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1.1. Climate indices (defined by the Expert Team on Climate Change Detection and Indices)
Climate index
(from ETCCDI)

Name (Description)

Unit

FD

Frost days (annual number of days with Tmin < 0° C)

days

TNn

Coldest temperature annually (annual minimum of Tmin)

ºC

TN10

10th percentile of Tmin over each year
ºC
th
Cool days (annual percentage of time when Tmin is < 10 percentile of Tmin over %
thereference period)

TN10p
SU15

Arctic summer days (annual count of days with Tmax > 15° C)

days

TXx

Warmest temperature annually (Annual maximum of Tmax)

ºC

HDD

90th percentile of Tmax over each year
ºC
Warm days (annual percentage of time when Tmax is > 90th percentile of Tmax over the %
reference period)
Heating degree days (annual sum of Tmean daily degree below 17° C)
degree

GDD

Growing degree days (annual sum of Tmean daily degree days above 5° C)

degree

Annual mean of daily mean temperature
Annual mean of daily precipitation
Maximum 1-day precipitation amount
Maximum 5-day precipitation amount
Precipitation due to very wet days (annual total precipitation from days with daily
precipitation > 95th percentile of wet-day precipitation over the reference period)
Precipitation due to extremely wet days (annual total precipitation from days with
daily precipitation > 99th percentile of wet-day precipitation over the reference period)
Wet days (annual percentage of time when daily precipitation is ≥ 1 mm/day)

ºC
mm/day
mm/day
mm/day
mm

TX90
TX90p

Mean Tmean
Mean Pr
RX1day
RX5day
R95pTOT
R99pTOT
R1mm

mm
%

1.2 Datasets
Regional climate model
Simulation name
Lateral boundary
(reference)
conditions
AWI-HIRHAM5 (Dethloff AWI-HIRHAM5-MPI-ESM-LR MPI-M-MPI-ESM-LR
et al. 1996)
CCCma-CanRCM4
CCCma-CanRCM4-CanESM2 CCCma-CanESM2
(Scinocca et al. 2016)
CCCma-CanRCM4CCCma-CanESM2
CanESM2-022
SMHI-RCA4 (Samuelsson SMHI-RCA4-CanESM2
et al. 2011)

Period

1949-2005
1950-2005
1950-2005

CCCma-CanESM2

1951-2005

SMHI-RCA4-EC-EARTH

ICHEC-EC-EARTH

1951-2005

SMHI-RCA4-MPI-ESM-LR

MPI-M-MPI-ESM-LR

1951-2005

Characteristics

0.44 resolution without spectral nudging;
domain
0.44 resolution with spectral nudging;
domain
0.22 resolution with spectral nudging;
domain
0.44 resolution without spectral nudging;
domain
0.44 resolution without spectral nudging;
domain

ARCTIC
ARCTIC
ARCTIC
ARCTIC
ARCTIC

0.44 resolution without spectral nudging; ARCTIC
domain

SMHI-RCA4-NorESM1-M

SMHI-RCA4SN (Berg et SMHI-RCA4SN-EC-EARTH
al. 2013)

NCC-NorESM1-M

ICHEC-EC-EARTH

SMHI-RCA4SN-MPI-ESM-LR MPI-M-MPI-ESM-LR

UQAM-CRCM5 (Takhsha UQAM-CRCM5-MPI-ESM-LR MPI-M-MPI-ESM-LR

1951-2005

0.44 resolution without spectral nudging; ARCTIC

1951-2005

domain
0.44 resolution with spectral nudging; ARCTIC
domain

1951-2005

0.44 resolution with spectral nudging; ARCTIC

1949-2005

domain
0.44 resolution without spectral nudging; ARCTIC
domain

et al. 2016)
UQAM-CRCM5NA

UQAM-CRCM5NA-MPI-

(Martynov et al. 2013)

ESM-LR

MPI-M-MPI-ESM-LR

UQAM-CRCM5NA-CanESM2 CCCma-CanESM2

1949-2005

0.44 resolution without spectral nudging; North
America domain

1949-2005

0.44 resolution without spectral nudging; North
America domain

1.2 Datasets
- 12 RCM historical simulations
(10 over ARCTIC and 2 over North America)
Reference period : 1980-2004 (25 years)

Gridded observations and reanalyses

Resolution

Period

NRCAN (gridded observations; McKenney et al. 2011)

~ 10 km

1950-2012

GMFD (NCEP-R1 reanalysis corrected with observations; Sheffield
et al. 2006)
CFSR (Saha et al. (2010)

~ 28 km

1948-2008

~ 38 km (T382)

1979-2010

MERRA (Rienecker al al. 2011)

~ 55 km

1979-2014

JRA-55 (Kobayashi et al. 2015)

~60 km (TL319)

1958-2013

ERAI (Dee et al. (2011)

~ 83 km (T255)

1979-2014

1.2 Datasets
Observation datasets

Variables

Resolution

Adjusted and Homogenized Canadian Climate Tmean, Tmin, Tmax
Data (AHCCD) (Vincent et al. 2012)

49 (47) stations

AHCCD (Mekis & Vincent 2011) + DAI (Environment PR
and Climate Change Canada)

201 (79) stations

Red points = stations with at least 15 valid years (years with less than 20% missing data) in 1980-2004 period.
The evaluation concerns only the grid points closest to the ARCTIC stations. A temporal mask corresponding
to the valid years in each station is also used.

2.1 Evaluation of climatic mean over the reference period (1980-2004)

Skill metric: Reduction of Variance (RV)
2
σ𝑁
𝑀𝑆𝐸𝑘
𝑖=1 𝑌𝑘𝑖 − 𝑂𝑖
𝑅𝑉𝑘 = 1 − 2 = 1 − 𝑁
σ𝑖=1 𝑜𝑖 − 𝑜ҧ 2
𝑠𝑜

Positive values = skill
Negative values = MSE greater than
the variance in observations ( 𝑠𝑜2 )

MSEk = mean squared error of dataset k (Yk) with respect to observations (O)
N = number of stations in the analysis domain

𝑜ҧ = spatial mean of observations

2.1 Evaluation of climate mean over the reference period (1980-2004)
EM=Ensemble Mean
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σ𝑁
𝑖=1 𝑌𝑘𝑖 − 𝑂𝑖
𝑅𝑉𝑘 = 1 − 𝑁
σ𝑖=1 𝑜𝑖 − 𝑜ҧ 2

Positive = skill
Negative = MSE greater
than the variance in
observations

2.1 Evaluation of climate mean over the reference period (1980-2004)

The violin plots show the kernel density estimation of the underlying spatial distribution

2.1 Evaluation of climate mean over the reference period (1980-2004)
Comparison with reanalyses mean performance :

𝑀𝑆𝑆𝑆𝑘 = 1 −

𝑀𝑆𝐸𝑘
1 5
σ
𝑀𝑆𝐸𝑟
5 𝑟=1

r = {GMFD, CFSR, MERRA, JRA-55, ERAI}
Positive = better skill than mean skill of
reanalyses

Negative = smaller skill than mean skill
of reanalyses

2.2 Spatial-temporal distribution of anomalies
- Kuiper distance (measures the distance between the two corresponding empirical cumulative
distributions)
𝐷𝐾 = 𝐷𝑘+ + 𝐷𝑘− =

max

−∞<𝑥<∞

𝐸𝐶𝐷𝐹k 𝑥 − 𝐸𝐶𝐷𝐹o 𝑥

+

max

−∞<𝑥<∞

𝐸𝐶𝐷𝐹o 𝑥 − 𝐸𝐶𝐷𝐹k 𝑥

- Perkins skill score (measures the overlap between the empirical probability density function
of the two samples)
𝑛

𝑃𝑘 =  𝑚𝑖𝑛𝑖𝑚𝑢𝑚(𝑃𝐷𝐹𝑘 (𝑥ሻ, 𝑃𝐷𝐹𝑜 (𝑥ሻሻ
𝑥=1

Exemple : spatial-temporal distributions of TXx anomalies (blue= observations; green=simulation)
D=0.09

𝐷−

𝐷+

D= 0 indicates identity of
distributions
D=1 indicates no overlap

1-P=0.1

2.2 Spatial-temporal distribution of anomalies

𝑫
𝟏−𝑷

2.2 Spatial-temporal distribution of anomalies

R99pTOT

R99pTOT

𝑫
𝟏−𝑷

Conclusions
Climate mean of indices :
- Reanalyses and models have good skill in simulating mean
temperature indices, warm extremes, RX1day and RX5day indices
but have difficulties in simulating the TNn, R1mm and R99pTOT
indices.
- Some simulations have better performances in simulating
precipitation indices than the mean performance of reanalyses,
while the reanalyses over-perform the RCMs for temperature
indices.

Spatial-temporal distribution of anomalies:
- RCMs and reanalyses presents similar distributions to observations.
The smaller scores are obtained for HDD index for whom both
reanalyses and simulations have smaller variance than the
observations.

Acknowledgments
•
•
•
•
•

ANNETTE RINKE & INES HEBESTADT (AWI) for providing the AWI-HIRHAM5 data
RENÉ LAPRISE & OUMAROU NIKIEMA (UQAM) for providing the UQAM-CRCM5-ARCTIC data
KATJA WINGER & LAXMI SUSHAMA (UQAM) for providing the UQAM-CRCM5-NA data
GUILLAUME TALBOT (INRS-ETE) for providing AHCCD-EC precipitation merged data.
The Earth System Grid Federation infrastructure and SMHI group for providing the SMHIRCA4 data
• Environment and Climate Change Canada for providing the CCCma-CanRCM4 data
• The developers of the GMFD, MERRA, ERA-Interim, CFSR, JRA-55 and NRCan data sets and
the group NOAA/OAR/ESRL PSD, Boulder, Colorado, for making them available on their Web
sites.
Bylot Island, Nunavut
Mt. Thor, Nunavut

http://whenonearth.net/mt-thor-nunavut-canada-earths-greatest-vertical-drop/

http://www.hww.ca/en/wild-spaces/arctic-tundra.html

2.2 Spatial-temporal distribution of total fields
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2.1 Evaluation of climate mean over the reference period (1980-2004)
Correlation
coefficient

Climate mean (1980-2004) characteristics in stations

Climate mean (1980-2004)
characteristics in stations

