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Abstract Decadal predictions have a high profile in the
climate science community and beyond, yet very little is
known about their skill. Nor is there any agreed protocol
for estimating their skill. This paper proposes a sound and
coordinated framework for verification of decadal hindcast
experiments. The framework is illustrated for decadal
hindcasts tailored to meet the requirements and specifica-
tions of CMIP5 (Coupled Model Intercomparison Project
phase 5). The chosen metrics address key questions about

the information content in initialized decadal hindcasts.
These questions are: (1) Do the initial conditions in the
hindcasts lead to more accurate predictions of the climate,
compared to un-initialized climate change projections? and
(2) Is the prediction model’s ensemble spread an appro-
priate representation of forecast uncertainty on average?
The first question is addressed through deterministic met-
rics that compare the initialized and uninitialized hindcasts.
The second question is addressed through a probabilistic



Develop metrics and baselines for estimating the
quality of decadal predictions

My roles in the activity:

- to program, test and document a set of deterministic and probabilistic metrics to
evaluate the skill of the CMIP5 decadal hindcasts

- to search for adequate scales for temporal and spatial averaging

- to develop a website to share the hindcasts evaluation and the Matlab code | developed

& S C | [ iri.columbia.edu/~gonz

o e eSS BN | Prototype:
o CEREENE - DA http://iri.columbia.edu/~gonzalez/DPWG/
m U.S. CLIVAR DPWG

rministic
Hindcasts Skill Assessment

Resources

Probabilistic Metrics

Spatial Smoothing This website is a tool for the discusion vithin U.S. CLIVAR Working Group on Decadal Climate -
Predictability of verification metrics towards the development of & verfication framework for decadal &5 € i | [) civar-dpwg.ricoumbi.edu
hindcasts. If you have any questions or comments. please contact Lisa Goddard

Sample Code
The different sections present some preliminary results from the verification assessment of the - s -
DePreSy pertrbed phyics hindeasts from the Fadley Cantro. based on the modl described in Smith US.CLIVAR Decadal Pred[ctabl” Worhmg Eraup -I‘
| Ciimato Variability & Prodictability | —

etal. Science 317 , 796 (2007) jariabllity & Predictability

Cllmata Variabilty & Prodictabllty

Verification Metrics Overview | Deterministic Metrics | Probabilistic Metrics | Sample Code 1

Verification metrics should be chosen to answer specific questions regarding the quality of the forecast information. For example, they can identify where errors or
biases exist in the forecasts to guide more effective use of them. The proposed questions address the accuracy in the forecast information and the representativeness of
the forecast ensembles to indicate forecast uncertainty. Specifically, these questions are . .

! u Hindcasts Skill Assessment

« Question 1: Do the initial conditions in the hindcasts lead to more accurate predictions of the climate? This website is a tool for the discusion within U.S. CLIVAR Working Group on Decadal Predictability of
verification metrics towards the development of a verification framework for decadal hindcasts. If you have any

« Question 2: Is the model’s ensemble spread an app: niastions of commente. plaase contact Lisa Geddard

priate representation of forecast uncertainty on average?

« Question 3: In the case that the forecast ensemble does offer information on overall forecast uncertainty. does the forecast-to-forecast variability of the ensemble

spread carry meaningful information? The different sections present results from the verification assessment of a few of the decadal hindcast

= experiments, mainly of CMIPS. For further details of the models and the forecast approach taken by each of the
centers, please visit the CMIPS data page: http://cmip-pcmdi.llnl.gov/cmip5/.

The verification metrics are chosen to answer specific questions regarding the quality of the forecast
information. For example, they can identify where errors or biases exist in the forecasts to guide more effective
use of them. The proposed questions address the accuracy in the forecast information and the representativeness
of the forecast ensembles to indicate forecast uncertainty. Specifically, these questions are:

1. Do the initial conditions in the hindcasts lead to more accurate predictions of the climate?
2. |s the model's ensemble spread an appropriate representation of forecast uncertainty on average?

Final Version:
http://clivar-dpwg.iri.columbia.edu/

Version: dpwg-1.3.2
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The deterministic verification metrics face Question 1:
Do the initial conditions in the hindcasts lead to more accurate predictions of the climate?
The probabilistic verification metrics face Question 2:

Is the model's ensemble spread an appropriate representation of forecast uncertainty on
average?

and Question 3:
In the case that the forecast ensemble does offer information on overall forecast

uncertainty, Does the forecast-to-forecast variability of the ensemble spread carry
meaningful information?



Develop metrics and baselines for estimating the
quality of decadal predictions

every 5 years

(standard CMIP5 output)

initialized hindcasts

every year

uninitialized hindcasts or ‘historical’ runs

Spatial scales

grid scale

spatially smooth

Temporal scales:

Verification Metrics

deterministic probabilistic

Year 1, years 2-5, years 6-9, years 2-9

Mean Squared Skill Score

15S5] Continuous Rank Probability
and components: Skill Score (CRPSS)

Correlation & Conditional Bias
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Multi-model Ensemble Mean (12 models) — MSSS — years 2-5 — annual means

Temperature

MME temp MSSS: year 2-5 ann
Initialized - Uninitialized

180W150W120W90W60W /W 0

SOE 60 E 90 E 120 E 150 180 E

MSSS: Initialized Hindcast

180W150W120W90W60W /W 0

30E 60 E 90 E 120 E 150 180 E

MSSS: Uninitialized Hindcast

180W150W120W90W60W /W 0

Precipitation
MME prcp MSSS: year 2-5 ann
Initialized - Uninitialized

180 W 150 W120 W 90 W 60 W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E

MSSS: Initialized Hindcast

180 W 150 W120 W 90 W 60 W 30 W 0 G0 E 60 E 90 E 120 E 150 E 180 E

MSSS: Uninitialized Hindcast

180 W150 W120 W 90 W 60 W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E
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Multi-model Ensemble Mean (12 models) — Correlation — years 2-5 — annual means

Temperature

MME temp Correlation: year 1 ann
Initialized - Uninitialized

3 —— : .
180 W150 W120 W 90 W 60 W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E

Correlation: Initialized Hindcast

180 W 150 W120 W 90 W 60 W 30 W 0 G0 E 60 E 90 E 120 E 150 E 180 E

Correlation: Uninitialized Hindcast

20 oy 7 3
180 W 150 W 120 W 90 W 60 W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E

Precipitation
MME prcp Correlation: year 1 ann
Initialized - Uninitialized

180 W 150 W 120 W 90 W 6 W 30w o 30 60 E 90 E 120 E 150 180 E

Correlation: Initialized Hindcast

180 W150 W120 W 90 W 60 W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E

Correlation: Uninitialized Hindcast

180 W 150 W 120 W 90 W 6 W 30w o 30 60 E 90 E 120 E 150 180 E
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MME (12 models) — Conditional Bias — years 2-5 — Spatially smooth - annual means

Temperature

MME temp Conditional Bias: year 2-5 ann
|Initialized| - |Uninitialized|

75N
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45'N|
30°N \ 4 ] <

15N

15 3 ]
30'S

45's

60'S

180 W 150 W 120 W 90 W SOW /W 0 SOE 60 E 90 E 120 E 150 180 E

Conditional Bias: Initialized Hindcast

180 W 150 W120 W 90 W 60 W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E

Conditional Bias: Uninitialized Hindcast
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45N
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60'S
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Precipitation
MME prcp Conditional Bias: year 2-5 ann
|Initialized| - |Uninitialized|

180 W150 W120 W 90 W 60W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E

Conditional Bias: Initialized Hindcast

180 W150 W120 W 90 W 60 W 30W 0 30E 60 E 90 E 120 E 150 E 180 E

Conditional Bias: Uninitialized Hindcast

180 W150 W120 W 90 W 60W 30 W 0 30 E 60 E 90 E 120 E 150 E 180 E
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CCSM4 — MSSS - years 2-5 — annual means

Temperature Precipitation

CCSM4 temp MSSS: year 2-5 ann CCSM4 prcp MSSS: year 2-5 ann
Initialized - Uninitialized Initialized - Uninitialized

30E 60 E 90 E 120 E 150 180 E

MSSS: Initialized Hindcast

et ~ .,
30 E 60 E 90 E 120 E 150 E 180 E

MSSS: Uninitialized Hindcast

SOE 60 E 90 E 120 E 150 180 E
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Determine the fidelity of the surface expression of oceanic

decadal variability, and the associated climate teleconnections

Assessment of changes in regional precipitation and temperature regimes associated with decadal variability
and the ability of climate models to reproduce them

2 Main presentations

WCRP Open Science Conference (2011)
“Assessment of changes in regional precipitation
and temperature regimes associated with decadal
variability and the ability of climate models to
reproduce them”
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Several studies have shown links

ABSTRACT

between regional terrestrial climate and low frequency variabilty (LFV) in both the Pacific and Atlantic Oceans, Adantic Multidecadal

Variability (AMV') and Pacific Decadal Variability (PDV) being the best-described features. This work considers long observational records to identify whether these LFV
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% of exglained varance

Observations (1961-2006)
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Hadley Centre — DePreSys
TEMPERATURE PRECIPITATION
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SAHEL
Obs.

Determine the fidelity of the surface expression of oceanic
decadal variability, and the associated climate teleconnections

Temperature

Sabel region Histograms: HadCRUTIv lowf termyp - Dec-Fob

1961-2008
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Precipitation

Sahel region Higtograms: GPCC lowf prep - Jun-Aug
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Relationship between AMV and regional climate anomalies
in CMIP5
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Relationship between AMV and regional climate anomalies

in CMIP5

Example: Observations - precipitation — Sahel vs SW US

Sah Histograms: CRU TS3.1 std det 9yr-smoooth prcp - JUA

SAHEL
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SWUS Histograms: CRU TS3.1 std det 9yr-smoooth prep - JJA
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Relationship between AMV and regional climate anomalies

Example: historical/piControl - precipitation — Sahel vs SW US

S stograms: GFDL GM3 0 istorcl s det - smooothpcp - A
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* The influence in the precipitation anomalies in some regions like Sahel seems more robust that in some others like SW USA.

* The discrimination is generally weaker in the piControl experiments.

* We are exploring whether the mluti-decadal variability in the Tropical Atlantic Ocean has more robust teleconnections with some

of these regions.



Exploring seasonal-to-decadal predictability and
teleconnections in CMIP5 decadal hindcasts
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“Seasonal-to-interannual variability of precipitation
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CMIP5 Decadal Hindcasts (;b
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ABSTRACT

A set of decadal hindcasts has been designed for CMIPS to explore the effect of initializing the models with information about the current state of the climate system. Some skill for the next year-to-decade
may be gained if one can predict aspects of natural climate vasiability in addition to the anthropogenic trend. We explore the performance of the hindcasts over Southeastern South America (SESA), focusing
mainly on precipitation. Over the 20th century this region experienced large trends, showed decadal-scale variability, and also exhibited strong seasonal-to-interannual variability, mainly due to an ENSO
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ion. The decadal hindcasts created using CFSv2 at COLA are compared with a subset of CMIPS runs from different modeling centers. We show that some models are better able than others to
predict ENSO-related teleconnections over this region, even at severalyears lead time. There is a suggestion that fdelty of the annual cycle, partcularly the tming of the anmual ycle, may be one factor in the
better performance of these models. However, better at 1 timescales does not necessarily lead to more accurate decadal predictions or representation of multi-decadal trends.
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INTERANNUAL VARIABILITY

« SESA precipitation -> strong year-to-year variability, mainly due to ENSO
« 2 case studics: DJF 1982/83 and 1997/98
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Updates of this work will be presented at :

-International Workshop on seasonal to decadal prediction
-DACA-13, Interannual to decadal climate variability and
change



mm/month

Mean Seasonal Cycle

1961-2010
Seasonal cycle T L e .
—— CCSM4 —— GPCCv4
CNRM_CM5 DePreSys
GPCCv4 DJF Precipitation Mean Field 160 - IPSL_CM5A_LR CanCM4
s MIROC5 ——— CFSv2
140 - 4
120 - B
<
s
o
£ 100 .
IS
1S
80 E
60 - E
MIROC4h
40F —— MPI_ESM LR T
—— MRI_CGCMS3
HadCM3_i2
20 | | | | | | | } 1 1 1 1
Standard Deviation of Mean Seasonal Cycle Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
50 T T 1961-.2010 T T RMSE of Mean Seasonal Cycle Across Months

1961-2010
200 T T T T T
451 4 L

180 - B

160 B

140 4

120 - -

100

mm/month

80

60

40

20

0

DePreSys
CanCM4
CFSv2
CCSM4
MIROC5
MIROC4h
DePreSys
CanCMm4
CFSv2
CCSM4
MIROC5
MIROC4h

GPCC(obs)

CNRM_CM5
MPI_ESM_LR
MRI_CGCM3
HadCM3_i2
HadCM3_i3
CNRM_CM5
MPI_ESM_LR
MRI_CGCM3
HadCM3_i2
HadCM3_i3

IPSL_CM5A_LR

IPSL_CM5A_LR



250

150

100

50 -

250

200

100

50

DePreSys
g [©] s m 0
© © I~ I~ I~
A
CNRM_CM5
150 Mg g b
N~ [©] — ™ 0
© [e] I~ M~ I~
e 2 2 2 2

250

200

150

100

50

MPI_ESM_LR

1967
1969
1971
1973
1975

Raw Hindcasts - Monthly SESA Precipitation - Start time:1965

250

200

150

100

0

CanCM4
[ ()] — ™ 0
© © I~ I~ M~
© o o 2 9

250

200 |-

150

100

50

250

200

150

100

50

MRI_CGCMS3

1967
1969
1971
1973
1975

250

CFSVZ'

150

100

50

0

250

200

100

250

200

150

100

50

1967
1969
1973
1975

P~ [0} — [ 0
© © P~ P~ P~
o (&} o o o
— — — — —

HadCM3_i2

1967
1969
1973
1975

1971

250

D00 fiffrre i i

150

100

50

0

250

200

150

100

50 -

250

200

150

100

50

CCSM4

N~ (o] — [ 0
© © P~ P~ I~
(&) (o] (&) (o) o
— — — — —

MIRQC4h

P~ N — ™ 0
«© © M~ P~ N~
o o o o [}
— — — — —

HadCM3_i3

1967
1969
1973
1975

1971



CMIP5 Decadal Hindcasts

The warm ENSO events of 82/83 and 97/98 are represented as both lead 7 and
lead 2 in the decadal hindcasts ensemble




Exploring seasonal-to-decadal predictability and
teleconnections in CMIP5 decadal hindcasts
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Exploring seasonal-to-decadal predictability and
teleconnections in CMIP5 decadal hindcasts

Bias Corrected Hindcasts - DJF SESA Precipitation - Start time:1995
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Exploring seasonal-to-decadal predictability and
teleconnections in CMIP5 decadal hindcasts
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Development of multi-scale regional climate
information

Projects:

Multi-scale Climate Information for Agricultural Planning
in Southeastern South America for Coming Decades. NSF
EaSM. Pls: Lisa Goddard, Walter Baethgen, Arthur Greene
(IRl/Columbia University), Richard Seager (Lamont-
Doherty Earth Observatory, ColumbiaUniversity).

Integration of Decadal Climate Predictions, Ecological
Models and Human Decision-making Models to Support
Climate-resilient Agriculture in the Argentine Pampas.
NSF EaSM. Lead PI: Guillermo Podesta (Univ. of Miami).



A Framework for the Development of Multi-scale Regional Climate Information
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ABSTRACT
Climate information for the next few decades is required for both risk and planning purp On this time horizon natural and anthropogenic factors can be equally important, We introduce here a strategy for the layering of

2
information on different timescales — anthropogenically-forced climate change, natural low-frequency fluctuations and year-to-year variability — each with its associated uncertainty range. The approach involves the combination of dynamical and
statistical projections, with specific methodologies being regionally tailored.

‘The example of South Eastern South America will be presented. Here, such information can play a crucial role in the development of land-use and water management policies. Approaches of varying complexity are considered in order to take
advantage of observations, IPCC climate change projections and initialized decadal predictions, and to assess the uncertainties in these sources of information.

N
IPLE: OND precipitation in South Eastern South America (SESA) “|| 2) Looking towards the future
) I - * The CMIP 3 coupled models used in the IPCC/AR4 highly underestimate
* OND was chosen for its strong coherent variability and trend, and for - TREND AT rend the observed increase in SESA precipitation.
the importance of rainfall in that period to regional agriculture. =
B i * To forecast short periods in the future, linear trend extrapolation may be a
. set chose was WMO'’s GPCC and some of the results might . i | better estimate of the increase.
ghdy with different datasets. | _,_.—————H
J | / * If the time horizon is longer (i.c.: 50 years), the regression with the ensemble
s 3 mean global temperature may be a better choice since it includes information
1) Understanding the past: 20" Century Variability And Change - - o - from emission scenarios,
VARIABILITY
- T
. total precipitation e i) “Decadal climatology™: characterization of variability that represents likely ii) Dynamical predictions: seasonal-to-interannual forecasts have
| a f"“"l density magnitude and persistence of anomalies, by generating numerous synthetic skill during ENSO extremes, but not for decadal timescales in
realizations based on historical observations. this model.
Observations compared to
Obeervas de . ) ) decadal . DePreSys lyrlead DePreSys 29 leads
l range of poss vations compared to i
acconding o WCRP/ emelope
CMIP3 is \
- For periods in which | .| i
deterministic farecasts | | i)
have na skill, synthetic |~ V EiTaTAT
simulations provide W
wseful information
iii) Statistical predictions:
« an alternative to dynamical predictions, possibly merged with dynamical forecasts if predictors can be represented by the models,
. observational predictors with large (decadal) lags are particularly useful.
Example. Multiple linear regression model built with 3 : EN 3.4 Index (OND, yr 0); Brazil current SSTa Index (BC) [SON (t-10 yrs) ] before and
the NE Tropical Atlantic SSTaindex (NETA) [SON (r-22 years)| . The model was trained using a moving 80-years window within 1901-2000.
Enear trend decadal variability interannual variability
] T o — N ll of the skl wriex 1o - ity 1 s
¢ SESA, + b EN34 « byBCCI0) e b NETAC22) | o repecsent low e T
. - - ( !
. . A0 [ i |
v L . g'e l “‘F“'ﬁfh'\'\"\kll’"l’%
\
trend ratic inserannual ratio s
e e e P — 3) P“ning it t()ge[hc{ Combining: dynamical predictions (One year lead EN34) + statistical simulations + trend estimations
Statistical model fed with Independent forecasting period: 2001-2006
k EN34 -
. Uncertainty anly f Incorpocatin
| [ . atistical model has
1
Validation of the statistical model forced by 1yr lead forecasted EN3.4
. J\

Conclusions

This framework (work in progress) needs information on all timescales, which is nort always available from a single tool (i.c.: a dynamical model).
+ Observed trends are not correctly represented in dynamical models;

¢ Statistical models can complement information from dynamical models;

¢ “decadal climatology” based on past observations is needed when there is no signal or skill in deterministic prediction tools.
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Motivation
The agricultural frontier of SE South America has expanded over the past several To better understand the causes of climate variability and change in the region, and
decades due to large i in regional ipitation. Are these i likely with that i i develop J climate i that can support
to persist in the future, or are they part of decadal variability, or both? agriculture planning for future decades.
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MOTIVATIONS

GPCCv4 DJF Precipitation 1960-1999

a) Mean

b) Change

SESA has experienced
a strong wetting trend
over the complete
20t Century.
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FIGURE 1. Changes in soybean cropping area over time for Argentina. One dot = 1000 ha. Lines delimit



Trend in Annual Precipitation, 1901 to 2005

MOTIVATIONS
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Figure 3.13. Trend of annual land precipitation amounts for 1901 to 2005 (top, % per century) and 1979 to 2005 (bottom, % per decade),
using the GHCN precipitation data set from NCDC. The percentage is based on the means for the 1961 to 1990 period. Areas in grey have
insufficient data to produce reliable trends. The minimum number of years required to calculate a trend value is 66 for 1901 to 2005 and 18

for 1979 to 2005. An annual value is complete for a given year if all 12 monthly percentage anomaly values are present. Note the different
colour bars and units in each plot. Trends significant at the 5% level are indicated by black + marks.



MOTIVATIONS
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CMIP3/CMIP5 — 20t Century

L]
L]
SESA DJF precipitation trend magnitude (1901-1999)

MOTIVATIONS

SESA SONDJF precipitation trend 1901-2005}{CMIP5 (models with 4 or more members)
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MOTIVATIONS: annual means — 20t Century

GPCC annual mean precipitation linear trend magnitude - 1901-2000

OBS

15°S
30°S

45" S}~

60° S

PN R L e D, fosnnosnss s A tearrenss b USROS L |

180W 150 W 120 W 90W 60W 30 W 0 30E 60E 9E 120E 150 E 180E
T T I T 1l . . . . .
CMIPS5 historical ensemble mean annual precipitation trend magnitude - 1901-2000
05 -04 -03 -02 -0.1 0 0.1 0.2 0.3 5 E : 1 : o : E 5 : E :

MME CMIP5

75 Sl N Fer==t ot 4209000004 b0 oo R et feschsees BESs o L
180°W 150 W 120W 90W 60 W 30 W o 30E 60E 9 E 120E 150 E 180 E




CMIPS5 historical — annual mean precipitation — 20t Century

Comparing the magnitudes of the trend
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Uncoupled CMAM

Coupled CMAM

MOTIVATIONS: -
why ozone? :

Ozone depletion has been

0.8

shown to be one of the main

. . . 0.4
drlvers Of CIImate Change In 120E 180° 120W GO”W GOEA 120E 180° 120"W 60W 0.2 g
the Southern Hemisphere (e.g. c Uncoupled CAMS b Uncoupled CAMS any SH poar O, ° §

Polvani et al. 2011) TFN S

In particular, it has been linked
to the observed wetting of the
SH subtropics (Kang et al 2011)

) =K O,
A : R
60°E  120°E  180° 120°W 60°W
confined to 40°S to 90°S. Black contours show the mean precipitation in

the respective reference integrations, with contour interval of 3 mm day ™.
Locations where the response is significant at the 95% confidence level are

120E 180°

Fig. 2. Modeled precipitation change caused by the ozone hole. Shading
shows austral summer precipitation difference (in mm day™) induced by
ozone depletion in (A) the coupled CMAM, (B) the uncoupled CMAM, (C)

120°W  60°W

the uncoupled CAM3, and (D) the uncoupled CAM3 with ozone depletion  hatched.
DUF GPCCv4 SESA precipitation A
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" ‘lt 'v' 'lf - influence of ozone

il ' | depletion.
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CMIP3/CMIP5 - 1960-1999

SESA DJF precipitation change (1960-1999)

MOTIVATIONS

a) CMIP3 20¢3m (run 1) vs. observations

* Some CMIP5 models do better (e.g.
GFDL CM3) but the spread is still very

large.

* These ensembles provide

inconsistent evidences of the influence

of ozone depletion.

b) CMIPS5 historical (r1i1p1) vs. observations
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Impact of the 20th Century stratospheric ozone depletion on
increasing precipitation in South Eastern South America

DESCRIPTION OF THE ENSEMBLE

type model resolution reference paper # integration name brief description
1 reference 50 years, steady forcings @ 1960 levels, SSTs from obs
T42 126 . 1 all-forcings as reference, but all forcings at @ 2000 levels
e (low top) Sl 1 GHG-only as reference, but GHGs & SSTs @ 2000 levels
time-slice 1 ozone-only as reference, but O3 @ 2000 levels
1 reference (CGCM) 80 years, steady forcings @1979 levels, coupled model
CMAM T63 L71 Sigmond et al. (2010) 3 ozone-only (CGCM) | as CGCM reference, but O3 @ 2005 levels
(high top) 1 reference (AGCM) as CGCM reference, atmosphere only (SSTs from reference)
1 ozone-only (AGCM) | as AGCM reference, but O3 @ 2005 levels
. . 40 all-forcings 1950-2009, all forcings transient, SST from obs
CAM3 CAM3 ’1;42 e un];)ull)llsh.ed ! l;;lt similar 40 GHG-only 1950-2009, only O3 transient
transient (low top) e LBl 40 ozone-only 1950-2009, only GHGs and SSTs transient
~1° L26 5 all-forcings 1850-2005, all forcings transient
CCSM4/CMIP5 | CcCSM4 Gent et al. (2011) 3 GHG-only fixed 1850 forcings, but transient GHGs 1850-2005
transient (low top) 3 ozone-only fixed 1850 forcings, but transient O3 1850-2005
~ 2° L66 3 all-forcings 1960-2100, all forcings transient, modeled SSTs (REF-B2)
WACCM (high top) Garcia et al. (2007) 1 GHG-only as REF-B2, but halogens @ 1960 levels (SCN-B2b)
CCMVal-2 181 top 1 ozone-only as REF-B2, but GHGs and SSTs @ 1960 levels (SCN-B2b)
transient T31 LT1 3 all-forcings 1960-2100, all forcings transient, coupled GCM (REF-B2)
CMAM (high top) McLandress et al. (2010) | 3 GHG-only as REF-B2, but halogens @ 1960 levels (SCN-B2b)
181 top 3 ozone-only as REF-B2, but GHGs and SSts @ 1960 levels (SCN-B2c)

Table 1 Descriptions of the model output analyzed in this paper and the experimental design. In the fifth column, the name of each ensemble is preceeded by the
number of integrations with identical forcings (i.e. the ensemble size).




EXPERIMENTS: CCSM4/CMIP5 transient runs
CCSM4/CMIP5 transient runs - DJF 1960-1999

cCcsMm4
(UCAR)
coupled (CAM4/POP2)
“1°” - L26

all-forcings (5m)
GHG-only (3m)
ozone-only (3m)
Gent et al. 2011
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Change [mm/month]

Impact of the 20th Century stratospheric ozone depletion on
increasing precipitation in South Eastern South America

SESA DJF precipitation changes for 1960-1999
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EXPERIMENTS: Dynamics of the simulated change

CAM3 LDEQO ozone-only runs(40) - DJF Changes for 1960-1999
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CONCLUDING REMARKS

Throughout the analyzed experiments stratospheric ozone
depletion caused a precipitation increase in SESA

In addition, the increase in GHGs causer smaller increases in
precipitation or even a slight drying over SESA

All the models considered underestimate the precipitation trend
over SESA, but so do the CMIP3 and CMIP5 ensembles ...

In the ozone-only experiment using CAM3 (40 members), as
shown by Kang et al. (2011), the radiative-driven changes in the
stratosphere force the extratropical jet to shift poleward. The
associated changes in the eddy momentum fluxes in the vicinity
of South America generate an upper level mass divergence that
is compensated with upward motion and moisture convergence,
forcing increased precipitation in SESA.



NEXT STEPS

* Through the associated changes in cloudiness, this mechanism might also be
important to explain changes in local temperature, especially DJF Tmin (not a
lot of available model output ...)
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* Explore projections for future SESA change in “single-forcing” experiments
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Other research for the SESA region

MOTIVATIONS

15 OCTOBER 2010 SEAGER ET AL.

Tropical Oceanic Causes of Interannual to Multidecadal Precipitation
Variability in Southeast South America over the Past Century*
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We are still exploring the
mechanisms that might be
responsible for SESA
precipitation increases

Summer precipitation variability over Southeastern South
America in a global warming scenario
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REOF Analysis GPCC precipitation anomalies - 1902-2006
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REOF1 precipitation anomalies GPCC v4
Explained Variance = 18.8564 %

Correlation fields: PCs and SST anomalies

Correlation Field: 1902-2006
ERSST SS - RPC1 GPCC 7yr low-pass detrended precip

Correlation Field: 1902-2006
ERSST SS - RPC2 GPCC 7yr low-pass detrended precip.
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Correlation fields: PCs and SST anomalies
Seem more stable then EOFs for shorter period
1957-2006

Correlation Field: 1957-2006
ERSST SS - RPC2 GPCC 7yr low-pass detrended precip.

Correlation Field: 1957-2006
ERSST SS - RPC1 GPCC 7yr low-pass detrended precip.
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Correlations with GPCC SESA DJF precipitation
GPCC precipitation anomalies & Kaplan SST anomalies
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GPCC precipitation anomalies & Kaplan SST anomalies

05
CORRELATIONS
0
SESA DETRENDED
o PRECIPITATION

180" W60 W40 W20 W00 W80 W60 W40 W20 W 0 20 E 40 E 60 E 80 E100 E120 E140 E160 E180 E




Correlations with GPCC SESA DJF low-freq precipitation
GPCC precipitation anomalies & Kaplan SST anomalies
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Correlations with GPCC SESA DJF noEN34 precipitation
GPCC precipitation anomalies & Kaplan SST anomalies
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Correlations with BC Kaplan sstA
GPCC precipitation anomalies & Kaplan sst anomalies
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DJF PRECIPITATION LINEAR TREND

ENSO DISCRIMINATION ?

COLD/WARM ENSO years show twice the
trend than NEUTRAL years
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SESA GPCC precipitation anomalies
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Thanks!
iMuchas Gracias!
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