
Unintended Environmental Consequences    

Stream Restoration Projects: Success and Failure 

An important part of the Panel charge was to define the success rate of stream 
restoration projects. Until recently, post-project monitoring has been rarely conducted 
to assess how well stream restoration projects meet their intended design objectives 
over time. For example, Bernhardt et al. (2005) compiled a national database of river 
restoration projects, and found that fewer than 6% of projects in the Chesapeake Bay 
watershed incorporated a post-construction monitoring or assessment plan. On a 
national basis, less than 10% of all restoration projects had clearly defined restoration 
objectives against which project success could be compared.  
 
Brown (2000) investigated 450 individual stream restoration practices installed at 20 
different stream reaches in Maryland, and found that 90% were still intact after four 
years, although only 78% were still fully achieving the intended design objective. 
Johnson et al. (2002) analyzed the manner and modes of failure at four Maryland 
stream restoration projects. Although the study did not quantify the rate of failure of 
individual practices, it did recommend changes in design guidelines for individual 
restoration practices.  
 
Hill et al. (2011) conducted an extensive permit analysis of the success of 129 stream 
restoration projects constructed in North Carolina from 2007 to 2009. They reported 
that 75% of the stream restoration projects could be deemed "successful", as defined by 
whether the mitigation site met the regulatory requirements for the project at the time 
of construction (however, the actual degree of functional uplift or ecological 
improvement was not measured in the study). The authors noted that the success rate 
for stream restoration mitigation was less than 42% in the mid-1990s, and attributed 
the marked improvement to better hydrologic modeling during design, better soils 
analysis, and more practitioner experience.  
 
Miller and Kochel (2010) evaluated post-construction changes in stream channel 
capacity for 26 stream restoration projects in North Carolina.  While stream responses 
to restoration were variable at each project, the authors found that 60% of the NCD 
projects underwent at least a 20% change in channel capacity. The greatest post-
construction changes were observed for channels with high sediment transport capacity, 
large sediment supply or easily eroded banks.   
 

Summary of Research on Unintended Impacts 
 
Strong variability is frequently observed in the severity of impacts at individual projects. 
This variability is often related to: 
 

● Site-specific or reach factors 
● Exposure to extreme flow events, and  
● Care taken during project assessment, design and construction.  

 



It is generally acknowledged that restoration project construction often exerts short-
term adverse environmental impacts. Depending on the pre-restoration condition and 
level of construction disturbance, years of ecosystem maturation may be needed before a 
project fully meets its long-term restoration objectives and realizes its full 
environmental benefits.  
 
There are few long-term monitoring studies specific to these types of projects available 
to confidently state the probability of long-term adverse impacts, though some failures 
are anticipated. There are also a handful of lab and field studies, referenced below, that 
can help reasonably evaluate the potential for adverse impacts.  
 
Perhaps the most visible project impacts involve vegetation disturbance and tree loss 
through either direct removal during construction or mortality afterwards due to 
increased groundwater elevations and/or extended inundation of the floodplain, 
compaction and root disturbance from construction activities, or a variety of other 
reasons.  
 
A substantial literature review documents the response of forest and wetland  plant 
species to changes in floodplain inundation frequency and root saturation. Some 
examples include Angelov et al (1996), Anderson and Pezeshki (1999), Pezeshki and 
Delaune (2012), Folzer et al (2006), Garssen et al, (2015), Teskey and Hinckley (1977 
a,b, 1978) and Simon and Collison (2002).  
 
Kaushal et al. (2019) provisionally demonstrated that tree removal during stream 
restoration construction can trigger sub-surface fluxes of nutrients out of the riparian 
zone and into the stream. The significance and duration of these fluxes and their 
influence on stream nutrient dynamics is still be investigated. In addition, water quality 
impacts have been observed in some restored stream channels, including lower 
dissolved oxygen, iron flocculation and stream warming.  
 

Effect of Riparian Cover on Restoration Effectiveness and Functional Lift 

Several recent studies have documented the critical importance of riparian cover in 
enhancing nutrient removal associated with individual restoration practices. Weller et 
al. (2011) evaluated the effect of 321 riparian buffers of the Chesapeake Bay watershed, 
and found forest buffers were a good predictor of stream nitrate concentrations in 
agricultural streams. Their watershed analysis integrated the prevalence of source areas, 
their nitrate source strength, the spatial pattern of buffers relative to sources, and buffer 
nitrate removal potential. In general, the effectiveness of forest buffers was maximized 
when they were located downhill from nutrient sources and were sufficiently wide. 
 
Orzetti et al. (2010) explored the effect of forest buffers on 30 streams in the Bay 
watershed that ranged in age from zero to 50 years. They found that habitat, water 
quality, and benthic macroinvertebrate indicators improved with buffer age. Noticeable 
improvements were detected within 5 to 10 years after buffer restoration and significant 
improvements were observed 10 to 15 years after buffer restoration. 
 



Others (Schnabel et al., 1995; Klapproth et al., 2009) have noted that non-forested 
riparian areas perform as well as forested riparian areas, and the data suggest other 
features, such as soils, surface and subsurface flow portioning, and other factors may be 
more important than vegetation type when it comes to nutrient and sediment retention. 
In addition, several studies have found that natural aquatic resources buried beneath 
legacy sediment are not exclusively forested and may provide substantial habitat and 
water quality benefits (Voli et al., 2009; Hilgartner et al., 2010; Merrits et al., 2011; 
Hartranft et al., 2011). 
 
Three recent studies have documented that the construction of stream restoration 
projects can lead to local destruction of riparian cover within the project reach. The loss 
of riparian cover can adversely impact functional responses within the stream, including 
nutrient reduction. For example, Sudduth et al. (2011) and Violin et al. (2011) compared 
the functional services provided by four forest reference streams, four NCD-restored 
streams, and four non-restored urban streams in the North Carolina Piedmont. The 
studies concluded that the heavy machinery used to reconfigure channels and banks led 
to significant loss of riparian canopy cover (and corresponding increase in stream 
temperatures), and these were a major factor in the lack of functional uplift observed in 
restored streams, compared to non-restored streams.  
 
Selvakumar et al. (2010) studied various functional metrics above and below, and before 
and after a NCD stream restoration was installed on a reach in the North Fork of 
Accotink Creek in Fairfax County, Virginia. The conclusion from the two-year study was 
that the restoration project had reduced stream bank degradation and slightly increased 
benthic IBI scores, but made no statistical difference in water quality parameters, 
including nutrients and bacteria. Once again, the loss of riparian cover associated with 
project construction was thought to be a factor in the low functional uplift observed.  
 
By contrast, other studies have documented greater functional uplift associated with 
stream restoration practices (see Northington and Hershey, 2006; Baldigo et al., 2010; 
and Tullos et al., 2006).  

Review of Potential Impacts of Stream Restoration Projects 

 
The following table contains a summary of research on observed impacts associated 
with stream restoration projects. 

 
Depleted Dissolved Oxygen 
Summary: Seasonal, low dissolved oxygen has been observed in some restoration projects. 
Low DO is associated with stagnant surface waters and high dissolved organic carbon.  
Reference1 Region Duration Type Method Notes 
Williams et al (2017) CB 1-2 yr RSC Daily avg DO concentrations. 

Post-construction only 
Duan et al (2019) CB + 

Lab 
< 1 yr RSC Field: restoration vs paired control 

Lab: Change with increasing DOC 
Iron Flocculation 



Summary: Iron flocculation has been observed in both restored and unrestored streams. 
Iron flocculation is associated with high dissolved organic carbon, anoxic conditions and the 
use/presence of ironstone.  
Reference Region Duration Type Notes 

Williams et al (2016) CB 2-5 yr RSC Pre-post. Causes of mobilization 

Duan et al (2019) CB + 
Lab 

< 1 yr RSC Field: restoration vs paired control 
Lab: Change with increasing DOC 

Warmer Stream Temperatures 
Summary: Increased surface water temperatures following a restoration are associated 
with loss of tree canopy in the riparian corridor. Exposure of groundwater seeps can 
mitigate increased temperatures. 
Reference Region Duration Type Notes 
Lessard and Hayes 
(2003)  

OCB 1-2 yr NRS Impact of small dams on 
downstream temps 

Johnson (2004) OCB <1 yr NRS Impacts of shading and substrate on 
stream temperature 

Moore et al (2005) OCB N/A NRS Impact of riparian forest harvesting 
on stream temperatures 

Cristea and Janisch 
(2007) 

OCB N/A NRS Modeled impact of riparian 
vegetation on stream temperature 

Fanelli and Lautz 
(2008) 

OCB 1-2 yr NRS Streambed temperature upstream 
and downstream of log dam 
structure 

Hildebrand et al (2014) CB  NRS Thermal sensitivity of stream 
systems 

Mbaka et al (2015) OCB N/A NRS Impact of small impoundments on 
stream temperature. 

Land Studies Inc 
(2016) 

CB 2-5 yr LSR Pre-Post. Change in stream 
sensitivity to thermal radiation 

Weber et al (2017) OCB 5+ yr NRS Impact of natural beaver dam and 
beaver dam analogues on stream 
temperature 

Dugdale et al (2018) OCB 1-2 yr NRS Impact of riparian plant community 
on stream temperature 

Fanelli et al (2019) CB 1-2 yr RSC Monthly temperatures in restored vs 
degraded channels. 

Water pH 
Summary: Lower pH following restoration is associated with disturbance of channel and 
floodplain soils during construction. 
Reference Region Duration Type Notes 
Mayer (2019) CB < 1 yr RSC Restoration vs paired control 
Primary Production 

Summary: Increase in primary production in restoration sites is associated with loss of 
canopy cover in the riparian corridor.  
Reference Region Duration Type Notes 

Potopova et al (2016) CB  LSR Pre-post 
Change in diatom diversity 

Levi and McIntire 
(2020) 

OCB <1 yr NCD GPP in restored vs paired control 



Local Benthic IBI 

Summary: Local benthic IBI does not consistently show improvement following 
restoration activities. Local benthic decline has been observed, associated with construction 
disturbance, with recovery to pre-project levels in some cases.  
Reference Region Duration Type Notes 

Revetta 2014 OCB 1-2 yr LSR Change in biomass and community 
structure 

Fanelli et al (2019) CB 1-2 yr RSC Aquatic insect assemblage in 
restored and degraded channels. 

Project Tree Removal 
Summary: Riparian/floodplain forest losses are common due to clearing for design and 
construction access. 
Reference Region Duration Type Notes 

Palmer et al (2014) CB 1-2 yr RSC Measuring hydrologic changes and 
nutrient removal. Tree removal 
noted but not quantified. 

Kaushal et al (2019) CB N/A Mixed Area of trees cleared at restoration 
sites 

Post Project Tree Loss 
Summary: Lab studies show that long term soil inundation results in mortality and 
morphological changes in tree species.  
Reference Region Duration Type Notes 
Teskey and Hinckley 
(1977a) 

CB + 
OCB 

N/A NRS Describes species ability to survive 
inundation 

Angelov (1996) 
 

OCB Lab N/A Impact of permanent pooling on 
survival of upland seedling species 

Pezeshki et al. (1999) 
 

OCB Lab N/A Impact of 70 day inundation on 
seedling elemental uptake 
 

Anderson and Pezeshki 
(1999) 
 

OCB Lab N/A Impact of intermittent flooding on 
seedling survival 

Folzer et al. (2006) 
 

OCB Lab N/A Impact of flooding on tree 
morphology 

Pezeshki and DeLaune 
(2012) 
 

OCB Lit 
Review 

N/A Impact of soil flooding in wetlands 
on plant morphology 

Garsson et al. (2015) 
 

OCB Lit 
Review 

N/A Impact of time of inundation on 
seedling survival 

Invasive Plant Species 
Summary: Construction disturbance and frequent inundation of the floodplain can serve 
as vectors for invasive species. 
Reference Region Duration Type Notes 
Coastal Resources Inc 
(2000) 

CB < 1 yr Mixed Post-restoration plant survey 

Cuda et al (2017) OCB < 1 yr NRS Plant survey 
 

Change in Wetland Type or Function 



Summary: Changes in vascular plant communities as a result of floodplain inundation are 
expected and may be desirable or undesirable depending on the habitat outcome.  
Reference Region Duration Type Notes 
Fleming et al (2019) CB 5+ yr LSR Pre-post. Change in vascular plant 

community structure 
Change in Aquatic Habitat Quality 

Summary: No references at this time 

Reference Region Duration Type Notes 

Salant et al (2012) OCB 5+ yr NCD Pre-post. Change in 
macroinvertebrate community and 
native trout habitat. 

Garsson et al (2015) OCB Lit 
Review 

N/A Impact of time of inundation on 
riparian plant community 

Hale and Swearer 
(2017) 

OCB Lit 
Review 

N/A Identifying criteria for successful 
and unsuccessful habitat restoration 

Increased Flooding 
Summary: Well-designed floodplain restoration projects should result in local flood stage 
reductions. Changes to floodplain elevations resulting from the project should be reported 
to the appropriate regulatory authority. 
Reference Region Duration Type Notes 
Jacobson et al (2015) OCB Modeled 

Study 
FR Modeled floodplain storage 

Cizek et al (2017) OCB  RSC Surface flow conversion to seep out 
Koryto et al (2017) OCB 1-2 yr RSC Surface flow conversion to media 

flow 
Infrastructure Damage 
Summary: Well-designed floodplain restoration projects should result in avoidance of 
flood damages to local infrastructure.  
Reference Region Duration Type Notes 
Miller and Kochel 
(2010) 

OCB 1-2 yr NCD Likelihood of failure of in-stream 
structures 

Hawley et al (2013) OCB Lit 
Review 

NRS Cost data on infrastructure failure 
due to channel instability 

Jacobson et al (2015) OCB Modeled 
Study 

FR Modeled floodplain storage 

Biological Diversity 
Summary: Changes in benthic community structure may result from stream restoration 
projects. Those changes are associated with changes in habitat conditions, and construction 
disturbance. Changes may be temporary and may be desirable or undesirable depending on 
project goals. 
Reference Region Duration Type Notes 
Lessard and Hayes 
(2003) 

OCB 1-2 yr NRS Shift in macroinvertebrate  and fish 
species composition downstream of 
small dams 
 

Brown and Conway (in 
prep) 

CB 5+ yr LSR Pre-post. Amphibian captures 

Fanelli et al (2019) CB 1-2 yr RSC Aquatic insect assemblage in spring 
in degraded and restored streams 

Blockage of Fish Passage 



Summary: Special consideration should be given to protecting freshwater mussels and 
their host fish if they are suspected to be present in the restoration reach. 
Reference Region Duration Type Notes 
Noonan et al (2012) OCB Lit 

Review 
FR Passage efficiency of different fish 

species through in-stream passage 
structures 

Kreeger et al (2018) CB Lit 
Review 

NRS Summary of freshwater mollusk 
capacity to provide WQ benefit 

Key: 
NRS =  Non-Restored Stream 
RSC = Regenerative Stormwater Conveyance 
NCD = Natural Channel Design 
LSR = Legacy Sediment Removal 
FR = Floodplain Reconnection (unspecified design 
approach) 

Key:  
CB: Chesapeake Bay Watershed 
OCB: Outside CB Watershed 
 
 

 

Potential Unintended Consequences of OGS Projects  
 
Restoration and stabilization practices should always be tailored to individual site 
conditions. However, due to the large potential TMDL credit and reduced qualifying 
conditions compared to the original Stream Restoration Protocols, this protocol may 
unintentionally incentivize the use of OGS practices even in cases where they may not be 
the most appropriate course of action. Furthermore, these credits may inadvertently 
incentivize work in-stream instead of addressing potentially inadequate stormwater 
infrastructure above the stream channels. Where possible, opportunities located out of 
the stream network should be evaluated first or in conjunction with OGS practices or 
stream restoration efforts.  
 
Specifically, great care should be taken when proposing or approving the use of pipe 
extensions, drop structures, and scour protection as part of eligible OGS practices. The 
flexibility incorporated into the protocol does not include specific limitations on the 
length of these practices, which provide stability, but do not provide restoration to a pre-
impact or natural reference standard condition. While these techniques are only 
allowable if they are needed to sustain channel stability and do not pose barriers to 
aquatic organism passage, piping and over-hardening of channels may eliminate or 
reduce any existing habitat function within the reach. Incorrectly installed or excessive 
scour protection may also have adverse impacts on channel morphology, hydrology, and 
habitat.  
 
Piping and armoring may also increase stream velocity, creating the potential for 
exacerbated erosion, flooding, or habitat impacts downstream. Piping of streams is 
typically considered an impact and may require mitigation if there is a loss of function; 
restriction of these practices to gullies or erosional channels that have minimal function 
beyond hydrologic conveyance of flow would reduce concerns for potential adverse 
impacts 
 



Each OGS practices should be assessed based on the guidance provided by the 
applicable permitting authorities, the best professional judgment of experts in the field, 
and should be consistent with the principles of ecological restoration.  
 
Using this protocol to address head cuts in perennial streams in addition to the HTZ 
creates some additional concerns regarding potential direct impacts on species or 
habitat for fish, macroinvertebrates, and other aquatic species, including state or federal 
species of special concern such as such as bivalves and crayfish.  Additionally, it raises 
concerns that the protocol may be used to attempt to “fix” drops in streams that are 
stable nick points (such as those that are bedrock-controlled) that may be misidentified 
as head cuts. As these do not cause stream degradation, attempted stabilization of these 
areas would not likely result in an environmental benefit. 
 
Stream functions may be altered by any potential stabilization or restoration effort. 
Although excessive erosion contributes to sedimentation downstream, it must be kept in 
mind that streams are dynamic systems and sediment transport is a natural and critical 
function of streams.  Streams will adjust to changes in upstream hydrology; attempts to 
keep them in place may be unsuccessful over the long-term, especially if upstream 
stormwater sources are not addressed. Also, any work in streams or gullies should 
evaluate and avoid downstream disruption of hydrology from seasonal or perennial 
groundwater sources such as seeps and springs. Failure to recognize these sources could 
create risks not only to downstream water quality and hydrology but also project 
stability. 
 
As with any project, potential tradeoffs should be carefully evaluated and avoided if 
possible. For example, removal of vegetation in the project area could represent a long-
term loss, particularly if large trees are removed since it may take several or many 
decades for them to reach pre-impact size and maturity. As trees and other vegetation 
are critical for nutrient and sediment retention as well as habitat, stability, and shading, 
disturbance to trees should be minimized where possible.  
 
It should also be noted that any disturbance may lead to introduction or spread of 
invasive species. Disturbance in the HTZ or riparian corridors may lead to the 
downstream spread of these species beyond the project area. Construction plans should 
include measures that prevent the spread of invasive species and post-construction 
management may be necessary.  
 
 


