
12B.2 A Climatology of the Conditional Probability of Significant Severe Hazardsand Its Operational Implications
David R. Harrison *Cooperative Institute for Severe and High-Impact Weather Research and Operations, The University ofOklahoma, and NOAA/NWS Storm Prediction Center, Norman, OK

Israel L. Jirak and Patrick MarshNOAA/NWS Storm Prediction Center, Norman, OK

1. INTRODUCTION
The NOAA/NWS/Storm Prediction Center’s(SPC) Day 1-3 Convective Outlooks depict theunconditional probability that tornadoes, severehail, or severe convective wind will be observedwithin 25 miles of a location during the valid forecastperiod. Historically, these convective outlooks alsoincluded a black, hatched contour whichrepresented a 10% unconditional probability ofobserving significant severe hazards (i.e., EF2+tornadoes, ≥ 2 in. hail, or ≥ 65 kts convective wind)within 25 miles of a location (Fig. 1). Theseunconditional significant severe forecasts (hereinreferred to as unconditional SIG) were designed toaddress the question, “What is the likelihood of asignificant severe event,” but anecdotally weremore commonly interpreted as a binary predictionof significant severe hazards. Unconditional SIGforecasts were by definition dependent on thepredicted coverage of severe weather, and socould not be drawn in areas with less than a 10%probability of tornadoes, hail, or convective windregardless of expected intensity. Furthermore,unconditional SIG forecasts only provided a contourat the 10% threshold, meaning SPC forecasterswere unable to highlight higher probabilities ofsignificant severe hazards or to graphicallydifferentiate between more common significantevents and high-end events (e.g., EF2 vs EF4tornadoes).To address these limitations, the SPC replacedthe unconditional SIG forecast with new conditionalintensity forecasts on 3 March 2026 (Bunting 2026).
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These new forecasts represent the expectedintensity distribution of severe weather hazardsconditioned on if a severe weather event occurs.Specifically, the conditional intensity forecastanswers the question, “If a severe hazard occurs,how likely will it be significant?” By conditioning theintensity forecast on a hazard’s occurrence, SPCforecasters are now able to predict and highlightsevere hazard intensity independently from thepredicted spatial coverage of severe weather. Thisenables Convective Outlooks to more explicitlyrepresent forecasts of low coverage/low

Figure 1: SPC Day 1 tornado outlook from20250315 with (top) unconditional SIG and(bottom) conditional intensity forecasts.
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Fig. 2: CIG target distributions of conditional hazard intensity frequency for (left) tornado, (center) wind, and
(right) hail.
confidence, high intensity events, such as a singleisolated supercell in an environment supportive ofsignificant tornadoes and hail.Conditional intensity forecasts are additionallydesigned with multiple tiers, known as conditionalintensity groups (CIGs), which SPC forecasterscan use to identify areas with increasing conditionallikelihood of significant severe hazards and higherintensity ceilings. Each CIG tier represents a targetdistribution of hazard intensities derived from acombination of environmental parameters and pastSPC outlook performance (Fig. 2; Jirak et al. 2024).For example, the CIG 0 distribution for tornadoesrepresents the expected conditional frequency oftornado intensities in locations without an explicitconditional intensity forecast (i.e., no hatched areaon the convective outlook). Approximately 93% oftornadoes in the CIG 0 target distribution are lessthan EF2 intensity, indicating that significanttornadoes outside of an explicit conditional intensityforecast area should be rare but not nonexistent.Conversely, the CIG 1 target distribution(equivalent to “Intensity Level 1” on the public SPCConvective Outlook) shifts to the right of the CIG 0distribution, with about 20% of tornadoes expectedto be EF2+. As such, a CIG 1 forecast representsabout a 20% conditional likelihood of significanttornadoes. The CIG 2 distribution similarlyrepresents about a 30% conditional probability ofsignificant tornadoes, and the CIG 3 distributionrepresents about a 40% conditional probability ofEF2+ tornadoes. Note that the frequencies of EF3and EF4+ tornadoes also increase with increasingCIG level. As such, higher CIG levels not onlyindicate a higher conditional likelihood of significantsevere hazards, but also a higher reasonable

maximum intensity of those hazards. The targetconditional probabilities of significant tornadoes,hail, and convective wind for each CIG level areprovided in Table 1.SPC forecasters have been issuing conditionalintensity forecasts internally since 2021, andverification metrics have shown forecasters haveconsiderable skill in accurately predicting the CIGtarget distributions. However, public discourse hasraised some concern and confusion about thefrequency and spatial coverage of the newconditional intensity forecasts and how theycompare to the old unconditional SIG forecasts.To address these concerns, this study explores theclimatology of the old unconditional SIG and how itcompares to the new conditional intensity forecasts.
2. DATA AND METHODS

This study obtained quality-controlled tornadotracks, hail reports, and convective wind reports forthe 30-year period of 1994–2024 from the NCEIStorm Events Database (NCEI 2026). Only windreports with a measured or estimated wind speedand tornadoes with a rating greater than EF-U wereutilized in this study. Two different methods werethen applied to calculate daily CONUS-aggregatedand spatial climatologies of significant severehazards.For the CONUS-aggregated climatology, eachstorm report or tornado track was first stratified byday of the year and then mapped to the 80-kmNCEP 211 grid. For each day of the year, themaximum event magnitude was calculated at everygrid point. The CONUS-aggregated conditionalprobability of significant tornadoes, hail, and



CIG 1 CIG 2 CIG 3
Tornado 20% ≥ EF2 30% ≥ EF2 40% ≥ EF2
Wind 15% ≥ 65 kts 25% ≥ 65 kts 35% ≥ 65 kts
Hail 15% ≥ 2 in. 25% ≥ 2 in.
Table 1: Conditional probability of a significant hazard associated with each CIG level.
convective wind was then calculated by dividingthe number of grid points with a significant event bythe number of grid points with any severe event foreach hazard. Unconditional probabilities ofsignificant hazards were calculated by dividing thenumber of years each grid point contained asignificant severe event by the total number ofyears in the dataset, smoothing the field with a 2Dgaussian filter (sigma = 120 km), and then findingthe maximum smoothed unconditional probabilitywithin the CONUS on each day of the year.Spatial climatologies were similarly calculatedby mapping each report and track to the 80-kmNCEP 211 grid for each day of the year and findingthe maximum event magnitude in each grid point.The conditional probability of significant tornadoes,hail, and convective wind was then determined foreach grid point and day of the year by dividing thenumber of years with a significant event by thenumber of years with any severe event.Unconditional probabilities were calculated foreach grid point by dividing the number of years witha significant event by the total number of years inthe dataset. A 2D gaussian filter with a sigma of160 km was then applied to spatially smooth theclimatology fields. A 1D gaussian filter with a sigmaof 7 days was also applied to smooth the resultstemporally.
3. RESULTS AND DISCUSSION
The CONUS-aggregated conditional climatology ofsignificant severe hazards answers the question,“If a severe convective hazard occurs on this dayof the year, what is the historic likelihood it will besignificant?” The conditional climatology ofsignificant tornadoes was found to have two peaksduring the early March and late November timeperiods, with each peak exceeding a conditional

likelihood of 30% (Fig. 3). Conversely, theconditional climatology of significant convectivewind peaked in mid June at about 22% and

Figure 3: (Top) Daily conditional likelihood ofsignificant tornadoes, convective wind, and hailfrom 1994 - 2024. The dashed red line representsthe tornado CIG 1 threshold, while the black dashedline represents the wind and hail CIG 1 threshold.(Bottom) Daily unconditional likelihood of significanttornadoes, convective wind, and hail. The blackdashed line represents the 10% unconditional SIGthreshold.



Figure 4: Conditional climatology of significant tornadoes during the month of March from 1994 - 2024.The solid black contour represents areas where climatology meets the CIG 1 tornado threshold of 20%.
significant hail demonstrated a conditionalclimatology maximum during May at around 20%.Significant tornadoes were generally minimizedduring the warm season, with a minimum of about12% in mid-June, while significant wind and hailclimatologies were minimized during the coolseason. Of particular note, the unconditionalclimatology of significant tornadoes exceeded theCIG 1 target probability of 20% from October 23 –May 10, or for nearly the entire meteorological coolseason. Similarly, the conditional climatology ofconvective wind exceeded the CIG 1 15% definitionfrom March 28 – August 9, while hail exceeded theCIG 1 definition from March 29 – June 12. Theseresults demonstrate that severe weather eventsare climatologically expected to reach CIG 1thresholds for portions of the year.In comparison, the unconditional climatology ofsignificant severe hazards answers the question,“How often did a significant hazard historicallyoccur on this day?” The unconditional climatologiesof significant tornadoes, hail, and convective wind

demonstrated peaks that were offset temporallyfrom the conditional climatologies and with muchlower maximum probabilities (Fig. 3). Theunconditional likelihood of significant tornadoespeaked at 2% during April and May with asecondary peak of about 1.7% in late Novemberand early December. Significant convective windprobabilities were maximized near 4% in mid June,while hail saw a peak of 4% in late May.Note that no unconditional hazard climatologyexceeded or came near to the unconditional 10%probability threshold that previously defined theunconditional SIG forecast. This highlights a keydifference between the new conditional intensityforecasts and the old unconditional SIG. Theunconditional SIG forecast represented conditionsthat were well above hazard climatology and thusrequired environments supportive of high coverage,high intensity events to justify. In comparison,severe weather environments are climatologicallyexpected to meet the CIG 1 definition during certaintimes of the year. This means that at least CIG 1



conditional intensity forecasts are designed to beissued more commonly and for larger areas thanthe previous unconditional SIG.Spatial representations of the conditionalsignificant tornado climatology reveal much ofArkansas, Louisiana, Mississippi, Tennessee, andAlabama exceed the CIG 1 threshold fromNovember through February. The area of CIG 1probabilities then expands in March through Mayto include more of the southern and central Plains,central Mississippi Valley, and Ohio Valley (Fig. 4)before all areas fall below the CIG 1 threshold inJune. The conditional climatology of significantconvective wind primarily exceeds the CIG 1threshold across the Plains from April toSeptember, while the hail climatology meets thethreshold in the southern Plains from April to June.
4. CONCLUSIONS

This study has shown that the definitions andresulting climatologies of the new conditionalintensity forecasts are considerably different fromthe old unconditional SIG forecasts. Whereas theold unconditional SIG definition was only met inhigh coverage, high intensity scenarios, the newCIG 1 threshold is a much more common target.Tornado events are climatologically expected tomeet the CIG 1 threshold across much of theSoutheast during the cool season, while wind andhail events are expected to meet this threshold inthe Plains during the warm season. Therefore,CIG 1 forecasts are designed to be more commonduring these climatologically expected times of theyear and cover broader areas than the oldunconditional SIG. Forecasts that do not include aconditional intensity forecast during theclimatologically expected times of year areinherently predicting fewer significant events thanclimatology would suggest, while a CIG 2 or CIG 3forecast would represent much higher conditionalsignificant severe probabilities than climatology,indicating potential for a higher-end severe weatheroutbreak. SPC forecaster skill therefore lies indetermining when to deviate from climatology,particularly during times of the year when a CIG 1forecast is climatologically expected.
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