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Climate Toolbox - Data

Past/Real-Time Future Projections

gridMET
historical data

• Blend of satellite/ground 
station daily data from  
NLDAS2/PRISM

• Jan 1, 1979- Yesterday
• 2.5 mile grid cells
• Contiguous USA

CMIP5 – MACA- gridMET
future projection data

• Daily projections from IPCC’s 
CMIP5

• Projections for 2020-2100
• 20 climate models
• 2 future scenarios 

(RCP4.5/8.5)

NMME - gridMET
forecast data

• Monthly forecasts from 
NOAA’s NMME

• Forecasts for next 7 
months

• 5 climate models

CFSv2 - gridMET
forecast data

• Daily forecasts from 
NOAA’s CFSv2

• Forecasts for next 28 
days

• 48 ensemble members

All data bias corrected to gridMET (2.5 mile grid cells, contiguous USA)

Forecasts



Water Metrics

Climate Metrics Agriculture/Ecology Metrics

• Temperature 
• Precipitation
• Humidity
• Wind
• Radiation

• Soil moisture
• Total moisture
• Snow water 

equivalent
• Runoff
• Streamflow

● Coldest Winter Day
● Hottest Summer Day
● Day of First Fall Freeze
● Day of Last Spring Freeze
● Growing Season
● Palmer Drought Severity Index
● Standardized Precipitation Index

Fire Danger Metrics

• Days since 0.1” precipitation
• 100-hour fuel moisture
• Vapor Pressure Deficit
• Days of Extreme Fire Danger

Toolbox - Data

• First Fall & Last Spring Freeze 
• Growing Degree Days
• Chill hours
• Palmer Drought Severity Index

• Energy Release Component
• 100-hr Fuel Moisture
• Vapor Pressure Deficit



Drought Stripes 
Tool

• Time series of wet & dry periods

• Different types of drought

• Short & long term times scales

• Same thresholds/colors as USDM

• Locations within CONUS

ClimateToolbox.org



Climate Stripes by Edward Hawkins

1850 2018

Average temperature
of 1971-2000

Much cooler Much warmer

Reference period
1971 2000



Drought Stripes  
1980 2022

Average conditions
for 1980-2015

Much dryer Much wetter



Average conditions
for 1980-2015

Much dryer Much wetter

Standardized Precipitation Index (SPI)
(or 6-month SPI)

Drought Stripes Example    

Deviations from Average

6-month

Time Scale

Precipitation (Meteorological Drought) 

Definition of Drought

Location

Colors

US Drought Monitor

1980 2022 Lansing, MI



Colors and Drought Classification

CategoryClassification

Exceptional Drought

Extreme Drought

Severe Drought

Moderate Wet

Abnormally Dry-0.5 ≤ Z < -0.8

-0.8 ≤ Z < -1.3

-1.3 ≤ Z < -1.6

-1.6 ≤ Z < -2.0

- 2.0 ≤ Z 

Standardized Index Z

Neutral-0.5 ≤ Z < 0.5

W0Abnormally Wet0.5 ≤ Z < 0.8

W4 Exceptional Wet
Extreme Wet

Severe Wet

D0

D1

D2

D3

D4

W1

W2

W3

W4

N

Moderate Drought

1.6 ≤ Z < 2.0

2.0 ≤ Z 

1.3 ≤ Z < 1.6

0.8 ≤ Z < 1.3

Drought Stripes



Drought Metrics and TimescalesDrought Metrics

Set Timescales

Variable Drought Index Z or percentile Source
Precipitation (PPT) Standardized Precipitation Index (SPI) gridMET (Abatzoglou)

Potential Evapotranspiration 
(PET)

Evaporative Drought Demand Index (EDDI) (a 
Standardized Potential Evapotranspiration Index)

gridMET (Abatzoglou)

Climatic Water Balance (PPT-PET) Standardized Precipitation Evapotranspiration Index 
(SPEI)

gridMET (Abatzoglou)

Soil Moisture Soil Moisture Percentile VIC-ACIS (UCLA)

Palmer Drought Severity Index Palmer Drought Severity Index gridMET (Abatzoglou)

Palmer Z Index Palmer Z Index gridMET (Abatzoglou)

Total Runoff (Coming Soon) Standardized Runoff Index (SRI) VIC-ACIS (UCLA)

2- weeks
1-month

3-months
6-months

9-months
12-months

2-years
5-years

Long Term Drought
Timescales Short Term Drought



Visualizations

Single Stripes Stacked Stripes Time Slice



Drought (and Wet) Intensity

2002 Exceptional Drought  

2016-2021 Exceptional Wet  

MidWest Drought 
2002 2016-2021

Multiple Floods
Jun 2021  flooding in Michigan  

Lansing, MI



Drought (and Wet) Duration
How Long have Big Droughts Lasted in Lansing, Michigan?

2002-2004
Exceptional Meteorological Drought
Duration  = 2 years

Aug 
2002 

Sept 
2004 

Lansing, MI



Drought (and Wet) Frequency
How Often Have Droughts Been Happening in Lansing, Michigan?

Extreme to 
Exceptional Droughts

Lansing used to experience droughts more often 
(i.e. every 3-5 years from 1995-2005). 

Currently Lansing is in a 5-year exceptional wet 
period. 

Extreme to 
Exceptional Wet

Lansing, MI



Drought (and Wet) Flavors Lansing, MI

Precipitation Potential Evaporation Water Balance

2020 2020 20202022 2022 2022

2021 Low Spring Precipitation       AND High Spring Temperatures Low Water Availability for 
Lansing Crops (Alfalfa/Corn)

2021 2021 2021





•

Summary

• The Drought Stripes tool depicts past wet and dry conditions for a location 
as a time series of colors.  

• The Drought Stripes tool can be customized for a location, for a type of 
drought and for short or long term drought time scales.   

• The Drought Stripes tool uses the same thresholds and colors as the US 
Drought Monitor.

• The Drought Stripes tool can be used to explore the past drought intensity, 
duration and frequency of a location. 

Drought Stripes Tool at 
https://climatetoolbox.org/tool/historical-drought-stripes



Subseasonal 

Forecast Tool

• 48 forecasts for 

next 28 days

• Variables for: 

• Temperature

• Precipitation

• Potential 

Evapotranspiration

• Fire Danger

• Locations within CONUS

ClimateToolbox.org



Raw Data: NCEI CFSv2 Operational Forecasts (2011-Present)
• 6-hourly data at 00, 06, 12, 18UTC timeseries out 30 days
• 12 ensemble runs 
• Min/max temperature, precipitation, specific humidity, 

wind, radiation

48 ensemble forecasts created from:
• 4  ensemble runs each hour
• 4  six-hour time series each day
• 3  last days of forecasts

Statistical downscaling
Forecasts are bias corrected and downscaled from ½-deg to 
4-km resolution utilizing the gridMET historical dataset 
(1979-2015). 

Fire Danger Modeling: National Fire Danger Rating System 
Energy Release Component, Burning Index
100-hr fuel moisture

Forecast Data



Daily Forecasts



Weekly Forecast



Categorical Daily Forecasts
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