
Extent, as applied to North Dakota Specific Hazards. (Updated 5 November 2025) 
(Note, detailed examples of most ND specific hazard types and sub-types can be found in the 2024-2029 ND Enhanced Mitigation MAOP) 
   
Purpose: This guidance is for use in developing ND Local and Tribal Multi-Hazard Mitigation Plans and for fulfilling the requirements 
of a Risk Assessment which addresses each hazard by their a) type, b) location, c) extent, d) history, and e) future probability, as 
described in FEMA’s Local Mitigation Planning Policy Guide, and Local Mitigation Planning Handbook. 
 
Element B: Risk Assessment Requirements. 
: 
B1-c. Does the plan describe the extent for each identified hazard? 
The plan must provide the extent of the hazards that can affect the planning area. When describing extent using charts or scales (e.g., Saffir-
Simpson scale for hurricane wind speed; Enhanced Fujita scale for tornado), the plan must document how the scale applies to each jurisdiction. 
 
Extent is defined as the range of anticipated intensities of the identified hazards. The information must relate to each of the plan participants 
or the planning area, depending on the hazard. Extent is most commonly expressed using various scientific scales.” – FEMA Local Mitigation 
Planning Policy Guide (pg. 19, effective April 11, 2025) 
 
Be sure to address how the selected scale applies to the planning area. Remember that extent defines the characteristics of the hazard regardless 
of the people, property, and other assets it affects. While impact means the consequence of the hazard on governments and assets (IS-350). 
 

Main ND Natural Hazard Types and Sub-Types to consider. 
 
The following discussion of hazard types and of hazard specific Forecast, Warning, Occurrence, and Extent/Intensity sources or scales refers 
primarily to inland hazards and those most common to the Northern Great Plains states, excluding Coastal Marine or Hurricane hazards. Hazard 
definitions are based on official FEMA (National Risk Index: NRI), NOAA (National Centers for Environmental Information: NCEI, and National 
Weather Service: NWS), and/or other sources as appropriate.   
 
Please review those hazard types pertinent to your Local or Tribal Risk assessment.  

  

https://www.des.nd.gov/sites/www/files/documents/reports-plans/2024-2029_EnhancedMitigationPlan.pdf
https://www.fema.gov/sites/default/files/documents/fema_hmd_local-mitigation-planning-policy-guide_2025.pdf
https://www.fema.gov/sites/default/files/documents/fema_hmd_2025-local-mitigation-planning-handbook_06122025.pdf
https://emilms.fema.gov/is_0350/groups/83.html


1. Geologic Hazards. ND has wide variety of geologic hazards with exposure to any one hazard sub-type usually varying greatly across the 
state.  
 

● Avalanche. This hazard is usually not applicable to North Dakota, due to the generally low to mid-relief nature of the terrain, low to 
moderate levels of wintertime snow accumulations, and a low incidence and/or perceived risk of a damaging collapse of accumulated 
snow down a mountainside. 
 

● Earthquake. Historically rare in ND. Extent: Can be referenced in terms of either 
Magnitude or Intensity, USGS Podcast. ND Quake Map at: 
https://www.dmr.nd.gov/ndgs/documents/Publication_List/pdf/geoinv/GI_94_2012.pdf 

 
o Magnitude: based on Intensity measured at the source. Richter Scale. See figure 

at the right. 
 

o Intensity: based on the disturbance felt at locations. Modified Mercalli Intensity 
Scale. See figure below.  

 
 
 
 
 
 
 

Source: Richter Scale (SMS-Tsunami Warning.com, 2024).  

Source: Modified Mercalli Intensity scale (USGS, n.d.)  

https://www.usgs.gov/media/audio/what-difference-between-intensity-scales-and-magnitude-scales
https://www.dmr.nd.gov/ndgs/documents/Publication_List/pdf/geoinv/GI_94_2012.pdf
https://www.usgs.gov/search?keywords=Richter+Scale
https://www.usgs.gov/programs/earthquake-hazards/modified-mercalli-intensity-scale?qt-science_center_objects=0&qt-science_center_objects
https://www.usgs.gov/programs/earthquake-hazards/modified-mercalli-intensity-scale?qt-science_center_objects=0&qt-science_center_objects
https://www.sms-tsunami-warning.com/pages/richter-scale
https://www.sms-tsunami-warning.com/pages/richter-scale
https://www.usgs.gov/media/images/modified-mercalli-intensity-scale
https://www.usgs.gov/media/images/modified-mercalli-intensity-scale


● Radon. Radon is likely the most common geologic hazard sub-type in soils across ND, though exposure at any one location and soil 
depth can vary from location to location. 
Extent: check local test results, measured in picocuries per liter, though  
there is no known safe level (EPA Radon, EPA: ND Radon Zone MAP). (ref. 
NDGS: measured by prevalence through short or long- term testing. 
Currently, there is no higher resolution ND GIS database and/or map 
available.) 

 
● Expansive Soils. A very common hazard across all of North Dakota, this is especially prevalent in the eastern third of the state.  

Extent: Expressed as a characteristic of the relative clay-mineral content in the soil. In engineering and agriculture applications this may 
be the Shrink-Swell Class, a Linear Extensibility Percent (LE/LEP), or a Coefficient of Linear Extensibility (CL/COLE). 
Expansive/contractive soils can produce soil heaving/cracking 
during protracted wet/dry conditions. According to Wikipedia 
(Shrink-swell capacity, 2025), cracking soils can break critical 
plant root structure leading to crop failures. Bridges, roadbeds, 
building foundations, and pipelines can fail due to the heaving, 
settling, or cracking of soils. 
 
Detailed soil data for each county is available at Web Soil 
Survey - Home (usda.gov). Most of these county scaled documents have a one or two paragraph summary of general soil types across 
that county, suitable for a MHMP. Contact your local NRCS-USDA soils people for guidance on this or other soil-related hazard 
measures used in your area. The Brenna Formation in very soft glacial lake clay in the shallow subsurface of the Red River Valley that 
can be expansive with low load-bearing capacity (Anderson, 2024). So far, the NDGS has mapped the Brenna Formation in all of the 
counties in the Red River Valley, which include Pembina, Walsh, Grand Forks, Traill, Cass, and Richland Counties. 

Shrink-Swell Class LEP COLE 
Low <3 <0.03 
Moderate 3 - 6 0.03 - 0.06 
High 6 - 9 0.06 - 0.09 
Very High ≥9 ≥0.09 

Source: National Soil Survey Handbook (USDA/NRCS, 2024, p. 388 of 1250)  

Source: EPA Map of Radon Zones - North Dakota (EPA, 2025) 

https://www.epa.gov/radon/what-epas-action-level-radon-and-what-does-it-mean
https://www.epa.gov/sites/default/files/2014-08/documents/north_dakota.pdf
https://casoilresource.lawr.ucdavis.edu/gmap/help/defn-linear-extensibility.html
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwebsoilsurvey.nrcs.usda.gov%2Fapp%2F&data=05%7C02%7Cggust%40nd.gov%7Cb62806e798fa44e672b208dc597548d3%7C2dea0464da514a88bae2b3db94bc0c54%7C0%7C0%7C638483607479136719%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=2JZkrRtUv12uREnYHz1dhuaMYX5I7xIeJKcENRQlqM8%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwebsoilsurvey.nrcs.usda.gov%2Fapp%2F&data=05%7C02%7Cggust%40nd.gov%7Cb62806e798fa44e672b208dc597548d3%7C2dea0464da514a88bae2b3db94bc0c54%7C0%7C0%7C638483607479136719%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=2JZkrRtUv12uREnYHz1dhuaMYX5I7xIeJKcENRQlqM8%3D&reserved=0
https://www.dmr.nd.gov/ndgs/documents/publication_List/pdf/GEOINV/GI-282.pdf
https://www.dmr.nd.gov/ndgs/documents/Publication_List/pdf/GEOINV/GI-278.pdf
https://www.dmr.nd.gov/dmr/sites/www/files/documents/Survey/Publications/Geologic_Investigations/GI_276_Walsh%20Co_Brenna.pdf
https://www.dmr.nd.gov/dmr/sites/www/files/documents/Survey/Publications/Geologic_Investigations/GI-271_Offshore_Glaciolacustrine_Deposits_Lake_Agassiz_Brenna_GrandForksCo.pdf
https://www.dmr.nd.gov/ndgs/documents/publication_List/pdf/GEOINV/GI-282.pdf
https://www.dmr.nd.gov/dmr/sites/www/files/documents/Survey/Publications/Geologic_Investigations/GI-273_Offshore_Glaciolacustrine_Deposits_Brenna_CassCo.pdf
https://www.epa.gov/sites/default/files/2014-08/documents/north_dakota.pdf
https://www.epa.gov/sites/default/files/2014-08/documents/north_dakota.pdf


● Erosion. Soil Erosion can be considered as a distinct hazard type, where common, and/or as a consequence of other hazard types. 
Contact your local USDA-NRCS soils people for guidance 
on soil-related hazard measures in your Area Of Interest 
(AOI) and check the USDA Web Soil Survey for your area.  
Extent: Expressed in terms of mass of soil material 
removed from a given area over a given time, with 
typical units expressed as tons/acre/year. A Mean-annual 
Erosion Potential (MEP), a Wind Erodibility Index (WEI), 
or a Water Erosion Potential (WEP) would be examples 
used by the USDA and can be expressed in a table like 
that at the right. *Note: the table, at the right, is for a 
hypothetical “average sized” ND county. Make sure and check your exposure to various types of erosion, based on your locale.  
 
Water related erosion can be exacerbated by periods of intense rainfall, rapid river rises, or overland flooding. Both wind and water 
erosion can increase during and after periods of drought or following wildland fire scarring, as natural vegetative cover is removed.  
 
Landslide. Erosion, Landslides, and land subsidence can often go hand in hand. 
For example, where riverbank erosion is common, undercutting of the stream 
bank can cause landslides along that portion of the river, while subsurface soil 
evacuation near a river can cause sinkhole formation further in from a riverbank.  
Landslides can occur in any area of high slope, whether natural such as hillsides 
or built areas such as roadways.  
Extent: see prevalent areas https://www.dmr.nd.gov/dmr/ndgs/landslides.  

These areas are primarily based on geologic factors 
and steepness of slope (NDGS, 2025), and include 
active and inactive landslides. 
 
The USGS uses a similar process, nationwide, and has 
developed an 8-point, 5-category “confidence” scale 
for Landslide susceptibility, as shown at the left. This 
scale and related ArcGIS map is available online at:  
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=ae120962f459434b8c904b456c82669d 

Example of potential Soil Erosion Rating Categories

 
After: Wind Erodibility and other Soil Erosion Factor Tables (USDA, 2019) 

Common ND Landslide Areas 

 
Source: ND Landslides (NDGS. 2025) 

 

https://websoilsurvey.nrcs.usda.gov/app/
https://www.dmr.nd.gov/dmr/ndgs/landslides
https://www.dmr.nd.gov/dmr/ndgs/landslides
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=ae120962f459434b8c904b456c82669d
https://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
https://www.dmr.nd.gov/dmr/ndgs/landslides


• Subsidence. According to the USGS, land subsidence is a 
gradual settling or sudden sinking of the Earth’s surface 
due to subsurface movement of earth material. In North 
Dakota, land subsidence caused by abandoned coal mining 
has formed significant depressions which range in size 
from a few feet across, to tens and hundreds of feet 
across.  

 Extent: May be expressed by 1) a percent of land surface 
subject to subsidence or 2) an area averaged rate of 
subsidence, due to the ongoing removal of subsurface soil, 
minerals, water, or oil. 

 
Example of Percent. For instance, in mainly western ND 
the prevalence of Abandoned Mine Lands (AML) is most 
often the result of abandoned underground coal mines.  
 
The percentage of a land surface affected by or 
vulnerable to collapse depends on the location of these 
mines. (ref. ND Public Service Commission/Abandoned 
Land Mines: https://tinyurl.com/yknzkwb7, or link under image at upper right) 
 
Example of Rate. In contrast, the recent or ongoing removal of 
subsoil material due to subsurface water flows, stream bank 
erosion, the pumping of ground water for human, industrial, or 
agricultural use (Ohehen, 2025), or the pumping of shallow gas and 
oil reserves can result in faster or slower subsidence, based on the 
rate of material removal. 
 
The table at the right depicts a relative rate of subsidence based on 
a rate of change in a water table (Firdaus, 2018), though site 
specific rates would depend on local geologic conditions.   
 

 
Source: Land Subsidence and Water Table Changes (Firdaus, 2018) 

 
Source:https://ndgov.maps.arcgis.com/apps/mapviewer/index.html?webmap=0c4eb5ce19a

84a069c1d04b449c39d43 
 
 

https://www.usgs.gov/faqs/what-difference-between-a-sinkhole-and-land-subsidence
https://tinyurl.com/yknzkwb7
https://www.nature.com/articles/s44284-025-00240-y#citeas
https://www.e3s-conferences.org/articles/e3sconf/abs/2018/48/e3sconf_icenis18_03022/e3sconf_icenis18_03022.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2018/48/e3sconf_icenis18_03022/e3sconf_icenis18_03022.html
https://ndgov.maps.arcgis.com/apps/mapviewer/index.html?webmap=0c4eb5ce19a84a069c1d04b449c39d43
https://ndgov.maps.arcgis.com/apps/mapviewer/index.html?webmap=0c4eb5ce19a84a069c1d04b449c39d43


2. Dam Failure Hazard. At a minimum, Dam Failure Hazard is assessed for all dams that are rated as having a medium (significant) or high 
hazard classification and that may affect the jurisdiction. This includes dams upstream of or within the MHMP’s coverage area (county or 
tribal jurisdiction). In addition to hazard classification, one should consider both dam condition and the likelihood of failure when 
assessing this hazard’s overall risk. For instance, a dam with a partially eroded or otherwise damaged spillway under conditions of heavy 
rainfall and/or snowmelt runoff induced flooding may be at an 
increased likelihood of failure until that flooding subsides or the 
dam or spillway is repaired.  

 
 Extent: Based on a combination of a) Hazard Class, b) Dam 

Condition, and c) Likelihood. Hazard Class for all federal and 
state regulated dams is in the National Inventory of Dams (NID, 
2020). See state map image below. 

 
 
 
 
 
 
 
 
 
 
 
 

a) Hazard Class: based on downstream impacts Federal Guidelines for Dam 
Safety: Hazard Potential Classification – FEMA P-333 (at the upper right); See 
also: ND Dam Safety Standards, Table 6.1, p.26 and Definitions, p.66.  

b) Dam Condition: based on Inspection Reports (contact NDDWR, Dam Safety). 
c) Failure Likelihood: primarily weather event driven, based on Joint Federal Risk 

Categories, Table 1, at the right. (National Dam Safety Program Hazard 
Classifications (pg. 30), Inundation Mapping, etc.) 

     
Source: Hazard Potential Classification, FEMA P-333 (FEMA, 2004). 
 

Table 1. Joint Federal Risk Categories

 
Source: Federal Guidelines for Dam Risk Management, FEMA  
P-1025 (FEMA, 2015) 

https://nid.sec.usace.army.mil/#/
https://www.swc.nd.gov/pdfs/reg_05_2024_nd_dam_safety_standards_policy.pdf
https://www.fema.gov/sites/default/files/2020-08/fema_dam-safety_risk-management_P-1025.pdf
https://www.fema.gov/sites/default/files/2020-08/fema_dam-safety_risk-management_P-1025.pdf
https://www.fema.gov/sites/default/files/2020-08/fema_dam-safety_risk-management_P-1025.pdf
https://www.fema.gov/sites/default/files/2020-08/fema_dam-safety_risk-management_P-1025.pdf
https://www.usgs.gov/mission-areas/water-resources/science/flood-inundation-mapping-fim-program
https://www.ferc.gov/sites/default/files/2020-04/fema-333.pdf
https://www.ferc.gov/sites/default/files/2020-04/fema-333.pdf
https://www.fema.gov/sites/default/files/2020-08/fema_dam-safety_risk-management_P-1025.pdf


3. Drought Hazard. There are many types of drought, including meteorological, hydrological, agricultural, 
ecological, and socioeconomic, among others (NIDIS, 2025). And these can range from shorter term of a 
few weeks to a longer term of seasons to years.  However, the U.S. Drought Monitor, which has been in 
use nationwide since January to 2000, has developed an intensity scale which incorporates local impacts 
from a broad variety of sectors.  

 
Extent: based on drought category as per Weekly U.S. Drought Monitor. see USDM Scale, at the right.    
Alternate references include the monthly and historical Palmer Drought Severity Index, or the daily Standard 
Precipitation Index. 
 
Examples of the intensity classification scale is at the right and a timeseries of drought periods, ranging 
from D1 through D4, is below. The USDA’s Secretarial disaster declaration process includes Fast Track 
Secretarial disaster designations for severe drought. The Fast Track Secretarial disaster designations 
provide for a nearly automatic designation when, during the growing season, any portion of a county meets the D2 (Severe Drought) 
drought intensity value for 8 consecutive weeks – or a higher drought intensity value for any length of time as reported in the U.S. 
Drought Monitor.   

Drought Classification 

 
Source: U.S. Drought Monitor, 
Classification (USDM, 2025) 

Williams County (ND) Percent Area in U.S. Drought Monitor Categories, D1 through D4

 
Source: U.S. Drought Monitor, Timeseries (USDM, 2025) 

https://www.usgs.gov/mission-areas/water-resources/science/flood-inundation-mapping-fim-program
https://www.drought.gov/what-is-drought/drought-basics
https://droughtmonitor.unl.edu/
https://droughtmonitor.unl.edu/About/WhatistheUSDM.aspx#%3A%7E%3Atext%3DThe%20U.S.%20Drought%20Monitor%20is%2C)%20and%20exceptional%20(D4)
https://www.drought.gov/data-maps-tools/us-gridded-palmer-drought-severity-index-pdsi-gridmet
https://www.drought.gov/data-maps-tools/us-gridded-standardized-precipitation-index-spi-nclimgrid-daily
https://www.drought.gov/data-maps-tools/us-gridded-standardized-precipitation-index-spi-nclimgrid-daily
https://droughtmonitor.unl.edu/
https://droughtmonitor.unl.edu/
https://droughtmonitor.unl.edu/About/AbouttheData/DroughtClassification.aspx
https://droughtmonitor.unl.edu/DmData/TimeSeries.aspx


4. Flood Hazards. Within North Dakota, most flooding occurs either along stream and river channels as a result of large scale-snowmelt or 
excessive rainfall, or it occurs across the landscape as a result of localized excessively heavy rainfall or heavy rainfall over snowmelt runoff.  
 

Riverine Floods are floods that occur within or along regular river or stream channels. These can be the result of excessive rainfall and/or 
snowmelt over the jurisdiction in which the flooding is occurring, or precipitation which has occurred days earlier and far upstream of the 
jurisdiction. Rivers may have dams and reservoirs located along their main channels or their tributaries which are designed to store and 
control excess runoff for short periods of time. These may become overwhelmed or damaged by excessive runoff and related hazards. See 
Dam Failure Hazard (above) for more details.  
 
● River Flood. Extent: River Flood Stages - for locations with an official NWS river/lake forecast point, this is expressed as Minor, 

Moderate, or Major flood stage. Extent may also be based on probability of occurrence, forecast flood level, and/or inundation. 
1. Do you have a river or a body of water with an official river (or lake) forecast point? If so,  

a. Use to reference any historic and/or recently observed flood levels. 
b. Check for associated flood impacts up to and including these levels. 

2. Probability of Occurrence is also given as the Recurrence Interval. FEMA Flood Maps typically depict a 100 year (recurrence interval) 
flood plain, which equates to a 1% probability (1/100) in any given year.  

3. On occasion, an emergency Forecast Flood Level may be determined for locations which have a river gage, but aren’t official forecast 
points, with forecasts largely based on other recent floods. 

4. Flood Inundation can also be expressed as a depth of water over a given area or length or road.  
 
 

 
 
 
 

  

Extent for Riverine Flooding 

Water Level example for the Missouri River at Bismarck 
Source: NWS Glossary: Flood Categories (NWS, 2025) 
 

https://water.noaa.gov/state/ND#@=-100.0928832,47.5397642,7.0324829&b=topographic&g=LRO,1!1!1!1!1!1!1!1!1!1!1!1!1!1!1!0!0!0!0!0,0.5,1!1!1!1!0,0,0,true&ab=0,0,
https://water.noaa.gov/#@=-99.7917925,47.3563165,6.2035061&b=topographic&g=LRO
https://water.noaa.gov/#@=-99.7917925,47.3563165,6.2035061&b=topographic&g=obsFcst
https://www.usgs.gov/mission-areas/water-resources/science/flood-inundation-mapping-fim-program
https://forecast.weather.gov/glossary.php?word=FLOOD#:%7E:text=Flood%20Categories


Flash Floods and Areal Floods are two types of overland flood hazard that can occur just about anywhere that excessively heavy rain or 
heavy rain on spring snowmelt runoff occurs. According to the National Weather Service (2021b), their primary difference is in the speed of 
flood onset. Excessively heavy rain is rainfall and/or water runoff that exceeds the capacity for local soil infiltration and the normal storm 
water runoff capacity of an area. This can be the result of either an excessively high rainfall rate or total rainfall quantity. A Flash Flood is a 
specific kind of overland flooding that occurs within 6 hours of the causative event (heavy rainfall, levee breach, dam failure, etc.) and with 
primary impacts expected to occur within the next 0-12 hours (up to a day). An Areal Flood is a more general category with a longer onset 
and/or offset period. It may continue from an initial Flash Flood episode, where water is slow to subside, or it may encompass the whole 
flood episode where either excessive rainfall, snowmelt, or riverine breakout flow more slowly inundates an area.  
  
● Flash Flood. Extent: inundation or depth based on soil saturation and rainfall rate using Flash Flood Guidance. 

o How much rainfall needs to occur in one hour, three hours, and six hours to produce a flash flood event? 
 

● Areal Flood. Extent: inundation or depth based on saturation, rainfall, and inundation using Flash Flood Guidance. 
For additional references check the NWS Bismarck and NWS Grand Forks flood event websites, or contact your local NWS Service 
Hydrologists.  

o This occurs at rainfall or excessive snowmelt above flash flood levels. 
o Overland (Areal) Flooding will occur if rainfall or snowmelt exceeds the levels identified in Flash Flooding. 

Extent for Flash or Areal/Overland Flooding 

*Note: IBW: Impact-Based Warning Tags apply for Flash Flooding 
Source: NWS Flash Flood Warning IBW Factsheet (NWS, 2019) 
 

https://www.weather.gov/media/directives/010_pdfs/pd01009022curr.pdf
https://www.weather.gov/mbrfc/ffg
https://www.usgs.gov/mission-areas/water-resources/science/flood-inundation-mapping-fim-program
https://www.weather.gov/mbrfc/ffg
https://www.weather.gov/bis/events
https://www.weather.gov/fgf/events
https://www.weather.gov/media/wrn/FFW-IBW-factsheet.pdf


5. Severe Summer Weather Hazards. Across North Dakota, most Severe Summer Weather Hazard events have a highly variable areal 
coverage which may encompass parts of a township, a county, a group of counties, and at times large portions of the state. Such storms are 
rarely, if ever, influenced by surface features such as river or lakes, hills or valleys, or forests or cities. Instead, they are largely driven by low-
level moist air in-flow, which can increase airmass buoyancy; low to mid-level shear, which can produce cyclonic (counterclockwise spin) in the 
air and lead to strong storm helicity; and strong jet stream winds, which can help build stringer and longer lasting storms. Thus, summer storms 
can range from a singular thunderstorm, a supercell thunderstorm with tornadic potential, an organized cluster or line of storms, and Squall lines 
with embedded tornadic supercells. And in most cases, these storm system will evolve from one type of storm early in the day, to other types of 
damaging storms through the remainder of the evening or overnight period.  
 

● Excessive Heat. Extent: currently based on temperature 
and humidity Heat Index, for general use, see table at right. 
 
Other references may include Wet-Bulb Globe Temperature 
(WBGT), for outdoor sports, workers, and First Responders.  

 
 
 
 
 
 
 
 
 
Heat Risk is a test 
approach (scroll on map to ND location of choice). This uses a risk which is better scaled to 
each portion of the country, and the time of the year. See chart at the left.  
 
Contact the local forecast office to identify locally measured highest and lowest recorded 
temperatures. 
   

Source: https://www.weather.gov/safety/heat-tools 

Source: https://www.wpc.ncep.noaa.gov/heatrisk/ 

https://www.weather.gov/safety/heat-index
https://www.weather.gov/safety/heat-index
https://www.wpc.ncep.noaa.gov/heatrisk/
https://www.weather.gov/wrh/climate


● Lightning. Lightning is present with all thunderstorms, and it’s presence is the reason for the sound we hear as thunder – the sound of 
thunder being caused by the rapid expansion of the air column 
around a lightning bolt. As such, lightning is also the most 
common of the Severe Summer Weather Hazards for each 
region of the state. When Thunder Roars Go Indoors! 
Extent: Based on CG: Cloud-to-Ground Lightning forecast 
(potential LAL): Lightning Activity Level, table at the right. 
o Daily LAL Forecast: Daily Fire Weather Forecast and/or 

online Point-and-Click (BIS example). 
o Past Week’s actual CG Lightning Occurrence: Daily Record 

Maps (BIS example) 
o Historic Strike Frequency: NOAA-NCEI CG Lightning Strikes, 

1/1/1991 to 12/31/2012 (ltd access), see below. 

 
The NCEI Lightning Events database forms the basis for the annual 

frequency map shown at the far left. Numbers 
in the legend are for an average 4x4 km square 
area within each county, which is about 6.2 
square miles. The conversion to number of 
strikes per square mile is in the table near left. 
This shows a range from about 2.5 to 5.7 CG 
strikes per square mile, per year, across the 
state. With the average lightning strike carrying 

30,000 amps of current, that some serious power surge potential!  
 
For Damage and Casualty Reports: the NCEI Storm Events Database, 
1996 thru present does have some reports of reported damage, 
injuries, or fatalities. But these are scarce, as most lightning strikes go 
unreported. So, not a very good resource for total lightning events. 
 
For Wildfires: Positive lightning strikes tend to occur outside the heavy 
rain and therefore are more prone to fire-starts in dry conditions.  

Thunderstorm Probability and Related Lightning Activity Level (LAL) 

Source: Compiled from NWS Glossary, 2023 

NOAA-NCEI Annual Cloud-to-Ground Lightning Events in ND, 1991-2012 

Source: FEMA NRI/NOAA-NCEI Lightning Database, 2023 

https://graphical.weather.gov/definitions/defineLAL.html#%3A%7E%3Atext%3DLightning%20Activity%20Level%20%28LAL%29%20Is%20a%20scale%20which%2Cfive%20minute%20period.%20LAL%203%20Widely%20scattered%20thunderstorms
https://forecast.weather.gov/MapClick.php?lat=46.7833&lon=-100.778&unit=0&lg=english&FcstType=graphical
https://www.weather.gov/bis/LightningArchive
https://www.ncdc.noaa.gov/stormevents/choosedates.jsp?statefips=38%2CNORTH+DAKOTA


● Hail. Extent: based on Hail Size (national SPC Outlook, local GHWO). See chart at 
the right. 

o Cross compare with NCEI data pulled for each specific jurisdiction. 
o Also analyze impacts to crops or structures, as the intensity of impact is 

highly influenced by hail size. 
o Larger hail will do more damage, but smaller-sized hail that is wind 

driven may be more impactful to crops and structures. 
 

● Thunderstorm Wind. Extent: Wind gusts GTE 50 kts/58 mph (Events as 
recorded in StormData). Forecasts sources: national SPC Outlook, local GHWO.  
Wind speed can be measured, estimated, and/or based on damage 
(weather.gov) due to gusts GTE 50 kts. 

o Wind gusts of 58 mph or greater. 
 
 

 
Impact-Based Warnings. Impact-Based Warning 
(IBW) have been introduced for several categories 
of Severe Summer Weather, including Hail, 
Damaging Wind, and Tornadoes. These tags are 
used as part of the forecast and warning process to 
alert Emergency Managers, Public Safety Officials, 
Media, and the Public to the potential for increased 
impacts with more intensely severe storms. Though 
not directly tied to an extent scale, they do reflect 
the possibility for more intense storms with 
commensurably greater impacts, during the warning 
process.   

NWS Hail Size References 

Source: NWS, 2021a. *metric conversion of table added. 

Source: Impact Based Warning Examples, n.d., https://www.weather.gov/impacts/examples 

https://www.spc.noaa.gov/misc/tables/hailsize.htm
https://www.spc.noaa.gov/products/outlook/day1otlk.html
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.ncdc.noaa.gov/stormevents/
https://www.spc.noaa.gov/products/outlook/day1otlk.html
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.weather.gov/media/directives/010_pdfs/pd01016005curr.pdf
https://www.weather.gov/media/directives/010_pdfs/pd01016005curr.pdf
https://www.weather.gov/media/directives/010_pdfs/pd01016005curr.pdf
https://www.weather.gov/media/directives/010_pdfs/pd01016005curr.pdf
https://www.weather.gov/impacts/examples
https://www.weather.gov/impacts/examples


● Tornado. The intensity/magnitude of a tornado can be difficult to ascertain by observations of its apparent size, shape, or color shading. 
Even its radar signature can be sketchy, as this is highly dependent on the tornadoes proximity to the radar. Instead, a tornadoes intensity 
is determined after the fact, by the damage it produced… or in rare 
instances, when it actually passes near a wind sensor and that wind sensor 
survives the impact. Dr. Ted Fujita is credited with having developed the 
first operational tornado rating system, called the F-scale. And the first 
tornado damage survey conducted by Dr. Fujita was the Historic 20 June 
1957 Fargo Tornado - a serious ND connection!  
Dr. Fujita later developed his damage scale, which was used to rate historic 
tornadoes, worldwide, dating back to 1950, and forward through 2006. An 
expanded and Enhanced Fujita Scale, the EF-scale, was developed in the 
early 2000s, and has been in use across the U.S. since 2007. 

Extent: This is based on damage, using the Fujita Scale, 1950-2006, 
and the Enhanced Fujita Scale since 2007.  
 
Known/Reported Tornado Events are recorded in StormData. 
Historic information is available on the ND Severe Weather History 
webpage at  https://www.weather.gov/bis/ndtorhistory. This 
includes maps of the state showing the highest wind gust, hail size, 
tornado, and number of tornadoes for each county. There is also a 
link to a pdf file of county scaled statistics located therein.  
 
 

● High Wind (summer). These are non-convective winds that can occur any time of the year. Extent: Based on Sustained Winds Greater-
Than-or-Equal-to (GTE) 40 mph, or Wind Gusts GTE 58 mph. Wind speeds can be estimated from impacts using the Beaufort Wind Scale. 
A wind scale graphic is included in the Winter Weather Hazard section, below. 

o The NWS issues a High Wind Warning when sustained winds of 40 mph or greater are occurring or are expected in the next 12-
24 hours. The NWS produces a 7-day Graphical Hazardous Weather Outlook (GHWO) for High Winds across ND, with a national 
outlook out to 3 days (WSSI). 

Source: https://www.spc.noaa.gov/faq/tornado/ef-scale.html  

Source: Impact Based Warning Examples, n.d., 
https://www.weather.gov/impacts/examples 
 

http://www.spc.noaa.gov/faq/tornado/f-scale.html
http://www.spc.noaa.gov/faq/tornado/ef-scale.html
https://www.ncdc.noaa.gov/stormevents/
https://www.weather.gov/bis/ndtorhistory
https://www.weather.gov/media/iwx/webpages/skywarn/Beaufort_Wind_Chart.pdf
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.wpc.ncep.noaa.gov/wwd/wssi/wssi.php
https://www.spc.noaa.gov/faq/tornado/ef-scale.html
https://www.spc.noaa.gov/faq/tornado/ef-scale.html
https://www.weather.gov/impacts/examples
https://www.weather.gov/impacts/examples


6. Severe Winter Weather Hazards. Across North Dakota, most Severe Winter Weather Hazard events have a large areal coverage 
which may encompass most of a county, a group of counties, and at times the entire state. Because of differences in terrain, preexisting snow 
cover, and differential ground or near-surface air temperatures, the same large-scale weather system may produce blizzard conditions in one 
part of the state or a county, heavy snow or an ice storm in other portions, or areas of high winds with no appreciable precipitation in still others 
- often as part of the same Winter Weather storm system.  
 

● Blizzard. A blizzard is like the tornado of the winter season, with its potential for a rapid onset, extreme wind conditions, and visibilities 
driven to zero. Extent: The hazard condition is based on wind speed, low visibility, and duration. Blizzard conditions are when wind 
speed GTE to 35 mph produce reduced visibility that is frequently less than a quarter mile in falling and/or blowing snow, for a 
duration of three hours or greater. While the quantity of snowfall is not a requirement for this hazard there needs to be some fresh 
falling snow and/or an appreciable amount of fresh snowpack to generate the prolonged low visibilities in falling and/or blowing snow.  

o A Ground Bizzard is still a Blizzard, but with low visibilities based primarily on an existing blowable snowpack. 
o Most historic occurrences are recorded as Blizzards in StormData, some may be listed as part of a more generic Winter Storm. 
o Forecasts and warnings come through local NWS offices, and through graphical outlook sources: national WSSI, local GHWO).  
o Similar blizzard-like conditions within a much shorter term convective snow event is now called a snow squall - see below. 

 
● Heavy Snow. Heavy snow is considered hazardous when it becomes difficult to keep roadways and walkways passable. Extent: This is 

typically based on total snow accumulation in either 12 or 24 hour periods (natl. WSSI, local GHWO). 
o Six inches in 12 hours and 8 inches in 24 is considered heavy snow for most of the Northern Plains states, including North Dakota. 
o Note that faster snowfall rates or greater total snowfall amounts can lead to much more severe impacts! 

 
● Ice Storm. Freezing Rain becomes an Ice Storm when the accumulation becomes dangerous to transportation, and/or the weight of ice 

accretion on power lines and tree branches leads to breakage. Extent: This is typically based on ice accumulation in either 12 or 24 hours 
periods (national WSSI, local GHWO). 

o A quarter of an inch ice accumulation on power lines and/or tree branches and surrounding surfaces in general. This is the base 
level for an Ice Storm Warning.  

o Half an inch and or a quarter inch of ice accumulation combined with wind is highly impactful and produces more extreme 
damage, though no extremity scale or “Level 2” Ice Storm Warning has yet been developed. 
 

● Winter Storm. This composite category is used across the Northern Plains, as needed. Especially if a particular winter storm transitions 
quickly between storm types, like ice to snow to near-blizzard conditions. Extent: Used to describe a combination of three or more 
Advisory or Warning conditions for snow, ice, visibility, wind, and/or windchill in 12 or 24 hours (national WSSI, local GHWO). 

o Any combination of three or more Advisory or Warning conditions with impacts below the trigger points described for all other 
forms of severe winter weather. Where the combination of these factors creates dangerous conditions. 

https://www.ncei.noaa.gov/stormevents/choosedates.jsp?statefips=38%2CNORTH+DAKOTA
https://www.wpc.ncep.noaa.gov/wwd/wssi/wssi.php
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.wpc.ncep.noaa.gov/wwd/wssi/wssi.php
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.wpc.ncep.noaa.gov/wwd/wssi/wssi.php
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.wpc.ncep.noaa.gov/wwd/wssi/wssi.php
https://www.weather.gov/erh/ghwo?wfo=bis


● Snow Squall (convective). This is effectively a short-term blizzard; one caused by convective winter storms and handled much like a 
severe thunderstorm warning. The primary danger is the occurrence of brief whiteout conditions along heavy traffic corridors and/or a 
rapid production of icy road conditions.  
Extent: is based on snowfall rate, wind, visibility, 
w/brief duration (Safety). The local NWS Graphical 
Hazardous Weather Outlook (GHWO) incorporates 
a few more of the winter hazards applicable to 
North Dakota. The national Winter Storm Severity 
Index (WSSI) is more general. And both use 
collaborated guidance as incorporated in the 
National Digital Forecast Database (NDFD).  

o Snow Squall are short/intense winter 
storms events, not quite a blizzard because 
of the shorter duration and spotty nature. 

o Impact-Based Snow Squall Warnings have 
two potential Impact Levels: General and Significant. The Significant Tag will trigger a WEA. See figure at the upper right. 

 

Source: Impact-Based Snow Squall Warnings - Factsheet (NWS, 2023) 

https://www.weather.gov/safety/winter-snow-squall
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.wpc.ncep.noaa.gov/wwd/wssi/wssi.php
https://graphical.weather.gov/sectors/sectorDay.php?sector=northdakota&view=public&expand=false#tabs
https://www.weather.gov/media/safety/Snow-Squall-IBW.pdf
https://www.weather.gov/media/safety/Snow-Squall-IBW.pdf


● High Wind (winter). These are non-convective winds that can occur any time of 
the year. Extent: Based on Sustained Winds Greater-Than-or-Equal-to (GTE) 40 
mph, or Wind Gusts GTE 58 mph. Wind speeds can be estimated from impacts 
using the Beaufort Wind Scale, at right. 

o The NWS issues a High Wind Warning when sustained winds of 40 mph or 
greater are occurring or are expected in the next 12-24 hours. The NWS 
produces a 7-day Graphical Hazardous Weather Outlook (GHWO) for High 
Winds across ND, with a national outlook out to 3 days (WSSI). 

 
● Extreme Cold. This is an apparent temperature which for cold weather is a factor 

of the actual air temperature and the enhanced cooling impacts of wind and is 
calculated for any wind speed or for temperatures when there is no appreciable 
wind. Extent: based on a cooling rate table Wind Chill/Extreme Cold (below), for 
people exposed to cold. For livestock, pets, etc. contact local veterinarian, animal 
specialists. 

o -40 degrees is the trigger point for a wind chill warning in ND 
o -25 or -30 degrees is the trigger point for a wind chill advisory for multiple 

counties for multiple hours in length. 

  

Beaufort Wind Chart – Estimating Wind Speeds 

Source: NWS Northern Indiana,  
https://www.weather.gov/media/iwx/webpages/skywarn/Be
aufort_Wind_Chart.pdf 
 

Source: https://www.weather.gov/safety/cold-wind-chill-chart 
 

https://www.weather.gov/media/iwx/webpages/skywarn/Beaufort_Wind_Chart.pdf
https://www.weather.gov/erh/ghwo?wfo=bis
https://www.wpc.ncep.noaa.gov/wwd/wssi/wssi.php
https://www.weather.gov/safety/cold-wind-chill-chart
https://www.weather.gov/media/iwx/webpages/skywarn/Beaufort_Wind_Chart.pdf
https://www.weather.gov/media/iwx/webpages/skywarn/Beaufort_Wind_Chart.pdf
https://www.weather.gov/media/iwx/webpages/skywarn/Beaufort_Wind_Chart.pdf
https://www.weather.gov/media/iwx/webpages/skywarn/Beaufort_Wind_Chart.pdf
https://www.weather.gov/safety/cold-wind-chill-chart
https://www.weather.gov/safety/cold-wind-chill-chart


7. Space Weather Hazards. Space Weather 
hazards are those which originate as charged particles of 
various energy and mass erupting from the Sun and 
impinging on the Earth’s magnetosphere, various layers 
of the atmosphere, biosphere, and potentially it’s 
geosphere. The chart at the right of this page depicts the 
relative intensity (extent) levels for each of the primary 
solar storm types. For more detail on each of the storm 
types and their rating scales see the links provided below. 
  

● Radio Blackouts. These are a measure of the 
severity of solar x-ray bursts that can impact HF communications and navigation systems and induce power and communications 
blackouts at Earth.  
Extent: based primarily on impacts to HF Radio and navigational systems using R-Scale. See detailed description below. 

*Pfu: Particle flux unit, number of particles with an energy GTE 10 MeV 
Source: NOAA Space Weather Prediction Center (NOAA/SWPC, 2025) 
 

Radio Blackouts 

 
Source: NOAA Space Weather Prediction Center (NOAA/SWPC, 2025)  

https://www.swpc.noaa.gov/noaa-scales-explanation
https://www.swpc.noaa.gov/noaa-scales-explanation
https://www.swpc.noaa.gov/noaa-scales-explanation


● Solar Radiation Storms. These are a measure of the severity of solar proton events which can impact navigation and communications 
systems to a degree but are especially harmful to humans and other life forms at higher latitudes or traveling at higher altitudes.  
Extent: based primarily on impacts to aircraft or space station passengers and crew members, along with HF Radio and satellite 
navigation systems using S-Scale.  

Solar Radiation (Proton) Storms 

Source: NOAA Space Weather Prediction Center (NOAA/SWPC, 2025)  
 

https://www.swpc.noaa.gov/noaa-scales-explanation
https://www.swpc.noaa.gov/noaa-scales-explanation
https://www.swpc.noaa.gov/noaa-scales-explanation


● Geomagnetic Storms. These are storms produced within the earth’s magnetosphere often as a result of Coronal Mass Ejections 
(CMEs) that erupt from the Sun and transport large amounts of solar plasma into the Earth’s system. These CMEs are often the most 
impactful, with accompanying impacts from either of the previous Solar Storm types, Radio Blackout and/or Solar Radiation Storms. 
Extent: based primarily on impacts to power systems, pipelines, and satellites using G-Scale. 

o May 10 to 11, 2024, the strongest G-5 storm in 20 years (Love, 2025) occurred resulting in two days of internet outages/delays, 
widespread GPS outages, and Aurora displays (Northern and Southern Lights) extending nearly to the Tropics.  

o Often have spectacular auroral displays: Aurora Dashboard (Experimental) | NOAA / NWS Space Weather Prediction Center 

Geomagnetic Storms 

Source: NOAA Space Weather Prediction Center (NOAA/SWPC, 2025) 

https://www.swpc.noaa.gov/noaa-scales-explanation
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2025GL116835
https://www.swpc.noaa.gov/communities/aurora-dashboard-experimental
https://www.swpc.noaa.gov/noaa-scales-explanation
https://www.swpc.noaa.gov/noaa-scales-explanation


8. Wildfire Hazard. According to the National Wildfire Coordinating Group (2014), a wildfire is generally an “unplanned, unwanted wildland 
fire, including unauthorized human-caused fires, and any 
other wildland fire in which the objective is to out the fire 
out”.  
 

Extent: Wildfire extent is determined by Fire Size (final, 
acres) measured in acres burned, NWCG Glossary: enter 
Size Class of Fire.  

o Equates to Burn Area or essentially the 
footprint or physical extent of the wildland fire. 

o This can be calculated in total acres 
burned/impacted in a fire season, and in a 
single incident or occurrence. 

 
 
Additional fire hazard planning resources include: 
● Pre-Fire/Wildfire Awareness - ND Burn Restrictions 

and Fire Danger Maps.  
o Current Conditions - ND Daily Burn Restrictions 

https://experience.arcgis.com/experience/c5da309af17b4c48a3b953675a77f654 
o Current - ND Adjective Fire Danger  https://gis.des.nd.gov/NDDESFireIndex.png 

 
● Post-Fire/Wildfire Reporting: ND Insurance… NFIRS, eNFIRS, ESO https://www.firemarshal.nd.gov/fire-rescue/reporting, ph. 701-328-2440. 

 
  

NWCG Fire Class Code Standard Data Values

 
Source: NWCG, 2024 

https://downloads.regulations.gov/EPA-HQ-OAR-2015-0229-0014/content.pdf
https://www.nwcg.gov/node/388612
https://www.ndresponse.gov/burn-restrictions-fire-danger-maps
https://www.ndresponse.gov/burn-restrictions-fire-danger-maps
https://experience.arcgis.com/experience/c5da309af17b4c48a3b953675a77f654
https://gis.des.nd.gov/NDDESFireIndex.png
https://www.firemarshal.nd.gov/fire-rescue/reporting


----- Wind Hazard addenda ------------------------------- 
 
Wind Hazard. Wind as a hazard refers to either sustained winds (2-minute average, over a 10-minute sample period) or wind gusts (3-second, or 
instantaneous peaks). A longer duration sustained wind can produce similar damage to a much shorter duration but higher intensity wind gust.  
 
For example, a thunderstorm outflow (smaller scale), squall line (medium scale), or a derecho (larger scale) wind episode can move across your 
area and produce a wind report of WNW at 32G75 mph… from the west-northwest at 32 mph sustained wind and brief gusts to 75 mph. The 75 
mph gust is the primary damaging aspect of this storm. A wind report is WNW at 60G75 mph is significantly different, since both the sustained 
wind at 60 mph and the wind gust of 75 mph each have damaging potential. From the Beaufort wind scale, one sees that a sustained wind of 60 
mph could uproot trees and produce significant structural damage, damage which could range from the high EF0 to low EF1 scale, and more 
representative of a 75-95 mph wind gust.    
 
Extent/Intensity estimates:  

● Sustained wind can be estimated from damage, using the Beaufort Wind Scale.  
● Wind gusts can be estimated from damage, using NWS Table A.7 Estimating Wind Speed from Damage, p. A-71.  

o In the NWS, Strong Wind is considered nonhazardous, less than 40 mph sustained wind or less than 58 mph wind gusts. 
o While High Wind is at or above 40 mph (35 kts) sustained wind and/or Damaging Wind at or above 58 mph (50 kts) wind gusts. 

 
Terminology: 
NWS High Wind refers to sustained winds of 35 knots (40 mph) or greater, with peaks and lulls lasting over a period of one hour or longer, or any wind gust of 
50 knots (58 mph) or greater. These are common to large scale extratropical storm systems in both winter and summer seasons. The local NWS offices issue 
High Wind Watches and Warnings for this potential. Storm occurrence is based on measured wind speed (sustained or gusts) or estimates of wind speed based 
on damages as reported in NCEI Storm Data.  
 
NWS Thunderstorm Wind/Damaging Wind refers specifically to convective season wind gusts of 50 knots (58 mph) or greater. The NWS Storm Prediction Center 
(SPC) issues Severe Thunderstorm Watches and local NWS offices issue Severe Thunderstorm Warnings for this potential. Storm occurrence is based on measured 
wind speeds, estimates of wind speed, or wind damages commensurate with wind gusts of 50 knots (58 mph) or greater as reported in NCEI Storm Data. A wind 
gust of 65 knots (75 mph) or greater is considered especially damaging for SPC Watch verification purposes. NWS Warnings adds damage tags for potential wind 
gusts of 70 mph (Considerable) and 80 mph (Destructive), above the base severe level of 58 mph. 
 
FEMA-NRI Strong Wind refers to damaging convective season winds and is the equivalent of NWS Thunderstorm Wind. However, NRI Strong Winds are based on 
measured wind gusts “exceeding 58 mph” (50.4 kts: NRI Tech Document, 2025, p. 18-1), as extracted from NCEI Storm Data records, while the official NWS and 
NCEI category is based on wind gusts GTE 50 kts (57.5 mph). NWS also has a Strong Wind category which is considered non-severe. 

https://www.weather.gov/mfl/beaufort
https://www.weather.gov/oun/efscale
https://www.weather.gov/mfl/beaufort#%3A%7E%3Atext%3DOne%20of%20the%20first%20scales%2Cto%20a%20force%20of%2012
https://www.nws.noaa.gov/directives/sym/pd01016005curr.pdf
https://www.weather.gov/
https://www.ncdc.noaa.gov/stormevents/choosedates.jsp?statefips=38%2CNORTH+DAKOTA
https://www.spc.noaa.gov/
https://www.weather.gov/
https://www.ncdc.noaa.gov/stormevents/choosedates.jsp?statefips=38%2CNORTH+DAKOTA
https://hazards.fema.gov/nri/map
https://www.fema.gov/sites/default/files/documents/fema_national-risk-index_technical-documentation.pdf
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