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Weather vs Climate Forecasts

EL NINO AND LA NINA

Forecasters say a El Nino weather
pattern may develop later this year Effects on climate
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Weather Forecasts ~ O (10 Days)

(Mid-Latitude Baroclinic Instability & Cyclone Lifetime)
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Sub-seasonal to Seasonal prediction

Higher

WEATHER EVENTS 5725 EXTREMES SEASONAL OUTLOOKS

Individual storm events:
blizzards, rainstorms,
hurricanes

El Nino-Southern Oscillation,
temperature and precipitation
anomalies

52S: The “gap”

Tropical cyclone activity,
heat waves, storm tracks,
severe weather threats
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Adapted from: iri.columbia.edu/news/aa-subseasonal-prediction-proiect



Many Sources of S2S Predictability
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S2S Predictability

S2S:

Weather: Mixed
Initial Value Initial Value (e.g. MJO) Climate:
Problem and Boundary Value

(e.g., baroclinic Problem Boundary Va.‘ue Problem .
waves) e.g. Soil moisture, ~ (€.9. ENSO SST anomalies, atmos compaosition)

SNOW cover/snow pack,
sea ice, SST)

Daily values

1-10 days Weekly averages

10-30 days Monthly or seasonal averages
30-90+ days

TIME AVERAGING
Predictabllity of the Second Kind (Lorenz, 1975)

International Research Institute
for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY



Atmosphere/Ocean/Land Coupling

| atmosphere
\ (weather)

Soil moisture and snow anomalies tend to
persist, on the order of week or more,
potentially yielding atmospheric predictability
on the time scales of weeks.

Predictability
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Why Sub-seasonal to Seasonal Prediction!?

The Madden Julian Oscillation

MJO phases
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Phase 2

Phase 3
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Phase 8

Phase 1

Gottschalk, 2014

H Tropical Cyclone Activity § Precipiation Extremes/Vartability

MJO forecast skill horizon exceeds 2 weeks

Frederic Vitart



MJO Prediction

Evolution

Evolution of
MJO
Forecast
SKkill
At ECMWF

Vitart (2014)
DOI:10.1002/q].2256

MJO Bivariate Correlation
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@S‘ES 2014-2023

Prediction Project

® Improve forecast skill and understanding on the
sub-seasonal to seasonal timescale with special
emphasis on high-impact weather events

® Promote the initiative’s uptake by operational
centres and exploitation by the applications

SUB-SEASONAL TO . . community
SEASONAL FREDICTION | ® Capitalize on the expertise of the weather and

RESEARCH IMPLEMENTATION PLAN S climate research communities to address issues
| ' of importance to the Global Framework for

Climate Services

Co-chairs: . L [
Frédéric Vitart (ECMWF) The S2S Database, hosted by ECMWF and CMA, went

AnQrew Robertson (IRI) online in May 2015. Interng;i%a/lé\ Coordination Office hosted

The project focuses on the forecast range between 2 weeks
and a season.
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S2S Phase Il: 2019-2023

SCIENCE

OCEAN
STRATOSPHERE AEROSOLS

MJO AND TELECONNECTIONS ENSEMBLES

S2S
DATABASE

VERIFICATION
RESEARCH TO OPERATIONS USERS

REAL-TIME PILOT INITIATIVE

SERVICE

PARTNERSHIPS




The WWRP/WCRP S2S Database

Contributing Centres to S2S database

® Data provider (11)

O Archiving centre (3)
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S2S database models

Status on
5th January 2018

BoM (ammc)
CMA (babj)
CNR-ISAC (isac)
CNRM (Ifpw)
ECCC (cwao)
ECMWF (ecmf)
HMCR (rums)
JMA (rjtd)

KMA (rksl)
NCEP (kwbc)

UKMO (egrr)

Time range

Resolution Ens. Size

T47L17

T106L40
0.75x0.56 L54
T255L91
0.45x0.45 L40
Tco639/319 L91
1.1x1.4 L28
T1479/TI319L100
N216L85
T126L64

N216L85

Re-forecasts

fix
fix
fix
fix
on the fly
on the fly
on the fly
fix
on the fly
fix

on the fly

Rfc length

1981-2013
1994-2014
1981-2010
1993-2014
1995-2014
past 20 years
1985-2010
1981-2010
1991-2010
1999-2010

1993-2015

Rfc frequency Rfc size

6/month
daily

every 5 days
2/month
weekly
2/week
weekly
3/month
4/month

day

4/month

see s2Zsprediction.net for details and how to access the S2S data



http://s2sprediction.net/

MJO Bivariate Correlation
S2S REFORECASTS 1999-2010

B o cor | 0.5 cor

33 Frederic Vitart

Lead Time
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ECMWF  NCEP JMA CMA CNRM EC* HMCR BOM
MODEL

UKMO*®
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Assessing the benefit of multi-model S2S prediction
From the S2S database

Relative Operating Characteristic (ROC)

multi ecmwf ncep bom Weekly periods
total Precipitation Northern Extratropics
I multi I ecmwf B ncep B bom

Frederic Vitart

-
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« Combining S2S forecasts of
precipitation from different models

provides more skilful forecast than
individual models.

¥
\4

Relative Operating Characteristic (ROC)

0.5

day 1- 7 day 5- 11 day 8- 14 day 12- 18 day 15- 21 day 19-25 day 22-28 day 26- 32 International Research Institute
Weekly periods @ for Climate and Society

EARTH INSTITUTE | COLUMBIA UNIVERSITY



— e . -—— B e - - e —

Carverd Oula Moubegs Las! update) Fob 14 200 H

e e —

|
H
-

'

!

!

|

'

- —

111511}
'R2122332 0
<okt 4R
' B B B B B

' B B B B N

.......'
.......'
.......'
.'.....'
...'.I.'

MME (63 Ensemble Members) MME (53 Ensemble Merrhers)

l\ﬁ:"'"

UR R R B B EE

. MAPP Environment |
@, e e - N Canada Courtesy of Kathy Pegio

International Research Institute
for Climate and Society . _ . _
EARTH INSTITUTE | COLUMBIA UNIVERSITY Se 'vin g S OCI ety Thro Ug h SCIe nce




S2S and SubX databases in IRI Data Library

(= [ Dkt Lrary Language}— =~ (Data Library }—
| & B ECMWF 525 [M ( '\IRID [Models SubX
Ly
Description | Expert Mode |
= served from |RI/LDEO Climate Data Library Description | Expert Mode I
CDDO »
SOURCES 2" Models 3 SubX
ECMWF S2S
ECMWF S2S: WWRP/WCRP Sub-seasonal to Seasonal Prediction Project.
’ Models SubX
Documents

Models SubX: Subseasonal Experiment (SubX).

overview an outline showing sub-datasets of this dataset
BAMS

paper The Subseasonal to Seasonal (S2S) Prediction Project Database Documents

ECMWF ECMWEF S2S Wiki Page _ . . _

Model o N overview an outline showing sub-datasets of this dataset
Table S2S Model Description Table at ECMWF S2S Wiki Page CTB NOAA Climate Test Bed Website

README glaetz;sfi sge r;hese notes for explanation on accessing and using the S2S Database in the IR DataCite DOI Metadata DOI:10.7916/D8PG249H

528 _ SubX Data Information Model/Data Information from SubX Project Website
Project ~ WWWRPIWCRP S25 Project Page SubX Project SubX Project Website

Wiki IRI Wiki Page with IRIDL S2S data examples

Datasets and Variables Datasets and Variables

BOM BoM POAMA Ensemble. CESM Models SubX CESM[30LCESM1 46LCESM1 ]

CMA Beijing Climate Center (BCC) Climate Prediction System version 1 for S28S. ECCC Models SubX ECCC[GEM ]

CNARM CNRM Ensemble Preqlqlon System. EMC Models SubX EMC[GEFS ]

ECCC ECCC Ensemble Prediction System. -

A ME ECMWE Encenile ESAL Models SubX ESRL[FIMr1p1 ]

El  Era Interim Reanalysis. GMAQO Models SubX GMAO[GEOS_V2p1 ]

HMCR HMCR Ensemble. NCEP Models SubX NCEP[CFSv2 ]

.%\C LSMA&CNF‘ i?szmbt'e- NAL  Models SubX NRL[NESM ]

JMA nsemble System.

KMA KMA Seasonal Prediction System. RASMAS Models SubX RSMAS[CCSM4 ]

NCEP NCEP CFSv2 Ensemble.

UKMO UKMO Ensemble Prediction System. http //iridl.Ideo.columbia.edu

International Research Institute
for Climate and Society
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http://iridl.ldeo.columbia.edu

SubX Real-Time Calibrated MME Maproom

Precipitation Example: Aug 7, 2020

. ¢ Climate ~ ,SubX Forecasts = (Region Forecast Issued ————

Su bseasonal Forecasts [[ Precipitation Biweekly Probability Forecast [ Asia :J [[ 0000 7 Aug 2020 :J
- Target Period -

(22 Aug 2020 - 4 Sep 2020 4 )

\

Forecast Probability of most-likely

Tercile Category Issued every

Friday

Observed percentile
22 Aug-4 Sep 2020

Description | Dataset Documentation

. 22 Aug—4 Sep 2020 \
Precipitation i et Based on 3 NOAA
Biweekly ! M N ] models:
Probability e f 28 CFSv2, GEFS,
Forecast g . ESRL-FIM
Calibrated Subseasonal g Calibrated using
tercile category biweekly- 2z
precipitation forecasts from 98 eXtended
the Subseasonal eXperiment L o e st _ _r .
(SubX) logistic regression
22 Aug 2020 - 4 Sep 2020 observed percentile from 1999-2014
The default map shows the B B
IateSt forecaSt for WeekS 2-3 ’ ' Observgé Percentile Vli;.r;ification o 1 ° -
ahead (i.e. the 14-day )
Saturday-Friday target
period, 9 to 22 days after the forecast is issued), as probability of the dominant 60'E 90'E | 120'E 150°E
tercile category. Previous forecasts can be viewed through the control bar menu. Longitude
The weeks 3-4 forecast (i.e. the 14-day target period, 16 to 29 days after the 22 Aug 2020 - 4 Sep 2020 IRI SubX Precipitation Forecast issued 0000 7 Aug 2020
forecast is issued) is also available. New forecasts are issued weekly on Fridays. “ E:_
When navigating to a forecast of which Target Period is in the past, a smaller side e '4':'°E’>om}f§§';t Tel:rlzﬁle Prg:t;;bilit;m e AT
map shows a verification of the forecast as the observed tercile values according
to the 1999-2014 trainina period of the calibration of the forecast. = o International Research Institute

®

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY
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Estimates of Subseasonal vs Seasonal rainfall forecasting skill
Ranked Probability Skill Score

Seasonal (2-4 months aheadzﬂ

Vs

Weeks 3-4 (15-28 days ahead)l

T [ T 1T T 1T T T T 1T [ T T T T ]

;; Aug-Dec Starts Zak=

o !

Bl

|
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|
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20Pw 10°w 0° 10°E 20°E 3IFE 40°E S0°E
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Ranked Probability Skill Score

20°N 30°N 40°N
T T T T

10°N

10°8

2008
T T T T

s
T T

(]
20 | | | L | I I 1]
0% 10°w o 10°E M°E 30°E 40°E 5FE
Longitude
1.0 seas
01 008 006 004 002 0 002 004 006 008 01 012 014 016 018 02

mean [ home nachiketa ELR_seasonal_RPSS_hindcast_1982_2010 precip rpss_precip_ELR.nc rpss ]

Weeks 3-4 (15-28 days ahead)

26°N

L atitude

18°N 20°N 2N 24°N 26°N

_ ug Start,s¢

IIIIIIIIIIIIIIIII

65°E 70°E 72°E 74°E 76°E 78°E &FE 8ZE 84°E &°E 88°E W0°E
Longitude

01 008 008 004 -002 0 o2 004 0D 008 01 012 014 016 018 02

Ranked Probability Skill Score

Seasonal (2-4 months aheadﬁ?\

The seasons were chosen to align with the monsoons in East Africa and India.
“Starts” refers to the initial time of the forecasts. Seasonal forecasts were made at the beginning of each

calendar month. The subseasonal forecasts are made every Friday. Skill is based on hindcasts for a past period.

These maps were obtained from the IRl Maprooms:

Seasonal Forecasts: http://iridl.Ideo.columbia.edu/maproom/Global/Forecasts/index.html

Subseasonal Forecasts: http://iridl.Ideo.columbia.edu/maproom/Global/ForecastsS2S/index.html

68°E 70°E 7ZE 74E 76°E 78°E &FE 82°E S4°E &°E 88°E W°E
Longitude

.U seasons

01 008 008 004 002 0 00z 004 008 008 01 012 014 018 018 02
zan [ home nachiketa ELR_seasonal RPSS_hindcast_1982_2010 precip rpss_precip_ELR.nc rps:

Orange-red colors
iIndicates potentially
useful skKill.

The newly-developed
subseasonal forecasts
generally indicate
comparable or better
skill compared to the
established seasonal
ones.
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Potential uses for S2S Forecasts in many sectors

CLIMATE
PROJECTIONS

SEASONAL
OUTLOOK

GUIDANCE

THREAT
ASSESSMENTS

SHORT-TERM
FORECASTS

WATCHES

WARNINGS & ALERT
COORDINATION

FORECAST LEAD TIME

Water Resources
* Infrastructure planning

* Plan for water allocation during
drought

Agriculture * Manage reservoir levels for

» Strategic business planning Lo

* Purchase seeds
 Schedule planting
* |[rrigate and apply nutrients

Years

Maritime Planning
* Plan commercial shipping
in the Arctic Energy
* Designate ship routing » Infrastructure and business
* Plan Navy ship sortie planning
(days) m » Manage hedging in futures markets

Aviation * Plan for spikes in energy demand
* Plan evacuations and sorties ¢ Anticipate availability of renewable

e |ssue aviation weather alerts energy
Days

Emergency Management
* Inform situational awareness

m * Pre-stage emergency supplies
* Plan FEMA evacuation (days)
* |ssue hazardous weather watches
and warnings (minutes to hours)

Minutes <«— SUBSEASONAL TO SEASONAL —>»

DECISION TIMESCALES

nternational Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY
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Next Generation Earth System Prediction: Strategies for Subseasonal to Seasonal Forecasts http://www.nap.edu/21873




Conclusions

o S2S prediction is still in its infancy. It fills the gap between weather and climate
forecasting. Its predictability comes from atmospheric initial conditions as well
as from boundary conditions (e.g. MJO).

o S2S predictability is not constant in time. It depends strongly on the
occurrence of sources of predictability (e.g. SSWs, MJOs, soil moisture
anomalies...).

* Forecast skill for weeks 3 and 4 is generally low, but models have improved
over the past decades. Multi-model ensembles can produce more skilful
forecasts of precipitations.

 Databases such as S2S of SubX are valuable resources to evaluate the impact
of various sources of predictability in state-of-the-art S2S models and identify
potential benefits or limitations in the use of S2S forecasts.



Predictive information on multiple time-scales has potential to reduce climate risk
by proactive interventions

Climate change
rising risks, trends, more

SUPrISes Seasonal forecasts
level of risk in coming months

Decades, end of century Weather forecasts
next 3-6 months impending hazard

10 days or less

R s From Erin Coughlan
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Subseasonal-to-Seasonal

WCRPQ About S2S v Sub-projects v Regional activities v Database/Products v Github v News v Documents -

SPANN VI Events/Meetings  Newsletters  Webinar

S2S AI-ML Challenge
We would like to announce the launch by WMO of a prize challenge to improve sub- e a r n I I l O re a

seasonal to seasonal prediction of 2-metre temperature and precipitation 3 to 6
weeks in advance using Artificial Intelligence and Machine Learning methods. This

£ P r 28 = u
competition is organized by the WWRP/WCRP S2S project in collaboration with the b S 5 :
Swiss Data Science Center (SDSC) and ECMWF. ' ' ’ ; W bg o ® ’ ‘ S S p re I ‘ I O I l I l e
‘ _ - 4 : ; [

Detailed information about the challenge can be found in the flyer attached and via
this link: https://s2s-ai-challenge.github.io/.

Updated: 2021-05-09 20:15

Atmospheric Blocking Virtual Workshop 2021 (27-29 Sep. 2021)

A virtual workshop on the dynamics and process understanding of

Abnccbciie Bl bic will bala nlacn fram 37_30 Cantambasr 3021 Con mmara
Sub-projects Wikis Regional Activities Wikis
& MJO and Teleconnections (Dr. Cristiana Stan) & Africa

& Aerosols (Dr. Frederic Vitart) & Australia and South Pacific
& Land (Dr. Paul Dirmeyer) & South-East Asia

& Ocean (Dr. Charlotte DeMott) & South Asia

& Stratosphere (Dr. Amy Butler) & East and Central Asia

& Ensembles (Dr. Yuhei Takaya)
& Research to Operations/Verification (Dr. Caio Coelho)
& Applications (Dr. Joanne Robbins & Dr. Chris White)

& Europe
& North America

& Latin America & Caribbean

& S2S Database & Products

S2S Archiving Data Center

ECMWF IRI/LDEO Data Lib. ECMWF Products (graphics) m Github Codes

[ Real-time

@& Statistics @@ Publications using the S2S DB
50 47

' Ta
40

[ Total number: 194 ]

Usage statistics (Data volumes, # of requests, active 58

users, and users/country)

ECMWF

CMA | Usage statistics

# of publications

IRI Usage statistics

newsletters, and updates to the S2S database. To join the mailing list, sign up by pressing the "Join the S2S Mailing List" button. EARTH INSTITUTE | COLUMBIA UNIVERSITY

International Research Institute
The S2S Prediction Project mailing list allows members to receive the latest information on the S2S Prediction Project activities, - for Climate and Society


http://s2sprediction.net

