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: Outline:

This talk will consider various physical
phenomena which determine rainfall
predictability over a range of timescales and

their representation in the dynamical seasonal g

prediction model of ECMWF

Why ECMWEF? It is one of the major centres’
models that contributes to the PRESAO. It may
also be used in ICTP's predictability research
using the new EC-EARTH climate model.




= Brief intro to the ECMWF prediction system

* Predictability
e Water vapour
o African Easterly Waves
 Madden Julian Oscillation

e Sea Surface Temperature
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3. Introduction to the ECMWF System

T799 (25km) T399/255 (50-80km) T159 (125km)
no ocean ocean>10days ocean
single forecast ensemble ensemble

@O days
15/30 days
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ATMOSPHERE MODEL VERSION \Z:
FREQUENTLY UPDATED c |
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prehistory

23R4 2000
24

24R1

24R2

31R1 2006

32R3 2008

33R1

ERA15 (13r?), System 1

ERA40, System 2

System 3, EC-Earth
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The two mailn causes are...?

X(t+At)
X(t)
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I. Uncertainty In initial conditions

X(t+At)

uncertainty in
i initial conditions

“Butterfly Effect”
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i, ‘mper!ec! moae‘

X(t+At)

uncertainty due to
imperfect model

At
X(t)
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The ECMWEF system

perturbed
forecast physics

perturbed

. ey . . Q - - -
initial conditions In this talk we will examine only

the unperturbed control forecast
determlnlstlcally o




Experience

ating the pilot balloon
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Research

Africa Community Access to Regional
Predictions

Personnel
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The AfiCARP pages are maintained by Adrian Tompkins
Hosted Activities
please mail tompkins-at-ictp.it for feedback or to request finks to your own

E AfricARP-shortrange
products

E AfriCARP-seasonal
E AfriCARP-cbservations

E AfCARP

ER o AfiCARP is an ICTP project that aims for greater accessibility to WP and seasonal forecast products and
I provide training on their use and interpretation. In addition, a research plan is being instigated to examine the

predictability of the African rainfall in general, and the West african monsoon in particular. Ressarch will focus on
F August 2008 methodologies to improve predictions and add value to existing forecast products, forexample by adding

In the forecasting room

end-users targeted modules for agriculture and water resources.
Su Mo Tu We Th

Here are some other external resources freely available for Africa.
Flease note that IC TF is not responsible for the content of these external sites.
Meteorology

= Short-Medium Range Forecasts

= Seasonal Forecasts

s Data Products

esp.ictp.it/africarp

accessibility D G FEEEE

= Water Resources
contact

MMuch more will follow in the coming months. Flease return to check for example reseanch products using the

More to comel!!!

Derym hydrological mode| developed at the University of Aquila, as well as many more links to web forecast
i

3 Find: |tompkins @ Next & Previous [Highlight all | Match case [ Reached end of page, ccntinuel

iDone
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Predictablility timescales

0 Short-to-Medium Range: Day 0-15

" Prediction of individual convective complexes, monsoon
break cycles for local to regional scale

* Predictors: Pre-existing disturbances, Atmospheric relative
humidity (RH), flow direction, CAPE, (temperature, Wind
shear, converge) African Easterly Waves, Kelvin and MJO
waves...

2 Monthly-to-Seasonal Range: Day 15-365

" Prediction of monsoon onset, seasonal mean statistics,
subseasonal variability, and cessation date on regional
scale (latitudinal defined?)

= Predictors: Local and remote sea surface temperatures
(SST), NAO, soil moisture, Saharan heat low, cold surges,
vegetative state, Madden Julian Oscillations
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ANALYSIS

HUMIDITY DRIFT?
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~ 925hPaRH August 2006
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- TCWV correction at 00Z and 12Z by new

automated bias correction

{a) RSRH BIAS CORRECTION EXP - CONTROL EXP. (00 UTC) (b} RSRH BIAS CORRECTION EXP - CONTROL EXP. (12 UTC)
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Please see manuscript submitted to
QJRMS by Agusti-Panareda et al. for methodology
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Forcasts
(18-42
hr)

rain
still
too far
south

(a) BIAS CORRECTION EXP. - CONTROL EXP.

15

10

5'W s 10°E

EW W BTW 0

5°E

15°E

10°E
(c) CONTROL EXP.

157W

10

EMWN e 57E 107E

1S*E

[mm/day]

15 10w 5TW [

(D) UBS (FEWS)

10°E

B [~

5°E 15°E

169%

15°W 10w 5TW o

E°E ip*"E  15°E

(d) BIAS CORRECTION EXP.

10 BSW oe E*E 10°E 16°E

157

10w

5w ne 5*E 10"E 15°E

g8 B &8 & 8

[mm/day]

15

[mm day]



Earth System Physics, The Abdus Salam International Centre for Theoretical Physics

R RN
Humidity relationship

Increased humidity in lower troposphere associated with increased
convective activity

Mid-tropospheric humidity more complex

= generally entrainment of dry air reduces buoyancy, suppressing
convection

* however, squall-lines propagate by downdraught generated
coldpools

= Diedhiou et al note increase in convective activity with drier mid-
troposphere over region

As 80% of rainfall in Sahel produced by organised systems, then one
of the few areas where dry mid tropospheres considered beneficial

Therefore critical that dynamical models are able to model humidity
structures and the convective-humidity interaction

= Adequate vertical resolution, non-Diffusive advection scheme,
convective entrainment processes e




Rl rican Eas!er‘y UU&VGS

0 Strongly coupled to
convective activity

QA source of intraseasonal
predictability

0 Getting variability right on
sub-seasonal scales required
to get seasonal scales?
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African Easterly Waves: MSG+Analysis winds
METEQSAT 8 SEVIRI (Channel 9 IR10.8) Brightness Temperature Wednesday 26 July 2006 0000UTC

109

10E 20°E 3E

ECMWF Analysis VT: Wednesday 26 July 2006 00UTC 700hPa u-velocity/ v-velocity

\ :J' \
N ./

wr‘ 4

o
W
\

\

21'E
l
] ol |
1

1 [ |
(i
e LI'EE-
Y1 EhEEE
. 299 ¥
L LT

b % DN
YN\
j

il 'v?%u,r.%mﬁ

293 §
29{'!

—284 r
281
278
275 [
272
269
266

263

2860 ¥

257 o

254 &

251 =

248 |

245

242 !

239 1

236 B

233

230

227

V ff/

" From Anna Agustl-Panareda

0N

10N

BN



African Easterly Waves: Analysis

Wednesday 26 July 2006 00UTC ECMWF 1+0 VT:Wednesday 26 July 2006 00UTC
RTTOV generated METEOSAT 8 SEVIRI (Channel 9 IR10.8) Brightness Temperature (10 bit)
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African Easterly Waves: 24 hour forecast

Tuesday 25 July 2006 00UTC ECMWF  t+24 VT:Wednesday 26 July 2006 00UTC
RTTOV generated METEOQSAT 8 SEVIRI (Channel 9 IR10.8) Brightness Temperature (10 bit)
Tuesday 25 July 2006 00UTC EGMWF Fnrecast t+24 VT: Wednesday 26 July ED{]E 00UTC 700hPa u-velocity/ v-velocity
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with FEWS centred on Senegal
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Analysis:
700hPa
curvature
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t+120hrs:
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vorticity.
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5-15N.

706,/0000
710,/0000
714,/0000
718,/0000
722,/0000
7:26,/0000
730,/0000
BO3,/0000

BO7,/0000
-

811,/0000

B16,/0000

819,/0000
823,/0000
827 /0000
831,/0000
804 /0000

06,0000 I
a12,/0000

816,/0000
820,/0000
924,/0000

928,/0000 [—

706,/0000
710,/0000
714,/0000
718,/0000
722,/0000

T26,/0000 =

730,/0000

BO3,/0000 =

807,/0000
811,/0000
B16,/0000
819,/0000
823,/0000
A27,/0000

831,/0000

=
804 /0000
908,/0000 =

a12,/0000

816,/0000

820,/0000
924,/0000

828,/0000

ECMWF 2007 CUVOR D+5
T T [

30E

[ 1 1 [ 1
Bﬁ\?ﬁ’r ‘éﬁ@;;“btﬁuok’llblgx 150 1A0 170 LAD 160 200
f | e

40F

n3n A30 040 050 0A0 070

%
— T

20W

10F

20E 40F

nan aa0 040 050 AN DYD ORD DAL 100 118 120 190 140 150 L&D 170 1AD 160 200

T06,/0000

710,/0000 &
714,/0000
718,/0000

730,/0000 [= -
BO3,/0000
807,/0000 =5
811,/0000 [==
B15,/0000 f=75

819,/0000
823,/0000
827 /0000
831,/0000
804 /0000

a06,/0000 |

a12,/0000
816,/0000
820,/0000
924,/0000

828,/0000

If AEW exists in analysis models can

GFS 2007 CUVOR D+5
T -
" >

.-

| e, I |
10F 20E 30E

20W 40F

nan aa0 040 050 AN DYD ORD DAL 100 118 120 190 140 150 L&D 170 1AD 160 200

propagate feature

But

We
cou
fore

Initiation can be a problem

will next examine the convective
pling to AEWSs in the seasonal

casting system



Comparison of Rainfall with FEWS for Senegal
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The variability of the rainfall is important for agriculture, water resources
and health impacts
Timeseries assessed using wavelet analysis



Comparison of Rainfall with FEWS

FEWS
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ECMWEF forecast has peak variability in 8-16 day band — observations have
peak in 4-7 day band = coupling with AEWSs, lacking in model



 Example 2: Comparison of Rainfall with FEWS

Band centred on lon=0, from 10N to 20N
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Sometimes the onset can be poor in model



Comparison of Rainfall with FEWS

FEWS ECMWF  Wavelet Power of Normalized Hainfalll S M O T

Wavelet Power of Normalized Rainfall | ;

baoiilsisabiaig

2 2
(3 [
ﬁ 4 ﬁ 4
b= e
2 3 2 8
] @
a o

16 16

32 T T T T T 32 T T T T T

40 80 120 160 20000 05 1.0 15 20 25 3.0 40 80 120 160 20000 05 1.0 15 20 25 3.0
] 16

og | | 1 | 50 | 1 | |
_ 244 - e 3
8 20 3 g7
T 16 3 2 = 304 -
] ] 1 g
§ 77 5 §2°7 3
@ 08 - = @ 1 s
> 04 - g - 2001

“-”_-'|'-[---|-'1'—-—|_7'L L s o ey B e s

0 40 80 120 160 200 o 40 80 120 160 200
FC Days FC Days

FEWS: Too distinct peaks in 2001 (not each year) 3-5 days and 6-9 days
ECMWEF: Again coupling of convection and AEWSs poor in sys3 here



!easona‘ !orecas!mg

0 Predictors: SST anomalies, soil moisture, JET
position, Madden-Julian Oscillation (MJO)

QO Predictants:

= precipitation and temperatures over larger spatial and
temporal scales

* higher order seasonal statistics: onset, cessation, sub-
seasonal variability

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



Sahel and Guinea Rainfall (mm/day)

Onset of monsoon
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Due to southerly shift in rainfall patterns in model



Sahel and Guinea Rainfall (mm/day)

Apply 4 degree offset

2004 5 lat1=4/6 lat2=14/16 lon=-15/5 (av 6d)
i ] g ] [ oy w Jw @ | 2004 5 lat1=0/2 lat2=10/12 lon=-15/5 (av 10d)

s EcwwF |
18 FEWS B ] SIYSS i

. !
|

—
no
|
[

2] e}

w
Sahel and Guinea Rainfall (mm/day)

(=

Yo

40 80 120 160 200
Forecast Time (days)

40 80 120 160 200
Forecast Time (days)

Due to southerly shift in rainfall patterns in model



Monsoon Onset
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" Shift the model target areas 4 deg south
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“The offset onset has
an offset!!!”
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Shift the model target areas 4 deg south
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Conclusions?

“The offset onset has
an offset!!!”

Hybrid statistical-
dynamical techniques
can extract
Information content -

Current work to
define robust onset
using EOFs




Madden-Julian Oscillation (MJO)

0 Wave number 1-3 convectively-coupled eastward
propagating (40-60 days) large-scale oscillation in

the tropics
west wave motion cast
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a Velocity
potential Anomaly

Large-scale wave-
number 1 pattern
associated with an
MJO event

Using this, Andre
Kamga of ACMAD In
Niamey (correctly)
predicted a late
monsoon onset Iin
2006
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HOVMOLLER DIAGRAM OF MONTHLY FORECAST
Velocity potential anomaly at 200 hPa

ENSEWBLE MEAN BETWEEN LAT 105 AND 108
FORECAST BASED 2i200= 00UTC

Typical MJO forecast at
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HOVMOLLER DIAGRAM OF MONTHLY FORECAST
Velocity potential anomaly at 200 hPa

ENSEWBLE MEAN BETWEEN LAT 105 AND 108
FORECAST BASED 2i200= 00UTC

Typical MJO forecast at
ﬁ(:-\ \\ -

200hPa Velocity Potential
Anomalies

ANALYSIS

February - March 2006

The top half of the plot
monitors the preceding
month using the
analysis

FORECAST

The lower half shows
the monthly forecast
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AL D cycle as system
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ANALYSIS

FORECAST
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HOVMOLLER DIAGRAM OF MONTHLY FORECAST
Velocity potential anomaly at 200 hPa
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Sea Surface Temperature QSST; Ro‘e

0 Host of literature document the influence of SSTs on
West African Rainfall

= ENSO

Gulf of Guinea

= North Atlantic

" |ndian Ocean

* Mediterranean Sea

0 Investigations using

= Observed correlations between rainfall and SSTs

* Model integrations with imposed SSTs (e.g. Held et al.
2003, Giannini 2003)

= coupled models

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



SST with Sahel ralnfall (CRU)
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Strong positive correction of boxed rainfall with

GG SSTS (mterannual varlablllty)
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~ Does SYS 3 reproduce these correlation

patterns ?

tcorr sys3 WAM prec & SST 1960/2007 (norm.high freq.)
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Of course this implies nothing about predictability
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Imposing observed SSTs allows simulation of
/0s and 80s drought conditions

from Held et al.2003
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Note Rainfall
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SST predictability

Fixed SSTs may exaggerate the

atmospheric response as the " “Slowly evolving SSTs
heat budget is not closed determine the atmospheric
response in terms of the
Moreover, as noted, the local and remote
correlation maps reveal nothing d’S”’bU;"_O””a”d intensity of
concerning predictability conveeton
Indeed, the equatorial Atlantic is i
a tightly coupled system . “The dominant SST
SSTs anomalies impact variability is determined by
convection & trade winds, but atmospheric forcing only,
trad inds also drive SST dynamical processes in the
rade W!n S also drive ocean...are not important”
anomalies Dommenget and Latif 2000
IS 111
s 0 9
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HADSST seasonal cycle (1901-2000)
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.
ECMWEF system 2 coupled seasonal model

0.8 =
Eﬂd
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Stockdale et al. 2006: No skill above persistence in Equatorial
Atlantic — Also showed little influence by accounting fpr__
sub-thermocline oceanic information (<28
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Equatorla‘ Rt‘anth !! \ S

Q Strong coupling implies other
sources of model bias will affect
predictability limit. e.g.
Stratocumulus

0 Improvements in convection
parametrization will help!!!
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SY53 PREC JAS 1960-2002
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from dynamical and statistical models
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© July-Aug-Sept (JAS) Rainfall prediction

March

ECMWF Seasconal Forecast System 3
Prob(most likely category of precipitation) JAS 2008

Farecast sian reference i 010308 Ma significance test applied
Erm=emblke size = 41, climak size = 275
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Forecast issue date: 15/03/2008 CECMWE



© July-Aug-Sept (JAS) Rainfall prediction

April

ECMWF Seasconal Forecast System 3
Prob(most likely category of precipitation) JAS 2008
Farecast sian reference i 0104708 Ma significance test applied
Erm=emblke size = 41, climake size = 275
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Forecast issue date: 15/04/2008 CECMWE



© July-Aug-Sept (JAS) Rainfall prediction

May

ECMWF Seasconal Forecast System 3
Prob(most likely category of precipitation) JAS 2008
Farecast sian reference i 010508 Ma significance test applied
Erm=emblke size = 41, climake size = 275
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Forecast issue date: 15/05/2008 CECMWE



* July-Aug-Sept (JAS) Rainfall prediction

June

ECMWF Seasconal Forecast System 3
Prob(most likely category of precipitation) JAS 2008
Farecast sian reference i 0108708 Ma significance test applied
Erm=emblke size = 41, climake size = 275
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March

ECMWEF Seasonal Forecast System 3
Mean forecast SST anomaly JAS 2008
Farecast sian reference i 010308 Ma significance test applied

Erm=emblke size = 41, climak size = 275
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Forecast issue date: 15/03/2008 ECMWE



April

ECMWEF Seasonal Forecast System 3
Mean forecast SST anomaly JAS 2008
Farecast sian reference i 0104708 Ma significance test applied

Erm=emblke size = 41, climak size = 275
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May

ECMWEF Seasonal Forecast System 3
Mean forecast SST anomaly JAS 2008
Farecast sian reference i 010508 Ma significance test applied

Erm=emblke size = 41, climak size = 275
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Forecast issue date: 15/05/2008 ECMWE



June

ECMWEF Seasonal Forecast System 3
Mean forecast SST anomaly JAS 2008
Farecast sian reference i 010808 Ma significance test applied

Erm=emblke size = 41, climak size = 275
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Forecast issue date: 15/0B/2008 ECMWE



SOURCE: CPC
Optimum Interpolation SST Anomaly, Z008 Jul
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FEWS prec Jul 2008 (mm/doy)

40N

son-?fii???:;!i??f &

Ty SO Rl U RE R ARk & 6

403 — : alt :
SOW 15W 10W SW 0 SE 10E 15E 20E 25€ 30E 35 40E 45E SOE 55E




Summary

Humidity, AEWSs, AEJ, TEJ, MJO, SSTs, all affect
oredictability and are all interlinked.

Dynamical models developments are promising

= Data assimilation of water vapour

" improved convection-water vapour feedback, better MJO,
(African Easterly Waves?)

Hybrid statistical techniques required to maximize

Information content... (e.g. onset signal)

SST modelling in the Atlantic and Med difficult due to
strong coupling and mid-latitude forcing






