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The Corner Stone in Facilitating the Transition from Deterministic
to Probabilistic Forecasts—Ensemble Forecasting and Its Impact

on Numerical Weather Prediction
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Abstract: Given the nonlinear and complex nature of atmospheric system combined with the uncertainties
associated with initial conditions and models, it is not only a requirement from science but also a necessity
to better serve user community to transit weather prediction from deterministic to probabilistic format.
However, the rational behind the transition is not clear but full of debate and confusion to many including
public, end-users and even meteorologists themselves. To clarify some of these and to expedite the transi-
tion, a few issues were discussed. Since the ensemble forecasting is a central technique to facilitate such a
transition, it is first discussed in this paper by focusing on the following five aspects: (1) why is ensemble
forecasting needed? (2) what is the primary mission of ensemble forecasting? (3) what are common misun-
derstandings about it? (4) what is the impact it will bring to numerical weather prediction system as a
whole? and (5) what is the forecaster’s new role in the “ensemble forecasting” era?
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Fig.1 Schematic demonstration of

“stable” and “unstable” situations
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Fig. 2 Two consecutive 16-day 500 hPa HGT/VORT forecasts from NCEP
Global Forecasting System (GFS), initiated 6 hours apart, respectively:
(a) initiated at 00 Z, October 3 and verified at 00 Z, October 19, 2006; and
(b) initiated at 06 Z, October 3 and verified at 06 Z, October 19, 2006
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Fig. 3 Two NCEP SREF Eta-member (mem 4 and mem 5) 2. 5-day sea-level

pressure forecasts initiated with slightly different initial conditions. Both forecasts

were initiated at 09 Z, January 10 and verified at 00 Z, January 13, 2007
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Fig. 4 The difference of 24 h-accumulated precipi-
tation amount between two 2-day NCEP RSM fore-
casts during the landfall of Hurricane IKE over Gulf
of Mexico in September 2009 (initiated at 09 Z,
September 11 and verified at 09 Z, September 13,
2009) due to stochastic forcing. A random stochastic
forcing term (proportional to tendency term and fol-
lowing a normal distribution) was added to the mod-
el’s convective parameterization scheme (Simplified

Alakawa-Shubert Scheme) in one of the forecasts
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Fig. 5 A schematic example about
simplified conceptual forecast uncer-
tainty issue due to uncertainties in

initial conditions
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Fig. 6 A schematic diagram of
ensemble-based forecast X, +
< X>, where X, can be viewed
as ensemble mean, <.X™> (shaded
area) uncertainty range or distri-
bution, and X, forecast error of a
deterministic forecast such as en-
semble mean forecast
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Fig. 7 The spread among ensemble member
forecasts used to measure degree of predicta-
bility or confidence level of a forecast:

(a) is a more predictable or high confident forecast
and (b) a less predictable or low confident one. The
abscissa denotes forecast time where ¢, is initial
time, ¢, final time, and #; any time between #, and
t5. The dash trajectories represent the time evolu-
tion of each ensemble members and the solid one
the assumed truth (from [19])
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Fig. 8 10-day surface air temperature forecasts from ECMWEF medium-range ensemble prediction system for London, UK.
(a) a high confident case (initiated from June 26,1995); (b) a low confident one (initiated from a same date
but in a different year, June 26, 1994). The Red is for the ensemble members, the Cyan for the higher-resolution control forecast,

and the Blue for the analysis. The horizontal axis represents forecast time (d) and the vertical axis temperature ('C)
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Fig.9 2. 5-day surface wind forecast at Misawa Air Force Base, Japan, initiated at 18 Z, November 11, 2006.

The range of possible wind speeds is given with a 90% confidence interval (shaded) and extreme maximum and
minimum (dotted) together with ensemble mean value (thick broken line). Wind direction uncertainty and prevailing
(mean) direction are also plotted at the bottom. The forecast was derived from the US Air Force Weather Agency’s

Joint Mesoscale Ensemble system (courtesy of Maj. F. Anthony Eckel)
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Fig. 10
bias” and “random forecast uncertainty” in a
“single-model and single-physics” based en-
semble prediction system (a) with large
model bias and (b) with little model bias

Tllustration of “systematic model

The abscissa represents “truth” where ¢, is initial
time and ¢ final forecast time; the dash curves each
ensemble members (f1, f2, f3, f1); the solid curve
ensemble mean forecast (X,,); X model’s systematic
bias attributed by the quality of model and initial con-
ditions; and < X™> random forecast uncertainty at-
tributed by ensemble techniques used
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