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Seasonal forecasts of tropical cyclone activity are routinely performed, with relative success, in various
centers around the world (Zhao et al., 2010). However, predictions of Atlantic tropical cyclone statistics
beyond a one-year horizon still remain elusive. At the decadal timescale, Atlantic TC activity is modu-
lated by the Atlantic Multidecadal Oscillation (AMO), a fluctuation in Atlantic SSTs (Goldenberg et al.,
2001). A recent study has found some level of predictability of the AMO at the multi-annual timescale
(Garcia-Serrano and Doblas-Reyes, 2012), thus suggesting potential predictability of Atlantic TCs over a
similar timescale. Here, we describe the first steps in our attempt to move beyond the seasonal horizon
towards making skillful multi-annual forecasts of Atlantic TC activity.

Using the CGCM EC-Earth, we performed a se-
ries of five-member ensemble re-forecasts, start-
ing on November 1st, for every five years of the
1960-2005 period. Each forecast is run for a 10-
year period. The atmosphere and land surface
initialization was taken from the ERA-40 reanal-
ysis for all start dates before 1989 and from ERA-
Interim (Dee et al., 2011) afterwards. The ocean
initial conditions have been taken from the 3D-Var
five-member ensemble ocean re-analysis known as
NEMOVAR-COMBINE (Balmaseda et al., 2010).
EC-Earth is a coupled atmosphere-ocean model Figure 1: Mean sea level pressure in EC-Earth during a
developed by a number of meteorological services month of September. The arrows represent the surface
and research groups in Europe‘ More information wind. A tropical cyclone is seen in the Gulf of Mexico
about EC-Earth can be found in Hazeleger et al. While another one is seen approaching the U.S.

(2010).

The tracking of tropical cyclones in EC-Earth data is performed
‘I ‘ ‘ ‘ using a tracking algorithm developed during a previous series of
“r 1 studies (Caron and Jones, 2011; Caron et al., 2012) where it was
[ | shown to skillfully detect and track tropical cyclones present in
model simulations. The detection criteria are based on Walsh et
al. (2007) and include:
e a minimum in surface pressure (considered the center of the
storm).
e strong surface (10 m) winds in the vicinity of the storm cen-
ter.
e a warm core in the mid- to upper-troposphere.
N W R e the number of consecutive, detected centers cover at least a
24 h period.

Number of tropical cyclones

Figure 2: Downward trend in the num-
ber of tropical cyclones present in the first  Tn EC-Earth hindcast integrations, tropical cyclones are seen form-
years of the forecasts. The thick black jng gver the Atlantic basin, including the area referred to as the
line represents the ensemble mean while 125, Development Region (region limited by 8°N, 20°N, 80°W
:ﬁz‘t,}eu;ﬂ1(;1;;:,1?151;32?;?1:Hsltei'ndev' and 20°W; see figure 1). However, the mean annual number of
’ storms (~2-3) detected is well below the 1960-2010 climatological
average (~8). Given previous results obtained by other GCMs in-
tegrated at similar resolutions (Camargo et al., 2005), a low bias in the total storm count over the Atlantic
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is not unexpected. In this case however, the bias appears to be strengthened by a downward drift in
tropical Atlantic SSTs. This appears to be supported by a significant downward trend in TC numbers as
a function of lead year in the first five years of the hindcasts (figure 2). The low number of TCs in the
simulations compared to observations makes it difficult to draw any conclusions regarding the ability of
the hindcasts to capture TC activity.

This observed drift is inherent to decadal prediction using full
field initialization. ~Standard procedures exist to correct for con- 5N
tinuous fields such as temperature. However, this drift in SSTs sgil
has a particularly profound impact on simulated tropical cyclones
since these storms require ocean temperature to be above a cer- 270N
tain threshold (~26°C) for their formation. Any drift in SSTs be- 18N
low that value will significantly reduce, if not completely shut
down, TC formation. Figure 3 compares the climatological mean 90°W 72°W B54°W 36°W 18°W
SSTs over the Atlantic for the August-October season between
observation and the series of hindcasts. It is clear that EC-
Earth SSTs have drifted below the required threshold over a sig-
nificant portion of the basin, most likely hindering cyclogene-
sis.

There is no substitute to compensate for the absence of TCs caused by 90°W _72°W 54°W 36°W 18°W
low model SSTs in EC-Earth hindcasts. However, it is possible that, if
SSTs were to remain above the 26°C threshold required for TC forma-
tion, TC activity wo'uld rise sufficiently f.or comparison with observa- Figure 3: Mean a) observed and
tions to become feasible. It is worth mentioning that most of the model b) hindcasat simulated SSTs durin

. . . .. g
drift that we suspect is partly responsible for the low bias in TC num- 1 . A50 season over the North At
bers occurs during the first months of the hindcasts, which are all ini-
tialized on November 1st. The official start of the hurricane season is on
August 1st. This suggests that i) the impact of the drift on TC formation
is likely stronger than what is shown in figure 2, since most of the drift in SST has already occurred by the
start of the first hurricane season and that ii) if no drift were present in the simulation, the mean number
of tropical cyclones during a given season would be much closer to the observed climatological average.

26 27 28 29

lantic region.

We thus plan to re-run the atmosphere component of EC-Earth using the hindcast-derived SST anomalies
superimposed onto observed climatological SSTs. In doing so, we will ensure that SSTs remain above the
required threshold for TC formation while also retaining the SST anomalies derived from the individual
hindcasts. Furthermore, because the computational cost of running EC-Earth is significantly reduced in
this configuration, this will also allow us to increase the model resolution to ~0.7°, which should fur-
ther contribute to increasing cyclogenesis over the MDR. These results will be available in the upcoming
months.
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Numerical models of the atmosphere and the ocean are approximations to the reality, and are thus not
expected to fit exactly to it, even on long time averages. The difference between the multi-year
average model variables and the corresponding observed values is named the systematic error. In
numerical climate scenarios, this error is seldom shown (e.g. in IPCC reports) because modellers
exhibit the difference between a future climate and a reference climate, both produced by the same
model. The hidden assumption is that the systematic error change is smaller than the mean climate
change. This difference is sometimes added to observed values in impact studies. This way of
proceeding is named the delta method (Déqué, 2007a). In the earlier coupled scenarios, the systematic
error in surface fluxes was so big that the ocean drifted toward an unrealistic climate. To avoid this, a
constant empirical term was added to the coupling interface. This term was named flux correction
(Cubasch et al., 1992). Progresses in developing and calibrating flux parameterizations have made this
technique obsolete in recent coupled long integrations.

Systematic errors also exist in seasonal forecasting. Their amplitude may be larger than the predicted
signal, in particular when ensemble means are considered. However, they do not appear in forecasts,
as scientists produce a series of hindcasts to evaluate the model climatology and consider the anomaly,
i.e. the difference between a model forecast and the hindcast climatology. This anomaly is compared
with the difference between an observed variable and its climatology. However, this a posteriori
correction does not prevent the model to badly simulate large-scale teleconnections which contribute
to the predictability of the system. Guldberg et al. (2005) proposed to apply an a priori correction to
the model to improve the seasonal predictability. The aim was not to prevent the ocean from drifting,
but to maintain the atmosphere in a mean state close to the observed one. To this purpose, the error
must be corrected at its source: a surface flux error can originate in a lack of cirrus clouds. The
technique consisted in adding to the model equations, at each level and time step, a correction of the
tendency error. This tendency error was calculated in a previous model simulation nudged toward a
reanalysis. The long term average of the nudging term (the difference between model and reanalysis
multiplied by the relaxation factor) was considered as the mean tendency error of the model.
Subtracting this term in the model equations in a seasonal hindcast experiment did not lead to the
expected improvement. The systematic error was weakly reduced and no impact on the forecast scores
was observed.

The experiment we present here is an attempt to improve the above method. The systematic error is a
statistical concept, because the model error is not systematic but changes according to the situation.
Because the model is highly non-linear, applying every day the same correction is not the best way to
proceed. The experiment is based on three hindcasts of the 1979-2010 period with a version of
CNRM-CMS. (Arpege TL127 with 91 vertical levels, Nemo 1° with 42 vertical levels). The hindcasts
start on November 1%, and we focus on the DJF period.

* El: a 32 NDIJF hindcast with 4 members in which a weak nudging toward ERA interim above
850 hPa (10 days for vorticity, 30 days for temperature and moisture) is applied every 6 hours.
The daily nudging terms are stored.

* E2: a 32 NDJF hindcast with 15 members in which the initial situations are perturbed (as in
El).

* E3: a32 NDIJF hindcast with 60 members in which every 6 hours a nudging term is randomly
selected among the E1 saved terms (same calendar month leaving the current year). The
correction is linearly interpolated in time between two consecutive 6h steps.

E2 is a control experiment, E3 is an experiment in which we attempt to correct the model by using the
probability distribution of past errors. The terms saved in E1 help estimate the model error statistics in
forecast mode. E1 is not an actual hindcast since it uses verification data: its forecast scores for
seasonal means (not shown) are obviously very high.
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Figure 1 shows that the mid-latitude bias is significantly reduced. Table 1 shows the anomaly
correlations of the DJF period for a few parameters. In order to properly evaluate the improvement due
to the correction technique, 15 members are randomly drawn out of the 60 members, and we show the
score quantiles (based on 500 series) corresponding to 5%, 50% and 95%. When the score of E2 is
below the 5% quantile of E3, we can consider the score improvement as significant. This is the case
for most variables, except for NAO which is however generally improved. The bias and score
improvements are mainly due to the mean term of the perturbation, as shown by later experiments at
lower resolution. However the random part does not reduce this positive effect and increases the
intraseasonal as well as the seasonal intra-ensemble variability which is a further improvement when
evaluating probability prediction.

Figure 1: DJF mean error in E2 (left) and E3 (right) for 500 hPa geopotential height ; contour interval
30m, shading below -30 m

30N-90N Z500 NAO NAM Nino3.4 SST | 30S-30N Prec.
E2 0.27 0.24 0.13 0.89 0.54
E3 Q5% 0.30 0.23 0.39 0.90 0.54
E3 Q50% 0.35 0.43 0.52 0.91 0.56
E3 Q95% 0.40 0.60 0.64 0.92 0.57

Table 1: Anomaly correlation over 32 DJF for 500 hPa height (30N-90N), North Atlantic Oscillation
(NAO), Northern Annular Mode (NAM), Nino3.4 sea surface temperature and precipitation (30S-30N)
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Update of JMA’s One-month Ensemble Prediction System in March 2011
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Introduction

Since March 1996, the Japan Meteorological Agency (JMA) has operated the one-month ensemble
prediction system (EPS), whose global numerical prediction model is a lower-resolution version of that
used for the short-range prediction system (JMA-GSM). In a related development, the Agency formulated
a global model with a new dynamical frame and adopted it in the operation of JMA-GSM (Miyamoto 2009).
After the update, the one-month EPS was also updated on 4 March, 2011. However, no change was made
to the main specifications, such as the resolution and ensemble size (TL159L60, 50 members).

Main changes from the old system

The main changes introduced by this update are outlined below.

* Implementation of a new dynamical frame (with reduced Gaussian grids)

A reduced spectral transformation (Juang, 2004; Miyamoto, 2006) was introduced, and the numbers
of grid points and wave number components in the model were lowered to shorten its execution time. The
precision of the dynamical process was also improved by setting a number of parameters for
transformation between spectral and grid-point space as the quadruple-precision floating type and by
refining other dynamical processes.

* Update of climatological aerosol total optical depth

The climatology for the aerosol total optical depth value used in estimating the direct effects of
aerosols was updated. The data source for the climatology was expanded, the number of available satellite
data was increased, and the method of performing estimation for data-poor areas such as high latitudes
was improved.

* Minor change to land surface processes

Soil permeability was refined to improve the reproducibility of soil wetness in the snowmelt season.
* Extension of the hindcast period

Hindcast experiments have been executed using the new system with the target period extended
from 1979 — 2004 to 1979 — 2009.
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1. INTRODUCTION

For numerical weather prediction models, accurate forecasting of typhoon genesis is a crucial function.
However, verification of vertical profiles for simulated typhoons over ocean areas is usually problematic
due to a lack of observational data.

In 2008, observation using supplemental dropsondes deployed by manned aircraft was conducted as
part of T-PARC (THe Observing system Research and Predictability EXperiment (THORPEX) Pacific
Asian Regional Campaign) over the western North Pacific Ocean to investigate TC genesis, structural
change, targeted observation and extratropical transition. Based on the dropsonde and satellite data
obtained, this study was performed to evaluate the forecast performances of the operational Global Spectral
Model (GSM) with revised parameterization schemes for TC genesis over the tropical western North
Pacific Ocean.

2. EXPERIMENTAL DESIGN

Two experiments (CNTL and TEST) were conducted to compare 36-hour forecast performance levels.
The CNTL experiment was run using the operational GSM (TL959L60: 20-km horizontal resolution, 60
layers) in which a convection scheme (the prognostic Arakawa-Schubert scheme with a spectral cloud
ensemble) and a large-scale cloud scheme (cloud fraction is diagnosed following an assumed probability
density function (PDF)) were implemented. In the TEST experiment, the convection and cloud schemes
were modified (see Komori and Yoshimoto 2012).

3. VERTICAL CROSS-SECTION EVALUATION

Figure 1 (a) shows the locations of the T-PARC special observations for Typhoon JANGMI (the 15th
typhoon of 2008; T0815) overlaid onto MTSAT satellite images, and Fig. 1 (b) shows a satellite image of
the area around JANGMI during the development stage. The vertical cross section of dropsonde
observations along the black line in Fig. 1 (b) reveals high relative humidity (RH) at the center of JANGMI
and strong wind peaks around it (Fig. 2 (a)).

Figures 2 (b) and (c) show the results of the CNTL and TEST experiments, respectively, corresponding
to the observations shown in Fig. 2 (a). In the CNTL data, RH is lower around the center of JANGMI and
above the 900-hPa level in contrast to the observation results, which suggests weak transport of water vapor
from the convective boundary layers to the free atmosphere by moist convection. Conversely, the TEST
data show that the higher RH seen at the TC center in the observation data is reproduced successfully. In
the modified convection scheme introduced in TEST, the upward mass flux varies depending on RH, which
may be a significant contributory factor to this improvement.

Concerning wind speed, TEST forecasted strong wind peaks around the center of JANGMI
corresponding to large low-level vorticity causing organized precipitation, whereas CNTL did not forecast
such peaks (not shown).

4. PRECIPITATION EVALUATION

Figure 3 shows the distributions of 24-hour cumulative precipitation for CNTL and TEST in
comparison to Tropical Rainfall Measuring Mission (TRMM) satellite and Global Precipitation
Climatology Project (GPCP) data. The other typhoon seen in the figure is HAGUPIT (T0814), which made
landfall around the same time as JANGMI was generated.

For CNTL, spurious precipitation was caused by a large-scale cloud scheme (not shown) in addition to
the weak convection and higher RH in the lower atmosphere. In the TEST experiment, distribution around
JANGMI was reproduced better than in the CNTL experiment, and spurious precipitation in other areas
was suppressed. The organized precipitation seen in TEST suggested large vorticity, which is consistent
with the results for wind speed and RH shown in Fig. 2.

Regarding precipitation around Hagupit, little difference was seen between the results of CNTL and
TEST, although both experiments simulated more precipitation than TRMM and GPCP data. Accordingly,
further research should be performed with a separate focus over ocean and land areas.
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T-PARC Observation : T0815 JANCMI 0000225SEP2008(T0815) IR1

1308 1408 1508 160F

Figure 1. Locations of T-PARC special observations for Typhoon JANGMI (T0815) overlaid onto satellite
images: (a; all dropsonde observations from manned aircraft (pink and green Qlots; and upper-air soundings
blue dots), and é%dropsonde observations from manned aircraft (red points) around 00 UTC on 25
eptember, 2008. The black lines in (a) and (b) show the best track and the location of the vertical cross

section shown in Fig. 2, respectively.

[ W

Fi%ure 2. Vertical cross sections for relative humidity (shading) and wind speed gcontours) around Typhoon
ANGMI (T0815) estimated from (a) dropsonde observations, (b) CNTL and (c) TEST. (b) and (c) show
36-hour forecasts with an initial time of 12 UTC on 23 September, 2008.

(b) TRMM (a) GPCP

T0814 HAGUPIT

% 10815 JANGMI
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0 10 20 30 10 50 60 70 80 90

Figure 3. 24-hour accumulated %recipitation mm/day] during the landfall period of Typhoon HAGUPIT
g’ 0814) and the genesis of T)g) oon JANGMI (T0815) estimated from (a) TRMM satellite observations, 1@2
(%% CNTL and (d) TEST. (c) and (d) show 36-hour forecasts with an initial time of 12 U

PCP analysis,
008.

on 23 September,
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Forecast Skill of MJO with the JMA’s One-month Ensemble Prediction System

Satoko Matsueda and Yuhei Takaya
Climate Prediction Division, Japan Meteorological Agency
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Introduction

The Madden-Julian oscillation (MJO) is a
dominant mode of intraseasonal variability in the
tropics and influences weather and climate over not
only tropics but also extratropics. The MJO has been
thought to have a potential predictability up to one
month and to be a forecast signal for this time scale.
This article shows forecast skill and reproducibility of
MJO in the hindcast of the JMA's one-month Ensemble
Prediction System (EPS).

Data

The forecast data is a set of hindcasts with JMA's
operational one-month EPS. The five-member
hindcasts were carried out with the atmospheric
general circulaton model with the resolution of
T 159L60. Initial dates are 10th, 20th and the end of
month during 1979 to 2001 (23-year). Verification data
is 200-hPa (U200) and 850-hPa wind (U850) from
JRA-25/JCDAS (Onogi et al. 2007), outgoing longwave
radiation (OLR) provided by NOAA (Liebmann and
Smith 1996) and precipitation from GPCP analysis
(Huffman et al. 2001). A diagnostic package used in
this verification was developed and offered by the U.S.
Climate Variability and Predictability (CLIVAR) MJO
Working Group (Gottschalck et al. 2010).

Verification method

A MJO index is computed following Wheeler and
Hendon (2004). A combined Empirical Orthogonal
Function (EOF) analysis is applied for daily fields
averaged in the tropics (15S-15N) OLR and zonal wind
(U850 and U200) for the period of 1979 to 2001.
Before the EOF analysis, the long-term (23-year) mean
and the most recent 120-day mean are removed, and
each field is normalized by the square-root of its global
mean variance. MJO phases (1-8) are defined as the
eight sections in a PC1-PC2 phase space.

The MJO amplitude is defined as \/(pc1)® +(pc2) -
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Verification scores are defined as follows:
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where a,and a, are analyzed PC1 and PC2, f and
f, are predicted PC1 and PC2 and 7 is forecast lead
time. Root Mean Square Error (RMSE) denotes the
MJO index error, and correlation coefficient (COR)
denotes a phase error of the MJO. Phase error
(PERR) denotes the bias of the MJO phase speed,
and relative amplitude difference (AERR) denotes the
bias of the MJO amplitude.

Verification result

Verification scores depending on lead time are
shown in Figure 1. COR falls below 0.6 on day 13,
which provides an estimate of skillful time range.
Predicted MJO phase speed is faster and predicted
MJO amplitude is smaller compared with the analysis.
It is found that the model poorly represents eastward
propagation of active convection over the Indian Ocean
(Figure 2). Moreover, the model does not well
reproduce the northward propagation of the active
convection in the Indian Ocean (Figure 3).

Summary

The MJO forecast in the JMA's one-month EPS
hindcast is skillful up to a lead time of 13 days. But the
model fails to reproduce the realistic eastward and
northward propagation of active convection. It is
necessary to further improve the model for more
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Figure 2 Composite of November-April precipitation averaged in the tropics (15S-15N)  for analyses (left) and
hindcast (right) started from phase 3 with the initial amplitude of > 1 o
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Figure 3 May-October lag correlation of intraseasonal OLR (color) and U850 (contour) averaging 80-100E against OLR
and U850 at an Indian Ocean reference point (OLR:10S-5N,75-100E, U850:3.75-21.25N,68.75-96.25E) for analyses
(left) and hindcast (right).
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Administration
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Since February 2008, the Japan Meteorological Agency (JMA) has operated
the Typhoon Ensemble Prediction System (TEPS), which is designed to improve
track forecast targeting for tropical cyclones (TCs) in the Regional Specialized
Meteorological Center (RSMC) Tokyo - Typhoon Center’s area of responsibility
within the framework of the World Meteorological Organization. The forecast
model employed in TEPS is a low-resolution version (TL319L60) of IMA’s Global
Spectral Model (GSM) at TL959L60. TEPS adopts a singular vector (SV) method
to generate its initial perturbations and calculates dry SVs targeting the
mid-latitude area in the center’'s area of responsibility. It also calculates moist
SVs targeting TC surroundings where moist processes are critical. A detailed
description of the TEPS is given by Yamaguchi and Komori (2009) and Ohta
(2012).

A stochastic physics scheme was introduced into TEPS as well as JMA'’s
one-Week EPS (WEPS) in December 2010 after a related numerical experiment.
(Yonehara and Ujiie, 2011) The scheme, which is based on Buizza et al. (1999),
stochastically perturbs tendencies of parameterized physical processes.

As a result of this introduction, TEPS started representing model
uncertainties in addition to initial data uncertainties. The experimental results
show that the introduction makes the ensemble spread more appropriate in terms
of the spread-skill relationship and improves forecast skill, especially over the
tropics, in a very similar to WEPS. On the other hand, the results of experiments
regarding the TC track forecast show that the introduction has a neutral impact on
the size of forecast errors for the ensemble mean TC track (as shown in Figure)
and the spread-skill relationship.
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Figure : Mean position error of the ensemble mean TC track from TEPS. The horizontal

axis shows the forecast range up to 132 hours ahead, and the green and red lines

represent the results of verification for the current and previous systems, respectively. The
crosses indicate the numbers of verified samples based on the vertical scale on the right.
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