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Enhancing the practical usefulness of ss
APCC’s BSISO information

: Development of a user guide for heavy.rainfall .

probability forecast on subseasonal timescale

-wvv:r;|

Hae-Jeong Kim™ and Yoo-Rim Jung

APEC Climate Center, Busan, Republic of Korea
‘shout@apcc21.org

APEC CLIMATE CENTER



I Mission

APCC ~

The mission of APCC is to enhance the socio-economic well-being of member economies by utilizing up-to-date scientific

knowledge and applying innovative climate prediction technigues through

Climate Prediction

APCC produces value-added, reliable,
and real-time climate prediction information
and provides the APEC region with it.

Climate Information Services

APCC strives to be a key climate database center to distribute
climate data, information products, and related tools.
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Temperature at 2m for September-November 2016
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I Mission

APCC

The mission of APCC is to enhance the socio-economic well-being of member economies by utilizing up-to-date scientific

knowledge and applying innovative climate prediction technigues through

Climate Prediction

APCC produces value-added, reliable,
and real-time climate prediction information
and provides the APEC region with it.

Climate Information Services

APCC strives to be a key climate database center to distribute
climate data, information products, and related tools.

A key for the label headings in the figure box is provided below.
Note: Move cursor over product name to display. Click for additional information

Phase Plots of BSISO Index Forecasts

BOM CFS GFS UKM ECM CwB

Every day update with the latest information

BSISO Forecast for 25Aug2016-13Sep2016
BSISO 1 BSISO 2

= 15-19d

© APEC Climate Center

Available from May to October at http://www.apcc21.org




BSISO1 BSISO2
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BSISO has prominent northward or northwestward propagation and different
oscillating period.

Lee et al(2013)’s indices not only can capture these complicated characteristic
but also is useful for real-time monitoring/forecast.

The wet and dry spells of the BSISO strongly influence extreme hydro-
meteorological events, major driving forces of natural disasters.




Participating models
in cooperation with MJO Task Force

Institute Model Ense.mble Fore.cast PRI Resolution
Size Period frequency
Climate
Forecast 4 40 days Once a day 1126
L64
System
NCEP Global
oba
Forecast 1 16 days Once a day 1574, T190
L64
System
POAMA 2.4 :
Australia multi-week 33 40 days Twice per 147
week L17
model
ECMWEF
Ensemble Twice per 7639, T319
ECMWE Prediction > 32 days week L62
System
CWB EPS T119
CWB 7119 6 40 days Every 5 days 130

s APEC CLIMATE CENTER



Under operational perspective

~

To promote practical use of real-time BSISO information

1. Reliable forecast
2. Actionable information

. in order to improve the capability to cope with extreme

events for the developing countries in the Asia-Pacific region.




What is the actionable information for?

Flood causes listed since 1985

Zone where the floods are probably:
Drag the mouse over the different flood

Monsoonal
Rain

A lot of flooding is caused by heavy rain, tropical storm and monsoonal
rain . Those are considerably associated with the BSISO activity.




What is the actionable information for?

When do the floods start?

Average number of floods by month

Synthesis

arec cuimate center ([ TN




“. Objectives

Under operational perspective

#1. BSISO impact on heavy rainfall

#2. Guideline for the practical use and interpretation
of BSISO forecast information

: Focused on the flood prone areas with large rivers over Southeast Asia
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Relationship analysis
Composite analysis : BSISO-Heavy rainfall probability

AMP 2 1 ]— Extremely wet event

— Phase 1
— AMP < 1 ]
—
M) .
JUN
! —(_Fhase 7 Q Days with daily precipitation
. | Phase 8 exceeding 90t percentile
ocT

~ number of days |BSISO1,mp = 1, BSISO1 phasel, daily PRCP > 90th percentile]
- number of days [BSISO1yp = 1, BSISO1 phasel]

x 100

Lee et al. (2017). Subseasonal prediction of extreme precipitation over Asia: Boreal summer intraseasonal oscillation
perspective, J. Climate, 30(8), DOI: 10.1175/JCLI-D-16-0206.1



Probability of extreme rainfall occurrence based on BSISO phases

[ e.g.MAY, BSISO1>=1.0 ]

[ e.g.JUL, BSISO2>=1.0]
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Selecting target area

#R1. Developing countries in the APEC region
#R2. Predictable region from the view of meteorologist

Reliability categorization of precipitation forecasts

(@ Dry DJF () Wet DJ
[ = - The skill over
Southeast Asia
is useful.

It is consistent
among the
events and
seasons.

A. Weisheimer, and T.
N. Palmer, J. R. Soc.

Interface
2014;11:20131162

@ perfect still useful marginally useful not useful @ dangerous
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#=% Selecting target area

#R3. Flood prone areas with
large rivers from the
view of hydrologist

AN, . v ‘ - arec cimate center [ TN
03/10/2016 T http://floodobservatory.colorado.edu
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BSISO2
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Mechanism Analysis

Topography of Indo-China

Because the precipitation in Thailand is influenced
by local monsoon winds rather than Indian
monsoon or WNP monsoon, a new set of indices
incorporating these winds was explored and these
four indices are named the Indo-China Monsoon
Indices (ICMis). These ICMIs better explain the hose
rainfall over Thailand monsoon domain. T ™

Domain of ICMIs

20°N

10°N

Tsai, C., Behera, S.K. & Waseda, T. (2015).
Indo-China Monsoon Indices. Sci. Rep. 5, 10' . . . i < i
8107 DO/.ZO 1038/5r€p08107 70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E

Figure 8 | Domain of ICMIs. The boxes represent the domains of ICMIs and the numbers represent the type of ICMIs.



Mechanism Analysis

[MAM] TMD are influenced by the developing phase of the
Southeastern Asian Summer Monsoon. This monsoon early signal can
be detected from the changing zonal wind east of Sri Lanka.

[JJA] The strengthening of the easterlies east of Hainan Island brings
extra precipitation to TMD.

[SON] Normal/slow decaying Southeastern Asian Summer Monsoon and
southerlies in south of Vietnam are necessary to bring extra
precipitation to TMD. | | oenan or

20°N A

10°N A

Tsai, C., Behera, S.K. & Waseda, T. (2015).
Indo-China Monsoon Indices. Sci. Rep. 5, 10°S , . i I 3 :
81 07 DO/.ZO 1038/51’6/9081 07 70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E

Figure 8 | Domain of ICMIs. The boxes represent the domains of ICMIs and the numbers represent the type of ICMIs.
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ICMI 4-1

B1P4 MAY

850 hPa wind fllow anomalies
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cP.g.. . _
stz Mechanism Analysis

...0..'0@
Ve ®ge
logt0® 9o
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BSISO1 Phase BSISO2 Phase

Probability table marked with favorable wind condition which can
contribute strong Indo-China monsoon and bring heavy rairifatt; - & s






Producing Forecasts estimated by BSISO indices

BSISO real-time forecast

DAY BSISO1 BSISO2 Bi1phs B2phs
262 0395 0.734 P3  P6
263 0.154  0.753 P3 P6
264 0.190 0.223 P3  P6
265 0.600 0.833 P3 P6

BSISO forecast index =
f (Amplitude, Phase)



Producing Forecasts estimated by BSISO indices

BSISO real-time forecast Observational relationship

Life cycle of 2m temperature anomaly associated with BSISO
BSISO 1 BSISO 2

BSISO Forecast for 290¢t2015-17Nov201
BSISO 1

Composite Anomalies associated with the BSISO
[ Mon, BSISO > 1.0 ]

YEAR DAY BSISO1 BSISO2 B1phs B2phs
2015 262 0395 0.734 P3  Po6

2015 263 0.154 0.753 P3 P6
2015 264 0.190 0.223 P3  Po6
2015 265 0.600 0.833 P3 P6

BSISO forecast index =
f (Amplitude, Phase)



Producing Forecasts estimated by BSISO indices

BSISO real-time forecast

BSISO Forecast for 290¢t2015-17Nov2015
BSISO 1 BSISO 2
M. East Asia S, Eas| Asia

Bay of Bengal & South China Sea

BSISO1 BSISO2 Bilphs B2phs
0395 0.734 P3  P6
0.154  0.753 P3 P6
0.190 0.223 P3  P6
0.600 0.833 P3 P6

BSISO forecast index =
f (Amplitude, Phase)

Observational relationship

Life cycle of precipitation anomaly associated with BSISO Life cycle of 2m temperature anomaly associated with BSISO
BSISO 1 BSISO2 BSISO 1 BSISO 2

Composite Anomalies associated with the BSISO
= [ Mon, BSISO > 1.0 ]
\ 4

Prediction of anomalies associated with the BSISO
B1P3 x Ampssisor + B2P6 X Ampesiso2 )/2

ey
ix,‘_'

an { Phase 6,







i Forecast skill assessment
Data and Verification metrics

o €

Period: 2013 ~ 2015
Season: MIJJASO
Lead : WEEK1, WEEK2

# of sample 104

Multi-category forecasts : Brier Skill Score

Contingency Table for multi-category forecasts

Observed
1 2 3
Total
PoHR <= 0.3 mm 0.3 < PoHR < THR THR <= PoHR
1 n(F1,01) n(F1,02) n(F1,03) N(F1)
Forecast
2 n(F2,01) n(F2,02) n(F2,03) N(F2)
K] n(F3,01) n(F3,02) n(F3,03) N(F3)
Total N(O1) N(02) N(03) N

From the Finnish Meteorological Institute (FMI)



Forecast skill assessment

Brier Skill Score of Heavy rainfall probability based on BSISO

ECM Forecast Skill

WEEK1 BSS no LOC WEEK2 BSS no LOC
20N | 1 | 1 I L | | | OI 2ON L 1 1 | I 1 | 1 | OI
15N — — 15N — —
10N — — 10N —
5N I 1 rI\—-“I I T I T I I 5N T T r\;\l I 1 I 1 I I
90E 100E 110E 90E 100E 110E
09 -07 -05 -03 01 01 03 05 07 09 09 -07 -05 -03 01 01 03 05 07 09

Probability forecasts of heavy rainfall in Mekong river basin show improvements

over 30-50% relative to climatological forecast at the lead time of WEEK2.



#:2. Delivery of user friendly forecast information

On the APCC webpage Lo | e | e | e N e
Probability of heavy rainfall determined by predicted BSISO

For upcoming week1 and week2 ek
Everyday updated

BSISO phase diagram may be
difficult information for ordinary
people.

So it is meaningful that simple
index can be transformed into user
friendly information such as

Probability of occurrence for heavy rainfall event as defined by daily rainfall exceeding the 90th

percentiles value (21.4 mm/day) f()’r Oct. during 1981-2010.

rainfall. © APEC Climate Center




Guideline

Normalized PC1
Eg Indian Ocean Western North Pacific

BSISO Forecast for
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Guideline

BSISO Forecast for 25ep2013-21Sep2013
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2. Find the relationship
btw BSISO phase and
heavy rainfall probability
in the user guide.
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B2P1-2 (Sep) E,W ~25%
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and amplitude for next two weeks
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Guideline

3. For easier viewing,
you can go to heavy rainfall probability forecast map in the APCC website.

BOM CFS GFS UKM ECM CWB

Probability of heavy rainfall determined by predicted BSISO

WEEK 1 ECM I.C. :31/10/2016 %
40N . 1 N . 1 L R 1 . N

ECM Forecast

WEEK1 WEEK?2

Heavy R. Probability .09 SEP2013 Heavy R. Probability  1C.09 SEP2013

20N 20N

15N 15N

10N 10N

60E 90E 120E 150E

Probability of occurrence for heavy rainfall event as defined by daily rainfall exceeding the 90th
percentiles value (21.4 mm/day) for Oct. during 1981-2010.

© APEC Climate Center




Guideline

4. If you want to know the cause of easterlies and circulation pattern ..
Look up it in the mechanism chapter or Appendix.

B2P1 850 hPa wind flow anomalies SEP
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Guideline

5. There are some points to be duly considered.
- Probability forecasts of heavy rainfall at 1-week and 2-week lead show
improvements of 30% - 50% relative to climatological forecasts
over the Mekong river.

ECM Forecast Skill
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Multi Model Subseasonal (BSISO) forecast

: better forecast from better recognition of the value
Development of a guideline to increase practical use of BSISO forecast

Heavy rainfall forecast
based on BSISO index forecast [ECMWF]

¢ Ex> Japan flood, 398mm/4hr, July 6, 2017

Probability of heavy rainfall determined by predicted BSISO

WEEK 1 ECM I.C. : 19/06/2017

eeding the 90th

© APEC Climate Center




Multi Model Subseasonal (BSISO) forecast

: better forecast from better recognition of the value

Development of a guideline to increase practical use of BSISO forecast
BSISO forecasts

BSISO Forecast for 290¢t2015-17Nov2015
BSISO 1 BSISO 2

Heavy rainfall forecast

Probability of heavy rainfall determined by predicted BSISO

WEEK 1 ECM I.C. : 19/06/2017

Probability of occurrence for heavy rainfall event as defined by daily rainfall exceeding the 90th
percentiles value (21.4 mm/day) for Oct. during 1981-2010.

© APEC Climate Center
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110] Impact of Boreal Summer Intraseasonal Oscillation
on Changma Precipitation over South Korea

Yo00-Rim Jun rjung@apcc2l.org) and Hae-jeong Kim
APCC Y00-Rim Jung (yrjung@ap 0) jeong

APEC CLIMATE CENTER Climate Research Team, Climate Prediction Department, APEC Climate Center, Busan, S. Korea

** South Korea belongs to the East Asian monsoon region, characterized with rainy seasons (referred to as the Changma period) in summer. In this study, how the Boreal Summer Intraseasonal Oscillation (BSISO)
modulates the spatial distributions of rainfall occurrence during the Changma period over South Korea is investigated, using the BSISO indices proposed by Lee et al. (2013).

*¢* BSISO indices were formed by the time series associated with the MV-EOF of combined OLR and 850-hPa zonal wind anomalies over the Asian summer monsoon region (10°S-40°N, 40°-160°E) from May to October.
BSISO indices are divided into two indices- one is the BSISO1 index defined by the first and second EOF modes that represents the canonical northward propagating variability with the periods of 30-60 days, while the
other one is the BSISO2 index defined by the third and fourth EOF modes which represents the northward/northwestward propagating variability with the periods of 10-20 days.

+*»* To investigate the BSISO’s evolutions and impacts on the South Korean rainfall with composite analysis, the life cycles of BSISO1 and BSISO2 were divided into strong eight phases, denoted as phase 1 to phase 8 by
using BSISO1 and BSISO2 indices, respectively. The analysis period for precipitation (the other variables) covers the period from 1981 to 2007(2015) during the Changma period defined as 6/23-7/25.

¢ The strong BSISO1 event can be defined when the normalized amplitude [(PC12+PC22) ¥/2] of the BSISO1 index is greater than 1.0, and the same approach is used to define the strong BSISO2 event.

+* To produce the intraseasonal anomaly time series daily anomalies of rainfall and other variables were computed by removing the slow annual variation (mean and first three harmonics of climatological annual cycle)
and the effect of interannual variability by subtracting a running mean of the last 120 days.

Possible linkages of BSISO to Changma precipitation and BSISO-related large-scale conditions

¢ Climatologically, warm and moist air is transported from the ocean by the southwesterly flow along the northwestern edge of the Western North Pacific Subtropical High(WNPSH), and the upper-level westerly jet is
located above the Korean Peninsula. South Korea then enters its main rainy season, the so-called Changma, and continues for a month from late June until late July. Deep convective systems associated with
stationary fronts can cause heavy rainfall during Changma. During the Changma period, the BSISO activity led to a change in regional patterns of precipitation over South Korea.

(1) Impact of BSISO1 mode

(d) 1000-700nPa moisture convergence(shading) &

(a) Precipitation anomaly (b) OLR(shading) & 850hPa wind(vector) anomaly (c) MSLP(shading) anomaly & 5880gpm(red line) moisture flux(vector) anomaly (e) Vertical velocity(shading) & zonal wind(line) anomaly
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** Wet phases (phases 3, 4, 5)
Anomalous southwesterly winds in low-level transported more moisture into South Korea(positive shading is moisture convergence anomaly as shown in Fig. (d)), leading to positive rainfall anomalies as the
anticyclonic circulation was strengthened in the northwest Pacific (the 5880-m geopotential isoline indicates the center of WNPSH as shown in Fig. (c)). Also, a clear ascending anomaly existed within the latitude
band from 30°N to 35°N, and in the region to north of ascending branch, westerly anomalies prevailed in the upper level.

** Dry phases (phases 8, 1)
The WNPSH retreated eastward and weakened, and South Korea was dominated by the northeasterly anomaly which was unfavorable for moisture transportation to inland, and thus precipitation over South Korea
was suppressed. In addition, the weakening of the ascending motion that initiated active convection over South Korea and the upper-level westerly jet may provide a dynamical support for dry phases.

(2) Impact of BSISO2 mode

(d) 1000-700hPa moisture convergence(shading) &

(a) Precipitation anomaly (b) OLR(shading) & 850hPa wind(vector) anomaly (c) MSLP(shading) anomaly & 5880gpm(red line) . (e) Vertical velocity(shading) & zonal wind(line) anomaly
moisture flux(vector) anomaly
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** Wet phases (phases 6, 7, 8)
With the further northward propagation of the anomalous anticyclonic circulation, its southwesterly anomalies began to influence South Korea, transporting large amounts of moisture to inland along the edge of
stronger the WNP subtropical high. As the ascending anomalies were moved toward north, the enhanced westerly jet also experienced an northward movement in the upper level.

** Dry phases (phases 4, 5)
Relatively weak convection anomalies existed in South Korea, resulting from anomalous northeasterlies on the northwestern side of the anomalous cyclonic circulation. A southward migration of the center of
the WNPSH caused the weakening of the low-level moisture flux convergence toward inland. The descending anomaly and weakened upper-level jet were attributed to suppressed rainfall.

Changma onset day 2011 Changma 2014 Changma Which of BSISO1 and BSISO2 contributes large variations in the daily
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(1981-2016) (Wet year) (Dry year) rainfall in South Korea during Changma period :
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** The Changma onset events occurred when the BSISO1(BSISO2) was active during wet phase5(phase6) from 1981 to 2016. the variation of rainfall during the Changma period and the Changma onset |
*In 2011, as the WNPSH extended northward, the Changma started earlier than normal, and the average rainfall during the day in South Korea. As the characteristics of the Changma have changed in

Changma period was 589.5 mm which was the second largest amount since 1973(KMA, 2011). It was obvious that strong recent years, further study on the relations with BSISO is needed. |

BSISO1(BSISO2) mode started from wet phases5-6(phases6-8).
** The 2014 Changma has seen less rainfall than usual because the WNPSH was so weak that the Changma front could not move
north and stayed near Jeju island(KMA, 2014). In the beginning of the Changma season, the BSISO1 mode was weak, and the

BSISO2 mode showed the dry phases4-5.
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