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Advances in Global Climate Model
Resolution: HiFLOR



By the Numbers
Low to High Resolution Models

HiFLOR
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Annual US Precipitation Extreme
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The magnitude (amount of extreme precipitation) improves with
resolution Source: Van der Wiel et al. 2016




How can we model precipitation extremes better?

a) CPC observations b) LOAR present-day

[ TTTITTIIIEE  Month with most frequent 1-year return precipitation events
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The seasonality (timing of extreme precipitation) improves with
resolution Source: Van der Wiel et al. 2016




North American Monsoon

Elevation & JAS Surge-Related Precipitation (mm/day)

(a) ERA-I (75km) (b)CM2.1 (200km)
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Elevation Resolution Dependency
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Snowpack Climatology (Average Spring Shnowpack)

CM2.1 Grid FLOR Grid HiFLOR Grid

Simulated
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Average Present-Day Spring Snowpack (cm of water equivalent)

Source: Kapnick et al., in preparation



2015/2016 and the Importance of
Initialization



ENSO Forecasting: Cane et al. 1986

NATURE VOL. 321 26 JUNE 1986 ARTIC FS 827

Experimental forecasts of El Nino
Mark A. Cane, Stephen E. Zebiak & Sean C. Dolan

Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York 10964, USA

Experimental forecasts of El Nino events occurring since 1970, made with a deterministic model of the coupled ocean-
atmosphere system, indicate that El Nino is generally predictable one or two years ahead. A forecast for 1986 is also presented.

Observed SST Anomalies January 1983 Model Forecast Initialized January 1981
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El Nino Record

Nino3.4 SST Indices

OlI5aT DJF

13985 1330 13353 2000 2005 2010 20135

e Strongest El Nifios in '82-83, '97-98, '15-16

* If a strong El Nino alone could predict regional
precipitation, '97-98 should have given forecast guidance



Why the 2015-16 Winter Predictions Failed

Will be released later in 2016

Source: Yang et al., Submitted



Seasonal (MAM) Temperature Prediction

The Role of the Stratosphere
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Non-Uniform Grids



Other Non-Uniform Grids: Stretching

* Smoothly-varying resolution between the enhanced- and
degraded-resolution regions

* This configuration has been used to explore tornado-producing
supercell predictions (500m)

Source: Described in Harris et al. 2016



Other Non-Uniform Grids: 2-Way Nesting

Sample improvements: orographic precip, hurricane intensity, large-scale climate stats
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Special recognition to Stephen Baxter (CPC) and especially to Dan Harnos
(CPC) for providing forecast performance data

Statistical Forecast Guidance



Scientists at GFDL are developing new S2S statistical

forecast guidance for operational products

Experimental Week 3-4 Outlooks

Valid: 24 Oct 2015 to 06 Nov 2015
Updated: 09 Oct 2015

Further information about the
Experimental Week 3-4 Outlooks can be found HERE.
Please provide comments using the online survey.

Temperature Probability Precipitation Probability

Click HERE for information about how to read Week 3-4 outlook
maps

Collaboration with NOAA CPC to bridge the forecast gap in weeks 3-4
Statistical forecast model based on: ENSO, the MJO, and linear trend

Forecast guidance transitioned into implementation of Experimental
Week 3-4 Outlooks — awaiting transition to official operations



Example utilization of statistical forecast guidance
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Statistical guidance emphasizing the subseasonal ENSO footprint was strongly utilized.
This guidance, along with the dynamical consensus leads to a more confident
precipitation outlook relative to temperature. Above-median precipitation is favored



The statistical forecast guidance been successful over CONUS but

success greater for temperature than for precipitation.
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However, both statistical and dynamical forecast models have

performed poorly in the southwestern U.S.

Statistical guidance Dvnamical guidance

CFS Week—3/4 Precipitation Heidke Skill Scores
365-Day Period Verified Through 24May2016

75N

Mean Weeks 3-4 HSS for precipitation

phase model since 9/18/15 o ool

55N

70N -

50N

45N g e

40

=

60N

35N

Verified Forecasts: 295
30N

25N

o
20N >

50N

13N, 2 =
170W 160W 150W 140W 130W 120w 110W 100%W oW aow 70w Bow 50w

40N -

=70 —-50 =30 =10 =5 S 10 30 S0 70

ECMWF Week—3/4 Precipitation Heidke Skill Scores
365-Day Period Verified Through 24May2016

75N

70N

30N -

. =t
65N

BON
55N
‘ | 50N

45N

401

=

35N

Verified Forecasts: 88
30N

25N

o
20N >

. l-v: A -
15N o b
17

ow 160W 150% 140W 130 120w 110W 100w 0w aow 70w BOw 50w

=70 -50 =30 -10 -5 S 10 30 50 70



GFDL scientists have been investigating variations in the S2S

precipitation response to El Nino.

Convective (EPC) and non-convective eastern Pacific (EPN) events (Johnson and Kosaka 2016)
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SUMMARY
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Dynamical Models for Data Assimilation to Climate Scales

Global Climate Observing System

e.g. satellites, ARGO, meteorological stations

!

Data Assimilation System

Initialization to present observed conditions

T

Pre-Industrial Control Run

1860 repeated continuously

> SEASONAL PREDICTION

1 - 12 months forecast

DECADAL PREDICTION

> 1-30years forecast

AN

Historical Run
1860 - Present

A

Historical Forcings
e.g. GHG, Aerosols, Ozone, Solar

Z

Future

Forcing Scenarios Present - 2100+

CLIMATE PROJECTION e

100+ years projection Problem

Source: Tommasi et al., in preparation
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GFDL Coupled CM2X Models

Model
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North American Monsoon
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