ponderosa pine 

Gambel oak 

Alligator juniper 

Quaking aspen

Annual Growth Rates 
_____ (percent)_____

1.6

2

2

3.0

Pinyon-Juniper Woodlands. Energy equivalents per acre for rates 

of biomass accumulation, by dominant tree species above and below 6,000
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feet in elevation, were determined by multiplying the bolewood estimate 

of standing biomass (expressed in terms of energy equivalents) by appro

priate annual gross growth expressed in terms of a percent.

Annual gross growth expressed as a percent for each dominant 

tree species in pinyon-juniper woodlands was obtained from reported 

values. These estimates of growth were initially acquired using 

Schneider's growth percent formula which is based upon diameter increment. 

Estimates of gross growth for pinyon, Utah juniper, alligator juniper, 

and Gambel oak were obtained from Barger and Ffolliott (1972), while an 

estimate of gross growth for ponderosa pine was acquired from Ffolliott 

(1980). Gross growth expressed as a percentage used for each species 

included the following:

Dominant Tree 
Species

Annual Growth Rates 
(percent)

Pinyon 1.5

Utah juniper 1

Alligator juniper 2

Gambel oak 2

Ponderosa pine 1.5

Summation of respective energy equivalents for bolewood furnished 

estimates of energy equivalents per acre for rates of biomass accumula

tion above and below 6,000 feet. Multiplying these latter estimates by 

their respective available acreage provided an estimate of potential 

energy equivalents for the type.
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Chaparral and Oak Woodlands. Growth rates for chaparral species 

in Arizona were not known. Consequently, rates of biomass accumulation 

for this community could not be determined.

Estimates for growth rates for individual tree species in oak 

woodlands were also not known. However, an estimate of gross growth for 

oak woodland communities (in its entirety) was determined to be 1.3 per

cent of the existing stand volume (Ffolliott at al. 1979). This value 

was estimated using Schneider's growth percent formula which is based 

upon diameter increment. Therefore, multiplying this percentage value 

by the total energy equivalents associated with bolewood volume per 

acre (determined in the oak woodland standing biomass section above) an 

estimate of biomass accumulation in oak woodland communities was derived.

An estimate of potential energy equivalents for biomass accumula

tion was determined from the product of energy equivalents per acre and 

the number of available acres for oak woodland communities.

Desert Shrub Communities. Information pertaining to annual 

growth rates for dominant woody species, other than mesquite within the 

Sonoran Desertscrub community, were not known. Therefore, rates of 

biomass accumulation for these species were not determined.

Annual net growth rate for mesquite communities occupying the 

Sonoran Desertscrub community was estimated to be 1 percent of the 

existing stand volume (Ffolliott et aJL 1979). This growth percent 

value was obtained using Schneider's growth percent formula. Therefore, 

multiplying this percentage value by the energy equivalents associated

J



with bolewood volume per acre (determined in the desert shrub communi

ties standing biomass section above), an estimate of biomass accumula

tion for mesquite communities was derived.

From the product of energy equivalents per acre and the number 

of acres supporting mesquite communities in the Sonoran Desertscrub 

community, an estimate of potential energy equivalents for biomass 

accumulation within the entire type was determined.

Riparian Associations. Energy equivalents associated with rates 

of biomass accumulation were determined by multiplying bolewood volume 

per acre (expressed in energy equivalents) for cottonwood and salt 

cedar communities by their respective annual net growth rates (expressed 

as a percent). These net growth rates were estimated to be 1.8 percent 

and 2.0 percent of the existing cottonwood and salt cedar stand volume, 

respectively, and were determined using Schneider's growth percent 

formula (Ffolliott 1980). Therefore, from the product of these net 

growth values and their respective energy equivalents per acre associ

ated with bolewood volume (determined in the riparian association 

standing biomass section above), an estimate of energy equivalents com

prising biomass accumulation for each community was computed.

Energy equivalents per acre for cottonwood and salt cedar commu

nities were extrapolated to include an estimate for each individual 

community by multiplying energy equivalents per acre by the number of 

acres associated with cottonwood and salt cedar communities, respective

ly.
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RESULTS AND DISCUSSION

In presenting the results and interpretative discussion for 

this study, detailed statistical summaries have been excluded from the 

text. These summaries are found in the appendices, with important high

lights comprising the text.®

In most instances, the derivation of energy equivalents involved 

data sources of varying and generally unspecified statistical reliabil

ity; therefore, overall sampling errors could not be calculated.

Mixed Conifer Forests

The mixed conifer forests in Arizona are found primarily in the 

northern part of the state, in the White, Chuska, and San Francisco 

Mountains, and on the Kaibab Plateau. These forests are often found in 

intermixture with aspen forest stands and mountain grasslands. In 

general, the zone occupies elevations ranging from 8,000 to 11,500 feet, 

with local physiography determining, in part, its exact range (Figure 

11) (Ffolliott and Thorud 1975).

Commercial acreage for mixed conifer forests was estimated to be 

307,273 acres and represented less than one-half percent of the total 

acreage for Arizona, which is approximately 73 million acres. 6

6. Detailed statistical summaries are found in Appendices C, D, 
E, and F.
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Standing Biomass

Bolewood volume per acre for trees varying from 2 to 48 inches 

dbh on the Willow-Thomas Creek watersheds has been estimated to be 

4,483 cubic feet (Gottfried 1978). Douglas-fir, ponderosa pine, white 

fir, and quaking aspen contributed nearly 75 percent of the total 

volume per acre.

Bolewood and crownwood weight per acre were summed to estimate 

standing biomass in weight. Converting bolewood volume per acre to 

weight yielded an estimate of 110,000 pounds. Crownwood weight was 

estimated to be 43,000 pounds per acre. Summing bolewood and crownwood 

weight values per acre furnished an estimate of 153,000 pounds, or 

approximately 77 tons.

Energy equivalents associated with standing biomass per acre for 

each dominant tree species were expressed in millions (106) of Btu’s 

(Figure 12). Summation of energy equivalents for each species yielded 

an estimate of 1.4 x 109 (billion) Btu's, with 9.8 x 108 Btu's and 3.9 x 

108 Btu's contained in bolewood and crownwood, respectively.7 Based on 

estimates of energy equivalents per acre computed for the other vegeta

tion types and communities (discussed in this study), mixed conifer 

forests contained the largest amount of energy.

In Arizona, biomass (wood) is predominantly used in fireplaces 

for aesthetic reasons and for heating homes, with a very small amount

7. Appendix C presents energy equivalents per acre for standing
biomass in all vegetation types and communities considered in this study.
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ES Engelmann Spruce 
BS Blue Spruce 
DF Douglas-Fir 
WF White Fir 
CF Corkbark Fir 
PP Ponderosa Pine

White Pine
Quaking Aspen

DOMINANT TREE SPECIES

Figure 12. Energy equivalents for standing biomass per acre,
by dominant tree species, in mixed conifer forests.
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used in stoves (Sampson 1979). Other common sources of energy used for 

heating purposes consist of natural gas, electricity, and fuel oil 

(Smith 1980). Expressions of energy equivalents for these various 

sources of energy included 1,050 Btu's in one cubic foot of natural gas 

and 3,415 Btu's in one kilowatt-hour (Smith 1980). There are approxi

mately 150,000 Btu's in one gallon of No. 6 fuel oil (Wiley and Man- 

willer 1976) and 42 gallons in one barrel of oil. Based on these energy 

conversion factors, one acre of mixed conifer forests, expressed in 

units of natural gas, electricity, and fuel oil, is presented as follows:

Natural Gas Electricity No. 6 Fuel Oil
(cubic feet) (kilowatt-hours) (gallons)

1,300,000 410,000 9,300

Considering mixed conifer forests in its entirety, this vegeta

tion type contained 4.2 x 1014 Btu's, with 3.0 x 1014 Btu's and 1.2 x 

1014 Btu's contained in bolewood and crownwood, respectively.8 The re

lative proportion for which dominant tree species comprised the energy 

equivalents associated with standing biomass are presented in Figure 13. 

The quantity of energy contained in standing biomass, expressed in terms 

of cubic feet of natural gas, kilowatt-hours of electricity, and barrels 

of No. 6 fuel oil, is given below:

Natural Gas Electricity No. 6 Fuel Oil
(billion cubic feet) (billion kilowatt-hours) (million barrels)

400 120 67

8. Total energy equivalents for standing biomass in all vegeta
tion types and communities considered in this study are presented in 
Appendix D .
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Figure 13 Total energy equivalents for standing biomass, by
dominant tree species, in mixed conifer forests.
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Because acreage considered for standing biomass is relatively small (as 

compared with other vegetation types), it ranks as one of the lowest in 

total potential energy equivalents among the other vegetation types 

evaluated in this study.

Rates of Biomass Accumulation

Energy equivalents produced annually in mixed conifer forests 

from dominant tree species are graphically presented in Figure 14. 

Douglas-fir, Engelmann spruce, and quaking aspen contributed nearly 75 

percent of the 1.5 x 107 Btu's yielded by bolewood annually.9 This 

quantity of energy expressed in alternate forms of energy is shown be

low:

Natural Gas Electricity No. 6 Fuel Oil
(cubic feet) (kilowatt-hours) (gallons)

14,000 4,400 100

On a per acre basis, the amount of energy produced annually in 

mixed conifer forests is the largest quantity for vegetation types and 

communities considered in Arizona.

Rates of biomass accumulation for mixed conifer forests in 

total are presented in Figure 15. Considering this vegetation type, in 

total, 4.5 x 1012 (trillion) Btu's are produced annually.10 * Values re

sulting from the conversion of this energy to energy equivalents of

9. Appendix E shows energy equivalents for rates of biomass 
accumulation per acre in all vegetation types and communities considered 
in this study.

10. Appendix F gives total energy equivalents for rates of bio
mass accumulation in all vegetation types and communities considered in
this study.
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DOMINANT TREE SPECIES
Figure 14. Energy equivalents for rates of biomass accumula

tion per acre, by dominant tree species, in mixed
conifer forests.
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Figure 15. Total energy equivalents for rates of biomass
accumulation, by dominant tree species, in mixed 
conifer forests.
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natural gas, electricity, and barrels of fuel oil are given as follows:

Natural Gas Electricity No. 6 Fuel Oil
(billion cubic feet) (billion kilowatt-hours) (million barrels)

4.3 1.3 0.71

Ponderosa Pine Forests

In Arizona, ponderosa pine forests extend across the central and 

east-central portion of the state and grow virtually unbroken for almost 

225 miles (Spencer 1966). This forest encompasses the San Francisco 

Mountains, Mogollon Plateau, and White Mountains, with "islands" of pon

derosa pine scattered throughout many southern Arizona mountains. Pon

derosa pine forests generally occur between 5,500 and 8,500 feet (Little 

1950), with slope orientations determining, in part, its exact range 

(Figure 16) (Ffolliott and Thorud 1975).

This vegetation type comprises the bulk of commercial forests 

(92 percent) in Arizona (Shupe 1965, Spencer 1966). Commercial acreage 

computed in this study was estimated to be 4,003,013 acres, which rep

resented approximately 5.5 percent of the total land area in the state.

Standing Biomass

The average bolewood volume computed for the Beaver Creek, Heber, 

and West Fork of Castle Creek watersheds was determined to be 2,100 cubic

feet per acre. This volume estimate included dbh classes from 2 to 50
\

inches. Eighty-eight percent of the total bolewood volume per acre was 

made up of ponderosa pine while 10 percent constituted Gambel oak. The 

remaining species (alligator juniper, Douglas-fir, and quaking aspen)



60

COUD.UTAH

MILES

^ONDEROSA FINE

MEXICO

LAKES

RIVERS

Figure 16. Distribution of ponderosa pine forests in Arizona 
(Ffolliott and Thorud 1975).

IE
W

 
M

EX
I



combined, comprised only about 2 percent of the total bolewood volume 

per acre.

Converting bolewood volume per acre to weight produced 58,000 

pounds. Ponderosa pine forests contained about one-half the bolewood 

weight in mixed conifer forests.

Crownwood weight per acre in ponderosa pine forests was esti

mated to be 21,000 pounds. Combining bolewood and crownwood weight per 

acre yielded an estimate of 79,000 pounds (approximately 40 tons) or 

about half the weight per acre found in mixed conifer forests.

Energy equivalents associated with standing biomass per acre in 

ponderosa pine forests were estimated to be 7.3 x 10® Btu's, with 5.3 x 

10® Btu's and 2.0 x 10® Btu's contained in bolewood and crownwood, 

respectively.11 The relative contributions for which each dominant tree 

species makes toward the total Btu's per acre are presented in Figure 

17. The amount of energy contained on one acre of ponderosa pine 

forests represents the second largest quantity based on energy compari

sons with the other vegetation types and communities evaluated in this 

study (mixed conifer forests are first).

Energy equivalents per acre contained in this vegetation type 

have been expressed in alternate forms of energy used for heating pur

poses and are listed below:

Natural Gas Electricity No. 6 Fuel Oil
(cubic feet) (kilowatt-hours) (gallons)

700,000 210,000 4,900

11. Appendix C presents energy equivalents per acre for standing 
biomass in all vegetation types and communities considered in this study.
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dominant tree species, in ponderosa pine forests.
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These quantities represented about one-half the energy stored in stand

ing biomass in mixed conifer forests.

Ponderosa pine forests in its entirety contained the largest 

amount of energy when compared to the other vegetation types and commu

nities found in Arizona. This amount of energy, estimated to be 2.9 x 

1015 (quadrillion) Btu’s, was nearly twice the total amount of energy 

from its closest competitor and 7 times that of mixed conifer forests.12 

The amount of energy contributed by each species is displayed in Figure 

18. Energy potentially available for ponderosa pine forests, expressed 

in other forms of energy used for heating purposes, is presented as 

follows:

Natural Gas Electricity No. 6 Fuel Oil
(billion cubic feet) (billion kilowatt-hours) (million barrels)

2,800 850 460

To further understand how much energy is contained in ponderosa 

pine forests, let us examine how much energy is consumed by Arizona 

annually. According to some data furnished by the United States Depart

ment of Commerce (1978), Arizona consumed 7.35 x lO1** Btu's in 1976 and 

is expected to need 1.75 x lO1  ̂Btu's by the year 2000. Based on these 

values, the entire ponderosa pine forest contained four times the energy 

utilized in Arizona in 1976.

Admittedly, wood cannot be substituted for all energy uses at 

the present time, but it can be used to generate electricity, steam,

12. Total energy equivalents for standing biomass in all vege
tation types and communities considered in this study are presented in 
Appendix D.



300

250

200

no'
105

100

95

40 ”

35

30

25

20

15

10

5

0

Tota
tree

64

7

m
Hi

PP Ponderosa Pine 
GO Gairbel Oak 
AJ Alligator Juniper 
DF Douglas-Fir 
QA Quaking Aspen

QA
DOMINANT TREE SPECIES

energy equivalents for standing biomass, by dominant 
species, in ponderosa pine forests.



65

methane, and a whole host of other forms of energy (Bene £t al. 1978, 

Zerbe 1978, Karchesy and Koch 1979). In terms of technology, wood may 

also be substituted for coal in generating energy (Sampson 1979).

To supply wood for energy purposes on a continuing basis, whether 

from an industrial or domestic standpoint, one must really consider how 

much wood is being produced annually.

Rates of Biomass Accumulation

Ponderosa pine forests, on a per acre basis, produced about 8.7 

million Btu's annually from bolewood.13 Energy equivalents contributed 

by each dominant tree species are shown in Figure 19. The amount of 

energy produced annually in this vegetation type, expressed in terms of 

other sources of energy utilized for heating purposes, is shown below:

Natural Gas Electricity No. 6 Fuel Oil
(cubic feet) (kilowatt-hours) (gallons)

8,300 2,500 58

In addition, this vegetation type ranks second in the amount of energy 

produced annually on a per acre basis.

Considering ponderosa pine forests as an entire vegetation type, 

this forest yields approximately 3.4 x 1013 Btu's annually, with Figure 

20 illustrating the relative proportions for which each dominant tree

13. Appendix E shows energy equivalents for rates of biomass 
accumulation per acre in all vegetation types and communities considered 
in this study.
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Figure 19. Energy equivalents for rates of biomass accumulation per
acre, by dominant tree species, in ponderosa pine forests.
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species contributes to the total.14 The total amount of energy produced 

annually by this vegetation type is approximately one-twentieth the 

energy consumed by Arizona in 1976.

Based on energy comparisons with the other vegetation types and 

communities in this study, ponderosa pine forests, (in its entirety) 

produced the greatest amount of energy. This quantity of energy ex

pressed in terms of cubic feet of natural gas, kilowatt-hours of elec

tricity, and barrels of No. 6 fuel oil is presented as follows:

Natural Gas Electricity No. 6 Fuel Oil
(billion cubic feet) (billion kilowatt-hours) (million barrels)

32 10 5.4

Pinyon-Juniper Woodlands

This vegetation type lies adjacent to and surrounds the commer

cial forest types in the state (mixed conifer and ponderosa pine forests). 

Pinyon-juniper woodlands are primarily located in the northern one-half 

of the state and occupy elevations from 4,500 to 7,500 feet (Little 1950); 

its exact range is dependent, in part, upon slope orientation (Figure 21) 

(Ffolliott and Thorud 1975).

Considering total acreage for pinyon-juniper woodlands in Arizona 

(about 13.1 million acres or 18 percent of the total land area), approxi

mately one-half of the vegetation type occurs above 6,000 feet and the 

other one-half below 6,000 feet in elevation. Available acreage used to

14. Appendix F gives total energy equivalents for rates of bio
mass accumulation in all vegetation types and communities considered in
this study.
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extrapolate per acre values associated with each elevation zone was 

determined to be 5,525,698 acres and 5,450,332 acres, respectively, when 

acreage classified as treated, withdrawn, and reserved were eliminated.

Standing Biomass

Average bolewood volume for trees occurring above and below

6.000 feet in elevation was estimated to be 220 and 595 cubic feet, 

respectively. Of the total bolewood volume above 6,000 feet, nearly 75 

percent was contained in alligator juniper. Utah juniper comprised 96 

percent of the total volume below 6,000 feet.

Converting bolewood volume per acre for pinyon-juniper woodlands 

above and below 6,000 feet to weight resulted in estimates of 6,200 and

19.000 pounds, respectively. Adding crownwood weight per acre for pon- 

derosa pine (610 pounds) above 6,000 feet to bolewood weight per acre 

above 6,000 feet yielded an estimate of 6,810 pounds. Total weight per 

acre for species occurring below 6,000 feet was nearly 3 times the total 

weight per acre for species occurring above 6,000 feet.

Energy equivalents associated with standing biomass per acre in 

each elevation zone for individual dominant tree species were expressed 

in millions of Btu's (Figure 22). Energy equivalents per acre for acre

age above and below 6,000 feet was 6.2 x 107 Btu's and 1.8 x 108 Btu's 

respectively.15 These estimates of energy equivalents for standing bio

mass are expressed in three other common sources of energy used for heat

ing purposes (Table 1).

15. Appendix C presents energy equivalents per acre for standing
biomass in all vegetation types and communities considered in this study.
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Table 1. Energy equivalents per acre for standing biomass
in pinyon-juniper woodlands expressed in alternate
forms of energy used for heating purposes.

Elevation Natural Gas Electricity No. 6 Fuel Oil
Zone (cubic feet) (kilowatt-hours) (gallons)

Above 6,000 ft. 59,000 18,000 410

Below 6,000 ft. 170,000 53,000 1,200

Energy equivalents derived for pinyon-juniper woodlands above and 

below 6,000 feet amounted to one-twenty-secondth and one-eighth the ener

gy contained in mixed conifer forests, respectively.

Extrapolating per acre values for energy equivalents to the entire 

appropriate elevation zone yielded total energy equivalents of 3.4 x 1014 

Btu's and 9.5 x 1014 Btu's with Figure 23 presenting the relative amounts 

of energy contributed by each species.16 The number of cubic feet (nat

ural gas), kilowatt-hours (electricity), and barrels (fuel oil) equiva

lent to energy equivalents per acre for acreage above and below 6,000 

feet are expressed in Table 2. In comparison with total energy equiva

lents derived for other vegetation types and communities evaluated in 

this study, the amount of energy contained in pinyon-juniper woodlands 

above 6,000 feet consisted of approximately 80 percent of the energy 

associated with mixed conifer forests. However, it must be noted that 

pinyon-juniper woodlands above 6,000 feet is made up of nearly 18 times 

the total land area comprising mixed conifer forests.

16. Total energy equivalents for standing biomass in all vegeta
tion types and communities considered in this study are presented in 
Appendix D.
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Table 2. Total energy equivalents for standing biomass in pinyon-
juniper woodlands expressed in alternate forms of energy
used for heating purposes.

Elevation
Zone

Natural Gas 
(billion cubic 

feet)

Electricity
(billion

kilowatt-hours)

No. 6 Fuel Oil 
(million barrels)

Above 6,000 ft. 320 100 54

Below 6,000 ft. 900 280 150

Pinyon-juniper woodlands below 6,000 feet in elevation ranked 

fourth in total energy equivalents when compared to other vegetation 

types or communities in Arizona. Only ponderosa pine forests, Arizona 

Upland Subdivision, and Lower Colorado Subdivision exceed the amounts of 

energy contained within pinyon-juniper woodlands below 6,000 feet.

Rates of Biomass Accumulation

Rates of biomass accumulation expressed in terms of energy equi

valents per acre for pinyon-juniper woodlands above and below 6,000 feet 

are displayed in Figure 24. Estimates of energy equivalents per acre 

consisted of 1.0 x 106 Btu's and 1.8 x 106 Btu's for acreage above and 

below 6,000 feet, respectively.17 Alligator juniper contributed 80 per

cent of the annual growth per acre above 6,000 feet while Utah juniper 

contributed 95 percent of the growth produced annually on acreage below

6,000 feet. Energy equivalents per acre for rates of biomass

17. Appendix E shows energy equivalents for rates of biomass
accumulation per acre in all vegetation types and communities considered
in this study.
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accumulation above and below 6,000 feet are listed in other common forms 

of energy used for heating purposes (Table 3).

Pinyon-juniper woodlands above and below 6,000 feet produced 

approximately one-fourteenth and one-eighth the annual growth per acre 

in mixed conifer forests, respectively. This comparison reveals that 

pinyon-juniper woodlands grow at a slower rate than mixed conifer 

forests, thus having less potential for the amount of wood produced 

annually.

Considering total energy equivalents associated with elevation 

zones above and below 6,000 feet in pinyon-juniper woodlands, there 

existed approximately 5.7 x 1012 Btu's and 9.6 x 1012 Btu's, respective

ly. 18 The relative proportion for which individual species make up 

these amounts of energy are displayed in Figure 25. The equivalent of 

energy contained in biomass produced annually for natural gas, electri

city, and No. 6 fuel oil are given in Table 4.

Table 3. Energy equivalents per acre for rates of biomass
accumulation in pinyon-juniper woodlands expressed 
in alternate forms of energy used for heating purposes.

Elevation Natural Gas Electricity No. 6 Fuel Oil
Zones (cubic feet) (kilowatt-hours) (gallons)

Above 6,000 ft. 950 290 6.7

Below 6,000 ft. 1,700 530 12

18. Appendix F gives total energy equivalents for rates of bio
mass accumulation in all vegetation types and communities considered in
this study.
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UJ Utah Juniper 
AJ Alligator Juniper 
GO Ganbel Oak 
PP Ponderosa Pine

Above 6,000 Feet BelcM* 6,000 Feet
DOMINANT TREE SPECIES

Figure 25. Total energy equivalents for rates of biomass
accumulation, by dominant tree species, in pinyon- 
juniper woodlands.
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Table 4. Total energy equivalents for rates of biomass accu
mulation in pinyon-juniper woodlands expressed in
alternate forms of energy used for heating purposes.

Elevation
Zone

Natural Gas 
(billion cubic 

feet)

Electricity
(billion

kilowatt-hours)

No. 6 Fuel Oil 
(million barrels)

Above 6,000 ft. 5.4 1.7 0.90

/Below 6,000 ft. 9.1 2.8 1.5

Chaparral and Oak Woodlands

The chaparral vegetative community largely occurs on rough, dis

continuous mountainous ranges south of the Mogollon Rim in the central 

portion of the state (Ffolliott and Thorud 1975). The distribution of 

chaparral vegetation in Arizona which also includes scattered locations 

for oak woodlands is shown in Figure 26. According to Cable (1975), oak 

woodlands are similar to chaparral in its requirements, but usually are 

found where moisture conditions are more favorable. Oak woodlands ob

tain their greatest development on lower slopes and foothills of scat

tered mountain ranges in southern Arizona (Lowe and Brown 1973).

Elevations for chaparral communities generally vary from 3,000 

to 6,000 feet (Hibbert and Ingebo 1971), while oak woodlands usually 

occur between 4,000 and 7,000 feet (Lowe and Brown 1973).

Acreage used to extrapolate per acre estimates of energy equiva

lents for chaparral and oak woodland communities consisted of 3,119,634 

acres and 1,794,840 acres when acreage classified as treated, withdrawn, 

and reserved were eliminated.
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Standing Biomass

Given that the typical canopy cover for chaparral communities 

in Arizona varies from 25 to 60 percent (Pase 1980), between 1,900 and

9.000 pounds per acre of vegetation occur (Figure 7). However, it has 

been suggested that the most mature chaparral communities in Arizona 

may reach canopy cover levels of 80 percent (Cable 1975), and achieve 

weights greater than 12,000 pounds per acre (Pase 1980).

Translating 1,900 and 9,000 pounds per acre of vegetation in 

the chaparral type to energy equivalents yielded estimates of 16 x 106 

Btu's and 77 x 106 Btu’s;1̂  these estimates of energy equivalents are 

expressed in three other common sources of energy used for heating pur

poses (Table 5). These varying estimates of potential energy are low 

when compared to the other vegetation types and communities in Arizona; 

they generally compare in magnitude with desert shrub (except the 

Sonoran Desertscrub) and salt cedar communities.

Oak woodlands have been estimated to contain approximately 236 

cubic feet per acre (Ffolliott et aT. 1979) or about 12,000 pounds. 

Converting this latter estimate of weight to energy equivalents resulted 

in a value of 1.0 x 108 Btu's per acre, which is approximately one-half 

the energy equivalents associated with pinyon-juniper woodlands below

6.000 feet.18 This amount of energy expressed in terms of cubic feet of 

natural gas, kilowatt-hours of electricity, and gallons of No. 6 fuel 

oil is presented in Table 5. The relative proportion for which five

19. Appendix C presents energy equivalents per acre for standing
biomass in all vegetation types and communities considered in this study.
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species of oak comprised the energy equivalents associated with standing 

biomass in oak woodlands are presented in Figure 27.

From a total community standpoint, chaparral communities pos

sessed from 5.1 x 10*3 g^u's to 2.4 x 10*1* Btu's. Oak woodlands contain

ed 1.8 x lO*^ Btu's with individual species contributing varying amounts 

of energy (Figure 28).20 Estimates of energy equivalents for standing 

biomass in chaparral and oak woodland communities are expressed in three 

other common sources of energy utilized for heating purposes (Table 6).

Table 5. Energy equivalents per acre for standing biomass in 
chaparral and oak woodland communities expressed in 
alternate forms of energy used for heating purposes

Vegetative
Community

Natural Gas 
(cubic feet)

Electricity
(kilowatt-hours)

No. 6 Fuel Oil 
(gallons)

Chaparral

25% cover 15,000 4,700 110

60% cover 73,000 23,000 510

Oak Woodlands 95,000 29,000 670

Rates of Biomass Accumulation

As stated previously, rates of biomass accumulation for chaparral 

species in Arizona were not known and, therefore, the quantity of energy 

produced annually could not be determined.

20. Total energy equivalents for standing biomass in all vegeta
tion types and communities considered in this study are presented in 
Appendix D.
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Figure 27. Energy equivalents for standing biomass per acre, by 
dominant tree species, in oak woodland communities.
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Table 6. Total energy equivalents for standing biomass in 
chaparral and oak woodland communities expressed 
in alternate forms of energy used for heating 
purposes.

Vegetative
Community

Natural Gas 
(billion cubic 

feet)

Electricity
(billion

kilowatt-hours)

No. 6 Fuel Oil 
(million barrels)

Chaparral

25% cover 49 15 8.1

60% cover 230 70 38

Oak Woodlands 170 53 29

Growth rate of bolewood in oak woodlands was estimated to be 1.3 

percent of the existing volume (which was ultimately expressed in energy 

equivalents) (Ffolliott et al. 1979). Based on the energy equivalents 

associated with bolewood volume per acre, there exists approximately 1.3 

x 106 Btu's.21 The amount of energy produced annually in oak woodlands 

expressed in equivalent units of natural gas, electricity, and heating 

oil is presented as follows:

Natural Gas Electricity No. 6 Fuel Oil
(cubic feet) (kilowatt-hours) (gallons)

1,200 380 8.7

A comparison of energy equivalents reveals that oak woodlands produced 

about the same amount of energy per acre as pinyon-juniper woodlands

21. Appendix E shows energy equivalents for rates of biomass
accumulation per acre in all vegetation types and communities considered
in this study.



above 6,000 feet, but only about one-eleventh the energy produced 

annually in mixed conifer forests.

Considering oak woodlands in its entirety, this vegetation type 

yielded 2.3 x 1012 Btu's annually or about one-half and one-fifteenth 

the energy produced in mixed conifer and ponderosa pine forests, respec

tively.22 Energy equivalents produced annually from this vegetative 

community are listed in other forms of energy commonly used for heating 

purposes below:

Natural Gas Electricity No. 6 Fuel Oil
(billion cubic feet) (billion kilowatt-hours) (million barrels)

2.2 0.67 0.37

Desert Shrub Communities

The Great Basin, Mohave, Chihuahuan, and Sonoran Desertscrub 

vegetative communities in Arizona make up the vegetation type desert 

shrub communities. The four Desertscrub communities are loacted in some

what generalized regions within the state. The Great Basin Desertscrub 

lies in north and northeastern Arizona and is well represented by the 

Strip Country north of the Grand Canyon (Lowe and Brown 1973). The 

Mohave Desertscrub is located along the Colorado River, from approxi

mately the Bill Williams River north to the northwest corner of the 

state (Brown 1973). In the southeastern corner of Arizona, the Chihua

huan Desertscrub dominates as the major desert community (Brown 1975). 

Comprising the southwest quarter of the state, two Subdivisions of the

22. Appendix F gives total energy equivalents for rates of bio
mass accumulation in all vegetation types and communities considered in 
this study.
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Sonoran Desertscrub interdigitate with the Arizona Upland Subdivision 

generally occupying the eastern one-half and Lower Colorado Subdivision 

the western one-half of the desert (Lowe and Brown 1973). Only a gener

al distribution of desert shrub communities has been presented in this 

text so as to simplify the boundaries between deserts and other vegeta

tion types (Figure 29).

Range in elevations for the four Desertscrub communities in

cluded: 3,000 to 6,500 feet for the Great Basin desert; 1,000 to 4,000

feet for the Mohave desert; between 3,200 and 5,000 feet for the Chihua- 

huan desert; and 500 to 4,000 feet for the Arizona Upland Subdivision 

and approximately 100 to 3,000 feet for the Lower Colorado Subdivision 

portions of the Sonoran desert (Lowe and Brown 1973).

In discussing the energy equivalents which exists in each Desert

scrub community, energy equivalents associated with individual species 

have generally been omitted because: (1) most of the dominant plant

species used to estimate energy equivalents for each of the Desertscrub 

communities consisted of shrubs, and it was assumed these plants are 

not currently used for fuel as no information was known; and (2) based 

on the magnitude of energy estimates derived for each Desertscrub 

community, comparisons between communities and other vegetation types 

were considered more important. Only mesquite occurring in the Sonoran 

desert received a separate estimate of energy equivalents (and creosote 

in the Lower Colorado Subdivision as it was the only other species used 

to estimate energy equivalents) because from the literature, it appears 

that mesquite is the dominant species utilized for energy purposes
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(Kearney and Peebles 1960, Ffolliott and Thorud 1975, Wiley and Man- 

willer 1976, Ffolliott et a K  1979).

Estimates of acreage utilized to extrapolate per acre values for 

each Desertscrub community are presented in Table 7. These estimates 

of acreage represented the residual acreage once acreage classified as 

treated, withdrawn, and reserved were eliminated. Differences occur in 

acreage for mesquite and all other species in the Arizona Upland Sub

division and mesquite and creosote in the Lower Colorado Subdivision be

cause only acreage estimates for mesquite included treated acreage 

(usually mechanical clearing), as estimated by Ffolliott et al. (1979).

Standing Biomass

Estimates of weight per acre for each of the Desertscrub commu

nities in Arizona are as follows:

Weight per Acre
Desertscrub Community (pounds) 

Great Basin 4,185 

Mohave 924 

Chihuahuan 2,367 

Sonoran

Arizona Upland Subdivision 16,419 

Lower Colorado Subdivision 14,395

As evidenced by the list of weights per acre presented above, the Arizona 

Upland Subdivision possessed the greatest weight per acre, while the 

Mohave Desertscrub contained the least weight per acre.
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Table 7. Acreage used to extrapolate energy equivalents
per acre to each respective Desertscrub community.

Desertscrub
Community Species Acreage

Great Basin All species23 24 5,273,906

Mohave All species23 2,381,368

Chihuahuan All species23 1,549,115

Sonoran

Arizona Upland 
Subdivision Mesquite 10,293,521

All other species21* 11,028,773

Lower Colorado 
Subdivision Mesquite 8,943,426

Creosote 9,582,242

23. Includes all dominant woody plant species for Desertscrub 
community.

24. Includes palo verde, creosote, white thorn, ironwood, and 
triangle bursage.
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Within the Great Basin desert, big sagebrush made up nearly 65 

percent of the weight per acre. Of the seven species utilized to 

describe the Mohave desert, wolfberry comprised 42 percent of the weight 

per acre. Creosote dominated the Chihuahuan desert, with 87 percent of 

the total weight per acre found within this species. For both the 

Arizona Upland Subdivision and Lower Colorado Subdivision, mesquite 

contributed the largest amount of weight to the total weight per acre.

This species was estimated to contain 12,100 pounds per acre, with bole- 

wood yielding 11,000 pounds and crownwood 1,100 pounds. This estimate 

represented about 75 percent and 85 percent of the total weight per 

acre in the Arizona Upland Subdivision and Lower Colorado Subdivision, 

respectively.

Estimates of energy equivalents per acre comprising standing 

biomass for each Desertscrub community are shown in Figure 30.25 The 

Great Basin desert and all species except mesquite used to describe the 

Arizona Upland Subdivision are nearly equal in terms of potential energy. 

However, when mesquite was included with the Arizona Upland Subdivision 

estimate, the ratio between energy equivalents per acre was increased 

several-fold. The potential energy stored within one acre of mesquite 

was large when compared to each Desertscrub community. One acre of mes

quite contained 3, 12, and 5 times the energy stored within one acre of 

Great Basin, Mohave, and Chihuahuan Desertscrub community, respectively.

The amount of energy per acre contained in standing biomass for 

each Desertscrub community expressed in equivalent units of natural gas,

25. Appendix C presents energy equivalents per acre for standing 
biomass in all vegetation types and communities considered in this study.
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. Energy equivalents for standing biomass per acre, by 
Desertscrub communities, in desert shrub communities.
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electricity, and heating oil is presented in Table 8. Based on energy 

comparisons with other vegetation types and communities evaluated in 

this study, the amount of energy contained in the Great Basin, Mohave, 

and Chihuahuan Desertscrub was considered low while the Sonoran desert- 

scrub (Arizona Upland Subdivision and Lower Colorado Subdivision) 

possessed energy equivalents which ranked fourth and fifth overall.

Considering each Desertscrub community in its entirety, total 

energy equivalents associated with standing biomass are illustrated in 

Figure 31.26 The amount of energy potentially available in these 

communities, but expressed in alternate forms of energy, are shown in 

Table 9.

Energy equivalents comprising the Arizona Upland Subdivision and 

Lower Colorado Subdivision ranked second and third, respectively, when 

compared to the other vegetation types and communities in Arizona.

Only ponderosa pine forests contained more energy. The Mohave and Chi

huahuan deserts ranked low when compared to other vegetation types and 

communities because they contained low estimates of energy equivalents 

per acre and low estimates of total acreage.

Rates of Biomass Accumulation

As mentioned afore, only rates of biomass accumulation for bole- 

wood in mesquite was considered because rates of biomass accumulation 

for other species or components were not known. Therefore, estimates of 

annual production in desert shrub communities will be conservative.

26. Total energy equivalents for standing biomass in all vegeta
tion types and communities considered in this study are presented in 
Appendix D.
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Table 8. Energy equivalents per acre for standing biomass
in desert shrub communities, by Desertscrub
community, expressed in alternate forms of energy
used for heating purposes.

Desertscrub
Community

Species Natural Gas 
(cubic feet)

Electricity
(kilowatt-
hours)

No. 6 Fuel 
Oil

(gallons)

Great Basin All species27 34,000 11,000 240

Mohave All species27 8,400 2,600 59

Chihuahuan All species27 22,000 6,700 150

Sonoran

Arizona Mesquite 100,000 32,000 720
Upland
Subdivision All other 

species28 35,000 11,000 250

Lower Mesquite 100,000 32,000 720
Colorado
Subdivision Creosote 19,000 5,900 130

27. Includes all dominant woody plant species for Desertscrub 
community.

28. Includes palo verde, creosote, white thron, ironwood, and 
triangle bursage.
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Table 9. Total energy equivalents for standing biomass
in desert shrub communities, by Desertscrub
community, expressed in alternate forms of
energy used for heating purposes.

Desertscrub
Community

Species Natural Gas 
(billion 
cubic feet)

Electricity
(billion
kilowatt-
hours)

No. 6 Fuel 
Oil

(million
barrels)

Great Basin All species29 180 56 30

Mohave All species29 20 6.1 3.5

Chihuahuan All species29 30 9.4 5.1

Sonoran

Arizona Mesquite 1,100 330 180
Upland
Subdivision All other 

species30 390 120 65

Lower Mesquite 920 280 150
Colorado
Subdivision Creosote 180 55 30

29. Includes all dominant woody plant species for Desertscrub 
community.

30. Includes palo verde, creosote, white thorn, ironwood, and 
triangle bursage.
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Annual production of mesquite bolewood, expressed in terms of 

energy equivalents, was estimated to be 9.7 x 105 Btu*s.31 Growth rate 

for this species was the slowest rate considered in this study (as was 

Utah juniper), and yet, it produced the same equivalent of energy 

annually as southwestern white pine in mixed conifer forests. To fully 

understand growth rates when expressed in terms of energy equivalents, 

one must consider total volume or weight per acre in which there was 

opportunity for growth, proper energy conversion factor (Btu's per 

pound of wood) associated with a given species, and the rate at which 

biomass was produced annually. For comparison, mesquite (bolewood) 

contained 11,000 pounds per acre, 8,600 Btu's per pound of wood, and 

annually produced about 2.6 cubic feet or 110 pounds per acre. South

western white pine, on the other hand, contained 5,400 pounds per acre, 

9,150 Btu's per pound of wood, and annually produced about 4.6 cubic 

feet or 110 pounds per acre. Though mesquite produced less cubic feet 

per acre and contained less energy per pound of wood than southwestern 

white pine, mesquite contained more weight per cubic foot of wood (44 

pounds versus 23 pounds).

Alternate expressions for the amount of energy produced annually 

for mesquite in the Sonoran Desertscrub are given in Table 10.

Production of energy equivalents in mesquite throughout the 

Sonoran desert was found to be 1.0 x 1013 Btu's and 8.7 x 1012 Btu's 

for the Arizona Upland Subdivision and Lower Colorado Subdivision,

96

31. Appendix E shows energy equivalents for rates of biomass
accumulation per acre in all vegetation types and communities considered
in this study.
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Table 10. Energy equivalents per acre associated with rates
of biomass accumulation for mesquite found within
the Sonoran Desertscrub community, by Subdivision,
expressed in alternate forms of energy used for
heating purposes.

Subdivision Natural Gas 
(cubic feet)

Electricity
(kilowatt-hours)

No. 6 Fuel Oil 
(gallons)

Arizona Upland
Subdivision 920 280 6.5

Lower Colorado
Subdivision 920 280 6.5

respectively.32 These estimates of total energy equivalents ranked 

second and third overall, with only ponderosa pine forests producing 

more. Pinyon-juniper woodlands below 6,000 feet produced nearly equal 

amounts of energy as the two Subdivisions.

Even when the estimates of energy equivalents for mesquite in 

each Subdivision were combined, they still only represented about one- 

half the energy produced in ponderosa pine forests. The differences 

between annual energy production in mesquite and ponderosa pine forests 

was that ponderosa pine forests contained 5 times the bolewood weight 

per acre, had a greater energy conversion factor for a pound of wood 

overall (9,150 Btu's versus 8,600 Btu's), and possessed a 75 percent 

faster growth rate, but managed to produce its energy on about one-fourth 

the total acreage available to mesquite.

32. Appendix F gives total energy equivalents for rates of bio
mass accumulation in all vegetation types and communities considered in
this study.
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Estimates of energy equivalents expressed in terms of natural 

gas, electricity, and heating oil are presented in Table 11.

Riparian Associations

In the arid Southwest, riparian associations vary from high 

mountain forests to the low deserts below. These associations, limited 

in total acreage, 279,600 to 320,000 (Babcock 1968, Lower Colorado 

Region Comprehensive Framework Study 1971), have received considerable 

attention in recent years regarding its use, importance, preservation, 

and management (Johnson and Jones 1977). Riparian associations repre

sent less than one-half of a percent of the total land area in Arizona, 

and yet have been the focus of intense conflicts and competition regard

ing its various uses (Ffolliott and Thorud 1975).

As previously mentioned, only cottonwood and salt cedar communi

ties were considered within riparian associations. These two communities 

are found along many drainages in Arizona and generally grow in narrow 

stringers or broad river-bottom groves. In addition, these two communi

ties may occur in pure monotypic stands or exist in intermixture with 

other riparian species (Barger and Ffolliott 1971b, Engel-Wilson and 

Ohmart 1978).

Specifically, it has been estimated that cottonwood communities 

occupy approximately 6,000 to 8,000 acres in Arizona, with greatest 

concentrations occurring along the Verde, Little Colorado, and Gila 

River drainages (Barger and Ffolliott 1971b). Salt cedar communities
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Table 11. Total energy equivalents associated with rates of
biomass accumulation for mesquite found within the
Sonoran Desertscrub community, by Subdivision,
expressed in alternate forms of energy used for
heating purposes.

Subdivision Natural Gas 
(billion cubic 

feet)

Electricity
(billion

kilowatt-hours)

No. 6 Fuel Oil 
(million barrels)

Arizona Upland
Subdivision 9.5 2.9 1.6

Lower Colorado
Subdivision 8.3 2.5 1.4

achieve their greatest development along the Colorado, Gila, and Salt 

River drainages and occupy approximately 118,000 acres in Arizona (Robin

son 1965).

Standing Biomass

Volume per acre (from unpublished data) for cottonwood and salt 

cedar communities has been estimated to be 675 and 240 cubic feet, re

spectively. Converting these estimates of volume to weight per acre 

yielded values of 14,000 and 7,000 pounds. These weight estimates per 

acre translated to about 1.2 x 10s Btu's and 5.9 x 107 Btu1s.33 Alter

nate expressions for energy equivalents per acre associated with stand

ing biomass in cottonwood and salt cedar communities are presented in 

Table 12.

33. Appendix C presents energy equivalents per acre for standing
biomass in all vegetation types and communities considered in this study.



Table 12. Energy equivalents per acre for standing biomass in 
cottonwood and salt cedar communities expressed in 
alternate forms of energy used for heating purposes.

100

Vegetative Natural Gas Electricity No. 6 Fuel Oil
Community (cubic feet) (kilowatt-hours) (gallons)

Cottonwood 110,000 35,000 800

Salt cedar 56,000 17,000 390

For comparison of energy equivalents, cottonwood communities have 

nearly the same quantity of energy per acre as that contained in mesquite 

occupying the Sonoran desert. Though cottonwood and mesquite (on a per 

acre basis) have similar weights and energy equivalents, their respec

tive cubic foot volumes and wood density values differ. Cottonwood has 

about two-and-one-half times the volume per acre as that of mesquite and 

mesquite contains nearly two-and-one-half times the wood density as that 

of cottonwood.

Salt cedar has about the same energy equivalents per acre as 

pinyon-juniper woodlands above 6,000 feet. Both salt cedar communities 

and pinyon-juniper woodlands above 6,000 feet have similar volumes, 

weights, and energy equivalents per acre.

Considering both cottonwood and salt cedar communities in their 

entirety, cottonwood contains approximately 8.1 x 1011 Btu's, whereas 

salt cedar comprises about 7.0 x 1012 Btu's.34 Estimates of energy

34. Total energy equivalents for standing biomass in all vegeta
tion types and communities considered in this study are presented in 
Appendix D.
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Rates of Biomass Accumulation

Energy equivalents associated with amount of biomass produced 

annually for cottonwood and salt cedar communities were computed to be

2.1 x 106 Btu's and 1.2 x 10G Btu's per acre, respectively.35 The amount 

of cubic feet (natural gas), kilowatt-hours (electricity), and barrels 

(fuel oil) equivalent to the energy equivalents per acre for cottonwood 

and salt cedar communities are expressed in Table 14.

Considering cottonwood and salt cedar communities in their 

entirety, these vegetative communities produced 1.5 x 1010 Btu's and 

1.4 x 1011 Btu's annually.36 Compared with energy equivalents associated 

with other vegetation types and communities evaluated in this study, 

these energy estimates are the lowest. The reason for such low annual 

energy production on a community level is due to the limited number of 

acres comprising each community. Growth rates in cottonwood and salt 

cedar communities are comparable to those estimated in mixed conifer 

and ponderosa pine forests.

35. Appendix E shows energy equivalents for rates of biomass 
accumulation per acre in all vegetation types and communities considered 
in this study.

36. Appendix F gives total energy equivalents for rates of bio
mass accumulation in all vegetation types and communities considered in 
this study.

equivalents for standing biomass in these two communities, expressed in

units of natural gas, electricity, and No. 6 fuel oil, are given in

Table 13.
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Total energy equivalents for rates of biomass accumulation in

cottonwood and salt cedar communities, expressed in units of natural gas,

electricity, and No. 6 fuel oil, are shown in Table 15.

Table 13. Total energy equivalents for standing biomass in 
cottonwood and salt cedar communities expressed 
in alternate forms of energy used for heating 
purposes.

Vegetative Natural Gas Electricity No. 6 Fuel Oil
Community (billion cubic 

feet)
(billion

kilowatt-hours)
(million barrels)

Cottonwood 0.77 0.24 0.13

Salt cedar 6.7 2.0 1.1

Table 14. Energy equivalents per acre for rates of biomass 
accumulation in cottonwood and salt cedar communi
ties expressed in alternate forms of energy used 
for heating purposes.

Vegetative Natural Gas Electricity No. 6 Fuel Oil
Community (cubic feet) (kilowatt-hours) (gallons)

Cottonwood 2,000 610 14

Salt cedar 1,100 356 8.0
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Table 15. Total energy equivalents for rates of biomass
accumulation in cottonwood and salt cedar communi
ties expressed in alternate forms of energy used 
for heating purposes.

Vegetative Natural Gas Electricity No. 6 Fuel Oil
Community (billion cubic (billion (million barrels)

feet) kilowatt-hours)

Cottonwood 0.014 0.0044 0.0024

Salt cedar 0.13 0.041 0.022



SUMMARY AND CONCLUSIONS

Total energy equivalents potentially available from standing 

biomass in Arizona were estimated to be approximately 8 x 1015 Btu's. 

Vegetation types or communities (in their entirety) contributing the 

bulk of this potential energy, in descending order, are ponderosa pine 

forests, Sonoran Desertscrub (Arizona Upland Subdivision and Lower 

Colorado Subdivision), pinyon-juniper woodlands below 6,000 feet, and 

mixed conifer forests. However, the greatest energy potential for 

standing biomass, on a per acre basis, (in descending order) are mixed 

conifer forests, ponderosa pine forests, pinyon-juniper woodlands be

low 6,000 feet, Sonoran Desertscrub (Arizona Upland Subdivision and 

Lower Colorado Subdivision), cottonwood communities, and oak woodlands.

Total energy equivalents associated with annual rates of biomass 

accumulation (amount of energy produced on an annual basis) were esti

mated to be 7.6 x 1014 Btu's. All of this energy is not available for 

immediate use, however, because environmental, physiographical, social, 

and economical constraints may limit or prevent the harvest of this 

annual production of energy in Arizona. Therefore, it is necessary to 

identify which vegetation types possess the greatest potential for ob

taining biomass for energy purposes, how much could be obtained, and 

what contribution the energy derived would make towards satisfying 

energy demands in Arizona.
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In Arizona, several land management agencies are charged with 

managing their respective lands and vegetation types under the concept 

of multiple use, so that varied uses and products may be used and en

joyed by various segments of the public. Land management practices often 

implemented by land management agencies on different vegetation types 

are presented in Table 16 (Ffolliott and Thorud 1975). The actual 

amount of biomass that can be harvested for energy purposes from each 

vegetation type depends, in part, upon the products and uses currently 

being managed for.

To estimate how much energy is potentially available for energy 

purposes in Arizona, information pertaining to annual production of bio

mass (bolewood) and associated allowable use (that amount of energy that 

can be utilized from the total energy produced on an annual basis, ex

pressed as a percent) in each vegetation type was needed. Annual allow

able use values were arbitrarily selected and assigned for each 

vegetation type based upon the relative emphasis of land management 

activities. Multiplying annual production of biomass (bolewood), ex

pressed in Btu's, by annual allowable use values selected for each 

vegetation type in Alternatives I and II, provided a range in the esti

mate of available Btu’s for energy purposes (Table 17).

The amount of energy potentially available for use, on an annual 

basis, in Arizona ranges from 40 x 1012 Btu’s (Alternative I) to 44 x 

1012 Btu’s (Alternative II). These annual estimates of energy would 

supply approximately 3.5 to 4 percent, and 2 to 2.5 percent of the



106

Table 16. Relative emphasis of land management practices 
within each vegetation type in Arizona.

Vegetation Type Emphasis of Land Management Practices

Mixed Conifer Forests Protecting and improving water yield and 
quality, providing flow of wood re
sources, furnishing summer food for live
stock and wildlife, providing natural 
beauty and aesthetic values.

Ponderosa Pine Forests Providing sustained yields of timber
(lumber, poles, pulp, and railroad ties), 
water, forage, and maintaining recrea
tional and aesthetic values.

Pinyon-Juniper Woodlands Forage production, game habitat, and im
proved watershed condition. Other 
emphasis includes primary wood products 
(fuelwood, Christmas trees, poles and 
posts, pulp, and charcoal) and soil 
stability.

Chaparral and Oak 
Woodlands

Livestock and wildlife, forage production 
and grazing use, and water yield.

Desert Shrub Communities 

Riparian Associations

Maintenance of native flora and fauna for 
recreation and aesthetic values; main
taining a balance between livestock and 
wildlife members for available food 
supplies.

Recreation, aesthetic values, wildlife, 
and water yield.

Riparian Associations
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Table 17. Potential energy equivalents available for
energy purposes from each vegetation type in 
Arizona.

Vegetation
Type

Total Annual Annual Allowable Available
Production in Btu's Use (percent) Btu's

(million)37 (million)

Mixed Conifer 
Forests

Ponderosa Pine 
Forests

Pinyon-Juniper
Woodlands

Oak Woodlands

Desert Shrub 
Communities 
(mesquite)

Riparian Associations 

Total:

Mixed Conifer 
Forests

Ponderosa Pine 
Forests

Pinyon-Juniper
Woodlands

Oak Woodlands

Alternative I

4.500.000

34.688.000

15.341.000

2.300.000

18.700.000

155,000

Alternative II

4.500.000

34.688.000

15.341.000

2.300.000

10 450,000

10 3,500,000

100 15,000,000

100 2,300,000

100 19,000,000

5 7,800

39,957,800

20 900,000

20 6,900,000

100 15,000,000

100 2,300,000
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Table 17. Continued

Vegetation
Type

Total Annual 
Production in Btu's 

(million)37

Annual Allowable 
Use (percent)

Available 
Btu's 

(million)

Desert Shrub 
Communities 
(mesquite)

18,700,000 100 19,000,000

Riparian Associations 155,000 10 16,000

Total: 43,816,000

37. Energy estimates for each vegetation type were obtained 
from Appendix F.
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projected energy needs for Arizona (U.S. Department of Commerce 1978) in 

1985 (1.1 x 1015 Btu's) and the year 2000 (1.7 x 10^ Btu's), respective

ly.

For biomass to be more effective in relieving demands currently 

placed upon fossil fuels, we must look for other opportunities which may 

exist for recovering greater quantities of biomass to be utilized for 

energy purposes. These opportunities may include: obtaining additional

biomass from other sources; improving the technology for obtaining bio

mass; or establishing policy to create more opportunities to utilize 

biomass as a fuel, to name a few. For example, quantifying energy equi

valents associated with other available sources of biomass could help 

meet the demand for energy in Arizona. These sources include logging 

residues (whole trees and parts of trees), milling residues (course and 

fine), natural residues (those residues derived from natural causes 

such as insects, disease, windthrow, and others), and residues resulting 

from range (mechanical or chemical treatments) and watershed improvement 

practices. Another opportunity might include increasing production by 

increasing growth rates (through thinning operations) of species in each 

vegetation type and revegetating understocked lands by means of planting 

and reseeding programs.

Based on information presented in this study, and having know

ledge of land management practices in each vegetation type, it is felt 

that the noncommercial vegetation types and communities possess the 

greatest potential for contributing biomass to be utilized for energy 

purposes. These vegetation types and communities do not currently
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possess the level of demand for products and uses that are present in 

commercial forests. In addition, tree species in pinyon-juniper wood

lands, oak woodlands, and desert shrub communities are often cleared to 

provide range for domestic cattle and provide additional habitat for 

game and nongame animals (Ffolliott et al. 1979). Also, the timber 

industry relies primarily on commercial forests rather than noncommercial 

forests to produce its wood and wood products.

In conclusion, Arizona does possess biomass which is currently 

available for use as energy, though, the actual amount annually produced 

only represents about 2 percent of Arizona's energy needs. However, 

creating additional management opportunities in each vegetation type 

could increase the amount of energy available and consequently contri

bute a greater proportion to the total demand for energy.



APPENDIX A

CONVERSION FACTORS

acre = 0.4047 hectares

barrel (oil) 42 U.S. gallons

British thermal unit (Btu) 0.252 kcal

cubic foot (natural gas) 1,050 Btu 

265 kcal

gallon (No. 6 fuel oil) 150,000 Btu
t 57,800 kcal

kilocalorie 1,000 cal 

5.968 Btu

kilowatt-hour (electricity) 5,415 Btu 

860 kcal

quad 1 x 1015 Btu 

25.2 x 1013 kcal
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APPENDIX B

COMMON AND BOTANICAL NAMES OF PLANTS 

Source: Kearney and Peebles (1960)

Aspen, Quaking Populus tremuloides Michx.

Bursage, Triangle Franseria dettoidea Torr.

Bursage, White Franseria dumosa Gray.

Cottonwood, Fremont PopuZus fremontii Wats.

Creosote Larrea tridentata (DC.) Coville

Douglas-fir Pseudotsuga menziesii (Mirb.) Franco

Fir, Corkbark Abies Zasiocarpa var. arizonica (Merriam) 
Lemmon

Fir, White Abies concoZor (Gorden & Glendinning) 
Hoopes

Hopsage Grayia spinosa (Hook.) Moq.

Ironwood OZneya tesota Gray.

Juniper, Alligator Juniperus deppeana Steud.

Juniper, Utah Juniperus osteosperma (Torr.)

Manzanita, Pringle ArctostaphyZos pringZei Parry

Manzanita, Pointleaf ArctostaphyZos pungens H.B.K.

Mesquite Prosopis juZifZora (Swartz) DC.

Mormon tea Ephedra nevadensis Wats.

Mountain mahogony. Hairy Cereocarpus betuZoides Nutt.

Oak, Arizona white Quereus arizonica Sarg.
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Oak, Emory Quevcus emoryi Torr.

Oak, Gambol Queraus gambelii Nutt.

Oak, Mexican blue Querous oblongifotia Torr.

Oak, Netleaf Queraus reticulata Humb. 5 Bonpl.

Oak, Shrub live Queraus turbinella Greene

Oak, Silverleaf Querous hypoleuaoides Camus

Palo verde Ceraidium miorophyllum (Torr.) Ross 5 
Johnston

Pine, Ponderosa Pinus ponderosa Laws.

Pine, Southwestern white Pinus reflexa Engelm.

Pinyon
i

Pinus edulis Engelm.

Range ratany Krameria parvifolia Benth.

Sagebrush Artemisia tridentata Nutt.

Salt cedar Tamzrix pentandra Pall.

Shadscale Atriplex confertifolia (Torr. G Frem.) 
Wats.

Snakeweed Gutierrezia sarothrae (Pursh) Britt. & 
Rusby

Silktassel, Wright Garrya wrightii Torr.

Spruce, Blue Picea pungens Engelm.

Spruce, Engelmann Piaea engelmanni Parry.

Sumac, Skunkbush Rhus trilobata Nutt.

Tarbush Flourensia cemua DC.

White thorn Acacia constricta Benth.

Winterfat Eurotia lanata (Pursh) Moq.

Wolfberry Lycium andersonii Gray.

Wolfberry Lycium pallidum Miers.



APPENDIX C

STANDING BIOMASS PER ACRE, BY VEGETATION TYPE, 

EXPRESSED IN MILLIONS OF BTU'S
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Vegetation Type Species

Mixed Conifer 
Forests

Ponderosa Pine 
Forests

Engelmann spruce 

Blue spruce 

Douglas-fir 

White fir 

Corkbark fir 

Ponderosa pine 

Southwestern white pine 

Quaking aspen 

Total:

Ponderosa pine 

Gambol oak 

Alligator juniper 

Douglas-fir 

Quaking aspen

Total:

Bolewood Crownwood Total

Millions of Btu's

12Q 60 180

14 7.4 21.4

320 120 440

140 59 199

22 12 34

190 74 264

50 26 76

120 35 155

976 393.4 1,369.4

440 200 640

73 - 73

10 - 10

2.0 0.55 2.55

0.57 0.12 0.69

525.57 200.67 726.24 115



Vegetation Type

Pinyon-Juniper 
Woodlands 
(above 6,000 ft.)

Pinyon-Juniper 
Woodlands 
(below 6,000 ft.)

Chaparral and Oak 
Woodlands

Chaparral

Oak Woodlands

Pinyon

Utah juniper 

Alligator juniper 

Gambel oak 

Ponderosa pine 

Total:

Utah juniper 

Pinyon 

Total:

25% cover3 

60% cover3 

Emory oak

Species

Arizona oak

Bolewood Crownwood Total

0.50 - 0.50

4.3 - 4.3

41 - 41

0.72 - 0.72

10 5.6 15.6

56.52 5.6 62.12

170 - 170

6.6 -  6.6
176.6 176.6

- 16 

77

31 - 31

20 -  20

--------  Millions of Btu's -----------
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Vegetation Type Species

Netleaf oak 

Silverleaf oak 

Mexican blue oak 

Total:

Desert Shrub 
Communities

Great Basin Total:3

Mohave Total:3

Chihuahuan Total:3

Sonoran

Arizona Upland Mesquite
Subdivision

All other species 

Total:

Lower Colorado 
Subdivision

Mesquite

Creosote

Total:

Bolewood Crownwood Total

Millions of Btu's

7.8 - 7.8

28 - 28

13 - 13

99.8 99.8

- - 36

- - 8.8

- - 23

97 11 108

37 _ 37

134 11 145

97 11 108

20 _ 20

117 11 128
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Vegetation Type Species Bolewood Crownwood Total

Riparian
Associations

Cottonwood Cottonwood 120 - 120

Salt cedar Salt cedar 59 - 59

a. Includes all dominant woody plant species for vegetation type or community.

b. Includes all dominant woody plant species except mesquite.

------------ Millions of Btu's ---------

00



APPENDIX D

STANDING BIOMASS, BY VEGETATION TYPE, EXPRESSED IN 

MILLIONS OF BTU'S
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Vegetation Type Species Bolewood Crownwood Total

Mixed Conifer 
Forests

Ponderosa Pine 
Forests

Millions of Btu's

Engelmann spruce 37,000,000 18,000,000 55,000,000

Blue spruce 4,300,000 2,300,000 6,600,000

Douglas-fir 99,000,000 35,000,000 134,000,000

White fir 44,000,000 18,000,000 62,000,000

Corkbark fir 6,800,000 3,600,000 10,400,000

Ponderosa pine 58,000,000 23,000,000 81,000,000

Southwestern white pine 15,000,000 8,100,000 23,100,000

Quaking aspen 37,000,000 11,000,000 48,000,000

Total: 301,100,000 119,000,000 420,100,000

Ponderosa pine 1,800,000,000 780,000,000 2,580,000,000

Gambel oak 290,000,000 - 290,000,000

Alligator juniper 41,000,000 - 41,000,000

Douglas-fir 7,900,000 2,200,000 10,100,000

Quaking aspen 2,300,000 480,000 2,780,000

Total: 2,141,200,000 782,680,000 2,923,880,000
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Vegetation Type Species

Pinyon-Juniper 
Woodlands 
(above 6,000 ft.)

Pinyon

Utah juniper 

Alligator juniper 

Gambel oak 

Ponderosa pine 

Total:

Pinyon-Juniper 
Woodlands 
(below 6,000 ft.)

Utah juniper 

Pinyon 

Total:

Chaparral and Oak 
Woodlands

Chaparral 25% cover:0 

60% cover:0

Oak Woodlands Emory oak

Arizona oak

Bolewood Crownwood Total

Millions of Btu*s

2,800,000 - 2,800,000

24,000,000 - 24,000,000

220,000,000 - 220,000,000

4,000,000 - 4,000,000

56,000,000 31,000,000 87,000,000

306,800,000 31,000,000 337,800,000

910,000,000 - 910,000,000

36,000,000 _ 36,000,000

946,000,000 946,000,000

- - 51,000,000

- - 240,000,000

55,000,000 - 55,000,000

36,000,000 - 56,000,000
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Vegetation Type Species Bolewood Crownwood 

• Millions of Btu1

Total 

s ...... —

Netleaf oak 14,000,000 - 14,000,000

Silverleaf oak 50,000,000 - 50,000,000

Mexican blue oak 

Total:

23,000,000

178,000,000

23,000,000

178,000,000

Desert Shrub 
Communities

Great Basin Total:C - - 190,000,000

Mohave Total:0 - - 21,000,000

Chihuahuan Total:0 - - 32,000,000

Sonoran

Arizona Upland Mesquite 1,000,000,000 110,000,000 1,110,000,000
Subdivision ,

All other species 410,000,000 - 410,000,000

Total: 1,410,000,000 110,000,000 1,520,000,000

Lower Colorado Mesquite 870,000,000 97,000,000 967,000,000
Subdivision

Creosote 190,000,000 - 190,000,000

Tota 1: 1,060,000,000 97,000,000 1,157,000,000
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Vegetation Type Species Bolewood Crownwood Total

Riparian
Associations

Cottonwood Cottonwood

Salt cedar Salt cedar

Millions of Btu's

810,000

7,000,000

810,000

7,000,000

Maximum Grand Total: 7,973,590,000

c. Includes all dominant woody plant species for vegetation type or community.

d. Includes all dominant woody plant species except mesquite.

e. Includes energy estimate for 60 percent total shrub canopy cover in the chaparral 
community.
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APPENDIX E

RATES OF BIOMASS ACCUMULATION PER ACRE FOR BOLEWOOD, 

BY VEGETATION TYPE, EXPRESSED IN 

MILLIONS OF BTU'S

Vegetation Type

Mixed Conifer 
Forests

Ponderosa Pine 
Forests

Species

Engelmann spruce 

Blue spruce 

Douglas-fir 

White fir 

Corkbark fir 

Ponderosa pine 

Southwestern white pine 

Quaking aspen 

Total:

Ponderosa pine 

Gambel oak 

Alligator juniper 

Quaking aspen 

Total:

Bolewood

-Millions of Btu's-

3.1 

0.35

5.2

1.5 

0.82 

0.48 

0.82

2.6
14.67

7.0

1.5

0.2
0.017

8.717
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Vegetation Type Species Bolewood

-Millions of Btu's-

Pinyon-Juniper Pinyon 0.0075
Woodlands 
(above 6,000 ft.) Utah juniper 0.043

Alligator juniper 0.81

Gambel oak 0.014

Ponderosa pine 0.15

Total: 1.0245

Pinyon-Juniper Utah juniper 1.7
Woodlands 
(below 6,000 ft.) Pinyon 0.099

Total: 1.799

Chaparral and Oak
Woodlands

Chaparral - -

Oak Woodlands Total:f 1.3

Desert Shrub
Communities

Great Basin - -

Mohave - -

Chihuahuan - -

Sonoran

Arizona Upland 
Subdivision

Mesquite 0.97

Lower Colorado 
Subdivision

Mesquite 0.97
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Vegetation Type Species Bolewood

-Millions of

Riparian
Associations

Cottonwood Cottonwood 2.1

Salt cedar Salt cedar 1.2

f. Includes all dominant tree species for vegetative community.



APPENDIX F

RATES OF BIOMASS ACCUMULATION FOR BOLEWOOD, 

BY VEGETATION TYPE, EXPRESSED IN 

MILLIONS OF BTU'S

Vegetation Type

Mixed Conifer 
Forests

Ponderosa Pine 
Forests

Species Bolewood

-Millions of Btu

Engelmann spruce 940,000

Blue spruce 110,000

Douglas-fir 1,600,000

White fir 390,000

Corkbark fir 250,000

Ponderosa pine 150,000

Southwestern white pine 250,000

Quaking aspen 810,000

Total: 4,500,000

Ponderosa pine 28,000,000

Gambel oak 5,800,000

Alligator juniper 820,000

Quaking aspen 68,000

Total: 34,688,000
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Vegetation Type Species Bolewood

-Millions of Btu's-

Pinyon-Juniper Pinyon 41,000
Woodlands 
(above 6,000 ft.) Utah juniper 240,000

Alligator juniper 4,500,000

Gambel oak 80,000

Ponderosa pine 840,000

Total: 5,701,000

Pinyon-Juniper Utah juniper 9,100,000
Woodlands 
(below 6,000 ft.) Pinyon 540,000

Total: 9,640,000

Chaparral and Oak
Woodlands

Chaparral - -

Oak Woodlands Total:8 2,300,000

Desert Shrub
Communities

Great Basin - -

Mohave - -

Chihuahuan - -

Sonoran

Arizona Upland 
Subdivision

Mesquite 10,000,000

Lower Colorado 
Subdivision

Mesquite 8,700,000
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Vegetation Type Species Bolewood

-Millions of Btu's-

Riparian
Associations

Cottonwood Cottonwood 15,000

Salt cedar Salt cedar 140,000

Grand Total: 75,684,000

g. Includes all dominant tree species for vegetative community.
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