Recent development — RegCM4.7-non hydrostatic version-

evaluation metrics
Coppola and the ICTP-RegCM team
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RegCM4.7 -T annual bias

Annual Temperature bias (C)
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ReqCM4—-TRMM bias

RegCM4.7 - P annual bias
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From RegCM4.5 to RegCM4.7
through 4.6.1

G. Giuliani

Infrastructure:

« Cressman interpolation with KDTree point locator

» Date from -9999 to 9999 with offsetting possible in range 10%-6 - 1046
» CF-1.7 compliant output format

 MPI communication optimization

PreProcessing:
« New interfaces:

o - MPI-ESM-LR
o - NorESM1-M
o - MIROC5S

o - CCSM4

« Dataset changes for CLM 4.5
« Chemistry and aerosol nesting option

The Abdus Salam
International Centre
(CTP> for Theoretical Physics



From RegCM4.5 to RegCM4.7
through 4.6.1

G. Giuliani
Model:

Aerosol input for radiative effect without transport
» Climatological Ozone input corrected
« Constant greenhouse gas concentration option
« CORDEX variable names, units and time conventions
» Solar constant can be set to arbitrary values
» Fix cross/dot point tendencies from cumulus schemes
» Revert all cumulus schemes parametrizations to default as in papers
» Automatic timestep selection reviewed
* Non Hydrostatic:

o Rayleigh damping at model top relaxing to ICBC

Advection limiters and upstream weight
Fix errors in equations and configurable standard atmosphere
MMS shallow convection scheme
Fix Top Radiative BC
Fix chemical tracers interpolation on non-hydrostatic Ievéf) The Abctus Salam

D0 O O O

P) International Centre
for Theoretical Physics



From RegCM4.5 to RegCM4.7
. through 4.6.1

o Advection limiters and upstream weight
o Mean state instead of standard atmosphere configurable as MM4
CAPE and CIN, wind at 100 m and potential evaporation computation
Dry and total water mass check
Mean Sea level pressure computed by the model
Fix sea ice model for Era Interim SST input.
Fix Nogherotto-Tompkins scheme
Add WRF 5 hydrometeor class scheme
Add implicit diffusion of ice in PBL
Add Gultepe-lsaac and Thompson cloud fraction schemes
Use 9-point laplacian as in LeVeque diffusion stencil
RAW timefilter for tracers
Qutput soil moisture on land model levels
Partial CLM 4.5 emissions support
Convective cloud fraction using Xu and Krueger parametrization

PostProcessing:
« Grads interpolation not requested at higher resolution The AbdusSalam
C

. International Centre
» Pycordexer script updated and enhanced to produce Core for Theoretical Physics




RegCM-ES (4.6.1)
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RegCM4.7 non-hydrostatic
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RegCM4.7 microphysic scheme

SUBEX scheme

 Pal et al 2000.
 Kessler scheme
« Warm rain — no ice

Cloud
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RegCM4.7 microphysic scheme

NOGTOM microphysics scheme

Water
o, Vapour
""Q::i:'(\g‘\ %Z b"”%
* Nogherotto et al 2016. g g
Cloud $ Cloud
« one-moment scheme Ud S g oo "
3 " Meltin
» 5-class microphysics | 4, Tt
(water vapor, cloud liquid, rain, snow, ice) Iy
* Mixed-phase clouds . .
: . Rain Wit Snow
* Ice, snow and precip. advection ...

* Implicit solver — longer timesteps
* Flexibility for inserting
new variables (i.e. graupel) [CTP) Inferafional Centre

for Theoretical Physics



WSM5 microphysics scheme

RegCM4.7 microphysic scheme

Wate¥ vapor

Cloud Ice Snow

WSM 5-class scheme

Hong, Dudhia and Chen (2004)
one-moment scheme

5-class microphysics (It includes vapor, rain,
snow, cloud ice, and cloud water)

Represents condensation, precipitation and
thermodynamics effects of latent heat release

It allows supercooled water to exist, and a
zradual melting of snow falling below the melting

aye r. SSSSSSSSSS m
Expl iIcit solver (CTP> International Centre

for Theoretical Physics
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RegCM4.7 non-hydrostatic
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Where we expect the added Value
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RegCM4.7 non-hydrostatic

Convection permitting
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RegCM4.7 non-hydrostatic

Southern Great Plains domain
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ANALYSIS
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Mean state validation

Annual Precipitation (mm/day)

90N

ne Abd alan

D nrernationdal cenire

for Theoretical Physics
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Example of definition of sub-domains representing

Precip Annual Cycle (NWSA)

different climatic regions
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The Taylor Diagrams: information on

spatial correlation and signal variability
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Figure 3. Taylor diagrams of the ensemble mean seasonal precipitation in the different analysis
RCM44 and RCM11 (both All Models and Med-CORDEX models) ensembles with respect to t
observation datasets. The distance from the point 1 measures the centered (bias removed) R
different regional analysis periods.
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The interannual variability

« The interannual variability (for temperature): it is a measure of how much a
model is able to reproduce the year by year variability of temperature
compared for example to the observations. It is calculated as standard
deviation.

« The coefficient of variation (for precipitation): it is a measure of relative
variability. It is the ratio of the standard deviation to the mean (average):

Coefficient of Variation = (Standard Deviation / Mean) * 100

The coefficient of variation is useful because the standard deviation of
precipitation data must always be compared to the mean value.

Moreover, the actual value of the CV is a dimensionless number, thus it's perfect
for comparison between data sets with different units or widely different means.

The Abdus Salam
International Centre
(CTP> for Theoretical Physics



Extremes Validation:
the Probability Distribution
Function

Temperature PDF - MPI - Tropics (Land Only) Precipitation PDF - MPI - Tropics (Land Only)
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Other relevant extremes indexes:

R95 and R99 = precipitation percent due to the sum of those days > 95t (or
99th) percentile of the daily precipitation amount at WET days (precip >=1
mm) for any period used as reference. (%)

CDD = Consecutive dry days (precip < 1 mm) index per time period (No. days)

SDII = Simple daily intensity index per time period, that is the mean
precipitation amount at wet days (precip >= 1 mm) (mm/day)

WET/DRY days frequency = the number of wet (or dry) days are summed up
and divided for the total number of days in the period considered. (%)

HY-int = normalized Dry Spell Lengh X normalized SDI|

Heat waves = Heat wave duration index, that is the number of days where, in
intervals of at least nday consecutive days, the daily maximum temperature

exceeds the mean (TXnorm) of daily maximum temperatures (for any period
used as reference) of at least T (a user-defined Temperature offset, in Celsius

degrees).

Return period = the probability that the flood event will be equalled or
exceeded in any one year The AbclusSalam
{CTP) International Centre

for Theoretical Physics



The Added Value: where can | find it?
1. in the spatial patterns of summer precipitation
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The Added Value: where can | find it?
1. in the spatial patterns of extreme precipitation indices

Fantini et al., Cli. Dyn., (2017) .
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The Added Value: where can | find it?
3. in the daily precipitation intensity PDF

+ GCMs-0.11

RCMs (0.44) - 0.11
RCMs (0.11) - 0.11
EURO4M-APGD - 0.11

Frequency

cam o o o
e e ® so 0 o

0

10 T T T T T T X X T
*+ GCMs-132
10"0 1 1 1 1 1
0 50 100 150 200 250 3 o * RCMs (0.44) - 1.32
) 1 \32 * RCMs (0.11) - 1.32
'l|| * EURO4M-APGD - 1.32
107 h .
100 T T T T T 2 .'l'
o ! g "'li‘o,
.o ] g l!"iito'.
. ] §" ol!l'ii;;o .
o B s ,.!h“tg...,.. |
...‘.zlgs';i.
z tea
=
g PO 00000000 .:0. . :
g 10-6 I l l I ;.." (1] '....0'.0.:0. o0 . i, "
= 0 10 20 30 40 50 60 70 80 90 100

Intensity [mm/day]

®ose s e o o o o0 . oo

I . , | RCMs are always
150 200 A250 300 to OBS Al




Climate Change Signal (ensemble of models):
1. the mean change
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Climate Change Signal (ensemble of models):
2. the change in the extreme indices
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Climate Change Signal (ensemble of models):
3. Spaghetti plots
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Climate Change Signal (ensemble of models):
4. Model consensus
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Climate Change Signal (ensemble of models):
S. Inter-annual variability
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Climate Change Signal (ensemble of models):
5. Inter-annual variability
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Figure 10. Ensemble average change in precipitation inter-annual variability (A2 scenario, 2071-2100 minus 1961-1990) for the CM
GCMs [panels (a), (c)] and the PRUDENCE RCMs [panels (b), (d)] for winter (DJF, top panels) and summ
90 values. The inter-annual variability is measured buy the inter-annual coefficient of variation.
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Added value for climate change signal

Impacts - SDR change signal- Results-Model ensemble change-days
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Added value for climate change signal

Summer precipitation change (%)
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Observed summer precipitation
trend during 1975-2004
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Added Value: RY5 change 1or the historical period 139/0-2005 and the three resolution gri
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Ensemble mean linear trend values for the future period 2006-2100




