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Approach

® Use-inspired climate forecasting and
climate science research

® Collaborative climate and interdisciplinary
research

® Participatory capacity building research
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What we mean by “Use-inspired climate
forecasting and climate science
research™

= R&D needed to produce salient & credible
climate information for better real-world
management of climate related risks/climate
change adaptation

(counter examples: deterministic seasonal
forecasts and raw downscaled CMIP
projections)
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Examples

@ The International Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY



Operational Products:
Net Assessment & ENSO Outlook

® Multi-institutional 2-tier seasonal forecasting
system since late 1990s

® Currently 2 AGCMs run in house,
4 outside, plus CFSv2

® Parametric multimodel combination/
calibration

® [arge set of additional GCM products run
each month for research & partner use



Seasonal forecast
“Net Assessments’

IRI Multi-Model Probability Forecast for Precipitation IRI Multi-Model Probability Forecast for Temperature
for June-July-August 2013, Issued May 2013 for June-July-August 2013, Issued May 2013
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Is this the extent of reliable seasonal forecast information?
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Forecasting the full distribution:
“Flexible” Forecasts Maprooms

Precipitation Flexible Seasonal Forecast

“ O 4 2 A (@ iridlIdeo.columbia.edu
& [I] #¥ EIC&G flexFcst DL Elgrants CourseWorks IRIWiki RoomRes BaseCamp IRImail FYEffort GSAS Wikipedia S2S EIFOs EIF2013
Monitoring}—— . Flexible Forecasts} Region}————
QRI [FO[ecasts [ Precipitation Flexible Seasonal Forecast : [ Global ¢
v Model}——— Target Time Climatology (1979 to 2011)}. . Probability }
[ Forecast * [ Jun-Aug 2013 3 [1981 to 2010 [ exceeding : Percentile $ 75. : %-ile

RemiCCAFS

PubMed GoogleSchol

o
Y
o

o
w o
& =

o
w

o
)

=)
o

FREQUENCY

=3

4.8 @ oA 0§ 2¢-5a

STD RAINFALL

v (3]
AcadComms » +

[ Description I Dataset Documentation l More Information I Contact Us I

Precipitation Flexible Seasonal
Forecast

This seasonal forecasting system consists of
probabilistic precipitation seasonal forecasts
based on the full estimate of the probability
distribution.

Probabilistic seasonal forecasts from multi-model
ensembles through the use of statistical
recalibration, based on the historical
performance of those models, provide reliable
information to a wide range of climate risk and
decision making communities, as well as the
forecast community. The flexibility of the full
probability distributions allows to deliver
interactive maps and point-wise distributions that
become relevant to user-determined needs.

The default map shows globally the seasonal
precipitation forecast probability (colors between
0 and 1) of exceeding the 50" percentile of the
distribution from historical 1981-2010
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IRI DYNAMICAL CLIMATE FORECAST SYSTEM
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Verification of IRI’s Seasonal Climate Forecast

Skill Category ( Measures of Discrimination ‘)
Score: ( GROC )

Variable: ( Precipitation 4 ) Season: ([ Feb-Mar-Apr 4] Lead: ( 0.5 month Lead #)

© Description of Score

The generalized ROC score (GROC), like the ROC, shows the degree of correct probabilistic forecast discrimination, even if the
forecasts have biases or calibration problems. However, unlike ROC, GROC is generalized to encompass all forecast categories
(below, near, and above normal) collectively, rather than being specific to a single category.

For more information download the Full Score Descriptions File: Score Descriptions Document

© Generalized ROC (GROCQC): Lead 0.5 months, Precipitation Forecast Skill: FMA
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Gray indicates no (or negative) skill, indicates highest skill.
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ENSO QUICK LOOK February 16, 2012 A monthly summary of the status of El Nifio,
La Niha and the Southern Oscillation, or “ENSO”, based on NINO3.4 index (120-170W, 5S-5N)

A majority of the ENSO prediction models call for weak La Nina conditions during the February-March pe-
riod, transitioning to neutral conditions during the March-May period with the most likely time of dissipation
occurring in early April.

Official Early-Feb CPC/IRI Consensus Forecast' Mid-Feb IRI/CPC Plume-Based Forecast?
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New [IRI/CPC Joint ENSO Forecasts

TRUCRC T s e
L statava

R Benefits to CPC

* EXpanded forecast lead
time

- Co-branding on IRI/CPC
NSO plume

* Having a partner in drafting
T e the monthly ENSO

Diagnostic Discussion
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GCM Products made at IR

IRI Wiki Pages | Climate / Internal Climate Group Resources Page

in) @ @ (@ wiki.iri.columbia.edu
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Latin America
Project Integration
Ceara Resource Page
Colombia DNP
Chile-Coquimbo
Paute Basin, Ecuador

Climate Pages
Climate Group
Resources Page

Philippines Pilot
Brazil Pilot

India

Indonesia

Ethiopia

Kenya

West Africa

SE South America
NTT

Global

Floods work
Downscaling Methods
DMIP

External Workshops

CPT

Near Term Climate
Change Homepage
Overview
Research Topics
Group Meetings
Presentations

DOE Monsoonal Asia
Project

Drought Home Page

Webpages

CCAFS Asia

Climate /

Internal Climate Group Resources Page

In-House GCM Products

Description of GCM runs made each month at IRI, for Net Assessment, and retrospective forecast/historical runs.

Real-time 2-tier Forecast Production:

ECHAM4.5 (formerly Echam3): 24-ensemble

- Persisted SST (PSST): Aug 2001 to present
- Scenario SST (SSST): Jun 2004 to present
CCM3.6 (formerly CCM3.2): 24-ensemble

- Persisted SST (PSST): Dec 2004 to present
- Scenario SST (SSST): Dec 2004 to present

AMIP Simulations (using 'perfect’' observed SST forcing):

ECHAM4 .5 (24-ensemble): AMIP (Jan 1950 to present); -- Six-hourly 0000 1 Jul 1949 to present
CCM3.6 (24-ensemble): AMIP (Jan 1946 to present)

ECHAMS (24-ensemble; impact of GHG" included): AMIP (Jan 1950 to present)

CAM3 (12-ensemble; impact of GHG" included): AMIP (Jan 1949 to present)

Hindcasts (using individual model SSTs, largely used for research):

CCM3.6 (24-ensemble): CA SST (Jan 1957 to present)
ECHAM4 .5 (24-ensemble):

- CA SST (Jan 1957 to present) - CFS SST (1982 to present)

- Clim SST (Jan 1981 to Dec 2081)
ECHAMS (24-ensemble; impact of GHG" included):

- CA _SST (Jan 1957 to present) - CFS SST (Jan 1982 to present)
CAM3 (12-ensemble; impact of GHG" included):

- CA SST (Jan 1957 to present) - CFS SST (Jan 1982 to present)

CAM3/ECHAM4 .5/ECHAMS ECMWF System-3 SST: EC3 SST (Jan 1982 to oct 2011)

Coupled GCM (12-ensemble) Hindcasts:

ECHAM-GML (Jan 1982 to Nov 2012)
ECHAM-MOM-AC1; ECHAM-MOM-DC2 (Jan 1982 to Jul 2012)

Recent Changes - Search: Go

View Edit History Print
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Forecast Development
+

Diagnostics & Modeling

® New US NMME and coupled model
collaborations

® Forecast calibration/MME methodologies
® Verification metrics development

® Downscaling and forecast tailoring
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NMME Data Services

F [ The National Multimode!  x
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\ '-.\I_R1> [Maproom [National Multimodel Ensemble
Verification
[ Precipitation Near-surface temperature i SST ‘

Precipitation

Anomaly correlation

%o W This map shows the anomaly
A
MENT OF correlation between NMME
forecast precipitation and
observations as a function of start

The National Multimodel Ensemble

and lead.
There is ample evidence of the need for a US national multi- RPSS
model seasonal-to-interannual prediction system. Itis in the This map shows the RPSS for

Nation's interest to have a multi-model seasonal-to-interannual
prediction capability independent of information that may be
available from outside sources. The advantage of a MME
prediction system is that it, in addition to providing additional
forecast information for the surface air temperature and
precipitation outlooks that are currently products of the Climate
Prediction Center (CPC), the MME can also provide information
about fields and phenomena that the US has specific interest in
predicting: ENSO cycle, monsoons, intraseasonal variability
and the Madden-Julian Oscillation. (Ben P. Kirtman and
Dughong Min)

NMME forecast precipitation as a
function of start and lead.
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Coupled GCMs in IRIDL
Real-time + Hindcasts

e NMME (CFSv2, CCSM3, GFDL, NSIPP, Env-
Canada)

o UKMO-GloSea5
e POAMA (Australian BoM)
o ECMWEF (SST)
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Downscaling:
Dynamical or Statistical?
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Anomaly correlation skill for April-June season

GCM T42 simulations w/obs SST, 1977-2004
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Predictability of T o
“Weather within Climate”

Pearson's Correlation Pearson's Correlation
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Why is frequency more
predictable than intensity!?

rainfall frequency
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Rainfall at individual stations and station-average (NW India)

Rainfall occurrence frequency is more spatially coherent
than intensity.
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Predictability of Philippines Rice Production | cumeesecmsun
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AGRHYMET Training (2012) on predictability of

agroclimate and hydrological quantities
(incl. monsoon onset dates & river discharge)

Map of covariability between May SST and Rainfall Onset Dates

I CCA Maps = [B]X]
CCA mode: 1 = Canonical Correlation: 0.5855

Onset Date

25 4
g
- Y Spatial Loadings (Mode1)
o
g
b1
&
=]
o
5
&
&
un
; : &
N o S -
w
BT T 7 77 77 1 e
050 080 030 000 030 050 050

b

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
pppppppppppppppppppppppppppppppppp

CLIMATE PREDICTABILITY
. . TOOL
The International Research Institute _

o limate.and BociE tiue
@ forsGimage T@éﬁ@ﬁﬂ%m UNIVERSITY e
EARTH INSTITUTE | COLUMBIA UNIVERSITY




Timescales decomposition

(R

me Scales
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Precipitation Time
Scales

This maproom presents an
approximate decomposition
by time scale of twentieth-
century precipitation
variations.

Three scales are defined,
denoted "trend", "decadal"
and "interannual”. These
correspond loosely to secular
variation due to
anthropogenic influence and
the low- and high-frequency
components of natural
variability (variability intrinsic
to the climate system),
respectively.

Trend
Decadal

1%

31%

Inter-Annual 56%

Decadal/Interannual covariance 1%

T T T T T T T T T
raw (mm/morth

Jun-Sep raw and trend components

Jan Jan Jan Jan Jan
1000 1990 1960 1980 2000
Time

The divide between decadal and interannual scales corresponds to a period of 10 years, so that

variability due to the El Nifio-Southern Oscillation (ENSO) falls into the interannual category, while

variability on time scales of 10 years or longer is classified as decadal. The procedures used to

separate these signal components, as well as some cautionary notes regarding their interpretation, are

discussed in an accompanying EOS article and in a more detailed reference document.

A range of analysis and display options is available: The user may define a season of interest, in which
case the decomposition will be performed on the corresponding seasonally-averaged data. Results
may be displayed either as a map, or as time series, in the latter case at an individual gridpoint or
averaged over a user-selectable area. Maps may display either the standard deviation or the percent of

variance in the raw data explained by variability on the selected time scale.

At particular locations, data may include "filled" values, where instrumental measurements are lacking.
Since the presence of many filled values may degrade analysis results, a screening procedure has
been implemented, whereby individual gridpoints are rejected if their records contain too many such

wvnhina Qinan tha imnanitinn Af nuinh A raniramant ranulin in ramaunl Af ardnaints fram annnidaratinn
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Greene, Goddard &
Cousin (2010, EQOS)



Research: Models say that IF the subtropical North
Atlantic warms up more than the global tropics, then the
Sahel could get wetter...
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Stochastic Simulation Framework

Inferred local

Project
using CMIP5

response
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Funding and research
partners

® Federal science agencies — individual Pl'd
grants (NOAA, NASA, NSE DOE, ONR)

® Cooperative Agreements with NOAA and
USAID

® Climate service/development projects

The International Research Institute
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Linkages

CLIVAR/US-CLIVAR

— Scientific Steering Group, Co-Chair (L. Goddard)

— Process Studies and Model Improvement panel (US) (A. Giannini)

— Predictability, Prediction and Applications Interface panel (US)(A. Barnston)
—Variability of the African Climate System (S. Mason)

WCRP
—Working Group on Regional Climate (S. Mason)

—Working Group on Seasonal to Interannual Prediction (A. Robertson)
—WCRP-WWRP/THORPEX Subseasonal to Seasonal Prediction Project
planning group, Co-Chair (A. Robertson)

WMO
— Expert Team on Climate Services Information System (CCI), Chair (S. Mason)
— Joint Working Group on Forecast Verification Research (S. Mason)

NOAA Modeling, Analysis, Prediction & Projection (MAPP) Task Force
— L. Goddard, A. Barnston, B. Lyon, S. Mason, M. Tippett,

The International Research Institute

for Climate and Society
UNIVERSITY
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Opportunity to use information on
multiple time scales

Ready Go!

Seasonal Short-Range
forecasts forecasts

Begin monitoring mid-range Continue monitoring Deploy assessment team

and short-range forecasts shortertime-scale forecasts Activate voluntears

Update contingency plans Maobilize assessment team Oistribute {netructions to
Train volunteers Alert volunteers community, evacuate if needed
Sensitze community Warn community

Enable early-warning system Local preparation activities

Red Cross - IRI example
The International Research Institute
@ for Climate and Society
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What'’s next!

® New flexible seasonal forecast MME Net
Assessment based on partnerships with climate
modeling centers in US and internationally

® Pan-timescale climate forecast information from
sub-seasonal to decadal

® Robust in-house climate research (forecasting,
diagnostic, modeling) in collaboration with LDEQ,
CU, NOAA, universities, regional centers, NMHSs ...

® Tailored product development, esp. using IRIDL

The International Researc h Institute
@ for Climate and Society
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Thank You!
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