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INTRODUCTION

The riparian vegetation of the lower Colorado River from Davis Dam to the U.S.-Mexico
border varies in wildlife habitat quality depending on vegetation type. In order to gauge the
change in relative quality of wildlife habitat along the river over time it is necessary to inventory
the vegetation type changes every few years. Reclamation has conducted three previous mapping
efforts starting in 1976. The analysis of vegetation change over an 18 year period shows the
effects of various human disturbances including the effects of controlled river flow on the riparian
corridor.

Vegetation changes in a highly dynamic area such as riparian corridors can be quite dramatic.
Along the lower Colorado River changes have arisen from natural events such as successions of
species development, fires, floods, and droughts. Change also ovbiously occurs due to human
impacts such as removal of vegetation, river channelization and diversion, and the introduction
and spread of non-native species. Gauging these disturbances is difficult without multi-temporal
“looks” at the river.

The purpose of this study is to remap the riparian vegetation type, vegetation structural type,
and backwaters so that a more current inventory of wildlife habitat is available. Using these data,
vegetation trends can be determined and linked to management issues such as water allocation
and timing of releases.

Scope of Study

The study area extends from Davis Dam to the U.S.-Mexico border, about 450 kilometers or
273 miles (Figure 1). The photography covered an area approximately 2500 feet on either side
of the river. This coverage was considerably wider than the extent of riparian vegetation in most
locations, considerably less in others. Previous studies mapped a greater extent of the riparian
corridor, presumably due to better photographic coverage.

As part of the mapping, marsh areas, sandbars, river channels and backwaters are included as
well as riparian vegetation. The impact of the mapped data on wildlife habitat is not included in

 this study.

The study was designed to be a replication of previous efforts, not an update of them. In
other words, the previous maps were not to be used as a base upon which changes were
superimposed, but rather the entire mapping effort was redone from the beginning as if previous
data were nonexistent. No reference was made to previous data for polygon shape or data
attributes. This was done in order to prevent previous classification from influencing the current
interpretation.

The minimum map unit is nominally 5 acres, but a number of smaller parcels are included,
particularly of important vegetation classes such as marsh. The marsh categories frequently are
mapped to smaller than one acre parcels. Additional areas not mapped in previous efforts but
included in this report are long thin strips of vegetation. These areas were excluded in previous
efforts because they typically fell beneath the minimum mapping unit. These areas were included
in this effort for a number of reasons. Collectively, the large numbers of these areas may be
significant. In addition, many of these areas fall along the lake margins and may provide
important habitat between the water and the drier upland areas. The high ratio of polygon
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boundary length to polygon area may also be significant as indicators of ecotonal areas. Ecotones
are typically higher in species diversity than non-ecotonal areas (Odum 1971).
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Figure 1. Map of the lower Colorado River. Management units are identified. (Ohmart et al.
1988) -



PREVIOUS STUDIES

Studies of the riparian corridor along the lower Colorado river began in 1976 with studies by
Anderson and Ohmart (1976). This 1976 effort was the initial mapping of vegetation along the
lower portion of the Colorado River. This mapping effort was repeated using 1981-1982
photography (Anderson and Ohmart 1984) and again in 1986 (Younker and Anderson). All of
these efforts used the same classification system used in the first study.

The minimum mapping unit in the 1976 study was approximately 50 acres, although the scale
and type (color infrared, natural color, or black & white) of the aerial photography used in the
delineation was not mentioned. The maps published in this report are not very detailed since they
are at a scale of about 1" to a mile (1:63,360). Considerable changes between this vegetation map
series and current vegetation distributions exist, as might be expected over 20 years of floods,
fires, development, etc. No accuracy assessment was provided.

The 1984 study used aerial photography of unknown type and scale dated winter 1981-1982.
There is much more emphasis and documentation in this study on studying vegetation on the
ground. Numerous transects were laid out to measure vegetation density and height on the
ground instead of just interpreting vegetation characteristics from aerial photography. Extensive
data analysis was performed on the collected data, which is beyond the scope of the current study.

The 1986 study used 1:6,000 aerial photographs to update the 1984 Anderson and Ohmart
report. All classification was done visually; no measurements of the type made in the previous
study were made. Acreage of each polygon was annotated on the maps for the first time.

These studies are discussed at length in Younker and Anderson (1986) and Ohmart et al.
(1988). Please refer to them for additional information.

STUDY AREA

The mapping for this project began at the Davis Dam and continued south to the U.S.-
Mexico border at San Luis. The portion of Mexico where the Colorado River forms the
international boundary between the two countries was also included. Still other areas included:
the Havasu National Wildlife Refuge, portions of the Cibola National Wildlife Refuge, the
Imperial National Wildlife Refuge, and the delta of the Bill Williams River as it enters Lake
Havasu. The study area was divided into several management units/divisions. Figure 1 details the
study area and the management units.

MAPPING METHODS

Prior to the initiation of the mapping effort, discussions were conducted with Glen Gould
and, later, John Swett, of the Boulder City Lower Colorado River District concerning the final
product. After discussions about content, extent of photointerpretation, concerns about the
classification system, and map products, we began the mapping effort.

~
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An initial overview of the project area was conducted by helicopter. We observed the entire
project area at low level. During this flight we were briefed about ongoing projects, peculiarities
of the area, and familiarized ourselves with accessibility to different areas. -

Field Reconnaissance

During initial field reconnaissance, Tables 1, 2, and 3, and Figures 2 and 3 were used to
familiarize the photointerpreters with the vegetation species and structure types. Previous
mapping efforts restricted the minimum mapping unit to 10 hectares (25 acres) for all classes. We
duplicated this procedure, occasionally mapping to smaller units with the exception of the marsh
categories. All marsh categories were delineated using a minimum mapping unit of 1 acre.

In addition to the initial reconnaissance by helicopter, additional ground visits to the field
familiarized photointerpreters with class signatures such as tone, texture, color, pattern, etc. Sites
visited in the field were noted on the photographs. These sites received an additional designation
in the GIS database as field verified.

Aerial Photo Interpretation

Photointerpreters involved in the riparian mapping used a variety of resources to make
accurate classification determinations. These included: 1:6,000 scale color aerial photography
acquired on June 13, 1994; field photographs; ground truthing; and accuracy assessments. After
the work had begun, we discovered that we lacked photography for some off river areas. These
areas were portions of Havasu and Cibola National Wildlife Refuges. In order to include these
areas in this inventory, we obtained existing color infrared photography at a scale of 1:15,840.
The Cibola National Wildlife refuge was photographed June 29, 1995 and Havasu National
Wildlife refuge was photographed March 7, 1995. Both dates were close enough to the 1:6,000
scale photography to be included in the same database. However, because the Havasu National
Wildlife Refuge photography was obtained in March, much of the vegetation was phenologically
different from the other two sets. This introduced additional photointerpretive ambiguity.

Photointerpretive Techniques

Photointerpretation was performed directly on mylars overlaying each aerial print using a
light table, stereoscope, and 10-power hand lens. Feature recognition was based on size, color,
shape, shadows, topographic location, and field observations.

Mylar overlays were attached to all photographs. Each photograph was delineated with
polygons representing a single vegetation class. The photointerpretive line work and classification
on each photograph were matched with the photointerpretation on both previous and subsequent
photographs. Care was taken to insure uniformity of classification and linework. We used two
photointerpreters to complete this task. All work was reviewed by David Salas to insure
uniformity of interpretation.

Typically, only the center portions of aerial photos are interpreted to prevent the introduction
of image and relief displacement. This technique is used when overlapping stereo pairs are
available. However, the photo acquisition for this project was primarily one-dimensionals, i.e.
linear. Therefore, photographic overlap only existed, for the most part, along the river corridor in
one direction. With a few exceptions, no sidelapping photography was available. Therefore,
where no sidelap or overlap existed, we decided to interpret each photograph to its edge.



Table 1. Vegetative Communities and Criteria Used in Classification
Lower Colorado River, 1996 (Younker and Andersen, 1986).

COMMUNITY

Cottonwood-Willow
(CW)

Salt cedar
(SC)

Salt cedar-Honey mesquite

(SH)

Salt cedar-Screwbean mesquite

(SM)

Honey mesquite

(HM)

Arrowweed
(AW)

Atriplex
(ATX)

Marsh
MA)

Creosote
(CR)

CRITERIA

Salix gooddingii and Populus fremontii (the latter in
extremely low densities) constituting at least 10% of
total trees.

Tamarix chinensis constituting 80-100% of total trees.
Prosopis glandulosa constituting at least 10% of total
trees; rarely found to constitute greater than 40% of

total trees.

Prosopis pubescens constituting at least 20% of the
total trees.

Prosopis glandulosa constituting 90-100% of total
vegetation in area.

Tessaria sericea constituting 90-100% of total
vegetation in area.

Atriplex lentiformis, A. canescens and/or A. polycarpa
constituting 90-100% of total vegetation in area.

Predominately catiail/bulrush (Typha/Scirpus) and
carrizo (Phragmites).

Larrea divaricata constituting 90-100% of total
vegetation in area.



Table 2. Marsh Types and Criteria Used in Cla331ﬁcat10n Lower Colorado River, 1996.

(Anderson and Ohmart, 1984b).

Type

1

Criteria

Nearly 100 percent cattail/bulrush, small amounts
of Phragmites and open water.

Nearly 75 percent cattail/bulrush, many trees and
grasses interspersed.

About 25 to 50 percent cattail/bulrush, some
Phragmites, open water. Some trees and grass.

About 35 to 50 percent cattail/bulrush, many trees
and grasses interspersed.

About 50 to 75 percent cattail/bulrush, few trees
and grasses interspersed.

Nearly 100 percent Phragmites, little open water.

‘Open marsh (75 percent water), adjacent to sparse

marsh vegetation; includes sandbars and mudflats
when Colorado River is low.
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Table 3. User's Guide to Classifying Vegetation by Dominant Tree or Shrub Species Present.
This key can be used to classify about 95% of the riparian vegetation found along the lower
Colorado River. By applying the same general principles used to construct the key and a little
imagination, rare vegetation types can also be classified. (Anderson and Ohmart 1984a)
1. A Stand in which virtually 100% of the trees present are of 1 species or
virtually 100% arrowweed. . ........... ... ... ... .. .. ...... Goto2
B. Trees within stand of clearly mixed species. The different species may occur
as mixed individuals or as small clumps. .................... Goto3
2. A Stand in which trees are composed of nearly 100% of some species (may be

B.
3. A
B.
4. A
B.
5. A
B.
6. A
B.

occasional, widely scatter individuals of 1 or more species). Many large
stands have arrowweed in patches encompassing 2 ha (5 a) or more. Honey
mesquite stands in addition to, or instead of, arrowweed may have quail
bush, four-winged salt bush, wolfberry, or inkweed.

Salt-Cedar I-IV or Honey Mesquite III-VI

Stand composed of nearly 100% arrowweed, may be an occasional tree or
widely scattered clump of some

other shrub. Arrowweed

Stand of vegetation is structural Type I and trees are primarily salt cedar,
cottonwood and/or willow with an occasional widely scattered screwbean or
honey mesquite tree or clumps of trees. Arrowweed or some other shrub
may occur in relatively widely scattered clumps.

Salt Cedar-Cottonwood/Willow Mix

Vegetation not structural Type I . ........................ Goto 4
Stand of vegetation is structural Type I of IIT .............. Goto5
Stand not structural Type Illor IIT .. ...................... Go to 6

Stand in which trees are salt cedar with large numbers of cottonwood and/or
willow present; may be widely scattered individuals or clumps of screwbean
or honey mesquite. Salt Cedar-Cottonwood/Willow Mix

Stand in which trees are mainly salt cedar and screwbean mesquite; may be
an occasional, widely scattered clump or individual cottonwood and/or
willow or honey mesquite. Salt Cedar-Screwbean mesquite Mix

Stand of vegetation in structural Type IV . ............ ... ... Goto 7
Stand not structural TypeIV ............................ Goto8



Table 3 (continued)

Stand composed mainly of salt cedar but with significant numbers of
cottonwood and/or willow present; may be widely scattered individuals or
clumps of screwbean or honey mesquite. Shrubs, mainly arrowweed,
abundant and occurring in moderate to relatively large patches sometimes
encompassing 2 ha (5 a) or more. Salt Cedar-Cottonwood/willow Mix
Stand much as above but with screwbean mesquite or honey mesquite
instead of cottonwood and/or willow.

Salt Cedar-Screwbean Mesquite Mix or Salt Cedar-Honey Mesquite Mix

Stand of vegetation is structural Types Vor VI . ... ... ... ... Goto 9
Standnot Vor ................ . ... ... ... .......... Goto3

Stand composed mainly of salt cedar, but with significant numbers of
cottonwood and/or willow occurring as scattered individuals or clumps.
Arrowweed is usually abundant (occasionally some other shrub species such
as quail bush also present) and occurring in patches encompassing several
ha (a). Salt Cedar-Cottonwood/Willow Mix

Stand composed primarily of salt cedar but with significant numbers of
individuals or clumps of screwbean or honey mesquite. May be widely
scattered individuals or clumps of screwbean or honey mesquite.
Arrowweed present as in 9.A.

Salt Cedar-Screwbean mesquite Mix or Salt Cedar-Honey Mesquite Mix
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Figure 3. Proportional distribution of vertical layers of vegetation by structure type. From
Anderson and Ohmart (1984b) (Figure 11-A) depicting the proportional distribution of the
vegetation in 3 vertical layers. Data were taken only from subplots within various stands of
vegetation which overall were classified as belonging to 1 vertical structural type (I-VI).
Horizontal lines represent mean values; large rectangles represent +1 standard deviation; small
rectangles represent +2 standard errors. A =0.0-0.6 m (0-2ft); B = 0.6-4.5m (2-15ft); C =>4.5m

(c151t)
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This allowed us to recover as much information as possible. If this technique had not been
employed only a very narrow corridor along the river would have been mapped. The effects of
image displacement are negligible due to the high quality of modern camera systems (Avery and
Berlin, 1985). Relief displacement probably presented some inaccuracies, but given that the
terrain is very flat in most divisions, this problem can be ignored, especially in lieu of the
additional information gathered. The trade off was sufficiently high to warrant ignoring relief
displacement. There was considerable relief in the Topock Gorge division. However, in this
division riparian vegetation occurred only immediately adjacent to the river. Therefore, relief
displacement was again ignored.

Photointerpretive Classes

The classification system for this project was originally developed by Anderson and Ohmart
(1976). Discussions of the development.and justification for this classification system are well
discussed in Anderson and Ohmart (1976;1984), Ohmart, Anderson, and Hunter (1988), and
Younker and Anderson (1986). Table 1 shows the floristic vegetation classification. Each
vegetation class, with the exception of the marsh category, is further subdivided with a structure
designation. Figures 2 and 3 describe and illustrate the separate structure types. The marsh
category was further subdivided into separate floristic categories (Table 2). Figures 4a -4m show
typical vegetation types and their classification along the lower Colorado River.

Cartography

The methodologies for transfer of photointerpretive information to digital data bases vary
considerably. The particular technique used often depends on the quality and scale of the base
maps available. Two separate techniques were attempted in this project.

We initially attempted to transfer the information from the photo mylars to a 1:24,000 scale
USGS base map using a Salzman vertical projector. However, differences in scale between the
photography and the base maps made this frustrating and fraught with inaccuracies. Adding to

 the problems of scale were the temporal differences between information on the photographs and

the maps. Many of the base maps used have not been updated since the 1950's. Hence, many
features on the ground were completely different from the what the maps indicated. In some
cases the river itself was miles from its location 40 years ago. _

Two mapping techniques were used depending on the availability of base map material. For
sheets 3 through 21 we combined photointerpretive mylars from each flight line, redrafted them
on to individual sheets, and transformed the redrafted sheets into state plane coordinates. For
example, flight line 9 had twelve photographs. Each of the photointerpretive mylars attached to
the photographs were joined end to end, abutting where photointerpretation ended on one and
began on the next. This intermediate product was then overlaid with a single strip of mylar and
the photointerpretation from the twelve mylars manually drafted to one sheet. This process was
done on a light table. The redrafted sheet was then scanned into digital form using an Anatech
Eagle 4080 ET scanner at a resolution of 200 dots per inch. The scanned information then had to
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Figixre 4b. Mosaic of Cottonwood Willow communitie and Salt Cedar. This location near the
confluence of the Bill Williams River and Lake Havasu.




Figure 4c Zonatlon of vegetatlon CS III on bluff was classnﬁed as CW VI in 1986. CW VI are

young willows established within the previous two years

Figure 4d. Marsh 1 category. This site of almost pure Typha is in Picacho State Park.
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Figure 4e. Marsh type 6. Pure stand of Phragmites near the Mexican border.

Figure 4f. Marsh type 7. This site just north of the Morelos Dam. Opposite bank has two types
of CW (VI and III). Phragmites on left side of frame.
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Figure 4g. Backwater area in Topock Gorge. Wetland on left side of photograph is MA 4 and
wetland toward the back is MA 1 with SC IV behind it.

Figure 4h. Wetland area leaving Topock Gorge and entering Lake Havasu. These wetlands are a
combination of MA 1 and MA 4.
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Figure 4i. Picacho State Park. Wetlands are a mosaic of Typha and Phaites (MA 1 and
MA 6).

Figure 4j. Dense Salt Cedar stand south of Yuma. This area is classified as SC IV.
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Figure 4k. Salt Cedar stand in Yuma ara. This area classified as SC V. N
shrub layer.

Figure 41. Salt Cedar Stand in river channel near Mexican border. | Thiis young Salt Cedar no
more than 2 - 3 years old. This area classified as SC VL.
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be converted from a TIFF (raster) format to a vector format using PROVEC software. The
digital file was then transferred to a GIS system for transformation and editing.

The digital files then had to be transformed into Arizona state plane coordinates, west zone.
For this we needed ground control points obtained from USGS maps. Typically this consisted of
road intersections. However, due to the remoteness of much of the project area, ground control
had to come from much less stable features such as distinct bends in tributaries or topographic
features such as peaks and canyons. In addition to the USGS maps, we also obtained some

~ ground control points from the 1986 (Younker and Anderson) vegetation maps that had more up-

to-date ground control features. Evaluating the positional accuracy of these 1986 mapped
features was not possible. In other words, the ground features such as roads, bridges, etc were
more current than many USGS maps, yet their positional accuracy was unknown and may;, in fact,
have introduced additional positional error.

The second method we used was in areas where the photointerpretation extended into
Mexico. These areas were not mapped on USGS topographic maps. For these areas we obtained
1:24,000 scale USGS orthophoto quads. Ground control points were selected from the
orthophoto quads. Sheets 1 and 2 were compiled by scanning, vectorizing, and registering each
individual photointerpretive mylar to ground control features on the orthophoto quads. Because
of the abundance of ground control features the positional accuracy of map sheets 1 and 2 are
greater than sheets 3 through 21.

Attributes for all polygons were transferred from either individual photointerpretive mylars or
the redrafted sheets. Vegetation type and structure were attributed separately. In order to
maintain topology we added two additional classes to the database which will not show up on the
map key. These were the “water” and “undesignated” codes.

ACCURACY ASSESSMENT

Assumptions and Considerations

The accuracy assessment of a mapping effort such as this one is more than just a
measurement of the proportion of correct classifications. There are a number of assumptions and
considerations that should be identified. Only then can the user fully appreciate the usefulness of
the final accuracy assessment.

Typically, errors are examined in terms of thematic accuracy and positional accuracy.
Thematic accuracy assumes that there is no ambiguity between classes while positional accuracy
assumes that any given point may be located in the field.

Although the classification system developed by Anderson and Ohmart (1986) is flexible,
there are instances where class ambiguity may become a problem. This is particularly difficult
when structure types grade from one to another. Most classes also require an estimation of

_percentage cover for a variety of different species. Although theoretically possible, this is a

difficult parameter to estimate, even for experienced ecologists.
Positional accuracy most often considers the location of boundaries between classes. The
delineation of boundaries can range from clearly unambiguous to wildly speculative. A boundary
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between an irrigated field and a Salt Cedar stand can be clearly delineated and easily found in the
field. However, the delineation of boundaries between a SC VI and SC V are subjective as are
boundaries between a SC IV (at least 80% Tamarix chinensis) and SH IV (at least 10% Prosopis
glandulosa with the rest being Tamarix chinensis). These ecotonal areas are to be expected, but
they introduce an element of uncertainty and speculation. Consequently, positional error is
difficult to quantify. For the purposes of this mapping project we will not consider the positional
accuracy. The modern cartographic methodologies discussed elsewhere will be assumed reliable
enough to produce high quality maps.

A third, temporal factor, added uncertainty to the accuracy assessment. River corridors are
highly dynamic areas. Change can occur quite rapidly. The photography was acquired in July
1994. The field reconnaissance was conducted during the summer and fall of 1995. Even in the
short span of 12 to 14 months there was considerable change (compare Figures 5a and 5b). The
accuracy assessment was conducted a year after the field reconnaissance. This was a full two
years after photo acquisition. The effects of natural fires; human activities such as clearing and
controlled burns; and new growth, combined to add additional difficulty to the accuracy
assessment. During the actual assessment these factors were considered and taken into account
when making classification judgements. If estimating what existed at the time of photo
acquisition was impossible, then the site in question was dropped from consideration.

Sample Design and Data Collection Objectives
The sampling design used for this project addressed the following considerations (Stoms et
al. 1994)
1. It should be scientifically sound. As such, the method should be repeatable, and the
sampling design should permit the adequate representation of the population about
which statistical inferences are to be drawn.

2. The methods used should be applicable to all subareas of a project. Although there
may be some regional variation in the implementation of the accuracy assessment, these
variations should still be based on the same theoretical foundation, such that the results
of separate assessments are comparable.

3.  The method should be feasible in view of both time and cost constraints.

Items 1 and 3 above may sometimes conflict. It was difficult to obtain statistically valid
representations of the population that spans 240 river miles and over 80,000 acres without
spending an exorbitant amount of time and money.

There are a number of sampling designs used for accuracy estimations. These include simple
random sampling, stratified random sampling, systematic sampling, and two-stage sampling. All
have their advantages and disadvantages (Taylor 1977). Because of the importance of
determining accuracy for the less abundant but critically important marsh class we chose to use a

stratified random sample.
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Fig MréwS'a‘ Portion of aerial pflétoaph 92;5 Light gray area apé.r lghtl vegetated or bare.
Compare to ground photograph in figure 5b.

Fgure 5. View of Colorado River 3 mile north of the Mexican border. This area i completely
vegetated in September 1995. Compare to aerial photograph in figure 5a taken in June 1994.
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Sampling Design

A random number generation program produced twenty X,y coordinate pairs, which were
moved, copied and rotated through several iterations to include the entire project area. The
points were given the vegetation type and structure attributes of their location. Number of points
per type /class combination ranged from about 400 for common combinations to about 25 (one
for every occurrence) for the least common combinations. The sample was stratified such that the
less common marsh categories received a sufficient number of observations to make statistically
valid statements. Points for water and undesignated categories were discarded. The selected
locations were marked on the photointerpreted mylar overlays for field checking and
interpretation. Actual observations were consxderably fewer than those selected for observation
due to time constraints.

Given the subjective and interpretive nature of vegetation mapping, we chose not to use
overly stringent statistical parameters and selected confidence levels of 90%. This provided for
acceptable statistical determination of vegetation class. However, accuracy was also determined
separately for structure types. Obtaining a statistically valid sample size for both vegetation class
and structure type was prohibitively expensive and in some cases, impossible. For example, some
vegetation classes and structure type combinations such as SC I and CW I occur very rarely.
Therefore, accuracy determinations for vegetation class will be much more precise than those for
structure. It is possible to create a contingency table large enough to include all vegetation
classes with every possible structure or type (marsh) but this becomes unwieldy and impractical.

Data Presentation and Interpretation

The accuracy of each class is presented in the form of an error matrix (also known as a
contingency table). An error matrix will describe several statistical parameters regarding the
accuracy of a mapping effort. The simplest descriptive statistic is the overall accuracy which is
computed by dividing the total correct (i.e., the sum of the major diagonal) by the total number of
observations. For example, in Table 4, we have the error matrix for the vegetation classes. The
total number of observations for all classes is 132. The total number of correct observations is
116. The overall accuracy is then 116/132 = 0.88 or 88%. Using the formula for determining

- confidence intervals in a two tailed test (Formula 1) we then have an overall accuracy of 88% +/-

5%.
Pz B(1-p)in | (1)

In this formula p is the proportion correct, z, comes from a table of the z-distribution at the

90% confidence interval for a two-sided test, (z, = 1.645) and n is the sample size. Similarly,
accuracies of individual categories can be determined. In this case, however, one has the choice
of dividing the number of correct observations by either the total number of observations in the
corresponding row or the corresponding column. Both are valid statistics but are interpreted
differently. Dividing the number of correct observations by the sum of the column is really a
measure of omission error and is also known as the “producer’s accuracy”. This statistic reveals
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how well a certain area can be classified. For example, in Table 4 the omission error for the
Cottonwood/Willow class (CW) is 0 or 100% percent accurate. That is, all CW that was
identified on the photographs as CW was correct. Another way of viewing this is to say that no
actual CW was left out of this category (i.e. 0 omission error). This however does not reflect
other classes that were mistakenly included into this category. If we look at the commission error
(total number of correct observations divided by the sum of the row), we see a considerably
different story. In the case of CW we have a commission error of 71% +/- 28%. This is also
known as the “users accuracy” and reflects the probability that a polygon classified on the map
actually represents that category on the ground. To sum this up, the producer of this map can say
that 100% of the time an area that was CW was identified as such, yet a user of this map will find
that only 71% of the time will an area visited that the map says is CW will actually be CW. A
more detailed discussion of these statistics and considerations are reviewed in Congalton (1991).

The total number of observations for the accuracy assessment was unfortunately low. Time
and cost constraints prohibited collecting sufficiently large sample for each and every class.
Consequently, the confidence intervals are very large for some of the rarer classes such as Honey
Mesquite, and Salt Cedar/Honey Mesquite.

Table Sa - 5d show the accuracy for structure types within each class. For structure types
that were not observed the matrix will show ERR. No observations were made for the class SH
consequently there is no associated error matrix for those structures. Table 6 shows the accuracy
for the different vegetation types for the marsh class.
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OBSERVED
Conf.
| ] 1] )" Total n | Fraction| Int.
I e ERR| ERR
[} ERR ERR
[} e 1 0.75 0.36
v S ERR ERR
v ERR ERR
Vi 1 0.00 0.00
n 0 0 3 2 1. s
Totaln 5
Fraction ERR ERR| 1.00 0.00 ERR ERR
Conf. -
int. ERR ERR| 0.00 0.00 ERR ERR LAY
Table Sa. Error matrix for Cottonwood-Willow vegetation class structure type.
OBSERVED
Conf.
| ] [} v \' Vi n Total n | Fraction| Int.
I 0 ERR ERR
i 0 ERR ERR
L] 0 ERR ERR
v 1 5 0.80 | 0.29
v : 1 7 0.86 0.22
Vi , 1 1 0.00 | 0.00
n 0 0 0 4 8 1 g4 13
Totaln 13
Fraction ERR ERR ERR| 1.00 0.75 0.00
Conf. '
int. ERR ERR ERR| 0.00 0.25 0.00

Table 5b. Error matrix for Salt Cedar végetation class structure type.
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OBSERVED
Conf.
1 il n v \'4 Vi n Total n | Fraction| Int.
| 0 ERR| ERR
i 0 ERR ERR
([} : 0 ERR ERR
v 4 0.67 0.27
\'A 3 g 0.40 043
vi 2 1.00 | 0.00
n 0 0 0 11 6 2 19
Totaln
Fraction ERR ERR ERR| 0.73 0.33 1.00 J.63
Conf.
Int. ERR ERR ERR| 0.26 0.38 0.00 R
Table Sc. Error matrix for Salt Cedar - Screwbean Mesquite structure type
OBSERVED
Conf.
1 ] h 1] v Vv Vi n Total n | Fraction| Int.
I 0 ERR| ERR
] 0 ERR| ERR
1] 0 ERR| ERR
v 1 3 0.67 0.45
\'A 1 1 0.00 0.00
Vi 0 ERR ERR
n 0 0 0 3 0 1 4
Total n : 4
Fraction ERR ERR ERR} 0.67 ERR| 0.00
Conf.
int. ERR ERR ERR| 0.45 ERR| 0.00

Table 5d. Error matrix for Honey Mesquite vegetation class structure type




28
OBSERVED
1 2 3 4 5 6 7 n Total n | Fraction | Conf. Int.

1 1 10 0.90 0.16
2 1 1 0.00 0.00
3 4 2 1 9 0.22 0.23
4 8 1 5 0.30 0.29
5 1 6 2 10 0.10 0.16
6 1 e 6 0.83 0.25
7 , 0 ERR ERR
n 14 0 9 9 3 6 210 41

Total n

Fraction 0.64 ERR| 0.22 0.44 0.33 0.83 ERR 353

Conf. Int. 0.21 ERR| 0.23 0.27 0.45 0.25 ERR R

Table 6. Error matrix for Marsh vegetation class types.
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RESULTS

The acreage compilation for the 1994 mapping effort is detailed in Table 7. The table is
divided into vegetation types and division. Total estimated acreages are included by vegetation
class and by division. Included for comparative purposes are tables from Younker and Anderson
(1986) that shows acreage figures for 1986 and 1981 (Tables 8 and 9), though a direct
comparison of the numbers from one table to another is not possible given that the surveyed areas
are different between 1994 and 1986, and probably also 1981. In order to provide some measure
of comparison we have normalized the data of the total area surveyed by calculating the
percentage and the total area surveyed for each class and structure. For example CWIII (Table 7)
in the Mohave Division is 644 acres. We take (644/83051) 100 = 0.775 (Table 10). The
resulting percentages are detailed in Tables 10, 11, and 12. Using the percent data we have
subtracted the 1986 and 1981 amounts respectively from the 1994 data (Tables 13 and 14). The
negative signs in each table indicate a percentage loss since the previous mapping effort.
Backwaters are tallied in Table 15.

All acreage tallies were obtained using functions inherent to all GIS softwares and yield
greater precision than antiquated electronic digital planimeters. A 3.5 inch diskette with these
data in Quattro Pro format is included in Appendix A.

. The maps for this projects are divided into the identical sheets as mapped in 1986. There are
21 sheets that extend from the Davis Dam to the Mexican border. These maps are included in
Appendix B.

The final GIS database with all vegetation coverages and graphics files will be held by this
office until it is requested by the client. All coverages include a metadata file describing the origin
and processing of the data. '
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DISCUSSION

Cartography

The mapped results for this project will be useful for the compilation of acreages. However,
due to a lack of ground control over a wide portion of the project, positional accuracy will be
somewhat less useful. Future mapping efforts should include the acquisition of ground control
points using a Global Positioning System (GPS). A database containing these ground control
points would greatly improve the registration of photography or satellite imagery.

Accuracy Assessment

The greatest difficulty in defining vegetation classes arose among the three mesquite classes.
Honey Mesquite (HM); Salt Cedar - Honey Mesquite (SH); and Salt Cedar - Screwbean Mesquite
(SM). Photographic signatures for the different mesquites were so similar that differentiation was
problematic. Omission error for Salt cedar - Screwbean mesquite (SM) (90% correct) was low
primarily because field work indicated that screwbean mesquite was the more predominant
mesquite. Classifying this group as screwbean mesquite was then more of a reflection of ground
observations (i.e. the probability of screwbean mesquite over honey mesquite) rather than
photographic interpretation. Errors in the Salt Cedar class (SC) primarily owed to its confusion
with the mesquite classes. The error in these cases came from estimating percentages of mesquite
within salt cedar stands. Even the accuracy assessed observations are subject to visual
interpretation. It is likely that estimations of mesquite percentage by visual observation will be no
more accurate than estimations by photointerpretive observations. The errors observed in SC,

- SM, and SH reflect the fuzzy nature of the natural environment.

Estimations of the accuracy for the structure types was even more difficult because it
required an even greater number of observations. Based on the limited number of observations

“ that we obtained, it is apparent that photointerpreted structure types rarely varied over more than

one structure type from that estimated during the field accuracy assessment. This observation
accords Younker and Anderson (1986).

The marsh type classifications showed considerably more error. Most of the error was
concentrated in marsh types 3, 4, and 5. These types all contained combinations of cattail/bulrush
with trees and grasses. As with the SC class discussed above, much of this reported error was
just as likely to come from the visual observation during the accuracy assessment as the
photointerpretive observations. The highest accuracies were for types 1 and 6: essentially
monotypic stands of either Typha or Phragmites.

Acreage Compilation

Comparisons of current vegetation coverage with previous efforts were problematic because
the study area coverage was different for all mapping efforts. By converting the acreage totals to
percentage one can get a better estimate of change. The source of the 1981 data is unclear.
These data are not reported in Anderson and Ohmart (1984). In a later report Ohmart (1988)
reported the total acres mapped, but they are not divided into divisions.
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Vegetation Change

The relative amount of vegetation change is impossible to determine given that all
percentages will sum to 100. However, the change in vegetation may still be examined by
Division and vegetation class.

The greatest percentage loss since 1986 occurred in the Mohave Division showing a total
relative loss of 7.259 %. Most of those losses occurred in the high resource value mesquite,
marsh, and cottonwood-willow habitats. Another area of high relative loss occurred in the Palo
Verde Division. This area showed a relative loss of 3.669 %. The losses occurred in the same
classes as the Mohave Division. The greatest increase occurred in the Imperial, Laguna, and
Limatrophe Divisions. Most of the increase in the Imperial Division came from salt cedar VI and
IV with a small increase in salt cedar/screwbean mesquite IV. The Laguna Division showed an
increase in salt cedar IV with a small increase in salt cedar/screwbean mesquite IV. The
Limatrophe Division showed most of its increase in salt cedar V and VI.

An examination of the changes in Cottonwood-Willow since 1981 showed a very general
trend from young type VI stands to older type II and III in many divisions. The Limitrophe
Division showed the greatest increase in Cottonwood-Willow type VI. The channel in this
division has the greatest potential for recruitment given the very wide flood plain. The higher
numbers in cottonwood-willow VI probably reflects the creation of recruitment sites by high
flows in 1992, 1993, and high survivorship, again due to high flows in 1994. One alarming trend
does appear when one examines the total relative amounts of CW VI over the previous 13 years.
The amount declined steadily. Cottonwood-willow structure types IV - VI all showed a decline
with a large increase in structure type III.

Other areas that showed considerable decrease and increase were the mesquite classes.
There was a large increase in salt cedar/screwbean mesquite IV (+3.299 %) with a concomitant
decrease in honey mesquite IV (-8.070%) and salt cedar/honey mesquite IV (-4.194). This
number should be interpreted carefully. During the accuracy assessment we found considerable
error in distinguishing these classes from one another.

The largest percent increase came from salt cedar IV. This increase was obvious in nearly all
divisions. This class was probably growing even faster than indicated here and often showed up
as a component of other classes. For example, the marsh type 4 class was the only one to show
any significant increase. Marsh type 4 is 35-75% cattail/bulrush with many trees and grasses
interspersed. Most of the trees/shrubs observed in these areas were salt cedar.

The decline in most of the marsh categories may be even more serious than indicated by their
statistics. We interpreted many very small marsh categories, some less than an acre in size. The
previous mapping efforts did not record these small marshes. In spite of the inclusion of smaller
marshes, decline is obvious. ‘

The general trend since 1981 appears to be toward increasing populations of invasive species
at the expense of the valueable wildlife habitat. The succession of cottonwoods toward older,
decadent stands with less and less recruitment was also very obvious.

Overall trends for the vegetation classes are shown in Figure 6. The most obvious trend was
the distinct increase in salt cedar and the decrease in cottonwood-willow habitats.
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239
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1364

160

517

2757

585

Table 15. Backwater acreages by division, lower Colorado River, 1994.
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Figure 6. Changes in percent of total vegetation cover for 1981, 1986, and 1994 along the
lower Colorado River. CW = Cottonwood-willow, MA = Marsh, SC = Salt Cedar, HM =

Honey Mesquite, SH = Salt Cedar/Honey Mesquite, SM = Salt Cedar/Screwbean Mesquite,

ATX = Atriplex, AW = Arrowweed.
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MAP NO. 423-303-2586
SHEET 10 OF 21

COLORADO RIVER FRONT WORK & LEVEE SYSTEM
COLORADO RIVER
DAVIS DAM TO INTERNATIONAL BOUNDARY
VEGETATION COMMUNITIES AND STRUCTURES
PARKER AND PALO VERDE DIVISIONS
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