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WATER RESOURCES RESEARCH, VOL. 17, NO. 4, PAGES 1087-1094, AUGUST 1981 

Channel Instability in a Braided, Sand Bed River 

WILLIAM L. GRAF 

Department of Geography, Arizona State University, Tempe, Arizona 85281 

The Gila River of central Arizona is representative of braided, sand bed rivers in alluvial valleys that 
have inherent unstable behavior and destructive channel migration. The 112-year record of channel con- 
ditions along a portion of the Gila River provides data for the construction of 1ocational probability 
maps for main flow channels. Zones of stability and hazardous instability alternate with each other at 3.2 
km (2 mi) intervals. During the past century the overall sinuosity of the main flow channel has remained 
close to 1.18, despite numerous changes in actual location. Spatial and temporal variation of sinuosity 
have occurred in subreaches as a result of sedimentation behind a dam and fluctuations in the density of 
phreatophyte growth, which both affect the hydraulics of flood flows. Unstable zones of the channel cor- 
respond to the surface of the sediment wedge behind the dam and areas dense phreatophyte growth. 
Stable zones correspond to areas controlled by bedrock or man-made structures, as well as locations de- 
termined by these external factors plus the requirement to maintain a consistent sinuosity. Channels such 
as that of the Gila River do not meet most assumptions of equilibrium and are best understood through 
probabilistic approaches with an assumption of catastrophic adjustment. 

INTRODUCTION 

Economic development, population growth, and changing 
land use patterns are common characteristics of river valleys 
in the basin and range province of the American Southwest. 
Once a nearly empty corner of a developing nation, the allu- 
vial basins of the Southwest are now the focal points of a mas- 
sive economic and demographic shift from the industrial and 
agricultural states of the East and Midwest. The unstable river 
channels of alluvial basins in Utah, Nevada, southern Califor- 
nia, and especially central Arizona pose difficult flood haz- 
ards, particularly since hydraulic, engineering, and geomor- 
phic principles developed elsewhere seem not to be useful in 
river management and planning in the developing region. 
Frequent, wide-ranging, and destructive channel migration is 
a common feature of rivers that must be clearly defined and 
adequately explained before the initiation of successful engi- 
neering works or management plans (Figures 1 and 2). 

On a geologic time scale, the rivers of the interior American 
Southwest are aggrading [Hunt, 1974]. Debris from fault block 
mountains are transported to the basins and added to alluvial 
and lacustrine fills thousands of meters deep. The faults divid- 
ing the basins from the mountains are still active in some 
areas, but in central Arizona they have not exhibited move- 
ment for several million years [Euge et at., 1978]. The rivers 
delivering the sediments exhibit courses across the basins that 
have general braided characteristics. A single low-flow or 
main flow channel with one or two more shallow overflow 

channels is common, rather than the nearly equal multiple 
channels of braided streams on the Great Plains [Smith, 1971]. 
Under natural conditions, banks of the Southwestern rivers 
are frequently poorly defined. 

All the rivers of the southwestern basins have been af- 

fected by human activities, however, so that none is presently 
in its natural state. Extensive irrigation works with retention 
and diversion structures insure that all the streams now have 

altered flow regimes with reduced annual discharges. An ex- 
ample of the magnitude of these works is provided by Smith 
[1972]. Sand and gravel mines to provide materials for eco- 
nomic development are frequently located in channel areas. 
Bridges, pipe crossings, and channelization works contribute 
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to altered conditions, and human disruption of riparian vege- 
tation results in channel and near-channel plant communities 
unlike any experienced prior to 1850 [for example, see Turner, 
1974]. 

While the resource values of the rivefine environments have 
attracted development to the rivers, the unpredictable behav- 
ior of the streams has made them hazardous environments 
[Graf, 1980]. In two recent floods, high water and channel mi- 
gration resulted in over $100 million in damages along the 
Salt and Gila Rivers of central Arizona [Corps of Engineers, 
1979a, b]. Recent flooding and attending channel instability 
have led to the definition of two problems addressed in this pa- 
per. First, channel migration does not seem to affect the entire 
channel length equally, and instability is spatially variable. 
Hazardous unstable zones need to be defined before effective 
corrective efforts can be made. How can channel instability be 
mapped in braided, sand bed channels? 

The second problem involves explaining the observed pat- 
tern of stability so that more reliable predictions are possible 
for a variety of engineering and management alternatives. 
Why are the stable and unstable zones distributed the way 
they are? 

The Gila River in Maricopa County, central Arizona, pro- 
vides a convenient fiver that has abundant data and that is 
representative of braided, sand bed rivers found in the Ameri- 

can Southwest. The study area occurs in an area of deep allu- 
vium-filled valleys surrounded by mountains of basaltic, crys- 
talline, sedimentary rocks [Wilson, 1962]. The 56.4 km (35 mi) 
reach of the Gila River between the Salt River and Gillespie 
Dam (Figure 3) has a sandy bed underlain by gravel lenses, a 
migrating main flow channel about 60 m (200 ft) wide, and a 
high-flow channel up to 1.6 km (1 mi) wide. Historical photo- 
graphs show that the area behind Gillespie Dam was silted in 
within two years of the dam closure in 1921, and the wedge of 
sediments continues to grow. Banks are poorly defined, espe- 
cially for the high-flow channel. Low Pleistocence terraces 
border some portions of the channels [P•w•, 1978], and ero- 
sional residuals of sedimentary or crystalline rocks protrude 
through the alluvial fill in some places [Wilson et at., 1957]. 
Mesquite, cottonwood, and willow originally dominated the 
riparian vegetation in the near-channel areas, but reduced 
surface flows, fluctuating groundwater levels, human manipu- 
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Fig. 1. View north along the western side of the Gila Valley, about 2.9 km (1.5 mi) upstream from Gillespie Dam (see 
Figure 3 for location). The main flow channel in this July 1949 view is out of the picture to the right. Tamarisk thicket in 
the foreground shows some lineations, but the main flow channel had not been in this area since before 1883. Compare 
with Figure 2. Photo by the then U.S. Bureau of Reclamation, held by the Phoenix Urban Studies Office, U.S. Army 
Corps of Engineers. 

Fig. 2. Same view as Figure 1, as seen in April 1980. The main flow channel has been radically relocated by the February 
1980 flood, and the leveled fields that replaced the tamarisk thickets have been destroyed. Photo by author. 

lations, and the invasion of artificially introduced tamarisk 
have resulted in the appearance of new ecological commu- 
nities. Extremely dense phreatophyte growth, mostly tama- 
risk, occurs in some areas. 

The climate of the area is that of a hot, dry desert with a 
mean annual rainfall of 17.8 cm (7 in) and mean annual tem- 
perature of 29.4øC (85øF) [U.S. Department of Commerce, 
1968]. Wide fluctuations of rainfall and temperatures are com- 
mon, but under natural conditions the fiver maintained a con- 
tinuous discharge that usually did not dip below 28 m3s -• 

(1000 ft3s -1) based on inputs from the 128,700 km 2 (49,650 
mi :) watersheds extending eastward to the mountains along 
the Arizona-New Mexico border [Halpenny and Green, 1975; 
/lidridge, 1970]. Extensive irrigation development has reduced 
the mean annual discharge (exclusive of flood flows) on the 
Salt River to zero and of the Gila River to 2.8 m3s -1 (100 
ftas -1) or less. Floods have discharges that ranged from 8,400 
mas -•) (300,000 f½ s -1) in 1891 to 616 mas -• (22,000 f½s -1) in 
1973 (Table 1) The destructive migration of the main flow 
channel occurs only during flood events. 
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Fig. 3. General location map, Gila River from the Salt River to Gillespie Dam. Subsections defined by key letters corre- 
spond to locatiohal probability maps in Figure 4a-e. 

The remaining sections of this paper include a description 
of the methods used for mapping the instability of the main 
flow channel and a method used to describe and analyze the 
sinuosity of the main flow channel. Hazardous and stable 
zones are then discussed, with sinuousity providing an ex- 
planation of the spatial variation in channel stability. A con- 
eluding section outlines some reservations and problems, with 
a brief summary. 

METHODS 

Successful definition of stable and unstable portions of the 
channel in the study area depends on the analysis of a lengthy 
historical record because the changes occur only during infre- 
quent floods. The number of floods determines the number of 
possible observed channel systems. The useful historical rec- 
ord extends from 1868 to 1980, but there are some spatial and 
temporal gaps in the record. For the sake of convenience the 
study reach was arbitrarily divided into five subsections, with 
the historical data sources providing information on channel 
configurations 11-15 times in the last 112 years, depending on 
the subsection. The renditions of channel configurations are 
on plat maps, topographic maps, irrigation surveys, and aerial 
photographs, supplemented by historical ground photographs 
(Table 2). 

The location of the main flow channel was transcribed from 

the original data sources to standard bases, resulting in maps 
with series of superimposed meandering lines representing a 
variety of channel locations. Sample lines were then con- 
structed across the channel area at 1.6 km (1 mi) intervals or- 
thogonal to the general trend of the channels. Each sample 
line crossing the channel area was divided into 165 m (500 ft) 
segments, and the number of times a channel crossed each 
segment was tabulated. This number was converted to a per- 
centage of all crossings of the sampling line, and the resulting 

percentage (hereafter considered a probability) was plotted at 
the center of the segment. 

Thus far the procedure produced a series of maps, one for 
each subsection of the study reach. Each map showed lines of 
points at 1.6 km (1 mi) intervals along the channel, with each 
point assigned a value expressing the probability that a main 
flow channel had been located there during the past 112 years. 

TABLE 1. Floods in the Salt and Gila River System in Central 
Arizona 

Peak Discharge, 
Date mas-l(ftas-l) 

Feb. 1890 4,004 (143,000) 
Feb. 1891 8,400 (300,000) 
April 1895 3,200 (115,000) 
April 1905 3,200 (115,000) 
Nov. 1895 5,600 (200,000) 
Jan. 1916 3,360 (120,000) 
Jan. 1916 2,940 (105,000) 
Feb. 1920 3,640 (130,000) 
Feb. 1927 1,960 (70,000) 
March 1938 2,380 (85,000) 
March 1941 1,120 (40,000) 
Jan. 1966 1,876 (67,000) 
Feb. 1973 616 (22,000) 
March 1978 3,416 (122,000) 
Dec. 1978 3,920 (140,000) 
Jan. 1979 2,464 (88,000) 
March 1979 1,887 (67,400) 
Feb. 1980 5,040 (180,000) 

Note: Peak discharges on the Salt River at Phoenix are from un- 
published data provided by U.S. Geological Survey, U.S. Forest Serv- 
ice, and newspaper accounts. They are indicative of relative flows in 
the study area. There are some additions to the reach from headwaters 
of the Gila, but these are relatively minor because of upstream control 
structures. Unknown flow attenuation is not accounted for. 
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TABLE 2. Data Sources for Channel Locations of the Gila River 

From the Salt River to Gillespie Dam 

Year Source* 

1868 Plat map, Government Land Office Survey, by J.P. Ingalls 
1883 Plat map, Government Land Office Survey, by R. C. Powers 
1907 Plat map, Government Land Office Survey, by J. F. Hesse 
1921 Plat map, Government Land Office Survey, by S. E. Blout 
1926 Map of the Salt River Valley, by W. H. Becker 
1929 Irrigation District Map, Salt River and Vicinity, by W. H. 

Becker 

1937 Aerial photographs, U.S. Soil Conservation Service 
1941 Map, Salt River Valley and Maricopa County, by W. H. 

Becker 

1944 Irrigation Survey Map, by Gillespie Land and 
Irrigation Company 

1957 Aerial photographs, Agricultural Stabilization and 
Conservation Service 

1961 Aerial photographs, U.S. Geological Survey 
1971 Aerial photographs, U.S. Geological Survey 
1976 Aerial photographs, Arizona Department of Transportation 
1979 Aerial photographs, Maricopa County Flood Control District 
1980 Aerial photographs, Maricopa County Flood Control District 

Additional sources of historical ground photos: Library of Congress 
Photo Collection, National Archives, Arizona State Historical So- 
ciety, Salt River Project, U.S. Bureau of Reclamation, U.S. Army 
Corps of Engineers, Arizona Department of Game and Fish, and Ari- 
zona State University Library, Arizona Collection. 

* Some sources provide only partial coverage. 

These points provided the input for the final step in stability 
mapping: a contour map, with each contour connecting points 
of equal probability. 

The final product was a series of probability maps, one for 
each subsection of the study area (Figure 4). Where probabili- 
ties are low, the channel is relatively unstable and is likely to 
be located in a new position each time a flood occurs. Where 
probabilities are high, the channel is relatively stable, and is 
likely to be located in the same place much of the time. The 
probability maps show that stable and unstable zones alter- 
nate with each other along the channel with probabilities 
ranging from zero to nearly 90%. 

Although the Gila River in the study area has a braided 
channel, its main flow channel is susceptable to sinuosity 
analysis which may be useful in describing changes in channel 
pattern [Leopold and Wolrnan, 1957]. Sinuosity has the added 
attraction of having been used in previous studies and so pro- 
vides an opportunity for comparisons [$churnrn, 1977]. Si- 
nuosity is defined as the actual along-channel distance divided 
by the most direct along-valley distance. Previous research 
shows that sinuosity represents a method of gradient adjust- 
ment by the fluvial system in response to discharge and sedi- 
ment characteristics [$churnrn, 1963; Brice, 1974]. Typical val- 
ues of sinuosity range from 1.0 (perfect alinement with the 
shortest possible distance) to over 2.0 (channel meandering so 
greatly that it is more than twice as long as the shortest pos- 
sible distance). 

In the study area sinuosity was calculated by measuring the 
actual along-channel distances on the transcribed traces from 
the historical sources and from recent observations. Sinuosity 
was calculated for the entire study reach as well as each sub- 
section. The results are given in Table 3. The shortest overall 
distance for the study reach is about 48 km (30 mi), but over 
the last 112 years the main flow channel has had a mean 
length of approximately 57 km (35.5 mi). The shortest channel 
was 54.6 km (33.9 rai), and the longest was 58.6 km (36.4 mi). 

DISCUSSION 

The probability maps (Figure 4a-e) provide a view of the 
main flow channel from a probabilistic perspective. The per- 

spective seems most appropriate for two reasons. First, fluvial 
processes are partly deterministic and partly stochastic [$hen, 
1979]. Deterministic models may be appropriate for some as- 
pects of research into fluvial processes of the Gila River, 
though a combination of approaches is most likely to meet 
with success. Second, most established hydraulic models con- 
tain a basic assumption of equilibrium, but the past century of 
change in the Gila River clearly demonstrates that except for 
general sinuosity, the channel is not in an equilibrium condi- 
tion [Stevens et al., 1975], so that classic models are unlikely to 
be useful without radical modification [Prigogine, 1978]. For 
example, assumptions of Manning roughness coefficients in 
the unreasonable range of 0.75 or greater are required for an 
adequate 'fit' of descriptive models to observed conditions in 
the phreatophyte-infested channels. Since almost all major 
channel changes occur rapidly as a result of flood events, the 
application of catastrophe theory may be useful [Graf, 1979; 
Thornes, 1980]. 

An examination of the probability maps indicates that some 
sections of the channel are remarkably stable, despite changes 
in sinuosity from one time to the next. Each stable zone, in- 
dicated by areas of the high-value contours, is associated with 
a control factor. In Figure 4a, stable zones are found where 
the channel passes close to buttes or hills that are erosional 
remnants piercing the alluvial tilt (Goodyear Butte and Pow- 
ers Butte for examples). These buttes fill space that otherwise 
would be available for channel locations, so the system has 
fewer locatiohal options in its operation. Similar controls are 
sharply defined near Robbins Butte and Powers Butte (Figure 
4d). Human activities also act as control factors for stable 
zones, as indicated at a bridge crossing (U.S. 80/Arizona 
Route 85 crossing, Figure 4c), a road crossing (Jackrabbit 
Trail, Figure 4b), and a dam (Gillespie Dam, Figure 4e). In 
each case, engineering works have stabbed the channel loca- 
tion. Intentional efforts at stabbing the channel location in 
the reach 11.3 km (7 mi) upstream from Gillespie Dam by 
clearing phreatophytes and shaping a straight channel have 
not been successful and have had no noticeable effect on 

channel instability as shown on the probability map. 
The probability maps also reveal zones of stability not di- 

rectly related to control factors, but that are the indirect con- 
sequences of limiting channel migration in some reaches. 
Even though the channel does not exhibit strong tendencies 
toward equilibrium, the sinuosity values do not deviate 
greatly from a mean value. Therefore, if a mean sinuosity is to 
be maintained, and if some portions of the channel are rela- 
tively immobile because of external controlling factors, the 
number of options possible for channel location away from 
the controlled sections is limited. Examples of these stable 
reaches resulting from the combined influences of external 
factors and sinuosity include a meandering zone of high prob- 
ability between the U.S. 80/Arizona 85 crossing and Robbins 
Butte (Figure 4c), patches between Robbins and Powers 
Buttes (Figure 4d), and an area upstream from Gillespie Dam 
(Figure 4e). 

Unstable zones are indicated by low-value contours on the 
probability maps, and they are located away from external 
control points in sections dominated by deep alluvial tilt. One 
remarkable area is shown on the left edge of Figure 4b and 
the right edge of Figure 4c, where a zone of zero probability is 
embedded in the center of the general channel area. This 
probability configuration shows that in the past 112 years, the 
main flow channel has never been located in the center, but 
always to one side or the other. Such an arrangement is prob- 
ably required in the maintenance of sinuosity. 

Human influences also account for some of the zones of in- 
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Fig. 4. Locational probability maps of the main flow channel of the Gila River from the Salt River to Gillespie Dam. See 
Figure 3 for corresponding subsections identified by key letters. 
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TABLE 3. Sinuosity of the Main Flow Channel of the Gila River, From the Salt River to Gillespie Dam. 

(a) Monument Hill (b) Cotton Road (c) Rainbow Road (d) Robbins Butte (e) Powers Butte 
Year to Cotton Road to Rainbow Road to Robbins Butte to Powers Butte to Gillespie Dam Mean 

1868-83 1.16 1.19 1.12 1.07 1.07 1.17 
1915 1.15 

1926 1.12 1.12 1.12 1.09 1.14 1.16 
1929 1.14 1.13 1.08 1.08 1.13 1.15 
1937 1.20 1.17 
1941 1.16 1.09 1.09 1.01 1.10 1.13 
1944 1.15 1.19 1.19 1.06 1.23 1.21 
1957 1.23 1.23 1.08 1.03 1.32 1.22 
1961 1.12 1.23 1.07 1.05 1.31 1.22 
1971 1.21 1.25 1.12 1.06 1.31 1.23 

1976 1.17 1.18 1.11 1.06 1.11 1.17 
1979 1.06 1.21 1.13 1.06 1.11 1.17 
1980 1.21 1.23 1.15 1.06 1.20 1.22 
Mean 1.17 1.19 1.11 1.06 1.18 1.18 
Standard 

deviation 0.05 0.05 0.04 0.02 0.09 0.03 

See Figure 3 for locations. 

stability. Artificially induced sedimentation behind Gillespie 
Dam has produced reduced gradients, and low values of loca- 
tional probability dominate the portion of the river where the 
upstream edge of the sediment wedge is found, near the upper 
right margin of Figure 4e. 

Despite these unstable areas on the sediment wedge behind 
the dam, the probability maps shows a remarkable arrange- 
ment across the wedge with stable and unstable zones alter- 
nating with each other at about 3.2 km (2 mi) intervals. This 
regular spacing, a logical outcome of the geometric properties 
of the demand for sinuosity and the spacing of control factors, 
is in part a function of the sampling interval. Although the ac- 
tual spacing may thus be slightly distorted, it undoubtedly ex- 
ists. 

The implications of the locational probabilities for planners 
and managers seeking to stabilize the river channel are that 
some reaches are already stable and probably require minimal 
investment. Other sections are inherently unstable and repre- 
sent more likely candidates for control efforts. 

Control efforts must also take into account the longterm 
sinuosity of the main flow channel, which has not deviated far 
from the mean value of 1.18 (Table 3). However, substantial 
spatial variation occurs in the value of sinuosity, with the 
channel displaying a consistently straight course between 
Robbins and Powers Buttes (sinuosity near 1.06), while the 
reach from Powers Butte to Gillespie Dam across the sedi- 
ment wedge shows the highest values (up to 1.32). The highest 
mean value (1.19) occurs elsewhere, in section b where even 
the high flow channel has semi-permanent meanders. 

From the historical perspective, sinuosity of the main flow 
channel remained within a restricted range (1.13-1.17) be- 
tween 1868 and 1940, but after the 1941 flood sinuosity was 
greater and fluctuated through a slightly wider range (1.17- 
1.23). Significantly, upstream dam construction reduced nor- 
mal low flows to zero from 1938 onward. Fluctuations in sin- 

uosity were especially large in the reach between Powers Butte 
and Gillespie Dam, which roughly corresponds to the area of 
the sediment wedge behind the dam. Sedimentation has re- 
duced the gradient from the original 0.001231 to 0.000597. 
Channel plugging and avulsion are most likely to occur on the 
most shallow gradients, and unstable, high values of sinuosity 
are the logical result. 

The deposition of sediment in the plugging and avulsion 
process is accelerated by the growth of phreatophytes which 
introduce increased hydraulic roughness to the flow [Hadley, 
1961; Graf, 1978]. The growth of phreatophytes, especially 
thickets of tamarisk, is most widespread in the channel section 
with the highest sinuosity values. In addition, the temporal 
trends in sinuosity for the entire study area closely parallel 
temporal trends in tamarisk growth (Figure 5). In the period 
from 1930 to 1940, sinuosity change lagged behind the rapidly 
increasing density of phreatophyte growth, but during the 
1941 flood sinuosity dramatically increased, and thereafter the 
two variables appear to be closely linked. 

A simple linear regression with sinuosity as the dependent 
variable and area of tamarisk coverage as the independent 
variable statistically demonstrates the degree of the associa- 
tion. The coefficient of correlation (r) is 0.79, and the coeffi- 
cient of determination (t a) is 0.62 (with a level of significance 
of 0.0007), relatively high values in view of the complex na- 
ture of the geomorphic, hydraulic, and vegetation systems in- 
volved [Leopold et al., 1964, p. 274]. Clearly, the density of 
phreatophyte growth is critical in explaining the observed 
changes in sinuosity across the study area and through time. 

The implications of the sinuosity analysis for planners and 
managers seeking to control the Gila River and similar chan- 
nels are that despite radical changes in channel location, the 
overall channel configuration has maintained a sinuosity close 
to 1.18. Attempts to stabilize the channel must work with this 
channel behavior by building the mean sinuosity into plans 
and engineering works, rather than attempting to work 
against it by constructing straight channels with a sinuosity of 
1.0. Design channels with straight configurations are doomed 
as the fiver seeks to reestablish the 'natural' sinuosity, a be- 
havior observed in the failure of cleared and modified chan- 

nels begun in 1957 upstream from Gillespie Dam. During 
subsequent floods the design channel was eliminated. 

CONCLUSIONS 

The broad outlines of channel change provided by loca- 
tional probabilities and sinuosity measures must be viewed 
with some reservations. The data sources, for example, are 
limited so that the most recent channel configurations are bet- 
ter known than those of a century ago. Although channel con- 
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Fig. 5. Comparison of phreatophyte growth and channel sinuosity 
for the Gila River from the Salt River to Gillespie Dam. 

figurations of the near future are likely to be influenced in 
part by present conditions, the inherent instability and lack of 
equilibrium conditions in the Gila River make knowledge of 
historical positions imperative because they appear to have a 
substantial likelihood of reoccurring. The data is weighted to- 
ward the recent conditions, but the conclusions may have 
some error built in because the system behavior may not be 
weighted in the same fashion. 

The frequency of observations as determined by the data 
sources also poses a problem. The probability maps are based 
on the frequency of occurrence for channels within sampling 
units. It would be more convenient from a statistical sampling 
standpoint to obtain observations at annual or decadal inter- 
vals, but these data are not available. Since the changes occur 
only during floods, the sampling was stratified to insure that 
each between-flood period was included, but some periods 
went unobserved for lack of a suitable source of information. 

Had this information been included, the probability maps 
might have been somewhat different. 

Although it is impossible to control the frequency of sam- 
pling through time, more selectivity is possible in sampling 
across space. The probability maps in this study were con- 
structed from sampling lines spaced at 1.6 km (1 mi) intervals 
along the channel and divided into 164 m (500 ft) segments 
across the channel. More detailed maps would have resulted 
from a more dense sampling scheme or from the use of sam- 
pling squares that would blanket the channel area, but in- 
creasing resolution is accompanied by increasing processing 
requirements. 

Finally, a basic underlying assumption for all the work re- 
ported here is that the past is a reliable guide to the future, 
hence a dependence on probabilistic approaches. When deal- 
ing with an unstable system, this approach seems prudent, but 
if large-scale interruptions occur in the area (construction of 
large levees, dams, or numerous bridges, extensive sand and 
gravel mines, wholesale, alteration of the phreatophyte com- 
munities, or a radical change in climate), the basic system may 
respond by adjusting its behavior to a totally new mode of op- 

eration. If this were to occur, past channel configurations 
probably would be unreliable in predicting future configura- 
tions. 

With these reservations in mind, the research questions pro- 
posed at the beginning of this paper can be tentatively an- 
swered. First, using historical data sources, instability in 
braided, sand bed rivers can be mapped using locatiohal prob- 
abilities that define zones of stability and hazardous zones of 
frequent channel migration. Second, the stable and unstable 
zones are arranged in such a way as to preserve a mean sin- 
uosity under constraints imposed by bedrock controls and 
man-made structures. Interpretation and analysis of the be- 
havior of streams with high flood discharge to annual dis- 
charge ratios depends on recognition of the catastrophic ad- 
justments during floods with broad constraints rather than 
approaches that assume equilibrium conditions. 
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