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Large-scale Spatial and Temporal Patterns of Flow and Sediment Transport in the
Sacramento River Basin and Their Influence on Channel and Floodplain Morphology

Investigators: Thomas Durme, Professor
Michael Singer, Graduate Student Researcher

Executive Summary
Due to ecosystem degradation and flood catastrophes stemming from major river valley development,

California is rethinking past development projects involving construction of river controls (e.g. levees, inter-
basin water transfers) that were aimed at transforming natural wetlands into productive farmland. A new effort
has been born with intent to restore valley floor environments for the purpose of enhancing water quality,
protecting wildlife and reducing flood damage: the CALFED Bay-Delta Program, overseen by the California
state and Federal governments, Some of the Ecosystetu Restoration Program Plan (ERRP) goals include
creation of river meander corridors, manipulation of sediment supplies, and alteration of flow releases below
dams to mimic natural flow regimes. However, without a comprehensive, quantitative, process-based study of
sediment and hydraulic regimes and the channel morphology within an entire river basin, any restoration effort
would at best address only a small part of the problem, and at worst cause further unanticipated degradation.
We propose to conduct such a study that would serve as a predictive tool for decision-makers attempting to
approximate the "natural" and other polential states of the river system.

A major regional restorative effort such ms CALFED might benefit from an understanding of the
quantitative physical relationships between proposed restoration activities and their intended goals. We see the
opportunity to develop concepts regarding tire effects that stressors such as aIteration of flow and sediment
transport, and changes in channel morphology have on target habitats, using evidence from quantitative,
empirical research. The current Category llI RFP (Floodplain Management and Restoration topic) sobcits
proposals which "identify ~md acquire lands within the floodplains of the major rivers of the Central Valley and
its tributaries." However, identifying, classifying, acquiring, and slating lands for restoration based merely on
current states of physical form can belie transient states of a system that are based on processes rather than form
(Schumm, 1977; Kondolf, 1995a). For example, desired backwater channel habitat for a parficular t~get
species may only exist during t]oods of a certain magnltudc or in an area and fime of sediment deposition.
Determinations of suitable habitat founded on rudimentat3" land classification without knowledge of processes
which cxeate the form often lead to failare of the effort (Kondolf, 1995~). I~ the Sacramento River basin, we
see the opportunity for a large-scale study, which would quantify processes and variability inherent in a large
river basin and thus provide the underpinnings for a systematic approach to present mad futa~e restoration
activities.

Ecosystem rehabilitation and flood control planning both require knowledge of the processes which
govern transport of water and sediment, and of the history of river chatmel change. It is well known, in a
general way, that river channel change results from a set of erosional and depositional processes by which a
river adjusts to perturbations in flow, sediment supply, and 1teal boundary conditions. However, in order to
understand and predict the circumstances under which large-scale flooding will occur or specific habitat will be
affected, it is necessary to obtain a system-wide perspective of a river basin and to gather information on the
variable regimes of material t~ansport within a river. There exists a long historical record of measurements of
sediment concentration and streamflow throughout the Sact-arnento basin and a long historical record of
perturbations to the systetu. Yet, we are not aware of any comprehensive, quantitative process studies of the
sediment and hydraulic regimes as the)’ relate to resultant channel changes in the Sacramento basin.

As CALFED embarks upon a program of significant riparian zone management, it becomes important to
understand the flux regimes which govern channel and floodplain morphology. We would utilize this
opportunity to investigate the following questions. What d~es empirical evidence tell us about changes in
sediment and hydraulic regimes during the past half century and what were the resulting morphological
changes? What fi~rther regime changes can we expect with the advent of restoration measures involving
changes in flow and sediment supply’: How- would these regime changes affect channel morphology and thus
the evolution of "resV.~red" valley floors?
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With the goal of answering these questions we are working to quantify empirical relationships between
the regimes of water and sediment, morphological process, and resultant form of river channels arid floodplains
within the Sacramantu basin. These historical relationships will be used to develop a river adjustment model,
which will be validated against new empirical data from the Sacramento basin. Our aim is to construct a
~upply-proeess-form model with a minimum amount of calibration that could be applied to any large lowland
over system to pledict river adjustment under different land-use scenarios.

St~eh a model could be used by CALFED to target restoration policy by identifying which restorative
strategies are appropriate fur different reaches in the basin. It would allow CALFED to strike a balance
between seemingly opposing goals of flood control and habitat restoration by determining the compatibility of
these goals fbr particular river reaches, as well as pfioritizing reaches for a particular restoration goal. As such.
our model would provide a unifying resloratlon framework apun which tim various CALLED agencies could
achieve stated ERRP goals in synchronicity and with complementary strategies. We have already confirmed
such a model’s usefulness with the US Geological Survey Water Resources Division-Sacramento and the US
Army Corps of Engineers-Sacramento.

Our first task in developing this model is evaluating the sediment mass balance of the Sacramento River
basin to gain insight into t]ae sediment and hydraulic regimes of the river system and to target areas of
morphological adjustment, This empirical investigation will enable us to represent the variability of the
Sacramento Raver system. We will then utilize this itlti~rmation un variability as input ibr our basin-scale
model. We have already begun some of this work with the resources supplied by UC Santa Barbara, and with
data and advice from the Army Curps of Engineers.

This research project requires funding for empirical investigation in the first year of the funding period.
Activities in this stage will include data collection, historical reconstmctiun of the state of the channel and
floodplain, and quantification of the variability of the flow and sediment supply. In the stlbsequent ~wo years,
funding is requested for development of a model based on the historical data collected and assimilated during
the first year. These activities include numerical modeling of river and floodplain adjustment to variable regime
inputs and land use changes. Our long-term objective is to develop a predictive model capable of determining
the response of reaches of channel and floodplain to alterations of flow and sediment transport regimes The
model would be designed to anticipate the effects of various resource management scenarios on the river systeto
at a reach-a’,’eraged scale of resolution. In focusing attenti~n and understanding on reaches that I~se or
accumulate sediment and thereby undergo morphological change, the modeling effort would interface with
higher-resolution modeling studies of channel shifting (Larsen and Mount, UC Davis) and with field
measurement prngratos of bedferm transport and channel change (R. Dinehart, USGS). Such collaboration uf
sediment accounting attd modeling across scales could uuify understanding of basin-scale and within reach
scale processes of sedimcnlatiun and habitat change in the Sacramento River basin.

We have experience with large rivers, syslem perturbations, and sediment variability models. Dunne
and colleagues have conducted a study of the channel-floodplain sediment budget of a 2500 km reach of the
Amazon River and the associated geological and hydrological controls and morphological results (Meade, 1985;
Mertes et al., 1996; Dunne et al., 1998; Merits ~md Dtlnne. in press). Tbcy continue to study and model the
supply of sediment to the Amazon fiom the Andes Range (Aalto and Dunne, 1996) and the flow regimes of the
entire Amazon River basin with a cotobination of computer simulation and satellite remote sensing ~ander
NASA’s Earth Observing System program Dunne and Malmon are currently investigating the long-term fate
and transport of radioactively contandnatcd sediments Ihrough valley flours of tributaries of the Rio Grande
River downstream of Los Alanms Naflonal Laboratory, New Mexico. For the Paraguay Paran5. River system m
South America, we conducted an Environmental Defense Fund review of the hydraulic and sedimantatiun
aspects of the propt~sed channelizakion project, Hidrovia. In the Pacific Northwest. Dunne ~md colleag~les have
conducted a number of studies of sediment supply and channel change (Lehre ct a!., 1983; Collins and Dunne,
1989; Collins and Dunne, 1990"~. And in the Oreg~m Coast Range we have constructed stochastic models of
sediment supply and transport, which provide insight into variability in sediment regime (Beoda and Dunne,
1997a,b). We intend to cmnbinc these experiences in field invcstigation, data analysis, and model development
in the Sacramento River basin.
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ABSTRACT
In this century, humans have witnessed numerous examples of river adjustment to anthropogenic

perturbations. However, there have been no attempts at constructing a scientific model which accurately
represents such adjustments over large rivet- basins. Consequently, most assessments of fiver adjustment
arc made after the ~act and involve anecdotal interpretations (e.g. Schumm and Winkley, 1994, "The
Variability of Large Alluvial Rivers"). To fill this gap, we will develop a predictive model of river
adjustment to perrnrbations based on data from the Sacrmnento River basin in California. We wil!
quantify historical empirical relationships between supply materials, process, and resultant form ef river
channels and floodplains within the Sacramento basin. These relationships will be used to develop a river
adjustment model, which will be validated against new measurements from the Sacramento basin. Model
applications include flood control and habitat restoration.

BACKGROUND
The morphology of a river is determined by the interaction of water and sediment within a channel

network. A river flows in an intricate path, entraining and transporting a supply of water and sediment,
augmented by tributaries. The river deposits and re-mobilizes the sediment along its valley floor Where
the river lies entirely within its own mobile alluvium, it is classified as an alluvial fiver, and often obeys
certain regularities of fbrm and behavior that allow prediction (Leopold et a2., 1964; Schumm, 1977). In
some places, subtle tectonic movements or the outcropping of resistant substrate may constrain the
channel in ways that arc less predictable

Fluvia/landforms contain information on the depositionaI and erosional activities of lbe river, as it
continually adjusts to the variable amounts of water and sediment that enter its channel network. It is the
spatial and temporal vafiability of these landforms throngh the fluvial system which determines ~he
potential flood conveyance capacity, stability of natural and engineered river courses, and Ihe complexity
~3f river channel and riparian habitat (Dunne, 19gg; Kondolf and Wohnan, 1993; Kondolf, 1995a;
KondolE 1995b).

The Central Valley Pro~ect lanprovement Act (CVPIA) and its Anadr~rnous Fish Resloration
Program (ARFP) call for restoring habitats and eliminating stressors with strategies including flow
alteration and physical modification of river channels (Kondolf et aL, 1996). Ln order to make strateg*c
plans for and to identify lands for acquisition to achieve ERRP floodplain restoration and flood controI
goals in accordance with the CVPIA, olassiflcatioo is necessm-y. Chaunel amd floodplaJ~ classification
provides a language for communication across disciplines and a geomorphological framework for
selecting restoration strategies (KonthdE 1995a). There have been numerous efforts to classify channe!
and floodplain morphology within reaches of eat.h zone of the fluvial system (Kondolf, 1995a). These
have included classifications according to channel form nr appearance on coarse scales (entire basin)
(Schumm, 1977) and fine scales (single river reach) of detail, the latter highlighting habitat considerations
(Bisson et al., ~982; FrisselI et al.. 1986).

There have been few attempts to classify rivet system morphology according to the processes
which created its physical form (Whiting and Bradley, 1993; Montgomery- and Buffington, 1997). We
maintain Montgomery and Buffington’s (1997) assertion that a process-based understanding of spatial
linkages within entire watersheds is fundamental for assessing channel a~d floodplain morphology, as
well as for predicting channel response to perturbations. Our process-based model will allow land
managers to target flood control and restoration policies on the appropriate areas and processes in
accordance with their goals.

Syste~n-Wide View
The fluvial sy,,,tem can be divided into three distinct zones: the production zone, the ttansport

zone, and the deposition zone (Schumm, 1977, p.3), each o1" which functions differently in terms o fits net

4
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transport of materlals and ~htts, its erosional and depositional processes. Despite frequent examples of
local divergences from this generalization, it is a useful approximation an a foundation for conceptual
models. The upper tributary production zone generates water and sediment materials fi~r transport.
Channels in the production zone frequently exhibit irregular meander and branded morphology (Chang,
1988) with beds of coarse sediment or bedrock and dissected floodplains. In the Sacramento fluvial
system, this zone includes the headwaters area to Hamilton City, including the tributaries. The transport
zone is characterized by large transport corridors with inter~rattent inputs ol- water and sediment from
larger tributaries, and by broad floodplains subject to periodic inundation. MorphologicaIly this zone is
the most stable of the three (although it is by no means stable) and is the most prominent, longest zone in
large rivers (Chang, 1988). In the Sacramento River it comprises the river reaches from flamilton City to
Sacramento. The deposition zone serves as a sink for transported materials and is described as a mouth.
delta, or fan of distributary channels. This zone has an unstable morphology which continually shifts
sediment and aggradcs, malntaiuing its channel slope (Chang, 1988) as the delta base level subsides. The
Sacramento River Bay-Delta is usually defined as beginning do’*nstream of Sacramento.

All zones in the fluvial system are linked. That is, deposition or erosion in one reach of a fluvial
zone will affect transport in adjacent zones both upstream and downstreara. These adjacent reaches will
in turn, affect material transport in their adjacent reaches, and even fa~ downstream. It i~ apparent that
research on matefial Iransport processes on the scale of one particular reach cannot represent the fluvial
system as a whole, because it does nut evaluate feedbacks in material transport between fiver reaches,
including eftects :~ar downstream. This spatial variahility of transport must bc considered along with the
temporal wriability associated with lags between peaks in flow and sediment transport (Marcus, 1989;
Lemke, !991) and floodplain storage and remobilization (Dietrich, et at., 1982; Dacey and Lerman, 1983;
Dunne et oh, 1998). A basin-scale study of spatial and temporal regime vaxiability will develop a process-
based understanding of material transport within the fluvial system.

Regime Variability
Several major wtriables govern the spatial and temporal variability of alluvial river morphology

and behavinr (Schumm and Winkley, 1994). The most important ofthc~e are the cuupled variables of
streamfh~w and sediment thscharge, which depend on drainage basin characteristics m~d land use
Sediment supply to an alluvial river is driven stochastically by rainstorms, which affect streamflow and
thus, the intensity of erosional at~d depositional acti,,’it~es witbin a river system (Schumm. 1977. p. 29-30:
Benda and Dunne, 1997b). There have been recent efforts to characterize the dynamic sediment regime
of a river system in terms of its statistical properties. This is accomplished by compuung the probability
of the transport system being in any of various states (sediment supply limited v. flow transport limited)
(Benda and Dunne, 1997a) based on historical changes in obsclwed sediment transport data (Lemke,
1991). Such a characterization would allow one to construct a river routing model that represents the
fluctuations in the transport ~ystem over time. This apprnach takes into account the menlory of a fluvial
system (I~tighton, 1984, p. 162) as it continually adjusts to perturbations or controls.

Adjuslment to Controls
Thruughout the fluvial s~,~tcu~ there are constraints, or controls, on material transport, which result

in some level of morphologic adjustment {m the part of the river system. Such controls, or perturbations,
are either natural (eg tectonic, climatic) or anthropogenic (e.g. dams, levees, channel re-abgnment,
g~avel mining). As ncw perturbations are imposed, adjustments are made by the fluvial system, which
can radically change a river’s planfom:t and cross-section. However, there has been no research effort at
creating a reach integrated, basin-wide view of morphoh~gie adjustment. Such a broader perspective
could facilitate the planning of restoration eft~rts in river systems in the context of widely acknowledged,
but rarely quantified, bast n-scale cumulative effects.

5
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Flood control planning and ecosystem rehabilitation both need to be based on understanding of the
history uf river chmmal change and therefore of materials flux regimes. It is. well known that river
channel change results from a set of erosional and depositional processes by which a river adjusts to
perturbations For exampJe, when dams are installed, a river system goes through a complex process of
adjustment (Schumm, 198 !; Williams and Wolman, 1984; Xu, 1990) to changes in supply of water and
sediment. Morphological adjustments to reservoirs are typified by backwater effects artd sediment
deposition upstream of the dum and by scour of bed material downstream (Chien, 1985). Mining within
river basins also contributes to complex responses in river systems. This can occnr as a resnlt of: extra-
valley-floor mining, with sediment disposal that causes the fluvial system to adjust its transport rates m~d
channel form; or intra-valley-floor mining, wherein the system must adjust to a decrease in riverbed or
floodplain sediment. Extra-valley floor mining causes river wldth-depfit ratios to increase (Gilbert, 1917:
Knighton, 1989), as the system shifts from supply limited to transport limited, lntra valley floor mining
can cause bed elevations and width-depth ratios to decrease (Collins and Dunne, 1989; 1990), aud can
cause channel migration as flaw is deflected from in-stream gra,,~l pits (Dunne and Leopold, 1978).
Cbannelizatlon, or channel dredging and straightening tbr navigation or flood control, has effects similar
to those of intra-valley floor mining with the added tendency for acceleration of bank erosion and
meandering (Nell! and Yarernko, 1988) and piping of levees and dikes (OIson et at., 1942; Feldman,
1973; Laddish, 1997; Schalk and Jacobsen, 1997).

In all these cases morphological adjustments have been described by their resultant form
characteristics of cross-sectional channel geometry (Gregory and Park, 1974; Williams and Wolman,
1984; Xu, 1996), bed material sizes (Williams and Wolman, 1984), and longitudinal profile (Chien,
1985). Itowever, in the context of complex river response, attcn’tpts to explain the physical processes
w~sociated with adjustments have relied upon qualitative assessments (Xu, 1990), thus preventing their
accurate application in other localities with different spatial and temporal scales of mater~al flux and
levals of disturbance, We will construct a process model of rcach-length channel and floodplain
morphological adjustment within the Sacramento River basin thar is based on an excellent historical
empirical dataset.

GEOGRAPHICAL BACKGROUND
As s~ated in the ERRP Vol. 2, the Sacramento River provides important spawning, rearing, and

migratory habitat to anadromoas fish populations including chin~ok salmon (fall and spring runs),
steelhead, white sturgeon, green sturgeon, striped bass, and American shad. The river drains the northcrt~
part of the Central Valley of California and has a total drainage area of 6.8 x 10~ km~- comprising over one
half of the total ~lrainage area into the San Francisco Bay system (Porterfield, i980) It is "the largest and
most important riverine ecosystem in ~he State of California," (ERRP. Vol. 2, p. 113). The Sacramento
River t2ows south ti’om its source in the Trinity Mountains near Siskiyou Lake through the counties of
Shasta, Tehama, Clenn, Butte, Colusa, Suttcr, Yolo, Sacramento, and Solano to its mouth, the confluence
of the San Joaquin River at Suisun Bay. It drains the 60mi wide x 260mi loug Sacramento Valley, a
broad fertile alluvial lowland basin located between the Sierra Nevada and the Coast Range (Harwood
and Halley, 1987). Despite the facl that 50% of the basin flow is controlled by reservoirs, the Sacramento
River basin is the principal source of water and sediment disch~ged to the Sacramento/San loaquin Bay-
Deha (Porterfield, 1980). The region is riddled with dams. levees, dikes, aud gravel rrdning operations,
which affect the geumorphic character of rivers and their floodplains, consequently affecting fish and
wildlife habitat, as wall as the ability of river systems ~o attenuate flood events. This stud3,’ is focused on
the North Sacramento and Sacramento Valley Ecologica~ Zones (see ERRP, Vol. II, Figures 8 and 9).
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APPROACII
We will be investigating the processes of morphological adjustment within the Sacramento River

basin at various scales of interest. Our aim is tn understand Ihese processes on a time scale appropriate
for designing restoration strategies (i.e. decades). In order to accurately represent the variability cf
materials flux regimes (water and sediment), it will be necessary to employ a stochastic approach, which
will simulate material supply inputs from historical empirical data (the sediment budget). Spatially we
will f:ame the study around the river system as an entire unit, in order to understand how adjustments to
perturbations are translated through the fluvial system. To test dmt this coarse scale characterization is
correct we will subject our model to empirical ctmcks based on data recently collected by the Corps of
Engineers and the Geological Survey, and possibly by other agencies. We will also examine whether our
predictions are physically consistent with those of other modeling efforts and measurement programs that
are focused on finer (within-reach) scales o~resolution.

Sediment Budget
Kondolf, et al. (1996) recommend that design of channel modification projects be based on "sound

under,standing of the site’s larger geocaorpbic context, which requires a historical geomorphic study, and
analysis of potentRd sediment transport at a sit~." Quantifying sediment supply within a river system
requires construction of a sediment budget or a mass balance of sediment, which will enable land
managers to anticipale localities of sediment deposition, storage residence times, and modes ~f re-
mobilization (Reid and Dunne, 1996). A sediment budget involves accounting for all major sediment
sources, storage sites, and sinks within ~. river basin, all of which can vary in tiine and space. For the case
of large alluvial rivet-, it accounts t’or rates and processes of eresion and seditr~ent transport within the
river ~d its floodplain. A historical reconstructinn of the basin sediment budget is necessary to complete
this ~ask because historical data sources give inlbrmatiort on rates a~d magnitudes of charades in a fluvial
system. Although sediment budgets have been more commonly applied in small river basins (Reid and
Dunne, 1996), there have been approximations R~r large basins that lfighllght important areas and
prnces~cs of bank erosion or deposition in the system of sediment transport (Kesel et ah, 1992; Reid and
Dunne, 1996; Dunne et ah, 1998). We will evaluate the sediment budget for the Sacramento River basin.
which in turn will provide supply inputs fo~ our supply-process-form model.

Sediment Routing Model
We wil! relate the empirical sediment budget results to flow volumes, channel hydraulics, and

other controls by ~ssirnihtting the sediment transport nae~surements into a routing modch The purpose of
this exercise is to provide a physically sound explanatio~ of the measurements and to generalize li~m the
recorded data to a broader range of environmental scenarios. We will drive the model with historical flow
regimes during verification, and with probability distributions of flow for predictions of future conditions.
A mathematical model would allow us to consider, for example the probable effect of an afieratiou of
flow regime, or channel engineering activity on sediment supply, or on the sediment budge: of particular
reaches. A reach ztveraged sediment budget prediction or tbis kind can then be used to focus attention on
zoues in which morphological change is to be expected, Empirical correlations between sediment
accumulation or removal and changes in channel iqoodplain morphology can then be used to assess
probable changes. This activity will be ±’ollowed by higher resolution model analyses of morphological
change within reaches. Model output will describe the magnitude aud spatial I~mation of p~edictcd
sediment storage within the entire river system given cross sectional inputs on the current morphology.
The modeling will be facilitated by new empirical three dimensional river profiles made available to us by
the US Army Corps of Engineers, flow and suspended sediment records fro*n USGS, and bed-material
surveys from USGS.
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EXPECTED BENEFITS
This research will result in a characterization of the eitects stressors have upon natural transport

regimes and thus, indirectly upon target species within the Sacramento River. We will qtlantify the role
of the ~bllowing stressors upon net transport of sediment: alteration of flows, floodplain and marshplaln
changes, and channel form changes. Our modeling effmr, will enable prediction of long term landform
adjustment resulting from variable hydrological and sediment regimes. It will allow policymakers to
anticipate resultant morphological conditions relevant to habitat restoration and flood control strategies
such as setback levees or restoration of "natural" streamflow regimes.

Employing this basin-scale, integrated approach will provide understanding of the entire
Sacramento River basin, from source to mouth. The mode! will yield a thorough picture of morphological
channel-floodplain adjustment to regime variability and perturbations over a period of decades. This
knowledge would be useful not only in the restoration of large river basins, but in aiding design of new
river development projects, which am burgeoning in the developing wodd.

Data Collection
For this study we are compiling an excellent dataset for a large river basin study. In addition to

slreamflow and sediment concentrataon records, topographic and other maps for the Sacramento basin, we
have been locallng anti collecting: engineering records; cross-sectionM geometrical surveys; aerial
photographic coverage of the Sacramento basin from the 1920’s to the present; fine resolution Digital
Elevation Models; special-mission NASA air photos documenting 1997 flooding; data on California
storm magnitude.’, and intensity from NOAA; and new Coq~s of Engineers 3-D river profiles. These data
enable us to perform this research in conjunction with on-going restoration efforts in California.

Basin Characterization
We have already begun to characterize the variability within the Sacramento River basin by

correlating sediment and streamflow discharge data (example in Figure 1) both temporally and spatially
with storm data (Figure 2). Figure 1 shows sediment and water discharge during an lS-day storm in
1979. Figure 2 shows daily precipitation values for the first four days of this storm. This exercise
provides information on how the entire basin’s sediment regime responds to storms of different
magnitudes and intensities. By characterizing this response and validating it with channel and floodplain
morphology from aerial photographs we may begin to build a probability distribution of storm systems
that will stochastically drive our model of morphological change

Conclusion
As suggested in the Executive Summa~’ we have confirmed that our proposed study is

complementary tu ongoing work and research in the Bay Delta (Hun-is, Pers. comrn., R. Dinchal~, Pets.
comm.t. We have bee. eollal~oratlng with Jeff Harris of the United States Army Cu~t~s ef Engineers in
Sacramento to obtain new and historical Sacramento River data in order to build a model that utilizes the
latest technology and that will be compatible with Army Corps priorities.

The Sacramento River basin provides an excellent opportuthty for CALFED to look to the larger
scale for understanding of channal-floodp]aln process and variability, which will provide a framework for
its rapidly expanding restoration effort. By addressing the problems of the Sacramento Bay-Delta wilh an
integrated, comprehensive approach of this kind the CALFED Bay-Delta Program cotdd set tim
international standard for restoration of large lowland river systems.
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Budget Justification
We aheady possess much of the equipment with which to complete this proje~:t. Our laboratory at

UCSB is equipped with high speed N’I- PCs, a UNIX workstation, ArctlNFO and other necessary
softw~e, a digitizer, a Total Station, and a Differential Global Positioning System (GPS). The three-year
budget requests support for one Graduate Student Researcher, one laborator~ assistant, purchase of aerial.
photos, a laptop computer for field use with our GPS, a digital camera for documenting river reaches
digilally, a data s~orage disk for the high volume of necessary data, a simple coring device, and travel
expenses. Other project data will be acquired through our contacts in various agencies.

In addition to travel to the Sacramento basin, we request travel support to make a site visit to
CALFED’s Enro~zean counterpart, the Romanian government’s Danube Delta Biosphere Reserve, in order
to gain insigilt from its ongoing restoration experience. The Danube project has begun ~estoration
activities by breaching levees and dikes, thus providing a field laboratory for studying morphological
change associated with land use change. By visiting Danube restorathm sites we conld witness processes
too complex to be modeled, as well as the unintended consequences of such a restoration erfurt on a
spatial scale relevant to CALFED. We already have lnng established contacts with geomorphologists
who study large tributaries of the Danube. In addition to official CALFED symposia, we will publicize
our research effort annually at the Fall Meeting of the American Geophysical Union.

The project will be conducted in two phases: I) the empirical characlerization phase and
ll) the modeling phase. Phase I will be conducted over the first year of the funding period. The primary
tasks during this phase arc data acquisition and basin characterization. Subtasks include: collection of
field ground control points with GPS: registration and rectification of aerial photographs: digitization of
historical Sacramento maps; and correlation of historical sediment and storm data with morphological
change in the basin.

Phase [I wil! be conducted during the second and third years of the funding ~eriod. The primary
task is building a basin scale se~hment routing modeh Subtasks include: building probability distributions
of storms as a stochastic driver of the modeh numerical modeling of sediment transport; model calibration
using new river profile da~a with MicroStatinn SE and In Roads soRware: modification of a well-tested
sediment routing modal (FLUVIAL- 12) for use on this project; and field verification of modeling results.
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Standard Form ,,24A o~s Appr~.~ No. 03~8-004~
BUDGET INFORMATION - NON-CONSTRUCTION PROGRAMS

SEC3"ION A - BUDGET SUMMARY
Grant Program Catalog of Federal

Function Domestic Assistance I¢st~mated Unobli~lated Funds New or Revised Bud~let
or Activity Number Federal Non-Federal Federal Non-Federal Total

1, CALFED Ba}’ Delta Program 15-614 $ 0 0 $ 121,692 $ 121,832

SECTION B - BUDGET CATEGORIES

GRANT PROGRAM, FUNCTION OR ACTIVITY Total

I
~ ~. Personnel $ 53,955 $ $ 53,955

<~ b. Fringe Benefits 11,856 11,956

c. "rtavel 13,691 13,691

e, Supplies 2,600 2,600

f. Contraotual 0 0

~1. Construction 0 0

h. Other 0 0

i. Total Direct Char~les (sum of 6a-6h) 96,802 85,802

J. Indirect Charges 35,050 35,030

k. TOTALS Isum of 6i and 61) $ 121,832 $ $ $ 121,832

7. Program Income $ -0- $ $ $ -O-
Standard Form 424A (Rev 4-92)

Prescribed by OMB Ci;cular A-102



Standard Form 42~. (cont’d)
SECTION C - NON-FEDERAL RESOURCES

(a} Grant Program                                           {bI Applicant ~o~ State Id) IDther Sources    (a) TOTALS

12TOTALS/sumoflinesaand 11) 0 $ 0 $ 0

SECTION D - FORECASTED CASH NEEDS

rotal for I st year I st Quarter 2nd Quarter    3rd Quarter      4th Quarter

Non Federal 0 0 00 (J 0 0

15 Total (sum of lines 13 and 14) 121,832 37,612.00 $ 17,290.00 $ 17,290.0~ $ 49,540.0I

SECTION E - BUDGET ESTIMATES OF FEDERAL FUNDS NEEDED FOR BALANCE OF THE PROJECT

(a) Grant Program FUTURE FUNDING PERIODS (Years)

(b} First (c) Second (dI ]~ird le) Fourth

I6.CALFEDBay-Delta Program $ 131,912 $ 132,998 $ $

20,TOTAL (sum of tines 16 - 19) $ 131,912 $ 132,998 $

SECTION F- OTHER BUDGET INFORMATION

21 Dire¢l Charges: $86,802 22. Indirect Charges: (50% Provisional)

23 Remarks

SF 424A (Rev 4-92) Page 2



CALFED Bay-Delta Program

UnJversiiy ol California, Sanla Barbara
Institute for C~mputational Earbh System Science

DErAILED BUDGET First Year Second Year Third Year

SALARIES mos. % ]]me 9/30/99 9130/00 9!30t01
1. P dncipal Investigator- T. Dunne

$125,100 lstyr 1 100% $ 13,900
$131,355 2rid yr. 1 100% $ 14,595
$137,923 3rd yr. 1 100% $ t 5,325

b. Academic period 9 5% 0 0 0

2. Lab Assistant I - TBD
@ $1,809/too lstyr 12 100% 2!,708
@ $1,84,5 ,tmo 2rid yr.                  12 100% 22.140
@ $1,882/too 3~lyr, 12 100% 22,5a4

3 Graduate Student Researcher II - Michael Singer
@ $2,476/too, Ist yr. academil GSR II 9 49% 10,919
@ $2,475/too. lstyr, summer GSRlt 3 100% 7,429
@ $2,801/rr~ 2ndyr. academirGSRIII 9 75% 18,907

@ $3,086/me. 3rd yr. academi~ GSR IV £ 75% 20,831
@ $3,086/mo, 3rd yr. summer GSR IV 3 100% 9.258

Salaries Subtotal $ 53,955 $ 64,045 $ 67,998

FRINGE BENEFITS

1 Principal Investigator- T. Dunne
B,~sesum:     $13,9(~0 @    2.70% lstyr                 $      375

$14,595 @ 2.70% 2ndyr. $ 394
$15,325 @ 2.70% 3rd yr. $ 414

2. Lab Assislant I - TBD
Basesum: 821,708 @ 2400% lstyr 5,210

$22,140 @ 2450% 2ndyr. 5,424
$22,584 @ 2500% 3rdyr. 5,646

3. Graduate Sludent Researcher I - Michael Singer
6asesum:     $10,919 @    1.10% lstyr, a¢ademi¢                 120

$7,428 @ 2.70% lslyr, summer 201
$18,907 @ 1,t0% 2ndyr. academic 208
$8,403 @ 2.70% 2ndyr. summer 227

$20,831 @ 1.10% 3rdyr ~¢ad~rnic 229
$9,258 @ 2.70% 3rdyr. summe! 250
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DETAILEDBUDGET(cont’d) FirstYear BecondYear ThirdYear
10101~8- 10/01199- 10/01/00-
9t30/99 9/30/00 9/30/01

4. Graduate Sludent Health Insurance Plan* $ 1,024 $ 1,126 $ 1,239

5. Graduate Student Fees for Graduate Student Researcher* 4,926 5,419 5,960

Benefits Sublotal $ 11,856 $ 12,798 $ 13,738

SUPPLIES

1. Airphoto& 200 at $10.00 each $ 2,000 S $
2. Auger 300

Supplies Subtotal $ 2,300 $ $

EQBIPMENT (Include~ taxes and shipping)

1. Laptop Computer $ 3,500
2. Digilal Camera 600
3. 9 GB Hard Disk 600

Equipment Subtotal $ 4,700 $ 0 $ 0

TRAVEL (increases @ 10~IJyr)
Domes~c

1 Field Carnpaign- Sacramento river, 30 days car rental at $40/day $ 8,400 $ 9,240 S 10,164
and 3[~ days per diem at $12e/day for 2 person.

Foreign

1. t RT SB- Romania, aiffare $2000 plus 7 days per dier~ at
$283 per/day and 5 ¢Jays at $262 per day. $ 5,291 $ 0 $ 0

Domeslic and Foreign S~blotal 13,691 9.240 10,184

PUBLICATION COSTS (increases @ lOYdyr) $ 0 $ 1,000 $ tlt00

OTHER DIRECT COSTS (increases @ 10%iyr)
1. Long-distance phone, photocopying, fa~ and project mailing costs" $ 360 $ 330 $ 363
2. MicroStalion SE soflwa[e 2,500
3 Inroads software 2,500

Other Direct Costs Subtotal $ 300 $    5,330 $ 363

T~]talOirect Cosis $    86,802 $    92,413 $    93,363
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DETAILED BUDGET (cont’d) First Year Se,c~nd Year Third Year

INDIRECT COSTS

On~ampue rate’** of Modified Total Direct Costa
6asesum:     $76,152 @     4600% lstyr.                   $    35,030

$86.164 @ 4600% Srdyr. $ 69,635

TOTALCOaTS $ 121,632 $ 131,912 $ 132,998

TOTAL COSTS THREE YEAF~S $ 386,742

Provided to all Teaching Assistants and Graduate Student Eeseatchers employed at 25% time or more
Communication costs far collaboraifo~ with other researchers. ~elated to this project.
This is the DHHS negotiateff, predetermined, on-campus indirect cost rate for the period 7/1197
through 6f30/00. The r~te thereafter is provisional.
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Figure 1. Sediment discharge (blue) and water discharge for an 18-day storm over
six gauging stations (numbered in upper-left corner).
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THOMAS DUNNE: CURRICULUM VITAE

Professor, Dor~ald Bran School of Environmental Science and Management, and Department o|
Geological Sciences, 4670 Physical Sciences Norlh, University of California, Santa Barbara, CA 98106

EDUCATION B.A. 1964 Cambridge Univ., UK; Ph.D 1969 Johns Hopkins Univgrsily, (Geography}

HONORS Fulbright Scholar, 1984; Robert E. Hor~on Award, American Geophysical Union, 1987; National
Academy of Sciences, f 968; Fellow, American Geophysical Union, 1989; Guggenheim Fellowship, 1989;
American Academy of Arts and Sciences, 1993; Fellow, California Academy of Sciences, 1996; National
Research Council Wolmae Distinguished Lecturer, 1997; National Acagemy of Sciences Warren Prize for
Fluviatile Geology, 1998.

CURRENT RESEARCH INTERESTS

Hydrology, sediment transport, and sedimentation in valley floors

Fierd studies and modeling of river-basin sediment budgets.

Field and theoretical studies of drainage basin and hillslope evolution

PUBLICATIONS (last 4 years)

T. Dunne, K. X Whipple, and BF Aubry, Microtopography of hillslopes and the ir~itialion of cha~ne~s by
Horton overland flow, In: Evolving Concepts in Fluvial Georaorphology (ed. J.E. Costa),
American Geophysical Union, Geophysical Monograph, 1995.

L.A.K Metres, T.Dunne, and L.A Martinelli, Channel-floodplain geomorphology along the SolimCes-
Amazon River, Brazil, Geological Society of America Bulletin, 108, 10894107. 1996

L.M. Reid and T. Dunne, Rapid Evaluation of Sediment Budgets; Geo-Ecology Texts, Catena Verlag,
Reiskirchen, Germany, 164pp, 1996.

D. J. Miller and T. Dunne, Topographlc perturbations of [egione, I stresses and censequer~t bedrock
fracturing; Journal of Geophy==ical Research Solid Earth, 101, Bll, 25,523-25r536, 1996.

L. Senda and T. Dunne, Stochastic forcing of sediment supply to channel networks by landsliding and
debgs flov/: Water Resources Research, 33, 2849-2863,1997,

L Benda and T. Dunne, Stochastic forcing of sediment storage and transport in channel networks; Water
Resources Research, 33, 2865-2880, 1997.

T. Dunce, L.A.K Mertes, RH. Meade. J.E. Richey, and B.R Forsberg, Exchange of sediment between
the channel and floodplain of the Amazon River in Brazil, Geological Society of America Bulletin,
110,450-467, 1998.

L. Benda, D. J. Miller, T. DuntTe, G.H. Reeves, and J.K. Agee, Dynamic landscape systems: In: Ecology
and Management of Streams and Rivers in Ihe pacific Northwest Ecoregion (edited by R.
Naiman and R. Bilby), Springer Vedag, New York, 1998.

T. Dunne, Hydrologic science.., en a planet.., in landscapes., in the future, In Hydrologic Science;
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Taking Stock and Looking Forward (ed. D. Freyberg), National Academy Press, Washington DC,
! 998.

T. Dunne, Cdtical data requirements for prediction of ero$iorl and sedimentation in mountain drainage
basins, Jour. American Water Resources Association, accepted, 1998.

OTHER RELEVANT PUBLICATIONS

T. Dunne and L. B. Leopold, Water in Environmental Planning, W. H Freeman Ca., San Francisco, 818
pp., 1978.

W E Dietdch and T. Dunne, Sediment budget for a small catchmenl in mountainous terrain, Zeitschrift
for Geomorphologie, Supplement Bend 29,215-230, 1978.

w. E. Dietrich, J. D. Smilh, and T. Dunne, F~ow and sediment transport in a sandbedded meander,
Journal of Geology, 87, 305-315, 1979.

W. E. Dietrich, T. Dunne, N. F. Humphrey and L. M. Reid, Construction of sediment budgets for drainage
basins, Sediment Budgel~ and Routing in Forested Drainage Basins, U.S. Ferest Service General
Technical Report PNW-141. Pacific Northwest Forest and Range Expt. Sta., 5-23, 1982.

A. K. Lehre, B, D. Cogins, and T. Dunne, Post-eruption sediment budget for the Noah Fork Teutle River
drainage, J~r~e 1980-J~ne 1961, Zeitschri~t f(~r Geomorphologle, SuppL Bd. 45, 143-153, 1983

T. Ounne and L. H. Fairchild, Estimation ~1 flood and sedimentation hazards around Mr. St. Helens (1),
Shin-Sabo, J. Erosion Control Engineering Sac. Japan, 36{4), 12-22, 1984.

T Dunne and L. H. Fairchild, Estimation of flood anti sedimentation hazards around Mt. St. Helens
Shin-Sabo, J. Erosion Control Engineering Soc. Japan, 37{t~, 13 22

W. E. Dietrich, J. D Smith, and T. Dunne, Boundary shear stress, sediment transpo=l, and bed
morphology in ~ sand-bedded meander during high and Jaw flew. I~: River Meandering, Amer. Sac Civil
Engiaee~s, 632-639, 1984.

R. H. Meade, T. Dunne, et el.. Storage and remobiliz~tior~ of suspe£ded sediment in the Lower Amazon
River of Brazil, Science, 228,488-490, 1985.

T Dunne, Geemorphological contributions to f!ood-contr~)l planning; In Flood Geomorphology (Eds. V.
R. Baker, R. C. Kochel, end P C. Patton), Wiley & So~s, NY, 421-438,, 1988.
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Alluvial fan flooding; definition and criteria, U.S, National F~esearch Council, (with ether members of
the Commiltee on Alluvial Fan Flooding, 1996.

The Hidrovia Paraguay-Paran~ Navigation Project: Report of an Independent Review, by T. Dunne,
J. Melack, B. Melia, J. Paggi, S, J. Paggi, T. Panayotou, H. Ranner, E. Salati, L Klabin, T. Scudder, and M.
Clemens, Environmental defense Fund, W~shington, E)C, 214 p., 1997.
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