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EXECUTIVE SUMMARY

This report is submitted to the Governor, the President of the Senate, the Speaker of the House
of Representatives and the Riparian Area Advisory Committee in response to the requirements
of the Waters - Riparian Protection Program signed into law in 1992, amending ARS 45-101.
The act directs the Arizona Game and Fish Department (AGFD) to conduct investigations
relating to Arizona’s riparian areas and to report on its findings by December 1, 1993.
Specifically, it mandates the following:

(1)  development of a system for classifying riparian areas including physical and
ecological criteria to be used to develop riparian designations consistent with the
definition prescribed in this statute. A hierarchical designation system is to be
developed according to relative functions and values;

(2)  identification, classification and mapping of riparian areas in the state, giving
priority to those riparian areas associated with perennial waters;

(3)  identification and mapping of land ownership of identified riparian areas
according to the general categories of Indian, federal, state and private lands and
mapping of current land uses of those areas, and;

(4)  identification of existing options for protecting riparian areas in each ownership
category that may be available under existing state and federal laws (Section §,
Chapter 298, Laws 1992).

Our choice of classiﬁcation system was based on the desire to identify geographic areas that
represent ecological units. The classification system applied to this project was devised by
Brown, Lowe and Pase (1979). This system provides an ecological basis for the location of
plant and animal communities in the American Southwest and arranges them within a
hierarchical structure.

Our primary charge was to identify, classify and map riparian areas which are defined by "the
presence of deep-rooted plant species that depend on having roots in the water table or its
capillary zone" (ARS 45-101.6). AGFD contracted with Dr. Lee Graham through the Arizona
Cooperative Fish and Wildlife Research Unit at the University of Arizona to formulate a
methodology to identify and map riparian vegetation. Graham devised an innovative remote
sensing technique combining satellite imagery and aerial videography. The resulting maps show
the extent of riparian vegetation along perennial stream corridors in Arizona. The methodology
chosen was determined to be the best technology available to map riparian vegetation on a
statewide basis given the time requirements of the project.

Products of this riparian inventory include riparian vegetation maps, numerous Geographic
Information System (GIS) databases and aerial videotapes. Examples of some of the maps are
presented in this report, along with a summary of findings. These examples are intended to give



the reader an idea of (1) the types of maps that can be produced, and (2) the types of data
contained within these GIS databases.

The identification, classification and mapping of riparian vegetation is being completed in a
phased approach. In this first year, priority was given to mapping riparian areas associated with
perennial waters. We will begin to map riparian areas associated with intermittent waters in the
state once we have met the accuracy standards set for maps associated with perennial waters.

We devised a method to assess the accuracy of the riparian vegetation maps through ground
verification. Stream corridors in the southeastern portion of the state were investigated during
this first year of the project. Results of that effort are presented. Although maps are not yet
at a level of accuracy we would like, we will continue to verify and modify maps until our
accuracy expectations are met. This should be completed by June 1994,

Riparian vegetation maps are the result of a broadly applied remote sensing process. However,
precision of data can often be a problem. Therefore, data should always be field verified. That
means the site represented on a map should be visited to ensure the information is correctly
represented. The maps are a representation of the general location and type of riparian
vegetation that existed in an area at the time the satellite images were created. The process was
not intended to create maps that delineate each tree and shrub in the riparian corridor. In fact,
any attempt to create statewide maps on this scale would be futile. Riparian vegetation is subject
to many disturbances, primarily flood events. By the time one portion of the state is completed,

other riparian areas in the state may have been severely altered. Therefore, it is 1mportant to
realize that these maps are best used (1) for collecting general data on the amount of riparian
vegetation existing at a given time in the state, (2) for determining the general location and
percentage of various riparian vegetation community types, and (3) for change analysis studies
(comparing general trends or changes between years). The suitability of these maps for
regulation can only be evaluated at a later date. '

The inventory covered 4,628.95 miles of streams and mapped 266,786.39 acres of riparian
vegetation. Portions of the Colorado River and its tributaries that are within Grand Canyon
National Park have not yet been inventoried because of flight restrictions. This portion
represents an additional 393.52 miles of regulated river.

Total miles of perennial streams inventoried 4,628.95 miles

Total miles of perennial streams identified 5,022.47 miles
Flow unregulated 3,961.26
Flow regulated 972.95
Effluent dominated 88.26
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Based on the methods as described in this document, riparian vegetation associated with
perennial streams comprises approximately 0.4 % of the total land area of the state. Vegetation
associated with most lakes and wetlands (marshes, cienegas) and with the excluded portions of
the Colorado River are not represented in these numbers. It should be noted that not all
riparian vegetation, as defined by legislation was mapped during this first phase of the
inventory. A great deal of riparian vegetation is supported by intermittent waters in Arizona,
but, these areas have not yet been inventoried.

Miles of perennial waters by land ownership category*
Miles Percent of Total Ma
Total Federal 2,510.79 49.99
National Forests 1,573.50 31.33
National Parks 611.90 12.18
BLM 289.07 5.76
|| Wildlife Refuges 28.26 0.56
Military 8.06 0.16
Total State & Municipal 254.58 5.07
State trust/state sovereign 156.06 3.11
State & municipal parks 82.40 1.64
AGFD lands 16.12 0.32
I Total Private 856.67 17.06
Total Tribal 1,408.80 28.05
*NOTE: These figures exceed 100% of the total miles of perennial streams because there
are instances where landownership is different on each bank of a given length of stream.
In those cases, stream mileage is included in both landownership categories.

This inventory revealed seventeen (17) riparian vegetation community types (series level), and
approximately 85 vegetation associations in Arizona. Accuracy on vegetation data is still being
verified and should be completed by June 1994. Conversion of vegetation classes to the Brown,
Lowe and Pase (1979) system is currently underway. The following table shows riparian
vegetation community types as a percentage of the total amount of riparian vegetation mapped
during this phase of the inventory. Although the inventory is not complete, these percentages
begin to give a picture of the relative amounts of the various riparian vegetation community
types found in Arizona. More detailed data on vegetation classifications will be available from
AGFD when all components have been verified.

xi



Relative amounts of riparian vegetation communities associated with perennial
waters in Arizona.

Total acres of riparian vegetation associated with
perennial waters as inventoried by AGFD in 1992-1993: 266,786.39 acres

Vegetation Vegetation '

Community : Percent Community Percent
Tamarisk 20.3 Russian olive <1.0
Mesquite 17.5 Reed <1.0
Arrowweed 14.8 Sacaton grass <1.0
Conifer 11.2 Mixed canyon scrub <0.5
Mountain meadow 6.3 Acacia <0.5
Oak 4.4 Desert willow <0.5
Cottonwood-willow 4.2 Mexican elder <0.5
Mixed scrub - 3.0

Cattail 2.1 Flood scoured* 7.4
Sycamore 1.2 Unlabelled** 5.4

* . Vegetated according to satellite data, but scoured by winter flooding before

classification with videography.

*x Not classified due to lack of videography coverage.

1—_‘—_—“———%——___‘

General land ownership and land use maps for Arizona are also presented in this report. As
directed by the legislation, the land ownership map displays federal, state, private and tribal
lands. Although the legislation did not specify land uses to be mapped, AGFD attempted to
locate data sources for mapping the land use activities listed in the Waters - Riparian Protection
Program law (Section 6, chapter 298, Laws 1992). In some cases, limitations on data
availability restricted our ability to map land uses. In other instances, such as for recreational
activities, it was difficult to delineate specific geographic areas where an activity was taking
place. That is, some activities can realistically occur almost anywhere.

Accompanying each land use map is a brief description of what is depicted. Data sources,

methods of verification, and limitations on use of the maps are discussed. Summary statistics
calculated from land use and land ownership databases are presented.

xii
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Land use maps presented in this report include:

(1) - Commercial Grazing Activities

2) Commercial Wood Harvesting Activities
3) Urban, Industrial and Agricultural Lands
@) Public Recreation

) Current and Historical Mining Locations
(6)  Active Mining Locations

@) Sand and Gravel Mine Locations

(8)  Mineral Potential

The purpose of compiling land ownership and land use data was to identify activities occurring
in and adjacent to riparian areas across the state. Several examples are presented in this report
to illustrate the application of these data to evaluate land use influences on a riparian area.

Factors that affect landform, and vegetative and wildlife diversity are discussed in the report.
These factors consequently influence the diversity of functions occurring within a riparian area
and are the key to functional assessment of riparian areas. Because of the Arizona Game and
Fish Commission’s legislated authority and the Department’s mission, our efforts this past year
were focused on evaluating methods to assess biological life support functions and wildlife values
provided by riparian habitats for vertebrate wildlife (fishes, amphibians, reptiles, birds and
mammals).

An approach that was specifically developed for assessment of riparian wildlife habitats in
Arizona, and that can be evaluated rapidly in the field was conceived by Anderson and Ohmart
(1984) for the Bureau of Reclamation (USBR). Ohmart and Anderson subsequently reviewed
alternate methodologies for AGFD and attempted to further develop their own technique to
provide a single index value that would allow comparison among riparian habitat types. The

“methodology they developed was specific to riparian forest and riparian scrub habitats.

The utility of a simple index of wildlife value for riparian areas is multifold. It could be used
to provide a range of potential wildlife values based on identified vegetative community type
(Brown, Lowe and Pase series level). Remotely sensed data combined with ground-truthing can
provide additional information to decision-makers. AGFD will continue to evaluate the utility
of a simple index of wildlife value. Anderson and Ohmart’s report to AGFD is still being
finalized and must undergo final internal review.

The AGFD was instructed to incorporate a hierarchical designation system based on relative
functions and values into the development of a classification system for riparian areas (Chapter
298, Laws 1992). Based on direction from the legislation, the approach to a riparian designation
system must take into account an assessment of functionality. The overall functional condition
of a riparian area should be the focal point of a designation system.

There have been few attempts at formulating a method to rapidly assess the functionality of
riparian areas. Previously, national approaches created for application to wetlands were applied

xiii



to arid and semi-arid riparian areas with limited success. Two recent federal reports describing
approaches to assessing functions of riparian and wetland areas are of particular interest. They
are BLM’s "Process for Assessing Proper Functioning Condition" and COE’s "A
Hydrogeomorphic Classification for Wetlands" (Brinson 1992). A brief discussion of each is
presented. Components of these two approaches serve as the basis for the proposed hierarchical
designation system.

The development of a hierarchical designation system based on riparian functions and values
should take into account a number of items.

1)

2

3)

4)

5)

6)

xiv

New information on riparian functions is almost constantly being presented as research
continues on this subject. Therefore, the approach should be flexible enough to allow
for the incorporation of new information. -

According to the legislation, the approach must incorporate functions and values of these
resource areas. Use of indicators and rapid assessment methods has been discussed.

Because there is so much federal land in the state, the approach should be compatible
with federal activities, or should be able to incorporate the data and information collected
by federal agencies into the approach. At this time, data collection techniques appear to
be inconsistent and incompatible.

Completion of the three project areas under this legislation (AGFD, ADWR, ADEQ)
adds a great deal of information to our knowledge base. Riparian vegetation, land
ownership and land use maps are contained in a digitized format. GIS maps and
databases provide us with a powerful tool to apply to riparian assessment.

Recent controversial proposals included in the Clean Water Act reauthorization have
attempted to classify or rank wetlands according to their functions and values, and then
regulate these categories differently. The primary question is whether all wetlands
should be treated the same or not. If all wetlands have some functions and values, do
some have more than others, and consequently should those with lesser values be
accorded less stringent regulatory protection? This controversy raises issues directly
applicable to riparian area protection strategy development for Arizona.

The designation system chosen should address a number of other considerations.

@) A consistent geographic unit of evaluation should be identified.

(b)  The evaluation system should have a systems perspective and should be able to
take into account the effect of upstream and downstream activities of an
assessment area.

(©) It should be capable of dealing with potential functions since systems are often

degraded.
(d  Temporal variability of the system needs to be considered because the system is
dynamic.




7

8)

Based

Several federal agencies are in the process of formulating functional assessment methods
for application to riparian areas. These methods have been devised by interdisciplinary
teams of scientists and land managers and are currently undergoing public review.
However, these approaches represent the best available methods for assessing
functionality within riparian and wetland systems at this time.

Information needs should be balanced with the development of action strategies.
"Enough information needs to be amassed to allow for sound policy choices, but
collecting too much information can stall action. It’s important to remember that
decisions can be made and actions taken before all the needed information has been
gathered. Gathering information can take a lot of time and resources, delaying strategy
development for years. To the extent possible, a state should draw on existing data and
the professional judgement of people familiar with the state’s wetlands. As gaps in data
are identified, objectives can be set for collecting and analyzing any missing data and
information" (World Wildlife Fund 1992).

on these considerations, AGFD proposes a preliminary outline as a first step in the

development of a hierarchical designation system for riparian assessment based on functions and

values.

Step 1

Step 2.

Step 3.

Step 4.
Step 5.

The preliminary approach is outlined in the document and illustrated by a flowchart.

. Assess the functional condition of a given unit of riparian area (stream and

terrestrial land area). ‘
Categorize areas based on their general functional condition (BLM approach).

Each of these categories has implications as to protection and management
actions.

Within each category, assess whether high, medium or low values exist.

Prioritize areas for protection or management action based on assessment of
values and functional category.

The completion of this report does not signal the end of AGFD’s work on inventorying and
assessing riparian areas in Arizona. In fact, in the next year, AGFD staff will be working on
bridging information gaps that will help us achieve an implementable hierarchical designation
system. The following is a list of action items that are either in process or are proposed for next

year:

1)

AGFD will continue to refine the perennial database and map riparian areas in Arizona,
including areas associated with intermittent waters. AGFD will continue to assess the
full capability of the remote sensing technology and accompanying databases and
videotapes.



2) To assist with our understanding of riparian functions, AGFD applied for and was
awarded a grant from the EPA under the Clean Water Act, 104(b)(3) Wetlands Grant
Fund. The grant will allow us to develop a functional assessment methodology and a
methodology to determine status and trends of riparian areas statewide.

The final section of this report identifies existing options for protecting riparian areas in the
state. While the listing of regulatory and nonregulatory riparian programs in Arizona appears
extensive, it is important to recognize that there are no regulatory programs (at any level of
government) specifically developed or implemented for the protection of riparian areas. Existing
programs have only limited applicability to the protection of important riparian area functions
by focusing only on the management and planning of water, soil and/or landscape--typically
within a small geographic area. Furthermore, even though most of the listed programs have
been in place for some time, it is widely recognized that some greater degree of riparian area
protection is needed to preserve and maintain the health and integrity of our existing riparian
resources in Arizona.
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ARIZONA RIPARIAN INVENTORY AND MAPPING PROJECT
Project Overview

This report is submitted to the Governor, the President of the Senate, the Speaker of the House
of Representatives and the Riparian Area Advisory Committee in response to the requirements
of the Waters - Riparian Protection Program signed into law in 1992, amending ARS 45-101.
The act directs the Arizona Game and Fish Department (AGFD) to conduct investigations
relating to Arizona’s riparian areas and to report on its findings by December 1, 1993.
Specifically, it mandates the following:

(1) - development of a system for classifying riparian areas including physical and
ecological criteria to be used to develop riparian designations consistent with the
definition prescribed in this statute. A hierarchical designation system is to be
developed according to relative functions and values; :

(2)  identification, classification and mapping of riparian areas in the state, giving
priority to those riparian areas associated with perennial waters;

(3)  identification and mapping of land ownérship of identified riparian areas
according to the general categories of Indian, federal, state and private lands and
mapping of current land uses of those areas, and;

(4)  identification of existing options for protecting riparian areas in each ownership
category that may be available under existing state and federal laws (Section 5,
Chapter 298, Laws 1992).

The format for this report reflects, to some degree, the sequence of steps taken to satisfy the
requirements of the legislation, as opposed to the sequence of tasks listed above. This sequence
is primarily because the methods chosen to identify, describe and map riparian areas influenced
the decisions regarding classification and designation systems. The mapping method combines
remote sensing techniques and a Geographic Information System (GIS) to create a computerized
framework for data storage, display and analysis of spatial data. This method represents an .
innovative and experimental approach in statewide ecological mapping of riparian areas.

Because of its exploratory nature, decisions regarding the general approach to mapping needed
to be made early in the process to allow time for development of the methods and to ensure that
the mapping was completed in the given timeframe. Several issues inherent to those decisions
had to be evaluated early in the planning stages. First, the success of a remote sensing technique

- hinged on whether ecologically important units of riparian vegetation were discernible from an

aerial view. Second, the question had to be addressed as to whether there was a way to
accurately delineate and classify these units once they were identified. ‘Assuming both of these
issues could be accomplished, the choice of a classification system was somewhat limited to
systems based on features and characteristics that could be determined from these remote sensing
techniques.



Our ability to evaluate and analyze data associated with riparian areas is enhanced by the
flexibility of a GIS format. GIS allows us to make spatial calculations and to visually analyze
spatial interrelationships. Integration of other GIS databases containing natural resource and
wildlife data expands our analytical abilities. The full potential of the system has not entirely
been explored in this first year of data collection.

Discussion of a hierarchical designation system based on functions and values takes into account
the future potential of this system. By combining or "overlaying" GIS databases containing data
on hydrology, water quality, vegctation land use, land ownership, etc., our ability to categorize
rlparlan areas is enhanced as is our ability to 1dent1fy landscape level processes that affect
riparian vegetation.

It should be noted that the definition of riparian area provided in the legislation is inclusive of
riparian vegetation occurring "within or adjacent to natural perennial or intermittent stream
channel(s) or within or adjacent to a lake, pond or marsh bed maintained primarily by natural
water sources.” In this first year of the riparian inventory and mapping project, AGFD focused
efforts on riparian vegetation associated with perennial streams. Perennial waters associated
with lakes, ponds and marshes or cienegas were, for the most part, excluded from this first stage
of mapping. Some marshes or cienegas that occur adjacent to a perennial stream have been
mapped. However, completion of mapping riparian vegetation associated with intermittent
waters, marshes and other types of wetlands is important for comprehenswe management of
these precious resources.

This report is divided into six sections. The first section presents the classification system
applied to riparian vegetation mapping and discusses the reasons for choosing that particular
classification system. The next section contains the general approach to the identification,
classification and mapping of riparian areas as well as the method for compiling a perennial
waters map of Arizona. A general description of the mapping methodology is provided with
emphasis on (1) the use of satellite imagery to delineate the extent of the riparian zone and to
establish boundaries for vegetation classes, and (2) the use of aerial videography to identify and
classify vegetation. Since this process was experimental, the Department devised a ground-
truthing method to evaluate accuracy of maps. Results of this verification process are presented
along with a discussion of limitations on the application of these maps.

Although it was impossible to present all the riparian vegetation maps in this report, examples
- of maps are included at two different scales. A statewide map shows areas of riparian vegetation

mapped during the past year. Portions of riparian vegetation maps from Cave Creek in the

Chiricahua Mountains, the San Pedro River and the Colorado River are depicted at a large scale

to show the degree of mapping detail. Summary statistics calculated from the statewide
" databases are also presented.

Land use and land ownership maps with associated statistics are presented in the third section.
A brief description of each map, along with data sources, and a summary of pertinent data and
assumptions are provided. These maps were digitized into a GIS and can be printed at various
sizes and scales.



The fourth section contains an overview of riparian functions and values with emphasis on
wildlife and fish habitats. Indicators or measurements necessary to evaluate functionality and
quality of a riparian area are discussed. A method to rapidly assess the relative values of
riparian areas for wildlife is presented. The method is based on description of vegetation species
composition, foliage density and vertical height diversity. The method was tested on low
elevation riparian areas and needs further evaluation before it can be applied statewide.

Section five outlines a preliminary approach to a hierarchical designation system based on
functions and values. This approach is based on methods currently being evaluated for
application by the federal government. The application and analysis of GIS databases compiled
by state and federal agencies has a great deal of utility in this arena. The riparian vegetation
classification system and wildlife habitat evaluation methodology are two components that expand
our ability to evaluate the functionality of a riparian area.

The final section lists existing options used for riparian area protection in Arizona under existing
state and federal laws. Included under riparian protection mechanisms are regulatory and
nonregulatory programs that have some degree of applicability in protecting resources that
support and sustain riparian areas. A discussion is offered on how this information might be
used to improve riparian area protection is offered.



Section I

Classification System

All classifications have as their objective the orderly arrangement of objects into groups or sets
on the basis of similarities or relationships (Daubenmire 1968, Platts 1980). For purposes of
this study, the term "classification" describes systems that are almost purely descriptive and that
do not impose a value based on ranking or position in the classification system. In the case of
riparian areas, classification groupings might be based on any number of characteristics, such
as vegetation type, stream channel geometry, hydrology or elevation. Or, the groups might be
comprised of areas that function in a similar manner. The many attributes on which one can
group or classify riparian areas is a reflection of their complexity. The complexity of these
areas makes the task of classification a challenging endeavor.

State and federal agencies have developed numerous riparian and wetland classification systems
for a variety of purposes (Gebhardt et al. 1990, World Wildlife Fund 1992). Some systems deal
solely with wetlands such as bogs, fens, marshes and swamps (Windell et al. 1986, National
Wetlands Working Group 1987), while others take into account the special features of both
riparian and wetland ecosystems (Brown et al. 1979, Cowardin et al. 1979, Youngblood et al.
1985, Hann and Jensen 1987, Kovalchik 1987, S. Swanson et al. 1988, Hansen et al. 1990).
Some are regional in scope and have limited applicability, while others attempt to classify areas
on a national level. The stated objectives of these systems are fairly similar, but the individual
categories of measurement are quite varied. Most systems categorize at least on the basis of
stream/wetland attributes and vegetation or biotic community type. However, in some cases,
categories are based on highly detailed criteria, taking into account features such as soil type,
stream channel morphology, species composition, substrate, climate, vegetation structure and
seral stage. (See glossary and page 94 for description of seral stage.)

Our choice of classification system was based on the desire to identify geographic areas that
represent ecological units having similar properties. An ecological unit contains species that
share a common evolutionary history; there is a shared flora and fauna between areas of the
same name. In addition, our charge was to identify, classify and map riparian areas which are
defined by "the presence of deep-rooted plant species that depend on having roots in the water
table or its capillary zone" (ARS 45-101.6). Another factor considered was the need for uniform
identification of the different types of riparian areas, thus providing a means to more accurately
assess distribution and relative amounts. This method should result in a categorization of
riparian areas that provides a management tool for land and resource professionals. Finally, this
project required the selection of a classification system that could be easily applied to the
mapping methodology. :

The classification system applied to this project was devised by Brown, Lowe and Pase (1979).
This system provides an ecological basis for the location of plant and animal communities in the
American Southwest and arranges them within a hierarchical structure. A systematic hierarchy
has the great advantage of having data ordered from the general to the specific, so that it can
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be used at different levels of organization - national, regional or local. The hierarchy is open-
ended, in that it provides for expansion at all levels as more information is known about an area.
Table 1 summarizes the categories and units of classification used in the Brown, Lowe and Pase
hierarchical vegetation classification system.

The Brown, Lowe and Pase classification system is based on natural groupings of biotic
communities that occur across the landscape. Biotic communities represent complex
aggregations of plants and animals that are the result of responses to integrated physical and
biological factors, more or less regional in scope. These factors include common evolutionary
history, climate, and moisture available to plants (Brown et al. 1979). In this system, biotic
communities are primarily delineated by the composition and form of vegetation.

Vegetation tends to be naturally grouped in different combinations forming communities. In
other words, the plant species are not scattered at random, but are distributed in a pattern over
the landscape. The concept of a community presumes a degree of biologic homogeneity in
structure and species composition that is associated within a defined area (Daubenmire 1968).
Similar vegetative communities tend to appear wherever equivalent environmental conditions
occur. Since vegetation is more readily identified, inventoried and mapped than the animal
component of a community, vegetation communities provide a convenient unit of classification.
Although animal constituents are an important factor in the determination and classification of
biotic communities, it is the vegetative form, structure and components that provide the readily
observable and, therefore, measurable manifestation of these natural communities (Brown et al.
1979).

Any large unit of vegetation is a mosaic of plant communities creating a corresponding mosaic
of habitats for wildlife. Vegetation serves as a valuable criterion of degrees of similarity and
difference among habitats. One obvious advantage of classifying and mapping natural vegetation
is to enable wildlife, forest and range managers to efficiently stratify and sample populations in
any given land area (Leopold 1933). Statistically valid surveys then can be used to measure and
predict an area’s wildlife density, timber potential or range capability (Brown et al. 1979).

Under this system, the hierarchy is organized into a digital, numerical array that makes the
system computer-compatible. Thus the classification system has been applied as the basis of
several habitat and wildlife databases in the Southwest, such as RUNWILD (Patton 1978) and
the AGFD Native Fish Database. It has been incorporated into the Arizona Land Resources
Inventory System (ALRIS) at the Arizona State Land Department (ASLD) and has been used
extensively as a means of describing and identifying habitat types in AGFD wildlife studies.

The hierarchical sequencing of this classification system permits mapping at any scale and
maintains the needed flexibility for mapping complex communities where more intensive systems
are impractical or needlessly time consuming (Brown et al. 1979). This flexibility is especially
pertinent when attempting to conduct a statewide classification and mapping of riparian areas.
The inventory covers thousands of stream miles across the state thus requiring a small-scale
approach. By applying a small scale, we are able to evaluate the entire state at once to analyze
extent of riparian areas as compared to upland areas, for instance. However, the utility of



differentiating riparian vegetative communities on small-scale ecological maps is limited because
these ecosystems tend to cover small areas relative to other upland communities. In fact, on a
small-scale map of the state, riparian areas are almost indiscernible.

The flexibility provided by the Brown, Lowe and Pase system coupled with the use of remote
sensing techniques allowed us to classify riparian areas at a large-scale while maintaining the
capability to produce maps at a local, regional or statewide level. For the most part, riparian
vegetation was classified to the series level (also called community type). In some cases,
riparian areas were classified according to the vegetation associations occurring there. These
classes are represented by the fifth and sixth levels in the Brown, Lowe and Pase system (See
Table 1 and Figure 1).

Vegetation communities within riparian areas do not often occur as distinct, easily discernible
units. Various classifications of riparian vegetation tend to intergrade over a considerable area,
forming broad transitional zones called ecotones. At the outer extent of the riparian zone,
vegetation transitions into upland communities; sometimes gradually, sometimes abruptly. In
some vegetation communities, such as mesquite or sacaton grass communities, the same plant
will characterize both the riparian and the upland community, growing more vigorously in the
riparian area where soil moisture is more readily available. It is important to understand this
natural phenomenon when viewing maps of riparian vegetation because lines drawn to delineate
vegetation communities may mislead one into thinking these are distinct and separate units on
the ground.



Table 1. Brown, Lowe and Pase Hierarchical Classification System (1979)

rﬁ Where: II

|| DIGIT PRECEDING COMMA || 1,000 = Biogeographic Realm

" FIRST LEVEL 1,100 = Vegetation

" SECOND LEVEL 1,110 = Formation type

| THRD LEVEL [ 1,111 = Climatic (Thermal) Zone |
FOURTH LEVEL 1,111.1 = Regional Formation (Biome) II
FIFTH LEVEL 1,111.11 = Series (Community of generic dominants)
SIXTH LEVEL 1,111.111 = Association(Community of specific dominants)
SEVENTH LEVEL 1,111.1111 = Composition - structure - phase

Digit preceding the comma: This identifies the world’s biogeographic realm. Since all of our classification will take
place in Continental North America, the biogeographic realm will be identified as Neartic and will be designated
with a "1."

First Level: The first digit after the comma refers to vegetation. All existing and potential natural vegetation is
classified as belonging to uplands (1,100) or wetlands (1,200). In this system, wetlands include those periodically,
seasonally or continually submerged ecosystems populated by species and/or life forms different from the
immediately adjacent (upland) climax vegetation, and which are dependent on conditions more mesic than provided
by the immediate precipitation. Riparian ecosystems are treated as wetlands under this classification.

Second Level: The second digit after the comma refers to one of the following recognized ecological formations,
or formation-types. On continents, these are referred to as formations, which are vegetative responses (functions)
to integrated environmental factors most importantly plant-available moisture. Wetland formations are divided into
the following categories:

|| 1,210 Wet Tundra : Temperatures are so low that available moisture is unavailable
during most of the year. Area is characterized by an absence of
trees with establishment of low herbaceous plant structure in a
hydric matrix.

1,220 Swamp-Forest Overstory of trees potentially over 10 meters (31 ft) in height, and

/Riparian-Forest frequently characterized by closed and/or multilayered canopies.
1,230 Swamp-scrub Dominated by short trees and/or woody shrubs, generally under 10
| /Riparian-scrub meters (31 ft) in height and often presenting a closed physiognomy.
1 1,240 Marshland ‘Principal plant components are herbaceous emergents which
normally have their basal portions annually, periodically, or
continually submerged.

1,250 Strandland Beach and river channel communities subject to infrequent but
periodic submersion, wind driven waves and/or spray. Plants are
separated by significant areas devoid of perennial vegetation.

1,260 Submergent Aquatic | Comprised of plants that are mostly submerged or are lacking
emergent structures.

1,270 Non-vegetated Essentially without vegetation or sparingly populated by simple :
organisms (e.g. playas, sinks, etc.)




"Table 1 (cont’d.)

Third Level: The third digit beyond the comma refers to one of four world climatic zones in which minimum
temperature remains a major evolutionary control of and within the zonation and the formation-type. All four of
these broad climatic zones are found in the Southwest. They are:

1,211-1,261 Arctic-Boreal Lengthy periods of freezing temperatures, short growing
season (60-150 days), occasionally interrupted by nights of

below freezing temperatures.

1,222-1,262 | Cold Temperate Freezing temperatures of short duration although of frequent

: occurrence during winter months. Potential growing season
generally 100-200 days and confined to spring and summer
when freezing temperatures are infrequent or absent.

1,223-1,263 | Warm Temperate Freezing temperatures of short duration but generally
occurring every year during winter months. Potential growing
season over 200 days with an average of less than 125-150
days being subject to temperatures lower than 0 degrees C or
to chilling fogs.

1.224-1,264 | Tropical-Subtropical Infrequent or no 24-hour periods of freezing temperatures,
chilling fogs or wind. ’

Fourth Level: The fourth digit beyond the comma refers to a subcontinental unit that is a major biotic community
(biome). Biotic communities are natural communities characterized by a distinctive vegetation physiognomy within
a formation.

Examples of Biotic Communities:

1,223.2 Interior Southwestern Riparian Deciduous Forest and Woodland
1,224.5 Sonoran Riparian and Oasis Forests

1,244.7 Sonoran Interior Marshland

1,244.8 Sonoran Maritime Marshland

Fifth Level: The fifth digit beyond the comma refers to the principal plant-animal communities within the biomes
distinguished primarily on taxa that are distinctive climax plant dominants. These are referred to as "Series" or

"vegetation types” and are composed of one or more biotic associations characterized by shared climax dominants
within the same formation, zone, and biome.

Examples of Series Level:

1,223.21 Cottonwood-willow Series
1,223.22 Mixed Broadleaf Deciduous Series
1,244.71 Cattail Series

1,244.81 Saltgrass Series

Sixth Level: The sixth digit beyond the comma refers to distinctive plant associations based on the occurrence of
particular dominant species more or less local or regional in distribution and generally equivalent to habitat-types
as outlined by Daubenmire (1968), Layser (1974), Pfister et al (1977) and others.

Examples of Association Level:
1,223.221 Platanus wrightii-Alnus  oblongifolia-Populus fremontii-Mixed Deciduous
Association (Sycamore-Alder-Cottonwood-Mixed Deciduous)
1,223.224 Alnus oblongifolia Association (Arizona Ash)
1,244.711 Typha domingensis Association

Seventh Level: The seventh digit beyond the comma accommodates detailed measurement and assessment of
quantitative structure, composition, density and other attributes for dominants, understories, and other associated
species. This level and additional ones in the system provide the flexibility required for encompassing data for
ecological parameters measured in intensive studies on limited areas.




l Figure 1. Flowchart of Brown, Lowe and Pase Hierarchical Classification System (1979). The example shown is for
Interior Southwest riparian deciduous forest, mixed broadleaf series, sycamore-ash-cottonwood-mixed broadleaf deciduous
' association, and alder association.
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Section 11
Riparian Mapping Methodology
A. Introduction

The primary objective for this mapping methodology was to quantify the extent, distribution and
representation of major riparian vegetation communities in the state. The methodology also
needed to accommodate the Brown, Lowe and Pase (1979) vegetation classification system, as
described in the previous section. The methodology chosen was determined to be the best
technology-available to map riparian areas on a statewide basis given the time requirements of
this project.

AGFD contracted with Dr. Lee Graham through the Arizona Cooperative Fish and Wildlife
Research Unit at the University of Arizona to formulate the methodology to identify and map
riparian areas. Graham was successful in mapping statewide vegetation under the Arizona GAP
Analysis Project by applying an innovative remote sensing technique combining satellite imagery
and aerial videography (Graham in prep.). Graham modified this approach for mapping riparian
areas across the state. Because riparian vegetation tends to occur in narrow linear corridors, the
mapping methodology needed to be adapted to a much larger scale than was used on the GAP
Analysis project. The vegetation mapping was conducted at the University of Arizona Advanced
Resource Technology Laboratory (UA-ART).

It is important for the map user to understand what is being represented on the riparian
vegetation maps. The maps were created using two major sources of imagery - Landsat
Thematic Mapper (TM) digital satellite data and Multiple Resolution Aerial Videography
(MRAYV). The satellite imagery was used as the base map for this study and for determining
the extent of riparian vegetation along stream corridors. The system that records MRAV was
devised by Graham as a cost-effective means of acquiring geographically referenced, high
resolution data.  Aerial videography flights were initiated in October 1992 and continued
periodically throughout the year ending in September 1993. Application of Landsat TM data
and MRAYV is described in more detail in sections C and D.

The resulting maps show the extent of riparian vegetation along perennial stream corridors in
Arizona. Identification of the lateral extent of the riparian zone was accomplished through the
manipulation of satellite data. Within the riparian zone, natural groupings of vegetation were
identified, again by using the satellite imagery. The videography was used to provide finer
resolution imagery suitable for determining the type of vegetation within those groupings. These
groupings represented vegetation communities and were then classified according to dominant
vegetation types using the Brown, Lowe and Pase system.

The identification, classification and mapping of riparian vegetation is being completed in a
phased approach. In this first year, priority was given to mapping riparian areas associated with
perennial waters. Several areas appearing on the perennial waters map were not mapped this
past year because of flight restrictions. These areas include the Colorado River and its
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tributaries which occur within or adjacent to Grand Canyon National Park. In addition, several
lakes and wetlands were not mapped because of time constraints. AGFD will begin to map
riparian areas associated with intermittent waters in the state once maps of perennial waters have
been completed. :

AGFD devised a method to assess the accuracy of the riparian vegetation maps through ground
verification. Stream corridors in the southeastern portion of the state were investigated during
this first year of the project. Results of that effort are presented. However, AGFD is
continuing to verify maps across the state. Modifications will be made to the riparian maps as
errors are found. This process will continue until all maps are found to be at least 80%
accurate.

Riparian vegetation maps are the result of a broadly applied remote sensing process. However,
precision of data can often be a problem. Therefore, data should always be field verified. That
means the site represented on a map should be visited to ensure the information is correctly
represented. The maps are a representation of the general location and type of riparian
vegetation that existed in an area at the time the satellite images were created. The process was
not intended to create maps that delineate each tree and shrub in the riparian corridor. In fact,
any attempt to create statewide maps on this scale would be futile. Riparian vegetation is subject
to many disturbances, primarily flood events. By the time one portion of the state is completed,
other riparian areas in the state may have been severely altered. Therefore, it is important to
realize that these maps are best used (1) for collecting general data on the amount of riparian
vegetation existing at a given time in the state, (2) for determining the general location and

_percentage of various riparian vegetation community types, and (3) for change analysis studies

(comparing general trends or changes between years). The suitability of these maps for
regulation can only be evalulated at a later date. '

The extensive flooding that occurred this past year drove home the point that riparian areas are,
indeed, dynamic systems. Any attempt at mapping riparian areas is limited by the fact that it
simply represents a "point in time" condition. The representation may cease to exist before the
map is even complete. In other words, riparian vegetation identified from the satellite imagery
may no longer exist in the same form or condition due to the massive flood events of 1993.
Such flood events have occurred periodically over recorded history. The method of dealing with
this type of problem on this project is discussed later in this section.
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B. Determination of Perennial Waters

Before the identification, classification and mapping process could begin, perennial stream
segments in the state had to be identified and a GIS database representing these stream segments
had to be created. The identification of perennial stream segments was a complex process for
a number of reasons. First, there is no comprehensive and definitive streamflow map for the
state (i.e., a map that shows which streams are considered perennial, intermittent or ephemeral).
Streamflow determinations are typically made from data collected at U.S. Geological Survey
(USGS) stream gages. However, there are only about 250 stream gaging stations in the state.
Secondly, the complex hydrology of arid and semi-arid stream systems results in a great deal
of disparity in streamflow determinations. A third factor that added to the complexity of this
task was the historical disturbances to Arizona’s stream systems (Minckley and Brown 1982).
In some cases, streams that were historically perennial have been altered by increased pumping
of groundwater from alluvial and regional aquifers, diversions of surface water, modifications
of streamflow by upstream dams, and watershed land use practices that alter water flow patterns
or water retention capacity of the floodplain (Arizona Department of Water Resources 1993).

There were two previous efforts conducted by AGFD to identify perennial streams in Arizona.
The objective of these efforts was to provide a working tool for fisheries and wildlife biologists
for use in categorizing and cataloging data on fisheries resources and wildlife habitats. The first
study (Brown et al. 1981) was a joint effort with the USGS. Results were published as a
statewide map in 1977 and updated in 1978 and 1981. These maps displayed perennial streams
and important wetlands at a scale of 1:1,000,000. Perennial streams were differentiated on the
maps according to the following characteristics:

(1) streamflow is regulated or unregulated;

2 base flow is mainly or entirely municipal, industrial or agricultural
wastewater, and;

3) flow was perennial prior to diversion, impoundment or decline of

groundwater levels.

Wetlands were differentiated by whether they had a regulated or unregulated water supply, and
whether they were mainly or entirely supplied by wastewater. Within each category, wetlands
were differentiated into two size categories, less than 500 acres or greater than 500 acres. Some
former wetlands were also identified.

The second effort (Silvey et al. 1984) was conducted in cooperation with the U.S. Forest Service
(USFS), Rocky Mountain Forest and Range Experiment Station. The purpose was to create a
listing of all naturally occurring perennial waters in Arizona. This listing was coded so that the
streams could be easily referenced in a computer database. The approach was based on
evaluation of each drainage system in the state. Perennial stream segments were identified using
a variety of data gleaned from such sources as scientific publications and reports, fish collection
data, and field experience. Ground-truthing was conducted over a period of years in the late
1970s (a drier period than the current decade). Stream segment locations were referenced using
the latitude and longitude readings from USGS topographic maps for the upstream point of the
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segment followed by the number of miles in the stream segment. The resulting list was
reviewed and revised by fisheries biologists and others over a period of six years. Today, this
system serves as the basis of the AGFD Native Fish Database. The current list contains
approximately 545 stream segments and assigns a hierarchical code number to each segment.
Although this list serves as an excellent source of information on perennial waters in Arizona,
the stream segments were not georeferenced to a computer based map. Therefore, each stream
segment listed must be located manually on a map.

Results of these efforts serve as reliable sources of information on perennial waters in Arizona.
However, we were not able to directly convert these data into a digital form. We were unable
to digitize directly from the Brown et al. (1981) map because it was printed at a scale of
1:1,000,000, and digitizing from this scale could result in large inaccuracies. The Silvey et al.
(1984) database could not be converted to GIS without a great deal of data collection, because
it did not contain latitude and longitude for both the beginning and ending points of the stream
segments.

Because a georeferenced database was required to create the base map of perennial streams, the
information in the USGS Digital Line Graph (DLG) database was analyzed. This database
represents all line map information that appears on USGS topographic maps (USGS 1991). As
part of this database, USGS digitized hydrographic features represented on 1:100,000 scale
maps. In the arid and semi-arid areas of the western United States, all stream channels, lakes,
reservoirs, ponds, springs, industrial impoundments, playas, marshes, stocktanks, reservoirs and
"dry-wash" or ephemeral channels have been mapped (USGS 1971).

According to USGS mapping principles, natural or manmade water features (streams, ponds,
etc.) are classified by the periodicity of surface water. In other words, the feature is coded as
to whether it is perennial, intermittent or ephemeral according to the USGS definition of these
terms (Table 2). However, the perennial code is only applied when the streamflow can be
reliably and accurately determined to be perennial. A water feature not definitely known to be
perennial is classified as intermittent (USGS 1971).

None of the water-related features that are represented in the USGS DLGs for Arizona have
been identified as perennial. Apparently there was enough uncertainty about the periodicity of
flow on hydrographic features in Arizona that the perennial coding was never applied.
However, because this database contains comprehensive, statewide hydrologic information in a
GIS format, the decision was made to use the USGS DLGs as a basis for a perennial waters
map. Perennial stream segments were then identified through a process of elimination using the
previously mentioned sources and best available knowledge as guides.

The process of identifying perennial waters began by creating a subset of the USGS DLGs
roughly representing the Brown et al. (1981) map. This subset served as an evaluation tool to

- which modifications would be made throughout the process. The subset was evaluated by a

variety of reviewers and against a variety of sources.
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rTable 2. USGS Streamflow Definitions

Perennial waters are those "containing water throughout the year (except for infrequent
periods of severe drought)."

Intermittent waters are those "containing water only part of the year."

Ephemeral waters are those containing water only as a direct result of local storms.

Source: USGS 1971

The most difficult part of this process was communicating to reviewers the criteria for
determination of perennial waters. The arid Southwest has many unique hydrologic features that
make the determination of perennial waters open to a variety of interpretations. For instance,
many streams and rivers have perennial reaches or segments that are interspersed among
intermittent stretches. Depending on the hydrology and geology of a stream corridor, this
phenomenon is sometimes referred to as an interrupted stream (Meinzer 1923). Under these
circumstances, perennial segments sometimes surface at different locations in the stream,
depending on the local influences (substrate, geology, etc.). This type of situation increases the
difficulty of geographically locating perennial waters for mapping purposes. Another question
encountered was whether to include perennial stream segments that were historically perennial
but are now dominated by effluent. These areas are included on the map, but have been
differentiated with unique identifiers in the database. On the map, they are indicated by a black
dashed line. Some examples of this type of situation are found along portions of the Santa Cruz
River and the Salt River.

To address these ambiguities, a set of streamflow definitions was drafted with the hope that this
would provide reviewers with some standard for determination of streamflow. The definitions
were reviewed by Arizona Department of Water Resources (ADWR), Arizona Department of
Environmental Quality (ADEQ) and AGFD staff, and were modified accordingly. The resulting
definitions appear in Table 3. Reviewers were instructed to review the existing

map and make changes, as necessary. AGFD made an arbitrary decision that perennial stream
segments had to be at least one-half mile in length to be included on the map. With this in
mind, reviewers were asked to:

(1)  delete stream segments that were not perennial;

(2)  identify and add perennial stream segments not appearing on the map;

?3) denote effluent-dominated, perennial stream segments, and;

(4)  denote perennial stream segments whose flows are regulated by dam structures.
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Table 3. AGFD Streamflow Definitions

Perennial Stream A stream or part of a stream with surface flow throughout the
year, drying only during periods of drought.

Intermittent Stream A stream or part of a stream that flows only at certain times of
the year when it receives water from springs, snowmelt, surface
run-off or other sources (Meinzer 1923).

Ephemeral Stream A stream or part of a stream that flows only in direct response to
precipitation. It receives no water from springs and no long-
continued supply from melting snow or other surface source
(Meinzer 1923).

Wetland Those areas that are inundated or saturated by surface or
groundwater at a frequency and duration sufficient to support,
Iﬂ and that under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soil conditions.
Wetlands include swamps, marshes, bogs, cienegas, tinajas and
similar areas (ADEQ).

Cienega Most often applied to a mid-elevation marshland community
(1,000 - 2,000 m) in Semidesert Grassland and more seldom in
Madrean Evergreen Woodland, associated with perennial springs
and headwater streams. Cienegas are perpetuated by permanent,
scarcely-fluctuating sources of water, and are controlled by
permanently saturated, highly organic reducing soils (Hendrickson
I and Minckley 1984).

Maps of the DLG subset were initially sent to AGFD Regional Offices and to the Hydrology and
Engineering Divisions at ADWR for review and comment. The changes received were then
checked with other sources for verification before any corrections were made to the database.
USFS and Bureau of Land Management (BLM) personnel were consulted in specific areas, as

- were private sector hydrologists, academicians, and various state agency personnel. Information

contained in the Arizona State Parks Rivers Assessment database was utilized and, in some
cases, sources named in the database were contacted for verification. For some stream
segments, we received conflicting information. When this occurred, we checked as many
sources as possible within our timeframe before making a decision about the flow type.

The resulting map was compared again to the Brown et al. (1981) map. This map was used as
our basis for mapping riparian vegetation associated with perennial waters. Over the course of
the year, this map was compared to the hand-drawn maps created during the compilation of data
that appears in Silvey et al. (1984). Stream segments that appear only on the digitized map are
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not assumed to be in error unless an additional reliable source can be found to concur. This
criterion is due to the fact that Silvey’s work may have missed some streams (B. Silvey pers.
comm.). There may be a margin of error in assuming that all streams appearing on Silvey’s
map are indeed perennial. In some instances during a series of wet years, intermittent streams
may actually support fish populations but not be considered perennial by our definition. In
addition, because our minimum mapping unit for stream segments is one-half mile, some areas
may be too small to be represented on the current map.

The legislative definition of a riparian area excluded "artificially created stockponds, man-made
storage reservoirs constructed primarily for conservation or regulatory storage, municipal and
industrial ponds or man-made water transportation, distribution, off-stream storage and collection
system.” Every effort was made to exclude these areas from the map. However, our method
of differentiating between natural and artificial ponds using remote sensing techniques alone is
not highly accurate. Use of aerial videography, when available, increased our ability to
determine the nature of the pond. To determine whether a man-made reservoir should be
excluded, the sources that identified the purpose for which the reservoir was constructed had to
be consulted. In cases where we were able to verify that a reservoir was constructed for
purposes listed as exclusions, the reservoir was removed from the map. ‘

The resulting map (Figure 2) represents our best attempt to identify perennial waters in Arizona.
Perennial stream segments are identified according to three criteria. Those stream segments that
are somehow regulated by a dam structure are identified in red. Stream segments whose base
flow is mainly or entirely municipal, industrial or agricultural wastewater are identified by a
black dashed line. All other stream segments are identified in blue. Because the map is based
primarily on reviewers’ knowledge and not on quantitative stream gage data, caution should be
exercised in the application of the map beyond this study.
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C. Satellite Imagery - Method of Analysis

One of the most critical parts of mapping riparian areas was correctly representing the extent
of the riparian area and the various vegetation types that occur within that area. This task was
accomplished through the analysis of satellite imagery. The satellite imagery used in this project
was obtained from the Earth Observation Company, Landsat satellites 4 and 5, Thematic Mapper
(TM) data. Satellite images are collected in scenes, which are areas depicting a specific
geographic extent. Approximately 19 scenes are needed to cover the entire state. Each scene
is comprised of rows and columns which make up picture elements, or "pixels.”" Each pixel
represents a square cell covering approximately 984 square yards and is 31.4 yards along each
side. The Landsat satellite imagery that was used as the base map for this project represents
riparian vegetation as it existed in April, May and September of 1991 and 1992. The reason
images from multiple months and years were used is that scenes are sometimes obscured by
clouds. Graham attempted to use satellite information taken in the spring months because
riparian vegetation was more distinct from adjacent vegetation before the summer rains. Scenes
from April and May of 1991 and 1992 were used to avoid cloud covered images. In a few cases
where cloud cover obscured all spring scenes for an area, September scenes were applied.

The Landsat TM sensor system collects seven bands of reflected and emitted energy in the
visible, reflective-infrared, middle-infrared, and thermal-infrared regions of the electromagnetic
spectrum (Jensen 1986). To determine the extent of riparian vegetation along a stream corridor,
three of the seven bands are used. Bands 3, 4 and 5 are analyzed based on their spectral
characteristics. Band 3 is the red chlorophyll absorption band of healthy, green vegetation. It
represents one of the most important bands for vegetation discrimination. Band 4 is especially
responsive to the amount of vegetation biomass present in a scene. It is useful for crop
identification and emphasizes soil-crop and land-water contrasts. Band 5 is sensitive to the
amount of water in plants, or turgidity. This information is useful in plant vigor investigations.

To evaluate reflectance, a process of combining bands, via band ratios, was applied to the
imagery. These ratios modify the images in a number of ways. First, they reduce the effects
of environmental conditions such as seasonal changes in the illumination angle and intensity of
sunlight. Secondly, they provide unique information not available from a single band.

Before analysis of a satellite scene, certain areas were removed or "masked” to improve the
quality of satellite classification results. These areas were human use areas, such as agricultural
or developed lands. They were masked because it was virtually impossible to have an image
classification procedure consistently separate out actively growing agriculture from adjacent areas
of actively growing riparian vegetation. It was also difficult to separate sand and gravel bars
from abandoned agriculture. The human use mask was developed by Graham during the
Arizona GAP Analysis Project and represents areas of agriculture, urban, industrial and mixed
land uses (Graham in prep.).
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~ The process used to identify the extent of riparian vegetation and to differentiate the types of
vegetation is represented in the flowchart in Figure 3. The process was applied to each satellite
scene using two different band ratios and elevation data. Examples of images that result from
each stage of the process are shown in Figure 4. The first ratio created a normalized difference
vegetation index (NDVI), the output of which indicated relative vegetation biomass. The second
ratio between bands 4 and 5 distinguished moisture gradients within the scene. The third step
applied elevation ranges for the geographic area represented within the scene. The data set used
is referred to as a Digital Elevation Model. The elevation data assisted in segmenting the data
into regions that were physically and spectrally more homogeneous. It indirectly distinguished
topographic changes in the landscape by accounting for illumination effects and stratified a
satellite scene into ecological zones (Scott et al. 1993). These three processing steps resulted
in three separate computer files.

The next step of the analysis required use of the digital perennial waters map. The map was
overlaid on the satellite image contained in each file. Using Arc/Info software, a buffer was
created around the stream bed to include all potential riparian vegetation. Buffering is a process
that calculates an equal area around a given location. Buffer distance was determined by the
application of Arc/Info software. Because the satellite image displays a bright red color where
high amounts of vegetation biomass were present, the buffer distance was determined at the
furthest red area from the stream bed. The resulting corridor of vegetation was extracted from
- the satellite scene to be further refined.

Once the riparian corridors were extracted, the three files were combined and analyzed together.
An image classification procedure was conducted using cluster analysis. This procedure is
referred to as unsupervised classification. It involves clustering of individual units, or "pixels,"
into classes based on measured reflectance values. More simply, it grouped together those areas
that show similarities on the basis of biomass, moisture gradient, topography and elevation.

The result of this image classification is pictured in Figure 4(i). Polygons (contoured areas)
outlined on this map represent areas of similar vegetation as identified by cluster analysis.
However, at this point, the map was still in a preliminary stage and had to undergo continued
refinement. First, areas of upland vegetation that were inadvertently included in the buffering
process were identified and removed. Next, a mode filter was applied, which removed or
integrated areas that fell below the minimum mapping unit (MMU). The MMU was 0.4 acre
(0.4 acre = 2 pixels). However, it increased to 4 acres (4 acres = 20 pixels) in large river
corridors (San Pedro, Verde, Colorado, Santa Cruz, Gila and Virgin rivers).

Two units of scale have been presented in this section: pixel size and MMU. Pixel size
represents the resolution of satellite imagery. MMU refers to the size of the smallest area
depicted on a map. By establishing aMMU of 2-pixels (8.4 acres) for-the majority of areas and
applying a mode filter during the mapping process, a 2 pixel area becomes the smallest area
depicted on the maps. For the large river corridors listed, the MMU is 20 pixels (4 acres).
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Figure 5. Representation of vector and raster data.

///,

Polygons delineated by this process were then vectorized, a process that changes the square
raster format into smooth-lined vector format (Figure 5). The map was manually checked and
outliers were rejected. The finished product represents the extent of riparian vegetation in a
stream corridor and differentiates the various types of vegetation found there. Figure 6 and
Figure 7 represent sections of the Gila River and San Pedro River, respectively, after these
processes have been completed. The vegetation polygons are outlined in black. The hatched
pattern designates tiftextent of the agricultural and urban areas near the riparian corridor.

Once the vegetation extent map was completed from satellite imagery, aerial videography was
used to classify the vegetation community that was found to occur within a given polygon. The
application and use of aerial videography follows.
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Example of Satelite Imagery dong San Pedro River
with Vegetation Polygons and Masking Layer
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D. Vegetation Classification Using Aerial Videography

Multiple resolution aerial videography was obtained by flying pre-determined streams, lakes or
wetlands in an airplane equipped with two professional grade 3-CCD Super VHS (S-VHS) video
cameras. Areas to be flown were determined using the perennial waters map. These cameras
produced true color S-VHS videotapes. One camera was set to record a wide-angle image,
while the second camera was equipped with a remote controlled zoom lens that was used to
record mid- to full 15X zoom subsamples. Aerial videography was recorded at a height of
approximately 2000 feet above land surface. A zoom lens frame of video imagery represented
a ground width of about 76.5 -109 yards. A wide-angle frame represented a ground width of
about one-half mile.

The system integrated a global positioning system (GPS) that projected a time-code onto each

- video frame. GPS is a system of satellites that accurately determines coordinates of any ground

location. The time-code corresponded to GPS positional data that was simultaneously logged
to a file on a microcomputer. The GPS interface provided a number of important capabilities:
(1) it assisted the pilot and camera operator in maintaining the proper course along a stream
channel; (2) it identified the ground location at which the video recording was made; (3) GPS
information allowed the wide-angle and zoom videotapes of an area to be synchronized for
viewing purposes; (4) it allowed us to more accurately match a position on the satellite image
to the video image.

Aerial videography served a dual purpose. Although wide-angle and zoomed video images were
viewed simultaneously, they had different applications. The wide-angle view provided a broad
perspective of the actual riparian vegetation occurring in a riparian area. This perspective
allowed the interpreter to refine the mapping accuracy by comparing the size and extent of
vegetation polygons on the satellite map with the actual vegetation communities, as seen on the
video picture (Figure 8). Polygons representing vegetation communities were modified, added,
merged or deleted as necessary to more accurately represent the actual vegetation as assessed
by the interpreter.

Zoomed videography displayed a detailed picture of the vegetation, to an extent where individual
plants could be differentiated. The person viewing the video (the interpreter) used the zoomed
image to identify the type of vegetation occurring within a polygon. The interpreter then
integrated the information from both views to assign a classification code to the polygon.

Because aerial views of vegetation often look quite different than at ground level, the interpreter
had to initially discern the various plants that appeared on the video by working through a
training process. This training process involved checking the identity of plants at specific
locations on the ground. As the interpreter viewed the zoomed videos along a stream corridor,
locations of specific plants, trees or clumps of similar looking vegetation were noted and GPS
time codes for that particular video frame were recorded. These specific plants then were
located and identified on the ground by biologists. In time, the interpreter built a reference log
of information that contained plant species that had been ground-truthed and referenced to
specific video frames (Figures 9 and 10). This reference library allowed the interpreter to
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recognize a plant or vegetation type by learning its aerial "signature,” i.e., its unique color,
texture, shape and size.

As previously discussed, the hierarchical classification system chosen for this mapping project
was devised by Brown, Lowe and Pase. Because of the high resolution provided by the zoomed
videography, classification was accomplished at the fifth level (see Table 1). This level of
classification identifies distinctive vegetation series or communities, and is based on the
determination of dominant plant species more or less local or regional in distribution (Brown et
al. 1979). In some cases, classification was taken to the sixth level, or vegetation association

level.

The protocol for identifying plant associations from the MRAYV is as follows. The dominant
plant species was identified as the species whose canopy cover was equal to or greater than 50%
of the polygon area. A co-dominant situation was identified when two species covered
approximately equal portions of the polygon area. The classification was further refined through
evaluation of additional species found to be common in the polygon. These were termed
associate species - species that were found throughout the area, but not in sufficient abundance
to be noted as dominants. An associate species was named in the classification if it covered at
least one-half as much area as the dominant species. An additional associate species was named
in the classification if it covered at least half as much area as the first associate species.

During this process, the interpreter also assigned a code to each polygon representing the percent
canopy coverage of vegetation. One of the following four categories was assigned to each

polygon:

1-25%

c=51-75%
26 - 50% d=7

6-100%

a
b

Percentages refer to the amount of canopy cover for total vegetation in the polygon.
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Figure 8. Sample of wide angle aerial videography of riparian
vegetation along the Big Sandy River in Arizona.







Figure 9. Example of midzoom aerial videography for rectangular
area on wide angle photo.

Figure 10. Example of zoom aerial videography for rectangular
area on midzoom phaoto. The vegetation types represented
include arroweed and tamarisk.







E. Map and Classification Accuracy

Field verification and ground-truthing efforts have been devised to assess the effectiveness of this
remote sensing technique for mapping riparian areas. The method is briefly described here
along with some of the results. A detailed reporting of methodology and results is in a separate
technical document (AGFD in press).

Field verification is a process whereby biologists randomly select classified vegetation polygons
in a stream corridor or watershed and verify the vegetation classification and polygon boundaries
using ground-truthing techniques. Polygons are first stratified by vegetation classification type
and polygon size. For each selected polygon, data were collected in a manner derived from
field procedures developed by the Colorado Plateau Vegetation Advisory Committee (1992).
In general, this method uses a technique based on "species prominence values,” a rating that
combines estimated dominance, biomass and frequency of occurrence. A prominence value is
assigned to each species observed at the site on a scale of 1 through 5. Multiple sites are
sampled within each polygon. The arithmetic mean and species frequency is calculated for each
species group recorded in the polygon. This results in a set of values which assist in the
determination of vegetation class. Additional vegetation data are also collected in the field such
as height, size class frequency and distribution. General environmental and habitat conditions
on the site are recorded as well as information on groundcover and adjacent vegetation types.

During the early development of sampling protocol, accuracy and data standards were
established. Maps correctly classifying vegetation at least 80% of the time were deemed
acceptable. We chose this level of accuracy because the overall accuracy of remote sensing
derived data (satellite imagery) is generally considered to be no greater than 85% (Jensen 1986).
It was also determined that a sample of 20 percent of all classified polygons would be taken.
A conservative estimate of map accuracy is provided by sampling only 15.8% of the total
polygons, i.e., the estimate is within 5% of the true value 90% of the time. However, the
higher sampling rate was chosen because it allowed for a buffer should some polygons be
unavailable or otherwise unsuitable for sampling.

To ensure consistency in ground-truthing effort, selected polygons were sampled using 0.5 acre
plots (roughly equal in size to the minimum mapping unit). One plot was used for every 2.5
acres of polygon size, with an upper limit of ten for any single polygon. This maximum was
established because of time limitations and was based on the fact that 71 percent of mapped
polygons were 25 acres or less in size (Figure 11). Therefore, most polygons were sampled at
a rate proportional to their size and only some at a rate lower than desired. Since biologists
examined the entire polygon before choosing where to place representative plots, they were able
to visually detect and note on video prints any inconsistencies in species composition of large
polygons. '

To date, the field verification process has been conducted on perennial waterways in southeastern

Arizona. Area boundaries. (inclusive) were the Gila River on the north (inclusive), New Mexico
on the east, Mexico on the south, and the Santa Cruz River on the west (inclusive). These
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waterways were the first areas to be mapped and classified by UA-ART. The verification area
contained 1,444 riparian vegetation polygons (59,615 acres). Of these, 286 polygons (17,079
acres) were selected for verification. It was determined that 1,651 plots should be sampled.

AGFD biologists were given lists showing only an identification number, acreage and the
required number of plots. In this way, their verification data could not be biased by prior
knowledge of vegetation classification. After transferring some information from GIS to field
maps, biologists were also aware of polygon shape and location. With this limited knowledge,
biologists were then sent afield and were asked to accurately and consistently evaluate vegetation
they found on site. Data were recorded on standardized report forms. Biologists also recorded
on maps any boundary discrepancies they encountered while assessing polygons.

- One of the most important aspects of the field verification process was to give feedback to the

aerial video interpreter to help in finding and correcting classification errors during the mapping
process. As errors were identified, information was provided to UA-ART for use in correcting
maps. In this way, errors were minimized in later phases. Not only were specific polygons
changed, but maps were re-evaluated and the corrections applied throughout. This step was
critical to increasing the overall accuracy of the vegetation maps.

Data from comparison of field verifications to first draft maps is summarized in Table 4. The
number of polygons in which errors or changes effected only a portion of the polygon area are
shown in parentheses and are accounted for in acreage and plot values. Partial polygons are in
addition to the number of whole polygons listed. Acreage and plot number has been adjusted
up or down to account for portions of polygons impacted by various problems. A polygon is
correctly classified when field data indicates that it is within the same vegetation commumty type
as its map classification.

Initially, only about a third of the sampled polygons were found to be correctly classified.
Initial accuracies ranged from 64% correct in some narrow mountain riparian areas to about
35% correct in large, low elevation rivers. It is important to realize that accuracy estimates
calculated from the initial field sampling do not represent the end results of the mapping effort.
Our goal was to attain at least 80% accuracy. Therefore, the next step was to re-evaluate
mapping accuracy after field verification data were reported to the video interpreter and changes
were made to maps. Once changes were made, the accuracy would increase. To measure this
increase, a new sample set was selected from the San Pedro River and biologists applied the
verification process on revised maps.

Our revised sample set on the San Pedro River showed an increase in accuracy by approximately
20 percent (Table 5). This change came primarily from a decrease in the misclassification of
upland vegetation as riparian communities.. . Classification and boundary changes based on new
field data will be incorporated into further map revisions and should substantially improve
overall accuracy.
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'Table 4. Summary of sample results from initial ground-truthing. The number of
polygons in which errors or changes affected only a portion of the polygon area are
shown in parentheses and are accounted for in acreage and plot values. Partial
polygons are in addition to the number of whole polygons listed.
Number of Number Number
polygons of acres of plots
Selected
for sample 286 17,079.6 1,651
|| Unavailable 17 (22) 1,009.6 134
Missed 5@ 969.9 30
i Total Sampled 264 (26) 15,100.0 1,487
Non-riparian 48 (36) 4,812.2 391
(upland) 18.2% 31.9% 26.3%
Incorrect 127 37) 54127 599
classification 48.1% 35.8% 40.3%
Correct 89 (22) 4,875.1 497

classification 33.7% 32.3% 33.4%

Several types of errors were recognized in this process. As the verification process continues
to be applied across the state, modifications are being made to reduce as many of these errors
as possible. A summary of errors followed by proposed solutions is presented below.

Despite efforts to stratify samples by vegetation class, some vegetation classes were sampled
more often (or less often) than desired (Figure 12). Data sets were received sporadically at
AGFD as maps were completed at the UA-ART. Therefore, the number of riparian corridors,
the variety of plant classifications, and the number of polygons and acreage differed within each
set of data processed for random selection. Because of this, some small sized and/or infrequent
vegetation classes often were not selected. They simply did not cover enough acreage within
a data set to require sampling. However, when combined across all maps their "importance"
increases (i.e. they were actually sampled less often than required). The fact that some small
polygons were not chosen as often as they should have been is also supported by Figure 11.
Polygons less than or equal to 25 acres were under represented in the combined sample, while
all other size classes were either proportionally or over represented. This error can readily be
minimized by using larger sets of polygons for sample selection.
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Table 5. Comparison of initial and subsequent verification of the San Pedro River.
The number of polygons in which errors or changes effected only a portion of the
polygon area are shown in parentheses and are accounted for in acreage and plot
values. Partial polygons are in addition to the number of whole polygons listed.

Number of polygons ~ Number of acres

(0)(4] New (00} New
Selected
for sample 94 85 9,021.9 8,232.6 |
Unavailable 3(5) 2(4) 302.1 213.5
Missed 2 2(4) 902.6 181.1
Total Sampled 89(5) 81(6) 7,817.2 7,838.1
Non-riparian 26(13)  12(11) 4,135.4 2,459.8
(upland) 29.2% 14.8% 52.9% 31.4%
Incorrect 32(11) 25(10) 1,767.9 1,712.7
classification . 36.0% 30.9% 22.6% 21.8%
Correct 31(6) 44(20) 1,913.8 3,665.5

classification 34.8% 54.3% 24.5% 46.8%

A small amount of discrepancy resulted because the required sample size was rounded to the
nearest whole number. In some cases, this increased the number of samples taken (i.e. they
were sampled slightly more often than required).

From the outset, problems that might affect map accuracy were documented. Some polygons
were not available for sampling because they had been scoured by floodwater and were devoid
of vegetation. Others were underwater due to high reservoir levels. In a few cases, landowners
chose to deny access. Biologists overlooked or missed a small number of polygons in the field.
These factors resulted in a reduction in the number of polygons available for sampling to 264
(a minimum of 228 was needed). _

The impact of flood events on riparian vegetation in 1993 was extensive. Much of the aerial
videography was taken after the majority of floods occurred, with the exception of streams and
rivers in southeastern Arizona. The satellite imagery, however, represented pre-flood
vegetation. Because the videography is needed to identify vegetation community type, we were
unable to identify areas scoured of vegetation during the floods. These areas are still considered
as riparian areas but are identified as "flood scoured” on the maps. In most cases, field
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biologists found extensive regeneration of riparian species at these sites during ground-truthing.

Some classification errors were due to the incorrect identification of the extent of the riparian
area. Nearly 32% of the acreage was classified as riparian vegetation when in fact it was upland
vegetation, agricultural lands, or adjacent to rural dwellings. This type of error was more
prevalent on maps for larger rivers, such as the San Pedro, than on maps for smaller drainages
and was essentially non-existent for narrow mountain riparian areas. Most misclassifications of
this type were in mesquite communities that transition from the riparian zone into the adjacent
upland. Although plant stature and density differ between the two zones, the boundary was not
always delineated on maps properly. Boundaries can be corrected through application of ground-
truthing methods that include recording the coordinates of upland/riparian edges. Topographic
maps may also help by showing contour lines that may approximate the boundary.

By randomly selecting polygons only from areas that have been identified as riparian, we made
the assumption that the area mapped as upland or non-riparian was accurate. The process did
not account for the amount of riparian vegetation that may be misclassified as non-riparian. In
addition, the agricultural mask applied to areas adjacent to the riparian corridor early in the
process may have actually obscured some riparian vegetation. This situation was especially true
for areas where large acreages of agricultural lands occurred in the floodplain. Underestimation
of the riparian zone was found to occur on the Santa Cruz River and the Verde River at Camp
Verde. Aerial videography and modification to the ground-truthing process are being used to
identify and correct this problem.

Some polygons likely will always be misclassified because many understory species are not
visible from above, but they may have enough prominence to influence classification by field
biologists. For example, several evergreen oaks often form a mid-level canopy underneath an
upper canopy of pine. The video interpreter sees the pine, but not the oak.

Other misclassifications occurred because some species were indistinguishable from others when
viewed on video. Two common errors were to confuse ash and walnut with cottonwood and to
confuse mesquite with tamarisk. Adding to these difficulties was the fact that often these plants
occurred close together or in mixes. The result was polygons assigned to the wrong series.

Both of these errors can be reduced by producing videography at different times of the year.
Appearance changes through the year as plants grow new foliage, flower, gain autumn color and
shed foliage. The sequence of change varies among plant species. Videography can be timed
to take advantage of a time period when two usually similar appearing species look different.
For instance, tamarisk blooms when mesquite does not and has a white or pink tint from its
flowers. '

Some improvement in classification would be expected if a more comprehensive photo reference
log is provided to the video interpreter. A wide variety of situations should be illustrated so that
species are recognizable whenever observed. Situations should include seasonal changes for a
species, a species combined with a variety of other species, and a species at different densities.
A reference log needs to evolve as new plants and situations are encountered.
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Although great effort was made to ensure accurate positioning of biologists in the field, some
error should be attributed to the ground-truthing process itself. The primary source of this error
was improper location of polygons on the ground. This source of error is likely to be greater
for small polygons than for large ones. Small polygons are more difficult to locate to begin with
and often are a different density of the same vegetation as the surrounding area. Currently
biologists have to rely on topographic maps, their own navigational skills and wide angle photos
to locate points on the ground. The use of GPS in conjunction with a base station should more
accurately confirm where biologists collected information. A base station allows differential
correction of coordinates so that true location can be more accurately determined.

AGFD will continue to apply this process to the riparian vegetation maps and make
modifications accordingly until all maps across the state are at 80% accuracy. Maps of the San
Pedro River and Santa Cruz River have also been reviewed by staff at ADWR and the Center
for Environmental Studies at Arizona State University. This has greatly assisted AGFD staff
in identifying and correcting errors. This has also helped to sensitize us to other types of errors
that might not be readily apparent from the field verification process. AGFD will continue to
work with land managers and researchers across the state to verify the accuracy of these maps.



F. Presentation of Maps and Summary of Findings

Products of this riparian inventory include numerous GIS databases and aerial videotapes.
Examples of some of these products are presented in this section, along with a summary of
findings. These examples are intended to give the reader an idea of (1) the types of maps that
can be produced, and (2) the types of data contained within these GIS databases.

Figure 13 is a representation of the total amount of riparian vegetation associated with perennial
waters mapped during this first year of inventory. The inventory covered 4,628.95 miles of
streams and mapped 266,786.39 acres of riparian vegetation. Portions of the Colorado River
and its tributaries that are within Grand Canyon National Park have not yet been inventoried
because of flight restrictions. This portion represents an additional 393.52 miles of regulated
river. Table 6 shows the total number of perennial stream miles identified and stream miles
divided into regulated, unregulated and effluent-dominated categories, while Table 7 divides
them by landownership category (federal, state, private, tribal) and land management category
(BLM, USFS, AGFD, etc).

Based on the methods as described in this document, riparian vegetation associated with
perennial streams comprises approximately 0.4% of the total land area of the state. Vegetation
associated with most lakes and wetlands (marshes, cienegas) and with the excluded portions of
the Colorado River are not represented in these numbers. It should be noted that not all
riparian vegetation, as defined by legislation was mapped during this first phase of the
inventory. A great deal of riparian vegetation is supported by intermittent waters in Arizona,
but, these areas have not yet been inventoried. Figure 14 illustrates the fact that much of the
riparian vegetation in Arizona is associated with intermittent waters. The maps represent a
portion of the San Pedro River that alternates between perennial and intermittent flow, and the
amount of riparian vegetation associated with each segment. (Intermittent segments of the San
Pedro River were mapped to correspond with ADWR’s case study area.) Although there are
many factors affecting the amount of riparian vegetation at any one location, the maps help to
illustrate the fact that the first phase of this inventory only covers a portion of the resource.

[r——

Table 6

Total miles of perennial streams inventoried 4,628.95 miles

Total miles of perennial streams identified 5,022.47 miles
Flow unregulated 3,961.26
Flow regulated 972.95
Effluent dominated 88.26
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Miles Percent of Total Mapped
Total Federal 2,510.79 49.99
National Forests 1,573.50 31.33
National Parks 611.90 12.18
BLM 289.07 5.76
Wildlife Refuges 28.26 0.56
Military 8.06 0.16
Total State & Municipal 254.58 5.07
State trust/state sovereign 156.06 3.11
State & municipal parks 82.40 1.64
AGFD lands 16.12 0.32
Total Private 856.67 17.06
Total Tribal 1,408.80 28.05

*NOTE: These figures exceed 100% of the total miles of perennial streams because there
are instances where landownership is different on each bank of a given length of stream.
In those cases, stream mileage is included in both landownership categories.

As previously discussed, riparian vegetation maps can be produced at a variety of scales. At
a statewide scale it is impossible to show the detail contained on these maps. Therefore, several
maps were produced at a larger scale to give a better indication of the mapping resolution.
Riparian areas at three different locations are presented to illustrate various riparian vegetation
community types found in the state. Cave Creek in the Chiricahua Mountains (Figure 15)
represents a mountain stream, with elevation ranging from 7600 to 4700 feet above sea level.
A segment of the upper San Pedro River (Figure 16) represents a large unregulated river system
at an elevation of approximately 4000 ft. A portion of the Colorado River south of Lake Havasu
(Figure 17) represents a regulated river at low elevations, approximately 500 ft. msl.
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Table 8. Relative amounts of riparian vegetation communities associated with
perennial waters in Arizona.

Total acres of riparian vegetation associated with

perennial waters as inventoried by AGFD in 1992-1993: 266,786.39 acres

Vegetation Vegetation

Community Percent Community Percent

Tamarisk 20.3 Russian olive <1.0

Mesquite 17.5 Reed <1.0

Arrowweed 14.8 Sacaton grass <1.0

Conifer 11.2 Mixed canyon scrub <0.5

Mountain meadow 6.3 Acacia <0.5

Oak 4.4 Desert willow <0.5

Cottonwood-willow 4.2 Mexican elder <0.5

Mixed scrub 3.0

Cattail 2.1 Flood scoured* 7.4

Sycamore 1.2 Unlabelled** 5.4

* Vegetated according to satellite data, but scoured by winter flooding before
classification with videography.

*x Not classified due to lack of videography coverage.

This inventory revealed seventeen (17) riparian vegetation community types (series level), and
approximately 85 vegetation associations in Arizona. Accuracy on vegetation data is still being
verified and should be completed by June 1994. Conversion of vegetation classes to the Brown,
Lowe and Pase (1979) system is currently underway. Table 8 shows riparian vegetation
community types as a percentage of the total amount of riparian vegetation mapped during this
phase of the inventory. Although the inventory is not complete, these percentages begin to give
a picture of the relative amounts of the various riparian vegetation community types found in
Arizona. More detailed data on vegetation classifications will be available from AGFD when
all components have been verified.
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Section IIT
Land Use and Land Ownership Maps

A. Introduction

General land ownership and land use maps for Arizona are presented in this section. As directed
by the legislation, the land ownership map displays federal, state, private and tribal lands.
Although the legislation did not specify land uses to be mapped, AGFD attempted to locate data
sources for mapping the land use activities listed in the Waters - Riparian Protection Program
law (Section 6, chapter 298, Laws 1992). In some cases, limitations on data availability
restricted our ability to map land uses. In other instances, such as for recreational activities, it
was difficult to delineate specific geographic areas where an activity was taking place That is,
some activities can realistically occur almost anywhere.

Maps presented in this section are:

(1)  Arizona Land Ownership

(2) Commercial Grazing Activities

(3) Commercial Wood Harvesting Activities
(4)  Urban, Industrial and Agricultural Lands
(5)  Public Recreation

(6)  Current and Historical Mining Locations
@) Active Mining Locations

(8) .Sand and Gravel Mine Locations

(9) Mineral Potential

Accompanying each map is a brief description of what is depicted. Data sources, methods of
verification, and limitations on use of the maps are discussed. If additional data or maps are
expected to be completed in the near future, that information is also provided.

Specific land uses occurring on private and tribal lands could not be identified because no
comprehensive data sets exist for these areas. Even though activities on these lands are not
represented on maps, many of the land use activities presented here can potentially occur on
them. Potential activities include recreational activities, development, agriculture, grazing, and
timber or fuelwood cutting.

These maps display areas where various land use activities occur statewide. We felt it was
important to map the entire state so that land use activities within the watershed could be
analyzed in conjunction with those within the riparian area proper. At the end of this section,
we address how the information can be analyzed within each riparian corridor. A series of maps
are presented as examples of how GIS can assist in the analysis of land use impacts on riparian
corridors.
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