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Cardinal & Station Scout
one-stop shop for (most of) your North Carolina climate data needs

products.climate.ncsu.edu
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North Carolina ECONet: An Overview

• Started as “Agriculture Network” 
(AgNet) in 1978 

• 45 stations across North Carolina with 
3 “extended” 

• 1-minute observations, relayed back to 
Raleigh every 5 minutes

• All data is quality controlled and 
archived by the NCSCO

• Data are freely available through our 
Cardinal product at 
products.climate.ncsu.edu/cardinal

Atmospheric and Soil Parameters Measured

• Air Temperature (2m & 9m)

• Relative Humidity (2m)

• Barometric Pressure (2m)

• Wind Speed & Direction (2m, 6m, 10m)

• Precipitation (1m & 2m)

• Total Solar Radiation (2m)

• Photosynthetically Active Radiation (2m)

• Leaf Wetness (0.6m)

• Soil Moisture (-20cm)

• Soil Temperature (-10cm)

• Black Globe Temperature (2m)

http://products.climate.ncsu.edu/cardinal
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Wet Bulb Globe Temperature (WBGT)

>90ºF

86-90ºF

82-86ºF

79-82ºF

<79ºF
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ECONet Soil Moisture Monitoring (new)

7

https://econet.climate.ncsu.edu/dev/Maps/SoilMoisture/

• Integrates current observations with 

historical records and soil class 

data to put data into context

• Analyze spatial variation and 

temporal trends in soil moisture 

data

• Generation of plots going back to 

2004 to visualize drought or 

extreme precipitation events
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https://products.climate.ncsu.edu/fire

Fire Weather Monitoring Supported By

Informing wildfire 
response + planning 

prescribed burns

Weather 
observations

Fire danger 
estimates

National Weather 
Service forecasts
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We benefit from understanding how climate is 
changing, especially regional changes and 

climate impacts.

We further benefit from understanding plausible 
future changes in the climate to help us prepare 

and adapt to future risks.
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https://ed-hawkins.github.io/climate-visuals/CLIMATE-INDICATORS/climate-indicators-simple_2024.png



North Carolina State Climate Officehttps://ed-hawkins.github.io/climate-visuals/CLIMATE-INDICATORS/climate-indicators-multiple_2024.png
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https://ed-hawkins.github.io/climate-visuals/stripes.html
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Global to Local Warming
Mean Annual Temperature Change

https://showyourstripes.info/

Global ~ 2.3ºF Chatham County Avg. ~ 1.3ºF

https://ncei.noaa.gov
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Number of very warm nights are increasing

Chatham County, North Carolina Minimum Temperature
September-August

1896 20251906 1916 1926 1936 1946 1956 1966 1976 1986 1996 2006 2016
44.0°F

52.0°F

45.0°F

46.0°F

47.0°F

48.0°F

49.0°F

50.0°F

51.0°F

6.7°C

11.1°C

7.2°C

7.8°C

8.3°C

8.9°C

9.4°C

10.0°C

10.6°C

5-Year

Mean

1896-2025 Trend

(+0.2°F/Decade)

Chatham County Avg. ~ 2.6ºF

https://ncei.noaa.gov
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Maximum Temperature 
no significant change but the last 10 years rival 
the warm period of the1930s 

Chatham County, North Carolina Maximum Temperature
September-August

1896 20251906 1916 1926 1936 1946 1956 1966 1976 1986 1996 2006 2016
68.0°F

75.0°F

69.0°F

70.0°F

71.0°F

72.0°F

73.0°F

74.0°F

20.0°C

23.9°C

20.6°C

21.1°C

21.7°C

22.2°C

22.8°C

23.3°C

5-Year

Mean

1896-2025 Trend

(+0.0°F/Decade)

Hot and Dry Hot and Wet

https://ncei.noaa.gov
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Heat Illness (2025 season) 

The average weekly rate of 

heat-related illness (HRI) 

emergency department (ED) 

visits this season to date is 

2.4 per 100,000 population.

https://www.dph.ncdhhs.gov/programs/epidemiology/occupational-and-environmental-

epidemiology/climate-and-your-health/extreme-heat/nc-heat-health-data-and-reports

Heat-related illness spiked in 

2025 during the first major 

heat wave at the end of 

June.  1,215 heat-related 

illness ED visits in one week 

from June 22 – 28, the 

highest weekly rate (11.5 

per 100,000 people).



North Carolina State Climate Officehttps://ed-hawkins.github.io/climate-visuals/stripes-future.html
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Future Emission Scenarios

RCP4.5 / SSP2-4.5(intermediate emissions) 

Limit global warming to 3ºC by 2100

SSP3-7.0 (high emissions)

Limit global warming to 4ºC by 2100

RCP8.5/SSP5-8.5 (very higher emissions)

Exceed warming of 4ºC by 2100

Figure source: IPCC AR6 Synthesis Report
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NC warming anticipated within the next 25 years

2.5ºF – 3.5ºF

Int. High Very High
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NC Warming 2050-2074

Int. High Very High

4ºF – 7ºF

w/ largest changes 

late summer / early fall
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NC Warming 2075-2099

Int. High Very High

4.5ºF – 9ºF

w/ largest changes 

late summer / early fall
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Intensity-Duration-
Frequency 

Probability of 
temperature for 
different durations 

Site: Raleigh/Durham Int’l Airpt, NC

Variable: Temperature

Base Data: 1992-2022 (30 years)

2-Hour Avg. Temperature of 98.2°F: 

1-in-2-year event

4-Day Avg. Temperature of 90.0°F: 

1-in-100-year event
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Currently in development  
Heat Atlas for NC
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Annual precipitation 

Chatham County, North Carolina Precipitation
September-August

1896 20251906 1916 1926 1936 1946 1956 1966 1976 1986 1996 2006 2016
30.00"

70.00"

35.00"

40.00"

45.00"

50.00"

55.00"

60.00"

65.00"

762.00mm

1,778.00mm

889.00mm

1,016.00mm

1,143.00mm

1,270.00mm

1,397.00mm

1,524.00mm

1,651.00mm

5-Year

Mean

1896-2025 Trend

(+0.17"/Decade)

NC Average

Chatham County
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Rainfall characteristics are changing  in 
severity and frequency

Source: 5th National Climate Assessment 



North Carolina State Climate Office

3” precip. event happens ~ every 1-2 years

Increasing Heavy Rainfall Events in NC1980s - 90th Percentile Rainfall Value

Recent Decade  - 90th Percentile Rainfall Value
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NC Billion Dollar Disasters

The economic impact
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Rare events (1% chance in a year), 
found mostly during the summer and fall seasons 

(when oceans are the warmest)

100-year (24hr) storms; (Nov.-Apr.) 100-year (24hr) storms; (May-Oct.)

Source: https://schumacher.atmos.colostate.edu/precip_monitor/interactive.php
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Increasing Weather Fuel for Storms
nearby oceans are warming = inc. atmospheric moisture

Daily Gulf Of Mexico SST

Source: https://climatereanalyzer.org
Monthly global precipitable water: ERA5, 

1940-2025. BenNollWeather, via Albany “MAP” list
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Tropical Storm Chantal 
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Tropical Storm Chantal 
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RaInDrop Tool for NC
Rainfall-Intensity-Duration and Return 
for Observations and Projections 

https://products.climate.ncsu.edu/climate/raindrop-tool/

Contact:

Jared Bowden

jhbowden@ncsu.edu

https://products.climate.ncsu.edu/climate/raindrop-tool
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Future time horizons for IDF Curves
We provide future estimates for two 30 year future 
periods relative to a historical period

Historical: (1976-2005) – overlaps with Atlas14

Mid-Century (2040-2069)

End-Century (2070-2099)

End-Century RCP8.5 = high impact low probability 
event

Mid-Century RCP4.5 = increasing probable event 
but with smaller impacts

Figures Courtesy: NCDOT
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Select maps to compare

Example for

24-hour rainfall depth:

Atlas 14 – 100 year (top)

RCP8.5 – 50 year (bottom)  

1-in-100yr could occur at

a 1-in-50yr frequency 
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Pick a point and get estimate

Example for

24-hour rainfall depth:

Atlas 14 – 100 year (top = 7.66”)

RCP8.5 – 50 year (bottom = 8.130 in)  

Future 50yr exceeds current 100yr
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We attempt to answer that question by running 

model simulations of historical TCs in a warmer 

climate (Future Design Storm Database)

Simulate weather event using 
observational analyses for input

Set of high-resolution 
model simulations

Apply projected changes to input: 
Same pattern, altered environment

Replicate set of high-
resolution simulations 

for future climate∆Tair Tsoil

Tsea, etc. 
Climate model projections

39
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Atmospheric Model Simulation

Hurricane Floyd: Water Vapor Comparison Loop

Historical Simulation Future Simulation
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Large increases in rainfall totals from TCs in a 
warmer climate

Total rainfall ~25-30% increase
With larger increases for hourly rainfall rates

Hurricane Ivan (2004)

Observations
Future 

(ca. 2100; RCP8.5)

Hurricane Matthew (2016)

Observations 

Future (ca. 2100; RCP8.5)

NCSU Research: Katy Hollinger Beatty and Amanda Sinning
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Rapid intensification
sea surface temperatures 2-3ºF warmer than normal

Increasing Risk 

of Rapid Intensification 

(increase max. sustained wind speed 

- 35mph in 24hr)

Hurricane Helene intensified 

55mph in 24hr (Cat. 1 to 4)

85mph (11PM 25th) 

to 140mph (11PM 26th)

Landfall at 11:10 PM 26th
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Weather Whiplash
Warmer temperature favor
extreme events 
(flood-drought-wildfires)

Long-term Wildfire Risk

https://climate.ncsu.edu/blog/2025/04/dry-weather-dry-air-spark-march-fire-danger/ https://hiform.org/projects/2024-hurricane-helene-southern-appalachians
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Flash Drought – quickly emerging drought 
conditions are becoming more common

Credit: Laura Oleniacz, NC State University.
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Personal Concerns
Emphasis Chatham County 

45

Corey Davis

cndavis@ncsu.edu

• Growing risk of extreme heat (humidity) and extension of the 
heat season and impacts on people and the environment –
impacts from type heat waves we haven’t experienced. 

• Increasing risk of more frequent warm season storms with 
more destructive TCs

• Being more prepared for the weather whiplash – from one 
extreme to another in a short period of time (e.g., hurricane to 
extreme heat to drought) 

• Anticipate quickly developing drought conditions - impacts, 
especially ag. 

RaInDROP Tool
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Making sense of a rapidly changing 

North Carolina


