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Abstract: Native plant and wildlife communities along 
Northern California's middle Sacramento River (Red 
Bluff to Colusa) originally adapted to a changing pat-
tern of erosion and deposition across a broad meander 
belt. The erosion-deposition process was in balance, 
with the river alternately building and eroding terraces. 
Human-induced changes to the Sacramento River, in-
cluding bank protection, gravel mining, pollution, ripar-
ian vegetation removal, flow regulation, and flood con-
trol, have resulted in a number of physical and ecological 
effects. This study focuses on changes in bank erosion, 
bank composition, river length, depth, width, and sin-
uosity, and floodplain deposition (ongoing study, Sacra-
mento River Bank Erosion Investigation, Department of 
Water Resources, Red Bluff, California.) The Depart-
ment of Water Resources, Northern District, is moni-
toring these changes using old survey maps, aerial pho-
tographs, and field surveys. Completed studies indicate 
that bank protection has significantly reduced a source 
of salmon spawning gravel from freshly eroded banks and 
will over time decrease the number of preferred spawn-
ing areas such as point bar riffles, chute cutoffs, mul-
tiple channel areas, and areas near islands. Bank pro-
tection also increases the tendency of the confined river 
to deepen and narrow, further reducing spawning habi-
tat. Because of flood protection from dams and exten-
sive bank protection along eroding banks, most of the 
rich high terrace soils and all but a few percent of the 
original riparian forest has been converted to agricul-
ture and other uses. In addition, only 45 percent of the 
original streambank vegetation remains. Wildlife pop-
ulations have declined markedly due to loss of riparian 
habitat and suppression of the natural successional pro-
cesses that maintain the density and diversity of habitat 
within the riverine environment. Some species that are 
adapted to the dynamics of the erosional-depositional 
cycle are threatened with extinction or extirpation as 
key habitat elements are lost from the newly stabilized 
river system. Flood control has interrupted the natural 
equilibrium between erosion and deposition, resulting in 
reduction in bank erosion rates and in overbank sedi-
ment deposition. Solutions to these problems will re-
quire a comprehensive river management program that 
incorporates the natural processes of meandering and 
bank erosion. 

The Sacramento River is the largest and most impor-
tant river system in California. The basin represents 
about 17 percent of California's land area, yet yields 35 
percent of the water supply. It drains the north half of 
the Great Central Valley of California. The river is the 
State's most important salmon resource. Biologically, 
the riparian corridor between Red Bluff and Colusa is 
also one of the richest and most diverse that remains in 
California. 

 
The Department of Water Resources (DWR), North-

ern District, has an ongoing study of geomorphic changes 
in this vital reach of the river (fig. 1). The Department 
began its bank erosion studies in 1977. For two years, 
four bank erosion sites were monitored. A report was 
published in 1979 outlining the results (DWR 1979b). 
Several of these sites were monitored until 1983. 

 
A new monitoring program began in 1986. Nine new 

bank sites were surveyed in the 58-mile study reach. 
An additional six sites were surveyed in 1988. The 
scope was also expanded to include overbank deposition 
and bank composition. Ten floodplain cross-sections 
were surveyed to monitor sediment deposition and long-
term changes. The study also considers long-range ge-
omorphic changes caused by such human activities as 
dams, bank protection, and gravel mining. Geomor-
phic changes include channel narrowing and deepening; 
changes in riparian vegetation, channel length, width, 
sinuosity, and bank erosion, and sediment transport 
rates. 
 
Historical Aspects 
 

Before settlement of the Sacramento Valley, the Sacra-
mento River was free flowing. Late summer flows were 
low, averaging 3,000 cubic feet per second (cfs), and in 
dry years dropping as low as 1,000 cfs. The river, how-
ever, would fluctuate widely in response to winter rains 
and spring snowmelt. Periodically, it would overflow its 
banks and flood large areas of the valley floor. These ar-
eas were covered by dense forests of riparian vegetation 
adapted to the periodic flooding. 
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Figure 1— Sacramento River from Keswick Dam to Colusa 
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Below Red Bluff, bank erosion and lateral migration 

across the floodplain were natural processes. Large 
floods uprooted streamside vegetation, caused banks to 
recede and the river to meander. Sediment derived from 
tributaries and from bank erosion deposited in 
overbank areas where vegetation reduced water 
velocities. 

 
Over a period of years, erosion and deposition were 

roughly in balance, so that the valley floor neither 
aggraded nor degraded. The riparian forests played a 
doubly important role here, first by reducing bank 
erosion and, second, by inducing deposition on the 
floodplain. 

 
A large number of chinook salmon (Oncorhynchus 

tshawytscha) migrated up the Sacramento River each 
year to spawn. Although there were probably four runs 
then, as there are today, the two largest runs were 
thought to have occurred in the fall and spring. The 
other two runs, winter and late fall, are not as well 
documented historically, especially their numbers. Most 
of the spring- and winter-run salmon, as well as part of 
the fall and late-fall salmon, were thought to have 
spawned upstream from the present location of Shasta 
Dam. However, large numbers of spring- and fall-run 
salmon also spawned in many Sacramento tributaries. 

 
Since about 1850, the study reach has undergone a 

number of hydrologic, geomorphic, and environmental 
changes, most of which have been detrimental to locally 
adapted species. These changes are caused by dams 
and diversions, bank protection, urbanization, stream 
gravel removal, hydraulic mining, agriculture, and log-
ging. Many of these changes have had long-reaching 
effects, including alteration of river characteristics, such 
as depth, width, gradient, sinuosity, and bank erosion. 
This in turn has reduced riparian vegetation, water qual-
ity, hydrologic diversity, and fish and wildlife resources. 
 

Urbanization, primarily in Redding, Anderson, Cot-
tonwood, and Red Bluff, has caused additional prob-
lems in the study reach. Gravel extraction for high-
ways, housing, and other projects averages more than 
1.3 million cubic yards per year in Shasta County and 
0.5 million in Tehama County, mostly from tributary 
streams. This, in conjunction with Shasta, Keswick, 
Whiskeytown, and other dams that prevent gravel re-
cruitment from upstream reaches, has eliminated the 
spawning gravel available in downstream reaches. 

 
Along with the rapid expansion of the mining indus-

try, California agriculture also grew. First to be con-
verted to agriculture were the fertile rimlands. Rimlands 
are next to the river, higher than the surrounding tule 
lands, and are less often flooded. Flood control had its 
inception in the low levees constructed on the rimlands 
by farmers protecting their crops. 

 
Next to be developed were the tule, or swamp and 

overflow, lands. Through a series of legislative acts 

passed between 1855 and 1868, the State sold these 
lands to farmers who were obliged to reclaim them 
individually or through the formation of reclamation 
districts. Within a period of 3 years following the last 
act, practically all of such lands had passed into private 
ownership (Jones 1967). To date, as a consequence 
of just these two kinds of agricultural development, 
about 98 percent of the original riparian forest has been 
removed (DWR 1988). 
 

Dams and unscreened or poorly screened diversions 
have severely depleted the river's fishery. Early dams 
and diversions built by miners and farmers obstructed 
miles of habitat without allowance for fish passage or 
mitigation measures. By the 1920s, at least 80 percent 
of the Central Valley spawning grounds had been cut 
off by obstructions, according to the U. S. Bureau 
of Reclamation (USBR 1972). Dams affect riparian 
areas mostly by the reduced incidence of flooding, bank 
erosion, and silt deposition required for the regeneration 
of riparian habitat. Flood control also encourages the 
development of riparian lands along the river. 

 
More recently, major water development projects, 

such as Shasta and Keswick Dams and the Trinity River 
Diversion, have affected Sacramento River hydraulics. 
Shasta Dam stores 4.5 million acre-feet and, to a large 
extent, regulates flows from the Pit, McCloud, and up-
per Sacramento Rivers. Keswick Dam, 9 miles down-
stream from Shasta provides water regulation, stops 
salmon migration and acts as a fish-trapping facility. 

 
The effect of Shasta Dam on the natural flow (DWR 

1984) has been to: 
 

1. Decrease the minimum discharge and increase the 
number of very low discharges. This occurs when the 
powerhouse is closed for repairs. 

 
2. Increase the number of moderate discharges, particu-

larly during the summer and fall irrigation season. 
 
3. Reduce the number and the volume of high and very 

high flows. 
 

Since December 1963, water has been diverted from 
the Trinity River Basin through the Clear Creek Tunnel 
and Judge Francis Carr Powerhouse to Whiskeytown 
Lake. The Spring Creek Tunnel then diverts Trinity 
water and most of Clear Creek water through another 
power plant into Keswick Lake. An average of about 1 
million acre-feet of Trinity River water is now diverted 
into the Sacramento River Basin each year. 

 
The effect of the Trinity River diversion on post-

Shasta flows has been to increase average Sacramento 
River discharge by about 1,000 to 1,500 cubic feet per 
second throughout most of the year. 

24 USDA Forest Service Gen. Tech. Rep. PSW-110. 1989. 



 
River Geomorphology and Ecology 
 
 

Using such channel characteristics as gradient, ge-
ometry, underlying rock types, and gravel distribution, 
it is possible to divide the Sacramento River between 
Redding and Colusa into seven distinct reaches. These 
reaches were described in detail by the Department of 
Water Resources (1984; 1985) and are only briefly de-
scribed here. 

 
Typically, the river between Redding and Red Bluff 

(reaches 1 to 5) is a bedrock reach. The river is 
entrenched, in places, with some vertical banks 100 feet 
or more high. 

 
Below Red Bluff, the Sacramento River is mostly an 

alluvial stream. Reach 6 is between Red Bluff and Chico 
Landing. It is sinuous and anabranching. Reach 6 has 
been divided into eight subreaches (6A to 6H) based 
on bank erosion, sinuosity, and meander belt width. 
Reaches 6A, 6C, 6E, and 6G are short, narrow, straight 
reaches with low sinuosity, low gradient, and only minor 
bank erosion. Between the short, stable reaches are 
longer, more sinuous, unstable reaches 6B, 6D, 6F, and 
611. 

 
Reach 7 is between Chico Landing and Colusa. Here 

the gradient is less; the river tends to be more sinuous 
with fewer islands. The most distinctive feature of this 
reach is the gradual downstream development of natural 
levees. This reach has been divided into five subreaches 
(7A to 7E), based on the criteria used for reach 6. 
 
 
Bank Erosion 
 
 

A river erodes both its banks and bed. Bed erosion 
leads to degradation and grading of the stream profile. 
In a bedrock stream, this process is generally slow, 
except during periods of geologically rapid rejuvenation 
and uplift. Bed erosion also occurs in alluvial streams, 
but the erosion is generally balanced by deposition over 
a period of years. 

 
Bank erosion is generally of much more interest and 

concern to people. Bank erosion is dependent on channel 
shape, bed and bank material, and river hydraulic 
characteristics. Because of the generally stable banks of 
the Sacramento River between Keswick and Red Bluff, 
bank erosion is insignificant in most places. Between 
Red Bluff and Colusa, significant bank erosion occurs. 
Downstream of Colusa, flows and associated velocities 
are greatly reduced by overflow occurring upstream 
during flooding (both overbank flow and flow at the 
Moulton and Colusa overflow weirs). In addition, the 
flatter slopes of the channel bed downstream minimize 
the erosion potential. 

In alluvial river systems, banks erode and sediments 
are deposited. Floodplains, islands, and side channels 
will undergo modification with time. 

 
Bank erosion generally occurs on the outside of me-

ander bends. Here, banks are susceptible to erosion be-
cause high-flow velocities impinge directly onto banks 
and turbulent motion along the channel thalweg un-
dercuts the banks. Eroding banks may be either high-
terrace or low terrace. High terrace banks normally have 
a deep soil profile containing mostly loamy sand and silt. 
Below the soil is a deposit of sand and gravel which usu-
ally originates as the point bars on the wide edges of 
river beds. A low-terrace bank consists mostly of a sand 
and gravel which was deposited as point bars with a thin 
soil profile on top. 

 
The fish, wildlife, and riparian vegetation are ad-

justed to the cycle of erosion, deposition, and changing 
channel pattern in which the river swings slowly back 
and forth across a broad meander belt. The health and 
productivity of the system at any one point is depen-
dent on the periodic rejuvenation associated with these 
changes. 

 
Salmon prefer to spawn in fresh, uncompacted grav-

els that have recently moved. These spawning beds tend 
to occur in wide areas with multiple channels or chute 
cutoffs because of increased spawning flow velocity, re-
duced flood-flow velocity, shallower depths, and greater 
hydraulic diversity there. Gravel in the subsoil hori-
zons of an eroding bank provides fresh gravel to spawn-
ing beds. Much of the sand and silt from the bank is 
redeposited in the riparian forests downstream. Aban-
doned channel oxbows and sloughs are ideal habitat for 
warmwater fish, such as largemouth bass and catfish. 

 
Bank erosion is important for the recruitment of 

spawning gravel. It allows for the re-entrainment of 
gravel deposited on point bars. Between Red Bluff and 
Colusa, bank erosion is estimated to contribute about 
85 percent of the total available spawning gravel (DWR 
1984; 1985). 

 
Bank erosion is also the driving force for riparian 

plant succession. On the outside of bends, high-terrace 
banks with a mature forest typically consisting of valley 
oak, box elder, and black walnut are eroded. On the 
opposite side is a point bar consisting of sand and 
gravel. Willows and cottonwoods become established 
here. The rapid invasion of riparian vegetation slows 
floodflow velocities and allows sand and silt to deposit. 
With time, riparian stages with a succession of different 
plant species occurs as the point bar becomes higher and 
farther away from the river. 

 
Various birds and other wildlife use different riparian 

stages for feeding, nesting, and reproduction. The 
climax valley oak forests are relatively sterile compared 
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to the younger riparian stages. Therefore, bank erosion 
and riparian rejuvenation are necessary to maintain a 
healthy and productive ecosystem. 
 

Sediment deposition is inextricably linked to bank 
erosion. Without deposition, the channel would simply 
widen until it was so large that erosion would terminate. 
However, the coarser material eroded from the bank is 
deposited on point bars downstream. The point bars 
constrict the bend and enable erosion to continue. 

 
DWR (1979) observed bank erosion over a 2-1/2-year 

period at six sites in the Red Bluff-to-Colusa Reach. 
This investigation has been expanded and is presently 
continuing. Bank erosion was divided into summer (low-
flow) erosion and winter (high-flow) erosion. Only two 
of the six sites showed any erosion during the summer. 
Average bank recession between April and October 1977 
was 11.4 and 2.2 feet, respectively. 

 
In contrast, high flows were far more conducive to 

erosion. A major storm occurred in January 1978. 
Erosion was greatest during the period that included 
this storm, with erosion ranging from 30 to 50 feet of 
bank recession. During the storm itself, Woodson Bridge 
State Recreation Area below Thomes Creek lost over 40 
feet in a single 24-hour period. 

 
Beginning in 1986, nine new erosion sites were sur-

veyed. Six more were added in 1988, for a total of fifteen 
sites. Figure 2 shows one of these. Each site is surveyed 
three to four times yearly. Successive bank lines are 
plotted and eroded bank area calculated. 

 
Figure 3 shows the Sacramento River discharge and 

bank erosion between 1986 and 1988 at ten erosion sites. 
Note that no floodflows occurred during the 2 years 
and that the highest peak flow was about 65,000 cfs. 
At Ord Ferry, the flood stage, or bankfull discharge, is 
about 110,000 cfs and floodflow in March 1983 was about 
160,000 cfs. 

 
Six of the nine sites had essentially no erosion during 

the low-flow period. The Princeton site has eroded 
several thousand feet since 1978 and is the most erodible 
site on the river. It eroded an average of 4 feet during 
the low-flow period and an additional 30 feet during the 
two higher flow periods. 

 
Another goal of the bank erosion study was to deter-

mine total bank erosion, gravel and silt produced from 
 

bank erosion, and bank recession rates. A total of 67 
bank erosion sites were identified and evaluated by com-
paring 1976 and 1987 aerial photographs. Eroded areas 
were measured using a planimeter. Thirty of the sites 
were field surveyed. Longitudinal profiles were measured 
showing bank height, thickness of gravel, and thickness 
of silt. Gravel samples were sieved and analyzed. The 
additional 37 sites were identified as showing significant 
erosion, but were not sampled or measured in detail. 
Data from the surveyed sites were averaged by geomor-
phic reach and applied to the unsurveyed sites. Aerial 
photographs from 1976 and 1987 were compared and 
bank erosion areas measured using a planimeter. Ta-
ble 1 is a summary of bank erosion data for the reach. 
 
 

There are a number of interesting observations that 
can be made from this table. The average bank height 
from the bottom of thalweg to the top of the bank is 
about 25 feet, with 16 feet of gravel and 9 feet of silt. 
The average bank recession of an actively eroding bank 
is about 20 feet per year, ranging from a few feet to 
nearly 80 feet. The average length of an eroding bank 
is about 3,000 feet, for a total of about 197,000 linear 
feet. This represents 34 percent of the bank in the reach. 
Another 18 percent was eroding but has been protected 
with rock riprap. 

 
 
Between 1976 and 1987, about 1,230 acres have been 

eroded. This has produced about 29 million cubic 
yards of sand and gravel and 20 million cubic yards of 
silt. Most of the gravel is redeposited on point bars 
immediately below the eroding bank. Some of the silts 
are deposited on the floodplain and some are washed 
downstream. 

 
 
DWR (1979a,b), U. S. Corps of Engineers (USCE 

1981), and the U. S. Geological Survey (USGS 1977) 
have compared pre- and post-Shasta erosion rates. All 
three investigations concluded that there has been a sig-
nificant reduction of about 25 percent in bank erosion 
between the period 1896-1946 and 1946-1980. The dif-
ferences in rates can be attributed in part to a reduction 
in the frequency and magnitude of peak flows resulting 
from regulation by Shasta Dam. Secondly, since bank 
erosion increases exponentially with discharge, any re-
duction in the occurrence of high flows will reduce the 
amount of bank erosion (DWR 1984; 1985). 
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Figure 2— Golden State Island Surveyed Erosion Site December 9, 1986 through June 7, 1988 
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Figure 3– Sacramento River Discharge and Bank Erosion for Three Hydrologic Periods - December 9, 1986 through June 7, 1988 



 

U
S

D
A

 Forest S
ervice G

en
. Tech

. R
ep. PS

W
-110. 1989. 

29
 

Table 1. Sacramento River Erosion Site Parameters 



 
Between Red Bluff and Chico Landing, 94,000 feet of 

riverbank has been riprapped and an additional 81,000 
feet of riprap have been proposed. If this is developed, 
the total riprap in this reach would comprise 34 percent 
of the riverbank. In the Butte Basin reach (River Mile 
176 to 194), 15 percent of the banks are protected and 
an additional 10 percent are planned (USCE 1988). 

 
Bank protection, when effective, stops bank erosion 

and lateral migration. It prevents loss of valuable agri-
cultural lands, transportation facilities, and structures. 

 
Bank protection, particularly if it is along all the 

eroding banks of the river, will cause some long-range 
geomorphic changes. First, it will have a stabilizing 
effect on length and sinuosity. Second, it will prevent the 
re-entrainment through bank erosion of gravel deposited 
on point bars. This will have some long-range effects on 
the amount of available spawning gravel. Third, over 
a period of time, it will tend to narrow the channel, 
increase the depth of flow, and reduce the hydrologic 
diversity. Sloughs, tributary channels, and oxbow lakes 
will fill with sediment and no new ones will be created. 

 
 

Changes in Length and Sinuosity 
 

Analyses of channel length and sinuosity were done 
on eleven sets of maps and photographs dated between 
1896 and 1987. These were tabulated and published in 
DWR (1985). No trends were apparent, however, in that 
some reaches are increasing in length and sinuosity and 
others are decreasing. 

 
 

Changes in Depth and Width 
 

The Department of Water Resources (1984) theorized 
that bank protection would cause the channel to narrow 
and deepen. When a channel is stabilized, it will no 
longer erode its banks but will erode its bed. Deposition 
will continue on the inside of the bend, causing the 
channel to narrow and deepen. Such a channel will have 
less hydraulic diversity and salmon spawning area. 

 
As part of the bank erosion studies, sonar surveys 

were used to measure depths along eroding and riprapped 
banks. The surveys were done during the summer of 
1987. River widths were measured from June 1987 aerial 
photographs. 

 
Figure 4 shows the thalweg depths plotted with river 

mile. There were 37 riprapped banks and 28 eroding 
banks measured and plotted. The lines are 4-point 
running averages showing that the mean thalweg along 
riprapped banks average 6 feet deeper than comparable 
eroding banks. 

 
A similar analysis was completed for river widths. 

Figure 5 shows that the average width at riprapped sites 
is about 90 feet less than at eroding sites. The difference 
in widths appears to remain fairly constant from Ord 
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Ferry (River Mile 184.3) to River Mile 223; then the 
difference decreases until from River Mile 235 to Red 
Bluff, it is essentially nonexistent. This is a consequence 
of the more stable banks near Red Bluff. 
 

The effects of Shasta Dam on river geomorphology are 
complex. In principle, Shasta Dam would tend to reduce 
width because of less frequent floodflows. However, this 
effect may be offset by factors that tend to increase 
channel width, such as riparian loss. Further study is 
necessary to adequately assess this complex issue. 

 
 
 

Conclusions 
 

Some of the conclusions of the study are that: 
 

• Human activities causing adverse impacts include hy-
draulic gold mining, gravel mining, bank protection, 
flood control, and removal of riparian vegetation by 
agriculture. 

 
• Changes in the hydrologic regime, primarily due to 

Shasta Dam, have reduced bank erosion rates and 
overbank deposition. 

 
• Eroding banks consist predominantly of gravel, and 

the gravel is vital in replenishing salmon spawning 
areas. 

 
• Floodplain deposition replaces silt lost by bank ero-

sion. Our ongoing study will help to determine if the 
system is in balance. 

 
• Bank erosion is necessary to maintain riparian suc-

cession, anadromous fish and wildlife habitat in the 
reach. 

 
• Most of the bank erosion occurs during the winter. 

Summer erosion is significant in a few places along 
the river. Eroding sites differ considerably in bank 
erosion rates. The average rate is about 20 feet per 
year for the last 11 years. Between Red Bluff and 
Ords Ferry, this is about 110 acres per year or about 
2 acres per year per mile. The high rate is most 
likely due to two large floods that occurred during 
this period. 

 
• Bank protection will have several negative, long-

range effects. Since over 85 percent of the gravel 
provided to the river comes from bank erosion, it 
will prevent the recruitment of gravel to salmon-
spawning areas. It will cause the river to narrow 
and deepen. A survey of riprapped and eroded banks 
shows that riprapped banks are an average of 6 feet 
deeper at the thalweg. A similar survey of river 
width shows that the river at riprapped banks is an 
average of 90 feet narrower. Finally, it will affect the 
natural rejuvenation of riparian vegetation, reducing 
or eliminating the habitat for many species of birds 
and animals. 



 

Figure 4– Thalweg Depths Next to Eroding and Riprapped Banks Sacramento River, Summer 1987 

Recommendations 
 
 

Recommendations of the study include development 
of a comprehensive management plan that will: 

• Protect, enhance, and maintain the natural fish, 
wildlife, and riparian habitat along the Sacramento 
River. This includes regulation to protect erosion-
dependent features such as salmon spawning areas, 
bank swallow nesting sites, oxbow lakes and offstream 
wet areas, riparian vegetation, and the attendant 
wildlife habitats. 

• Continue monitoring programs of the Sacramento 
River geomorphology, including bank erosion, mean-
dering, river depth and width, spawning gravel sup-
ply, and floodplain deposition. 
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