The Climate Toolbox’s
Subseasonal Forecast & Drought Stripes tools
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Variable Lookup

Find which tools in the
Climate Toolbox have a
certain variable @

Launch Tool

Historical Climate Scatter
Scatterplot graphs of two
climate variables for a
location @

Future Climate Scatter
Compare model projections
for two variables for a
location @

Launch Tool

ate Toolbox  APPLICATIONS ~
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The Climate Toolbox

A collection of web tools for visualizing past and projected climate and hydrology of the
contiguous United States of America.

A collection of tools for addressing questions relating to Agriculture, Climate, Fire Conditions, and Water.
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Climate Mapper

Maps of historical and future
climate information across
multiple sectors @

Launch Tool

Applications

Historical Water Watcher
Maps of real-time water
monitoring over the
contiguous US @

//

Historical Climograp!
Climographs of monthly
average climate for a
location @

Launch Tool

Future Climate

Progression
Graphs of daily weather and
forecasts for a location @

Future

Dashboard of future climate
projections for a location @

Graphs of future streamflow
projections for a stream @
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Historical Climate Tracker
Graphs and trend lines of
historical climate variability
for alocation @

Launch Tool

Historical Climate
Dashboard

Dashboard of real-time
climate for a location @

Future Cold Hardiness
Zones

Maps of Future hardiness
and crop suitability zones
projections @

Launch Tool

Historical Drought Stripes
Stripes of past short and
long term droughts as a
timeseries for a location @

Launch Tool

Seasonal Forecast hs
Graphs of seasonal clim:
forecasts and statistics for &
location @

Launch Tool

Future Crop Suitability
Map of future crop suitability
and projections for a
location @

The Climate Toolbox
ClimateToolbox.org

Climate Toolbox ~ APPLICATIONS ~

Historical Drought Stripes

View past periods of short and long term drought for a location in the contiguous USA.
Location: Moscow, ID (46.7324° N, 117.0002° W)

Choose Location -

ToOLS DATA - VIDEOS

Select a point location to view data averaged over a 2.5 square mile grid cell.

Download Options -

Download table:

Download chart:

Download data:
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Choose Year Range for Stripes Figure -

Year Range: 1980 v|to|2021v

CHOOSE LOCATION.

Standardized Precipitation Index (SPI)

Drought Time Scale

SDYR.
ZDYRI "

05M0

Location: 46.7324 N, 117.0002 W
1980 to 2021
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CASESTUDIES ~ TOOLSUMMARIES ~ GUIDANCE  NEWS  CONTACT

Drought Stripes | Documentation | Cite Tool | Take Tour

Choose Data~

Drought Metric: @
SPL: Standardized Precipitation Index v
A standardized measure of the deviation of total precipitation (accumulated over a time scale)
from the mean value, in units of standard deviations. SPI>0 indicates above normal precipitation
(wetness/wet).

Drought Time Scale: @)

Short Term Long Term
©0.5 MONTH ©9.0 MONTH
©1.0 MONTH ©1.0 YEAR
©3.0 MONTH ©2.0 YEAR
©6.0 MONTH ©5.0 YEAR

Choose Date for Chart-
Date:[2021-10-17 v
Standardized Precipitation Index (SPI1)

Location: 46.7324 N, 117.0002 W
2021-10-17
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Climate Toolbox - Data

Past/Real-Time Forecasts Future Projections

Maximum Temperature (“C) 1-Jan-2006
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L W Wy Wy W
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gridMET CFSV2 - gridMET NMME - gridMET CMIP5 — MACA- gridMET
historical data eereRe (e forecast data future projection data
® Blend of satellite/ground * Daily forecasts from ®* Monthly forecasts from © Daily projections from IPCC’s
station daily data from NOAA’s CESy2 NOAA’s NMME CMIP5
NLDASZ/PRlSM ® Forecasts for next 28 ® Forecasts for next 7 ¢ Projections for 2020-2100
® Jan 1, 1979- Yesterday days months ® 20 climate models
* 2.5 mile grid cells * 48 ensemble members * 5 climate models ® 2 future scenarios
®* Contiguous USA (RCP4.5/8.5)

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



Toolbox - Data

Climate Metrics Agriculture/Ecology Metrics

* Temperature n

PeUElt T First Fall & Last Spring Freeze
: E'ruergir()jlittatlon ':%l 3 ‘ ' ;;,' ,,' y Growing Degree Days
. Wind y | §! ‘? f/ ) Chill hours

e Radiation Palmer Drought Severity Index
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_ _ Fire Danger Metrics
e Soil moisture

 Total moisture

* Snow water
equivalent

 Runoff

e Streamflow

* Energy Release Component
* 100-hr Fuel Moisture
* Vapor Pressure Deficit
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Historical Drought Stripes Drought Stripes |~ Summary = Video = Documentation = Cite Tool = Take Tour

View past periods of short and long term drought for a location in the contiguous USA.

[ ]
rO l l t t r I e S Location: Lansing, MI (42.7325° N, 84.5555° W)
Choose Location~ Choose Data~

Select a point location to view data averaged over a 2.5 square mile grid cell. Drought Metric: @
CHOOSE LOCAT SPI: Standardized Precipitation Index v
A standardized measure of the deviation of total precipitation (accumulated over a time scale) from
the mean value, in units of standard deviations, where values are usually from -5 to 5. SPI>0 indicates
Download Options~ above normal precigitation (wetness/wet). SPI<0 indicates below normal precipitation which are
levels of meteorological drought.

Download table: DOWNLOAD STRIPES Drought Time Scale: @
Short Term Long Term
Download chart: DOWNLOAD CHART ©0.5 MONTH 9.0 MONTH
1.0 MONTH 1.0 YEAR
Download data: DOWNLOAD DATA ©3.0 MONTH @20 YEAR
%6.0 MONTH 5.0 YEAR

Time series of wet & dry periods

Choose Year Range for Stripes Figure~ Choose Date for Chart~
Year Range: 1980 v to|2022 v Date:  2022-05-20 v
Diff fd h
I e re nt ty p e S O rO U g t Standardized Precipitation Index (SPI) Standardized Precipitation Index (SPI)
Location: Lansing, M| Location: Lansing, Ml
1980 to 2022 2022-05-20

Drought Time Scale

: -l I
Short & long term times scales o ] |

1.0 YR
sPI

5.0 YR
SPI

2.0 YR
sPI

” I ‘ | H ‘ |‘ I sons
SPI

H | ’ “ | H’ | 6.0 MO

SPI

‘ ‘ ‘ | ‘ H ‘ ‘ ‘ | 0 MO
‘ SPI

1.0 MO
SPI

Same thresholds/colors as USDM

1.0 MO

Neutral

0.5 MO

Locations within CONUS e o

Historical Drought Stripes Tool, Climate Toolbox

Historical Drought Stripes Tool, Climate Toolbox

ClimateToolbox.org



Climate Stripes by Edward Hawkins

Reference period

1850 1(971 20(?0

2018

Much cooler Average temperature Much warmer
of 1971-2000



Drought Stripes

1980 2022
Much dryer Average conditions Much wetter

for 1980-2015



1980

Much dryer

Drought Stripes Example

Average conditions
for 1980-2015

Much wetter

5022 Lansing, Ml

Definition of Drought

Precipitation (Meteorological Drought)

6-month

Deviations from Average

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

Colors

US Drought Monitor



Colors and Drought Classification

Exceptional Wet Extreme Wet Severe Wet Moderate Wet Abnormal Wet
Standardized Index -2.0 -16 -1.3 -0.8 -05 0.5 0.8

May 17, 2022
Aoreres (ar O

Moderate Drought

Extreme Drought Exceptional Drought

13 16

Standardized Index Z Classification
s
@x -20<z Exceptional Drought
- ;" | -1.6<7<-2.0 Extreme Drought
ey -1.3<7<-1.6 Severe Drought
- | .-@'*3 0.8<7Z<-1.3 Moderate Drought
Drought Stripes -0.5<7<-0.8 Abnormally Dry
. 1] I -0.5<7<0.5 Neutral
o TR TR 05=7<038 Abnormally Wet
| ‘ | |I ‘I | "l ||I‘ 08<7<13 Moderate Wet
H0 A AN [T 1.3<7<1.6 Severe Wet
n d H 1.6<7<20 Extreme Wet
l 20<7 Exceptional Wet

20

Category




Drought Metrics and Timescales

Drought Index Z or percentile Source

Precipitation (PPT) Standardized Precipitation Index (SPI) gridMET (Abatzoglou)
Potential Evapotranspiration Evaporative Drought Demand Index (EDDI) (a gridMET (Abatzoglou)
(PET) Standardized Potential Evapotranspiration Index)

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

(SPEI)

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)

. Short Term Drought Long Term Drought
Timescales

2- weeks 3-months 9-months 2-years
1-month 6-months 12-months 5-years



Single Stripes

Standardized Precipitation Index (SPI)
Location: Lansing, M|

1980 to 2022
Drought Time Scale

6.0 MO

1980 1985 1990 1995 2000 2005 2010 2015

2020

Visualizations

Stacked Stripes

Standardized Precipitation Index (SPI)
Location: Lansing, Ml

1980 to 2022
Drought Time Scale

10YR

o LTI N

oo | WL FETE D |
il | LTI
1.0 MO
0.5 MO

1980 1985 1990 1995 2000 2005 2010 2015 2020

5.0 YR
SPI

2.0YR
SPI

1.0YR
SPI

9.0 MO
SPI

6.0 MO
SPI

3.0 MO0
SPI

1.0M0
SPI

0.5 MO
SPI

Time Slice

Standardized Precipitation Index (SPI)
Location: Lansing, Ml
2022-05-15

Historical Drought Stripes Tool, Cimate Toolbox



Drought (and Wet) Intensity

Standardized Precipitation Index (SPI)
Location: Lansing, Ml
2000 to 2022

Drought Time Scale 2002 Exceptional Drought

Lansing, Ml

2016-2021 Exceptional Wet

1.0YR

2000 2005 2010 2015 2020

2002 “3016-7091" Jun 2021 flooding in Michigan
MidWest Drought  Multiple Floods
Exceptional Wet Extreme Wet Severe Wet Moderate Wet Abnormal Wet Neutral Abnormal Dry Moderate Drought

Standardized Index -2.0 -16 -1.3 -0.8 -05 0.5 0.8 13 16 20




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

Standardized Precipitation Index (SPI)
Location: Lansing, Ml

2000 to 2006
Drought Time Scale
2002-2004
50YR . .
.l‘ Sept ‘ Exceptional Meteorological Drought
mnl ‘ 2004 Duration =2 years
| 1
] L
<{{§] |1} |11 |1
ol (1} A
et 1 1111 IALLLLRN
2000 Aug 2005
0Q |
Exceptional Wet Extreme Wet Severe Wet oderate Wet Abnormal Wet Neutral  Abnormal Dry Moderate Drought
05 0.5 0.8 13 16 20

Standardized Index -2.0 -16 -1.3 -0.8



Drought (and Wet) Frequency Lansing, MI

How Often Have Droughts Been Happening in Lansing, Michigan?
Standardized Precipitation Index (SPI)

Location: Lansing, Ml
1980 to 2022

Drought Time Scale
50YR . .

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

20YR

1.0 YR ‘ | ‘ Currently Lansing is in a 5-year exceptional wet
period.
3.0 MO ‘ | | H mmmm Fxtreme to
Exceptional Droughts
1.0 MO ‘ ‘
0.5 MO Extreme to
— )
1980 198 1990 1995 2000 2005 2010 2015 2020 Exce ptiona | Wet
Historical Drought Stripes Tool, Cimate Toolbox
Exceptional Wet Extreme Wet Severe Wet Moderate Wet Abnormal Wet Neutral Abnormal Dry Moderate Drought
-0.5 0.5 0.8 13 1.6 20

Standardized Index -2.0 -16 -1.3 -0.8



Drought (and Wet) Flavors

Precipitation Potential Evaporation

Evaporative Drought Demand Index (EDDI)

Location: Lansing, M|

Standardized Precipitation Index (SPI)
Location: Lansing, Ml

2020 to 2022 2020 to 2022
Drought Time Scale ° Drought Time Scale

50YR

20YR 20YR

-~ W L

= N |

= | 11—
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o AWV T e BLATRARNE BN B

2020 2020
2 O 2 O 2 O 2 1 Historical Drought Stripes Tqul@eZon 2 O 2 O 2 0 2 1 Historical Drought Siripes T°2‘@2'°2°‘
2021 Low Spring Precipitation AND  High Spring Temperatures = =l

Exceptional Wet Extreme Wet Severe Wet Moderate Wet Abnormal Wet Neutral Abnormal Dry Moderate Drought
Standardized Indax -2.0 -16 -1.3 -0.8 05 0.5 0.8 13

Lansing, Ml

Water Balance

Standardized Precipitation Evapotranspiration Index
(SPEI)

Location: Lansing, M|

2020 to 2022
Drought Time Scale

o U“ Hm-

1.0YR

3.0MO |
o LT W I
o LI [
2020
2 O 2 O 2 O 2 1H|smnca\ Drought Stripes TaZQ[Zan

Low Water Availability for
Lansing Crops (Alfalfa/Corn)

Extreme Drought Exceptional Drought

1.6 20




Climate Toolbox  APPLICATIONS ~ BRICCIECERN DATA + VIDEOS CASESTUDIES TOOLSUMMARIES  GUIDANCE NEWS  CONTACT

H | StO I'Ical Droug ht Stl"l pes Drought Stripes Summary = Video Documentation Cite Tool Take Tour
View past periods of short and long term drought for a location in the contiguous USA.
Location: Lansing, MI (42.7325° N, 84.5555° W)

Choose Location~ Choose Data~

Select a point location to view data averaged over a 2.5 square mile grid cell. Drought Metric: @)

CH LOCATION | SPI: Standardized Precipitation Index v
A standardized measure of the deviation of total precipitation (accumulated over a time scale) from
the mean value, in units of standard deviations, where values are usually from -5 to 5. SPI>0 indicates
above normal precipitation (wetness/wet). SPI<0 indicates below normal precipitation which are
levels of meteorological drought.

Download Options~

Download table: DOWNLOAD STRIPES Drought Time Scale: @)
Short Term Long Term
Download chart: DOWNLOAD CHART 0.5 MONTH %9.0 MONTH
1.0 MONTH 1.0 YEAR
Download data: DOWNLOAD DATA 3.0 MONTH %2.0 YEAR
6.0 MONTH 5.0 YEAR

MODIFY STRIPES

Choose Year Range for Stripes Figure~ Choose Date for Chart~
Year Range: 1980 v to 2022 v Date: 2022-05-20 v
Standardized Precipitation Index (SPI) Standardized Precipitation Index (SPI)
Location: Lansing, MI Location: Lansing, Ml
1980 to 2022 2022-05-20
Drought Time Scale

5.0 YR
SPI

20YR 2.0 YR
SPI

SPI

1.0YR 1.0 YR
SPI
9.0 MO
sPI
6.0 MO
6.0 MO
sPI
3.0 M0
SPI
1.0 MO
10 g‘g Neutral
0.5 MO
!
!
1980 1985 1990 1995 2000 2005 2010 2015 2020 0.5 MO Neutral |
H
H
|

Historical Drought Stripes Tool, Ciimate Toolbox

[Exceptional Wet Extreme Wet Severe Wet loderate Wet Abnormal Wet Neutral Abnormal Dry Moderate Drought Extreme Drought Exceptional Drought x
16 20

Standardized Index -2.0 -16 -13 08 05 05 08 13



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



Documentation Cite Tool Take Tour

Subseasonal Forecasts

View 48 experimental climate forecasts for a location in the contiguous U.S..

! ' | bsea SO n a I Location: Lansing, Ml (42.7325° N, 84.5555° W)

Choose Looation~ Daily Forecasts of Minimum Temperature

Lansing, Ml
Select a point location to view data averaged over 80 °F  Temorow In1 Week In 2 Weeks In-3 Weeks In-4 Weeks
O r e a S O O a 2.5 square mile grid cell.
C ”
70
Choose Data~
65
48 forecasts for .
[ Minimum Temperature v
28 d Units: [°F v 35
next ays }

Choose Analysis ~

Variables for: .
Show Graph of:
® Daily Forecasts

* Te m p e rat u re O Daily Categorical Forecasts
O Weekly Forecasts and Skill

* Precipitation

Historical Percentiles: @) s N o0 Vv \ ® D N N O

40

35

& A A’ * S S N N > o
. ®10,30,50,70,90 (Daily percentiles) & NS Ny Y S S N ¥ i N
¢ POte ntla I Forecasts from 2022-05-23

Download ~ — Middle of Forecast (Median) — Historical 50 Percentile (Median)

a A @ Historical 10-90 percentile @ Historical 30-70 Percentile
Evapotranspiration
A * For help with interpretation of these graphs, see the Documentation.
o F I re D a n ge r - * Hover over symbols on graph to see values for symbols.
Locations within CONUS

* Click on labels in legend to remove/add data series on graph.

ClimateToolbox.org



Forecast Data

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 2-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




Daily Forecasts

Documentation Cite Tool Take Tour

Subseasonal Forecasts
View 48 experimental climate forecasts for a location in the contiguous U.S..

Location: Lansing, MI (42.7325° N, 84.5555° W)

Choose Location~ Daily Forecasts of Maximum Temperature
Lansing, Ml
Select a point location to view data averaged over a 2.5 square 100 °F Tomorrow in 1 Week In2 Weeks in 3 Weeks fn 4 Weeks
mile grid cell.
"
90
Choose Data~
85
Variable: 80
| Maximum Temperature v
Units: | °F v 75
70
Choose Analysis ~
65
Show Graph of: .
@ Daily Forecasts
O Daily Categorical Forecasts 55
O Weekly Forecasts and Skill
50
Historical Percentiles: ) © D & e N N N Ao N v
N A N\ S
© 10,30,50,70,90 (Daily percentiles) R X S S ¥ S S S S S
Forecasts from 2022-05-25
Download ~ — Middle of Forecast (Median) — Historical 50 Percentile (Median) @ Historical 10-90 percentile

@ Historical 30-70 Percentile

Climate Toolbox, Data Source: CFS-gridMET(UC Merced



Weekly Forecast

Documentation Cite Tool Take Tour

Subseasonal Forecasts
View 48 experimental climate forecasts for a location in the contiguous U.S..

Location: Lansing, Ml (42.7325° N, 84.5555° W)

Choose Location~ Weekly Forecast of Cumulative Precipitation from 2022-05-25

Lansing, Ml

. ) . 7 inch
Select a point location to view data averaged over a 2.5 cnes

square mile grid cell.
CHOOSE LOCATION 6

Choose Data~

5
Variable:
\ Cumulative Precipitation (from Tomorrow) v 4 O
Units: \ inches v - ‘
Choose Analysis~ 3
Show Graph of: 2 ‘
O Daily Forecasts ] 3 °
O Daily Categorical Forecasts !
©® Weekly Forecasts and Skill 1
Historical Percentiles: @) o
® 10,30,50,70,90 (Daily percentiles) 0 . . . .
Week 1 starting Week 2 starting Week 3 starting Week 4 starting
2022-05-25 2022-06-01 2022-06-08 2022-06-15
Download -
@ Box Plot Individual Forecasts == Historical Mean(1979-2019)
Forecast Skill @)
Week 1 Week 2 Week 3 Week 4
Skill Low None None None
Correlationr 0.28 0.18 -0.01 0.07




hoose Location~

elect a point location to view data averaged over a 2.5

Juare mile grid cell.
CHOOSE LOCATION

hoose Data~

ariable:
Energy Release Component v

hoose Analysis~

how Graph of:

Daily Forecasts

Daily Categorical Forecasts
Weekly Forecasts and Skill

istorical Percentiles: (3)
10,30,50,70,90 (Daily percentiles)

ownload ~

100 %

80

60

40

20

Daily Probability Forecast of Energy Release Component =

Lansing, Ml

T?morrow In 1 b?/eek

In 3 Week

© o ~ ™ A Q <) o ) 1
v Vv N ~ ~ v
3 g ¥ s ¥ N ¥ ¥ N g
Forecasts from 2022-05-25
® Above 90 Percentile 70-90 Percentile 50-70 Percentile 30-50 Percentile

10-30 Percentile ® Below 10 Percentile

Climate Toolbox, Data Source: CFS-gridMET(UC Merced)



Climate Toolbox  APPLICATIONS ~  TOOLS ~  DATA ~

GUIDANCE NEWS CONTACT

FIND
YOUR
VARIABLE

Variable Lookup

Find which tools in the
Climate Toolbox have a
certain variable @

Launch Tool

Historical Climate Scatter
Scatterplot graphs of two
climate variables for a
location @

Future Climate Scatter
Compare model projections
for two variables for a
location @

The Climate Toolbox

A collection of web tools for visualizing past and projected climate and hydrology of the
contiguous United States of America.

A collection of tools for addressing questions relating to Agriculture, Climate, Fire Conditions, and Water.

Climate Mapper

Maps of historical and future
climate information across
multiple sectors ©

Applications

Historical Water Watcher
Maps of real-time water
monitoring over the
contiguous US @

Launch Tool Launch Tool
—
==
-
-
Historical Cli F
Climographs of monthly Progression

average climate for a
location ©

Future Climate D

Graphs of daily weather and
forecasts for a location @

Future

Dashboard of future climate
projections for a location @

Launch Tool

Graphs of future streamflow
projections for a stream @

Launch Tool

Historical Climate Tracker
Graphs and trend lines of
historical climate variability
for alocation @

Launch Tool

Historical Climate
Dashboard

Dashboard of real-time
climate for a location @

Future Cold Hardiness
Zones

Maps of Future hardiness
and crop suitability zones
projections @

Launch Tool

Historical Drought Stripes
Stripes of past short and
long term droughts as a
timeseries for a location @

N

/

Seasonal Forecast Graphs
Graphs of seasonal climate
forecasts and statistics for a
location ©

Future Crop Suitability
Map of future crop suitability
and projections for a
location @

The Climate Toolbox
ClimateToolbox.org

Katherine Hegewisch
University of California Merced
khegewisch@ucmerced.edu

RISA

Regional Integrated Sciences
and Assessments

@ CIRC

Climate Impacts Research Consortium




