 veLmuoLTz ENSO-like variability in the coupled climate model ECHAMG6-FESOM AW @

‘ GEMEINSCHAFT

Introduction

featuring an unstructured ocean component

Thomas Rackow?, Dmitry Sidorenko, Helge Goessling, Tido Semmler, and Thomas Jung

* We validate a new global climate model based on the state-of- Model results compared to observations | 3 I
the-art ECHAMG6 atmosphere model by MPI Hamburg (Stevens Tropical Pacific SST e 05
et al., 2013) and the Finite-Element Sea-lce Ocean Model
FESOM developed at AWI Bremerhaven (e.g. Timmermann et — |;) == 1
al., 2009). & ’; ) 3

e The ocean and atmosphere models are coupled with the = 0 g 3
OASIS3-MCT coupler (Valcke et al., 2012) via an exchange s 2 I 05
mesh. L I

e ECHAMG-FESOM is the first climate model with an ocean
supporting unstructured triangular surface meshes.

* We analyze two model setups with and without local
refinement in the tropics (see Table 1 & Fig. 1). -

e The HadISST data set (Rayner et al.,, 2003) is used as a y—
comparison to test the model ENSO performance (see Fig. 2-6 "'q-) &’

& Table 2). o' I 1o

* QUESTIONS: Is the model able to reproduce observed ENSO — [
chara.cteristics? .Is the .high spatial .resolut.ion. {'n the tropics of g  200E " 50°E  50°W 1 20°W S 0oW -8
benefit for the simulation of ENSO-like variability? O = .

— =
£ » M“w”\g -+ Ref87k]
. S 1
™ 82 Figure 5: Correlation between the Nino 3 index and global SST anomalies
Regarding question 1: 82 L for (top) the ,Ref’ simulation, (middle, overlay) for the HadISST data set,
&) e= years 1900 to 1999, and (bottom) for the ,Ref87k‘ simulation. Model
e The power spectral densities of the modelled Nino 3 indices results are based on the same 100 year period. o
agree well with observations (see Fig. 6). - ° e ° . 120°E 160°E 160°W 120°W 80°W
120°E 160°E 160°W 120°W 80°W
. | Figure 3: Interannual SST standard deviation (top) from the HadISST data set =] M/\J‘“%WMWW "Mﬂ"*%ﬁw W\-N MM%MANWM Uﬂﬂﬁﬁ‘\(@ V\ uﬂ W
Regarding question 2: Figure 2: Annual mean SST (top)from the HadISST data set for the years 1948 for the years 1948 to 2004, (middle) from the ,Ref’ simulation and (bottom) LT \ I lm[‘ \/ \f
t? 2004., (mic.ldle-) from the ,R?f’ 51mulat./on gnd (bottom) for the ,Ref87k’ for the ,Ref87k’ simulation with increased spatial resolution in the tropics. 3 M m A n Jd\ ﬂ‘t \ mn Vﬂ }A N

+ In the Setup 2 with high tropical resolution, the equatorial ;rgduéc;tlsc‘)il; L\;‘;Zgol:scre;:sec?gl Csli)lgll:lea; rfersoonlqut/;l; /Zatrl;i t;cz)polcs;egl;epsesr;];c.)r ;Z: Z.-Z;’ 2512 2t;gjf;zr7§(;latlon for the model simulations is calculated from th.e f’é -z v ﬂ“! VW{{WW MV“UMV Vw\ M%MNWJ’% Ww FWW [/Lw W’Lﬂ W
Pacific cold tongue does not extend as far to the west as in equatorial cold bias present in the ECHAMG6-FESOM simulations is a bias < o fw A \ ) ij j\ | 1
Setup 1; accordingly, the bias in annual mean SST and typical for coupled climate models of similar complexity. o s JM | VWMW r)v FWWW Wq uwwww VMU WWW‘M\WWVM\H

interannual standard deviation of SST is reduced by up to 1°C
and 0.2°C, respectively (cf. Fig. 4).

* Main correlation pattern between Nino 3 index and global Ocean model setup / Configuration 1880 1900 1920 1940 1960 1980 2000
SST anomalies broadens with higher resolution (cf. Fig. 5); too _
low correlation over Indian Ocean in both simulations. Resolution between 15°N and 15°S > —— HadISST
. . .. . .. ‘ 2 —— Ref
* The modelled Nino 3 index statistics (i.e. standard deviation, Setup 1: Ref mesh 43,943 1,250,994  About 1° AP AP P 5O - s o — Refg7k
- ]
skewness as well as kUI"tOSiS) tend to improve with h|gher Setup 2: Ref87k mesh 86,803 (“87k”) 2,857,515 0.25° at the equator gradually © N
. decreasing to 1° at £15° 3 2
resolution (see Table 2). -
Table 1: Summary of the properties for the two different meshes used. E L:.
o ° . [ . . . . o ) ]
 IN SUM, the simulation of ENSO perceptibly benefits from the Outside the tropics, both meshes are identical. a = =———————
higher resolution in the ocean in many aspects. N T | | | |
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S s : period (yr)
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Figure 1: The land-sea mask in ' i Figure 4: Difference in annual mean SST (top) and interannual standard 150°W - 30 .W, > N 5°S) for the HadlISST data. set (1873-2012) and thf?
ECHAMG6 corresponding to the deviation (bottom) between the ,Ref87k’ simulation with increased spatial two model .S’mU/at/OHS based on a 140 y.ear perlc?d (top) as well as. their
T63 spatial resolution (left) and B J resolution in the tropics and the ,Ref’ simulation for the 100 year period in corresponding spectra (bottom). The solid grey line gives ?h'e median of
o unstructured FESOM mesh » 195 Fig. 2 & 3. Shown is (Ref87k - Ref). The simulation of the warm pool is 10,000 AR(1) process spectra with HadISST-fitted AR(1) co?fflaent of ~0.92;
RefS7k’ from Setup 2 with s T improved by up to 1°C in the ,Ref87k’ run; the erroneous high standard dashed grey lines denote the (0.01, 0.05, 0.95, 0.99) quantiles. o
increased resolution in the 8 f deviation in the western equatorial Pacific is reduced by more than 0.2°C. e——— ” o Sk ot
- : = Accordingly, the equatorial cold bias is significantly reduced with higher
tropics (right). 2 gly, the eq gnif y g HadISST (1873-2012) 0.75 + 0.04 0.69+0.16  4.04 +0.27
@ ocean resolution. PN
sl cth Setup 1: Ref (100 years) 0.90 + 0.06 0.03 £ 0.19 2.95 1+ 0.31
e e o : e PHAERE ——
land-sea fraction ,Ism‘ exceeds RS _—
50% are Shown in green,' Cyan ‘ : : “ \::w‘:::\‘x 2 _ . Rayne.r, N. A, D E. .Parker, E. B. Hor’Fon, C. K. FoIIa!'\d, L. V. Alexander, D. P. Rowell, E. C. Kent, and A. !<-aplan, 2003: Global analyses of sea surface temperature, sea ice, Table 2 StatIStICS.for the Nlno 3 Index from the HadISST dat'a SEt and
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