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Real-time IRI’s Probabilistic Seasonal

Forecasting

IRl began routinely providing calibrated user-oriented seasonal climate
forecasts since the late 1990s based on a 2-tiered multi-model ensemble
dynamical prediction system.
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Advances in Real-time IRI’s Probabilistic Seasonal

Forecasting

Old IRI forecast

New IRI forecast

GCM used (Predicators)

In(crnauonal Research Institute

Observed data used
(Predictand)

Forecast Resolution

Generation of Climate
Forecasts

ecco0e Calibration method

RECENT NEWS

lew system of seasonal forecast has
been operational from April, 2017

Dry mask

Making Flexible forecast

2-tier (uncoupled)
ECHAM 4.5, CCM3.6, COLA,
GFDL,CFSv2

Precip: CMAP
Temp: CAMS

2.5 degree grid

e Pattern-based correction
of ensemble means

- PC Regression based on
tropical precip EOFs

- Spread estimate from
historical forecasts with
forecast SST

¢ Equal weighting of
corrected models

e Parametric forecast
probabilities (T - Gaussian,
P - transformed Gaussian)

Forecast are only produced
when the climatology
being more than 30 mm
precipitation in any given
season

Used mean and SD of the
forecast, then use
parametric approach

1-tier (coupled)
NMME models

Precip: CPC-CMAP
Temp: GCHN updated

1 degree grid

Extended Logistic
Regression (Non-Gaussian)
at grid point level.

Forecast are only produced
when the at least 10% of
the training sample are
non-zero.

Integrated part of the ELR
method
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NMME datasets
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Home Climate Information Data Access Custol Support Contact Ab

Home > Data Access > Model > Datasets > North American Multi-Model Ensemble

Qcctinks North American Multi-Model Ensemble

Land-Based Station v
The North American Multi-Model Ensemble (NMME) is a multi-model, seasonal forecasting system consisting
of coupled models from North American modeling centers. This data contains global, 12-month forecasts of

T o https://iridl.ldeo.columbia.edu/SOURCES/.Models/.NMME/

Satellite v

Model ~
The NMME contributors are NOAA's National Centers for
Qatasers > Environmental Prediction (NCEP), NOAA's Geophysical
AEC Fluid Dynamics Laboratory (GFDL), the National Center <« C @ Not Secure | iridl.Ideo.columbia.edu/SOURCES/.Models/ NMME/
CFs for Atmospheric Research (NCAR), NASA's Goddard Space T
o Flight Center (GSFC), and Canada's Centre for Climate \ ).“W! NMME
& Modeling and Analysis (CCCma). The models include The [
CMIPS Community Climate System Model version 4 (CCSM4), reanpion [
GDAS the Climate Forecast Model version 2 (CFSv2-2011), the @M
GEFS Canadian Coupled Climate Model versions 3 and 4
(CanCM3, CanCM4), the Global Environmental Models NMME
GFS i - e S
Multiscale/Nucleus for European Modeling of the Ocean
NMME CCSM4 Daily Maximum Temperature Is NMME: North A Multi-Mode! E: e (NMME
HYCOM (GEM/NEMO), and the Goddard Earth Observing System y P Madels NMME: Norih American Muli Model Ensemble (NMIE)
NAM Model version 5 (GEOS-5). Documents
overview an outiing showing sub-datassts of this dataset
NARR . CTB home Climate Tast Bed NMME Page
NMME data is daily or 6-hourly with a 1° by 1° spatial resolution. Most NMME datasets have 10 realizations NMME Description North American Multi-Medel Ensemble: Improving NOAA's Seasonal Prediction Gapability
: NMME Hom: Infor the NMME fr cPC
NeoM for each variable. Variables include the following; by model and variable name ("N/A" denotes variables that e rrmetion about the profect o
NCOM:-Regional are not available). Semantic Documents
NDFD ausinio.ow
Datasets and Variables
NDGD Variable ccsma | cesmt | G8Y2- | cancm3 | cancma | FLORB- | GEO
N Modeis NMME CanCMA4i[HINDCAST FORECAST |
NGM Models NMME Cansips[FORECAST |
Models NMME CanSIPSv2{HINDCAST FORECAST |
NMME Frecipitation precip Pr pdr s Modeis NMME CMC1-CanCM3[HINDCAST FORECAST |
rate Modeis NMME CMC2-CanCMA[HINDCAST FORECAST |
R1/R2 Modeis NMME COLA-RSMAS-CCSM3[3c8210 MONTHLY mc8210
£ Models NMME COLA-RSMAS-CCSM4[sc8210 MONTHLY mc8210 |
RAP Daily TREFMXAV = Tasmax tasmax tasmax tasmax tasmax = tasmax Models NMME CPC-CMAR{prate |
MAaodmitn Models NMME CPC-CMAP-URD(prate |
Modeis NMME CPC-PRECIP(prate |
RTOFs Surface Air Models NMME GEM-NEMO[HINDGAST FORECAST |
Madeis NMME GFDL-CM2p1[MONTHLY |
SRRS Temperature Models NMME GFDL-CM2p1-aer04[sc8210 MONTHLY me8210 |
Maodels NMME GFDL-CM2p5-FLOR-ADBMONTHLY mc8110 58110 |
NOGAPS L Models NMME GFDL-CM2p5-FLOR-B01MONTHLY mcé110 sca110 ]
Daily TREFMNAV | Tasmin | tasmin | tasmin tasmin tasmin = tasmin GHON CAMS Maodels NMME GHCN_CAMS[temp updated ]
Ocean Models Minimum [R-ECHAN05-AnomalyCoupled Models NMME IRI-ECHAMApS-AnomalyCoupled[MONTHLY |
: . IRFECHAMApS-DireciCoupled  Models NMME IRI-ECHAMApS- DireciCoupled MONTHLY |
P Surface Air LSMASK Models NMME LSMASK(land |
eanalysis Temperature NASA-GEQSSZS Madels NMME NASA-GEQSS2S[HINDCAST FORECAST |
NASA-GMAQ Models NMME NASA-GMAO[MONTHLY |
Numerical Weather NASA-GMAD-062012 Modeis NMME NASA-GMAQ-062012MONTHLY mc8110 scB110 |
Prediction Zonal STX Stx stx stx stx N/A stx NoASGESH] m:}: NUME mgggtgf_ssx}%ﬂucam FORECAST]
it Boaclictinn surface NCEP-CFSv1 Madels NMME NCEP-CFSv1[MONTHLY |
NCEP-CFSv2 Models NMME NCEP-CFSv2[HINDCAST FORECAST |
Olvz SST Modeis NMME Olv2_SSTsst |
Other Info
ACKNOWLEDGEMENTS
In rder fo document NMME:Phase Il data impact and enable canlinuing supoorl, users of NMME data are expected 1o acknawiedge NMME data and the particiating modsiing groups. The NMME madel outpul shouid bs
[nttps:fiwww.san ntmi *ln hould include a table (refered 1o below as Table XX) listing the models and institutions. that provided model oUtput used in the NMME;

documenting the models, Whele ‘Table 200 mme paper should list the models and mudelmg groups that provided the NMMIE data. In addilion, an acknowledgement similar 1o the ollowing should be included in any pul
system_and we thank the climate modaling Environment Canada, NASA NCAR NOAA/GFDL NOAA/NCEP. and University of Wiamil for producing and making available thair mods! out HOA
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Flow chart of new forecast methodology

NMME model 1

Observed Calibration

dataset

NMM E model 2 MME

+ Final

Spatial Forecast
Smoothing
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IRI’'s New Calibration Method

Linear Regression Logistic Regression

Predicted Y lies within

Predicted Y can exceed
0 and 1 range

0 and 1 range

Inputs: X1,X2, X3 || Weights: ©1,02,03 || Outputs: Happy or Sad

@dataaspirant.com

% Logistic regression (LR), a nonlinear

Logistic Regression regression method where probability

Logistic regression is well famous method to make

probability forecast itself can be considered as the
predictand rather than a measurable
p physical quantity, 1s an alternative

In [1 — p] =1 model for Gaussian approach.
Where p is the (cumulative) probability of not exceeding * Logistic Regression is a Machine
the quantile g Learning algorithm which 1s used for
the classification problems, it is a
p="Pr{V <q} predictive analysis algorithm and based

on the concept of probability

) % Unlike linear regression, no need to
I RI fulfill  assumptions  of  linearity,
normality and homoscedasticity.




Modification of LR Method

P

In q = f(x)+2(q) Where f(x) =bo+b1Xens
o 8(q) =brg
Limitations:
« Probabilities of different categories estimated by fitting separate .-

equations for selected predictand quantile thresholds (q) , yielding a
collection of threshold probabilities rather than full forecast probability
distributions.

% However, the most problematic consequence of separate equations for o N
different predictand thresholds is that forecasts derived from the — ° c.nd.in® Bt
different equations are not constrained to be mutually consistent.

.95
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r 4
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Cumulative Probability
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L 20 C

Extending Logistic Regression:

ssExtending LR (ELR) by including the predictand threshold as an [ — B i—‘
additional predictor (link function g itself function of the quantile q), f “ muLTNomiaL -
allows the derivation of full predictive distributions to avoid the problem = X’T "ToNcTioN % -
of potentially incoherent forecast probabilities (Wilks,2009). | L@ |

ssCumulative probability for a smaller predictand threshold cannot be
larger than the probability for a larger threshold.

Wilks, D., 2009: Extending logistic regression to provide full-probability-distribution MOS fore- casts. Meteor. Appl., 16, 361-368.
\
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tial Smoothing of final forecast: why & how?

Original Forecast
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Smoothed Forecast

20% 0% 20%
Dominant Tercile Probability

Smoothing with Kernel function (Gaussian) with a rectangle of size 9 by 9.
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Hindcast Skill Map (1982-2010)

http //iridl.Ideo.columbia.edu/maproom/Global/Forecasts/index.html#tabs-2
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iridl.Ideo.columbia.edu/maproom/Global/Forecastis/index.ntml#tabs-2

Seasonal Forecasts

Seasonal forecasts of temperature and
precipitation.

This maproom displays the IRI seasonal
forecasts in both the traditional tercile format as
well as a flexible format that enables any
quantile of the forecast distribution to be
selected. Please see the main |RI Seasonal
Forecasts page for detailed information about
the NMME-based forecast system. Additional
tabs on this page display maps of observed
climatological percentile values by season, as
well as the forecasts and climatologies of
individual NMME models. The Older Forecasts
tab contains discontinued products.

Share

LN t NI i ez |

[Comact Us|

[ Forecasts l Hindcast Skill | Climatological Percentiles | NMME Models | Older Forecasts |

Hindcast Skill

Precipitation Seasonal Hindcast Skill

Seasonal skill score based

on the historical performance=:
of each calibrated NMME
model and their multimodel
ensemble (1982-2010).

Temperature Seasonal Hindcast Skill

Seasonal skill score based
on the historical performance=£=
of each calibrated NMME
model and their multimodel
ensemble (1982-2010).

Rank probability Skill Score:

RPSS =1-

Ncat

RPS
PS

reference

forecast

RPS = Z (Peum, .., - Peumy ,,))°

cat=1

Cimate Hinccast Skil Region Lead Time| Skit Score o (Hindoasi Skl Fiegian) Lead Tima - Sl Score |
®) R [ <1 (oo <] (oot w241 [[Ross~ \'.'D. S6asonal FOrecasts | Temsershrs Sesans ntcasi st <) |G ) [(Cand oz | (s v
" Wi (e g & -
Skill N D il | Skill
. . Month Forscast Issusd =%
Seasonal sl score et anc i

Seasonal skil score based on the historical performance of each calibrated NMME model and their multimodel ensemble
(1982-2010).

SKillis mappod by calendar month for seasonal lead times. Lead 1= months 2-4, Lead 2 = months 3-5, Lead 3 = months 4-6,
Lead 4 = months 5-7 after the forecast is issued. Forecasts skill scores combine start times by calendar month and across
yoars 1982 10 2010, are precpitation and for
temperature. The models included in the 1t are: the Center for Ocean-L of Miami
(COLA-RSMAS-CCSM4), 0ne from the National Astonautics and Space Administration (NASA-GMAO-062012), three from
the Geophysical Fiuid Dynamics Laboratory (GFDL-CM2p1-ae04, GFDL-CM2p5-FLOR-AO6, GFDL-CM2p5-FLOR-801), two
from the Canadian Meteorological Center (CMC1- CanCMS3, CMC2-CanCM4), one from NOAA's Centers for Environmental
Prediction (NCEP- CFSv2) and one from the National Center for Atmospheric Research (NCAR-CESM1).

These skl scores diagnostics maps give a sense of where and when (issued which months of the year and for which
seasonal lead times) the probabilstic seasonal forecasts have the potential to provide useful information, based on
hindcasting

Skill scores definitions:

« RPSS: Ranked Probability Skill Scores (RPSS:; Epstain (1969); Murphy (1969, 1971); Weigel st al. (2007)) are used to
quantity the extent 1o which the calibrated tercile-category prediictions are improved compaed to cématological
frequencies. RPSS values tend to be smal, aven for skillul forecasts. The approximate relationship batween RPSS and
comelation being such that a RPSS value of 0.1 corresponds to a correlation of about 0.44 (Tippett et al. 2010).

References:

+ Epsien, £:5,1989: A Scorng. s ysiomfo Probaliy Forecasts of Fanked Calecores J. Aopl. Metecr, 8, 965967
« Murphy, A H.. 1969: On the “Rani 989

+ Tippott, MK.. AG. Ba inty Estimates for Skl
Measures for Seasonal Prediction”, Mon. Wea. Rev., 138, 1487-1483
+ Weigel, A.P,, MA. Linger, and C. Appenzeller, 2007: The Discretn Brier and Ranked Probability Skill Scoras, Mon, Wea. Rev., 135, 118-124

s oo oos 0
Ranked Prababilty Skl Scare

(1982-2010).

Shill s mapped by calondar monih forsecsonl lead s, Load | = monihe 24, Load 2= morif 3.5, Lead 3= monins 45,
Lead 4 = months 5-7 atter orecasts skill scores times by calendar &nd across
years 1962 10 2010, The Lesariatonl raferoncs Careeets o CHAP URD o orecaton aad GHCH GANS o
temperature, The models inciuded in the assessmant are: e c;-ww Ocean- Land-Amosghers Studies/University of Miami
(GOLA-RSMAS-CCSMA), ane A-GMAO-062012), three from
tra Gaophyseal il Dyvamics Laborstory (GFOL-CMEDY am4, G DL CMEPS FLOR Auﬁ GFDL-CM2p5-FLOR-BO1), two
from the Canadian Mateoroiogical Gantar (GMG1 - GanGM3, GMC2-CanGMs), ane from NOAA's Cantars for Environmental
Pradiction (NGEP- GFSv2) and ona from the National Gantar for Atmaspharic Risaarch (NGAR-CESM1)

Thess skl scores disgnostics maps give & ssnse ol whers and when [issued which montns of the year and for which
szasonal lead limes) ihe probabilistic seasonal forecasts have e polantial 0 provide usstul information, bassd on
hingcasting.

Skl scores definitions:

+ RPSS: Rariked Probabilty Skl Scores (RPSS: Enstain (1963): Murphy (164, 1971); Welgs! t l, (2007) ars used fo
quansty the pracictions are improved comgared o climatalogical
Wacumrcies. PSS vabues e 12 Do amal v o S forsomtt. The Aeproximat rlatonsh between FPSS and
comelation being such that a RPSS valus of 0.1 comasponds 1o a cormelasion of about 0.44 (Tippett et al. 2010),

Reterences:

A Scoring Systen for Probai

~ Epstain, E.5.

Eornsasts of Rankad Categeras. J. Appl. Meteos, 8, 985-087

Comnzriz oo il for Skl

Favised Pratabiey Skl Scare.
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http://iridl.ldeo.columbia.edu/maproom/Global/Forecasts/index.html#tabs-2

Lead-1 skill scores for
precipitation

RPSS

Logarithmic skill score (LSS)
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Flexible forecast format

& C ( iridl.ideo.columbia _full htmi?bbox=bb%3A63.37%344.23%3A104.81%3A37.30% 3A0bAL=5.58req... & % }

= (Clmsis—— Fexibe Forecast oy — Y L ———
J""[quecas[s Frecipitation Flexible Seasona Farecast : [ + [my—Julzme # [emde ¢| Percentie 41 500 ¢ flrlle
h ]

SEASOMNAL CLIMATE FORECASTS

I numlﬂ Detaset Domumeriatin | Instructions | Contact s |

o~ SOLUEN
Flease refer to cur licensing agraemens for permission to use any (R forecast material, | Cwerview Precipitation Flexible
Starting in April 2017, the IR Seasonal Forecast
e o _ probabilistic seasonal cdimate forecast
sasanal climars Tan mroduct is based on & re-calibration of This seasonal forecasting system TargetDate IssueDate  Lead Time
Regicn Type ssue Year ssue Month Leads model outgput from the LS. Mational consists of probabilstic precipitation May-Jul 20180000 1 Jan 2018 5.5
[Global 3|  [Precip 3| (2017 [April E e Gceanagraphic and Atmospheric seasonal forecasts Dased on the ful
Administration (NOAA)s North American estimate of the probabilty
Multi-Model Emsernble Project (NMME). distribution. . o o IGEE, 3144 bcaed Pl Bengal, n
) i orecast made for , 23N in or near Puruliya, West Bengal, India
1R Multi—Model Probebul% Forecast for Preclpltatnon for This includes the ensemble seasenal Please refer to our ligensing
Mary—June—July 2017, Issued April 20 prediction systems of NOAA's Mational sotoement fof parmission o use
. . . Centers far Environmental Prediction, T " permiss! | Probability of Exceeding
Emvironment and Climate Change any IRl forecast maierial,
. . o T
Canada. NOAAGeophysical Fluid Brobailstic seasanal forecasts from - 1
Dynamics Laboratory, MASA, MCAR and mult-model ensembles through the
COLasUniversity of Miami. The output ise of statistical recaliration, based
from each NMME model is re-calibrazed on the historical performance of those
prior to multi-medel ensembling to models, provide reliable information - L H 1
form reliable probability forecasts. The 0 a wide range of cimate risk and HEORWEONE W M WE R w0 e
forecasts are now presented on a 1- decision making emmuyiﬁes‘ as well . . nghude: g’
degree latitude-longitude grid. ﬁsl:elhralc;:mnwmlm War-Ju 2010 Flnible seasoral Frocksielion lseosst sved Jan 2018 g‘
iy of hefll robablty | o - 1
Disclalmar: The 18] seasomal distributions allows to deliver ] 02 I 0% 7] 1 7.50
frimm oy emem e § o ) ; interactive maps and point-wise Frebabily of exceeding %
forecost is @ reseavch product Please -
e = W = =E TEE TEE . distributions that become relevant to >
see the NOAA CPC forecast for the &
Prt:hat-llhr (%) of Ini:!sl Likety | Carsgurp Pl ,ﬁ; rord user-determined needs. 31
R —— [ M — official seasonal recast over the ]
- = = T —— L5 Please consult your country’s ‘The defaull map shows glabally the seasonal precipiation forecast probabilty colors between 0 and 1) of ]
weoommmme e o womom s national meteorslogical service for percentie of the distribution from historical 1982-2010 climatology. The forecast shown is a
Discussion the official forecost for your couwmry. the latest forecast made (e.g. Deczomfmmenextseasunmmm(eg Jan-Mar 2018). Four different N i
- . o o . seasans are forecasted and t s also possible 0 consuit de previously. The directly °
il 20 rrecast Discussion for May-Jul through Aug-Oct Please see the ‘Discussion’ itemn for an computed from the extended logisfic regression model as prababilities of exceeding (or non-exceeding) of
The S5T forecast shows E| o deweloprment by Jul-Sep, reaching moderate ovarview of the individual farecasts. every 5th percentile of the cimatological distribution. The specific quantile (in steps of 5 parcentile points) can
strength by the fourth and final running forecast season of Aug-Oct. A positive then be selected. The Lsercan asa speci & quanitaive valle n physicaluns (ere seasonal o2l
Indian Ocean Dipcle exists throughout the four forecast seasons. and becomes The climazological base period used is precipitation in mm) for probabilty of exceeding 9. The maps are smoothed ¢ L L L 1 -
somewhat stronger by the fourth season. The tropical Atantc maintains near to 1982-2010. Details of the forecast spatially with @ 8x9 point Gaussian smoather. 20 0 . 600 [ m] 1000 1200
slightly above average S5T during all four seasons system, post-processing, and - ) ; . h P recipitation [mm
recommended references for ctation Clicking on & point on Ii\sn}anm\\ ghon Ihsllocalpm.hal?\\nyolamedng and probability distribution of the . o )
Slightly enhanced probabilities far belew normal precipitation are predicted in can be found here. Forecasts from the forecast (green) together with the climatological distribution (black). May-Jul 2018 Flexible seasonal Precipitation forecast issued Jan 2018
far northern South America during May-Jul, progressively strangthening and individual NMME madels are shown on
expanding to include more of nerthern South America by Jul-Sep, and persisting NOAA CPCs website. Verifications of
into Aug-O«ct. A similar scenario of strengthening chances for below-narmal is Rr's real-time forecasts issued since
predicted for Indenesia beginning in Jun-Aug. and for eastern Australia over the 1998 can be found on the Seasona oo 5 : 5 v s :
course of all four forecast periods. By Aug-Oct season, the region leaning toward Climata Verifications pages. The disirbution o seasonal rainfall may often rightully be approximated by a normal disrbution, especially | proapiity Distribution
below normal in eastern Australia expands northward to join Indonesia. en considering only years when it actually rained. But there can be a signifcant number of years in the
To aid in interpretation of the forecast sample when rainfall is 0. This translates in situations where the probability of rainfall to be just above 0 is . .
5 : : g T T T
4 tendency toward abowa-normal temperature is predicted in a genersl manner probabilities, maps of the observed less than 100%, which are represented in by the vertical ines at Omm in the distributions graphs. | = Cimablogy
ower much of the globe for all four forecast seasons. with a few exceptions such precipitation and tamparaturs Colors Scales
a5 a small region in west-central intariar Morth America, straddling the percentiles are platted in physical units gL 4
U-S.ACanadian border, during the first bwe seasons. Probabilides for abowa- here: Climatological Percentiles Color scales are colors indicating that the distribution of the forecast tends towards drier (shades of brown) or o
normal are strongest in Greenland and northeastern Canada during the second. Maproom. wetter (shades of blue) conditions than normal (moccasin).
third and fourth seasons, and in warying parts of Eurasia and South America
during the course of the four seasons. The IR foracasts sre slso avsilable as & Older Forecasts 24
§ - 28 - 4
fewblz pronaRlishe formar proviaing Older e found inthe st tabbed entriesof i secton. : de from February 2017 go
=he prababllin of exceedanca (ar nan- use the exact same ELR method only the presentation of the local poe graph was discrete, and the local paf o
=xceedance) of 2 user-spacified was not shown. Forecasts made from July 2012 ro March 2017 are discontinued and used a different z
per:enclle of che clurr.atnla;ur_al methodology to obtain the full distribution of the forecasts. 23
Qr -
°
Reeas s 4
Our seasonal forecasts 15th of each month. fthe 15th falls on holiday, they "
d on th orkday 0 gL ]
¢
| 1 | | |

200 400 600 800 1000 1200
Precipitation [mm]

Conmect with IR o

w @ @ May-Jul 2018 Flexble seasonal Precipitation forecast issued Jan 2018

The |RI was initially established as a cooperative agreament bavween

NOKA's Climate Program Office and Columbia University. Itis part of The
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IRI's Experimental Precipitation Sub-seasonal Forecasts

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

&« C A Not Secure | iridl.Ideo.columbia.edu/maproom/Global/ForecastsS2S/index.htmi
N\, (Maproomj— . Climate)———————  Regionj|———
[Climate [[Subseasonal Forecasts | [IGIobaI v]
Subseasonal Forecasts [ SubX Forecasts SubXHindcas!Skilll 525 Lagged Furecastsl

subseasonal forecasts of precipitation and
amperature.

"his section is dedicated to subseasonal
Jrecasts, i.e. that bridge the gap between
nedium range weather forecasts (up to 10
lays) and seasonal climate predictions (above
1 month). They are issued at different
equencies (from daily to once or twice a week)
orecasting daily values with lead times from 1
1 about 40 days, depending on the Global
’roducing Center (GPC). The availability of
orecast products in the subseasonal-to-
easonal time range offers an unprecedented
ipportunity to develop intra-seasonal forecast
Fformation that other forecasts cant, in
issociation with increased lead time compared
> medium range weather forecasts, and with
ligher temporal resolution than seasonal
Jrecasts that give an overview of an upcoming
easons (3 months). For instance, subseasonal
orecasts may allow delivering relevant
rformation about key climate characteristics
uch as the timing of the onset of a rainy
«eason for agriculture, the risk of extreme
ainfall events or heat waves in regards to
blic health.

\t present, these maprooms include
xperimental subseasonal forecasts of weekly
ind biweekly precipitation and temperature
terciles and above median) based on the muilti-
nodel ensemble of individual forecasts issued
wery Saturdays through the SubX real-time
latabase and every Thursday through the
lelayed S28 database.

SubX Forecasts

Precipitation Median Probability Forecast
Calibrated Subseasonal
Two-category precipitation
real-time forecasts

Temperature Weekly Probability Forecast

Calibrated subseasonal
tercile categories
temperature forecasts

Precipitation Biweekly Probability Forecast
Calibrated Subseasonal
tercile category biweekly-
precipitation forecasts

Temperature Median Probability Forecast
Calibrated Subseasonal
Two-category temperature
real-time forecasts

Temperature Biweekly Probability Forecast

Calibrated subseasonal
tercile categories
temperature forecasts

Precipitation Weekly Probability Forecast

Calibrated Subseasonal
Tercile categories
precipitation real-time
forecasts

Temperature Weekly Probability Forecast
(LELR)

Subseasonal tercile
categories temperature
forecasts with pattern-based
calibration

D

Precipitation Flexible Biweekly Forecast

This subseasonal
forecasting system consists = 2 5F

& \m

of probabilistic precipitation i

forecasts based on the full & g “‘%"

estimate of the probability )
distribution. R, e = ==

Temperature Flexible Biweekly Forecast

This subseasonal
forecasting system consists ~z=
of probabilistic temperature
forecasts based on the full
estimate of the probability
distribution.
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http://iridl.ldeo.columbia.edu/maproom/Global/ForecastsS2S/index.html

Next Generation (NextGen) Regional

Forecasting

The use of an objective seasonal forecast procedure which
is defined as a traceable, reproducible, and well-
documented set of steps that allows the quantification of
forecast quality, are preferred and recommended by the
World Meteorological Organization in their recent seasonal
forecast guidance.

The Next Generation (NextGen) seasonal forecast system is a
systematic and objective approach. It enables calibration,
combination, and verification of objective climate forecasts
from the state-of-the-art general circulation models (GCM)
of the North American Multi-Model Ensemble project.

Guidance on Operational Practices
for Objective Seasonal Forecasting
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File View Help

* Climate Predictability tool (CPT) is an easy-to-use software

CLIMATE PREDICTABILITY for making seasonal forecast using either empirical
TOOL predictors, of the outputs from GCM.
Evaluating seasonal climate predictability b Developed and maintain by Dr. Simon Mason.
Designed for MOS applications

e CPT available for Windows 95+ and Linux Batch version.

Copyright for Chmate and Society

@ The International Research Institute
for Climate and Society
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NextGen Approach

NM M E model 1

Observed
dataset

NM M E model 2

Observed
datas=t

Calibration

] MME

NM M E model 9

CLIMATE PREDICTABILITY
TooL.

Observed
datasst

\ Calibration

N

Need to run CPT multiple times.

We need a system which produce skill maps
and forecasts for multiple models in a single
run.
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FYCFI . Fytnon script tOo run Cri DAatCh
version

PyCPT is a Python library that provides an interface and extra functionalities to IRI's Climate
Predictability Tool (CPT), a widely used research and application Model Output
Statistics/Prediction toolbox.

PyCPT Layout

PyCPT

- e ‘ Jupyter Notebook
C PT (Output)
(Fortran)
PyCPT Structure
Case :
Configuration Forecast Skill
i Assessment
(namelist)

\
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PyCPT: Download

a v » @ O

« > C @ iri.columbia.edu/our-expertise/climate/tools/cpt/

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY

out Us ~ Our Projects  Our Expe

CPT Downloads

The Climate Predictability Tool mportant inie

Download Latest Version (2020-09-08)

I A0 Iad Version 15.7.11 (2019-07-26)

Release Notes

The Climate Predictability Tool (CPT) is a software A J
package for constructing a seasonal climate forecast Fe
model, performing model validation, and producing
forecasts given updated data. Its design has been
tailored for producing seasonal climate forecasts using

RS [ R S ] W 1 Y o L P DI S

€« C @ bitbucket.org/py-iri/iri-pycpt/wiki/Home

wi

https://bitbucket.org/py-iri/iri-pycpt/src/master/

International Research Institute
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https://bitbucket.org/py-iri/iri-pycpt/src/master/

PyCPT: Installation

> For Linux users:

»The user will need to install Anaconda (Python3), the Climate
Predictability Tool (batch version) and the Python extension of CPT
(PyCPT).

> For Window users:

»install a Virtual Machine with all needed packages and use PyCPT
Ubuntu

» Any recent (< 2 years) Intel Processor should be able to run a Virtual
Machine. The PC should have at least 4GB of RAM installed, but
preferably more than 8GB You should have at least 20GB of free
space to install the virtual machine and software.

For details: https://bitbucket.org/py-iri/iri-pycpt/wiki/Home

\
International Research Institute
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https://bitbucket.org/py-iri/iri-pycpt/wiki/Home

PyCPT: Example plots

Domain

Predictor domain Predictand domain

EOF maps
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Obs
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Live Demo!
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#NeXtaen Maproom. eXdmpile OT
Rwanda

& meteorwanda.gov.rw/index.php?id=2 Y

Publication ~ Announcement  Media  Station Registration Form  Staff =~ QMS SO 9001:2015 Certified =~ COVID-19 Medical support

Rwanda$
Meteorology

Agency

Home About Us v Products & Services v  Weather Forecast v Warning Services v Maproom Online services v Feedback

Today weather forecast Latest News

Today weather forecast
The Latest Update
Nyagatare
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Musan
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Rubsvu b akonke
Rusindo
i Ngororero 4 Gasado e
et B e
Kaongs
Ruhango Ngoma
e Bugeser. Kirehe
St Nyanes
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" e
v Ginagars Understanding the Evolution and Socio-Economic Impacts
Mpomgwn of the Extreme Rainfall Events in March-May 2017 to 2020 in
East Africa
.

http://maproom.meteorwanda.gov.rw/maproom/Climatology/Climate Forecast/Forecast.html
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Precipitation Flexible Seasonal NextGen Forecast o

This Maproom shows the next 3 month forecast using a NextGen multi-
model approach.

NextGen is a systematic general approach for designing, implementing,
producing and verifying objective climate forecasts. It involves the
identification of decision-relevant variables by the stakeholders; the analysis f |
of the physical mechanisms, sources of predictability and suitable candidate -
predictors (in models and observations) for those key relevant variables. In
those cases when prediction skill is high enough, NextGen helps select the
best dynamical medels for the region of interest through a process-based
evaluation, and the and f of tailored multi-
model, statistically calibrated predictions at seasonal and sub-seasonal
timescales.

The system takes advantage of the expertise of forecasters and local
scientists at the country’s national meteorological service and universities,
to maximize predictive skill and tailoring of the climate services generated
by the process. Rather than focusing on probabilities of above normal, @
normal and below normal categories of total rainfall or mean temperature, o
NextGen also provides probabilities of exceeding (or not) particular “
thresholds of interest in the decision-making process, thus enabling users to

forecast with the same system both mean and extreme values.

The models employed in this forecast are from the suite of the North

American Multi-Model Ensemble (NMME) and the predictand is rainfall from o
the Climate Hazards Group InfraRed Precipitation with Station Data ol
(CHIRPS). The default map shows, for the latest forecast made, the median
value of the seasonal rainfall total forecast in the season. Users can use the
Field menu to express the forecast in different ways, as follows:

* Rainfall: most likely seasonal total rainfall

* Anomaly: deviation in mm of the most likely seasonal total rainfall from
yearly average of the most likely seasonal total rainfall predicted by the
hindcast (1982-2009) ]
« Percent of Median: deviation in percentages of the most likely seasonal
total rainfall from yearly median of the most likely seasonal total rainfall
predicted by the hindcast (1982-2009)

. y of a : forecast of seasonal total rainfall to be below/above the historically observed (1982-2009) chosen percentile

. y of a amount: forecast probability of seasonal total rainfall to be below/above the chosen rainfall amount

The Layers button, showing when mousing over the map, will reveal inactive layers on the map.

Clicking on the map will reveal information about the location clicked, as well as the full forecast distribution at that given location, compared with the historical distribution. Cumulative full
distribution of the forecast (red) together with the climatological distribution (blue and black) for the forecast in view on the map shows under Probability of Exceedance, as well as the
full ity i 1 under
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Challenges in producing

forecast

» Non-availability of GCMs in real time.
» GCM'’s version changes.

» Need update PyCPT scripts.

CMC1-
CanCM3

cMC2-
CanCM4

NCEP-CFSv2

NCAR-
CESM1

COLA-
RSMAS-
CCsM4

NASA-
GMAO-

NASA-
GEOSS2S

GFDL(3)

1981-2010

1981-2010

1982-2010

1980-2010

1982-2010

1981-2010

Feb 1981 -
Jan 2017

1982-2010

International Research Institute

Jan2011-
current

Jan2011-
current

March/Apr
2011-
current

July-2016-
April-2017

2011-
current

2011-
Jan2018

Nov 2017-
current

2011-
current

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY




Concluding Remark

**ELR based non-Gaussian calibration method introduced in the
real-time seasonal forecast at IRI.

**It is a more robust method compared to other calibration
method based on the Gaussian assumption for precipitation.

**For regional forecast, NextGen system is introduced by IRI by
the recommendation of WMO.

**PyCPT is the tool for NextGen where CPT can run multiples
times in a single run.

**\ery easy to use through Jupyter notebook.

**PyCPT keep on updating based on user’s feedback and GCM
availability.
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