Operational Use of NMME at CPC

David DeWitt
Director, Climate Prediction Center



Outline

« Background on Use of Multi-Model Ensembles and
CPC Temperature and Precipitation Outlooks

« Sample CPC Products that use NMME

* Monthly/Seasonal Temperature and Precipitation Outlooks
« ENSO Diagnostic Discussion

* Drought Outlook

* International Desks

* Challenges/Gaps



Project

Why do use multi-model ensembles (MME) for forecasts?:

« Allows representation of model uncertainty.

« Possibility of complementary skill between models.

« Skill of MME is frequently higher than that from the most skillful member in
the ensemble (though if one model is dominantly better this is not always
true).

NMME is frequently our most skillful tool but there is still room for
Improvement.



Human Forecasters Use Various
Tools To Develop Seasonal
Predictions:

1 Statistical Models
1 Historical Analogs
1 Historical Composites

Goal is to leverage complementary skill
between the tools.

Ultimately, skill of seasonal forecast
depends on skill of tools made available to
the forecaster. NMME is one of those tools
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CPC Monthly/Seasonal Outlook

CPC Seasonal Outlooks:
- Tercile Class Probabilities

- Dominant category is given on

map

- Probability of Exceedance
information is available. New
user-friendly graphical tool for
POE to be released soon.
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Forecast Indicates Near Normal Precipitation for
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NMME SST Forecasts Combined with
CPC Statistical Tools to Inform EI-Nino
Diagnostic Discussion

Forecast for Nino 3.4 {(3—month mean) IC= 201702
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August 3, 1999
Experimental U.S. Drought Monitor

D2 hydro

hydro

“Drought” means moisture shortages leading to
damaged crops or pastures, high wildfire risk, or
waler shoriages. The map is based on information
from many sources, including both satellite and
surface data, and it lacuses on widasproad drought.
Local conditions may vary.

D0) = Drought Watch Area (abnormally dry
1 full dreughl status)

Rod (D1-D4) = Current drought ranging in severity -
from standard (D1) 1o severe (D2-D3) to extreme (D4) F %

Crosshatching (.J Overlapping drought type areas

Drought type: Used when impacts differ FENE,
Ag = agricultural (craps, grasslands) T »
Fire = forestry {wildfirc potential) P74
Hydra = hydrological {rivers. wells, reservoirs) Woas®

Plus (+) = Forecast to intensify
Minus {-) = Forecas! lo diminish

Seasonal Drought Outlooks
(2/month; Initial & Update)

Evolution of the
U.S. Drought Outlook

Weekly Drought
Monitor & Outlook

No Drought
Posted/Predicted

I;O

Development

Persistence —

KEY:

Drought to persist or
L intensify
7 Drought ongoing, some
///] y
improvement
Drought likely to improve,
impacts ease

Drought development
likely

U.S. Seasonal Drou%ht Outlook
Drought Tendency During

e Valid Period
Valid for September 6 - November 30, 2012
Released September 6, 2012
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No Drought

Posted!Prediclean

Depicts large-scale trends based on subjectively derived probabilities guided

by short- and long-range statistical and dynamical forecasts. Short-term events

-- such as individual storms -- cannot be accurately forecast more than a few days in advance.
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).

For weekly drought updates, see the latest U.S. Drought Monitor. NOTE: the green improvement
areas imply at least a 1-category improvement in the Drought Monitor intensity levels,

but do not necessarily imply drought elimination.

Author:
Adam Allgood
NGAANWS/NCEP/Climate Prediction Center

U.S. Seasonal Drou%ht Outlook
Drought Tendency During tl

Valid for January 19 - April 30, 2017

e Valid Period Released January 19, 2017

Depicts large-scale trends based
on subjectively derived probabilfies
quided by short- and long-range:
statistical and dynamical forecasts.

%) Use cauiion for applications that
can be affecied by shart Ived events.
“Ongoing” drought areas are

based on the U.S. Drought Moniter
areas (imensities of D1 o D4)

NOTE: Thetan areas imply at least
a1-category mpravement in the
Drought Monitor intensay levels by
the end of the period, although
drought willremain. The green
areas mply drought remaval by the
end of the period (00 or none).

[l orougnt persists

Author:
Rich Tinker

Drought remains but improves

NOAA/NWS/NCEP/Climate Prediction Center

U.S. Monthly Drought Outlook
Drought Tendency During the Valid Period

|7 brought removal likely

#
4

Drought development likely
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http:/igo.usa.govi3eZ73 -

Valid for January 2017
Released December 31, 2016

Depicts large-scale trends based

on subjectively derived probabilties
guiged by shart- and long-range
statistical and dynamical forecasts
Use caution for applications that

can be affected by short Iived events
“Ongoing” arought areas are

based on the U S, Drought Monitor
areas (rtensties of D1 to 04).

Seasonal and

Monthly Drought
Outlooks

NOTE: The tan areas impy at least
2 1-category improvement in the.
Drought Monitor intensiy levets by
the end of the period, although
drought will remain. The green
‘areas imply drought remaval by the
end of the periad (DO or none)

[ orought persists
Drought remains but improves
1" brought removal likely

Drought development likely
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SPI3 NMME SPI3 Forecosts

SPI6 NMME SPI6 Forecasts (]

a) Ensemble Mean (Feb2017)
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¢) Ensemble Mean (Mar2017)
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SPI3 & SPI6

Forecasts from 6NMME Models

(uses obs. P up to past
month(Jan), and forecast months
P from NMME models)

NMME Ensemble Mean (6 models)
SPI Forecasts for Feb/Mar/Apr.
Left Panels: SPI3

Right Panels: SP16

* In general, SPI3 can be somewhat
more trusted than SPI16, to the extent
the NMME models have any skill at
all in the 1-3 months

e |tis interesting that by March and
April, the models do not have any
neqgative SPI3 anywhere in US ©

* However, -ve SPI6 regions exist,
through gradually with decreasiifg
area extents in the southeast US.
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International Desk Use of NMME

* Inform Famine Early Warning System Products

« Website of Products for Most of Globe Giving
Deterministic and Probabilistic Forecast Products (not

post-processed)

11



CPC International Desks NMME The page features real

time regionalized

We bSite monthly and seasonal

NMME SEASONAL FORECASTS FOR INTERNATIONAL REGIONS forecasts from the
NMME updated by the

TSI TSN O M TS 10 of each month.

SEA SURFACE TEMPERATURE

Region | Model | Anomalies | StdAnom | Masked StdAnom | SkillMaps | _ProbAnom |acategory prob JLIICC ISR
@) @) @) @)

o o] individual NMME
(@] (®) O o (9] (®)
= = = = ° = models and the
o o o o L) ) ensemble mean, the
o () 0 o) () (@) website displays

PRECIPITATION forecasts upto 5

__Anomalies | _StdAnom _|Masked StdAnom| _SkillMaps | _ProbAnom _|3Category Prob SRSty (RN PEY, BT W A
° ° ° air temperature and
precipitation in both
deterministic and
probabilistic forms as
well as the associated
skill map derived from

: 2-METER AIR TEMPERATURE the 1982-2010 NMME
Wm hindcasts . Forecast
data in both binary and
CPT form can also be
made available.
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Sample Products — Precipitation — Probabilistic
Seasonal Forecasts for South America, Mar-May 2017, Feb IC
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Improving Utility of NMME for CPC
Forecast Operations
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« Calibrated forecasts using the Probability Anomaly
Correlation (PAC)

« Explore use of unequal weights to maximize skill
(ongoing evaluation)
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Improving Utility of NMME To CPC Forecast Operations:
Development and Implementation of Calibrated NMME
Forecasts Using the Probability Anomaly Correlation (PAC)

Method
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-Calibration results in:

*Dramatic increase in reliability
of forecasts for SST, temperature,
and precipitation

*Modest skill increase measured
using Brier Skill Score

-Calibrated forecasts implemented
operationally in July 2016 for
forecaster use in developing
monthly and seasonal temperature
and precipitation outlooks

-R20 transition accomplished
through Climate Testbed
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Strategic Priority: Understanding why Models
Didn’t Perform Well in Predicting Winter
Precipitation in the West for 2014-2017
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Is there less predictability in the system then we previously believed?

Do the current generation of models misrepresent or not represent at
all key processes?

Was the forced signal overwhelmed by atmospheric transients?

This i1s a golden opportunity for the short-term climate
forecasting community to explore these issues to see if this was
predictable and, if so, why our tools fell short.

NB: Circa 1999 based on successful predictions for record 1997-98
El-Nino and 1999 La-Nina then CPC Director Ants Leetma declared
that seasonal prediction problem was solved. Unfortunately, this
proved to not be the case! We need strategic investment in the
most promising tools to push the subseasonal to skill envelope

and there is plenty of room for improvement (DGD, 2015-2017).
16
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Retrospective Forecast Skill of Lead 1 NMME
SST Forecast for JFM from NMME

NMME Forecast of SST Skill (AC) 1C=12 for JFM
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State of the Art MME Dynamical Forecast System has Low Ski
Near-Equatorial Western Pacific SST. How important is SST in this region in
17
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Lead 1 NMME Precipitation Forecast for JFM
2015

Associated precipitation forecast calls for modest probability of above
normal precipitation, while record breaking drought was observed.

JFM Observed Prate anom JFM 2015
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ME Precipitation Forecast for December 20
One Month Lead
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State of the art NMME misses major precipitation anomalies in Western US.
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4. NMME Precipitation Forecast for Jan. 2017

g
2
e}
2
Z

Prcp Ancmalies {rmmm} January 2017

I kk{‘ \5‘ - ‘%é ] i{_j

SONA1 -

0N wieEs

40N 2

ELTY
. ;,a:«\_“,.
20N = é‘.{}- 30N

Obs. Anom. L

Ta0W 120 100N edw 2084

NMME Forecast of Pratd Anom
70N A PRTENS =
7 3
BON
4

50N

40N

30N

20N

Anom. NMME A

160W 140W 120w 100w 80w GOW
— Prob.

-1 -08 -06 -04 -02 -01 0.1 0.2 0.4 0.6 og 1

State of the art NMME misses major precipitation anomalies in Western US at One
Month Lead



ATMOSp,
o P~"\‘0 'L"!?g

Strategy for Improving Monthly/Seasonal
Forecasts
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« Ultimately, monthly/seasonal climate forecasts are
average of weather.

* Hypothesis: Need to represent weather systems with
fidelity in order to get statistics correct, thus enabling
more skKillful monthly/skillful forecasts. How do we do
that?

* Increased resolution
* Improved physics
» Improved initialization (data assimilation)

22



Data Assimilation and P

GFS Skill Improvement Due to Resolution,

hysics Upgrades
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Percentage of GFS 5-Day 500mb Anomaly Correlation Greater Than 0.9

(Northern Hemisphere)

40
Hybrid-Ensemble 3D-VAR

35 Data Assimilation
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