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Global climate change: warmer and wetter ﬂ(“.
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West Africa: a region of low adaptive capacity

AKIT

Karlsruhe Institute of Technology

Changes in precipitation in West Africa

Mean total monthly rainfall in some stations
in the Sahel (mm/month)
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Changes in precipitation in West Africa
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West African Monsoon - the big sea breeze

July - September

January - March
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West African Monsoon - the big sea breeze ﬂ(“.

Hovmililler diagrams (10°W-10°E averages)
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West African Monsoon - the big sea breeze ﬂ(“.

Hovmuller diagrams (10°W-10°E averages)
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The failure of global climate projections ﬂ(“.

Karlsruhe Institute of Technology
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The failure of global climate projections
NCEP Reanalysis Il Cornell/NCAR CAM/CLM3 UCLA MRF GCM
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The failure of global climate projections ﬂ(“.
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Why resolution matters: from global to regional A\‘(IT
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Terrain height [m]
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Why resolution matters: from global to regional A\‘(IT
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Why resolution matters: from global to regional A\‘(IT

Karlsruhe Institute of Technology

Terrain height [m]

Model Grid size Time step
Global circulation model (GCM) 100-200km 10-20min
Global reanalysis (REA) 50-100km  (5-10min) Ax = 18km

Regional climate model (RCM) 10-50km 1-5min

2000
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Regional downscaling at a glance A\‘(IT
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Regional downscaling at a glance A\‘(IT
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Garbage in, garbage out \‘(IT

GCM @ RCM Model
(MPI ESI\/I) _>( (WRF) )_>( output )
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Garbage in, garbage out \‘(IT

Bias Bias

GCM @ > RCM @ > Model
((MPI ESM) (WRF) output )

WASCAL =
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Garbage in, garbage out A\‘(IT

(e %(

Bias correction of
GCM data at the
domain boundary

?

CGCM Vs ERA-Interim)

WASECEAL B
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Garbage in, garbage out A\‘(IT

Choice of best
RCM configuration
for West Africa

v
@Ma?;g@%( o) =y ()

Bias correction of
GCM data at the
domain boundary

?

CGCM Vs ERA-Interim)
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Garbage in, garbage out A\‘(IT

Choice of best
RCM configuration
for West Africa

v
(508) =2 (F09) 2y (The ) 2y ()

x 3

Bias correction of Statistical correction
GCM data at the of remaining model
domain boundary bias using control run
CGCM VS ERA-Interim) CERA-Interim/RCM VS observations)
WASCAL =,
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Two concurring bias correction algorithms A\‘(IT
past: 1990-2000; “future™: 2000-2010

Pseudo-global warming
Rasmussen et al. (2011)

( Monthly mean of

past GCM ]\
Warming signal ) + (ERA Interim Reanalysis)
future - past for past period
( Monthly mean of ]/

“future” GCM

10 WASCAL =,

KIT-Campus Alpin
IMK-IFU: Atmospheric Environmental Research




Two concurring bias correction algorithms A\‘(IT
past: 1990-2000; “future™: 2000-2010

Pseudo-global warming
Rasmussen et al. (2011)

Monthly mean of w

past GCM
Allows one to see how current weather A Interim Reanalvsis
would look like in the future. Assumes that for past eriody )
key climate features do not change. pastp
Monthly mean of N
“future” GCM

N/ ASC A L //‘///A
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Two concurring bias correction algorithms A\‘(IT
past: 1990-2000; “future™: 2000-2010

Pseudo-global warming
Rasmussen et al. (2011)

Monthly mean of W

past GCM
Allows one to see how current weather A Interim Reanalvsis
would look like in the future. Assumes that for past eriody )
key climate features do not change. pastp
Monthly mean of .
“future” GCM

Perturbed average climate
Done et al. (2012)
Average annual cycle : Substract from
of GCM for past future gives GCM’ \

Revised climate data
)/ GCM = REA + GCW’

Average annual cycle : Use average annual
of REA for past cycle of past REA

10 VVASTC A L %‘m
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Two concurring bias correction algorithms A\‘(IT
past: 1990-2000; “future™: 2000-2010

Pseudo-global warming
Rasmussen et al. (2011)

Monthly mean of \

past GCM
Allows one to see how current weather A Interim Reanalvsis
would look like in the future. Assumes that for past eriody )
key climate features do not change. pastp
Monthly mean of .
“future” GCM
Perturbed average climate
Done et al. (2012)
( Average annual cycle \ '
of GCM for past Allows one to look at changes in

( Average annual cycle

weather and climate. Assumes that model

biases are stationary in the future. GCM = REA + GCM'

Revised climate data)

of REA for past J ~— -

10

WASCAL =
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AKIT

The code - from a pilot to a production stage

f

Python pilot code

Serial execution
Dictionary-based

Pro: easy to develop & debug

kCon: damn slow, memory use

1

.......................................................................................

E# Start

E# Read data into dictionaries
:RAW REA[date/time] = array(..)
iRAW_GCM[date/time] = array(..)

;# Calculate averages and decompose
{AVG_REA([date/time] = array(..)
tAVG GCM[date/time] = array(..)
i VAR GCM[date/time] = array(..)

E# Combine to revised climate data
iCMB GCM[date/time] = array(..)

E# Write to disk, finish

—=..
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The code - from a pilot to a production stage A\‘(IT

.......................................................................................

( . ) :
Python pilot code i# Start
. . i# Read data into dictionaries
Serial execution {RAW REA[date/time] = array(..)
Dictionary-based iRAW_GCM[date/time] = array(..)
Pro: easy to develop & debug # Calculate averages and decompose
kCon: damn slow, memory useJ : AVG_REA [date/time] = array(..)

tAVG GCM[date/time] = array (..)
i VAR GCM[date/time] = array(..)

Original || proposal # Combine to revised climate data
iCMB GCM[date/time] = array(..)

E# Write to disk, finish

Parallel Python/Fortran
Parallelized by model,
period and files (np=9)

Array-based storage

Python shared-memory
threads calling Fortran

KIT-Campus Alpin
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AKIT

The code - from a pilot to a production stage
: Python pilot code # Start

, , E# Read data into dictionaries
Serial execution {RAW REA[date/time] = array(..)
Dictionary-based ERAW_GCM[date/time] = array (..)

Pro: easy to develop & debug # Calculate averages and decompose
Con: damn slow, memory use :AVG_REA[date/time] = array(..)
~ ~/ tAVG GCM[date/time] = array (..)
i VAR GCM[date/time] = array(..)

Original || proposal

Parallel Python/Fortran
Parallelized by model,
period and files (np=9)

Array-based storage

Python shared-memory
threads calling Fortran

1

%
%

E# Combine to revised climate data
iCMB GCM[date/time] = array(..)
E# Write to disk, finish

Python Global Interpreter Lock (GIL) problem;
forced to use private-memory multiprocessing

Communication with Fortran routines requires
passing large arrays in/out (copy in memory)

- //‘///A

KIT-Campus Alpin
IMK-IFU: Atmospheric Environmental Research



1

The code - from a pilot to a production stage

The Python Global Interpreter Lock (GIL)
Python threads are system threads (POSIX etc.),
representing threaded execution of Python interpreter.

The GIL ensures only one thread runs in the interpreter
at once (simplifies low-level details: memory ...)

With the GIL, you get cooperative multitasking!

/1O /o 110 110 1/O
Thread | W ------------------------------------------------- m ---------------------------------------

[ Thread 3 —porm ALY S LU

releasf ‘}cquire releasér '}cquire
GIL GIL GIL GIL

Beazley (2010), hitp://www.dabeaz.com/python/UnderstandingGlL.pdf

AKIT

Karlsruhe Institute of Technology
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The code - from a pilot to a production stage
: Python pilot code # Start

, , E# Read data into dictionaries
Serial execution {RAW REA[date/time] = array(..)
Dictionary-based ERAW_GCM[date/time] = array (..)

Pro: easy to develop & debug # Calculate averages and decompose
Con: damn slow, memory use :AVG_REA[date/time] = array(..)
~ ~/ tAVG GCM[date/time] = array (..)
i VAR GCM[date/time] = array(..)

Original || proposal

Parallel Python/Fortran
Parallelized by model,
period and files (np=9)

Array-based storage

Python shared-memory
threads calling Fortran

1

%
%

E# Combine to revised climate data
iCMB GCM[date/time] = array(..)
E# Write to disk, finish

Python Global Interpreter Lock (GIL) problem;
forced to use private-memory multiprocessing

Communication with Fortran routines requires
passing large arrays in/out (copy in memory)
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The code - from a pilot to a production stage

r

Python pilot code

Serial execution
Dictionary-based

Pro: easy to develop & debug

kCon: damn slow, memory use

Original || proposal

Parallel Python/Fortran
Parallelized by model,
period and files (np=9)

Array-based storage

Python shared-memory
threads calling Fortran

—

Current realization

%
%

AKIT

Karlsruhe Institute of Technology

Parallel Python/Redis

Parallelized by model,
period and files (np=9+9)

Storage in parallel Redis DB,
arrays as binary string chunks

Python private-memory
processes communicating
with Redis database

Python Global Interpreter Lock (GIL) problem;
forced to use private-memory multiprocessing

Communication with Fortran routines requires
passing large arrays in/out (copy in memory)

//‘///A
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Flow diagram
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Flow diagram

AKIT

Karlsruhe Institute of Technology

Runtime performance

Code version Period length Threads Peak mem.

Pilot code 2x30days 1 3.7Gb
Current code 2x30days 9+9 2.7Gb
Current code 2x10years 9+9 320Gb

Runtime
73min
<2min

185/213min

KIT-Campus Alpin
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Scientific evaluation - 10-year climate runs A\‘(IT

Domain configuration for climate simulations with WRF (http://www.wrf-model.orqg)

WRF model performance on a single
Fujitsu RX600 S5 2, 64 threads (SMT)

30min realtime (rt) per simulation day
58400 CPUh / 76 days rt. per 10-year run

WRF model performance on JUROPA
(FZ Julich), 5x8 threads per run

20min realtime (rt) per simulation day
47500 CPUN / 51 days rt. per 10-year run

Multiple model runs required

ERA INT, MPI ESM, PAC, PGW

13 ///’////A
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http://www.wrf-model.org

Scientific evaluation - precipitation amounts A\‘(IT

Average precipitation July (2001-2006) in mm
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Scientific evaluation - precipitation statistics

SKIT

Karlsruhe Institute of Technology

Average precipitation and Pearson Correlation Coefficient wrt. TRMM July (2001-2006)

July AVG [mm] PCC

Total Land Sahel Total Land Sahel
TRMM (ref) 110.1 114.7 130.5 1 1 1
GPCC - 81.7 88.6 - 0.96 0.95
ERAINT 144.5 124.4 99.8 0.88 0.89 0.92
MPI ESM 195.6 118.2 49.0 0.39 0.82 0.91
PAC 87.1 75.1 23.0 0.80 0.79 0.86
PGW 136.2 118.1 69.8 0.85 0.87 0.91

15

—=..
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Scientific evaluation - precipitation statistics

SKIT

Karlsruhe Institute of Technology

Average precipitation and Pearson Correlation Coefficient wrt. TRMM July (2001-2006)

July AVG [mm] PCC

Total Land Sahel Total Land Sahel
TRMM (ref) 110.1 114.7 1 1 1
GPCC i 81.7 @ i 0.96 0.95
ERAINT 1445 1244 99.8 0.88 0.89 0.92
MPI ESM 195.6 118.2 49.0 0.39 0.82 0.91
PAC 87.1 75.1 23.0 0.80 0.79 0.86
PGW 136.2 1181 69.8 0.85 0.87 0.91
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Scientific evaluation - precipitation statistics A\‘(IT

Average precipitation and Pearson Correlation Coefficient wrt. TRMM July (2001-2006)

July AVG [mm] PCC

Total Land Sahel Total Land Sahel
TRMM (ref) 110.1 114.7 1 1 1
GPCC i 81.7 @ i 0.96 0.95
ERAINT 144.5 124 4 99.8 0.88 0.89 0.92
MPI ESM 118.2 49.0 0.82 0.91
PAC 87.1 75.1 23.0 0.80 0.79 0.86
PGW 136.2 118.1 69.8 0.85 0.87 0.91
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Scientific evaluation - precipitation statistics A\‘(IT

Average precipitation and Pearson Correlation Coefficient wrt. TRMM July (2001-2006)

July AVG [mm] PCC

Total Land Sahel Total Land Sahel
TRMM (ref) 110.1 114.7 1 1 1
GPCC i 81.7 @ i 0.96 0.95
ERAINT 1445 1244 99.8 0.88 0.89 0.92

MPI ESM 118.2 49.0 0.82 0.91

PAC 87.1 75.1 0.80 0.79 0.86
PGW 136.2 118.1 69.8 0.85 0.87 0.91

—=..

KIT-Campus Alpin

IMK-IFU: Atmospheric Environmental Research



AKIT

Scientific evaluation - 2m surface temperature o

Average near surface temperature TRMM July (2001-2006) in °C

AVG [°C]
CRU 20.7 31.0
ERAINT 283 33.0
MPIESM 286 33.8
PAC 28.1 33.0
PGW 28.1 33.1
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Wrap up - what have we got, what’s next? A\‘(IT

Python pilot code

Serial execution

Dictionary-based

Parallel Python/Redis

Parallel execution (np=9+9)

kStorage in parallel Redis DBJ
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Wrap up - what have we got, what’s next? A\‘(IT

Python pilot code | [ Parallel Python/Redis
Serial execution _> Parallel execution (np=9+9)
Dictionary-based Storage in parallel Redis DB

\_ J g J

Reading/writing the largest file (30Gb vs. 4.5Gb/500Mb) Parallel 1/0O
is the bottleneck of the current implementation (C/IC++)

%
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AKIT

Wrap up - what have we got, what’s next?
Python pilot code | [ Parallel Python/Redis
Serial execution _> Parallel execution (np=9+9)
Dictionary-based ) kStorage in parallel Redis DBJ

Reading/writing the largest file (30Gb vs. 4.5Gb/500Mb) Parallel 1/0O

is the bottleneck of the current implementation (C/IC++)

10-year reference/application periods may not be enough Extension to

to smooth out patterns of inter-annual variability (El Nifio...) 20-year periods
17 J/ \ S A7 = //‘///A

KIT-Campus Alpin
IMK-IFU: Atmospheric Environmental Research



17

Wrap up - what have we got, what’s next? A\‘(IT

Python pilot code

Serial execution _> Parallel execution (np=9+9)

Dictionary-based kStorage in parallel Redis DB )

Parallel Python/Redis

Reading/writing the largest file (30Gb vs. 4.5Gb/500Mb)
is the bottleneck of the current implementation

10-year reference/application periods may not be enough

Parallel I/0O
(C/C++)

Extension to

to smooth out patterns of inter-annual variability (El Nifio...) 20-year periods

Current code requires at least 320Gb (640Gb) of memory Code to figure

for 10-year (20-year) periods. We don’t have such systems. out parallelization
N
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Wrap up - what have we got, what’s next? A\‘(IT

Python pilot code

Serial execution _> Parallel execution (np=9+9)

Dictionary-based kStorage in parallel Redis DB )

Parallel Python/Redis

Reading/writing the largest file (30Gb vs. 4.5Gb/500Mb)
is the bottleneck of the current implementation

10-year reference/application periods may not be enough

Parallel I/0O
(C/C++)

Extension to

to smooth out patterns of inter-annual variability (El Nifio...) 20-year periods
Current code requires at least 320Gb (640Gb) of memory Code to figure
for 10-year (20-year) periods. We don’t have such systems. out parallelization

Model comparison and evaluation for full period 2000-2010
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Sunset over the Sissili river, Northern Ghana (Nov. 2013)
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Backup slides
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Karlsruhe Institute of Technology
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Regional climate change: a rag rug with a trend ﬂ(".

Wetness/drought index
-Schel / Soudan Nicholson et al. (2013) -
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Regional climate change: a rag rug with a trend

AKIT

Karlsruhe Institute of Technology

Monthly temperature and precipitation anomaly: 1980 to 2010 minus 1950 to 1980

NCEP/NCAR Reanalysis

Surface air (C) Composite Mean
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West Africa: a region of low adaptive capacity A\‘(IT

Karlsruhe Institute of Technology

Current average annual precipitation [mm]

‘ PR—— 0 100 200 300 400mi
Cstndna) MAURITANIA '| ! 0 200 400 600 TT\
'\ ( NIGER o
SENEGAL . il A ,f/
THE GAMBIA < | & T [l
,\—\ G \\ Nige! i 5 ) Chad
& e G : = S o7
A " . /\\ I—__’
“ GUINEA- J\n\(’ ./ BURKINA % \(\ P T T—r QO
_BISSAU_ AN _J JFASO (2 27!
o53% < (. S . \ NIGERIA |
GUINEA '\ i o T ; .
P R\ N \S ‘. BENIN / o
< 'TEMNEN Sy L =
s \- 5 Lake ’ Nige, NUPE J S
" SIERRA ; - Q e e e
TEGNE ' COTE "%, \Voltal @ o0V 7 \
VKP% €  DVORE ) N O | ® : o
A ST MANO. ) /GHANA /)7 FON, YORUBA J /
verfagfﬁfgnnua /GOLA ‘f\ = ' Y ! NORTHEAST N 2
mm in. < %a g 14N \EWE ; MB/MBE
—~ S ASHANTI ~ EDO 1680 CAMEROON\
500 20 LIBERIA AVIKAM ’ YAKO
ALAGYA, AVIKAM ) A 527 “EFIK 7 Cross \
1,500 60 (i ~KALABARI' A\
3,000 120 Gulf of Guinea BIOKO -, N
© 2012 Encyclopaedia Britannica, Inc
21 ///‘////A

KIT-Campus Alpin
IMK-IFU: Atmospheric Environmental Research



AKIT

West African Monsoon (WAM) - a cooking recipe ==.>%%

Schematic view of West African Monsoon System
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ITD: InterTropical Discontinuity (north of ITCZ)
AEJ: African Easterly Jet

TEJ: Tropical Easterly Jet

STWJ: SubTropical Westerly Jet

22

The oscillation of the AEJ yellow tube
figures an African Easterly Wave.

Lafore et al. (2010/2011), Sylla et al. (2012)
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West African Science Service Center on KlT_campus A|p|n
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WAM key ingredients: getting the dynamics right A\‘(IT

The rise and fall in Sahel rainfall accuracy with the position of the ITCZ
ITCZ Hourdin et al. (2010)
I ; I
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Length and time scales of atmospheric motion A\‘(IT

100000a - | Earth orbit precession
Ice ages
1003 _ “Small ice age”
: Sunspot cycle
: ENSO
lar=|q Seasons (inclination)
7
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© Baroclinic instability
§ 1d Earth rotation
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Scientific evaluation - precipitation amounts A\‘(IT

Average precipitation July (2001-2006) in mm
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Scientific evaluation - precipitation differences A\‘(IT

Average precipitation / difference in avg. precipitation to TRMM July (2001-2006) in mm
ERA INT

MPI ESM
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Scientific evaluation - precipitation amounts A\‘(IT

Average precipitation August (2001-2006) in mm
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Scientific evaluation - precipitation differences A\‘(IT

Average precipitation / difference in avg. precipitation to TRMM August (2001-2006) in mm
ERA INT

MPI ESM
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Scientific evaluation - precipitation statistics

July AVG [mm] ME [mm] PC

Total Land Sahel Total Land Sahel Total Land Sahel
TRMM 110.1 114.7 130.5 - - - - - -
GPCC - 817 88.6 - -33.0 -41.7 - 096 0.95
ERAINT 1445 1244 99.8 34.4 9.7 -30.7 0.88 0.89 0.92
MPIESM 1956 118.2 49.0 85.6 3.5 -81.5 0.39 0.82 0.91
PAC 871 751 23.0 -23.0 -39.6 -107.5 0.80 0.79 0.86
PGW 136.2 118.1 69.8 26.1 3.4 -60.7 0.85 0.87 0.91
Auqust AVG [mm] ME [mm] PC

Total Land Sahel Total Land Sahel Total Land Sahel
TRMM 125.7 143.2 161.6 - - - - - -
GPCC - 103.1 88.6 - 401 -73.0 - 095 0.88
ERAINT 139.0 138.9 119.2 13.3 43 -424 0.90 0.90 0.93
MPIESM 2175 162.0 97.0 91.8 18.8 -64.6 0.50 0.84 0.88
PAC 98.3 946 31.0 -27.4 -48.6 -130.6 0.82 0.81 0.87
PGW 145.9 143.4 129.1 20.2 0.2 -32.5 0.87 091 0.93
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Sunset over the Sissili river, Northern Ghana (Nov. 2013)

e 17l A
It % M4 g 3



