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Decadal prediction of Sahel rainfall using dynamics-based indices

Sahel rainfall has shown marked decadal variability:
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TROPA UCM Decadal prediction of Sahel rainfall using dynamics-based indices
Sahel raintall has shown marked decadal variability:
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Decadal prediction of Sahel rainfall using dynamics-based indices

Sahel rainfall has shown marked decadal variability:
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Some models are skilful in
predicting Sahel decadal
rainfall variability
(Gaetani and Mohino 2013;
Martin and Thorncroft
2.014)
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Up to now, all studies on decadal rainfall prediction in the
Sahel have focused on GCM rvaintall outputs,
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Up to now, all studies on decadal rainfall prediction in the
Sahel have focused on GCM rvaintall outputs,

However, GCMs are known 1o be Typically more skilful in

reproducing the variability of atmospheric dynamic variables
raTher Than raintall over West Afvrica,
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Up fo now, all studies on decadal rainfall prediction in the
Sahel have tocused on GCM raintall outputs,

Decadal prediction of Sahel rainfall using dynamics-based indices

However, GCMs are known To be fypically more skilful in
atmospheric dynamic variables

rather than rainfall over West Africa.
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Up fo now, all studies on decadal rainfall prediction in the
Sahel have tocused on GCM raintall outputs,

However, GCMs are known To be fypically more skilful in
reproducing the variability of atmospheric dynamic variables
rather Than rainfall over West Africa,

., [mm<.| Corrvelation between
i 1 - 7 observed Sahel rainfall
. | - . (1968=2001) and simulated
| 4 AGCM Sahel raintall ?ﬁ\\ed
| bars) and after applying a

MOS to u at 425 hPa

Correlation

1 B IL I_ Ndiaye et al, (zo1)

-0.1 i 1 1
CCM3(24) GFDL(10) ECPC(12) COLA(10) NSIPP(9) ECA4.5(24) EC5T42(24) EC5T85(16)
AGCMs (ensemble size)

|

Could we predict Sahel raintall trends some
years ahead using dynamics—based indices?
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Decadal

prediction of Sahel rainfall using dynamics-based indices

Aim of the work:

« Study the skill of CMIPs decadal hindcasts in
predicting Sahelian summer (TAS) raintall USING

dynamics—based

» Evaluate the additional skill coming trom the

initialization

indices
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Aim of the work:

« Study the skill of CMIPs decadal hindcasts in
predicting Sahelian summer (TAS) raintall USING
dynamics—based indices

» Evaluate the additional skill coming trom the
initialization

Data

CMIPs simulations (14 models, range 3 1o 10 ensemble memmbers)
* Decadal hindecasts (all forcings, including volcanoes, initialized)
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Aim of the work:

« Study the skill of CMIPs decadal hindcasts in
predicting Sahelian summer (TAS) raintall USING
dynamics—based indices

» Evaluate the additional skill coming trom the

initialization

Data

CMIPs simulations (14 models, range 3 1o 10 ensemble memmbers)
* Decadal hindecasts (all forcings, including volcanoes, initialized)
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* Historical (all torcings, including volcanoes, neo initialization)
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Observations 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
« CRU-TS3,1 dataset 1901—2009 (Harris et al, 2014)
- GPCP dataset 19719—present (Adler et al, 2003)
* ERA40 (VUppala et al, 2005)
- NCEP/NCAR Reanalysis (Kalnay et al, 144s)
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Methodls

We Tested the potential of using wind fields for decadal
prediction ot Sahel vaintall
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Methods

We Tested the potential of using wind fields for decadal
prediction of Sahel vaintall

There is a strong link between

—Westerly surface winds (WSW) winds at low and high levels

—Tropical Easterly TJet (TET)
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TROPA UCM Decadal prediction of Sahel rainfall using dynamics-based indices

Methods

We Tested the potential of using wind fields for decadal
prediction of Sahel vaintall

There is a strong link between

—Westerly surface winds (WSW) winds at low and high levels

—Tropical Easterly TJet (TET)

. Definition of WAM index
é Fontaine et al, (1a4s):
i WAMI=-MOD4a25—VU200
» ':'\_ (standardized anomalies)
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Methodls

We Tested the potential of using wind fields for decadal
prediction of Sahel vaintall
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Methodls

Decadal

prediction of Sahel rainfall using dynamics-based indices

We Tested the potential of using wind fields for decadal
prediction ot Sahel vaintall

To choose the
appropriate region for

the WAMI definition, we
applied CEOF of
and U200 in reanalysis

and historical sims.

There is a strong link between
winds at low and high levels

Definition of WAM index

MOD4az2s Fontaine et al, (1445):
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Decadal prediction of Sahel rainfall using dynamics-based indices

Results
1*" mode CEOF correlation patterns: MODazs hPa

CEOF1  ERA40 58.21%
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Results
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Decadal prediction of Sahel rainfall using dynamics-based indices

Results

1*" mode CEOF correlation patterns: Uzoo hPa
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Decadal prediction of Sahel rainfall using dynamics-based indices

Results

1*" mode CEOF correlation patterns: Uzoo hPa
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Results
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TROPA UCM Decadal prediction of Sahel rainfall using dynamics-based indices

Re«su\*s -@- BCC-CSMi-1
ACC scores between WAMI from models and observed & “**
Sahel precipitation index (SPI: 10N20oN—15W1sE) CNRM-CM5

WAMI-Decadal CMIP5 vs SPI CRU WAMI-Historical CMIP5 vs SPI CRU ~@- CanCM4

1.0 -
—— EC-EARTH

0.5 ~@- FGOALS—g2
8 0.0 - -@- GFDL-CM2p1
<
HadCM3
—0.5 -
IPSL-CM5A-LR
_1.0-DECADAL _1.n-HISTO1ZICAL
1—4 25 3—6 4—?518619?1{: 1—4 25 3—6 4—?5—8619?113 ~@- MIROC4h
Forcast year Forcast year MIBOCS
(filled circles: stafistically significant a=0,05)
-@- MME
MPI-ESM-LR

—&- MPI-ESM-MR

—@- MRI-CGCM3

CLIVAR-ICTP Workshop on DCVP, 16-20 Nov 2015




TROPA UCM Decadal prediction of Sahel rainfall using dynamics-based indices

Results

ACC scores between WAMI from models and observed
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Results
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Results

Average skill for probabilistic forecasts of three cateqories
(above normal, below normal and normal) for WAMI models
fested against SPI observations

(using all 14 models and all 7 lead fimes at once)
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Results

Average skill for probabilistic forecasts of three cateqories
(above normal, below normal and normal) for WAMI models
fested against SPI observations

(using all 14 models and all 7 lead fimes at once)

HR2: hit rate (fraction of events for
which an alarm was rightly issued)
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Results
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(above normal, below normal and normal) for WAMI models
fested against SPI observations
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HR2: hit rate (fraction of events for
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FAR: talse alarm rate (fraction of
non—events tor which an alarm was

wrongly issued)
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Results

Average skill for probabilistic forecasts of three cateqories
(above normal, below normal and normal) for WAMI models
fested against SPI observations

(using all 14 models and all 7 lead fimes at once)
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TROPA UCM

Results

Decadal

prediction of Sahel rainfall using dynamics-based indices

Average skill for probabilistic forecasts of three cateqories
(above normal, below normal and normal) for WAMI models
fested against SPI observations

(using all 14 models and all 7 lead fimes at once)
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Results

Average skill for probabilistic forecasts of three cateqories
(above normal, below normal and normal) for WAMI models
fested against SPI observations

(using all 14 models and all 7 lead fimes at once)
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Results =
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ACC scores comparing WAMI sim against WAMI ‘obs*
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Results

ACC scores comparing WAMI sim against WAMI ‘obs*
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Results
ACC scores comparing WAMI sim

WAMI-Decadal CMIP5 vs NCEP

against WAMI ‘*obs*
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Results
ACC scores comparing WAMI sim

WAMI-Decadal CMIP5 vs NCEP

against WAMI ‘*obs*
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Results
ACC scores comparing WAMI sim against WAMI ‘obs*

—complete loss of skill with
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Results
ACC scores comparing WAMI sim against WAMI ‘obs*
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Results
ACC scores comparing WAMI sim against WAMI ‘obs*
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MOD4a25
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1965 1970 1975 1980 1985 1990 1995 2000

Standardized indices of low—=frequency filtered sPI
(CRU, black), and MOD 425hPa for NCEP (green) and

ERA40 (red) Due to the ERA4¢
—complete loss of skill with __ representation ot low—level

ERA40  \WHY? — winds from 1997 onwards
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Results
Sahel rainfall perspectives tor 2016—2019
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Results
Sahel rainfall perspectives tor 2016—2019
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Cownclusions

—Part of Sahel decadal variability could have been
predicted using initialized 6CM simulations (decadal
simulations)

—The skill of the initialized (decadal) simulations is above
the non—initialized (historical) ones both in deterministic
and probabilistic forecasts

~The skill ot decadal predictions is model dependent

—For some models, using a dynamics—based index instead
ot the direct output ot raintall can the skill of the
decadal predictions » we recommend a two—fold approach

—Caution should be exercise when using ERA40 dataset for
studies of decadal variability

—Perspective tor the next coming 4 i?eavs (2016=2014) is
increased Sahel raintfall w.r.t, the last 4 years (2011—2015)

Otero, N., E, Mohino, M, Gaetani (2015) Decadal prediction of Sahel
rainfall  using  dynamics=based indices., Clim  Dyn,  DOI

10,1001/ 500382 —015—2.138—3
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TROPA UCM
Data

Model name

BCC—CSM—1
CanCM4
CCSM4
CNRM—CMs5
EC—EARTH
FOOALS—g2
6FDL—CM2 .1
HadCM3
IPSL—CMsA—LR
MIROC4h
MIROCs5
MPI—ESM—LR
MPI—ESM—MR
MRI—-CaCM3

Decadal prediction of Sahel rainfall using d

14 Models

Res.
T42 (72.89)

T42 (72,89)
1,252 % 0,99

T127 (71,49)

T159 (71,1259)

2 .82 x 3,09
2,52 % 2,0°
3,752 X 2,59
3,752 %X 1,8759
T213 (T0,69)
T127 (71,49)
T63 (71,992)

T63 (71,99)

T159 (71,12592)

Decadal
4

10
10
10
5
3
10

10

Historical
3

10
b
10
4
5
10

10

namics-based indices

Initialization

Full field
Full field
Full field
Full field
Full field
Full field
Full field
Full field

Anomaly
Anomaly
Anomaly
Anomaly
Anomaly

Anomaly
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Methodls

To tocus on decadal fime scales we average outputs using
a 4—year running mean
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We apply predictive skill metrics o anomalies defined in the
forecast dimension (removing stationary drifts) ACC
(Anomaly Correlation Coefficient) and RMSE (Root Mean
Sguare Error)., We also fest probabilistic torecasts,
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Results

' mode CEOF correlation with raintall (not used in CEOF
analysis)
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Decadal prediction of Sahel rainfall using dynamics-based indices

Results

ACC scores tor Sahel precipitation index (sPI:
10NZ2oN—15W1sE) between model and observations

SPI PR-Decadal CMIP5 vs CRU SPI PR-Hisotical CMIP5 vs CRU

L, .DECADAL ., HISTORICAL
114 215 316 417 518 619 7—I10 114 215 316 417 518 619 7-I1D
(ﬁ\\eol Cifoorfgsé¥ea;fafisfica\\% SiQV\i‘FICaV]T azo.gt;rc):astyear

—better scores tor decadal
(initialized) simulations

—CanCM4, CNRM—CMs, GFDL—CM2p1, MPI-
ESM{—LR, MV‘E
Otero et al, (2015)

—-@- BCC-CSM1-1
-@- ccswa
CNAM-CM5
@~ CanCM4
~@- EC-EARTH
@ FGOALS—g2
@~ GFDL-CM2p1
HadCM3
|PSL-CM5A-LR
-®- MIROC4h
MIROCS
- MME
MPI-ESM-LR
- MPI-ESM-MR

—@- MRI-CGCM3

Gaetani and Mohino (2013 CLIVAR-ICTP Workshop on DCVP, 16-20 Nov 2015
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