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Executive Summary 

,1 some o w 1c are 1s e y · e era an s a e agencies. 1sagreemen s on 
potential impacts of proposed timber operations for these areas between timberland 
managers and reviewing agencies, and sometimes among the reviewing state and 
federal agencies responsible for regulating timber harvesting on private and State­
owned timberlands, led to the formation of the interagency Riparian Protection 
Committee (RPC) and the nee9 for this a er. The existin California Forest Practice 

s orana 
including an 
flood prone area has an active channel migration zone, w ere a stream 1s prone to 
movement with near-term loss of riparian function and associated habitat adjacent to 
the stream, proposed practices will require more detailed analyses and additional 
mitigation than required for those channels that have remained laterally stable over 
many decades and can reasonably be expected to continue to exhibit stability in the 
future. 

Numerous studies have been published showing that significant thinning of coast 
redwood stands on hillslope areas can substantially in'crease tree growth over time, but 
the RPC was not aware of any published studies that have examined stand growth with 
varying stocking levels on alluvial floodplains. Therefore, the RPC requested that an 
experienced timber harvest scheduling expert model three silvicultural systems 
commonly employed in high productivity timber site flood prone areas, along with a no 
harvest alternative. These alternatives included no harvest, conservative sanitation 

ii 



SAR 6910

(harvest of intermediate and suppressed trees), thinning from below, ·and standard 
single tree selection (approaching the minimum standards under the FPRs). The four 
alternatives evaluated the effects on stand structure over 60 ars. R ults fro 

wI rn the 
so that the e fects o large 

distur ances on andscape 1versity can occur. While large channel-influencing floods, 
landslides, and other disturbances can radically change channel characteristics, these 
changes are natural processes Linder which fluvial systems have evolved over long time 
frames. Within the spatial context of watersheds, timber management of flood prone 
areas must consider the otential for channel m· ration and other natural! occurrin 

Recommendations by the RPC include: (1) removing separate definitions in the FPRs . · 
for confined and unconfined channels, (2) pre-consultation with state and federal 
agencies when appropriate, (3) reliance on programmatic approaches such as Habitat 
Conservation Plans (HCPs), Natural Communities Conservation Plans (NCCPs), 
Programmatic Timber E:nvironmental Impact Reports (PTEIRs), and watershed-wide 
Waste Discharge Requirements (WDRs) for a longer-term perspective on large tree 
retention in flood prone areas and watershed-scale issues, and (4) broad training on 
flood prone area functions and assessment techniques for RPFs and agency personnel. 
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Riparian Protection Committee 

Flood Prone Area Considerations in the 
Coast Redwood Zone 

I. Introduction and Background 

Land management activities, including timber operations, on floodplains, riparian zones, 
watercourse and lake protection zones, and other flood prone areas can affect flooding, 
aquatic and riparian terrestrial habitats, water quality and other environmental and 
public safety concerns. In the northern California coastal redwood region, these flood 
prone areas are also often the highest productivity timberlands. This situation leads to 
potential disagreements between timberland managers and reviewing agencies, and 
sometimes among the reviewing state and federal agencies responsible for regulating 
timber harvesting on private and State-owned timberlands. The primary issues relate to 
identifying flood prone areas and determining the types and intensities of timber 
harvesting activities that will not adversely impact both the ecological characteristics of 
the floodplain and the ability of the floodplain to influence its adjacent channel (Benda 
2004). 

In response to a recommendation by the California Department of Fish and Game 
(DFG), California Department of Forestry and Fire Protection (CDF) Assistant Deputy 
Director Duane Shintaku formed the interagency Riparian Protection Committee (RPC) 
to work collaboratively to reach common understandings on riparian issues related to 
logging operations on coast redwood-dominated floodplains and flood prone areas 
(Figure 1 ). The group was asked to identify problems with the Timber Harvesting Plan 
(THP), Nonindustrial Timber Management Plan (NTMP), and Program Timber 
Harvesting Plan (PTHP) [referred to collectively as "plan" in this document] Review 
Team process and to document substantial evidence where these problems are not 
being adequately addressed by the current process. More specifically, the committee 
was asked to determine the items that are being missed with use of the Threatened and 
Impaired Watersheds Rule Package (part of the California Forest Practice Rules), which 
was implemented in July 2000 and covers the entire coast redwood region (Figure 2). 
For purposes of discussion, issues raised for recent THPs in the Gualala River and Big 
River watersheds were reviewed in order to develop a better understanding of how to 
address related areas of concern in future plans. 

The RPC met four times in the winter and spring of 2005, prior to development and 
review of this paper, to discuss issues of concern related to flood prone area timber 
operations. These meetings included one field trip to the Coast Range in western 
Mendocino County. While several issues were identified during these discussions, one 
of the most significant related to the current practice of beginning the Class I 
watercourse and lake protection zone (WLPZ) for unconfined channels where trees are 
at least 25 years in age at breast height. This location is known as the watercourse 
transition line (WTL) and typically occurs near the active channel edge at bankfull stage. 
While the current Forest Practice Rules allow for expansion of the Class I WLPZ width 
and application of appropriate mitigation measures as required for adequate protection 
and/or restoration of aquatic habitat, it was stated by some of the public trust agencies 
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in the RPC meetings that there has been inadequate use of protection measures 
beyond the minimum standards described in the Forest Practice Rules in flood prone 
areas. These agencies stated that standard WLPZ widths have been used and have 
been inadequate for flood prone area protection/restoration. In some cases, flood prone 
areas that exist outside the WLPZ edges have been treated silviculturally similarly to 
areas on hillslopes located above the floodplain (i.e., the Class I WLPZ has not been 
extended to the edge of the flood prone area, or the WTL has not been established at 
the landward edge of the flood prone area-making the channel zone the entire flood 
prone area, instead of only a small part). 

This issue and others are addressed in the current paper. Our approach is to show 
resource professionals how to adequately document existing flood prone area functions, 
analyze potential impacts, and develop appropriate mitigation measures to protect or 
restore these functions. The report was written to provide direction to agency staff, 
RPFs, and the public on the type of plan information needed to address concerns over 
harvesting in flood prone areas in California. In addition, it is to assist in training and 
provide a reference for those people involved in Forest Practice plan review. 

This document is not meant to endorse a ban on harvesting big trees within flood prone 
areas, but to provide guidance when these harvest objectives are proposed. In some 
cases, existing and anticipated future conditions may support harvest of big trees in 
flood prone areas. In other cases, conditions support retaining these trees for flood 
prone area function. 

List of Participants 

The Riparian Protection Committee included the following participants: 

Division Chief, Timber Harvest Division 

Tom Spittler, CGS, Senior Engineering Geologist 

Kris Vyverberg, DFG, Senior Engineering Geologist 

Christine Wright-Shacklett, NCRWQCB, Senior Engineering Geologist 
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Figures 1 and 2. California Vegetation (CAL VEG) data layer for northwestern California, with the 
redwood-Douglas-fir region shown in red (ICEMAPS 2.0, UC Davis ICE website); Boundaries for 
watersheds with threatened or impaired values for coho salmon, Chinook salmon, and steelhead ESUs 
(Salmon and Watershed Mapping Tool, GDF-FRAP website). 
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Flood Prone Area Regulation Authorities 

A brief listing of state agency authorities related to timber operations on flood prone 
areas is provided below. 

GDF-Numerous sections of the 2005 California Forest Practice Rules (FPRs) relate 
to flood prone area protection. Many of these rules (or additional rule language) 
originated in the Threatened and Impaired Watersheds Rule Package that went into 
effect on July 1, 2000. In particular, Title 14, California Code of Regulations§ 916.9, 
Protection and Restoration in Watersheds with Threatened or Impaired Values, is a 
critical section when considering flood prone area protection measures and is a 
significant part of the Threatened and Impaired Watersheds Rule Package. CCR § 
916.4(a)(1) is older language, but is highly significant since it requires the RPF to 
evaluate areas near and areas with the potentiai to directly impact watercourses and 
lakes for sensitive conditions, including changeable channels, overflow channels, flood 
prone areas, and riparian zones. It further requires that the RPF consider these 
conditions and those measures needed to maintain and restore for, among other things, 
spawning and rearing habitat for salmonids, when proposing WLPZ widths and 
protection measures. 

CGS-Under the California Environmental Quality Act (CEQA), CGS and the 
Department of Conservation are lj,,i:~!e with other State Agencies as having statutory 
authority for, among other things, [tfo and watersheds, mineral land reclamation, 
erosion and hydrologic conditions, water quality and water pollution control, and open 
space policy. Additionally, the Surface Mining and Reclamation Act (SMARA) 
applies when dealing with removal of gravel or rock materials in or near watercourses. 

DFG- The DFG is the trustee agency for fish and wildlife of the state (14 CCR§ 
15386, CEQA Guidelines). The DFG implements and enforces the California 
Endangered Species Act (CESA) (Fish and Game Code 1600 et seq.), Streambed 
Alteration Agreements (Fish and Game Code 1600 et seq.), and consults on projects 
that may affect Threatened and Endangered Species (PRC 21104.2). At present, 
coastal coho salmon are listed as endangered south of Punta Gorda and threatened 
north of Punta Gorda. No other fish species are presently state-listed in areas that are 
the focus of this report. Several state-listed animals and plants do exist within or near 
the focus area. Several Fish and Game code sections relate to floodplains and 
riparian protection, including: 1385, 1600, 5650, and 6920, 6902(a). Pursuant to Fish 
and Game Code Section 1600 et seq., the DFG may issue agreements under their 
authority for projects or activities within or near lakes and watercourses that 
substantially diverts or obstructs the natural flow of, or substantially changes or uses 
any material from the bed, channel, bank of, any river, stream, or lake. 

NCRWQCB-The NCRWQCB's mandate and authorities to protect, maintain, and 
restore water quality and the beneficial uses of water are derived from the federal Clean 
Water Act (CWA), the state Porter-Cologne Water Quality Control Act, and the 
Water Quality Control Plan for the North Coast Basin (Basin Plan). The State Water 
Board and regional water boards implement the CWA under the oversight of Region IX 
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of the U.S. Environmental Protection Agency (EPA). The federal Clean Water Act 
(CWA, section 303, 33 U.S.C. § 1313) requires states to adopt water quality standards 
(state water quc1lit ob·ectives and beneficial se ards on a 

e 
roug narrative and numeric 
prohibitions such as the waste 

discharge prohibitions contained m the Action Ian for Logging Construction, and 
Associated Activities; and the anti-degradation policy. 
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II. Flood Prone Area Definitions 

Figure 3. J:)<1:1mpl§l of a flood prone area in the Big River watershed. The; 
.high and'lrl,lJnciatiRrllis estimated to occur on average approximately once every 
photo. . . . 

. 1m1 ary, 
re a 1vely smooth land bor ering a stream and 

imately 3 feet 
DFGfile 

Washington Forest Practices Board (WFPB 20 e mes a oodpiain as a generally 
flat landscape feature immediately adjacent to most strea,m and ri er channels that 

· ,,,at the edge of the bankfull channel and receives 
' igure 4 ). 

6 



SAR 6920

Figure 4. Example of overbank flooding on the lower Elk River floodplain in Humboldt County during 
February 2004. CDF file photo. 

1 As an example, the Merced River at Happy Isles Bridge in Yosemite National Park experienced a flood 
flow of 10,000 cfs on January 2, 1997. The recurrence interval of this discharge in 1996 was 92 years, 
while it was only 65 years following the runoff event in 1997 (Hunrlchs and others 1998). Therefore, the 
100-year discharge was elevated considerably and the 100-year floodplain expanded in Yosemite Valley. 
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For the purposes of this report, the RPG has defined flood prone area frequency of 
inundation as follows: 

There is some suggestion in the literature that these intervals are reasonable, although 
there is no standard for categorizing flood sizes. Ziemer (1998) reported that the 
minimum return interval for a flood event is about once a decade and stated that events 

e 
': Wa an o ers ca egonze recurrence in erva s as o ows or e 

pper "ississippi River basin: 10 to 50 years, 50 to 100 years, and greater than 100 
years. Ziemer and Lisle (1998) state that high flows occurring on average every one to 
five years are most important for transporting sediment and forming channels in many 
regions, but that less frequent large floods can have greater geomorphic effect in the 
Pacific coastal ecoregion, particularly in mountain channels. 

The following additional definitions are provided, since they are terms used in this 
paper: 

Bankfull stage is the river stage that occurs when discharge fills the entire channel 
cross section without significant inundation of the adjacent floodplain, and generally 
occurs with a frequency of 1.5 to 2 years for natural, undammed rivers (Mount 1995). 
In stable, unaltered alluvial streams, this stage is often delineated by the presence of a 
floodplain at the elevation of incipient flooding and indicated by deposits of fine 
sediment such as sand or silt at the active scour mark, break in stream bank slope, 
and/or perennial vegetation limit. Bankfull stage can be difficult to identify, particularly in 
steep cobble-boulder streams, in alluvial channels with a strong bedrock influence, and 
along braided, incised, or aggraded channels (Simon and Castro 2003). 

Bankfull depth is the average vertical distance between the channel bed and the 
estimated water surface elevation required to completely fill the channel (WFPB 2001 ). 

Bankfull width is the channel width at bankfull discharge (Figure 5). 

constructed by the river under 
1 erent c ,ma Ic or ec onic con I ions, or In response to changes in land management 

practices. Terraces are infrequently inundated by floodwaters associated with the 
current climactic period (Dunne and Leopold 1978; Simon and Castro 2003). 

Channel migration zones (CMZs) are areas where the active channel of a stream is 
prone to move, resulting in a potential near-term loss of riparian function and associated 
habitat adjacent to the stream, except as modified by a permanent levee or dike. For 
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this purpose, near-term means the time scale required to grow forest trees that will 
provide properly functioning conditions. 

. :si 

us!and new 

Channel zone includes the bankfull channel and floodplain, encompassing the area 
between the watercourse transition lines (WTLs) (Ligon and others 1999). 

Riparian forest is defined as extending laterally from the active channel to include both 
the active floodplain and adjacent terraces (Naiman and others 1998). 

efers to resistanceJo flow of waterin c:hannels and9n floodplains. For 
Fil (Arcement and 

as een well studied for 

FLOOD· PRON£ AREA 

6ANKFlJLL CHANNEL WIDTH 

WETTED 
WlDTH 

Figure 5. Diagram of stream channel and flood prone area C[Qps-secti 
Salmonid Stream Habitat Restoration Manual, Third Edition; [f;l 
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Ill. Flood Prone Area Functions 

The Riparian Protection Committee reviewed the existing literature to develop a list of 
floodplain/flood prone area hydrologic, geomorphic, and biological processes and 
functions (Welsh and others 2000, Naiman and others 1998, USFS 2004 . A sumrr1~ry . . . . . l~ 

,,. 1m1 ar a es 
could be eveloped for other beneficial uses of water. A brief narrafive description of 
these functions and processes follows. 

It is important to note that while the literature has abundant information on riparian zone 
functions, little of the reported research has been conducted along larger river systems 
with extensive floodplains-especially within the coast redwood zone. 

Hydrologic Processes and Functions of Flood Prone Areas 

21 

-'lo 
,e 11 
-; 9 
E 1 
rn 

5 
4 

3 

100 1,000 

Discharge (cfs) 

10,000 

affect or be affected by 
· associated with a 

all 
In 

Figure 6. Hypothetical stage-discharge relationships for both the main river channel and for the floodplain 
surface. Bankfull stage can be determined from this rating curve [Figure 7.4 in Stream Corridor 
Restoration, FISRWG (1998)]. 
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Table 1. List of flood prone area functions. 

Accommodation of floods above bankfull or channel-full flow 
Modification of the flood hydro ra h 
Stora e of runoff to allow for 
Roughness to a floodplain that 
flood water velocity 

Geomorphic and Geologic Processes/Functions/Properties and Role of 
Ve etation 

orted from hillslopes 
directly into watercourses that may 

uat1c organisms 
above and immediately adjacent to stream channels 

Alluvial aquifers that moderate surface water temperatures 

nitro en and phos horus and pesticides 
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Table 2. 

Potential Change in 
Physical 

Stream Environment 
---t-

Erosion of streambanks 

The 

Potential Change in Potential Consequences for 
Quality of Salmonid Growth and 

Salmonid Habitat Survival --+--------------1 

Reduce cover; loss 
of pool habitat; 
reduced protection 
from peak flows; 
reduced storage of 
gravel and organic 
matter; loss of 
hydraulic complexity 
Short-term increase 
in dissolved oxygen 
demand; 
increased amount of 
fine particulate 
organic matter; 
increased cover 
Loss of cover along 
edge of channel; 
increased stream 
width; reduced 
depth; increased fine 
sediment in 
spawning gravels 
and food production 
areas 

12 

Reduced growth efficiency; 
increased susceptibility to 
disease; increased food 

roduction· changes in 
and age at 

smelting 
Increased vulnerability to 
predation; lower winter 
survival; reduced carrying 
capacity; less spawning 
gravel; reduced food 
production; loss of species 
diversity 

Reduced spawning success; 
short-term increase in food 
production; increased survival 
of juveniles 

Increased vulnerability to 
predation; increased carrying 
capacity for age-0 fish, but 
reduced carrying capacity for 
age-1 and older fish; reduced 
spawning success; reduced 
food supply 
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Functions of Flood Prone reas 

Increases in channel cross-sectional areas, declines in channel gradients, and 
significant increases in bed roughness all result in decreases in flow velocities on 
floodplains and flood prone areas Mount 1995 . This allows flood lains to be 

2 

Figure 7. Coast redwood tree located on the Navarro River floo 
station at the 4.5 mile marker on State Highway 128. No 
base of the tree from a flood event estimated to have a 
approximately 6 feet high. DFG file photo. 

2 Nolan and others (1987) reported that for five rivers in northwestern California, floodplain formation 
appears to be due more to overbank deposition during large discharges than to lateral channel migration. 
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of riparian buffers to control sediment inputs from surface erosion depends on several 
site characteristics, including the presence of vegetation or organic litter, slope, soil 
type, and drainage characteristics. These factors influence the ability of buffers to trap 
sediments by determining the infiltration rate of water and the velocity (and hence the 
erosive energy) of overland flow. Timber harvesting operations will need to complement 
riparian protection measures with practices for minimizing sediment contributions from 
outside the riparian area, particularly those from roads and associated drainage 
structures where sediment is often roduced Cafferata and Munn 2002 . In addition 

Tim providesf on the flood prone area 
su ace, an grea y aids in banks ab1liza 10n. Roots o vegetation help to develop soil 
structure, stabilize stream banks by binding soil in place, and provide resistance to 
erosive forces of flowing waters (Beschta 1991 ). Root-stabilized banks may facilitate 
bank building during high flow events by slowing stream velocities, which in turn helps 
to filter sediment and debris from suspension (Swanston 1991; Spence and others 
1996). Most root strength at streambanks is from vegetation growing near the channel. 
Buffer widths for protecting other riparian functions (e.g., large wood recruitment, 
shading) are likely adequate to maintain bank stability, provided that trees near the 
channel edge are not cut. 

In addition, Ye that may reduce the 
potential for signi 1carit changes in c annel morp o ogy, such as possible large-scale 
channel migration or channel avulsion (Ligon and others 1999). Channel avulsion is a 
rapid channel shift during flood flows from a main channel into side channels (Figure 8). 
An example of recent channel avulsion in a forested watershed is provided by Weiland 
and Schwab (1996) for the Copper River in British Columbia. 

Floodplains are ver im ortant in roviding (Ligon 
and others 1999). are zones o very aving 
the highest biodivers1 y or o terrestrial and aquatic species o any part o the 
landscape at the watershed scale (Naiman and others 1998). In light of this high 
biodiversity, the California Forest Practice Rules require that native aquatic and riparian­
associated species and the beneficial functions of riparian zones must be maintained 
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Figure 8. Example of channel avulsion on Alder Creek in western Mendocino County. Channel avulsed 
due to a debris jam that occurred ih 1995. Photo provided by Dr. Matt Kondolf, UC Berkeley. 

where they are in good condition, protected where they are threatened, and restored 
where they are impaired (in so far as is feasible) [14 CCR§ 916(a)]. 
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