
Subseasonal to Seasonal Outlooks from CPC

David Miskus / Jon Gottschalck
CPC/Operational Prediction Branch

U.S. Drought Monitor Workshop:
Forecasting, Monitoring, & Responding

To Drought in the Southeast

Phillips Market Center, 
SC State Farmers Market,

West Columbia, SC
February 4, 2020



Climate 
Outlooks

Climate 
Predictions

Weather 
Forecasts

Warnings

Days

Hours

1 week

Minutes

2 weeks

Months

Seasons

Years Forecast 
Uncertainty

RECOVERY RESPONSE PREPARATION

Impact-Based Decision Support 

Fo
re

ca
st

 Le
ad

 T
im

e

NWS_041

Climate/Weather
Linkage

CPC

TPCOPCHPC

SWPCAWCSPC

Click to edit Master title style
N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N

NOAA Seamless Suite of Forecast Products
Spanning Climate and Weather

Service Center Perspective

Collaborative
Forecasts

2

Presenter
Presentation Notes
+ Please provide a brief overview of current missions, models, products, etc.�



 Overview of CPC Outlooks, Process, Tools, and Services:

1) Week 2 (Days 8-14; also Days 6-10)
2) Week 3-4
3) Monthly and Seasonal Outlooks (LLF)
4) Global Tropics Hazards Outlook (GTH)
5) Drought Outlooks (SDO & MDO)

 Verification of Outlooks

Outline



 Overview of CPC Outlooks, Process, Tools and Services:

1) Week 2 (Days 8-14)
2) Week 3-4
3) Monthly and Seasonal Outlooks (LLF)
4) Global Tropics Hazards Outlook (GTH)
5) Drought Outlooks (SDO & MDO)

 Verification of Outlooks



Week 2: Interpretation

C. CA
Below: 32%
Near:  36%
Above: 32%

Wisconsin
Below:  3% 
Near:  32%
Above: 65% 

SW. Utah
Below: 25%
Near:  33%
Above: 42%

Arizona
Below: 52%
Near:  33%
Above: 15%

SW. Alaska
Below: 22%
Near:  33%
Above: 45%



Week 2 U.S. Hazards
 Targets the Days 8-14 period, probabilistic in nature
 Highlights areas for slight, moderate or high risk for hazardous 

conditions related to temperature, precipitation and winds 
 Hazardous conditions are defined based on thresholds or exceeding 

percentiles or both



Week 2: Forecast Process

Considerations

Dynamical model forecasts

Weighted average 500-hPa height and 
anomaly forecast (BLEND)

Upper-Air

Official height 
forecast

Spatial 
Correlation

Recent anomaly 
correlations

Agreement with 
canonical 
teleconnections

Inter-model 
agreement

Analogs Regression based 
specifications



Week 2: Forecast Process

Autoblend

Dissemination to public 
between 3-4 PM Eastern 

Time

Dynamical 
model forecasts

Surface

Official height forecast

Environmental conditions 
(snow cover, soil 
moisture, sea ice, SSTs, 
etc)

Atmospheric Phenomena
(MJO, Stratosphere, etc)  

Analogs Regression based 
specifications

Bias Corrections,
Calibrations, 
Consolidation

Write the forecast bulletin, 
FXUS06 KWBC

Human in the Loop Modifications



Week 2: Forecast Tools

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

POST-PROCESSING / STATISTICAL TOOLS
•GEFS/ECWMF T, P – bias corrected/calibrated, using reforecasts
•NAEFS – Bias-corrected ensemble forecasts – T, P
•Consolidation – GEFS and ECMWF – Dynamic, skill weighted combination
•GFS P, T – Dynamical model output– calibrated P, T
•Analog composites – Average T, P for the 10 best 500-hPa analogs
•Klein T – Regression
•Teleconnections – Simultaneous, significant temporal correlations for two or 
more widely separated locations



Week 2: 500-hPa Height Guidance

Forecaster considerations:
• Overall model system agreement
• Ensemble spread
• Run-to-run continuity, outliers
• Consistency with tropical forcing?
• Slowly evolving boundary conditions (snow, soil moisture, local SSTs)  



Week 2: 500-hPa Height Outlook

Model Weight (%)

0Z GEFS Mean 20
6Z GEFS Mean 20
6Z GFS 15
0Z ECMWF Mean 20
y12Z EC Mean 5
0Z CAN Mean 15
y12 CAN Mean 5



Bias corrected using forecasts and observations over the past 120 
days using a decaying average mean error

Week 2: NAEFS



Bias CorrectedUncorrected

45-day bias removal

Week 2: Bias-Correction (short)



Bias correction and calibration using ~20 year reforecast - GEFS and 
ECMWF (working with Canada to initiate)

Week 2: Bias-Correction (reforecast)



Week 2: Simple “First Guess”

25%  NAEFS
25%  GEFS Reforecast
25%  Bias Corrected European
8.3% Analogs, Kleins, Raw European

20% NAEFS
40% GEFS Reforecast
30% ECMWF Reforecast
10% Analogs from ECMWF



Week 2: Consolidation “First Guess”



Week 2: Consolidation “First Guess”



Week 2: Natural Analogs

500-hPa height Temperature Precipitation



Week 2: Teleconnections

• Inspect data for remote relationships based on phase, location and season of a height 
anomaly center of action

• Link with observed temperature and precipitation for these respective cases
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Week 3-4: Interpretation

• Two category outlook for above- or below-normal 2-week mean 
temperature and 2-week total precipitation amounts

• “EC” areas indicate 50% probability for each category



Week 3-4: Process

Create surface temp/precip outlooks (probabilities, dominant category) using tools
Write the forecast bulletin 

Dissemination to public between 3-4 PM 
Eastern Time

Weekly - Friday

Dynamical 
model forecasts

Surface

Bias Corrections,
Calibrations, 
Consolidation

Statistical Tools



Week 3-4: Forecast Tools

Dynamical Model Guidance
• Climate Forecast System (CFS) lagged ensemble
• European Centre for Medium-range Weather Forecasts (ECMWF) ensembles
• Japan Meteorological Agency (JMA) ensembles
• Environment Canada Climate and Change (ECCC) ensembles
• Experimental Sub-X forecast guidance
Post processing – Statistical Forecast Guidance
• CFS/ECWMF/JMA/ECCC  T, P – bias corrected/calibrated using reforecasts
• Consolidation products – Equal weighted, correlation weighted combination
• Multiple linear regression (ENSO, MJO, Trend)
• Constructed Analogue (based on 200-hPa streamfunction)
• Subjectively weighted “autoblend” first guess forecast tool

Presenter
Presentation Notes
 




Week 3-4: 500-hPa Height Guidance



Week 3-4: Temperature Guidance

• Bias-corrected and calibrated probabilistic temperature forecasts
• Objective combinations available



Week 3-4: Precipitation Guidance

• Bias-corrected and calibrated precipitation anomaly forecasts
• Objective combinations available



Week 3-4: Multiple Linear Regression

MJO

Trend
Combined

ENSO



Week 3-4: Consolidation “First Guess”

• Autoblend combination of dynamical and statistical guidance
• Weights in this forecast tool are subjectively chosen (red box)
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LLF Outlooks: Interpretation

Temperature Precipitation

NW Utah
Below: 4%
Near:   33%
Above: 63%

N. Arizona 
Below: 24%
Near:   33%
Above: 43%

N. Dakota
Below: 33%
Near:   33%
Above: 33%

Northwest Coast
Below: 41%
Near:   33%
Above: 26%



IMPORTANT: Static maps (previous slide) can hide the fact that all 
locations actually relate information about odds for all three categories 

LLF Outlooks: Interpretation



LLF Outlooks: Forecast Basis

• Persistent or recurring atmospheric circulation patterns associated with 
anomalies in: 

 the initial state of the climate system, or 
 boundary conditions

• El Niño and La Niña:  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

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

• Decadal variability or trends



LLF Outlooks: Process

• Seasonal temperature and precipitation forecasts are based on a 
combination of statistical and dynamical forecasts

• An objective consolidation of forecast information often provides the 
starting point for the outlook map

• Model forecasts (specifically the NMME) now play a large role
• A forecaster subjectively adjusts the forecast
• A team of seasonal forecasters reviews the forecasts with input from 

across NOAA and other agencies

• Internally, forecasters gather Friday before release date to review the current climate 
state, previous forecasts and draw preliminary maps

• Call on Tuesday before release date to review the forecaster’s preliminary maps is 
open to entire NWS

• Release date every third Thursday of the month
• Monthly ENSO forecast is always updated prior to the start of the seasonal 

forecast process (2nd Thursday)



LLF Outlooks: ENSO



LLF Outlooks: Boundary Conditions

Soil moisture

Snow cover Local SSTs



LLF Outlooks: Long Term Trends

• Optimal Climate Normal (OCN)

• Difference between some pre-
determined averaging period and 
the standard 1981-2010 normal

• CPC uses 15 years for this period at 
the current time

• Both temperature and precipitation



LLF Outlooks: Statistical Tools

1. Canonical Correlation Analysis (CCA) (top left)
2. Constructed Analogue (CA) (bottom left)
3. ENSO-Trend combination (ENSO/OCN) (top right)



LLF Outlooks: Dynamical Model Guidance



LLF Outlooks: Consolidation “First Guess”

1. Statistical consolidation (STAT) (top left)
2. NMME consolidation (NMME) (bottom left)
3. Final consolidation (Final) (top right)





Additional Seasonal Precipitation Information

Anomaly (inches) of the median 
value of the outlook distribution

Dashed lines are the 1981-2010 
median value

Shading are anomalies 

Northern Florida Climate Division 

Probability of Exceedance Graph

Illustrates the shift in the 
distribution 
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GTH Outlook: Interpretation



GTH Outlook: Interpretation



Product released weekly according to the following steps:

MONDAY: Forecaster updates the MJO weekly update PPT/PDF and prepares draft GTH outlook 
maps and posts to preliminary page

MONDAY: Forecaster sends out message to collaborators for feedback announcing technical call
MONDAY: Conduct 2:30 PM ET conference call with available partners/contributors
MONDAY: Finalize MJO weekly update PPT/PDF and post to web by 4 PM ET

TUESDAY: Forecaster updates outlook maps based on feedback and latest forecast information
TUESDAY: Forecaster writes PMD, performs last round of coordination with NHC by 1 PM ET
TUESDAY: Forecaster posts final outlook maps and PMD to web and confirms release
TUESDAY: Forecaster conducts Global Tropics Briefing at 2:30 PM ET

FRIDAY: An update is prepared during the Atlantic hurricane season 6/1-11/30, reduced region 
(120 E to 0, 0 to 40 N)

GTH Outlook: Release Schedule

Product released at 2:30 PM ET Tuesday, update on Friday
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/ghazards/index.php



Assess ENSO rainfall patterns

Knowledge of 
MJO impacts

Assess current 
strength and phase 
of MJO

Outlook maps

Include predictive information related to other 
coherent tropical modes (KW, ER, AEW, etc.)

Include extratropical related factors (low 
latitude frontal activity, blocking, etc.)

Statistical forecast 
tools (precip, TCs)

Dynamical model forecast 
tools (precip, TCs)

GTH Outlook: Process



GTH Outlook: Forecast Tools



DP1

DP2

DP3

GTH Outlook: Forecast Tools
Madden-Julian Oscillation (MJO)



EWP C-LIMCA

GTH Outlook: Forecast Tools



GTH Outlook: Forecast Tools



GTH Outlook: Forecast Tools



GTH Outlook: Forecast Tools



GTH Outlook: Forecast Tools



1. Commerce is Global: Support sectors of U.S. economy (financial, 
energy, agriculture, water resource management, aid organizations, 
etc.) that have international interests

 Advance notice of hazards and benefits in the Tropics
 Assessment of weather / climate pattern changes

2. Support NOAA: Support the National Weather Service (NWS) field, 
among other U.S. government agencies, by:

 Assessing and forecasting the distribution of large scale tropical convection
 Providing advance notice for potential pattern changes across the U.S.
 Providing subseasonal tropical cyclone forecasts for U.S. government agencies

3. Additional resource for international met organizations

GTH Outlook: Product Purpose



NWS: NCEP, WFOs, RFCs, Regional HQs
NOAA agencies: National Marine Fisheries Service
Aid Organizations: U.S. and International Red Cross, USAID 
Private Sector: Energy, agriculture, financial, and water resources sectors
Others: Other U.S. Agencies, International weather agencies, TV mets

NOAA National Centers:
 National Hurricane Center
 Central Pacific Hurricane Center
Dept. Of Defense: 
 Joint Typhoon Warning Center
 Naval Postgraduate School  
International Agencies:
 Australian Bureau of Meteorology
 Taiwan Central Weather Bureau 
Academia:
 SUNY, NC-CICS

Partners: Example Applications:

Stakeholders:

Field Campaigns

Haiti Relief

Oil Spill

GTH Outlook: Partners, Applications
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• Produced in conjunction with monthly and seasonal 
T/P outlooks 

• Drought Monitor is starting point for outlooks

• Forecaster consults with extended-range, subseasonal 
and seasonal forecasters / guidance for consistency

• Forecaster sends draft outlook to stakeholders for 
feedback. Typically, several dozen stakeholders will 
request changes to the forecast over 2-3 days. 

Draft

Stakeholder 
ReviewFeedback

Drought: CPC U.S. Drought Outlooks



Drought: DO Short Term Tools



Drought: DO Long Term Tools



Summary - Short overall 
narrative

Discussion – Detailed 
narrative by region 
that includes reasoning 
and confidence

Drought: DO Outlook Discussions

• Future plans include a 
Probabilistic DO (consistent
with other CPC outlooks) 
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Verification: Modified HSS Metric

Modified Heidke Skill Score (HSS):
% Improvement over Random Forecasts

H = Number of correct forecasts
E = Expected number of correct forecasts (1/3 of total)
T = Total number of valid forecast-observation pairs

HSS (%) = 100 * (H - E)
(T - E)

(Hits - Expected)
(Total - Expected)HSS (%) = 100 * 



Verification: Week-2
Temperature Precipitation



Verification: Week 3-4
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Verification: Week 3-4
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Verification: Week 3-4

Temperature Precipitation

Last 180 days

Last 365 days
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Verification: Seasonal Outlook
Temperature Precipitation



Verification: Seasonal Outlook
Temperature



Verification: Seasonal Outlook
Precipitation



Verification: GPRA Metric

• Running 48 month average score for Lead 1 seasonal temperature outlooks (blue) 
• NWS HQ FY goal (red triangles)

Verification: Seasonal Outlook



Verification: Comprehensive Metric

• Most CPC T/P outlooks from Days 6-10 through seasonal
• More heavily weights Week-2 outlooks



Verification - GTH

Official GTH Outlooks 

Forecast Precipitation Areas 
(both above- and below-normal areas)

2011-2019 Period
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Verification - GTH

Official GTH Outlooks 

Forecast Precipitation Areas 
(both above- and below-normal areas)

2011-2019 Period

From 2007-2012, HSS were
calculated for Weeks1 & 2 in 
individual ocean basins where
tropical cyclone favored
development areas occurred
(Atlantic, Pacific, Indian).
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Verification: Drought Outlooks



Thanks for your attention and time. 
Any comments, questions, or suggestions?

David.Miskus@noaa.gov
(301) 683-3453

mailto:David.Miskus@noaa.gov
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