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LONG-TERM GOALS

The long-term goal of the project is the development of a coupled atmosphere-ocean ensemble
prediction system that can provide probabilistic environmental information to meet Navy and DoD
operations and planning needs throughout the globe from undersea to upper atmosphere and from the
tropics to the poles on the weekly to monthly timescale.

OBJECTIVES

Evaluation and validation of multi-model extended-range forecasts produced from projects such as the
High-Impact Weather Prediction Project (HIWPP) and North American Multi-model Ensemble
(NMME). This will allow for determination of when and why multi-model ensembles are superior to
single-model ensembles for predicting phenomena, such as the Madden Julian Oscillation (MJO), that
are central to extended-range forecast skill.

APPROACH

The focus of this component of ESPC is on examining the utility of multi-model ensembles for
extended-range prediction. Ensemble-based probabilistic approaches become necessary as integration
periods are increased. The specific approach used here will be to first collect retrospective and quasi-
real-time ensembles produced under multi-agency efforts, such as the High-Impact Weather Prediction
Project (HIWPP) and North American Multi-model Ensemble (NMME) and then apply diagnostic
tools to evaluate and validate these multi-agency multi-model ensemble forecasts. The focus will be on
phenomena tied to extended-range predictability, such as the Madden Julian Oscillation (MJO).
Specific diagnostics to be applied include diagnostic tools developed to evaluate the prediction skill of
the MJO and associated moist process and teleconnections, and diagnostics to evaluate the Hadley
circulation in deterministic forecasts. In this project, these diagnostics will be applied to the individual
ensemble members to understand the variability between ensemble members produced from the same
forecast model, and the differences between ensembles from different forecast models. Understanding
these different types of variability will aid in understand when and why multi-model ensemble
forecasts are superior to single-model ensembles.
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WORK COMPLETED FOR FY15

We have researched different candidate data sets to determine their suitability for multi-agency
intercomparison diagnostics. Each data set has pros and cons for our evaluation purposes:

1)

2)

3)

4)

NOAA High-Impact Weather Prediction Project (HIWPP) data set became available in early
2015. On the positive side, it is multi model (two NOAA models and NAVGEM) and with
standardized output. It will allow for intercomparison between high-resolution deterministic
and lower-resolution ensembles. On the negative side, the models do not have interactive ice
or ocean components, and the forecast integration times are limited (out to 15 days for
ensembles). We have not pursued HIWPP evaluation at this point.

North American Multi-model Ensemble (NMME): NMME-1 is not useful given that the
archived fields are monthly averaged, but NMME-2 has a potentially extensive suite of daily
output from coupled models. The down side of NMME-2 appears to be that center participation
is much more limited than NMME-1, data (fields and dates) available varies by center and
model. We have opened NMME accounts and preliminary data has been downloaded.

WMO Year of Tropical Convection/Madden Julian Oscillation (YOTC/MJO) 20-day forecasts
for selected MJO periods of interest are promising. On the positive side, it includes both
coupled and uncoupled forecasts for periods when the MJO is active. On the negative side, it is
only for certain periods of interest during 2009 and 2010, and is only for deterministic
forecasts. We identified several problems with the online archive. First, the 20-day forecast
data and 2-day forecast data had been switched (one would download the 2-day data when
requesting the 20-day data). The other was that the 20-day forecast data for NAVGEM was not
available on the server. We alerted the archivists to these problems and they have since been
corrected. We have downloaded this multi-model data set and evaluated and compared these
forecasts for teleconnection predictive skill.

WMO/WWRP/THORPEX-WCRP Subseasonal to Seasonal Project (S2S). This system archive
should be ideal for our purposes, containing many coupled ensemble systems. The system
opened in spring 2015 and is currently being populated at different rates for different systems.
We have downloaded data for the ECMWF system, learned how to read the data, and have
begun our evaluation. The ECMWF S28 data with 32 days forecasts (extended to 46 days
forecasts after May 12, 2015) has outputs twice per week (Monday and Thursday). The control
run and ensemble runs are beneficial to determine whether the ensemble forecast has
advantages in improving the extended forecasts. Preliminary analysis with datasets in Jan-Apr
2015 shown in the results section indicates that the S2S dataset is useful for this project because
of its availability of long time periods. Other model outputs will be downloaded for similar
analyses soon.

Because of its suitability and availability, our analysis of the archived data has begun with the
YOTC/MIJO 20-day data, applying diagnostics to compare NAVGEM forecasts of the Arctic
Oscillation and Antarctic oscillation to that of other systems, as described in the results section.

RESULTS

We have downloaded all of the YOTC/MJO 20-day forecasts and calculated both the Arctic
Oscillation index (AO) and Antarctic oscillation index (AAQO) for each of the forecasts. The AO and
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AAO are useful for characterizing large-scale flow in the high-latitudes. Large-scale teleconnection
patterns such as the AO and AAO are hypothesized to be a source of extended range predictability and
have also been related to the MJO. We leverage development of the AO and AAO diagnostics from
ESPC WU-11.
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Figure 1: The AO index from the NCEP analysis (black), ECMWF 20-day forecasts (blue) and
NAVGEM 20-day forecasts (red) starting from 20 OCT 2009 (top panel), 25 OCT 2009 (middle
panel) and 29 OCT 2009 (bottom panel). Forecast and analyses taken from the YOTC/MJO 20-day
forecast archive.

Figure 1 shows a time series of 20-day forecasts from ECMWF (blue) and NAVGEM (red) of the AO
index, compared with the AO index as calculated using the NCEP analysis (black). Top, middle and
bottom panels are for forecasts started from 20 OCT, 25 OCT and 29 OCT 2009. In early November,
there was a rapid increase in the AO from values of -2 to values greater than +2 over the course of 4
days. Forecasts started on 20 OCT, 10-days prior to the rapid AO increase, miss the event. Forecasts
started on 25 October, 5 days prior to the event, capture the rapid increase, but miss the subsequent
decreases. Forecasts started on 29 October, just prior to the event, capture both the rapid increase and
subsequent decrease (though the decrease is too weak in the NAVGEM forecasts).
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Figure 2: The AO index as computed using the NCEP analysis (solid black curve)) ECMWF
reanalysis (dashed black curve), and the YOTC/MJO 20-day forecasts (thin colored curves) starting
from 30 DEC 2009. The thick red curve shows the ensemble mean AQO. The top left panel includes

forecasts from all 13 forecast systems. The top right panel includes only the four forecast systems
that produced the most-skillful MJO forecasts in the inter-comparison. The bottom left panel
includes only the four forecasts systems that produced the least-skillful MJO forecasts.

Figure 2 shows a time-series of 20-day forecasts of the AO index from the different systems
participating in the YOTC/MJO inter-comparison (thin colored curve). Also included is the AO index
using the NCEP analysis (sold black curve) and ECMWF analysis (dashed black curve). The ensemble
mean AO is indicated by the thick red curve. The panel in the upper left shows includes results from
all 13 forecast systems. The upper right panel only includes the four systems with the most skillful
MJO forecasts, and the lower left panel only includes the four systems with the least skillful MJO
forecasts.

There are several points to notice in Fig. 2. The first point is that the AO produced from the ECMWF
and NCEP analysis (black solid and dashed curves) are different. Small differences are not
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unexpected, as the AO is calculated using 1000-hPa geopotential height, and analyses from different
systems will not be identical, but we do point out that the magnitude of these differences can be greater
than 0.5 on the AO index scale. These differences are not small when compared to typical AO index
forecast errors for early lead times, and therefore care must be taken when using a particular analysis
as verification. The initial spread of the forecast system AO index values is another indication of
uncertainty in that field, and illustrates system dependence in a derived field such as geopotential
height, despite the fact that all forecasts were starting from a prescribed analysis. The second point is
that the ensemble mean (thick red curve) tends to outperform any individual ensemble member. This
is not an unexpected result and is consistent with findings of the skill of multi-model ensemble means
for many different applications. The third point is that there is not a clear relationship between skillful
MJO forecasts and skillful AO forecasts for this particular case. The individual ensemble forecasts and
ensemble mean for the least-skillful MJO forecast systems and most-skillful MJO forecast systems are
similar. Qualitative evaluation of the other 20-day forecasts does not indicate a clear relationship
between MJO skill and AO skill, but we will evaluate these potential relationships in a quantitative
manner in future work.
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Figure 3: Example of the ECMWF AO and AAO index 32-day ensemble forecast from Jan 1, 2015
calculated using fields from the S2S database. The control run and first 10 members of the
ensemble run are presented. AO_ob and AAO_ob (thick black curves) are from the NCEP analysis.
AO_mean and AAO_mean (thick red curves) are for the ensemble mean. The heavy magenta dots
(AO_ec and AAO_ec) are AO and AAO at ECMWEF analysis times.

Figure 3 is an example of the ECMWF AO and AAO index 32-day ensemble forecast from Jan 1, 2015
calculated using fields downloaded from the S2S database. The NCEP analysis AO index and AAO
index (thick black curves) are also shown. The ECMWEF analysis AO and AAO (available twice a
week, shown as magenta dots) are clearly different from the NCEP analysis values, especially for the
AAO, again illustrating sensitivity of the verification to the particular analysis chosen. The ensemble
mean forecasts (thick red curves) are superior to the control forecasts (thin solid blue curves) at longer
lead times, especially for the AAO. These results are consistent with the expected superior
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performance of the ensemble mean over individual forecasts, though verification for many cases,
planned for next year, is needed to quantify this improvement.

IMPACT/APPLICATIONS

These experiments allow for an assessment of potential extended range multi-model ensemble forecast
utility and will allow for assessment of the Navy ESPC coupled system as compared to forecasts from
other systems. Development of a skillful coupled ensemble forecast system will allow for DoD
decision support on monthly time scales as well as improve capabilities reliant upon extended-range
forecasts such as trans-ocean ship routing.

TRANSITIONS

The potential for extended-range forecasting demonstrated in this program will be transitioned to
operations through existing and future 6.4 programs.

RELATED PROJECTS

This project leverage the diagnostics tools developed under ESPC WU-11 “Integrated Skill
Diagnostics”. This project analyzes inter-agency multi-model ensembles produced and/or archived
under other projects including the High-impact Weather Prediction Project (HIWPP), the North
American Multi-model Ensemble (NMME), the WMO Year of Tropical Convection/Madden Julian
Oscillation (YOTC/MIJO) forecast archive, and the WMO/WWRP/THORPEX-WCRP Subseasonal to
Seasonal Project (S2S).



