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Executive Summary 

This report contains the results of a Channel Migration Zone Mapping effort for approximately 86 miles 

of the Yellowstone River between Gardiner and Springdale, in Park County, Montana.  This study was 

funded through a Montana Department of Natural Resources and Conservation (DNRC) Reclamation and 

Development Planning Grant (Grant Agreement No. RITP-23-0194), that was awarded to Park County in 

June 2023.  The goal of this Planning Grant was to update the Yellowstone CMZ map so that it can be 

used as a tool to evaluate flood-related impacts in Park County, assist in emergency flood response 

preparation, and identify projects that will help mitigate future flood risks while also supporting 

healthy river functions such as floodplain connectivity, flood attenuation, natural channel movement 

and erosion / sedimentation processes, water quality, and in-stream fisheries habitat.  

From the City of Gardiner, Montana and to the Park County line near Springdale, Montana, the 

Yellowstone River corridor has multiple transportation lines adjacent to the river and bridge crossings 

that are critical for accessing emergency services, towns, businesses, and private residences property.  

Rapid development along the corridor has increased property values and placed additional 

infrastructure within the corridor that is at risk of both flooding and bankline migration.  This section of 

river was strongly impacted by the June 10 to 16, 2022 Federal Emergency Management Agency (FEMA) 

declared national disaster flood event, with markedly rapid lateral migration rates in areas that had not 

previously seen erosion. This is an update to the 2009 Channel Migration Zone Mapping effort and 

reflects impacts to the corridor from the 2022 flood utilizing availability of higher resolution data, and 

assesses a new understanding of risks associated with development along the Yellowstone River in Park 

County, Montana.  

The objective with the mapping and interpretations provided in this document is to assist river corridor 

landowners and other stakeholders in understanding the nature of Yellowstone River lateral migration, 

focusing not only on the challenges that channel migration creates but also the critical contributions 

that these processes provide towards long-term river health, resiliency, and ecological vibrancy.  The 

Yellowstone River is critical for the economic health and character of Park County.  Adoption of a CMZ 

approach to management of the river corridor represents an opportunity for the long-term vibrancy of 

Park County at a reduced cost to landowners. 

  



__________________________________________________________________________________ 
Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 

 

 



 

__________________________________________________________________________________ 
Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 

i 

Table of Contents  
Table of Contents ........................................................................................................................................... i 

List of Figures ............................................................................................................................................... iii 

List of Tables ................................................................................................................................................ vi 

Glossary and Abbreviations ........................................................................................................................ vii 

1 Introduction ........................................................................................................................................... 1 

1.1 Background and History .............................................................................................................. 1 

1.2 Other Relevant Studies ................................................................................................................ 4 

1.3 The Project Team ......................................................................................................................... 4 

1.4 What is Channel Migration Zone Mapping? ................................................................................ 5 

1.5 Relative Levels of Risk .................................................................................................................. 7 

1.6 Uncertainty .................................................................................................................................. 8 

1.7 Potentiel Channel Migration Zone Applications .......................................................................... 8 

1.8 Other River Hazards ..................................................................................................................... 9 

1.8.1 Flooding ................................................................................................................................... 9 

1.8.2 Ice Jams ................................................................................................................................. 13 

1.8.3 Landslides .............................................................................................................................. 13 

1.9 Disclaimer and Limitations ........................................................................................................ 14 

1.10 Acknowledgements ................................................................................................................... 14 

2 Physical Setting ................................................................................................................................... 15 

2.1 Geography ................................................................................................................................. 15 

2.2 Geology and Geomorphology .................................................................................................... 15 

2.3 Flood History.............................................................................................................................. 23 

2.4 Dikes and Levees ....................................................................................................................... 27 

2.5 Bank Armor ................................................................................................................................ 28 

3 Methods .............................................................................................................................................. 29 

3.1 Project Reaches ......................................................................................................................... 29 

3.2 GIS Project Development .......................................................................................................... 31 

3.3 Aerial Photography .................................................................................................................... 31 

3.4 Bankline Mapping ...................................................................................................................... 36 

3.5 Migration Rate Measurements and the Erosion Hazard Area (EHA) ........................................ 36 



 

 

Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 
ii 

3.6 Avulsion Hazard Mapping .......................................................................................................... 40 

3.7 Rapidly Eroding Bankline Assessment ....................................................................................... 42 

3.8 Composite Map ......................................................................................................................... 43 

4 Channel Migration Concerns for the Yellowstone River in Park County ............................................. 45 

4.1 Gardiner and the Upper River ................................................................................................... 45 

4.2 Threats to Transportation Infrastructure .................................................................................. 47 

4.3 Hospital Area Discussion ........................................................................................................... 59 

4.4 Impacts to Property ................................................................................................................... 61 

4.5 Irrigation Infrastructure ............................................................................................................. 63 

5 Public Outreach and Review ............................................................................................................... 69 

6 Projects Database ............................................................................................................................... 71 

7 CMZ Management Concepts ............................................................................................................... 79 

7.1 CMZ Management and Maintenance Considerations ............................................................... 79 

7.2 Roads and Bridges ..................................................................................................................... 81 

7.3 Development Pressures ............................................................................................................. 81 

7.4 Long-Term Resiliency ................................................................................................................. 82 

8 References ........................................................................................................................................... 83 

Appendix A ς 2023 Imagery Information ...................................................................................................... B 

Appendix B: 11x17 CMZ Maps (Separate Document) ................................................................................... D 

 

 

  



 

 

Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 
iii 

List of Figures  
Figure 1. The Yellowstone River watershed. ................................................................................................. 2 

Figure 2. CMZ Mapping extent on the Yellowstone River. ........................................................................... 3 

Figure 3. Typical patterns of channel migration and avulsion evaluated in CMZ development. ................. 5 

Figure 4. Channel Migration Zone mapping units. ........................................................................................ 7 

Figure 5. Schematic comparisons between CMZ and flood mapping boundaries (Washington Department 

of Ecology). .................................................................................................................................................... 9 

Figure 6. A National Park Service housing structure in Livingston, MT shown moments before falling into 

the Yellowstone River on June 13, 2022 (Gina Riquier / NPS). ................................................................... 10 

Figure 7. The same structure is shown floating downstream before eventually breaking up and 

depositing significant piles of debris on downstream properties (Gina Riquier / NPS). ............................ 11 

Figure 8. Photos from a 2005 flood event in Saint George Utah, where homes several feet above the 

mapped floodplain were destroyed by channel migration (originally sourced from Utahfloodrelief.com).

 .................................................................................................................................................................... 11 

Figure 9. FEMA flood map in Livingston, MT (fema.gov). ........................................................................... 12 

Figure 10.  Yellowstone River ice jam near Mill Creek, January 2024 (Livingston Enterprise). .................. 13 

Figure 11.  Watershed boundaries for Upper Yellowstone and Shields Rivers. ......................................... 16 

Figure 12.  Major geographic features of project area. .............................................................................. 17 

Figure 13. Simplified geologic map of the project area. ............................................................................. 18 

Figure 14.  View upstream from Gardiner bridge showing flat glacial terrace on right. ............................ 19 

Figure 15. View upstream of bedrock geology of Yankee Jim Canyon (Montana Angler). ........................ 19 

Figure 16.  Map showing ice cover in the Yellowstone Region during the Pinedale and Bull Lake 

Glaciations.  Blue lines are contours in thousands of feet showing the reconstructed ice surface.  The 

Yellowstone River valley north of Gardiner is highlighted in the black circle (USGS). ............................... 20 

Figure 17.  View downstream from 2 miles upstream of Emigrant Bridge showing active narrow corridor 

in foreground widening out to an approximate 1/2 mile wide riparian corridor; note low adjacent 

floodplain surfaces; Sixmile Creek is on right of photo (Kestral Aerial Services). ...................................... 21 

Figure 18.  High eroding outwash terrace against river at the Weeping Wall below Pine Creek (Kestral 

Aerial Services), ........................................................................................................................................... 21 

CƛƎǳǊŜ мфΦ  ±ƛŜǿ ŘƻǿƴǎǘǊŜŀƳ ǎƘƻǿƛƴƎ !ƭƭŜƴǎǇǳǊ DŀǇ ōŜŘǊƻŎƪ ŎƻƴǎǘǊƛŎǘƛƻƴ ƴŜŀǊ /ŀǊǘŜǊΩǎ .ǊƛŘƎŜ  - photo 

center (Kestral Aerial Services). .................................................................................................................. 22 

Figure 20.  Wide active stream corridor below Shields River confluence (Kestral Aerial Services). .......... 22 

Figure 21Φ !ƴƴǳŀƭ ǇŜŀƪ ŦƭƻƻŘǎ ŦƻǊ ¦{D{ лсмфнрлл ¸ŜƭƭƻǿǎǘƻƴŜ wƛǾŜǊ ƴŜŀǊ [ƛǾƛƴƎǎǘƻƴ ό/ŀǊǘŜǊΩǎ .ǊƛŘƎŜύΦ 23 

Figure 22.  2022 flood destruction of the Highway 89 North Entrance Road to Yellowstone National Park 

on the Gardner River, which joins the Yellowstone River at Gardiner. ...................................................... 24 

Figure 23.  Spring snowmelt hydrographs for major floods on at Corwin Springs. Flows are mean daily 

values; note short duration of 2022 flood. ................................................................................................. 24 

Figure 24. Number of days mean daily flows exceeded 20,000 cfs at Corwin Springs for major flood 

events. ......................................................................................................................................................... 25 

Figure 25.  Woody debris removal from Yellowstone River floodplain following 2022 flood (Kestrel Aerial 

Services). ..................................................................................................................................................... 26 



 

 

Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 
iv 

Figure 26.  High terrace erosion at Mallards Rest that threatened the access road behind the 

photographer and resulted in closure. ....................................................................................................... 26 

Figure 27.  Miles of fencing were destroyed during the 2022 flood. ......................................................... 26 

Figure 28.  Time series of channel segment near Gardiner showing relatively stable channel form from 

1948-1922 followed by about 100 feet of widening during the 2022 flood; the house circled in the 2021 

image was lost during the flood.................................................................................................................. 27 

Figure 29. Growth in mapped bank armor in Park County, 2001-2023. ..................................................... 28 

Figure 30. Yellowstone River CMZ Mapping project reaches. .................................................................... 30 

Figure 31. Example 50-cm WorldView 2/3, ~0.5 miles below Pine Creek Bridge. ...................................... 32 

Figure 32. Example 1948 imagery at Point of Rocks. .................................................................................. 33 

Figure 33. Example of 1999 DOQQ imagery at Point of Rocks. .................................................................. 33 

Figure 34. Example of 2011 NAIP imagery at Point of Rocks. ..................................................................... 34 

Figure 35. Example of 2015 NAIP imagery at Point of Rocks. ..................................................................... 34 

Figure 36. Example of 2021 NAIP imagery at Point of Rocks. ..................................................................... 35 

Figure 37. Example of 2023 50-cm WorldView imagery at Point of Rocks. ................................................ 35 

Figure 38. Example of migration measurements between 1948 and 2023 (migration distance in feet). .. 36 

Figure 39. Annual migration rate box and whisker plots. ........................................................................... 37 

Figure 40. The Erosion Hazard Area (EHA) is a buffer placed on the 2023 banklines based on 100 years of 

channel migration for the reach. ................................................................................................................ 39 

Figure 41. 100-year migration buffers clipped for geology and erosion resistant terraces. ...................... 39 

Figure 42. Example Relative Elevation Model and potential avulsion pathways downstream of Hwy 89 

Bridge. ......................................................................................................................................................... 41 

Figure 43. Example avulsion pathways. ...................................................................................................... 41 

Figure 44. A bankline with a vertical scarp associated with 2022 bankline erosion. ................................. 42 

Figure 45. High, overly-steepened banklines resulting from the 2022 flooding were identified as at risk of 

continued layback as the bankline adjusts to the new channel location. Note that the home was moved 

ōŀŎƪ ϤмллΩ ŀŦǘŜǊ ǘƘŜ ŦƭƻƻŘΦ .......................................................................................................................... 43 

Figure 46. The composite CMZ map. .......................................................................................................... 43 

Figure 47. Bankline below La Duke Picnic Area showing actively eroding banklines where the river moved 

up to 50 feet.  Photo is at peak runoff on June 10, 2024. .......................................................................... 47 

Figure 48. Terrace erosion at the northwest end of Gardiner, MT. ........................................................... 49 

Figure 49. The Carbella Bridge seen as it collapsed into the river (source unknown). ............................... 50 

Figure 50. Reconstruction of the Carbella Bridge following the flood (Stahly Engineering). ..................... 50 

Figure 51. Point of Rocks Bridge showing significant erosion above and below the bridge, but a stable 

area at the bridge crossing. ........................................................................................................................ 51 

Figure 52. Point of Rocks Bridge showing where the northern approach was flanked during the flood. 

(Samuel Wilson/Chronicle/Report for America). ........................................................................................ 51 

Figure 53. Hwy 89 near the Emigrant Rest Area. ........................................................................................ 52 

Figure 54. Six Mile fishing access site. ........................................................................................................ 53 

Figure 55. Extensive erosion on the left bank upstream of Emigrant Bridge, removing most of the 

cottonwood forest. ..................................................................................................................................... 54 



 

 

Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 
v 

Figure 56. Over 600 feet of erosion towards Hwy 89. ................................................................................ 55 

Figure 57. ¢ƘŜ ŀǊŜŀ ŀǊƻǳƴŘ /ŀǊǘŜǊΩǎ .ǊƛŘƎŜ Ƙŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ŘŜƴǎƛǘȅ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ōŀƴƪ ǇǊƻǘŜŎǘƛƻƴΣ 

and levees. .................................................................................................................................................. 56 

Figure 58. 9th Street and Seibeck Islands. ................................................................................................... 56 

CƛƎǳǊŜ рфΦ ±ŜǘŜǊŀƴΩǎ ŀƴŘ ǊŀƛƭǊƻŀŘ ōǊƛŘƎŜǎ ƛƴ [ƛǾƛƴƎǎǘƻƴΣ a¢Φ ..................................................................... 57 

Figure 60. The Highway 89 Bridge site showing the late-1800s channel location. .................................... 58 

Figure 61. Implosion of the Northern Pacific Railway Bridge on August 24, 2022 (Bozeman Chronicle). . 58 

Figure 62. Springdale Bridge site showing former bridge location. ............................................................ 59 

Figure 63. The Special Management area associated with the hospital in Livingston. .............................. 60 

Figure 64. Bank armor is often correlated with land ownership and structure protection. ...................... 62 

Figure 65. Failed bank armor (2011) in the middle of the Yellowstone River near Park City, MT where the 

bankline has rapidly eroded back towards the home in the background. ................................................. 62 

Figure 66. 100 plus feet of post-flood channel erosion below Pine Creek Bridge into new private 

campground. ............................................................................................................................................... 63 

Figure 67. The Park Branch Canal diversion. ............................................................................................... 64 

CƛƎǳǊŜ суΦ /ƻōōƭŜ ŘƛǾŜǊǎƛƻƴ ŦƻǊ ǇǳƳǇ ǎǘŀǘƛƻƴ ŀōƻǾŜ aŀƭƭŀǊŘΩǎ wŜǎǘ όwa рмуΦпύΦ ...................................... 65 

CƛƎǳǊŜ сфΦ [ƛǾƛƴƎǎǘƻƴ 5ƛǘŎƘ ŘƛǾŜǊǎƛƻƴ ŀōƻǾŜ /ŀǊǘŜǊΩǎ .ǊƛŘƎŜΦ ..................................................................... 65 

Figure 70. Heart K Rach irrigation diversion showing extensive bank armor in an active river corridor. .. 66 

Figure 71. Diversion at RM 492.2L. ............................................................................................................. 67 

Figure 72. Diversion at RM 480.9L. ............................................................................................................. 67 

Figure 73.  Nooksack River levee segments sorted by corridor width showing reduced maintenance 

intensity in wider sections. ......................................................................................................................... 80 

Figure 74. Residential development within EHA of Clark Fork River during the 2018 flood near 

Frenchtown (May 10, 2018). ....................................................................................................................... 81 

 



 

 

Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 
vi 

List of Tables  
Table 1. Park County Mapping Project reaches from 2015 Cumulative Effects Assessment. .................... 29 

Table 2. Aerial photography used for the Yellowstone River Channel Migration Mapping Study. ............ 31 

Table 3. Mean migration annual rate and 100-year EHA buffer by reach for alluvium. ............................ 38 

Table 4. Locations of significant post-flood erosion between Gardiner and Yankee Jim Canyon. ............. 46 

Table 5. List of bridges and impacts. ........................................................................................................... 48 

Table 6. Park County 2022 flood damage assessment summary from the DNRC County Assist Team 

Operations (adapted from Park County Final Damage Assessment Report, June 2022). .......................... 61 

Table 7. Project List. .................................................................................................................................... 71 

 

 

 

  



 

 

Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 
vii 

Glossary and Abbreviations 
Alluvial ς Relating to unconsolidated sediments and other materials that have been transported, 

deposited, reworked, or modified by flowing water. 

Avulsion ς The rapid abandonment of a river channel and formation of a new channel. Avulsions 

typically occur when floodwaters flow across a floodplain surface at a steeper grade than the main 

channel, carving a new channel along that steeper, higher energy path. As such, avulsions typically occur 

during floods. Meander cutoffs are one form of avulsion, as are longer channel relocations that may be 

miles long. 

Avulsion Hazard Zone (AHZ) ς Floodplain areas geomorphically susceptible to abrupt channel 

ǊŜƭƻŎŀǘƛƻƴΦ  5ŜŦƛƴŜŘ ŀǎ ǘƘƻǎŜ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ ǿƛǘƘƛƴ ŦƻǳǊ ǾŜǊǘƛŎŀƭ ŦŜŜǘ ƻŦ ǘƘŜ ǊƛǾŜǊΩǎ Wǳƭȅ нлнм ǎǳǊŦŀŎŜ ǿŀǘŜǊ 

elevation. 

Avulsion Node ς The location where a river splits or relocates from an existing channel into an avulsion 

path. 

Bankfull Discharge ς The discharge corresponding to the stage at which flow is contained within the 

limits of the river channel and does not spill out onto the floodplain. Bankfull discharge is typically 

between the 1.5- and 2-year flood event, and in the Northern Rockies it tends to occur during spring 

runoff. 

CD ς Conservation District. 

Channel Migration ς The process of a river or stream moving laterally (side to side) across its floodplain. 

Channel migration is a natural riverine process that is critical for floodplain turnover and regeneration of 

riparian vegetation on newly created bar deposits such as point bars. Migration rates can vary greatly 

though time and between different river systems; rates are driven by factors such as flows, bank 

materials, geology, riparian vegetation density, and channel slope.  

Channel Migration Zone (CMZ) ς A delineated river corridor that is anticipated to accommodate natural 

channel migration rates over a given period of time. The CMZ typically accommodates both channel 

migration and areas prone to avulsion. ¢ƘŜ ǊŜǎǳƭǘ ƛǎ ŀ ƳŀǇǇŜŘ άŦƻƻǘǇǊƛƴǘέ ǘƘŀǘ ŘŜŦƛƴŜǎ ǘƘŜ ƴŀǘǳǊŀƭ ǊƛǾŜǊ 

corridor that would be active over some time frame, which is commonly 100 years (based on average 

annual migration rates). 

DNRC ς Department of Natural Resources and Conservation. 

Erosion Buffer ς The distance beyond an active streambank where a river is likely to erode based on 

historic rates of movement.  

Erosion Hazard Area (EHA) ς Area of the CMZ generated by applying the erosion buffer width to the 

active channel bankline. 
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Flood Frequency ς The statistical probability that a flood of a certain magnitude for a given river will 

occur in any given year. A 1% flood frequency event has a 1% chance of happening in any given year and 

is commonly referred to as the 100-year flood. 

Floodplain  ς An area of low-lying ground adjacent to a river, formed mainly of river sediments and 

subject to flooding. 

Fluvial ς Stream-related processes, from the Latin word fluvius = river. 

Geomorphology ς ¢ƘŜ ǎǘǳŘȅ ƻŦ ƭŀƴŘŦƻǊƳǎ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŎǊŜŀǘŜ ǘƘƻǎŜ 

ƭŀƴŘŦƻǊƳǎΦ άCƭǳǾƛŀƭ DŜƻƳƻǊǇƘƻƭƻƎȅέ ǊŜŦŜǊǎ ƳƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ Ƙƻǿ ǊƛǾŜǊ ǇǊƻŎŜǎǎŜǎ ǎƘŀǇŜ ǘƘŜ 9ŀǊǘƘΩǎ 

surface.  

Geographic Information System (GIS) ς A system of hardware and software used for storage, retrieval, 

mapping, and analysis of geographic data. 

Historic Migration Zone (HMZ) ς The historic channel footprint that forms the core of the Channel 

Migration Zone (CMZ). The HMZ is defined by mapped historic channel locations, typically using historic 

air photos and maps. 

Hydrology ς ¢ƘŜ ǎǘǳŘȅ ƻŦ ǇǊƻǇŜǊǘƛŜǎΣ ƳƻǾŜƳŜƴǘΣ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ ŜŦŦŜŎǘǎ ƻŦ ǿŀǘŜǊ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ 

surface. 

Hydraulics ς The study of the physical and mechanical properties of flowing liquids (primarily water). 

This includes elements such as the depth, velocity, and erosive power of moving water. 

Large Woody Debris (LWD) ς Large pieces of wood that fall into streams, typically trees that are 

undermined on banks. LWD can influence the flow patterns and the shape of stream channels and is an 

important component of fish habitat. 

Median Value ς The median is the middle number in a sorted list of numbers (either ascending or 

ŘŜǎŎŜƴŘƛƴƎύ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ άƳƛŘŘƭŜέ ǾŀƭǳŜ ƛƴ ǘƘŜ ƭƛǎǘΦ 

Meander ς One of a series of regular freely developing sinuous curves, bends, loops, turns, or windings 

in the course of a stream. 

Morphology ς Of, or pertaining to, shape. 

National Agriculture Imagery Program (NAIM) ς A United States Department of Agriculture program 

that acquires aerial imagery during the agricultural growing seasons in the continental U.S. 

Planform ς The configuration of a river channel system as viewed from above, such as on a map. 

Reclamation and Development Grants Program (RDGP) ς Grant program administered by the DNRC. 

Restricted Migration Area (RMA) ς Those areas of the CMZ that are isolated from active river migration 

due to bank armor or other infrastructure. 
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Return Interval ς The likely time interval between floods of a given magnitude. This can be misleading, 

however, as the flood with a 100-year return interval simply has a 1% chance of occurring in any given 

year. 

Riparian ς Of, relating to or situated on the banks of a river. Riparian zones are the interface between 

land and a river or stream. The word is derived from Latin ripa, meaning river bank. Plant habitats and 

communities along stream banks are called riparian vegetation, and these vegetation strips are 

important ecological zones due to their habitat biodiversity and influence on aquatic systems. 

Riprap ς A type of bank armor made up of rocks placed on a streambank to stop bank erosion. Riprap 

may be composed of quarried rock, river cobble, or manmade rubble such as concrete slabs. 

Sinuosity ς The length of a channel relative to its valley length. Sinuosity is calculated as the ratio of 

channel length to valley length; for example, a straight channel has a sinuosity of 1, whereas a highly 

tortuous channel may have a sinuosity of over 2.0. Sinuosity can change over time as rivers migrate 

laterally and occasionally avulse into new channels. Stream channelization results in a rapid reduction in 

sinuosity.  

Stream Competency ς The ability of a stream to mobilize its sediment load which is proportional to flow 

velocity.  

Terrace ς On river systems, terraces form elongated surfaces that flank the sides of floodplains. They 

represent historic floodplain surfaces that have become perched due to stream downcutting. River 

terraces are typically elevated above the 100-year flood stage, which distinguishes them from active 

floodplain areas. 

Wetland ς Land areas that are either seasonally or permanently saturated with water, which gives them 

characteristics of a distinct ecosystem. 
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1 Introduction 
Channel Migration Zone (CMZ) mapping focuses on identifying potential river 

corridor hazards associated with the lateral migration of stream channels and 

avulsion into new or reactivated channel pathways.  This is a separate risk from 

flood hazard - or FEMA mapping, but represents a serious risk to public and 

private infrastructure and safety.   

This is an update to the 2009 CMZ Mapping effort and reflects changes in 

channel locations since then, including impacts of the 2022 flood.  High 

resolution post-2022 flood data were used to better capture the changes 

associated with that event, and to capture how those changes may pose risks to 

development projects located within or adjacent to the active stream corridor.   

This report contains the results of a CMZ Mapping effort for approximately 86 miles 

of the Yellowstone River in Park County, Montana.  From the City of Gardiner, 

Montana and to the Park County Line near Springdale, MT, the river corridor has 

multiple transportation lines adjacent to the river and bridge crossings that are 

critical for accessing emergency services, towns, businesses, and private residences 

property.  Recent development along the corridor has increased property values and 

put additional infrastructure at risk of both flooding and/or channel migration. This 

section of river was strongly impacted by the June 10 to 16, 2022 FEMA declared 

national disaster flood event, with markedly rapid lateral migration rates in areas that 

had not previously seen measurable erosion. 

The mapping was not developed to be regulatory in nature and does not create new requirements for 

landowners.  It is intended to assess and present a specific river hazard type, to help individuals and entities 

associated with the river to make educated decisions regarding development within the river corridor. 

This project is based upon work supported by the DNRC under Agreement No. RITP-23-0194 and was 

administered by Park County, Montana. 

1.1 Background and History 

The Yellowstone River watershed encompasses approximately 71,000 square miles of area in Montana, 

Wyoming and North Dakota (Figure 1).  It originates in Yellowstone National Park and is considered the longest 

free-flowing river in the lower 48 of the United States, as the mainstem has no major dams or reservoirs.     

The 86 miles of river in Park County (Figure 2) drains an area of 4,716 square miles with the only major tributary 

being the Shields River, which enters the Yellowstone River below the City of Livingston.  There are several 

major irrigation diversions, including the Park Branch Canal and Livingston Ditch.  With no dams on the river or 

major tributaries and only a few significant diversions, it behaves as a snow melt system with a natural 

hydrograph that tends to peak during late spring and early summer months. 

Note:  CMZ mapping 

is non-regulatory in 

Montana and the 

inclusion of the word 

ά½ƻƴŜέ ǎƘƻǳƭŘ ƴƻǘ ōŜ 

interpreted as 

imparting any sort of 

regulation on land. 

Note:  All river mile 

references in this 

report are based on 

the 2009 

Yellowstone 

Cumulative Effects 

Study stationing.  
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Figure 1. The Yellowstone River watershed. 

In 1996 and 1997, the Yellowstone River was subjected to back-to-ōŀŎƪ άƴŜŀǊέ млл-year flood events.  In 

response to extensive bank erosion, numerous erosion control projects (primarily rock riprap) were permitted, 

and installed, to protect both public and private infrastructure along the river.  Subsequently, the US Army Corps 

of Engineers (USACE) was sued for failing to assess the cumulative impacts of the installation of the bank armor.  

The result of this lawsuit was an approximate 15-year effort to study and assess the river from the town of 

Gardiner where the river exits Yellowstone National Park to its confluence with the Missouri River in North 

Dakota, a total river distance of 565 miles.   

The resulting Cumulative Effects Analysis (CEA)(USACE, 2015) for the Yellowstone River Corridor Study was led 

jointly by the Yellowstone River Conservation District Council and the USACE, with participation from multiple 

federal, state and local agencies as well as several non-profit organizations and private businesses. The study 

was undertaken as a result of public attention and concerns about the combined effects of damaging flood 

events and increased development pressures along the Yellowstone River Corridor.  

The CEA Study focuses on numerous physical, biological and social components of the Yellowstone River. 

Extensive mapping of historic banklines were digitized from georeferenced imagery starting in 1948 and 

continuing up to 2001.  Understanding the rates anŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ǊƛǾŜǊΩǎ ƳƻǾŜƳŜƴǘǎ ǘƘǊƻǳƎƘ ǘƛƳŜ ƭŜŘ 

to including a CMZ Mapping effort for the entire Yellowstone River study area which was released in 2009 (Boyd 

and Thatcher, 2009).   
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Figure 2. CMZ Mapping extent on the Yellowstone River.  
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1.2 Other Relevant Studies 

In addition to the Cumulative Effects Analysis, the 1996-мффт ¸ŜƭƭƻǿǎǘƻƴŜ ŦƭƻƻŘǎΣ aƻƴǘŀƴŀΩǎ DƻǾŜǊƴƻǊ 

ŎƻƴǾŜƴŜŘ ŀ ƎǊƻǳǇ ƻŦ ŘƛǾŜǊǎŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛƴǘƻ ǘƘŜ ¦ǇǇŜǊ ¸ŜƭƭƻǿǎǘƻƴŜ DƻǾŜǊƴƻǊΩǎ ¢ŀǎƪ CƻǊŎŜ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜ 

issues, competing values, and uses that impact the Yellowstone River. The recommendations generated by this 

group are captured in the нлло DƻǾŜǊƴƻǊΩǎ ¦ǇǇŜǊ ¸ŜƭƭƻǿǎǘƻƴŜ wƛǾŜǊ ¢ŀǎƪ Force Final Recommendations Report.  

In this report, the task force identified the need for Channel Migration Zone Mapping and provided 

recommendations to address ongoing issues like bank stabilization, bridges, public infrastructure, fisheries, and 

future river assessment needs.    

This work also established the Upper Yellowstone Special Resource Management Zone and Upper Yellowstone 

Special Resource Management Plan.  In 2011, the USACE designated the portion of the Upper Yellowstone 

between Emigrant and Springdale (approximately) as a Special Resource Management Zone - due to the 

cumulative impacts in this reach - and developed a Special Resource Management Plan (SAMP) to help address 

ŦǳǊǘƘŜǊ ŘŜƎǊŀŘŀǘƛƻƴΦ  ¢ƘŜ {!at ƴƻǘŜǎ ǘƘŀǘ ŀ ƳŀƧƻǊ ƛǎǎǳŜ ŦƻǊ ǘƘƛǎ ǎǘǊŜǘŎƘ ƻŦ ǘƘŜ ǊƛǾŜǊ ƛǎ ΨŦƻǊŎŜŘ ƳƻǊǇƘƻƭƻƎȅΩΣ ƻǊ 

the transformation of the river from one channel type (i.e. meandering/multi-channel) to another type (i.e. 

straightened/single-channel) caused by channel modifications like rip-rap (bank armoring) and levees.  The 

SAMP also notes that the projects that have the greatest potential to negatively impact channel morphology and 

all associated river functions are: stabilization of riverbanks; confinement of flood flows to channels by 

disallowing overbank flooding; and removal or addition of sediment from or to the channel network.  

The 2023 Park County Hazard Mitigation Plan lists CMZ map updates, and flood mitigation project assessment 

and implementation as necessary actions to reduce flood hazard risks in Park County. 

Other ongoing studies related to the 2022 flood event include a levee breach analysis for the City of Livingston 

to evaluate potential impacts and costs associated with levee breach scenarios, and FEMA floodplain map 

updates along the mainstem of the Yellowstone River in Park County.   

 

1.3 The Project Team 

This project work was performed by Tony Thatcher of DTM Consulting (DTM), Jeannette Blank of Montana 

Freshwater Partners (MFP) and Karin Boyd of Slough Creek Consulting (SCC).  Over the past 18 years, the team 

has been collaborating to develop Channel Migration Zone maps for over 1,500 miles of channel on numerous 

rivers in Montana, to provide rational and scientifically-sound tools for river management. It is the overall goal 

to facilitate the understanding of rivers regarding the risks they pose to infrastructure, so that those risks can be 

managed and hopefully avoided. Furthermore, the project team believes the mapping supports the premise that 

managing rivers as dynamic, deformable systems contributes to ecological and geomorphic resilience while 

supporting sustainable, cost-effective development.  

 

 

https://ftpgeoinfo.msl.mt.gov/Documents/Projects/Governors_Upper_Yellowstone_Task_Force/FinalRecSummary.pdf
https://usace.contentdm.oclc.org/digital/collection/p16021coll7/id/14
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1.4 What is Channel Migration Zone Mapping? 

The goal of CMZ mapping is to provide a cost-effective and scientifically based tool to assist land managers, 

property owners, agency personnel, and other stakeholders in making sound land use decisions along river 

corridors. Typically, projects constructed in stream environments such as bank stabilization, homes and 

outbuildings, access roads, pivots, and diversion structures are built without a full consideration of site 

conditions related to river process and associated risk. As a result, projects commonly require unanticipated and 

costly maintenance or modification to accommodate river dynamics. CMZ mapping is therefore intended to 

identify those areas of risk, to reduce the risk of project failure while minimizing the impacts of development on 

natural river process and associated ecological function. The mapping is also intended to provide an educational 

tool to show historic stream channel locations and rates of movement in any given area.  

CMZ mapping is based on the understanding that rivers are dynamic and move laterally across their floodplains 

through time. As such, over a given timeframe, rivers occupy a corridor area whose width is dependent on rates 

of channel shift. The processes associated with channel movement include lateral channel migration and more 

rapid channel avulsion (Figure 3).  

 
Figure 3. Typical patterns of channel migration and avulsion evaluated in CMZ development. 

 

The fundamental approach to CMZ mapping is to identify the corridor area that a 

stream channel or series of stream channels can be expected to occupy over a given 

timeframe ς typically 100 years based on average annual rates of movement. This is 

defined by first mapping historic channel locations to define the Historic Migration 

Zone, or HMZ (Figure 3). Using those mapped banklines, migration distances are 

measured between suites of air photos to generate a migration vector dataset that is 

exported from the GIS project for analysis.  The measurements are evaluated 

statistically to determine mean migration rates for any given river segment (reach).  

The mean rates are then extended to the life of the CMZ, which in this case is 100 

years. This 100-year mean migration distance defines the Erosion Buffer, which is added to the modern bankline 

to define the Erosion Hazard Area, or EHA.  

Although the mean migration rate is the most commonly used to develop the EHA, there may be substantial 

data outliers, unique physical or hydrologic conditions, or intended uses that would warrant using a different 

statistic to capture a wider range of potential risk (e.g. 90th percentile value).   These more conservative values 

are provided in this report in the event a user would like to adopt a wider EHA buffer at any given site.  

Note:  The word 

ά½ƻƴŜέ ƛǎ ǳǎŜŘ ǿƛǘƘƛƴ 

the context of 

Channel Migration 

Zone Mapping and 

does not relate to 

regulatory zoning.  
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Channel migration rates are affected by geomorphic influences such as geology, channel type, stream size, 

sediment volume, sediment size, flow patterns, slope, bank materials, and land use. For example, an unconfined 

meandering channel with high sediment loads would have higher migration rates than a geologically confined 

channel flowing through a bedrock canyon. This is why the EHA buffers are developed at a reach scale, as it best 

addresses natural variability.  To that end, the study area has been segmented into a series of reaches that are 

geomorphically similar and can be characterized by average migration rates. Reach breaks can be defined by 

changes in flow or sediment loads at tributary confluences, changes in geologic confinement, or changes in 

stream pattern.  In Park County, reaches are on the order of two to twelve miles long. Within any given reach, 

dozens to hundreds of migration measurements may be collected.  

Avulsion-prone areas are mapped where there is evidence of geomorphic conditions that are amenable to new 

channel formation on the floodplain. This would include meander cores prone to cutoff (Figure 3), historic side 

channels that may reactivate, and areas where the modern channel is perched above its floodplain.  Avulsions 

can also occur due to channel blockages (ice, landslides, or debris), however those events are rare and 

impossible to predict.  

Additionally, for this study, a generalized geotechnical setback area was developed for areas with over-

steepened banks due to the 2022 flooding.  A 2:1 slope was defined from the 2023 channel outer banklines to 

reflect the likelihood of the bank laying back and assuming a more natural angle of repose.  This geotechnical 

setback is overlain on the final CMZ mapping to highlight at risk areas.  Note that this geotechnical assessment is 

not intended to replace site-specific assessment of materials and stability, but rather is intended to highlight 

areas that may need additional attention due to bankline adjustments in response to channel migration. 

The following map units collectively define a Channel Migration Zone map (Rapp and Abbe, 2003): 

¶ Historic Migration Zone (HMZ) ς the area of historic channel occupation, usually defined by the available 

photographic record. 

¶ Erosion Hazard Area (EHA) ς the area outside the HMZ susceptible to channel occupation due to channel 

migration. 

¶ Avulsion Hazard Zone (AHZ) ς floodplain areas geomorphically susceptible to abrupt channel relocation.  

¶ Restricted Migration Area (RMA) ς areas of CMZ isolated from the current river channel by constructed 

bank and floodplain protection features. The RMA has been referred to in other studies as the DMA- 

Disconnected Migration Area. 

The individual map units comprising the CMZ are as follows:   

CMZ = HMZ + EHA + AHZ  

The Rappe and Abbe (2003) guidance for CMZ mapping includes the removal of the RMA from the CMZ such 

ǘƘŀǘ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ άƴƻ ƭƻƴƎŜǊ ŀŎŎŜǎǎƛōƭŜέ ōȅ ǘƘŜ ǊƛǾŜǊ ŀǊŜ ƴƻǘ ƛŘŜƴǘƛŦƛŜŘ ƻƴ ǘƘŜ ƳŀǇǎΦ  Lƴ ƻǳǊ ŜȄǇŜǊƛŜƴŎŜΣ 

identifying those areas that have become restricted due to human activities like levee building or bank armoring 

provides insight as to the extent of overall encroachment into the CMZ and highlights potential restoration sites 

where there may be opportunity for floodplain reconnection or CMZ restoration.  It is also important to note 

that these restricted areas are not protected by fail-proof treatments.  There are numerous examples of bank 

armor failure along the Yellowstone River in Park County that serve as a reminder that properties within the 
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mapped CMZ will continue to have some level of risk despite efforts to control channel movement with bank 

stabilization treatments. For this reason, the areas of the natural CMZ that have become isolated are contained 

within the overall CMZ boundary and hiƎƘƭƛƎƘǘŜŘ ŀǎ άǊŜǎǘǊƛŎǘŜŘέ ǿƛǘƘƛƴ ǘƘŜ ƴŀǘǳǊŀƭ /a½ ŦƻƻǘǇǊƛƴǘΦ  

Each map unit listed above is individually identified on the maps to show the basis for including any given area in 

the CMZ footprint (Figure 4). 

 
Figure 4. Channel Migration Zone mapping units. 

Although the basic concept for CMZ mapping efforts is largely the same throughout the country, different 

approaches to defining and presenting CMZ boundaries are used depending on specific needs and situations. 

These differences in assessment techniques can be driven by the channel type, different project scales, the type 

and quality of supporting information, the intended use of the mapping, etc. For this study, the CMZ is defined 

as a composite area made up of the existing channel, the collective footprint of mapped historic channel 

locations shown in the 1948, 1999, 2011, 2015, 2021, and 2023 imagery (HMZ), and an EHA, that is based on 

reach-scale average migration rates. Areas beyond the Erosion Buffer that pose risks of channel avulsion are 

identified as Avulsion Hazard Areas or AHZ. This approach generally falls into the minimum standards of practice 

for Reach Scale, Moderate to High Level of Effort mapping studies as defined by the Washington Department of 

Ecology (www.ecy.wa.gov).  

 

1.5 Relative Levels of Risk 

The natural processes of streambank migration and channel avulsion both create risk to properties within 

stream corridors. Although the site-specific probability of any area experiencing either migration or an avulsion 

during the next century has not been quantified, the characteristics of each type of channel movement allow 

some relative comparison of the type and magnitude of their risk. In general, the EHA delineates areas that have 

a demonstrable risk of channel occupation due to channel migration over the next 100 years. Such bank erosion 

can occur across a wide range of flows, and the risk of erosion into this map unit is relatively high. In contrast, 

avulsions tend to be a flood-driven process; the AHZ delineates areas where conditions may support an avulsion, 

although the likelihood of such an event is highly variable between sites and typically depends on floods, debris 

jams, landslides, or ice jams. Large, long duration floods have the potential to drive extensive avulsions, even 

after decades of no such events. During the spring of 2011, for example, the Musselshell River flood drove 59 

avulsions in three weeks, carving 9 miles of new channel while abandoning about 37 miles of old river channel 

(Boyd et al, 2012).  

 

http://www.ecy.wa.gov/
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1.6 Uncertainty 

The adoption of a 100-year period to define the migration corridor on a dynamic stream channel requires the 

acceptance of a certain amount of uncertainty regarding those discrete corridor boundaries. FEMA (1999) noted 

the following with respect to predicting channel migration:  

ΧǳƴŎŜǊǘŀƛƴǘȅ ƛǎ ƎǊŜŀǘŜǊ ŦƻǊ ƭƻƴƎ ǘƛƳŜ ŦǊŀƳŜǎΦ On the other hand, a very short time frame for 

which uncertainty is much reduced may be useless for floodplain management because of the 

minimal erosion expected to occur. 

The Yellowstone River shows historic patterns of lateral migration and avulsions locally within a complex mix of 

geomorphic settings, including broad floodplains with a network of historic channels, high and low alluvial 

terraces, and confined canyons.  With potential contributing factors such as woody debris jamming, sediment 

slugs, landslides, or ice jams, dramatic change could potentially occur virtually anywhere in the stream corridor 

or adjacent floodplain. As the goal of this mapping effort is to highlight those areas most prone to either 

migration or avulsion based on specific criteria, there is clearly the potential for changes in the river corridor 

that do not meet those criteria and thus are not predicted as high risk.  

¦ƴŎŜǊǘŀƛƴǘȅ ŀƭǎƻ ǎǘŜƳǎ ŦǊƻƳ ǘƘŜ ƎŜƴŜǊŀƭ ǇŀǊŀŘƛƎƳ ǘƘŀǘ άǘƘŜ Ǉŀǎǘ ƛǎ ǘƘŜ ƪŜȅ ǘƻ ǘƘŜ ŦǳǘǳǊŜΦέ As predicted future 

migration is based on an assessment of historic channel behavior, the drivers of channel migration over the past 

72 years ς the span of the historic imagery - are assumed to be relatively consistent over the next century. If 

conditions change significantly, uncertainty regarding the proposed boundaries will increase. These conditions 

include system hydrology, sediment delivery rates, climate, valley morphology, riparian vegetation densities and 

extents, and channel stability. Bank armor and floodplain modifications, such as bridges, dikes, levees, or 

structures could also affect map boundaries.  

It should be noted that recent flood events on the Yellowstone River, throughout Montana, the United States 

and globally point towards increased levels of uncertainty in terms of climate and the resulting hydrology, and 

the impacts associated with seemingly extreme, yet frequent events.  Given this uncertainty and noting recent 

flood-related damages, it may be time to adopt more conservative approaches to living with river systems such 

ŀǎ ǎǘŜǇǇƛƴƎ ōŀŎƪ ŦǊƻƳ ǘƘŜ ǊƛǾŜǊΩǎ ŜŘƎŜ ŀƴŘ ŀƭƭƻǿƛƴƎ ǘƘŜ ŎƻǊǊƛŘƻǊ ǘƻ ŀŘŀǇǘ ǘƻ ŀƴ ǳƴŎŜǊǘŀƛƴ ŦǳǘǳǊŜΦ 

 

1.7 Potentiel Channel Migration Zone Applications 

CMZ mapping is intended to support a range of applications, but the mapping should be primarily viewed as a 

tool to support informed management decisions throughout a river corridor. Potential applications for the CMZ 

maps include the following: 

ω Identify specific problem areas where migration rates are notably high and/or infrastructure is 

threatened. 

ω Strategically place new infrastructure to avoid costly maintenance or loss of capital. 

ω Strategically place new infrastructure to minimize impacts on channel process and associated ecological 

function. 

ω Develop river corridor best management practices. 

ω Identify CMZ restoration opportunities in support of system resilience. 
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ω Improve the understanding of the risks and benefits of channel movement.  

ω Facilitate productive discussion between regulatory, planning, and development interests active within 

the river corridor.  

ω Help communities and developers integrate dynamic river corridors into land use planning. 

ω Assist long-term residents in conveying their experiences of river process and associated risk to 

newcomers.  

ω Develop project priorities, timelines, and funding mechanisms. 

Note:  

The CMZ mapping developed in this study was developed without any explicit intent of either providing 

regulatory boundaries or overriding site-specific assessments. Any future use of the maps as a regulatory tool 

should include a careful review of the mapping criteria to ensure that the approach used is appropriate for that 

application. 

 

1.8 Other River Hazards 

The CMZ maps identify areas where river erosion can be expected to occur over the next century. It is important 

to note that river erosion is only one of a series of hazards associated with river corridors. Flooding, ice jams, 

and landslides are other significant hazards associated with rivers like the Yellowstone River. 

1.8.1 Flooding  

The CMZ maps do not delineate areas prone to flooding. The difference between mapped flood boundaries (i.e. 

FEMA floodplain maps) and CMZ boundaries can be substantial. In cases where the floodplain is broad and low, 

the CMZ tends to be narrower than the flood corridor (left schematic on Figure 5). In contrast, where erodible 

terrace units bound the river corridor, the CMZ is commonly wider than the floodplain, because the terraces 

may be high enough to escape flooding, but not resistant enough to avoid erosion (right schematic on Figure 5). 

This is a common problem in Montana because of the extent of high glacial terraces that are above base flood 

elevations, but not erosion-resistant.  

 
Figure 5. Schematic comparisons between CMZ and flood mapping boundaries (Washington Department of Ecology). 
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Figure 6 and Figure 7 show a National Park Service housing structure on the Yellowstone River in Gardiner, 

Montana that was undermined during the 2022 flood. This has been a chronic problem in river management, as 

landowners assume that if their home is beyond the mapped floodplain margin, it is safe from all river hazards. 

In 2005, after experiencing massive flood damages in St. George, Utah (Figure 8), several property owners 

reflected on this issue (www.Utahfloodrelief.com):  

We knew the river was there. We were 3 feet above the 100-year flood plain and made sure we were 

well above the flood plain. It was surveyed and the engineers told us where we had to put it and no, we 

ŘƻƴΩǘ ƘŀǾŜ ŦƭƻƻŘ ƛƴǎǳǊŀƴŎŜ ƻǊ ŀƴȅ ƪƛƴŘ ƻŦ ƛƴǎǳǊŀƴŎŜ ǘƘŀǘ ƛǎ Ǝƻƛƴg to reimburse us for anything. 

Our property was not located within the 500-year flood plain or was it adjacent to it. The river simply 

took a new route that went right through our property.  

I knew we were in big trouble. The river was raging and making a sharp "S" turn right behind our 

home. Our property seemed to take the full force of the river turning against the bank. Large chunks of 

earth were being swallowed up into the river. We watched 20 feet erode in less than two hours. We 

knew if it continued at that pace, we'd lose our house. Our contractor contacted an excavation 

company early that morning, but they said there was nothing they could do for us. We were also 

informed that our contractor's insurance was not covered for floods. 

 

 
Figure 6. A National Park Service housing structure in Livingston, MT shown moments before falling into the Yellowstone River on June 

13, 2022 (Gina Riquier / NPS).  
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Figure 7. The same structure is shown floating downstream before eventually breaking up and depositing significant piles of debris on 

downstream properties (Gina Riquier / NPS). 

 
Figure 8. Photos from a 2005 flood event in Saint George Utah, where homes several feet above the mapped floodplain were 

destroyed by channel migration (originally sourced from Utahfloodrelief.com). 
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An example floodplain map for the City of Livingston is shown in Figure 9. The floodplain boundaries cover much 

of the valley bottom, and the regulatory floodway, which is crosshatched in red, identifies the area of river and 

ŀŘƧŀŎŜƴǘ ƭŀƴŘ ŀǊŜŀǎ ǘƘŀǘ άƳǳǎǘ ōŜ ǊŜǎŜǊǾŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŘƛǎŎƘŀǊƎŜ ǘƘŜ ōŀǎŜ ŦƭƻƻŘ ǿƛǘƘƻǳǘ ŎǳƳǳƭŀǘƛǾŜƭȅ ƛƴŎǊŜŀǎƛƴƎ 

the water surface eƭŜǾŀǘƛƻƴ ƳƻǊŜ ǘƘŀƴ ŀ ŘŜǎƛƎƴŀǘŜŘ ƘŜƛƎƘǘέ όǿǿǿΦŦŜƳŀΦƎƻǾύ.  Communities are responsible for 

prohibiting encroachments including fill and new construction in floodway areas unless hydrologic and hydraulic 

analyses show that it will not increase flood levels in the community.  The combined risks of flooding and 

channel migration on the Yellowstone River should both be considered threats to human health and safety. 

 

 
Figure 9. FEMA flood map in Livingston, MT (fema.gov). 

 

 

 

 



 

 

Yellowstone River in Park County Channel Migration Mapping Update September 12, 2024 
13 

1.8.2 Ice Jams 

Another serious river hazard, especially in Montana, is ice jamming. Over 4,559 ice jams have been recorded in 

Montana since 1894, which is the most in the United States (CRREL Ice Jam Database), with 219 jams located on 

the Yellowstone River. Although ice jams are most common in Montana during February and March, ice jam 

flooding has happened on the Yellowstone River as early as November and as late as May. Ice dams can cause 

flooding upstream due to backwatering, and downstream of the jam, ice chunks mobilized by breakups can 

cause damage. Breakups can occur rapidly, and it generally takes water that is almost two to three times the 

thickness of the ice to mobilize the jammed ice. Ice jams can also cause avulsions by entirely blocking channels 

and forcing flows onto the floodplain. 

 
Figure 10.  Yellowstone River ice jam near Mill Creek, January 2024 (Livingston Enterprise). 

1.8.3 Landslides  

The Yellowstone River in Park County is bounded in several areas by mapped historic landslides.  Though no 

recent slide activity has impacted the river corridor, the potential for landslides is real if the conditions are 

appropriate.  If any of these areas should fail, there is potential for either deflection of the river channel or 

damming of the river in the most severe case.  The Yellowstone region is also known for earthquake risk.  

Earthquake activity, when combined with landslide potential can be catastrophic, as witnessed by the 1959 

Hebgen Lake earthquake which triggered a massive landslide and formed Earthquake Lake, nearby, on the 

Madison River. That said, even relatively small hillslope failures can deflect stream courses and create hazards 

that may exceed the boundaries of the mapped CMZ. 
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1.9 Disclaimer and Limitations 

The boundaries developed on the CMZ mapping are intended to provide a basic screening tool to 

help guide and support management decisions within the mapped stream corridor and were not 

developed with the explicit intent of providing regulatory boundaries or overriding site-specific 

assessments. The criteria for developing the boundaries are based on reach scale conditions and 

average historic rates of change. The boundaries can support river management efforts, but in 

any application, it is critical that users thoroughly understand the process of the CMZ 

development and its associated limitations.  

Primary limitations of this reach-scale mapping approach include a potential underestimation of 

migration rates in discrete areas that are eroding especially rapidly, which could result in 

migration beyond the mapped CMZ boundary. Additionally, site-specific variability in alluvial 

deposits may affect rates of channel movement. Mapping errors introduced by the horizontal 

accuracy of the imagery, digitizing accuracy, and air photo interpretation may also introduce 

small errors in the migration rate calculations. Future shifts in system hydrology, climate, 

sediment transport, riparian corridor health, land use, or channel stability would also affect the 

accuracy of results, as these boundaries reflect the extrapolation of historic channel behavior 

into the future. As such, we recommend that these maps be supplemented by site-specific 

assessment where near-term migration rates and/or site geology create anomalies in the reach-

averaging approach, and that the mapping be revisited in the event that controlling influences 

change dramatically. A site-specific assessment would include a thorough analysis of site 

geomorphology, including a more detailed assessment of bank material erodibility, both within 

the bank and in adjacent floodplain areas, consideration of the site location with respect to 

channel planform and hillslope conditions, evaluation of influences such as vegetation, nearby 

bank armor, and land use on channel migration, and an analysis of the site-specific potential for 

channel blockage or perching that may drive an avulsion. 
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2 Physical Setting 
The following section contains a general description of the geographic, hydrologic, and geologic influences in the 

project area, to highlight how those influences affect stream corridor morphology. The size and shape of the 

river bottoms are largely controlled by project area geology and alluvial deposition, creating a high degree of 

variability in stream corridor width. Human development, including extensive river corridor transportation 

infrastructure and floodplain development, is superimposed on that natural variability to create channel 

migration corridors that range from largely unconfined to virtually locked in place.  

2.1 Geography 

The headwaters of the Yellowstone River are on the Yellowstone Plateau within Yellowstone National Park, 

about 85 miles south of Gardiner (Figure 11). The Yellowstone Plateau averages about 8,000 feet in elevation 

with some mountains reaching over 12,000 feet.  The upper Yellowstone River above the Park/Sweet Grass 

County line near Springdale has a watershed area of approximately 4,716 square miles with one large 

contributing watershed of the Shields River that is 853 square miles in size.   

As the Yellowstone River flows northward out of Yellowstone National Park and into the project area, it flows 

through a moderately confined valley from Gardiner to Yankee Jim Canyon (Figure 12).  As the river exits the 

canyon, it enters the Paradise Valley, an approximately 30-mile-long north-south trending valley that is bound 

by high mountains of the Absaroka Range on the east and the Gallatin Range on the west (Figure 12).  The 

highest peak near the valley is Mount Cowan which reaches 11,212 feet in elevation.  The Paradise Valley ends 

ŀōǊǳǇǘƭȅ ƴŜŀǊ /ŀǊǘŜǊΩǎ .ǊƛŘƎŜΣ ǿƘŜǊŜ ŀ ōŜŘǊƻŎƪ ŎƻƴǎǘǊƛŎǘƛƻƴ ƴŀǊǊƻǿǎ ǘƘŜ ǾŀƭƭŜȅ Ƨǳǎǘ ǳǇǎǘǊŜŀƳ ƻŦ [ƛǾƛƴƎǎǘƻƴΦ  

Below Livingston, the river swings to the east and past the Shields River confluence to Springdale which is near 

the Park/Sweet Grass County line.  The complex watershed geography includes snowcapped peaks, steep 

mountain tributary streams, confined canyons and broad alluvial valleys. 

2.2 Geology and Geomorphology 

The character of the Yellowstone River and its host valley is strongly controlled by local geology.  In the 

uppermost project area near Gardiner, glacial deposits form high terraces adjacent to the river that underlie 

much of the town of Gardiner (Figure 13 and Figure 14 ).  About 14 miles downstream, Yankee Jim Canyon forms 

a tight constriction through Archean-age gneissic rocks that create a steep channel with rapids that are a 

popular recreational float (Figure 15).   

As the river exits Yankee Jim Canyon, it enters a broad alluvial valley, the upstream half of which was overrun by 

the Northern Yellowstone Glacier; a Pinedale-age (20,000-15,000 years ago) feature that flowed from the 

Yellowstone Plateau ice sheet for about 40 miles into the Yellowstone River valley (Figure 16).  The ice was over 

2,000 feet thick and extended downstream to the Eightmile terminal moraines, which are near Mill Creek and 

Chico Hot Springs (Pierce, 1979).   Several tributary glaciers joined the much larger ice flow.  

The glacial imprint on the Yellowstone River valley imparts a strong influence on river behavior.  From Yankee 

Jim Canyon to Mill Creek, the valley was under ice and thus did not receive high volumes of glacial outwash 

gravels. In this section, the width of the river corridor varies substantially over small stream segments, and 

relatively low floodplain surfaces are common (Figure 17).  Below Mill Creek, conditions change dramatically as 

large braided stream outwash channels drained the glacier, creating high gravel terraces that border the stream 
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ŎƘŀƴƴŜƭ ƛƴ ǇƭŀŎŜǎ ƭƛƪŜ ǘƘŜ ²ŜŜǇƛƴƎ ²ŀƭƭ ŀƴŘ aŀƭƭŀǊŘΩǎ wŜǎǘΣ ŎƻƴǘǊƛōǳǘƛƴƎ ƭŀǊƎŜ ǉǳŀƴǘƛǘƛŜǎ ƻŦ ƎǊŀǾŜƭ ǘƻ ǘƘŜ ǊƛǾŜǊ 

that contribute to point bar formation and channel migration (Figure 18).  

 
Figure 11.  Watershed boundaries for Upper Yellowstone and Shields Rivers. 
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Figure 12.  Major geographic features of project area.  
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Figure 13. Simplified geologic map of the project area. 
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Figure 14.  View upstream from Gardiner bridge showing flat glacial terrace on right. 

 
Figure 15. View upstream of bedrock geology of Yankee Jim Canyon (Montana Angler). 
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Figure 16.  Map showing ice cover in the Yellowstone Region during the Pinedale and Bull Lake Glaciations.  Blue lines are contours in 
thousands of feet showing the reconstructed ice surface.  The Yellowstone River valley north of Gardiner is highlighted in the black 

circle (USGS). 
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Figure 17.  View downstream from 2 miles upstream of Emigrant Bridge showing active narrow corridor in foreground widening out to 

an approximate 1/2 mile wide riparian corridor; note low adjacent floodplain surfaces; Sixmile Creek is on right of photo (Kestral 
Aerial Services).  

 
Figure 18.  High eroding outwash terrace against river at the Weeping Wall below Pine Creek (Kestral Aerial Services),  
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¢ƘŜ tŀǊŀŘƛǎŜ ±ŀƭƭŜȅ ǊŀǇƛŘƭȅ ǘŀǇŜǊǎ ƴŜŀǊ /ŀǊǘŜǊΩǎ .ǊƛŘƎŜ ǿƘŜǊŜ ōŜŘǊƻŎƪ ŜȄǇƻǎǳǊŜǎ ƻŦ ƭƛƳŜǎǘƻƴŜ ŀƴŘ ƻǘƘŜǊ 

sedimentary rocks form a valley bottom constriction (Figure 19).  This is known as Allenspur Gap, which is a 

notch carved through a limestone and sandstone ridge that runs perpendicular to the river. Within this notch, 

the river bottom is 1,000 to 1,800 feet wide, so that the river is not entirely confined.  In the eŀǊƭȅ мфтлΩǎΣ ŀ ŘŀƳ 

was proposed for Allenspur Canyon but was ultimately defeated largely due to local resistance.  Allenspur Dam 

ǿŀǎ ǇǊƻǇƻǎŜŘ ŀǎ ŀ оулπŦƻƻǘ ǘŀƭƭ ŘŀƳ ǿƛǘƘ ŀ нрлΣллл ǿŀǘǘ ǇƻǿŜǊ Ǉƭŀƴǘ ǘƘŀǘ ǿƻǳƭŘ ƘŀǾŜ ƛƴǳƴŘŀǘŜŘ ǘƘŜ tŀǊŀŘƛǎŜ 

Valley up to 30 miles upstream. 

 

 
Figure 19Φ  ±ƛŜǿ ŘƻǿƴǎǘǊŜŀƳ ǎƘƻǿƛƴƎ !ƭƭŜƴǎǇǳǊ DŀǇ ōŜŘǊƻŎƪ ŎƻƴǎǘǊƛŎǘƛƻƴ ƴŜŀǊ /ŀǊǘŜǊΩǎ .ǊƛŘƎŜ  - photo center (Kestral Aerial Services).  

From Allenspur Gap to the mouth of the Shields River, the town of Livingston has expanded on both sides of the 

river resulting in a highly developed river segment.  Bank armor is extensive.  Below the Shields River the stream 

corridor widens with long multi-thread channel segments supporting broad riparian forests (Figure 20).  

 
Figure 20.  Wide active stream corridor below Shields River confluence (Kestral Aerial Services).  
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2.3 Flood History 

Park County sits near the headwaters of the Yellowstone River and maintains a 

natural spring snowmelt hydrograph, typically peaking in mid-June.  There have 

been seven 10-year or greater flood events on the river in the past 28 years.  For 

many decades the peak flood of record was the event of 1918, when the river 

peaked at about 30,000 cfs in early June.  No additional major floods occurred until 

1971, when flows exceeded a 25-year event (Figure 21).    

Major geomorphic work was done on the river in 1996 and 1997 when sequential 

years of heavy snowmelt runoff created two 25-year plus flood events in early June.  

These floods were followed by a rash of 310 permits to armor banklines through the 

project reach.  The spring of 2011 saw an even larger event that was just over a 50-

year flood at Corwin Springs.  This was a system-wide event that caused a major oil pipeline rupture 

downstream near Laurel. 

 
Figure 21Φ !ƴƴǳŀƭ ǇŜŀƪ ŦƭƻƻŘǎ ŦƻǊ ¦{D{ лсмфнрлл ¸ŜƭƭƻǿǎǘƻƴŜ wƛǾŜǊ ƴŜŀǊ [ƛǾƛƴƎǎǘƻƴ ό/ŀǊǘŜǊΩǎ .ǊƛŘƎŜύΦ 

In late May and early June of 2022, an atmospheric river that had soaked the Pacific northwest dropped several 

inches of rain in southern Montana and northern Wyoming.  The rainfall event coincided with a warm spell that 

sped up snowmelt.   The Absaroka and Beartooth Ranges received up to 5 inches of rain, which was combined 

with up to an additional 5 additional inches of snowmelt coming off saturated soils (nasa.gov).  On Monday, June 

13, 2022, the stage of the Yellowstone River at Corwin Springs rose rapidly, reaching a record elevation that was 

about 2.5 feet higher than the previous record which was set in 1918.  The peak discharge at Corwin Springs was 

estimated by the USGS to be 54,700 cfs.   

The flooding was extensive.  Yellowstone National Park was closed on June 13 and over 10,000 visitors were 

evacuated due to safety concerns (Figure 22).   

The floods 

described as Q10, 

Q50, and Q100 

όάмлл-ȅŜŀǊ ŦƭƻƻŘέύ 

have a 10%, 2%, 

and 1% probability 

of occurring in any 

given year, 

respectively. 
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Figure 22.  2022 flood destruction of the Highway 89 North Entrance Road to Yellowstone National Park on the Gardner River, which 

joins the Yellowstone River at Gardiner. 

Although the 2022 event was extreme, it was also short, with flows exceeding 30,000 cfs for about a day.  

Whereas the instantaneous peak on July 13 was 54,700 cfs, the mean daily flow value on that day was 47,200 

cfs.  Figure 23 shows mean daily flow hydrographs at Corwin Springs for all the major floods since 1971; the very 

sharp rise and fall of flows during 2022 was extremely unusual as can be seen by the shapes of the hydrographs.   

 
Figure 23.  Spring snowmelt hydrographs for major floods on at Corwin Springs. Flows are mean daily values; note short duration of 

2022 flood.  
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The short duration of the 2022 flood made it a different type of event than the previous floods shown in Figure 

23.   While the magnitude of the flood event is important for evaluating rates of channel change, it is also 

important to put the duration of the events into perspective (Figure 24).  For example, a 25-year flood that lasts 

for weeks may result in more geomorphic changes than a more extreme but short duration event that may 

primarily cause flood damage.  In 2011, a three-week runoff event on the Musselshell River resulted in 59 

avulsions and 37 mile shortening of the river, completely changing its geomorphic form (width, slope, pattern).  

In 1997, the Yellowstone River stayed above 20,000 cfs on the Corwin Springs USGS gage for almost three 

weeks, causing extensive bank erosion and channel movement.  The June 2022 event peaked quickly before 

dropping back down, only exceeding a mean daily flow of 20,000 cfs for 3 days.  Bank erosion was common, but 

a longer duration flood would have created much more damage.  That said, the rapidly rising flows created 

extensive floodplain damage due to high volumes of wood and sediment entering in the river (Figure 25 to 

Figure 27).  That material will continue to be reworked in coming years, creating a potentially long adjustment 

period post-2022.  

 
Figure 24. Number of days mean daily flows exceeded 20,000 cfs at Corwin Springs for major flood events. 
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Figure 25.  Woody debris removal from Yellowstone River floodplain following 2022 flood (Kestrel Aerial Services).  

 
Figure 26.  High terrace erosion at Mallards Rest that threatened the access road behind the photographer and resulted in closure.  

 
Figure 27.  Miles of fencing were destroyed during the 2022 flood.  




























































































































