Stratospheric variability and blocking in high-top and low-top coupled GCM simulations
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1. Introduction 4. High top GCMs vs. low-top GCMSs 5. Link to stratospheric variability
* Poor blocking representation, particularly over Europe, is a longstanding « Shown below are DJF climatologies of Z500 and thpv2 indices for ERA-40 * For ERA-40, the Z500 index is composited at lags relative to stratospheric
problem in climate models (D'Andrea et al. 1998). (1957-2001) and HadGEM2 high-top control (240 years). The HadGEM?2 vortex intensification (VI) or stratospheric sudden warming (SSW)
 Increased horizontal resolution may help. But it may be that the background climatology has a fairly realistic structure, but some discrepancies with ERA- events. Shown below are the composites averaged over 10 days prior to and
(C_Iimatological_) state is most Important, which could_ be good_ news_for moc_iels 40 — most obviously in the European sector — are apparent. | following the VI or SS_W anomaligs. | | |
with lower horizontal resolutions, such as are used in long climate integrations e Using the HadGEM2 ensemble of historical runs for the ERA-40 period * The wave-breaking index (for either index) following the stratospheric
(Scaife et al. 2010). obtains a very similar climatology to that of the control run (not shown). We anomaly splits into distinct states depending on whether the anomaly is SSW
* Here we investigate the effect of changing model vertical resolution, focus here on results from the control run, since its length (240 years) or VI. SSW favours high-latitude (Greenland) blocking, synonymous with
motivated by several factors including: suggests it should yield the most stable statistics. negative NAO phase and an equatorward-shifted tropospheric jet (Woollings
» observed connections between stratospheric variability and blocking et al. 2008). VI favours equatorward displacement of wave breaking activity
activity (Martius et al. 2009; qullings et al._ 2010), | | HadGEM2 high-top control and a poleward-shifted troposphe_ric je_t. |
 correspondence between negative NAO episodes and high-latitude TR AR T TV 0.30 * As the lags become more negative (i.e., longer troposphere-leading lags) the
blocking events (Woolings et al. 2008); = TR j@ {h o o VI and SSW composite patterns converge. As the lags become more positive
» tropospheric annular mode persistence associated with stratospheric = | ONDFN N gD foao (1.e., longer stratosphere-leading lags) the VI and SSW composite patterns
vortex anomalies (Baldwin & Dunkerton 2001). o \ 0NN S S Moss remain distinct in the manner indicated, out to a lag of 1-2 months. This
3 40°N lo.10 timescale is consistent with the observed tendency for tropospheric annular
N A XA (S N ) Hoos mode anomalies to take the same sign as stratospheric annular mode
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The recently completed CMIP5 experiments provide a large ensemble of long :fl soon| - o) o[BS e R 0-25
Integrations of coupled (i.e., ocean-atmosphere) general circulation models > ol 10.20 60°N 60°N e |
(GCMs). Here we employ models for which high-top and low-top versions are < S\ L o 16 S oo . 20
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avallable, so as to test whether a well-resolved stratosphere affects the TS0W 100 S0°W  0° 50 100°F T50°F TSW 100 S0°W  0° 50 100° 150 . .
representation of atmospheric blocking in these models. GCMs used are: contour interval: 0.03 events / day | | -
ERA-40: 1957-2001 > >r
Egdgfyﬁﬁ hrimghl;t(t)p andde)W't(t)P: Cﬁ_nttm'_, hiIStOFinﬂ & future runs HadGEM2 control: 240 years of fixed 1860 forcings ) -
- , NiIgh-top and low-top: nistorical runs 70N 70°N e
* High-top and low-top runs differ only by vertical grid (resolution and lid height) 60°N»;a_; 50°N
= Clean comparisons to test effects of stratospheric resolution high-top bias HadGEM?2 control, (% SOON{_?’ e s0oN]!
* Horizontally, HadGEM2 is a gridpoint model (N96) while EC-EARTH is (relative to ERA-40) high-top minus low-top w., . o e o
spectral (T159). The two models also differ in many other respects. I I
s¢ 70°N @;}5@% \\_\’::\ S\ Ced TOON ooy A %L e e Mooso 30°N Rl |\ [P .\J T 30°Nf L / - e 0.05
(D) v m o 1\‘;}3 v, ' ’“7“)] g i ’“7 o 0.040 150°W 100°W 50°W  0°  50°E 100°E 150°F 150°W 10030)\;”? 50°W  0°  50°E 100°E 150°F -
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CMCC’ h|gh_top and |ow_top: historical runs 5 50°N| o i\ | Mﬂ . 50°N 'J 0.000 ERA-40: 1957-2001
« Other aspects of model differ besides vertical grid (e.g. horizontal resolution is S | ol g NIPCHLaAPY A o Al -
_ I Lo o At il 4o°N s | . | 0.040  Anomalous (i.e. climatology subtracted) VI and SSW composite patterns for
not the same for CMCC high-top & low-top runs). son 2 M\ L o sl O A T 0.060 the 2500 index in the HadGEM2 high-top control run are shown below. It is
# nOt Clean ComparISOnS, bUt Can USG tO teSt I’ObUStI’)GSS 150°W 100°W 50°W 0° 50°E 100°E 150°E Clg?;\évoi(;7’°7vnt56();v\\;al0‘°0 O?)°EevleO;);;Sl/50&|;y nOtabIe that the pOSt'SSW patternS resemble the hlgh'top mIﬂUS IOW'tOp
_ o difference pattern. A similar result is obtained for the thpv2 index (not shown).
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Climate forcing scenarios are standardized for CMIP5 experiments. We use: f= L 4@ A8 WYY ) TN (stratosphere leads) (stratosphere leads)
control: fixed preindustrial (1860) forcings q VT (18 EN AW ™ T oo oI & AT [y %? ........ ﬁ 0120
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future: projected 2006-2099 forcings, RCP 4.5 & 8.5 scenarios “osoen )] Y e | : 30°N [ -0.120 S Y e N .f‘,"’"ff’ [ &Y 0.040
December-January-February (DJF) period is shown for all plots. contour interval: 0.02 events / day Bl | AESL— Y S Ry By 7 0,040
Control runs (HadGEM2) are 240 years long. 40°N) g S| 40°N SIREAN | A o 0.080
* Above left, the bias of the high-top climatology (filled contours) is shown on il A sonp 9o iy R
superimposed on the ERA-40 climatology (line contours). Negative bias is co- DY IOV SO o e T O PO IOV SO o B Y O
located with the European climatological maximum. It is common for GCMs to B iR T ol A T oo
3 Blocking or Wave-breaking indices underestimate blocking in the European region (Scaife et al. 2010). IS N N A Lo feose
' ' : * Above right, the difference of high-top and low-top control runs is shown. = ¥ SUNE T+ [N gy ™ ﬂ 0.040
_ ~ _ | The general high-top minus Iow_—top _difference patterns shown here are found % SN 20°N an o
;le(_)tentlaI_ tzmper:atgée or_}_PV—hZ (thpv2, thehdynaml.ca.l tropo_patljs?)blls “lf_'ed to in all HadGEM2 runs (control, historical & future). 20N a0 et )| Reoss
efine an index that identifies the synoptic characteristics typical of blocking . ) . ) . . . _— | . S | 0N A | 0.120
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» 500 hPa geopotential height (2500, in the mid-troposphere) Is also used to superim oserc)l colours are opposite are regions wHere?he higher model lid — HadGEM?2 high-top control (240 ng%ﬁ ierval 0:02 events gy
define a blocking index (Tibaldi and Molteni 1990; Scherrer et al. 2006). >Up ¥ PP J . J gh-top y
l.e. the better-resolved stratosphere — reduces the bias. | | | | -
Schematic of thpv2 index definition: ERA-40, 15 Dec 1965: thpv2 * Below right, the scatter over all horizontal gridpoints of the two fields is * In HadGEM2, SSW (VI) > 0o DIFI0NPAGON | [y HadGEM2
(following Pelly & Hoskins 2003) 80N shown. For both indices, the greatest number of points are found in the events are more (less) common g ™| dally zonalmean | g L] | high top
» Reversal of meridional gradient from its 370 § opposite-signed quadrants, indicating that the better-resolved stratosphere is In the hlgh-t_Op version, as 2 0.20 ZO”‘? Wi , o i - ,03\, top
climatological value defines an event. 70N | 340“?,; associated with an overall reduction in bias. But the flattened shape of the shown at right. 20150 & 4| ErRa-40
» Index = 1 where this occurs, 0 otherwise. 6 3 scatter illustrates that changes in bias are weak compared to the overall bias. e This suggests that the altered 3 |
 Gradient reversal is quantified by difference 7 = distributi - © 010y
310 3 F . Istribution of stratospheric Q
of northern and southern box means. ZON | o 70NN B N o.oso ADili derl © 5.05!
» Z500 index defined in a somewhat similar 'R P x %@M@ ‘. =1 vortex variability may unaerly She | | | :
manner (following Tibaldi & Molteni 1990). 40N { FN g N \m °8 @ 0.020 the high top vs. low top 0.00 550 40 &0
‘ — W 250 S b\@\\f‘% ML | oo blocking differences. zonal-mean zonal wind (m/s)
.. ] . ] . s -0.020
 More generally this is a “wave breaking” index. The term “blocking” is S L@ 7 i 0.040
usually reserved for events identified by this wave breaking index that are both N o AN/ W_M%'Z iy e
large-scale and persistent (e.g. lasting at least 5 days and spanning greater contour interval- 0.01 events / day s om0 wr o 6. Summ ary and conclusions
than 15 degrees of longitude). OW-1Op bias
oo S N AN Bo.oso
South Atlantic Mid Atlantic North Atlantic ) corn) o B \ Zoh \@K\Lﬁx\\@@ 0.040  Blocking events are associated with prolonged occurrence of anomalous
N OOW-20W, 30N-45N AOW-OW, 45N-55N GOW-40W, SSN-70N I 9 AN [P o weather patterns. These may cause severe disruption to society, as in the
58 005 N7 AW - AN e o Russian summer heat wave of 2010, or recent severe UK winters.
3 < 020 2 ot {N ] ()W*mf { i @f) 0.040 2 * Hence it is important for climate models to accurately represent blocking, so
S@ 4151 S son| AW e e | 0.060 ' that potential future changes in extreme weather may be accurately assessed
_é‘i) : 150°W 100°V\.I 50°W f)° 50°E 100°E 150°E B N S at the regional SCa|e.
% = 8.(1)2 - contour interval: 0.01 events / day low-top bias
%§ 0000~ ——e—— T T * Below are shown high-top minus low-top differences for the 2500 index Our two main results are:
— -0.05 i i i i i i L i i i i i L i i i i i . :
5 46 8 10 1214 2 4 6 8 10 1214 2 4 6 8 10 12 14 from tl_wree different GCMSs. It is notable _that the same general pattern Apparently robust high-top vs. low-top differences are found in wave
event duration n (days) event duration n (days) event duration n (days) prevails for all three r.no.dEIS’ suggesting robustness. breaking (blocking) index climatologies for NH winter.
_ _ _ * For HadGEMZ2, substituting the “standard” CMIP5 low-top model (HadGEM2- . Three models show similar hiah-top minus low-ton difference patterns
HadGEM2 control (150 years) high-top, low-top, high-top minus low-top ES) for the “clean comparison” low-top produces an essentially identical « Two of these models (Had GE?\/IZ &pEC-E ARTH) apre cloan congparison.s
 Above: high vs. low-top differences are not very sensitive to event duration ?elfé?)llrﬁtri]gﬁ ai?l;rjlettﬁz)rt].o-lror\lllisatseudggeS(‘)ttshtehrartnt(?c?eIeI;fﬁ:ltnS (;fslmproved siratospheric pehween high and low tops. These two models differ in many respecis, ana
ve. g - TOWLOD o VY - : ' y Jes. do not share a common ancestor model.
* The instantaneous “wave breaking” index, i.e. without filtering for duration or . High vs. low tob comparisons that are unclean — where factors besides
spatial scale, is used hereafter (for both Z500 and thpv2 indices). ronf e T S A ek | feoe  HadGEM2 (control, 240 years) vegrjtical .resolutil[c))n diﬁ%r hetween the model versions — show difference
* The Z500 and thpv2 indices generally differ. We use both indices where e (TN = Ty o [ clean comparison (only vertical resolution atterns similar to the clean comparisons, further suggesting robustness
possible. An example of the two indices for a particular time (ERA-40 on 15 ) IR 4 "] e @nd lid height differ) Pe n comp ' 99 g rob '
Dec 1965) is shown below 5 030 . ngh-top reduces model_blas In some locations, but increases it in others.
' N | 2R ! 000 Using HadGEM2-ES low-top gives very In either case the effect is mostly not large compared to the overall bias,
2500 (metres) thpv2 (degrees Kelvin) 200 ot 50{W iR —— "“"ME oo similar signal (not shown) indicating (at least for these models) that other factors dominate the bias.
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A= %;;;i‘l;ii}i,v//f{?// W(I ¥ 1| 5350 A 7 Aum il | 340 soonf L 7 L " clean comparison (only vertical resolution vortex events (VI or SSW) during NH winter suggest that the high-top vs.
gl o) | | 5100 40N| o\ § i | g sonl o000 andlid height differ) low-top differences are consistent with the tropospheric response to
20N 4850 LonB il - e AN | 280 o 0,020 these stratospheric anomalies.
150W 0 sop | 4600 CoW 250 ol 0,060 » Stratosphere-leading composites of the index show that its likely values
| branch into distinct states for VI and SSW events, reminiscent of “dripping
. 2o00index | storical paint” annular mode behaviour (Baldwin & Dunkerton 2001).
SONL_ 80N N oo CMCC (historical, 1960-2001) » The high-top minus low-top difference resembles the post-SSW composite
1 1 U o040 vertical resolution and lid height differ, for lead ti f hiv 1-2 th tina diff t SSW f :
60N 60N . 000yt so does horizontal resolution: for lead times of roughly 1-2 months, suggesting differen reguencies
20N 20N 50°N 0.000 high top:  T63 iIn HadGEM2 may explain the high-top minus low-top difference pattern.
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