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By using our own ensemble-based data assimilation system, we conducted observing system experiments to investigate the
influence of additional observations on the accuracy of the analyses and forecasts: (1) We have successfully implemented the
ensemble-based forecast sensitivity to observations (EFSO) technique in the data assimilation system. It was found that the
EFSO technique can reasonably approximate actual observation impacts obtained by multiple observing system experiments.
(2) Additional Arctic and Antarctic observations improved forecast skill of midlatitude extratropical and tropical cyclones via
dynamical propagation of observation impacts. Quasi-stationary Rossby waves can transfer polar observation impacts toward

midlatitudes as well as wind advections.
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1. Introduction

We have developed the AFES-LETKF ensemble data
assimilation system (ALEDAS) [1], which consists of AFES
(atmospheric general circulation model for the Earth Simulator)
as the forecast model and the LETKF (local ensemble transform
Kalman filter) as the data assimilation scheme, and constructed
the AFES-LETKF experimental ensemble reanalysis ver. 2
(ALERA2) from January 2008 to the near-present by
assimilating observational data of the National Centers for
Environmental Prediction (NCEP) global data assimilation
system (PREPBUFR). Several observing system experiments
are conducted by using the ALERA2 as the reference to
investigate the influence of the specific observations.

2. Implementation of the EFSO technique (Yamazaki
et al. 2021 [2])

A diagnostic technique called Ensemble-based Forecast
Sensitivity to Observations (EFSO) which can quantify how
much each observation has improved or degraded the forecast
without data denial or observing system experiments. EFSO
enables to estimate (diagnose) individual observation impacts at
once at early short-range forecast times, which are typically 6-24
hours. Currently the EFSO technique has been used in many
operational centers. We have successfully implemented the
EFSO technique in ALEDAS.

An EFSO map for routine radiosonde observations in the
Northern Hemisphere is shown in Fig. 1. More bluish
observations have larger EFSO values and indicate potentially
more improve the subsequent forecasts. Therefore, the EFSO
technique can diagnose the relative contributions by individual
observations at once without any observing system experiments
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Figure 1: (a) Distribution of radiosonde observation points
in the Northern Hemisphere. It shows that there are vast
number of individual radiosonde observations. Figure
additionally shows 12 specific observation points for the
Arctic (blue), midlatitude (black with white outline), and
tropical regions (red) (three each). These observations are
used for experiments in Fig. 2. (b) The EFSO values of each
radiosonde observation point estimated by EFSO. The
larger EFSO values means more accurate forecast
(radiosonde observation point is more bluish).

(OSEs). In addition, it is found that the EFSO values are greater
where the radiosonde observation density is lower. When
comparing the EFSO values in the latitudinal direction, generally
the values become larger at the higher latitudes.

To use the EFSO diagnosis as an alternative to OSE, it was
examined whether EFSO reasonably approximates the impacts
of a subset of observations from specific geographical locations.
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Figure 2: Comparison of observation impact estimated by EFSO with that obtained by OSEs. The top right scatter plot shows
observations at 12 points indicated in Fig 1(a), where the Arctic regions are blue, midlatitude regions are black, and tropical
regions are red. On the scatter plot, the horizontal axis shows the EFSO estimates, and the vertical axis is the actual observation
impact obtained by the OSEs. When the value is close to the black y =x line, it implies that the EFSO-estimated and the actual
observation impacts are close (that is, EFSO accurately estimates the actual observation impacts). The maps on the top and
bottom left show the map distributions of the EFSO-estimated and the actual observation impacts, respectively, at a point
selected from each latitudinal band. When these distributions are averaged for the whole globe, the value of the scatter plot can
be obtained.

The reference for these experiments was obtained from 12 data-
denial experiments in each of which a subset of three radiosonde
observations launched from a geographical location was
excluded. The 12 locations were selected from three latitudinal
bands comprising (i) four Arctic regions, (ii) four midlatitude
regions in the Northern Hemisphere, and (iii) four tropical
regions during the Northern Hemisphere winter of 2015/16.
Figure 2 shows the comparison of the EFSO values with actual
observation impacts obtained by the OSEs. The estimated EFSO-
derived observation impacts well corresponded to the actual
observation impacts obtained by the data denials (OSEs).
Moreover, EFSO can approximate the distributions of the actual
observation impacts as well as the amplitudes (values), which
implies that EFSO can estimate how observation impacts
propagate during short-range forecasts.

3. Flow-dependent error at upper levels from high
latitude to midlatitude (Sato et al. 2020 [3], [4])

The difference between the ensemble spread of geopotential
height in forecast with and without additional observation data is
used as an indicator of incorporation of additional data. The
relatively large differences, which are found at upper troposphere
and lower stratosphere near observation points in highlatutude,
traveled along the trough with the strong background wind and

reached the midlatitude. In addition, quasi-stationary Rossby
waves would be indicator to examine large ensemble spread
propagation because they can transfer large ensemble spread and
errors in the upper troposphere.
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