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Drought Outlooks Presentation

» Overview of CPC’s Climate and Drought Outlooks;
» History of the Drought Outlooks;

» Preparation of the Operational Drought Outlooks;
» Verification;

» Drought Outlook Challenges and Next Steps;

» Current Outlooks




NOAA Seamless Suite of Forecast Products
Spanning Climate and Weather
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Climate Prediction Products

Focus on Week-2 to Seasonal-to-Interannual

O

O O O O O O

6-10 Day & 8-14 Day (Extended Range Forecasts) Precipitation
& Temperature Outlooks

Day 3-14 Hazards Outlooks (US Hazards, Global Tropics
[MJO/GTH])

Monthly & Seasonal (Long Lead Forecasts) Precipitation &
Temperature Outlooks

Monthly & Seasonal Drought Outlooks
Seasonal Hurricane Outlooks (Atlantic and Eastern Pacific)
Monthly ENSO Prediction

Week 3-4 Temperature/ Precipitation
Week 2 Heat Outlook
Arctic Sea Ice Forecasts




Climate Prediction Products

Click on product title to go to product page. Move cursor over product parameter name to display the
graphic -- click to enlarge. Links to these same products are also available below,
6-10 Day Outlook (Interactive) One Month Outlook (Interactive)
Temperature Precipitation Temperature Precipitation

Three Month Outlook (Interactive)

§-14 Day Outlook (Interactive)
Temperature Precipitation

Temperature Precipitation

U.S. Hazards Outlook
8-14 Da 3-14 Day Temps

Week 3-4 Outlooks
Temperature Exp. Precipitation

Global Tropics Hazards Outlook
Weeks 1 and 2

U.S. Drought Information
Monitor Monthly Outlook Seasonal OQutlook

U.S. Seasonal Drought Outlook
Drquht Tendency During the Valid Period

Valid for October 18 - January 31, 2079
Released Ocrober 18, 2018
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Production Schedule

Extended Range Forecasts Daily
Hazards Analysis Forecasts Mon-Fri
Global Tropical Hazards every Tue
Weeks 3&4 every Fri

Monthly Long Lead Forecast - 2 per month

3rd Thu & updated last day
of month

Seasonal Long Lead Forecast - monthly

3rd Thu

Seasonal Drought Outlook - monthly

3rd Thu

Monthly Drought Outlook - monthly

last day of month

ENSO Weekly Update every Mon
ENSO Monthly Discussion 2nd Thu
Hurricane Outlook - Yearly + update May + August




U.S. Hazards Outlook - Made October 19, 2018

| [Days 3-7|[Days 8-14 |[Probabilistic Days 8-14|| |Legend
|F'recip'rtatiun H v ” o ” o | ] Flnn-ding Likely _ _ [ chssilﬁe Heat
- Flooding Ceewering ar Imminant |:| High Winds
|TEI'I'I|]E rature” ¥ ||N":I HﬂZEFdS” a | D Floading Possible - Much Above Mormal Temperaturas
[soits [ @ |[NoHazaras| Not Availabie EH- || | X Fressing Rai (] uch Below Normal Temperatures
- - Heawy lca D Significant WWawves
NOTE: Dynamic map may be [ Heavy Pracipitation B Enhanced Wildfire Risk
delayed in updating graphics. [ Heavy Rain [ severe Drought
See static maps below this for the [ Heavy Snaw
most up to date graphics. [ severs Weather

S Wancouver .

= G\E
Missauri Era
tle & - ~ Lake
o} i

SN

Washingtu:un

Rdnggs

[l Iiami
] Gulf of o
Mexico

MEXICO Hawana
Ezri, HERE, Garmin, FAQ, NOAA, USGS, EPA

I Day 3-7 I Day 6-14 Temperature Hazards | Precipitation Hazards

Chtawa IMontreal
a0 :

GREAT BLAINS Cgicagu
mwer UNITED , .
o STATES st Muis G Fhiladelphia




8-14 Day Outlooks
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Odds slightly favor above average precipitation for southern UT this winter.
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What is the Seasonal Drought Outlook
Telling Me?

U.S. Seasonal Drought Outlook Valid for October 18 - January 31, 2019
Drought Tendency During the Valid Period Released October 18, 2018
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Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Ongoing" drought areas are

based on the U.S. Drought Monitor
areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).

I orougnt persists

Drought remains but improves

Author:
Yun Fan

NOAA/NWS/NCEP/Climate Prediction Center

Drought removal likely

O Drought development likely
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() Forecast tools

DYNAMICAL MODELS

e Global Forecast System (GFS) and ensembles
e European Centre for Medium-range Weather Forecasts (ECMWF) ensembles
e Canadian ensembles

STATISTICAL TOOLS (Downscaling)

e GEFS/ECWMEFT, P — bias corrected/calibrated, using reforecasts

e NAEFS — Bias-corrected ensemble forecasts—T, P

e Consolidation — GEFS and ECMWF — Dynamic weighting of calib models
e GFS P, T—Dynamical model output—calibrated P, T

e Analog composites — Average T, P for the 10 best 500-hPa analogs

e Klein T —screening regression

e Tele-connections — Simultaneous, significant temporal correlations for two or more
widely separated locations.

http://www.cpc.ncep.noaa.gov/products/predictions/90day/tools.html




Where does seasonal
predictability come from?

Persistent or recurring atmospheric circulation patterns associated with
anomalies in

 the initial state of the climate system, or

* boundary conditions

El Nirio and La Niria: anomalous climate states whose development,
persistence and evolution are somewhat understood

Potentially persistent or recurring atmospheric circulation patterns that are
less well understood: AO, NAO, PNA, AAO

Unidentified persistent atmospheric patterns may arise from the initial state
of the climate system or from boundary forcing

Decadal variability or trends:
1. Climate Change
2. Anomalies in the large scale ocean circulation can vary over decadal
timescales
e.g. Atlantic Meridional Overturning (AMOC) 14



Factors Influencing a Climate
Forecast

. Climate Change - trends

Natural Climate Variability — “organizes” weather
El Nino-Southern Oscillation (ENSO)

Mid-latitude Oscillation modes (NAO, AO, PNA, ...)
Land Surface Processes (Soil moisture, Snow cover, ...)

Atmospheric Noise - unpredictable “climate” signals produced
by chance through cumulative effects of weather. This is large in
middle latitudes, small in the Tropics. Major cause of “uncertainty”
in forecasts, and especially true during ENSO-neutral conditions
and Northern Hemisphere summer (convection, tropical systems).



US Drought Outlook History

Originated in August 1999 (shortly after the US Drought Monitor became
operational). USDM was originally a monitor & outlook, decided it was best to
make 2 separate products. SDO went public in March 2000;

Intent is to present a simple national picture of where droughts will improve
(removed), persist, or develop (but not worsen);

Original production schedule issued initial SDO on 3™ Thursday of month, with
updated SDO (if required) on 15t Thursday of next month, by one of the 5 CPC
forecasters rotating among other duties;

Replaced updated SDO (released 15t Thursday of next month) with new MDO
(released last day of month) starting July 2013;

Color-blind compliant colors started in Jan 2014 in collaboration with climate.goy,
along with removal of arrows & text (cleaner);

Overlay most recent forecasts (tools) on SDO & MDO MXDs in May 2018, similar to
the U.S. Drought Monitor GIS process.



August 3, 1999
Experimental U.S. Drought Monitor

D2 hydro
D2 ag
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U.S. Drought Monitor »»
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' S' Dr O ug h t M On i tor (Relea;jelfiglﬁlr:dg;, 3u(r)112§, 2018)

Valid 8 a.m. EDT

Drought Impact Types:
r~ Delineates dominant impacts

S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

Intensity:
[] DO Abnormally Dry

[] D1 Moderate Drought
[ D2 severe Drought

[ D3 Extreme Drought
[ D4 Exceptional Drought

Author:
Brian Fuchs
National Drought Mitigation Center

The Drought Monitor focuses on broad-

scale conditions. Local conditions may

2 o vary. See accompanying text summary for
Q; forecast statements.
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U.S. Seasonal Droug.ht Outlook
Drought Tendency During the Valid Period
Valid for September 6 - November 30, 2012
Released September 6, 2012
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Posted/Predicted 11

Improvement

Persistence

KEY: Old
- Drought to persist or Format Imprsoovgrzent

intensify No Drought _@o
Posted/Predicted
774 Drought ongoing, some

A Improvement Depicts large-scale trends based on subjectively derived probabilities guided

by short- and long-range statistical and dynamical forecasts. Short-term events
Drought likely to improve, -- such as individual storms -- cannot be accurately forecast more than a few days in advance.

impacts ease Use caution for applications -- such as crops -- that can be affected by such events.

"Ongoing" drought areas are approximated from the Drought Monitor (D1 to D4 intensity).
Drought development For weekly drought updates, see the latest U.S. Drought Monitor. NOTE: the green improvement
Iikely areas imply at least a 1-category improvement in the Drought Monitor intensity levels,

but do not necessarily imply drought elimination.



’ Drought Outlook Process

U.S. Seasonal Drought Outlook vaiid ror November 16 - February 28, 2018
Drought Tendency During the Valid Period Released November 16, 2017

Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events
"Cngoing” drought areas are

hased on the U.S. Drought Monitor
areas (intensities of D1 to D4)

NOTE: The tan areas imply at least
a 1-category improverment in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (D0 or none)

. Drought persists

Drought remains but improves

Author:
Anthony Artusa

NOAA/MNWS/NCEP/Climate Prediction Center

Drought removal likely

o Drought development likely

3 ?bD L2~ ® 2

™ http://go.usa.govi3eZ73

21
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<. Drought Forecasting: Many Different Contributions (Tools)

MOLLS

&

Author:

A U.S. Seasonal Drought OutlooK vaiid ror November 16 - February 28, 2018
Drought Tendency During the Valid Period Released November 16, 2017

Anthony Artusa
NOAA/NWS/NCER/Climate Prediction Center

Depicts large-scale trends based

on subjectively derived probahilities
guided by short- and long-range

.  statistical and dynamical forecasts

N} Use caution for applications that

can he affected by shaort lived events
"Ongoing" drought areas are

based on the U.S. Drought Monitor
areas (intensities of O1 to D4).

MNOTE: The tan areas imply at least
a 1-category improverment in the
Drought Monitar intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (D0 or none)

[ orougnt persists

Drought remains but improves

O

N

Drought removal likely

D Drought development likely

?SDQ L ® &

Start with latest

D1 areas

/

U.S. Drought Monitor

http://go.usa.govi3eZ73

Short-Term Climatologies Long-Range Forecasts:
Forecasts: And Analogs (1- to 3-Months)
(less than 1-Month)

(Note ENSO Status & Other Atmospheric/Oceanic Indicators)



rought Monitor o e 0.0y == Start with 11/14/17 US Drought Monitor

Valid 7 a.m. EST

&i@w T P Initial D17JF18
R SR o Seasonal Drought Outlook

ST I (released Nov. 16)

ol s 5 4 ‘ U.S. Seasonal Drought OutlOOK vatid for November 16 - February 23, 2018

y S ‘b\ Drouant impact Tyoes: Drought Tendency During the Valid Period Released November 16, 2017

‘_ ‘ f ~ Delineates dominant impacts
SL q { | \{.» S S = Short-Term, typically less than 3
\\S ‘ 6 months (e.g. agriculture, grasslands) & f.' 2
S L = Long-Term, typically greater than } Nt £y 5
A Y .lv‘\ 3 | ,

6 months (e.g. hydrology. ecology)

AR

Author:

Richard Tinker
CPC/NOAANWS/NCEP
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httgh//droughtmonitor.unl.edu/
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D0 & D1 shape file areas

NOAA/NWS/NCEP/Climate FPrediction Center

Drought remains but improves

Drought removal likely
¢ Drought development likely
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From Tools - Determine if D1-D4 areas
will: Persist, Improve, or be Removed;
and if DO & normal areas will Develop
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Nov. 16, 204 7. SBO



Percent of Normal Precipitation (%)
10/1/2017 - 11/29/2017

5 25 50 70 90 100 110 130 150 200 300

Generated 11/30/2017 gt HPRCC using provisional data. NOAA Regional Climate Centers

Departure from Normal Temperature (F)
10/31/2017 - 11/29/2017

Generated 11/30/2017 ot HPRCC using provisional data. NOAA Regional Climate Centers

Honday, Novenber 06, 2017

November 21, 2017
(Released Wednesday, Nov. 22, 2017)
Valid 7 a.m. EST

£~ Deineates dominant impacts

S = Short-Tem, typicaly less than

& months (e.g. agriculture, grasslands)
L = Long-Tem, typically greater than
& months fe.g. hydrology, ecology)
Intensity:

(] DO Abnormally Dry

[C] D1 Mederate Drought

[ D2 Severe Drought

# M D3 Exireme Drought

e W D4 Exceptional Drought

Authar:
Richard Tinker
CPCINOAANWSINCEP

The Drought Moritar focusas an broad-

scale conditions: Local Condilions may

el Vary. See ocompanying text summary for
foracast statomants.

- s USDA /(™.

D - \ 4
http://droughtmonitor.unl.edu/

Observed Fire Danger Class: 06-Nov-17

U.S. Drought Monitor Class Change - Total U.S.
1 Month

ctober 31, 2017
October 3, 2017
http:/idroughtmenitor.unl.edu
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Primary Drought Outlook Inputs — Short Term
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Primary Drought Outlook Inputs —
Climatology & Analogs

Precip Needed to End Current Drought Conditions in 6 Months Spring and Summer

Streamflow Forecasts
as of May 1, 2012

Median Percent of Annual Precipitation -- AMJ

Based on the PHDL. PHDI is a primary meastre of long-term drought but may not apply to ail areas, including those with  Display
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Median Percent of Annual Precipitation -- DJF Median Percent of Annual Precipitation -- JJa
1895/96-2015/16 [121 Years],

(Dot Gl | W ONCA P Summer
9 JJA

W I n te r Poriod of Record (above)
& Short-Term Trend (helow)

i'%‘-'i o
-"'l Ti/ %ﬁ) A

RS e
" S e P S LUINE ey e s
VRS E e

R o T et L iacss
TR (A T
BT
\ '

L B o _I__-',' £ Aly
Period of Rocord (above) ’ - Period of Recard (above} l .

& Short-Term Trend (bolow) -‘ & Short-Term Trend (helow)

Spring
MAM

Fall
SON

D

-

2001-2015 [15 Years] [

&
- 4

7
24

55

0.3% - 2% 30% - 36%

2% - 5% 35% - 0% 27
5% - 10% 40% - 45%
10% - 15% [45% - 50%
15% - 20% 50% - 67%

20% - 30%




% ¢
=, g
Praggwt of &

' VIC Predicted Soil Moisture Percentiles
NMME Forecast of Prate Anom (mm/day) IC=201209 for 20120ND based on ranking of ESP ENSO-Subset median
TN e = ) 2 Initialized 20120907 - 3 month lead
-120° -1iz° -104" -9B" -88" -80° -T2"
60N e 1 K ol . s
48 Y /“’ 48"
- o~ —,\‘]w‘ -
50 .
. o .
44 ~ 44
40N g 3
= K 12 [ 1l 1 BT
a 3 av SPI Forecast
30N ! i
- — based on CFSv2 —
NMME for . - -15 -1z -0 98 -1z -8 om 1z 13 2
N, 36" 36
20N s =
OND12 PCP e S ‘
az" 32" b} SPIE Oct 2012
o I - ]_ -
160w T40W 1200 100w 80w 50w byr. "‘"\ Y p ' o
S1S08 06 04 02 <07 04 02 04 06 08 1 28" e 5 N 28" T
| ) \," i

o 2 5 10 20 30 70

~{& 1-Month Temp p——

2/(27 B : : oa s 24'
e 4 .
| e @ﬂ“' 80 90 8 98 100

_—Z -15 -12 -08 o8 Lz s Z_ _—Z =18 -1z 08 08 1z AR ] Z_
Initial conditions: 24Aug2012-25ep2012 aqqQe verage empéerature Uullaok fTor agqge WErage emperature Uutlaol or
< Lagged A ngg ture Outleok for NOV 2012 Lagged Averaged Temperature Outlank for NDJ 2012/2013
NWS/NCEP/CPC Lost updote: on Sop 74 2012 units: anomaly (sdX100), SM data ending at 20121008 units: anomaly (sdX100), SM data ending at 20121008
CFS seasanal Prec (mm/doy) 0N "\\” ¢ ] 500 % : " a
Oci—Nav—Dec 2012 Feb—Mar—Apr 2013
E L "E L e i .
PP I = o AN 40N
?E‘EEESHEREUEEQSEMLHV Uit . b e ¥ .
0.5 MONTH LERD VE c 20N o 20N 36N Eiil
VALID OCT 2012 3
MADE 20 SEP 2012 - R T R TR TR TR R T TR T TR TR T
o Mar—Apr—tay 2013 30N 30N
° o &0 | 2] :
q g A o= \ \
SN ¢UA . on 1200 100 wu_ 1701/ 100K B0
\',’ 3-Month Prec B — 166146 128 100-80-60—40-20 20 40 60 30 100120 140 160 —166148128-100-80-60-40-20 20 40 60 80 100120140 160
Probabilities =
e e B i T Lagged Averaged Precipitation Outlook for NOV 2012 Lagged Averaged Precipitation Outlook for NDJ 2012/2013
7o w s units: anomaly (st100§, SM data ending at 20121008 units: anomaly (sdX100), SM data ending at 20121008
‘ i : —— : e, il R s, b
ik , T KQ.\\{ @. . ﬁ 9y oty ﬁ
e =T ﬁ)\ﬁ@ i 45 T
=] ( i
40N < Q“ W' r;f ,}' 400
e
CFS Seasonal - cuanr e -
Precipitation ] 4
- 300 - P 3o
THREE-MONT
PRECIPITAT . -
0. 5_MONTH 250 W 25H 4
VALID OND
MADE 20 SE 00 o0 P 1701 100w ELT)

I
—165-148126 100-80-60—40-20 20 40 60 30 100 120 140 160 —166-146 126 100-80-60-40-20 20 40 60 B0 100120140160



Drought Outlook Production

Seasonal Drought Outlook (SDO): Produced in conjunction with seasonal
temperature and precipitation outlooks (released 3™ Thursday of month).

Monthly Drought Outlook (MDO): Produced in conjunction with updated 1-Month
forecast (released last day of the month).

v" Most recent Drought Monitor is starting point for the Drought Outlooks.

v" Drought Outlook forecaster consults with extended range (Week 2),
Week 3-4, and long-lead (monthly and seasonal) forecasters and
guidance to ensure continuity and consistency between products. This
is currently done subjectively by the forecaster and the process might
be improved by making new objective tools that blend the extended-
range and long-lead tools.

Draft
v" Forecaster sends draft to stakeholders for feedback. -
Typically, several dozen stakeholders will request / \
changes to the forecast over 2-3 days.

takeholaer

Review

v" For example, requests were made from California Feedback
during the very wet 2016-17 winter to reduce the

amount of drought improvement in certain regions. N 29



How Are We Doing?

Verifications....




Seasonal Drought Outlook: Median Percent of Area
Successfully Forecast -- DJF 2009/10 - MAM2018 Median
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Skill of the Outlooks

« SKkill in the outlooks comes from:
 The Trend
» Opportunities like El Nino/La Nina
« Shorter term forecasts (Monthly outlooks)

o SKkill is better in the winter seasons - not as
good in the summer

 Models and Tools continue to improve!
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Blending short-term forecasts (most skillful) with seasonal forecasts;
Improving outlook skill (especially precipitation) at all time ranges;
Automating production & verification (getting there!);

Although there are many quantitative & objective inputs into the Drought Outlook
process, ultimately the forecast is produced subjectively by humans with varying
decision styles — similar to DM;

Providing decision makers with the information they need. CPC has not formally
surveyed DO users yet, but from DO meetings, emails, etc.

« Agriculture community would like both short & long-term DOs for current
season crops (e.g. MDO) & planning for next year.

« Hydrology community prefers accurate, regional, long-term DO for water
management (store water if drought expected, release some if not).

« Both short and long-term drought affects local government decisions.

Currently, stakeholder engagement & time-consuming climate model runs = long
production time (hence no weekly or bi-weekly updates [yet]);

Should we move to an objective and/or probabilistic Drought Outlook (at least
start with tools for input)?; 33



Next Steps in Drought Forecasting

Short-Term:
*  More GIS automation to objectify DO (like DM) - ongoing;

* Real-Time DO Verification: Make more objective & automated; consider scoring persistence as
“correct”; average weekly DM drought over forecast period since one anomalous week can completely
make or break a DO forecast;

*  Ongoing CPC Monthly Drought Working Group (DWG) brings operational (OPB) and R&D (OMB) staff
together to learn from & communicate more with each other to improve operational drought
forecasting (better communication really does help);

Long-Term:

* Develop a R20 plan for long-term improvement of DO: Improvement of Precipitation forecasts in the
models is highest priority; Integration of Temperatures, Precipitation, and Soil Moisture Forecasts ;

*  Engage the drought community for ideas on improving the DO (survey): Comparison of the (subjective)
DO with objective ones, such as objective SPI or one based upon the PDI. What is customer preference?

e  Continuation of the current manual forecast, with objective forecasts used as input and run in parallel;

* Develop a 2-month DO (1- & 3-months now), or a bi-weekly MDO update on Fridays, or a 6-month DO
(for water management/hydro users);

*  Develop a probabilistic, objective DO (since other CPC forecasts are);



Winter 2018

LS.
Temperature
Outlook

AK and H! not to scale

Temperature Outlook
for Dec 2018 - Feb 2019
Issued 18 October 2018

Probability (percent chance)

cooler than normal  equal chances

80 70 60 50 40 33 33 40 50 60 70

warmer than normal

80|

Winter 2018

Es:
Precipitation
Outlook

q

AK and HI not to scale

Precipitation Outlook
for Dec 2018 - Feb 2019
Issued 18 October 2018

drier than normal

80 70

NWS Climate Prediction Center
Map by NOAA Climate.gov

Probability (percent chance)
equal chances  wetter than normal
60 50 40 33

33 40 50 60 70 80




Winter 2018
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Weak El Nino Cases

1950-2010 Base Period

NOAA/NCE| Climate Division Composite Standardized Precipitation Anomalies

Versus 1951-2010 Longterm Average
Dec to Feb 2014—15,2006—07,2004—05,2002—-03,1987-88,1979—80,1976—77,1977-78
1969-70,1958-59,1953-54,1951-52,

o
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Precipitation Anomalies: Strong / Moderate El Nifio
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Precipitation Anomalies: Weak El Ninho
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Snowfall Anomalies: El Nifio years
All (21) years

All events

NOAA Climate.gov

compared to 1950-2009 - 1 | T - Data: Rutgers/CPC
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Snowfall Anomalies: El Nifio years
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THANK YOU!

Any Questions, contact:

Andrea.Bair@noaa.qov
(801)524-5137 ext. 285
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Extended Range Forecasts

Possible combinations of A, N, B for probability lines on CPC forecast maps.
Combinations 8, 9, 10 are rarely used.

CPC FORECAST MAP PROBABILITY CONTOUR VALUES
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