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A Probabilistic Approach to the Spatial Assessment
of River Channel Instability

WILLIAM L. GRAF
Department of Geography, Arizona State University, Tempe

The deterministic approach to the analysis of river channel instability has not proved to be a com-
pletely useful basis for geographic predictions of channel behavior. Economic estimates for benefits of
structural channel control projects commonly account for flood inundation, but in arid and semiarid
regions these estimates are incomplete because they fail to take into account destructive channel migra-
tion and erosion. As a solution, a method whereby historical records of channel locations are reduced to
spatially defined probabilistic functions allows calculation of the probability that given parcels of near-
channel terrain will be destroyed by erosion. The probability of erosion for any given parcel over a given
period of time is directly proportional to the sizes of the annual floods during the period and inversely
proportional to two distance measures: distance upstream and distance laterally to the channel. In a test
of the probabilistic geographic method using data on the locations of Rillito Creek, Arizona, from 1871
to 1978, erosion probability maps accurately characterized the locations of observed changes. In a
50-year simulated period, erosion ultimately produced economic losses that were 5 times greater than

potential inundation losses.

PROBLEM STATEMENT

A major complication in prediction of the behavior of arid
region rivers is that deterministic engineering, hydrologic, and
geomorphologic models relying on deductive approaches are
aspatial. Because they are based on cross-section specific ap-
proaches, they are generally ineffective in predicting the exact
nature and location of channel migration and resulting eros-
ion damage (as a relevant specific example, see Simons, Li and
Associates, [1981]; for general methods see Simons and Sen-
turk [1977] and Shen [1979]). Fluvial processes are so com-
plex that it is unlikely that precise predictions are possible in
any case, but alternative approaches utilizing a probabilistic
geographic approach may provide enhanced predictive capa-
bilities. A major lesson of channel stabilization projects in the
United States has been the importance of understanding over-
all stream behavior before project efforts begin [Corps of En-
gineers, 1981, p. 2]. Unfortunately, fluvial theories and data
have little to offer in the planimetric analysis of channel eros-
ion [Hughes, 1977].

Practically, the accurate prediction of probable erosion
caused by uncontrolled channel migration is essential to useful
evaluation of expected benefits from structural control efforts.
Benefits include expected damages under a “no project” alter-
native that can be prevented by the anticipated project. Bene-
fits are then compared to expected project costs before a final
planning decision. A successful evaluation of the probable
course of events in the case of no project can be accomplished
for perennial streams of humid regions by determining the
likely frequency of overbank flows and then attaching an eco-
nomic valuation to inundated properties and disrupted activi-
ties. In arid and semiarid regions, however, such an approach
fails to take into account flood-related damages resulting from
bank erosion and channel migration, common characteristics
of ephemeral streams. Therefore assessments of likely damages
that rely on an analysis of inundation alone may provide
seriously underestimated values.

Copyright 1984 by the American Geophysical Union.
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The objectives of the following paper are twofold. First,
geographic, geomorphic, hydrologic, and statistical techniques
are combined to produce a probabilistic method of
characterizing planimetric channel instability. Second, a brief
case study of Rillito Creek near Tucson, Arizona, provides a
demonstration of probabilistic method of erosion damage as-
sessment and reveals some geographic aspects of fluvial pro-
cesses in a semiarid area.

METHOD OF SPATIAL ANALYSIS

A probabilistic analysis of future channel locations logically
begins with an analysis of past locations. Historical maps,
aerial photographs, and engineering surveys provide data on
channel locations, but when these locations are plotted on a
topographic base map, their overlapping courses provide a
confusing picture. Analysis is simplified if the basic maps are
converted to cells of a standard size and shape. In the present
study these cells are squares 100 m (328 ft) on a side, but they
could also be triangles, hexagons, or rectangles. Each cell can
be designated as “channel” or “nonchannel” for any particular
time period, with erosion of a cell indicated by a change from
nonchannel to channel. Deposition or channel filling is indi-
cated by a reverse change, but it is not addressed in this study.

There are three important advantages of using a map of
cells: statistical properties, related published research, and
ease of computerization. In a map of cells, each individual cell
has a unique set of statistical properties based on its location.
Its absolute location can be evaluated as a distance east and
north of an arbitrary initial cell with the distance expressed in
some standard unit of measure or simply as a number of cells.
Relative distances can be similarly expressed, for example, a
distance in number of cells to the nearest cell with a channel.
Absolute and relative distances, combined with specific orien-
tations such as lateral or upstream with respect to existing
channels, are basic inputs in any spatial analysis of the near-
channel system.

A second advantage in the use of cellular maps is that the
distances from a given cell to a point of interest and a value
for the given cell (a value representing probability of erosion,
for example) are susceptible to analysis similar to that known
as spatial autocorrelation (reviewed by Cliff and Ord [1981]).
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Fig. 1. A schematic diagram of a cell map. Cell P, is the arbitrary
origin cell; cell P, is located seven cells east and eight cells north of
the origin. Shaded cells represent the channel, while 4, is the lateral
distance from cell P, g to the channel and d, is the upstream distance.

The concepts of spatial autocorrelation flow from the basic
assumption of geographic analysis that is also the basis of the
present study: There is a systematic (usually exponential) de-
cline in neighboring influence as distance increases. Appli-
cations of this concept of “potential” in the social sciences
have some promise, but problems occasionally arise because
of unsound theoretical support [Sheppard, 1979]. Applications
in fluvial theory development have proven useful for analysis
of dispersion of pollutants [Glover, 1964] and the spatial de-
velopment of arroyos [ Graf, 1982].

A third major advantage of the cellular maps is ease of
conversion to computerized analysis. Multidimensional matrix
programming can convert the cartographic map to a math-
ematical map, with each cell represented by an ordered pair
(x, y) representing the absolute cell location measured from an
arbitrary initial cell. Relative distances to specified points of
interest such as channels and particular values such as prob-
ability of erosion or property values can then be attached to
the ordered pair and the cell that the pair represents.

A review of the fluvial geomorphic literature (see Gregory
[1977] for a recent example) suggests that the probability that
any limited section of the near-channel surface (such as a cell)
will be eroded during a particular time period is dependent on
its location with respect to the active channel and the mag-
nitudes and frequencies of floods during the period in
question. Location of each cell with respect to the active
channel is most important in the lateral and upstream direc-
tions, as in the case of a meander being located upstream from
a cell (Figure 1). The magnitudes of the annual floods during
the period of interest (empirical if a past observed period or
simulated if a future predicted period) can be assessed by the
sum of their recurrence intervals. Therefore the probability
that a given cell will be eroded by the channel in a limited
time period is

Pu=s(ted. $7) )

where P, ; is the probability of erosion (0 < P;; < 1), for a
given cell located at coordinates i, j; f is a function; d, is the
distance laterally across the floodplain from the cell to the
nearest active channel cell; d, is the distance upstream along
the floodplain to the nearest active channel; r is the return
interval of a peak annual flood, t is a year, and n is the
number of years in the period of interest.

The appropriate form for function f is probably a multiple
power function because in previous fluvial research distance
terms have been shown to be related to magnitudes by power
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functions (summarized by Leopold et al. [1964]). Fluvial pro-
cess and discharge measures are also commonly related by
power functions, so that the likely form of (1) is

n by
P = ao(dt)b'(du)bl( Z ") ()
t=1

where a4 and b, , ; are empirically derived constants based on
the historical record. For experimental purposes the constants
can also be artificially manipulated. For purposes of appli-
cation the values of P;; are limited to the range 0.00-0.95,
though further experimentation may reveal a function form
that asymptotically approaches 1.00. In the present study no
values exceeded 0.90.

Given empirical observations for P, ; d,, d,, and r, equation
(2) can be converted to its linear form

log,o P;;=logo ao + by(log,o dp) + by(log,, d,)

+ bS(IOgIO er) E)]

‘=

and the constants determined using standard least squares

techniques. Empirical values for ordered sets of (P, d, d,,

Y#_, 1) can be obtained from transition matrices which are
tables of the form shown in Table 1.

The transition matrix, made up of columns based on the
lateral distance from a cell to the channel and rows based on
the lateral distance from a cell to the channel, summarizes the
statistical characteristics of all nonchannel cells for a particu-
lar time period. For example, in Table 1 (which is the transi-
tion matrix for Lower Rillito Creek for 1918-1937), 0.51 of all
the cells located 100 m downstream and 100 m laterally from
a channel at the beginning of the period were ultimately
eroded and destroyed. If the sum of the return intervals of the
annual floods during the period in question is 132 (the sum for
1918-1937), the ordered set for cells 100 m downstream and
100 m laterally from the channel is (0.51, 100, 100, 132).

The number of cells that classify themselves into the various
column/rows of the transition matrix depends on channel ge-
ometry. If the channel is perfectly straight through the reach
under analysis, observations will appear only in the final
column because no map cells will have a channel cell up-
stream. If a radically meandering channel characterizes the

TABLE 1. Transition Matrix, Lower Rillito Creek, 1918-1937
e 7 = 132)
Upstream Distance, m
Lateral
Distance, m Statistic 100 200 300 400+
100 c 59 20 23 78
¢, 30 3 13 9
P, 0.51 0.15 0.57 0.12
200 c 0 6 15 89
c, 0 2 2 2
P, 0.00 0.33 0.13 0.02
300 c 0 0 7 29
c, 0 0 1 0
P, 0.00 0.00 0.14 0.00
400 c 0 0 0 11
c, 0 0 0 0
P, 0.00 0.00 0.00 0.00

Here c is the total number of cells with indicated distances; c, is the
total number of cells eroded during the period, and P,; is the ob-
served probability of erosion, c,/c.
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Fig. 2. Location of Rillito Creek. Based on U.S. Geological Survey
1:250,000 scale topographic maps.

reach under analysis, observations will appear in all the col-
umns/rows. Because natural rivers usually have geometric
characteristics between these two extremes, they are likely to
produce matrices without observations in the lower left
corner.

Each period of analysis (lasting a few years, usually deter-
mined by the availability of data) can produce a transition
matrix containing several ordered sets of (p; ;, d;, d,, ) 1=, 7).
Taken together, the ordered sets from several periods can

25,000

20,000 _}

15,000

DISCHARGE
#3571

10,000

5,000

supply the data to analyze (3) by least squares methods to
determine empirically the values of a, and b, , ;. Assuming
that the observed percentages of eroded cells are reasonable
indicators of the probability of erosion in the future for simi-
larly situated cells, the resulting function with defined coef-
ficient and exponents can be used for any beginning situation.
Calculations of probability of erosion can be made for a vari-
ety of time spans by manipulating the values input for the sum
of the annual flood return intervals. The function can generate
a new transition matrix for future changes, and the number of
cells of each observed locational type can be multiplied by the
appropriate probability to predict the number of cells likely to
be eroded over the given period. The probabilities for the cells
can also be mapped to represent the spatial variability of the
probability of erosion.

ALGORITHM

An algorithm, a set of prescribed ordered steps in the solu-
tion of a problem, provides a detailed summary of the prob-
apilistic approach to the geographic assessment of channel
instability.

1. Map by conventional means from historical sources the
past locations of the channel.

2. Convert the maps to fields of cells and designate those
cells occupied by channel.

3. Begin analysis with one map representing the situation
for a particular year. For those cells that are not occupied by
channel, evaluate the lateral distance to the nearest cell with a
channel and the upstream distance to the nearest cell with a
channel. Lateral and upstream directions are determined by
the direction of flow through the nearest channel-occupied
cell.

4. Continue the analysis by examining a cellular map for a
subsequent situation, perhaps 5 or 10 years after the first map.
Designate the cells on the earlier map that began the period
without channels but that were subsequently eroded.

5. In a transition matrix that represents change through

— 1.200
| tr.000
| 800

|- 600
DISCHARGE

m3s!

|- 400

|- 200

|- 100

| | 1
1910 1920 1930 1940

]

[ | 1
1950 1960 1970 1980

YEAR

Fig. 3. Annual flood series for Rillito Creek. Data from a gauge located 6.6 km (4 mi) upstream from the confluence with
the Santa Cruz River, published in U.S. Geological Survey water supply papers.
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Fig. 4. Historical channel locations along Upper Rillito Creek (shown in Figure 1). Data sources given in Table 2.

the period between the dates of the two maps, tally the
number of cells for each row/column (see Table 1 as an exam-
ple). Using hydrologic records and the annual flood series,
determine the ranks, the return intervals, and the sum of

return intervals for the years covered by the transition matrix
Yoar

6. Determine the observed probability of erosion for each
type of cell in the transition matrix by dividing the total
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Fig. 5. Historical channel locations along Lower Rillito Creek (shown in Figure 1). Data sources given in Table 2.
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Fig. 6. Historical channel locations along Lower Rillito Creek (shown in Figure 1). Data sources given in Table 2.

number of cells at each row/column intersection into the
number that were eroded to determine the observed probabil-
ity of erosion (P, ).

7. Extract from the matrix ordered pairs for probability of
erosion (P; ), distance laterally to nearest channel (d,), distance
upstream to the nearest channel (d,), and the sum of the return
intervals of the annual floods (37~ ; 7). The maximum number
of such sets from each matrix in the present study is 16; zero
members are discarded. y

8. Repeat steps 3-7 for a different time period, generating
another pair of maps, another transition matrix, and another
series of ordered pairs of (P, ;, d;, d,, 3 7=, r). Repeat the proc-
ess until the historical record is exhausted.

9. Using the ordered pairs of (P, ;, dy, d,, Y 7, r), analyze
equation (3) by standard least squares method for the empiri-
cal constants that characterize the stream. *

10. Using equation (2) and the empirically defined con-
stants, calculate the probability of erosion for each cell of the
most recent map of the subject area for a given period. The
sums of return intervals for the annual floods may be random-
1y simulated or dictated.

11. Using equation (2) with its newly defined constants,
calculate the probability of erosion for each cell. Map the
values to create a spatial representation of the erosion hazard.

STUDY AREA

The development and testing of experimental techniques for
the assessment of probable damage from erosion by unstable
semiarid region channels demand particular characteristics of
a study stream. Rillito Creek'located on the northern edge of
Tucson, Arizona, provides a useful test case for the following
reasons (Figure 2). It demonstrates a variety of stable and
unstable conditions across space and through time. The
stream is large enough to provide enough cells for analysis
(476 on the lower reach) but not so many as to overwhelm the
experiment. The historical documentary record permits defini-
tion of the locations of all or part of the channel for the
following years: 1871, 1872, 1880, 1904, 1907, 1912, 1918,
1919, 1930, 1937, 1941, 1946, 1948, 1949, 1950, 1953, 1954,
1959, 1960, 1965, 1967, 1971, 1972, 1979, and 1980 (see ac-
knowledgments for sources). The hydrologic record is also
lengthy (Figure 3). Extensive engineering research [Simons, Li
and Associates, 1981] and geomorphic research [Pearthree,
1983] are available as a comparative backdrop for probabil-
istic studies.

Rillito Creek is a stream representative of water courses
throughout the Basin and Range Province of the interior
southwestern United States and northwest Mexico (see Hunt
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Fig. 7. Grid cell map of Lower Rillito Creek (location of reach shown in Figure 1, some original locations shown in
Figure 5), for the period 1871-1978. Percentages shown by shading represent the percent of the 107-year period that each

cell was occupied by channel.

[1974] for a regional overview). It is formed by the confluence
of Tanque Verde Wash and Pantano Wash, streams with
headwaters in mountains rising to elevations of 2,790 m (9,160
ft). The Rillito flows 18.4 km (11.5 mi) through an alluvium-
filled fault-block valley to its junction with the region’s master
stream, the Santa Cruz River, at an elevation of 670 m (2200
ft). For a review of the geologic setting see Wilson et al. [1960]
and Nations and Stump [1981]. At its mouth the Rillito drains
an area of approximately 2378 km? (918 mi?) that is domi-
nated by porous soils and Arizona upland subdivision veg-
etation, mostly saguaro cactus, palo verde trees, and creosote
bush [Brown et al., 1980]. The annual rainfall over most of the
basin is 2040 cm (816 inches) [Sellers and Hill, 1974].

CHANNEL ‘CHANGES

A review of historical channel locations along the Rillito
Creek indicates that an unstable period extended from 1871
(and probably earlier) to about 1937. Instability has not been
constant through time or space (Figures 4-6). Prior to 1890
the channel was flowing on an upper surface of alluvial fill,
but in the period after 1890 the Santa Cruz River became
entrenched during a series of floods [Hastings, 1958]. Head-
ward erosion of the arroyo from the master stream resulted in
the entrenchment of Rillito Creek in several reaches, convert-
ing it from a shallow marshy stream to an arroyo. Once this
conversion was complete (by about 1937) instability was mani-
fested primarily by bank erosion. Smith [1910] attributed the
entrenchment of Rillito Creek to overgrazing and haymaking
associated with an army post established at the junction of
Pantano Wash and Tanque Verde Creek it 1872. He reported
a major flood in 1881 but no channel ‘i‘ns;ability until the
1890’s (see Cooke and Reeves [1976] for further analysis). The
economic significance of these events is that after en-
trenchment (especially in the lower reach) the arroyo is so
large that it can contain even the 500-year flood (U.S. Army
Corps of Engineers, Los Angeles District Office, unpublished
overflow calculations, 1983). Generally the 1871-1937 maps
reveal more instability than the 1937-1978 maps. Lower Ril-
lito Creek has consistently been more unstable than the upper
and middle reaches. Extensive bank protection efforts have

been successful in stabilizing the middle and upper reaches
since 1960. All three reaches have shown decreasing instability
over the 107-year record, probably in response to generally
smaller annual floods since 1941 (Figure 3). Floods in 1983
interrupted the general trend.

The upper and middle reaches have modest degrees of lo-
cational instability (Figures 4 and 5), while the lower reach
migrated over substantial areas (Figure 6). A comparison of
Figures 4, 5, and 6 shows the spatial variation in instability
among the reaches. Because the lower reach has exhibited
greater instability, it is the focus of the remainder of this
paper.

A cell map summary of channel locations for the Lower
Rillito reveals the spatial variation in channel stability from
1871 to 1978 (Figure 7). The 1-10 Highway and Shannon
Road crossings appear as parts of a stable zone, but the entire
eastern portion of the reach shows locational instability. The
eastern section has been characterized by more meanders and
more midchannel islands than the Shannon Road section.

RESULTS

Transition matrices similar to the one shown in Table 1
provided data for the empirical definition of the constants in
(2) and (3). Three matrices for the relatively unstable period

TABLE 2. Solution for the Function P, = a,(d)*(d,)*"(} ;- r)** for

Lower Rillito Creek
For Period For Period
Statistic 1912-1937 1937-1978
r, coefficient of correlation 0.728 0.785
r2, coefficient of determination 0.530 0.617
S, standard error of the estimate 0.317 0.276
(log form)
F, regression F ratio 4.136 10.731
p, confidence interval 0.034 0.0004
n, number of cases 15 24
a,, coefficient 7092 3960
b,, exponent —0.893 —1.432
b,, exponent —0.894 —-0912
b,, exponent —0.249 0.222
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Fig. 8. Erosion probability map of Lower Rillito Creek for the test period 1972-1978.

depicted changes for the periods 1871-1912, 1912-1918, and
1918-1937 (the 1871-1912 period could not be used due to
lack of hydrologic data). Seven matrices for the more stable
period depicted changes for the periods 1937-1941, 1941-
1949, 1949-1954, 1954-1960, 1960-1967, 1967-1972, and
1972-1978. Availability of historical data constrained the
choice of periods, and during later times, shorter periods,
though available in the historical data, revealed little change,
did not add information to the analysis, and were eliminated.

The calculation by least squares methods of (2) and (3) pro-
vided the results in Table 2. The regression statistics show that
variation in the probability of erosion for a given cell is rea-
sonably accounted for by the two location variables and the
annual flood series variable. The functions are not perfect pre-
dictors because of complex variables that are not accounted
for, a usual problem when dealing with fluvial systems [Leo-
pold et al., 1964, p. 274]. Predictability might be enhanced by
inclusion of factors describing bank materials, soils, vegetation
(in the channel, on the banks, and on the alluvial surface),
sediment discharge in addition to water discharge, and the
influences of engineered features of the channel and near-
channel environment. The expense of including additional
variables may not be worth the probable minimal improve-
ment in the final predictive model.

The results shown in Table 2 indicate the expected distance
decay: the probability of erosion of a cell declines when dis-
tance from the channel increases (indicated by negative ex-

TABLE 3. Results of Operation of the Complete Algorithm

Number of Number of
Projected Years Cells Eroded
2 9.2
5 13.6
10 17.5
25 21.0
50 274

ponents, b, and b,). During the more unstable period between
1912 and 1937 this decline was less abrupt than in the more
stable 1937-1978 period (note especially the b, exponents for
the two periods). In the earlier period, distance from a cell
laterally to a stream channel was about as important as its
distance upstream to a channel (indicated by nearly equal b,
and b, values). In the later period, however, the importance of
lateral distance declined more rapidly than the distance up-
stream to nearest channel (b, greater than b,). This arrange-
ment probably represents a condition where in relatively
straight reaches there is some erosion but it does not extend
more than about 200 m (650 ft) from the original channel
location. Meander migration, however, has been active and
has eroded many cells. The value of exponent b,, associated
with the sum of return intervals for the annual flood series,
probably should be positive as shown for the 1937-1978
period. In the 1912-1937 period only two values are available
for the variable, so the negative b, value is not meaningful.

As a test of the accuracy of the algorithm and its functions,
equation (2) with constants defined empirically for the 1937-
1972 period was used to predict the 1978 map using the 1972
map as a starting condition. The resulting erosion probability
map (Figure 8) identifies hazardous zones of instability and
other more stable areas. Erosion during the test period was
confined to those cells that were mapped with the highest
probability of erosion except for six cells apparently influenced
by gravel mine operations.

Table 3 summarizes the results of solving equation (2) for
P;; and then applying the calculated values to a transition
matrix representing the 1978 channel system as a simulation.
The sums of recurrence intervals used in the 2, 5, 10, 25, and
50-year calculations were generated on a random basis, but
there were no simulated floods with return intervals greater
than the period under investigation. Thus the 50-year calcula-
tions used a single 50-year flood, two 25-year floods, and so
forth. The total number of cells lost to erosion increases rap-
idly as the time period under consideration increases from 2 to
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10 years, but further increases in time brings about only
modest increases in number of cells eroded.

LIMITATIONS

Although the example of Rillito Creek indicates that the
probabilistic approach to erosion damage assessment is possi-
ble, a number of reservations are clear. The method proposed
in this paper is still experimental, and it requires further test-
ing in other areas. Certain specific aspects of the method
remain technically uncertain: optimum cell size, probably re-
lated to channel width, is unknown, as are many of the statis-
tical properties of the distance measures when they are associ-
ated with meandering versus braided channels. Also, the
method is implicitly based on established trends of system
channel and assumes the continuation of those trends. Similar
assumptions of system stationarity are common in determinis-
tic engineering and hydrologic-based models, but the problem
remains that stationarity may not be assumable.

The length of record of historical channel locations is criti-
cal in establishing a series of probabilities for the erosion of
cells. If the record is too short, short-term aberrations in
system behavior may be overrepresented. Fortunately, the
record of the annual flood series for Rillito Creek shows no
extremely large events, but this may be an issue in other appli-
cations. It appears that at least 50 years of record is desirable
with channel locations known once or twice during each
decade. For most rivers and streams in urban or agricultural
areas such a record is likely to exist because aerial photo-
graphy was introduced in many areas by the middle 1930%.
Historical maps usually supplement aerial photography for
pre-1930 conditions.

When long-term predictions are generated, the probabilistic
method outlined above is based on simulations utilizing
random numbers compared to given probabilities to generate
a series of flood events. Therefore the exact course of events in
changing channel locations is not a primary product of the
method. The most stable product is probably the number of
cells lost rather than the locational identity of those cells.

Finally, the method outlined above is designed to accom-
modate the continually eroding condition along Rillito Creek.
When a cell adjacent to the existing channel is eroded, no
concommitant deposition is predicted for the opposite bank,
and the channel widens. Deposition associated with erosion
and prediction of migration of a channel of constant width are
not features of this method.

CONCLUSIONS

The practical planning implication of a probabilistic ap-
proach to predicting channel migration and erosion is that it
permits the economic assessment of potential losses under no
project conditions that heretofore could not be assessed.
Given present land values along the lower Rillito Creek
(about $10,000 per acre), the erosion of 27.4 cells over a pro-
jected 50-year period represents an economic loss of over
$675,000. Extended to the entire Rillito Creek, erosion losses
exceed $2 million. These values are 5 times the losses project-
ed by the U.S. Army Corps of Engineers for inundation dam-
ages during a similar period (U.S. Army Corps of Engineers,
Los Angeles District Office, unpublished data, 1983, courtesy
J. Manti).

In summary, deductive approaches to river channel behav-
ior can be supplemented by probabilistic analyses that rely on
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grid cell maps of the near-channel landscape. The most impor-
tant advantage of the grid cell map is that it can be used to
reflect channel migration and erosion through empirical func-
tions summarizing the past observed behavior of the channel.
Geographic analysis of the likelihood that a given parcel of
land will experience erosion is based on the fundamental con-
cept of distance decay away from a neighboring channel and
the magnitude/frequency of flood events. Assuming that
system operation possesses stationarity, the functions can be
used to extend past experience to predict probable future be-
havior. Probabilistic approaches given here do not replace
deterministic geomorphologic, hydrologic, or engineering
functions that describe physical channel processes: they add a
better understanding of the geographic processes of changing
channel locations.
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