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2015-17 ENSO forecasts




2015-16 El Nino Predictions

Nino3.4 from 28 Feb 2015
Initial year=2015 First month=March (anomalies from 1981-2010)
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CanCMa3: No large EI Nifho
CanCM4: Accurate through 12 months!

— CanCM4 provides “early warning” at long range




2015-16 El Nino Predictions

From 28 Feb 2015 From 31 May 2015

Initial year=2015 First month=March (anomalies from 1981-2010) Initial year=2015 First month=June (anomalies from 1981-2010)
0.380.38 0.470.47 0.720.72 0.960.95 1.161.16 1.321.32 1.331.33 1.351.35 145145 148148 130130 1.201.20 138135 V77177 275275 218278 2102770 231237 23230 200200 180780 148145 1.071.07 0.670.67
— Raw CanCM3 O 1 stand.dev. 4 = Raw CanCM3 O *1 stand.dev.
41 — calibrated CanCM4 —— Calibrated CanCM4
3 34 ]

............................................................................................. 0, S P (I S P N L, St Y0 S S Sty P R
B M g 44 TTETmo oo -
-24 2
-3 e 34 ——
+ ERA-nt OISST 4+ ERSST3 Observed st.dev. 31+ Erant OISST 4 ERSST3 Observed stdev.
4 4+ NCEP2 HadISST1 4 ERSST4 - -~ Forecast st.dev. 4 + NCEP2 HadISST1 4 ERSST4 ==~ Forecast st.dev.
T T T T T T T T T T T T -a T T T T T T T T T T
L5 BT Ly L2 wLx ©LE ©L§ 25 L2535 Ly Lz o Le L2 L% 23 L§ L3 L3 LT L L5 LF L7
35 %2 &% &3 %3 %3 %f 35 &2 &2 &% &% 23 83 &3z %% 38 3f 3f 3% 2% &5 &% &=
< 2 8 2 3 < k3 < £ o] 2 8 4 k3
a > @ - s a o @ - w
17} z a 3 z a
Initial year=2015 First month=September (anomalies from 1981-2010) Initial year=2015 First month=December (anomalies from 1981-2010)
282242 2600200 2662056 25275 23238 2172 183755 1.357.35 058058 0.2530.25 0.83 0.55-1.04 1.0 284204 254254 204204 139750 100700 03030 0468046 N T4 1IB 0187814676105
44 = Raw CanCM3 @O *1 stand.dev. 4| e Raw CanCM3 @ *1 stand.dev.
s Calibrated CanCM4 s Calibrated CanCM4
3 J

.2 4
31+ eramnt OlsST  + ERSST3 — = Observed stdev. 31 4 ERAN OISST 4 ERSST3 —=- Observed stdev.
4 + NCEP2 HadISST1 + ERSST4 —=- Forecast st.dev. + NCEP2 HadISST1 + ERSST4 —=- Forecast st.dev.
A T T T T T T T T T T T T T T T T T T T T T
w5 w5 vy Wy © > o> ©fg ©oF © > ©e © > © B w5 o> ©> ©s o= o> ©2 o> ©oB ©5 ©5 ©5
o o o o er ez o5 eF ¢ e x> ©8 o er 22 25 LF @ @ ez o3 @ e e
SE {2 RE KE RKEZ R]:E &g &< 8= 83 &> &% QE R:F |2 &g &< 8= &3 R8> 8% SE 2 R|E
g 8 g g & 2 < g G o < o 8 o
[ <] @ - uw @ - w 2 =}
3 z o o 3 z

After CanCM4 “early detection” in late winter, combined forecast better
represents amplitude and timing of phase reversal

CanCMa3 reverses too soon, CanCM4 too late, combined CanSIPS “just right”



Current Nino3.4 forecast
From 31 Oct 2016

Initial year=2016 First month=November (anomalies from 1981-2010)
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— Possible return to El Nino in 2017-18?




Experimental products




NEXT GENERATION EARTH
SYSTEM PREDICTION

STRATEGIES FOR SUBSEASONAL TO
SEASONAL FORECASTS

The Natiomal Academies of
SCIENCES * ENGINEERING - MEDICINE -I

National Academy of Sciences (2016)

“As the availability and skill of seasonal
climate forecasts—and more recently
subseasonal predictions—has improved,
S2S forecasts are increasingly being
used in sectors such as agriculture,
energy, and water resources
management. However, there is
enormous potential to further increase
the benefits of S2S predictions. Many
sectors have yet to exploit even the
S2S information that is currently
available.

The user base could expand dramatically
if the skill of S2S forecasts improves,
more variables of the Earth system are
explicitly forecast (e.q., a wider range
of conditions of the ocean, cryosphere,
and land surface), and users’ awareness
of and ability to apply S2S information to
important decisions and actions
increases.”



CanSIPS prediction of snow

Sospedra-Alfonso et al., J. Hydromet. (2016a,b)

« High potential predictability and verification skill found for snow water
equivalent (SWE) due to anomaly persistence & climate prediction skill

Goose Bay, NL | Mission Ridge, BC
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Dependence of SWE skill on verification dataset
ERA-Int Land

FMAlead O
anomaly
correlation

Single-product
verifications

Multi-product
verification




Dependence of soil moisture skill on verification dataset

-....ERA-Int Land.,

JJAlead O
anomaly
correlation

Single-product
verifications

Multi-product
verification
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Dependence of soil moisture skill on verification dataset
ERA-Int Land

DJF lead O
anomaly
correlation

Single-product
verifications

Multi-product
verification




Products of relevance to solar energy

>
vs ERA Intf=
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Soil moisture

Coming soon: Standardized Precipitation Evapotranspiration Index (SPEI)



Experimental dynamical
downscaling




Experimental downscaling of CanSIPS forecasts

« CORDEX North America grid (0.44°/50 km or 0.22°/25 km resolution)
« Could be run concurrently with global forecasts

» Potential to become operational if value demonstrated

 Since last time: hindcasts run & analysed

January climatological precipitation
CanCM4 global Ax=300km CanRCM4 regional Ax=25km
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Precip
JFM 2010
lead O

CanCM4 Forecast ~300km

Saasonal ANOMALY cancm4 pcp.and jfrm 2010 (glb==0.01)
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Added

NAM44 Forecast 50km

Seczonal ANOMALY namd44 001 pep.land jfm 2G40 [glb==-0.03}

CRUTS Obs ~50km

Seaacnal ANOWALY cruta pep.land jfm 2010 (glb=-0.08)

NAM22 Forecast 25km

Seczonal AHOMALY nam22 v001 pep.land jfm 200 [glb==-0.06}
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Circulation effects on precipitation in rain shadow

climatological
westerly flow

wet dry
easterly
anomalous flow
dry wet
anomaly anomaly

— Hypothesis: expect anomalous easterly flow in forecasts having
adjacent oppositely-signed anomalies



PCP anomalies 2010JFM 7500 CanSIPS forecast
CanCM4 CRUTS

Seasonal ANOMALY cancmd pep.land jfm 2010 (glb==0.01) Secacnal ANOMALY cruta pep.and jfm 2010 (glb=-0.08)

Z500, Anomaly Forecast
year=2010, JFM, O-month lead
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PCP anomalies 1981 01
CanCM4 CRUTS Z500 CanSIPS forecast

Z500, Anomaly Forecast
year=1981, January, O-month lead
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Model development




Prospective new CanSIPS models

GEM-NEMO developed at CMC

- GEM4 atmospheric component, 1.4° resolution, semi-Lagrangian

- NEMO/ORCA1 ocean (~30-40 km resolution in Arctic)

- CICE sea ice model

CanESMS5 developed at CCC

- CanAMb5 atmospheric
component, 2.8° resolution,

spectral
- NEMO/ORCA"1

- LIM2 sea ice model

CanCM3/4 ice model

OPA/NEMO
ORCAO025
resolution

resolution

OPA/NEMO
ORCA1
resolution




Initial assessment of GEM-NEMO hindcasts

Area averaged anomaly correlation in indicated regions for Nov initialization

T2m Nev start; Global north of 30N
(T T T T T T T T 0.4 I N
GEM-NEMO 05 o
CanCM4 04 .
CanCM3 -
03 0.2
0.2+
- 4 0.1
0.1 —
NN
Yo 123456789510 7
Global land
ST T T T T T T 1 &5
0.4 | 0.4
i 1 03
03+ —
I 1 02
N 0.1
0.1 0







Verification of CanCM4 EIl Nino forecast from 28 Feb 2016

Daily SST anomalies 1 Mar 2015 - 28 Feb 2016

Predicted Observed (CMC
(CanCM4 model) analysis)

CansSIPS forecast from 01 March 2015 Observed sea surface temperature analysis
(CanCM4 model) “ (CMC analysis)

0:00 UTC
Sunday 01 March 2015
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Animation by Jean-Philippe Gauthier and Juan-Sebastian Fontecilla (CCMEP)



CanSIPS snow water
equivalent (SWE)
forecasts & skill

JFM 2012 (lead 0)

* 3-category probabilistic
forecast (left)

* MERRA verification
(right)

Anomaly correlation
JFM (lead 0)

* SWE (left)
- Temperature (right)

* SWE skill attributable to

- Accurate SWE initialization

- Tendency for initial snowpack
anomalies to persist

- Ability to predict future climate

Snow Mass(gamma), 3-category Probabilistic Forecast
year=2012, JFM, 0-month lead

Snow Mass(gamma), Observed Percentile
year=2012, JFM (merra)

12-season calibrated probability forecast.
40 SO 60 70 80 90 100 40 SO 60 70 80 90 100 40 S0 60 70 80 90 100

C T ([ [ [ o ([

below noma (%) near nomaal (%) above nomad (%)
Areas where forecast probability exceeds 40% are shaded in colours.
White color indicates areas where forecast probabilities of all 3 categories are
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| I |
below norral near rorrnal above normal
Below normal observed percentiles (<33%) are in blue shades.
Near normal observed percentiles (33% - 67%) are in white.
Above normal observed percentiles (>67%) are in red shades.




CanSIPS soil moisture
forecasts & skill

Soil Moisture, 3-category Probabilistic Forecast
year=2011, JJA, 0-month lead

Soil Moisture, Observed Percentile
year=2011, JJA (eraint)

JJA 2011 (lead 0

* 3-category probabilistic
forecast (left)

 ERA-interim verification
(right)

90 95 99

Anomaly correlation*
JJA (lead 0)

- Soil moisture (left)

. 2m temperature (right)

*ERA-interim verification
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CanSIPS Land initialization

Direct atmospheric
initialization through 4D

2\ oot hast i toom assimilation of 6-hourly
Transpiation  evaporation " T, q, U, v using
-incremental analysis

update (~nudging)

Precipitation
Sondensation |

Indirect land
initialization through
response to model

I

On
bare
sodl
Mux I

Soll moisture

intorflow  Internal sod o atmosphere

] moesture fux

l

www.eoearth.org/view/article/152990



Efficacy of CanSIPS soil moisture initialization:
1st-day forecast vs NCEP daily analysis

Next 1-day Soil Moisture forecast (2016/01/04-2016/01/04
Issued on 2016/01/04, lead=0 days
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Calculated Soil Moisture Anomaly (mm)
JAN 04, 2016
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Near-surface specific humidity

DJF (Lead 0 months) MAM (Lead 0 months)
(048] o.“' ST 1040 | ‘Q | :;:n ........
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JJA (Lead 0 months)

ERA-interim verification



The Canadian Seasonal to Interannual
Prediction System (CanSIPS)

Envirs Envviron ot
\ 7P, i+l 2520 Canads
Current ons

" TR
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Developed at CCCma 2~

Operational at CMC since Dec 2011

= \,‘MK by
2 models CanCM3/4, 10 ensemble members each™ = &= %"
Hindcast verification period = 1981-2010

Forecast range = 12 months

Forecasts initialized at the start of every month

Forecasts from January extended to decadal (CanCM4 only)



