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Observed rainfall over semiarid Sahel has shown pronounced decadal variability in the 20th Century, with a wet period in the 1950s and 1960s SN 128 2:2‘)’;‘;2: 120 183072000
followed by a dry one 1n the 1970s and 1980s (Rodriguez-Fonseca ef al., 2010). Observational and modelling studies have highlighted the role

of sea surface temperatures (SST) in driving this low-frequency variability. In addition to the tropical warming of SSTs related to the increase historical 156 1850-2005
in greenhouse gases, several works point to an influence of the Atlantic Multidecadal Oscillation (AMO) (Mohino et al., 2011). This large- CSIRO-MKS-0:0 s B RERUSRSIE
scale pattern of variability i1s generally understood as an internal consistent mode related to the meridional overturning circulation (Knight et Cctorical 145 1861-2005
al., 2005). General Circulation Models show AMO-like variability in the North Atlantic. In this work we study the low-frequency variability GFDL-ESM2G piControl 500  0001-0500
of the North Atlantic and its relation to Sahelian rainfall in the last generation of general circulation models, using long-term historical and -

preindustrial control simulations from the fifth phase of the Coupled Model Intercomparison Project (CMIPS). GFDL-ESM2M 2:2?;52'. ]53(5) ;3?)} 13‘5’83

historical 156 1850-2005
GISS-E2-H piControl 531  2490-3020

METHODS DATA

We use SST outputs of CMIPS5 models

AMO 1index 1s defined as the North Atlantic (0°-60°N and AMO IPSLTCMOATLR (185072005) (Table 2) to define the AMO index and
0°-80°W) annual mean SST obtained after subtracting the 2 surface temperature and precipitation in
global mean SST (between 60°N and 60°S to avoid o order to see the impacts of the AMO. To
problems with changes in sea ice), in order to separate the | o511 p\ | L4 | o il compare with observational data we use
global warming (GW) trend of the Atlantic internal |-ost=f=o) |/ Y V| SST data from HadISST1 data base
variability (Trenberth & Shea, 2006). But it has been |-1s g Y (Rayner et al., 2003) and precipitation
observed that this method does not isolate completely the |_;5| V from GPCC reconstruction (Rudolf ef al.,
internal variability in the CMIPS SST simulated data. *"1%60 1880 1900 1920 1940 1950 1980 2000 2003).

This ylglds a s1gn1ﬁ.cant trend remaining. In this work an Fig. 1.- AMO standardized rates and ---_

alternative method 1s proposed to eliminate that trend in their trend: in red the one calculated

the AMO index. It consists in subtracting to the original S}lllbtractingb the (3“; trend ;ﬂd in.gluei HadISST1 °x 1° 1870 - 2009
L . t t t

SSTs the GW pattern multiplied by the GW index. Thus e

. L , . SST. Representative example of all o
we obtain a residual SST which shows no trend (Fig. 1). the analyzed models. GPCC 1°x1 107 1901 - 2007

historical 145 1860-2004
HadGEM2-CC piControl 575  1860-2434

: historical 156 1850-2005
inmcm4 piControl 500 1850-2349

historical 156  1850-2005
IPSL-CM5A-LR piControl 1000 1800-2799

historical 163 1850-2012
MIROCS piControl 670 2000-2669

historical 156  1850-2005
MIROC-ESM-CHEM piControl 255  1846-2100

historical 156  1850-2005
MPI-ESM-LR piControl 1000  1850-2849

320 160 historical 156 1850-2005
MRI-CGCM3 piControl 500 1851-2350

Table 1.- Observational data. Table 2.- Description of the CMIP5 models analyzed.

/Warming pattern  over North RES| |LTS
Atlantic in all the models. But ~ Y
many discrepancies on the SST In the control run, warm anomalies are restricted
N to the northern North Atlantic and adjacent

tside the Atlantic Basin. .. . . .
\outside the ¢ bas { Positive anomalies in the Northern Hemisphere ;
continental areas.

land surface associated to the AMO, especially in o
northeastern North America, western Europe and
northern Brazil (Sutton & Hodson, 2005).
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Fig. 3.- (a) Average of the twelve regression maps of each model of annual mean surface temperature anomaly (°C/std.) and (d) seasonal
mean precipitation anomaly (mm/day - std.) in summer (July, August and September) of the historical experiment onto the AMO index
obtained from the low frequency filtered residual SST. (b) and (e) show the same as (a) and (d) but for the control simulation and with an
AMO index calculated from the low frequency filtered SST. Hatched area in (a) and (b) indicates the regions where the regression rate of at
least 8 of the 12 models have the same sign. (¢) Regression of SST anomaly (°C/std.) and (f) precipitation (mm/day - std.) over the continents
observed onto the AMO index obtained from the residual SST of HadISST1 database. Gray contour marks 95% significant correlation
regions (according to a ¢ test).
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he impact of the AMO over the precipitation anomalies is

similar in both experiments and observations. Positive _ csmomaso| o004  orpLESMaG.
anomalies over the Sahel, Central America and western ' oror o b lvaoitn
Europe and negative anomalies over the Guinea Gulf and | | o | ToesEl | HadGEM2 ES
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Fig. 2.- Regression of annual mean surface temperature anomaly (°C/std.) (up) and seasonal The ob 4 AMO index sh :d b TR e — ms 0 \128 o4 M WMQ’MM“L sl
mean precipitation anomaly (mm/day - std.) in summer (July, August and September) (down) of 5 Oe Od 8760W6 i IEER S owsha phe 0 Etween period (years) period (years)
the historical experiment of each model onto the AMO index obtained from the low frequency K afl 200 Oyealfls ; L e Wl(; IOt der WOt E (e.g.
filtered residual SST. Gray contour marks 95% significant correlation regions (according to a ¢ eﬂr, dof )d owe}fer IO MGG €O B Siewy & Fig. 4.- Power spectrum of the AMO indexes calculated for each CMIPS5 model and for
test). \well-defined AMO frequency. __ the historical (right) and control (left) simulations.
: . g eqe . CONCLUSIONS . .. . This work has been supported by projects MICINN
o
All models shoW a low frequengy SST variability with a patt.ern of warming over the. Noﬁh Atlantlf: similar to .the observations. | CGL2011-13564-E. CGL2009-10285 and MARM MOVAC
* Land surface widespread warming across the Northern Hemisphere 1s simulated 1n historical experiment associated to the AMO. But in 200800050084028.
the Southern Hemisphere there 1s much disagreement between different models (Fig. 2). R ETERENCES
* The difference in the AMO 1mpact on the surface temperature between control and historical run can be due to a remaining external Ko R (000 A o At clima b ot Somce B8
. . nig t' R an RJ, Follan , Vellinga M, anq‘ signature of persistent natural thermohaline circulation
forcing that we could not separate (Fig. 3). it TR, Folland CK. Seaifo A (2006) Climate mpasts of th Adantie Multidecadal Oscllaton. Geophys Res Let 35
o Models Show much inﬂuence Of the AMO On S ahelian rainfall (Fi g. 3). igéﬁgg%?;%%gg:? ;Oi%g(ligrj; /(20%1318)28811181 5§i6n7fazll and decadal and multi-decadal sea surface temperature variability. Clim
yn 37:419-440. doi:10. S -010- -
* On average, the response of precipitation in models is very similar to the observed one with positive anomalies over the Sahel and e, nd g s gt e e ncnh sy 1 Gy Res [0 o 01029 000271
negative ones over the Guinea Gulf and South America (associated to a northward shift of the tropical rain belt) and increase rainfall over gf:wg?ffiisﬂfé;g;zlz6&‘?4%;?12@%%2%@%081 aff‘dhde:dz‘ ISET ff’ffe‘ff“f:‘l’_““ ‘;“hecwe“
. udolf B, Fuchs 1, Schneider U, Meyer- ristofter ntroduction of the Global Precipitation Climatology Centre
We Stem Europe (Flgo 3 )o (S(jﬁocr? %{’]]“),e}lllsdcs}:)erf ]\)Nfl;t(a(er(;ggitjA?lefliet?g %?eiﬁ;)fg‘rl}g6of North American and European summer climate. Science 309:115—

118

o MO St mo dels dO not Simulate AMO indexes With a Well_de ﬁned periodicity (Fig . 4) . Tr;nberth KE, Shea DJ (2006) Atlantic hurricanes and natural variability in 2005. Geophys Res Lett 33.

doi:10.1029/2006GL026894




	Página 1

