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Introduction Ouranos Regional Climate Modeling Framework
Climate-modeling research has evolved toward ensemble-based studies with the aim of obtaining more robust The basics... The sensitivity experiments to ...
climate change projections as well as an estimation of led to multi-model e - o . )
ensembles concentrated on quantifying inter-model uncertainty for both GCMs and RCMs. At the same time, some + 30-year seasonal means for historical (1961-1990) and future « theinitial conditions (internal variability estimate) “INT_VAR”. Using CRCM4.2.0 with a 1-month lag initial time
regional modeling groups focused on smaller single-model ensembles to explore uncertainty sources that are (2041-2070) simulated climates " e ateral oundary condiion nesting interval *LEC_UP". Wilh CRCM VA.2.0 diven by CGCM3 avaiable atevery 12
specific to RCMs. For simulation-rich areas, it s possible to take advantage of valuable uncertainty estimates to . i i imulati i oursvshours
design diagnostic tools that can be helpful in the interpretation of regional climate model outputs. Regional C“ma(e.s'mma"o"s with CRCM V4.2.0, CRCM V4.2.3 *  the driving GCM “GCM”. With CRCM V3.7.1 driven by CGCM3.1 and CGCM2 (Flato and Boer 2001)
(de Elia and Cété, 2010) and CRCM V3.7.1 (Plummer et al., 2006) .«  the driving GCM member (natural variability of the driver) “GCM_M". With CRCM V4.2.3 driven by CGCM3.1 member 4

Most CRCM simulations are driven by CGCM3.1 member 4 (Sclnocca and 5
the nudging technique “LS_NUDG"”. With CRCM V4.2.3 with and without spectral nudging

etal., 2008)
All simulations take into account IPCC SRES A2 GHG scenario the CRCM version “CRCM”. With CRCM V4.2.3 vs CRCM V3.7.1 sharing the same driver

the domain size “DOM_SZ”. With CRCM V4.2.3 on AMNO grid (201X193 pts) vs QC grid (112 X88 pts;
Most CRCM simulations are on AMNO (201X193 pts) domain ora pove ACgnd( ad

The development of these kinds of diagnostic tools is part of a general evolution towards a more mindful practice of
regional climate modeling. At the stage of planning or analysis of climate simulations, such tools provide a pracical
way of examining the solidity of our working hypotheses.

Uncertainty Scale Diagnostic based on physically meaningful Climate and Climate Change Sensitivity Unified Diagram
thresholds in a regional climate modeling system A ient ranking and visualization tool to evaluate how the modification of various in a regional climate modeling
system are projected on climate and climate change
Definitions Interpretation Methodology Results interpretation
IMS < Perturbati Each source of uncertainty can be analyzed using a set of simulations These uncertainty sources perturb historical and future climate in a similar way
Inter-model  Spread IMS): « A climate change signal greater than IMS is stronger that produce four climates: (sometimes strongly) resulting in negligible impact on climate change signal
. - - than the known uncertainty sources in a climate @, . historical control climate @ . - future control climate
Uncena_'my eSt'ma_‘e for m_e : Iar_ge— T N modeling system for a given GHG scenario. e e In these cases, the climate change is affected by the uncertainty source because
scale climate resulting from limitations « Suspicious zone for a perturbation between 2 RCM @, - historical perturbed climate Py o future perturbed climate the model response to the perturbation is quite different for the historical and
in the representation and formulation runs sharing the same driver. The relevance of such o) future climate
of climate processes in GCMs. Varies perturbation must be evaluated with extra diagnostics perturbed turbed
according to location, variable and > (validation, scale decomposition, added value, etc). clim. cAhange‘A Prp .-~ perturbed run Summer Temperatures Winter Temperatures
season. ) T ——— ] ST G G
(Derived from the IPCC AR4 SRES A2 18 A NV < Perturbation < IMS G e sy o f ] of = MMR_) N
GCM ensemble) « Comfort zone for differences between RCM runs I
[ 7 driven by different GCM. 5k 1 5 ke /\U\) 4 ﬂl I\J]l
= . « Suspicious zone for the response to a modification T e el =
GCM Natural Varial NV - Inter-model between RCM runs sharing the same driver. Such : 5| * 4 1 : N
Es_“mate D_f the Iarge-scale_ climate  \~sprezaGem perturbation is comparable to what is expected from . cAhm change \\/ 1
noise resulting from the chaotic nature |, different GCM and its relevance must be assed by extral 1
of model equations. Below this diagnostics.
threshold 2 GCM runs are considered « Danger zone for the response to a modification to a 1960 2000 2070 - i oo stz 1 E ] V‘ |
SrEs _ N 8 . X iz fiscum foonfaowor [isnundorenfoousz iz [1ze_or foon oo lisundoronoovsi]
identical. Varies according to location, A RFM configuration (e.g. grid size, driving technique, From these four climates, we can derive four results: impact of the ‘Summer Precipitations Winter Precipitations
able and etc). source on historical and future climate, a control and a perturbed BT A T ] O e e (et 55
variable and season. r 1 ) climate change. From the combination of these results, we can build - iy ] — .
(Derived from CCCma CGCM3.1 SRES A2 5 | GCM natural IV < Perturbation £ NV two additional coordinate systems with: g Tt ety oo @) 1 o e sttty (e @)
member ensemble) vanabity « Zone were the difference between RCM runs is ] . @ e ¢ d .
A physically significant. B ) AP = BoPy + APy~ Do, gote L J i
CM Internal Varia V): RCM internal « Comfort zone for the response to a modification in a AP, = B, + Do - DP, £ 1 E
- RCM configuration. E- 1E
- P— . e —] 1
Estimate of regional-scale climate noise anabiiity + Comfort zone for differences between RCM ensemble Plaﬂedd[regr/;-ovn[_)heg,aph andthenused % 1 ig
resulting from the chaotic nature of A members. as origins of the new coordinate systems for A\ 1
model equations. Triggered by any « Exploration zone for regional-scale uncertainty for a AT (°C) sensitivity terms - 1
modification to a regional climate L given large-scale (same driver). 6 ® D@, control clim. b
. . " -os| ~odf
modeling system. Varies according to Perturbation < IV f © AP, peﬁu?ged clim [t 156 o Toow oo [ wooderonfoowsr 7 T i T P ey
- f S Below this threshold . 3 _ A, fhange (from de Elia and Cété, 2010)
Ior?;ﬁ;q’ezs;';t::' season, grid size and mE;eS‘?;”n';"‘Sp:'yr:ixﬁyd‘si‘gh:f?c'zze"ce between RCM 2 sPh sonsitiity Climate and climate change sensitivity unified diagram of the East of the Boreal Forest for
. . N _ ut A a - )y
d - 1 Dy future sensitivity internal variability (INT_VAR), frequency of the lateral boundary condition update (LBC_UP),
(Derived from Ouranos CRCM ensemble of 6 + Comfort zone for modification to a RCM code with Ot ------------ choice of the driving GCM (GCM), choice of the driving GCM member (GCM_M), large-scale
pairs of runs performed on AMNO grid with the objective to keep the same results -1 Climate change nudging technique (LS_NUDG), CRCM version (CRCM) and the domain size (DOM_SZ)
perturbed initial conditions) (optimization).
Applications of the Uncertainty Scale Diagnostic Diagnostic regions Acknowlegements
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*When comparing the response of the « Western Boreal Forest (NWFOR) « Southwestern USA (SWUSA) modeling and analysis (CCCma) for
o ificati « Eastern Boreal Forest (NEFOR) + Gulf of Mexico Bassin (GULF) i idi
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= = & evels, the physical meaning of these -
> > 0
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= £ - 8 determining whether the amplitude of 1
2 2 2 the res i istent with th :
@ a 2 © ponse Is consistent wif e
H H o H 2 nature of the model modification. Conclusions
* « Provid titati id f @ The reliability of the di: ic tools i with the quality of
0.2 0.2 x rovides a quantitative guidance for || the uncertainty estimation
choosing an optimal RCM N . . . . " . .
o A i i id si ivi 'I:hese dllagnosln:s provnde a hlerarl_:hy'o uncertalr!ty sources in a #Beside the significance of the perturbation, uncertainty-based
A configuration (grid size, driving
1 4 IS - regional climate modeling system. This hierarchy varies according to diagnostics give an insight on the relative amplitude of its response.
N A o technique, driving intensity, etc.) for a the variable, the season and the location. oBef | ble of simulati the unified di el 3
regional climate simulation. A . . . efore using an ensemble of simulations, the unified diagram helps
A 9 # They contribute to the valorization of ad-hoc to figure out if linear assumptions required by some treatment
00 ) 00 . 0 . « Additional tool for bug detection. by integrating their results into daily operations. bias etc. ) will be violated.
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