The use of seasonal climate

predictions in South America
Caio A. S. Coelho
Centro de Previsao de Tempo e Estudos Climaticos (CPTEC)
Instituto Nacional de Pesquisas Espaciais (INPE)
caio.coelho@cptec.inpe.br

@ GE> M FAPESP Ticonimins

PLAN OF TALK

Introduction: seasonal precipitation prediction practice
EUROBRISA forecasting system and its evolution

System performance since 2007

Contribution to seasonal forecasting practice in S. America
Applications and challenges

Summary

S

ECMWEF Seminar on Seasonal prediction: science and applications
Reading, 3-7 September 2012



Introduction

South American seasonal precipitation predictions have
been produced since around the mid-nineties using both
empirical (statistical) models and physically based
dynamical models

Empirical (statistical): based on past (historical)
observations for the predictand (e.g. precipitation over
South America) and for relevant predictors (e.g. SST)

Dynamical: based on prognostic physical equations
o 2-tier systems (first predict SST, next climate variables)
* 1-tier systems (predict ocean and atmos. together)



Comparing statistical and dynamical
prediction systems:

Advantages

Disadvantages

Stati-
stical

* Entirely based on real-world
past climate observations

« Simple to build: many climate
relationships are quasi-linear,
quasi-Gaussian

» Cheap (fast) to run

* Depends on quality and
length of past climate
observations

» Does not fully account for
changes in climate or

new climate conditions

Dyna-
mical

» Uses well established laws of
physics

» Can potentially reproduce
climate conditions never

previously observed

* Physical laws must be
abbreviated or statistically
estimated, leading to errors
and biases _

* Expensive to run (require
powerful computers )




Seasonal forecast availability

 Empirical/statistical models
 Dynamical atmospheric models
Dynamical coupled (ocean-atmosphere) models

EUROBRISA conceptlon

http://eurobrisa. cptec |npe br

Why not combine all available state-of-the-art forecast
information from both sources (empirical and dynamical)?

|

EUROBRISA Integrated (combined and calibrated)
precipitation seasonal forecasting system for South America



EUROBRISA aims

Strengthen collaboration and promote exchange of
expertise and information between European and South  smsiems
American climate scientists;

«  Produce improved seasonal climate forecasts for South
America using recent scientific advances in both
coupled ocean-atmosphere modelling and statistical -
calibration and combination of multi-model ensemble
forecasts;

- Develop forecast products for non-profitable
governmental use in South America

(e.g. reservoir management, hydropower production,
agriculture and health).

A GREAT OPPORTUNITY
TO DO SOMETHING REALLY USEFUL'

http://eurbrisa.cptec.inpe.br



Why South America?



EUROBRISA key Idea: To improve seasonal forecasts in S. America
a region where there is seasonal forecast skill and useful value
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Application areas in need of seasonal forecasts

~ Electricity: Brazil, about 70%produced by
hydropower stations == —




The Empirical model

e Py 20 Data sources:

« SST: Reynolds Ol v2
Reynolds et al. (2002)
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First version: EUROBRISA integrated

forecasting system for South America
—>Combined and calibrated coupled + empirical precip. forecasts

—> Hybrid multi-model probabilistic system

Coupled model

Country

ECMWEF System 3

International

UKMO (GloSea 3)

U.K.

Empirical model

Predictors: Atlantic and Pacific SST

Predictand: Precipitation

Coelho et al. (2006) J. Climate, 19, 3704-3721
Implemented in Oct 2007

Hindcast period: 1987-2001

|

Integrate
forecast

Produced with

forecast assimilation
Stephenson et al (2005)
Tellus A . Vol. 57, 253-264



Conceptual framework
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Calibration and combination procedure:
Forecast Assimilation |y x)- PXN)p¥)

Stephenson et a/. (2005) p(X)
Tel I_US' 57A, 253-264 X: precip. fcsts (coupled + empir,)
Prior: Y ~N(Y,,C) Y DJF precipitation
Likelihood: X ¥ ~ N(G(¥ =¥,).5) Matrices
| .
G:§XYS£Y X :nxp
_GY =X-YG [ Y :nxgq
S=S. -GS, G = Y, : Ixgq
T
Posterior: YIX ~ N(Y,,D) s wne CigXg
Y =Y, +L(X -G, —Y DR ol
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Forecast assimilation uses the first three MCA modes of the matrix Y X.



Calibration and combination procedure:

Forecast ASSim”atlonX: precip. fcsts (coupled + empir.)
Stephenson et a/. (2005) Y: DJF precipitation
Tellus, 57A, 253-264 ’

If prior param.: 'y =Y C=S,,

FA becomes: Y I|X~ N(LX-X,),D) M}?:tgie;
L:SYXS;X Y :nXq

_LXO:?_XL Y, :1xq

D=5,y _SYXS;XS;F(X C:gqXxq

Posterior: Y !X ~ N(Y,,D) Y, :nXxq
D:qXxq

Y =Y, +L(X-X)

13



Can precipitation forecasts over the Pacific
help improve forecasts over land?

GPCP rainfall DJF 1997/98
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Taking advantage of forecast skill over the Pacific to improve forecasts over land
Source: Franco Molteni (ECMWEF)



Current EUROBRISA integrated

forecasting system for South America

—>Combined and calibrated coupled + empirical precip. forecasts
-> Hybrid multi-model probabilistic system

Couple model Country
ECMWEF Sys 4 (New!) International
UKMO GloSea 4 U.K. 1

Meteo-France Sys 3 France

CPTEC Brazil Integrate
forecast

Empirical model |

Predictors: Atlantic and Pacific SST R

Predictand: Preci pltatl on forecast assimilation

Coelho et al. (2006) J. Climate, 19, 3704-3721 Stephenson et al (2005)
Tellus A . Vol. 57, 253-264

Hindcast period: 1981-2005 Implemented in Mar 2012




Can skill be improved by adding more models to

the system and using forecasts over the Pacific?
Correlation skill: Integrated forecast (precipitation)

|
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South America domain: South America + Pacific domain:
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(limited to common hindcast period)  and empirical (diff. hind. periods)

- Adding more models and using precip. fcsts over Pac. does help
improve fcst. skill in S. America



How reliable are EUROBRISA integrated
precipitation forecasts?

Reliability diagram: Integrated (1987-2001) Reliability diagram: Integrated (1981-2005)
Issued: Nov  Valid for DJF Issued: Nov  Valid for DJF
Event: positive or negative precip. anomaly Event: positive or negative precip. anomaly
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—>Current system (right) has improved reliability comp. to previous (left)



How did the EUROBRISA
integrated forecasting system perform
since 2007?



La Nina 2007/2008/2009

NINOS3.4 SST forecast anomalies

ECMWEF forecasts at month 5
Ensemble sizes are 40 (0001), 40 (0001) and 40 (0001)  SST obs: NCEP Olv2
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The EUROSIP multimodel captured well the onset,
amplitude and long duration of La Nina conditions



EUROBRISA integrated Qbs. ?STfmornaly Ar?r 2007
forecast for JUA 2007 ot

20 4' <
Issued: May 2007 R T TR T

-40

a5 25 15 05 05 15 25 35
Celsius

Prob. of most likely Observed precip. Gerrity score
preCip. terC”e (0/0) terC”e (tercile Categories)

10 | ) 10 10
0 0 0 —
|
10 - -10 — -10
-20 -20 -20 —
-30 | -30 -30 —
-40 — -40 — 40 —
-50 — e -50 50 — -
- —~ p-— - ™~
I I T I T T
-80 -70 -60 -50 -40 -30
-80 -70 -60 -60 -40 -30
Lower tercile Upper tercile
80-100 70-80 50-70 40-50 40-50 50-70 70-80 80-100 lower central upper

White=central tercile most likely H ih ascasoi: S0 2 EIZ 90.48 Ef = § d O 5



EUROBRISA integrated Obs. ?ST anomaly Jul 2007
forecast for SON 2007 ’
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EUROBRISA integrated Obs. SST anomaly Oct 2007
forecast for DJF 2007/2008 g
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EUROBRISA integrated Obs. SST anomaly Jan 2008
forecast for MAM 2008 ' '
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EUROBRISA integrated Obs. SST anomaly Jan 2009
forecast for MAM 2009 Nogen 3
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EUROBRISA integrated Qbs.

forecast for MAM 2010
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- U ROBR|SA integrated Obs. SST'anomaIy Jan 2011

forecast for MAM 2011
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New version of EUROBRISA system

updated in March 2012
http' //eurobrlsa cptec.inpe.br
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Hybrid (empirical-dynamical) multi-model ensemble system for South America



New version of EUROBRISA system
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How has EUROBRISA contributed for
improving seasonal forecasting practice
in S. America?



Seasonal forecasting system before
EUROBRISA

- CCA-based empirical model
| " (Northeast and South Brazil)

SST

| ~ Atmospheric GCM
' (2-Tier system)

> Regional model

Coupled GCM
(1-Tier system)

Several individual precip. forecasts



After EUROBRISA

Empirical multivariate
SST — regression model
(South America)

Coupled models:

« CPTEC
- ECMWF

 Meteo-France
UK Met Office

EUROSIP

Forecast
Assimilation: ~ Impacts:
Integrated hydro-
precipitation — —POWET,
forecasts agricul.,
for health
S. America

Integrated forecasting system




Official forecast for Brazii EUROBRISA forecast
for DJF 2010/2011 for DJF2010/2011
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—->EUROBRISA forecast helps define official seasonal forecast in Brazil



Most recent EUROBRISA Obs. SST anomaly Jul 2012
integrated fcst for SON 2012
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Seasonal forecast applications:



Dengue risk transmission index predictions

NCEP/NCAR Reanalysis: ECMWF System 3:
Work by: Kalnay et al. (1996) Anderson et al. (2007)
Caio Coelho  BAMS, 77(3), 437-471 ECMWEF Tech. Memo,
Rachel Lowe 503, pp 56
Nicolas Degallier /
Obsamvad metecrological Coupled model L End-usar recorded
data or re-analyses climate hindcasts time seres

Dengue risk trans. model:

e Degalier et al. (2005 Bias corr. T
g ( ) l

Environ, Risques & Santé RH (climat.)

4 (2)’ 1-5 D E— .{1, End-usar modal {L I
- Favier et al. (2006) Sim. risk  Fest. risk
Trop. Med. and Int. Health > (Tierz ) > (Tiers ) <—

11 (3), 332-340
%) Morse et al. (2005)

Tellus, 57A(3), 464-475

Hindcast period: 1981-2005
0 to 5 month lead predictions; 11 ensemble members



Skill assessment: Dengue risk transmission index
prediction issued in Nov. (Gerrity score: terc. cat.)
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Example: Dengue risk transmission index
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Challenges for integrating seasonal
climate forecasts in user applications:
An illustration for crop vyield
predictions in Brazil



Available online at www.sciencedirect.com
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Challenges for integrating seasonal climate forecasts in user

applications

Caio AS Coelho and Simone MS Costa

This review discusses the challenges for integrating seasonal
climate forecast information in user applications within the
design of a simplified end-to-end forecasting system
framework. Seasonal climate forecasts are operationally
produced at various climate prediction centers around the
world. However, these forecasts are rarely objectively
integrated in application models to help the end user decision-
making process, in spite of recent advances demonstrated
through pilot projects in health, agricultural and water
resources applications. An example of crop yield forecast
produced as part of the EUROBRISA multi-institutional
initiative is presented for illustrating some of the challenges.
The challenges for moving toward a more objective use of
seasonal climate forecasts to help support decision making
involve more efficient interaction among climate scientists,
system scientists and decision makers, with the end user

uncertaintics in the forecasting process. For example,
for addressing forecast uncertainty due to the lack of
precise information about the initial state of atmospheric
conditions when starting the forecast model, physically
based dynamical seasonal forecasts are produced using
slightly differentinitial conditions, generating an ensems-
ble (i.e. a group) of forecasts [22]. For addressing uncer-
tainties in model formulation the multi-model ensemble
approach is used [14°%23*°]. Empirical forecasts are
based on statistical models built using past observations.
Forexample, one can build a simple statistical model that
relates past equatorial Pacific sea surface temperature
observations and past rainfall observations over South
America. Given a new observation of Pacific and Atlantic
sea surface temperature one can use the derived statisti-
cal relationship to produce rainfall forecasts for South

Coelho & Costa, 2010



The Study Area for Maize yield

w Rj_lJ ‘ 'T:),_j

II| _— X
S
g

— L SR
_\/" RJ
PR '
—
RS
4
-
-

2 —Veranopolis
- 3 — Erechim
PR 4 — Taquari
Il municipality $5_ St Rosa
6 — P. Fundo
7 — ljui
8 —S. L. Gonzaga
9 — Cruz Alta
10 — J. Castilho
11 - 5. Borja

. micro-region

main producer region

27.2°-29.8°5/51.2°- 56.0°W

Rio Grande Do Sul State (RS)



Maize in Rio Grande do Sul (RS)

After USA and China, Brazil is the third largest maize producer,
and RS is the second greatest producer in Brazil (IBGE, 2006).

Sowing Date: Sep/Oct
Harvest: Feb/March

Semanas apds emergéncia Dias apos polinizagao




A simplified framework for an end-to-end
forecasting system

Climate

System
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Application Model <€
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End user

Coelho & Costa, 2010




Verification procedure

Meteorological stations: ECMWF monthly mean™ and
Daily data EUROBRISA integrated
'\ s?pnal forecast
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* System 3: Anderson et al. (2007) ECMWEF Tech. Memo, 503, pp 56




Grain yield prediction

ECMWEF (bias corrected) forecasts, 11 ensemble
members issued in Sep (valid for Sep, Oct, Nov, Dec,

Jan, Feb)
— FOorecast — Simulated — Official estimate
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Grain yield prediction

EUROBRISA Integrated forecasts, 11 sampled members
Issued: November, valid for Dec, Jan, Feb

— Forecast = Simulated —= Qfficial estimate
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Summary: EUROBRISA forecast system

® Successful initiative bringing together expertise on
coupled ocean-atmosphere seasonal forecasting and
statistical calibration and combination of multi-model
ensemble forecasts

® Developed novel integrated precipitation seasonal
forecasting system for South America

* Helped improve and advance seasonal forecasting
practice in South America by objectively combining
empirical and dynamical model seasonal forecasts

* Integrated forecasting system has shown reasonable
performance since its implementation in 2007

* Use of precip. forecasts over Pacific improves robustness of
predictors and forecast skill over South America



Summary: Forecast applications

® The success of integrating seasonal climate forecasts in
user applications can only be achieved if the entire chain
of challenges is thoroughly resolved

®* Two examples of crop yield forecast produced as part of
the EUROBRISA multi-institutional initiative were
presented for illustrating some of the challenges

® Results demonstrate potential for use of rainfall forecasts
produced by EUROBRISA integrated forecast and
ECMWEF coupled model for producing maize yield
predictions for Rio Grande do Sul

® Results on health application (dengue) are encouraging
for further developing research and use of seasonal
forecasts in this area

® Web link http://eurobrisa.cptec.inpe.br
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