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The September 2013 floods resulted in dramatic changes to Left Hand Creek 
Watershed, and throughout the Colorado Front Range. High peak flow, sediment 
inputs, and debris inputs caused the stream to migrate and experience deposition, 
erosion, and loss of riparian vegetation. Recovery efforts have included restoration 
projects aimed to increase flood resilience, restore long-term stream health and 
stability, and improve aquatic and riparian habitat. Now there is a need for a 
comprehensive framework to ensure that these projects are meeting their goals 
over time, and moving in a trajectory towards resilience.  

To address this need, Lefthand Watershed Oversight Group has selected 
adaptive management, an iterative approach for robust observation and 
decision making that aims to reduce the uncertainty in the face of dynamic 
ecosystem processes. As watersheds and ecosystems are dynamic, the outcomes 
of restoration projects will likely change over time. Adaptive management is the 
best way to track the trajectory of restoration efforts and select most effective 
continuing management strategies. 

Having led the implementation of more than ten restoration projects on Left 
Hand Creek, Lefthand Watershed Oversight Group has developed an adaptive 
management plan for post-project monitoring of geomorphic and biological 
conditions in Left Hand Creek Watershed that includes three key components: 

Background for Adaptive Management

Three Key Components:

1. Conceptualizing a trajectory for watershed resilience; 

2. Monitoring and assessing key watershed functions and 
comparing them to the trajectory; and 

3. Learning and adjusting based on assessments to make 
management decisions in the face of dynamic watershed 
processes. 

How You Can Use This Guide

This guide introduces the concept of adaptive 
management and describes how Lefthand Watershed 
Oversight Group developed an adaptive management 
plan for watershed resilience in Left Hand Creek 
Watershed. This guide was created as a resource for 
agencies, watershed groups, and others to use to 
develop their own management strategies.
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What is Adaptive Management?      

How is adaptive management different?      

ADAPTIVE MANAGEMENT
TRAJECTORYAdaptive management is a process for informed decision-making in 

dynamic or uncertain environments to help guide projects towards 
their objectives. Simply put, it is learning by doing, and adjusting 
based on what is learned. 

Frequently used in natural systems, adaptive management 
begins with a hypothesis or conceptualization of how ecosystems 
work; choosing and implementing management decisions to 
achieve objectives; monitoring results and comparing them with 
expectations; and modifying management decisions to better 
achieve objectives through improved understanding.1 

 

A key aspect of adaptive management that sets it apart from other 
types of resource management is learning and adjusting. This is 
vital in dynamic systems where initial hypotheses may need to be 
revised following collection and analysis of data. While this may 
seem like a normal response to unpredicted changes over time, it is 
typically not included in traditional management plans. 

In contrast, adaptive management provides a framework for 
adjustments to be made to various aspects of a project after data is 
gathered and evaluated. Based on these results management actions 
may be modified, project goals updated, or the whole system may 
be re-conceptualized. In this way, the adaptive management cycle 
will continue guiding projects towards their goals through data-
informed decision making. 

The adaptive management process 
is cyclical and iterative because the 
results of monitoring and assessment 
are compared to a conceptual model 
and are used to adapt and learn, and 
improve how projects are done in the 
future. The following page describes 
each step in the cycle. 

As you start to develop your own 
adaptive management plan, remember 
that while some uncertainty can be 
reduced through adaptive management, 
it can never be eliminated.  Another flood 
or fire can impact a watershed at any 
time, altering the watershed’s trajectory 
and requiring a new or modified adaptive 
management approach.

Why Adaptively Manage Watershed Projects?

Working Towards the Future

Watersheds are subject to dynamic processes, including flood, fire, and 
human alteration, yet how these processes will play out in the future 
is unknown, especially in the face of a changing climate. As stated, 
Lefthand Watershed Oversight Group has implemented watershed 
restoration projects to improve watershed resiliency following the 2013 
floods. These projects were designed and implemented based on the 
best available information and understanding at the time. Yet, because 
watersheds are dynamic and always changing, future monitoring and 
assessment is critical to ensure that the projects continue to move in a 
trajectory towards resilience. Using an adaptive management approach 
is the best way to ensure the long term project effectiveness.

1 Franklin, Thomas, M., Helinski, Ronald, Manale, Andrew. 2007. Using Adaptive Management 
to meet Conservation Goals. The Wildlife Society Technical Review 07-1: 104-113.

Adaptive management is critical for the 
long-term success of watershed restoration 
efforts. As Left Hand Creek Watershed 
continues to evolve, monitoring and 
assessment sets up a framework for 
gauging how the watershed is responding 
to restoration actions, evaluating progress 
towards reaching restoration goals, and 
considering additional restoration or 
management actions if monitoring indicates 
issues or concerns.

Photo Credit: Jim Fields
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 u Analyze, synthesize, and evaluate data 
collected. 

 è Develop documents to report, assess, 
and communicate progress of watershed 
restoration efforts, comparing the results 
to the conceptual model.
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 u  Use the results of the evaluation to 
adjust the management actions and 
learn how to implement projects 
better in the future.

 è Based on the evaluation, modify 
the conceptual model, management 
actions, or monitoring plan as needed 
to make forward progress towards 
desired future conditions. Share 
lessons learned with others so that 
they can better design and monitor 
similar projects. 

See pages 21 and 22 for details.

 u Develop conceptual model that applies 
scientific understanding to define desired future 
conditions. 

 è Create a model of watershed evolution through 
time that depicts changes to key watershed 
functions and the desired future conditions. 

See pages 7 through 10 for details.

 u Develop and implement a monitoring and 
assessment plan to test the effectiveness 
of management actions.

 è Implement a Monitoring and Assessment 
Framework identifying monitoring 
parameters, monitoring frequencies, 
performance standards, management 
triggers, and management actions. 

See pages 17 through 20 for details.

 u Identify the Project Mission.

 è Improve the overall quality, health, 
and long term resilience of the 
watershed following the 2013 floods.

Key to Adaptive Management Cycle 

 u Describes standard step of adaptive management 
cycle.

 è Describes Lefthand Watershed Oversight Group 
step of adaptive management cycle for watershed 
restoration.
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Lefthand Watershed Oversight Group has implemented an adaptive 
management plan to track the trajectory of restoration efforts and 
select most effective continuing management strategies. Here we 
describe each step of the standard adaptive management cycle and 
explain how we implemented this in the context of our watershed 
restoration projects.  Agencies, watershed groups, and others 
can use and modify this approach to develop their own adaptive 
management plans.

Watershed Adaptive Management Steps

 u Design and implement management or 
restoration actions needed to achieve the 
desired results described in the conceptual 
model.  

 è Implement watershed restoration projects.

Design and Implement

Monitoring & Assessment

Develop Conceptual Model

Evaluate

Adjust

Start

Iterate & Continue the Cycle

3.

4.

5.

2.1.0.

Adaptive 
Management 

Cycle
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Conceptualizing Complex Systems 
Conceptual models are illustrative representations 
of causal relationships that can be used to show a 
simplified understanding of ecosystems, including 
assumptions about expected outcomes from actions 
such as restoration. They help users visually assess 
and discuss complex linkages between objectives 
and proposed management actions, and can 
illustrate project goals or desired outcomes. 

In planning our watershed restoration 
projects, Lefthand Watershed Oversight Group 
conceptualized the status of key watershed 
functions that are tied to watershed resilience 
in the past, present, and potential future of Left 
Hand Creek Watershed. 

The following page illustrates the complete 
conceptual model showing pre-flood, post-
flood, and potential future conditions in the 
context of adaptive management. On this page 
we highlight and explain key elements of the 
model.

Key Watershed Functions
Monitoring and assessment of key watershed functions 
is how we track our trajectory towards resilience and 
determine the parameters that are measured and the 
protocols that are used. Key watershed functions are 
identified with icons and described below: 

Flow Regime
The water including timing and 
quantity and its connection to the 
floodplain. 

Stream Form
The physical stream channel, including 
channel dimensions, gradient, and 
lateral and bank stability.

Sediment Regime
The sediment including bed 
structure, sources of erosion, and 
the movement of sediment through 
the stream. 

Ecological Community
The habitat and biological communities 
of the stream and the surrounding land. 
This includes water quality.

Adaptive Management Cycle

Pre-flood, Post-flood & Future

Restoration Projects 

Front Range Watershed Zones

Adaptive management is displayed as an ongoing cyclical process 
that occurs between the post-flood and future conditions that will 
change and evolve based on the results of monitoring and evaluation. 
The design and implementation step is tied directly to watershed 
restoration projects and the monitoring and assessment step is tied 
directly to the key watershed functions.  

The conceptual model moves forward in time from left to right 
reflecting how the watershed has responded to change and illustrating 
a trajectory for resilience. We show pre-flood and post-2013-flood 
conditions, along with one potential future watershed condition. As 
with any natural system, the future condition is only one potential 
trajectory of many possible trajectories and will be impacted by 
dynamic watershed processes. This potential future condition in the 
model exists about 30 years from the 2013 floods.

Restoration projects were implemented to reduce future flood risks, 
stabilize the streambed and banks, restore the ecological health of 
the watershed, and improve the health and safety for landowners 
living along Left Hand Creek and its tributaries. These projects 
were designed and implemented following the flood based on 
recommendations from the 2014 Left Hand Creek Watershed Master 
Plan.

The stream is tightly confined 
by bedrock valleys with little 
available space except in 
floodplain pockets. River 
paralleled by roads and rural 
residential development.

The stream is partly confined 
with a wandering channel 
traveling over highly 
depositional material . Transition 
from canyons to high plains 
where the stream carves 
through alluvial fan sediment 
deposits. 

The stream is typically 
unconfined with adjacent 
floodplain, or entrenched with 
residential and agricultural land 
uses. Channel is single-thread 
and straightened in some 
areas by human alteration and 
development.

Front Range 
Watershed Zones   

The watershed zones in the conceptual model 
are aligned from top to bottom, mimicking their 
natural placement in the watershed.

On the following page...

The conceptualized status of Left Hand Creek Watershed is shown on nine drawn panels arranged by 
watershed zone and time.  The adaptive management cycle is drawn between the post-flood and potential 
future scenarios, indicating that adaptive management began after the 2013 flood.  Restoration goals are 
presented in the potential future panels. Key watershed functions tie directly to the monitoring step of the 
adaptive management cycle, indicating that these parameters are measured to track the trajectory of the 
restoration efforts.

KEY ELEMENTS OF MODEL
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Pre-Flood:    Stream is located in headwater or confined valley, 
frequently adjacent to roads and homes. Stream is in 
quasi-equilibrium state and typically has higher transport 
and stream power.

Post-Flood: Significant damage with new flow paths, debris flows, 
large sediment deposition.

Future:      A wider stream corridor for stream movement. Rip-rap is 
replaced with natural solutions like large wood, providing 
structure and improvement of riparian habitat.

Pre-Flood:   Partly confined stream with moderate channel grade and 
low sinuosity. Homes adjacent to stream bank and in the 
floodplain. Stream has moderate channel grade and low 
sinuosity. 

Post-Flood:  Stream migrated significantly and deposited large 
amounts of sediment. 

Future:      Floodplain is free of major development allowing normal 
riparian habitat development with secondary channels 
used to help transport future high flows. 

Pre-Flood:   Low grade stream is typically unconfined with adjacent 
floodplain or entrenched with adjacent houses and 
agricultural land. Stream is single thread and straightened 
in some areas, and bridges are common. 

Post-Flood:  Stream exceeded channel capacity, damaging roads and 
depositing trash and other debris.

Future:     Additional room for the stream and channel capacity. 
Invasive crack willows are removed and normal channel 
evolution occurs with bars, riffles, and pools.

PRE-FLOODWATERSHED ZONE STREAM DESCRIPTION POST-FLOOD POTENTIAL FUTURE

flow 
regime

Conceptual Model for Left Hand Creek Watershed
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Flow regime within normal conditions. James Creek 
receives augmented flow from a trans-basin diversion. 
Flows in Left Hand Creek are modified by the operation 
of an upstream reservoir.

1000-year precipitation event produced destructive 
flooding. Damage to homes, roads, bridges and 
culverts from flooding along stream corridor. High flows 
reconnected the stream to its floodplain. 

The stream has a steeper grade with step-pool bed 
morphology. The channel is typically single-thread. 
Infrastructure such as buildings and roads in the floodway 
and adjacent to the stream contributed to an un-resilient 
system. Rip-rap along the stream bank is commonly used 
to provide enhanced bank stability.

New channel formation from avulsion. Stream segments 
with multi-thread channels are common. Significant 
changes to the channel gradient disrupted stream energy 
gradients. Bed morphology (step-pool sequences) have 
been disrupted. Woody debris is present in the channel 
after the flood.

Normal sediment transport conditions exist. Sources of 
erosion from the watershed increase with wildfires and 
other disturbances in the watershed. 

Debris flows in some areas delivered large sediment 
supply to the stream. Eroded hillslopes contributed to 
increased sediment load. Large amounts of sediment 
and debris in the channel. 

Heavy vegetation encroachment within the channel 
reduces channel capacity. Natural woody debris absent 
from the channel. Armoring in bed provides positive 
water quality conditions (low turbidity), which was 
distinct from local mine tailings water quality issues. 

Riparian habitat is damaged with trees and shrubs 
uprooted. Water quality conditions generally worse than 
pre-flood due to exposed sediment and pulses from 
mine tailings. Macroinvertebrate and fish community 
likely damaged from high flows, scour, and avulsion.

Pre-Flood Post-Flood

Roads repaired or rebuilt. New bridges or culverts 
installed. Some homes in the floodplain accepted buyouts, 
some homes repaired. New awareness in the community 
of the stream’s connection with the true floodplain. 

New channel configuration provides floodplain connectivity 
during medium (2, 5-yr events) and high flow events (10, 
50-year events). Flood hazards within the floodplain have 
been eliminated. Bridges and culverts are appropriately-
sized. 

Bank stabilization work completed, often in tandem 
with road repairs. Drop structures added where stream 
gradients were too steep. Projects typically emphasized 
energy dissipation over resilient stream practices. Lateral 
stability improved via earthwork and bank stabilization 
projects using “hard” and “soft” engineering methods. 

Normal channel movement is okay and the stream has 
space to change naturally. Stream is connected with 
secondary channels for increased capacity during high 
flows. No abrupt changes in channel grade to cause 
erosion. Step-pool sequences used to dissipate stream 
energy. 

Sediment transport continues to be out of equilibrium, 
with larger sediment volumes than stream transport 
capacity. Upland sources of sediment have stabilized. 
Bank erosion has subsided due to bank stabilization 
projects. 

The stream is able to transport sediment normally. Stream 
banks are vegetated and stabilized, allowing normal 
amounts of erosion. No unusual sources of sediment from 
the watershed.

New vegetation planted as a part of bank stabilization 
work to reduce bank erosion. Woody debris removed 
from channel during emergency efforts after the flood, 
which in some cases degraded instream conditions. Water 
quality conditions improved since the flood as suspended 
sediment loads have reduced. Ecological community 
slowly returning to new habitat.

Riparian vegetation is diverse and robust with native species 
providing complex habitat. Vegetation encroachment 
is not an issue. Large wood is present and improves in-
stream health. Water quality supports thriving ecosystem 
with good fish population and macroinvertebrate diversity. 
Large, continuous sections of stream provide diverse and 
robust fish habitat. Fish passage is not inhibited by large 
drop structures or elevated culverts.

Potential FutureRestoration

Photo Credit: Rae Brownsberger
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The stream is disconnected from the floodplain. Flood 
vulnerability existed along channel limiting stream 
resilience.

The stream swelled beyond its banks to the surrounding 
floodplain, transforming the active stream corridor. 
Damage from flooding along stream corridor. 

Stream channel is incised or entrenched in some 
locations. Streambed exhibits typical pool-riffle 
sequences with some step-pools. Channel may have 
islands or side channels.

Significant changes to the channel gradient disrupted 
stream energy gradients (stream profile). New flow 
paths (lateral migration) have damaged private property. 
Channel dimensions have dramatically changed from 
sedimentation. Instream features (riffles and pools) 
disrupted or destroyed by sediment and debris. 

Above average sediment loading may occur from 
adjacent agricultural land uses and poor bank 
conditions. Sediment is being transported normally in 
most locations, subject to diversion structures and other 
instream constraints.

Significant amounts of sediment from the upper 
watershed has deposited along the stream and 
floodplain. Sediment transport is not in equilibrium due 
to large disruptive event.

Thick vegetation growth is present along some areas of 
the channel including non-native crack willow. Riparian 
corridor includes non-native vegetation such as lawns 
and cultivated spaces. Armoring in bed provided positive 
water quality conditions. 

Riparian zone includes felled trees, shrubs, and disruption of 
underlying foundation. Water quality conditions generally   
worse than pre-flood due to poor vegetation conditions 
and excessive sediment. Macroinvertebrate community 
likely damaged from high flows and sedimentation causing 
new channel form. More woody debris in the channel after 
the flood.

Pre-Flood Post-Flood

Normal flow regime provides a diversity of flows and high 
flow events (10-yr, 50-yr), which helps to keep the stream 
connected to the floodplain. Flood hazards are eliminated 
from within the floodplain. Bridges and culverts are right-
sized; structures are out of the floodplain.

Normal channel movement is okay and the stream has 
space to change naturally. Stream is connected with 
secondary channels for high flow capacity and movement 
during high flow events. No abrupt changes in channel 
grade to cause erosion. Pool-riffle sequences used to 
dissipate stream energy. A low flow channel provides 
adequate depth and increase flow diversity .  

Flow is transporting sediment normally through the stream 
channel. Formation and movement of bars is normal. No 
accumulation of fine sediment. Sediment movement is not 
restricted by dams or b ridges.

Ecological community is thriving. Stream corridor approach 
is utilized providing wide riparian zone (buffer) adjacent to 
channel with diverse and native vegetation. Good instream 
habitat conditions exist with pool-riffle sequencing, 
woody debris, and shade. Water quality supports thriving 
ecosystem with healthy fish and macroinvertebrate 
populations.

Restoration

Flow regime has returned to normal and stream 
continues to be disconnected from its floodplain in 
many places. Roads restored or replaced. Dredging 
completed around bridges to restore flow capacity. 
Bridges replaced as needed. 

Stream bank stabilization work completed. Hard and 
soft engineering solutions implemented for bank 
(lateral) stability. New stream alignment accepted in 
some places. Channel realigned to pre-flood channel 
most places. Drop structures (pool-riffles) added to 
restore stream gradient. 

Sediment regime improved as a function of stream form 
improvement. Upstream debris traps implemented to 
prevent future mass wasting. Bank erosion controlled 
via stream restoration. Sediment transport continues 
to be out of equilibrium, with larger sediment volumes 
than stream transport capacity. 

New vegetation planted during bank stabilization 
work. Riffle sequences added to improve instream 
habitat. Woody debris removed from channel during 
emergency efforts post-flood, which in some cases 
degraded instream conditions. Note that a “messy” 
stream is okay and helps provide diverse habitat for 
ecological community.

Potential Future

Concept Model - ALLUVIAL FAN

Photo Credit: Meg Parker
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Stream is frequently cutoff from the floodplain due to 
adjacent cultivation and use of the floodplain areas. 
Channel tightly constricted in urban areas and at certain 
bridges. 

Channel is incised and straightened in some locations. 
Streambed has pool-riffle sequences transitioning to 
sand. Stream banks have armoring (riprap) in some 
locations to prevent lateral movement.

Sediment transport is disrupted at diversion structures. 
Localized sources of erosion and sediment from stream 
banks and land uses.

Lawns and agriculture are present adjacent to stream 
channel, interspersed with natural riparian vegetation. In 
some areas, the channel is filled with heavy vegetation 
(non- native crack willow). Water quality is variable based 
on surrounding nonpoint sources. Cattle have access 
to the stream is some places degrading water quality. 
Diversion structures are present along the stream, likely 
restricting fish passage. 

Large flood event caused widespread inundation of the 
floodplain. The stream exceeded its banks and extended 
to the surrounding floodplain causing damage to private 
property as well as roads, bridges and multi-use paths. 

The stream avulsed to create new flow paths. Sediment 
and debris disrupted or destroyed instream form (riffle 
features). Sediment deposits altered channel hydraulics 
(cross-section and gradient). Lateral instability during the 
flood caused excessive bank erosion.

Large amounts of sediment delivered from the upper 
watershed caused a sediment imbalance. Sediment 
transport is not in equilibrium due to large disruptive 
event. Trash and debris mobilized within the stream 
channel.

The stream has felled trees adjacent to its banks. More 
woody debris exists in the channel after the flood. 
Vegetation within the riparian zone is disrupted, initiating 
large event-based changes in riparian habitat. Water quality 
condition is worse than pre-flood due to elevated turbidity, 
suspended sediment, and poor vegetation conditions. 
Macroinvertebrate community is likely damaged from high 
flows and sedimentation. 

Pre-Flood Post-Flood

The stream is connected to the floodplain providing a 
thriving riparian zone during all flows. Increased bridge 
capacity allows for a compound channel. Floodplain 
culverts provide access to the floodplain during high flows. 
Flood vulnerability reduced. 

The channel is no longer incised and disconnected from 
the floodplain. A functional low flow channel provides 
habitat during all flow conditions. Normal stream gradient 
allows formation of pools, riffles and glides. Channel has 
been stabilized (when needed) using offset riprap and 
large wood used instead of riprap and concrete. The 
stream has normal sinuosity and room to move within the 
active stream channel. 

Sediment transport conditions have returned to normal. 
Normal watershed and bank erosion contribute sediment 
to the channel. Stream has the capacity to move sediment 
load downstream.

A wide riparian buffer supports  healthy and complex 
wildlife habitat, and diverse instream habitat (riffles, 
wood, overhanging vegetation) provide for fish and 
macroinvertebrates. Fencing prohibit/limit cattle access 
to the stream. Water quality improves from habitat 
improvements. Fish passage is not obstructed by large 
drop structures or elevated culverts.

The flood highlighted the loss of connection between 
the stream and the floodplain. Roads restored or 
replaced. Dredging completed around bridges to restore 
flow capacity. Bridges replaced as needed. 

Restoration projects focused on bank restoration (lateral 
stability) and adjusting the stream grade (vertical 
stability) via drop structures (riffle sequences). Channel 
cross-section restored / improved to restore the stream’s 
hydraulic capacity. Secondary channels allow for the 
transport of high flow.
 
Upper watershed no longer delivering large sediment 
loads. Sediment from bank erosion is returning to 
normal due to restoration project. Stream is working to 
return to equilibrium conditions for sediment transport.  

New vegetation planted as part of bank stabilization, 
which has helped to improve water quality. Instream 
stream features restored. Trees and large wood removed 
from the stream which in some cases degraded instream 
conditions. Restored habitat includes planting native 
plant species and removing invasive or non-native 
habitat.

Restoration Potential Future

Concept Model - HIGH PLAINS

Photo Credit: Glenn Patterson
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Monitoring and Assessment

A robust framework for monitoring and assessment that 
is directly tied to project goals identified in the conceptual 
model is essential for a successful adaptive management 
project. This stage of the adaptive management 
cycle provides the data necessary for evaluating the 
effectiveness of planning and management decisions in 
the past while also providing the necessary information 
to drive decisions for the future. In this way, monitoring 
and assessment is the best way to evaluate recovery 
efforts and identify the most effective future management 
strategies in dynamic ecosystems. 

The monitoring and assessment framework was 
developed for tracking the watershed’s trajectory 
towards resilience by measuring parameters associated 
with key watershed functions. The framework was 
developed through discussion and collaborative planning 
by a diverse team of subject experts and stakeholders as 
a resource for agencies, watershed groups, and others to 
use to monitor and assess their own restoration projects. 

The complete framework is too large to provide within 
this guide. Instead, an abbreviated table is included on 
the next page, providing an example for each of the four 
watershed functions. The adjacent key explains each 
column of the table.

MONITORING & ASSESSMENT FRAMEWORK KEY

Watershed Function: Large scale ecosystem properties and 
processes which influence watershed health and resilience. 
We have used four: Flow Regime, Stream Form, Sediment 
Regime and Ecological Community.

Category: Smaller scale ecosystem properties and processes 
which influence watershed health and resilience, and tie 
directly to specific watershed functions.

Monitoring Parameter: Specific aspects of the watershed 
function which will be directly monitored and assessed. 

Description: Brief explanation of the monitoring category 
and parameter, and what information the measurement will 
provide. 

Location: The number of recommended monitoring locations.

Performance Standard: The metric or guidance that dictates 
normal operation of the monitoring parameter. This may include 
general trends, scales (e.g., 1-10), or ideal values (e.g., >0.8). 

Management Trigger: The result or value (collected from 
monitoring) that will cause a management action, or a change in 
normal procedures. When monitoring is conducted parameters 
outside of the “normal” range may trigger a response. A larger 
deviation from normal may trigger further management 
responses.

Suggested Management Actions: Typical actions or 
techniques that can be implemented in response to the findings 
from monitoring or when management actions are triggered. This 
fits in the “adjust” step of the adaptive management cycle, where 
further action is based on evaluations from data collection.

Monitoring Personnel: The level of effort for monitoring 
in the field can vary dramatically, from requiring scientific 
or engineering expertise to community-based monitoring. 
The monitoring personnel is divided into three categories: 

1. Community: requires the least amount of 
experience

2. Technical: requires some technical subject 
matter knowledge

3. Professional: requires advanced subject 
matter knowledge 

Monitoring Frequency: The frequency with which 
monitoring is recommended to be conducted.

Lefthand Watershed Oversight Group is also 
developing protocols associated with the framework. 
A complete copy of the framework, associated 
protocols, and technical team involved in the project 
is available on our website www.lwog.org.

The monitoring and assessment framework 
is a living document that is updated and 
modified as new information becomes 
available. This framework should be tied 
directly to the project goals identified in the 
conceptual model. This is a critical part of the 
adaptive management process or learning by 
doing.

Photo Credit: Meg Parker

http://www.lwog.org
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Example 
Restoration 

Question
Monitoring 
Parameter

Watershed 
Function

Category Description Location

Is the regime flow 
normal, and does 
it provide the 
necessary low and 
high flows?

Are structural 
elements from 
restoration intact?

Are there large 
sources of sediment 
coming from banks?

Does the stream 
provide diverse 
habitat to support 
aquatic life?

Stream stage 
and flow

Flow regime

Photo 
monitoring 
of installed 
structures

In-stream 
structure

Visual bank 
assessment

Sediment 
from banks

Count of 
habitat 
features for 
fish or macro-
invertebrates

In-stream 
habitat

Characterization 
of the timing and 
magnitude of flows

Confirmation that 
stabilizing structures 
are in place

Evaluate whether 
sediment derived from 
bank erosion is adding 
to the total sediment 
load of the stream

Assess the quality and 
quantity of in-stream 
habitat

Monitoring 
Frequency

Automated 
continuous

Annual

Annual

Annual

Several locations to 
represent longitudinal 
variation in flow 
from upstream to 
downstream

At selected structures 
in each project reach

Cross sections and 
throughout study 
reaches

At multiple 
assessment reaches 
per stream.

Performance Standard Management 
Trigger

Suggested 
Management Actions

Monitoring 
Personnel

Flow augmentation 
and/or active 
management of 
encroaching vegetation

Repair or remove 
instream structure; 
remove debris; and/
or reduce scour or 
deposition at structure

Increase riparian 
vegetation; install 
livestock fencing; bank 
stabilization projects; 
inspect upstream sources 
of instability; and/or add 
instream structures to 
dissipate energy

Install instream 
structures and habitat 
features; revegetate; 
increase instream habitat; 
stabilize banks; and/or 
add side channel habitat.

Low flows are sufficient to 
support fish passage, overbank 
flows are sufficient to support 
floodplain vegetation, and/
or flushing flows occur with 
enough frequency that 
encroachment of vegetation is 
not occurring

No movement or migration, 
no missing elements, and no 
excessive scour or deposition

Channel banks in normal 
or stable condition with 
vegetation and little bare soil

Counts of habitat features > 7

Significant dry up points, 
vegetation encroaches 
into channel, hydrograph 
too flashy

Damage, collapse, 
migration (>1 ft), bank 
side erosion; accelerated 
weathering, scour 
or displacement; or 
significant unexpected 
changes and large cracks

Significant or excessive 
erosion

Counts of habitat 
features <5

(2)
Technical

(1)
Community

(1)
Community

(1)
Community

Monitoring and Assessment Framework
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Monitoring & Assessment Framework 

Category:  Floodplain Connectivity

Monitoring Parameter: Surveyed long profile and cross 
sections across the channel and floodplain

Management Trigger:  Found excessive incision with banks 
too high to allow two-year flows to spill into the floodplain

Management Actions:  Install structures and/or wood 
material along banks to dissipate energy, reintroduce sinuosity 
and/or, restructure channel floodplain to provide better 
connection between channel and floodplain.

Learning & adjusting our strategy when we 
get unexpected results

Assessment of the surveyed cross section indicates that 1-yr or 2-yr 
flow events should spill into the floodplain, but observations reveal 
a lack of floodplain inundation, even following significant high-flow 
events, and a lack of riparian species adapted to periodic inundation. 
This situation could indicate that the model-derived estimate of 
bankfull flow is too high and/or the cross-sectional area of the 
channel is too large, and incision has disconnected the channel from 
it’s floodplain. 

In this case we would need to revise our monitoring strategy to 
put greater emphasis on observations of floodplain inundation, 
floodplain species distribution and channel bank condition. We 
would also need to review our 1-yr or 2-yr flow estimates. If the 
difference between flow estimates is significant, we might need to 
restructure the channel to provide for greater floodplain area.

Learning & adjusting our strategy when we 
get unexpected results

Instream structures such as root wads remain in place with 
no evidence of migration or degradation, yet the bank to 
be protected nonetheless shows signs of significant erosion 
and instability.  This might indicate that the structures were 
installed improperly, such as being installed too high or too low 
on the bank, or that the installed structures are insufficient for 
dissapating energy reducing erosion in this stream.

In this case we might alter our monitoring program to put more 
emphasis on the field inspection, to ascertain whether the 
structure is properly installed and performing as intended, or 
whether more or different types of isntallations would be more 
effective as bank protection for this site.

Restoration Question Example #1:

Are the channel and floodplain connected sufficiently so that 
inundation of the floodplain occurs approximately every two years?

Restoration Question Example #2:

Are instream structures such as riffles, vanes, and root wads 
dissipating excess stream energy and providing variety in aquatic 
habitat?
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Learning & Adjusting

Continuing the Adaptive Management Cycle

A core value of adaptive management is learning and 
adjusting as a project evolves and new information is 
gathered and evaluated. As stated, this is especially 
important when management decisions must 
be made despite uncertainty. As monitoring and 
assessment data is collected and new information is 
learned, our understanding of systems may change or 
unexpected events may occur, requiring adjustments 
to our management strategies and even overall goals. 
Therefore, evaluation is critical for adaptive management 
to be effective. Here we provide a condensed example 
of how monitoring and assessment leads to learning 
and adjusting when unexpected results are identified 
through evaluation. 

Learning and adjusting leads to continual improvement of the 
knowledge used to make future decisions. By documenting 
and sharing this process, we help improve our ability to 
make management decisions, resulting in faster and more 
efficient achievement of goals and objectives. Documenting 
the process and results also provides an important measure 
of accountability by showing whether or not project goals 
and objectives are realized. And most importantly, this helps 
inform the broader conversation about improving watershed 
restoration practices by learning from our mistakes and 
successes, and continuing the cycle of adaptive management.

Photo Credit: Jessie Olson
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Monitoring & Assessment Framework 

Category:  Instream Structures

Monitoring Parameter:   Photo monitoring, cross sections, 
longitudinal profiles, field inspection

Management Trigger:  Excessive degradation or migration 
of instream structures over time. 

Management Actions:  Repair, replace, or remove instream 
structures, take other actions such as channel restructuring to 
stabilize banks, dissipate energy, and provide varied aquatic 
habitat




