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A Brief History

CMIPS CMIP6

Expit | experient i Tier [ Yea: | Deseniption
Component A= A | deppA hindeast T [3000 | Fiveyear hindeasts every yeur Brom 1960,
) Note that the first forecast year is 1961
Decadal Hindeasts from inifialization toward the end of 1960.
ony T [3000 | Extend Al hindeast duration fo 10 years
07 | deppA-Bistorical T [1700 | Easemble of minitialized historicalfuture
03 | dpphasm T Ensemble of “mmiafior” ()

additional predictions

available). These are simulations used to

Initializad in all years from (60-600) | ncorporate observation-based data into the
19@-‘!’989‘“ model in order to generate initial conditions

for hindcasts. They parallel the historical
simulations and use the same forcing. The
number of years depends on the umber of
independent assimilation runs.

. A1 [ deppA-hindeas 3 [300m | Increase ensemble size by m for Al
DCPP Panel. [B2 | ' [3 [300m | Increase ensemble size by m for A2.1
. A1 | deppA Bindemstmilt T [3000 [ As AT but no forcing mformation fom the
future (qiff) with to the hindcast
10-year hindcast & prediction coordinate the - e e i
. mbles: initialized 1960, W2 | deppA Bistorical il T [3000 [ As Al bu initishized from bistorical
Dlspa rate 1965, ..., 2005 SCientiﬁC and Component B: BI acppB-forecast T |50 Ongoing near-real time forecasts
Decadal Forecasts [ B21 | T = Tacrease ensemble size by m Sor B1
H altemnative » . » B2 | 7 [30 Extend forecast duration fo 10 years for B
uncoo rdlnatEd » 2010 Pinatubo- initialization pra Ct'cal aspects of Compooent C: CIT [ deppCaticontrol T 250 Taealized Aflanfic control
like eruption 30-year hindcast & prediction strategies Hiatus+ CI2 | dcppCamvpos T [250 Tdealized impact of AMV~+
D P effO rtS ensembles: initialized 1960, d d I I i t 3 | depCamace B e
1980 & 2005 ecadal climate e P R ——
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Fo rediction research T o i e s
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deppC-aumv-ExTtrop-neg X
FSE within WCRP il P i o il
«6}&%\@\ Tio amc.gm:.ﬂuznpw 7 (200 m ;-‘.ra of northern extratropical
T ﬁ:z-,p;mm.m = €50 | Pacemaker Pacific experiment
CIIT | deppC-atl-pacemaker 3 [650 | Pacemaker Atlantc experiment
Componest C: @1 [appCatome 3 | 200400 | Predictsbility of 19905 wamming of Adantic
Atsmicgrecrr—] 520000 | Addmonat et e
Component C: G1 | deppC-hindeastnoPmatubo T [50-100 | Repeat 1591 bindesst but without Pinafubo
Veleano T32 | dcppCohindeastnoEiChichon |2 | 50-100 | Repeat 1980 Hindeast but without EI
Chichon
3 | dcppC-himdeastaoAgumnz T [50000 | Repest iy Azunz
Taylor etal. (BAMS, 2012) G| e o i1 SOI00 | Bt T0T5 Foeeast il 230ed Pisaabo

forcing
[EX] dcppC-forecast-addElChichon 3 50-100 | Repeat 2015 forecast with added El
Chichon forer:

36 | dcppC-forecast-addEIChichon |3 | 50-100 | Repeat 2015 forecast with added Agung
forcing

Boer et al. (GMD, 2016)




CMIP6 DCPP Protocol

Expmt | experiment_id Tier | Years Description
Component A: Al deppA-hindcast 1 3000 Five-year hindcasts every year from 1960.
. Note that the first forecast year 1s 1961
Decadal Hindeasts from initialization toward the end of 1960.
A 2 3000 Extend Al hmdcast duration to 10 years
A22 deppA-historical 2 1700 Ensemble of uninitialized historical/f
simulations
A23 dcppA-assim 2 Ensemble of “assimilation” mun(s) Gf
500) ilable). These are simulations used to
(60 mcorporate observation-based data into the
model in order to generate initial condifions
for hindcasts. They parallel the historical
simmlations and use the same forcing. The
number of years depends on the number of
e T e i)aon rom:
A3l deppA-hindeast 3 300m Increase ensemble size by m for Al
A32 3 300m Increase ensemble size by m for A2.1
A4l deppA-hindeast-mff 4 3000 As Al but no forcing information from the
future (niff) with respect to the hindcast.
Forcing from persistence or other estimate.
Ad2 deppA-historical-niff 4 3000 As A41 but initialized from historical
Component B: Bl dcppB-forecast 1 50 Ongoing near-real-time forecasts
Decadal Forecasts B2l 2 Sm Increase ensemble size by m for B1
B22 2 50 Extend forecast duration to 10 years for Bl
Component C: CL1 deppC-atl-control 1 250 Idealized Atlantic control
Hiatus+ Cl2 deppC-amv-pos 1 250 Idealized impact of AMV+
Cc13 deppC-amv-neg 1 250 Idealized impact of AMV-
Cl4 deppC-pac-control 1 100 Idealized Pacific control
C15 deppC-ipv-pos 1 100 Idealized impact of IPV+
CL6 deppC-ipv-neg 1 100 Idealized impact of IPV-
[S%] deppC-amv-ExTrop-pos 2 500 Idealized impact of ical AMV+
deppC-amv-ExTtrop-neg and AMV-
CL8 deppC-amv-Trop-pos 2 500 Idealized impact of tropical AMV+ and
deppC-amv-Trop-neg AMV-
c19 deppC-ipv-NexTrop-pos 2 200 Idealized impact of northern extratropical
deppC-ipv-NexTtrop-neg IPV+and IPV-
C110 | deppC-pac-pacemaker 3 650 Pacemaker Pacific experiment
cL11 deppC-atl-pacemaker 3 650 Pacemaker Atlantic experiment
Component C: 1 deppC-atl-spg 3 200-400 | Predictability of 1990s warming of Atlantic
. gre
Atlantic gyre T2 3 200-400 | Additional start dates
Component C: [&X5) deppC-hindeast-noPinatubo 1 50-100 Repeat 1991 hindcast but without Pinatubo
Volcano G52 | deppCobindeastnoElCkichon |2 [ 50-100 | Repeat 1982 hindcast but without El
Chichon forcing
c33 deppC-hindeast-noAzung 2 50-100 Repeat 1963 hindcast but without Agung
forcing
[EX) deppC-forecast-addPinatubo 1 50-100 | Repeat 2015 forecast with added Pinatubo
forcing
[EX] deppC-forecast-addElChichon 3 50-100 | Repeat 2015 forecast with added El
Chichon forci
36 deppC-forecast-addElChichon 3 50-100 | Repeat 2015 forecast with added Agung
forcing

Component A

- 5/10 year hindcasts every year from 1960
- 10+ member ensembles

- CMIP6 historical forcings + SSP2-4.5

- 10+ member set of uninitialized hist+ssp

Component B

- Real-time forecasts

Component C

Predictability, mechanisms, & Case Studies

- Idealized AMV and PDV experiments

- Atlantic & Pacific pacemaker experiments

- Perturbed initialization experiments

- Experiments with/without volcanic forcing

- Allows participation from groups not doing
initialized prediction

Boer et al. (GMD, 2016)



Select CMIP6 DCPP Results
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Robust skill of decadal climate predictions
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Total skill
(a) Temperature

FY2-9

Impact of initialisation
(b) Temperature

Table 1. Forecast systems and ensemble sizes

Foreaast Centre Model Initialised Uninitialized References
ensemble size  ensemble size
Barcelona Supercomputing Center, Spain Ec-eartH 5 10 e
Canadian Centre for Climate Modelling and Analysis, Environment and Climate Cancmd 10 10 A
Change Canada
Geophysical Fluid Dynamics Laboratory, USA 2 10 10 -
Met Office Hadley Centre, UK Hioaw3 (momay 10 =
NTIAUSATION)
Met Office Hadley Centre, UK Hioom3 (R reo 10 10 =
NTIAUSATION)
Uni of Tokyo, National Institute for Envi | Studies, and Japan Agency for MIROCS 6 3 (1 for precipitation 4%
Marine-Earth Science and Technology, Japan and MSLP)
Max Planck Institute for logy, MPI-ESM-LR 10 3 e,
| Center for At heric Research, USA CESM1.1 10 10 o
Total 71 56 (54 for
71-members Ty
and MSLP)

* Signal-to-noise paradox widespread in decadal prediction
=>» need for very large ensembles

* Significant benefits from initialization for decadal climate
outlooks

* Hints of decadal NAO prediction skill (ACC ~ 0.5)




Select CMIP6 DCPP Results

North Atlantic climate far more predictable

than modelsimply Nature 2020
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* 169-member ensemble

* Unrealistically low signal-to-noise (RPC>1) where ACC
shows skill

* Lagged ensemble (676-member) yields high skill for
decadal NAO (ACC ~ 0.8) & related impacts over Europe, N.
America after calibration

* High decadal NAO skill also seen in some individual systems
(e.g., CESM1-DPLE; Athanasiadis et al. 2020)
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Predictable Variations of the Carbon Sinks and
Atmospheric CO, Growth in a Multi-Model Framework
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GRL 2021

* Advent of Earth system model contributions to DCPP
permits assessment of carbon cycle predictability

* Essential for carbon monitoring programs in the presence
of internal variability

* Multi-year skill also found for ocean acidification (Brady et
al., 2020) & ocean net primary productivity (Krumhardt et
al., 2020)
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Skill due to initialization:

<«— Up to 6 years
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Impacts of Atlantic multidecadal variability on the tropical SST g_m
Pacific: a multi-model study e e I e e R AR A
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* AMV warming linked to tropical Pacific cooling
* Other recent DCPP-C AMV studies:
- Global monsoons (Monerie et al. 2019)
- N. Atlantic storm track (Ruggieri et al. 2020)
- Arctic sea ice (Castruccio et al. 2019)
Multi-model
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response -
* Ongoing debate regarding validity of experimental design
(e.g., Kim et al. 2020; O’Reilly et al. 2022)




WMO Annual to Decadal Climate Update

RO Lea i Contreon . Dgcadal climate predictions are now operational,
Annual-to-Decadal Climate Prediction with annual updates (outgrowth of DCPP-B)

The Lead Centre for Annual-to-Decadal Climate Prediction collects and provides
hindcasts, forecasts and verification data from a number of contributing centres

worldwide. From update for 2022-2026:

https://hadleyserver.metoffice.gov.uk/wmolc/
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is about as likely as not (48%). There is only a small chance (10%) of
the five-year mean exceeding this threshold.”




DCPP Recent Activities

* 9virtual meetings since 2019
e Data submissions to CMIP6
e Contributions to WGI Chapter 4 of AR6 Report (Merryfield + others)
2019 WCRP-DCPP AGU Townhall
* Coordinated analysis (e.g., DCPP-C volc/novolc experiments; Hermanson et al. 2020; Bilbao et al. 2022)
* New coordinated experiments:
e DCPP-D (with/without COVID emissions reductions)
* Volcanic Response Readiness Exercise (VolRes RE), a joint SPARC/DCPP effort
* Gaps in existing DCPP experimental protocol:
e Seasonal-to-interannual (S2I) timescales
* High-resolution DP
* Upcoming in-person meeting (WCRP EPESC/DCPP in Exeter, UK, March 2023)



DCPP in CMIP7

* |deas for updates to Boer et al. (2016) protocol:

DCPP-A to include seasonal-to-interannual hindcasts in addition to decadal (e.g., CESM2-SMYLE; Yeager
et al., GMD, 2022)

DCPP-A to include explicit protocol for high-resolution (0.1° ocean, 0.25° atmosphere) hindcasts to
facilitate multi-model comparison/analysis

DCPP-C pacemaker experiments to utilize emerging techniques that circumvent SST restoring

DCPP-C no-volcano experiments to call for full hindcast set

Increased emphasis (higher tier) for ”niff” (no information from the future) & single-forcing hindcasts
sets to better understand predictability mechanisms

Initialized forecasts with geoengineering? (in coordination with GeoMIP)

Multidecadal (30-year hindcasts) protocol?

* Overlaps & collaborations with WCRP Lighthouse activities need scoping out

Explaining and Predicting Earth System Change
My Climate Risk

e Should uninitialized mechanisms experiments continue to be a DCPP activity?
* How should DCPP in CMIP7 synergize with ongoing WMO operational prediction activities?



DCPP Panel Membership

* Jon Robson (Co-Chair), U. Reading
* Steve Yeager (Co-Chair), NCAR

* Tatiana llyina, MPI

* Jerry Meehl, NCAR

* Bill Merryfield, ECCC

¢ Juliette Mignot, IPSL — Need broader representation from
+ Rym-Msadek-CERFACS active DP-producing institutions moving
*  Wolfgang Miller, MPI forward

 Terence O’Kane, CSIRO

* Pablo Ortega, BSC

* Doug Smith, UKMO

s+ Christephe-Cassot; CERFACS
Takashi-Mochizuki JAMSTEC
Louis Phili - _Bsc



