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Draft Schedule

Local times to join the meeting

All times in agenda are indicated in Japan Standard Time (UTC+9). For your reference, local time for start of meeting is provided below.
Bangladesh -3.00 hrs. (Start at 11:00 am) Pakistan -4.00 hrs. (Start at 10:00 am)
Bhutan —-3.00 hrs. (Start at 11:00 am) Papua New Guinea +1.00 hrs. (Start at 03:00 pm)
Indonesia -2.00 hrs. (Start at noon) Philippines -1.00 hrs. (Start at 01:00 pm)
Laos —2.00 hrs. (Start at noon) Sri Lanka —3.30 hrs. (Start at 10:30 am)
Malaysia -1.00 hrs. (Start at 01:00 pm) Thailand -2.00 hrs. (Start at noon)
Mongolia -1.00 hrs. (Start at 01:00 pm) Viet Nam —2.00 hrs. (Start at noon)
Nepal -3.15 hrs. (Start at 10:45 am) Hong Kong, China -1.00 hrs. (Start at 01:00 pm)

Day 1 - Wednesday, 1 December

. . 1. Opening
14('8_?(':149')05 - Welcome Address
- Group photo shooting
14(1??&149:)10 2. Introduction: Outline and scope of the Training Seminar
14:10-15:10 3. Lecture: "Introduction to Climatology" for experts on climate analysis information
(UTC+9)
15:10-16:10
(UTC+9) Break
16:10-17:10 . _
(UTC+9) 4. Lecture: Seasonal Forecast (One-month Forecast)

Day 2 - Thursday, 2 December

14:00-15:00 . . .
(UTC+9) 5. Lecture: Concept of numerical guidance
15:00-16:00
(UTC+9) Break
6. Lecture: One-month forecasting
16:00-17:10 - Introduction of the forecast products on TCC Web
(UTC+9) - Explanation of the exercise

- Example of constructing one-month forecast

Day 3 - Friday, 3 December

Taking questions
fron trainees
through Email

Day 4 - Monday, 6 December

Taking questions
fron trainees
through Email

Day 5 - Tuesday, 7 December

7. Exercise: Generating one-month forecast for your country
- Preparation for presentation (self-study format)

7. Exercise: Generating one-month forecast for your country (cont.)
- Preparation for presentation (self-study format)

14:00-15:00 8. Presentation by participants (7 participants)

(UTC+9) - Presentation (5 min.) followed by Q&A (3 min.)
15:00-16:00

(UTC+9) Break
16:00-17:00 8. Presentation by participants (cont.) (7 participants)

(UTC+9) - Presentation (5 min.) followed by Q&A (3 min.)
17:00-17:10

(UTC+9) 9. Wrap up and closing
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Introduction to Climatology



“Introduction to Climatology”

HOSAKA Masahiro (mhosaka@mri-jma.go.jp)
Department of Climate and Geochemistry Research
Meteorological Research Institute (MRI/JMA)
1-1 Nagamine, Tsukuba, 305-0052, JAPAN

1. Climate and Climate system

According to WMO website, “on the simplest level the weather is what is happening to the
atmosphere at any given time. Climate, in a narrow sense, can be considered as the ‘average
weather,” or in a more scientifically accurate way, it can be defined as ‘the statistical description
in terms of the mean and variability of relevant quantities over a period of time.”” Although
climate is the synthesis of the weather, climate is not maintained only by atmosphere itself but is
formed in the interactions among many components of the Earth. This system is named as a
climate system. The global climate system consists of atmosphere including its composition and
circulation, the ocean, hydrosphere, land surface, biosphere, snow and ice, solar and volcanic
activities (Fig.1). These components interact on various spatial and temporal scales through the
exchanges of heat, momentum, radiation, water and other materials.

The main components of the atmosphere are nitrogen and oxygen, however, water vapor and
ozone play a particularly important role in the climatic system. Greenhouse effect gases such as
carbon dioxide contribute to raising the temperature near the surface. The ocean is mainly
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Figure 1 Schematic view of the components of the climate system, there processes
and interactions. From IPCC (2007).
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composed of water, but the salinity contained in it has a great influence on the ocean circulation
through its density. Snow and ice affect the climate system through a strong positive feedback
process called ice-albedo feedback. The land surface has a subordinate response to the atmosphere,
but it also tends to have some positive feedback processes with the atmosphere.

So far, we have succeeded to describe the complex climate system in science, especially in
physics, and we will continue to do it in the future. The atmosphere and ocean are treated as
fluids, and their motion can be described by fluid mechanics. Waves are an important concept in
the description and prediction. In the atmosphere, the scattering and absorption of radiation
from the sun and the earth is formulated by radiation transfer equations, which represent heating
and cooling. Parameters such as the absorption coefficient reflect the characteristics of each
component. The process by which latent heat is released when water vapor rises and changes to
a liquid phase or a solid phase in the air is also formulated. In addition, the atmosphere has
chaotic properties due to its strong non-linearity and contains many internal variabilities, so
deterministic prediction is limited. Ocean motion follows the equation of motion. The wind
stress acts as an external force. The heat that enters the ocean from the atmosphere affects the
temperature, and the precipitation and freshwater from the river affect the salinity, which affect
the density and create circulations called the thermohaline circulation. On land, there is
vegetation, soil, and sometimes snow, which changes due to radiation processes, turbulence
processes, heat diffusion, water phase changes with absorption/release of latent heat, and liquid
water movement.

The latest climate model is a collection of these understandings of climate systems and their
mathematical expressions. Climate models, for example, accurately reproduce global warming
and are used for future projections. However, the behavior of climate models is complex and not
easy to understand.

We have constructed simpler systems by performing statistical processing such as averaging
in the time, longitude, latitude, and/or vertical directions and selecting only essential physical
processes for this complicated system expressed in physics. These are useful for expressing the
essence of phenomena and states and understanding the behavior of the system. Attempts have
also been made to create views of the essence of the phenomenon based on science while
applying such statistical processing to complex systems.

The purpose of the lecture is to know how climate is formed and its variability is caused by
using these simple systems and views to explain some of the basic concepts of
climatology. In the lecture, anthropogenic “climate change” defined by United Nations
Framework Convention on Climate Change (UNFCCC) is also included.

2. Global mean temperature and Radiative balance

Global mean temperature of planets, which is the temperature “observed from space”, is
estimated by global radiation balance between absorbed solar radiation and terrestrial emission
from the planet. Incoming solar radiation is reflected back to space by a fraction of the planetary
albedo. For the Earth, the observed mean ground temperature (15° C) is warmer by 34° C than
the estimated temperature (-19° C). The reason is suggested by comparing other planet cases.
The mean ground temperature for Mars with thin atmosphere is warmer only by 1° C than the
estimated temperature. For Venus with thick atmosphere, the difference is 503° C. Radiative



absorption by greenhouse gas in atmosphere is an important factor to determine mean ground
temperature as well as planetary albedo.

The Earth’s atmosphere has different characteristics for shortwave and longwave radiations
(Fig.2). It is transparent (about 50%) for shortwave radiative flux from the sun as an
approximation except for the reflection due to clouds (about 20%). On the other hand, the
longwave radiation flux emitted from the Earth’s ground is absorbed (about 90%) once in the
atmosphere approximately and then mostly emitted back to the ground (greenhouse effect). Upper
cold atmosphere and clouds emit less longwave flux to space than the ground emits. As a net,
surface ground is heated by shortwave radiation from the sun, and atmosphere is cooled by
longwave emission to space. The vertical contrast of the heating between ground and atmosphere
creates thermal instability, which is compensated by vertical transport processes of sensible and
latent heat energy due to turbulences, convections and waves.

~ Incoming solar reflected thermal outgoing
~'solar TOA TOA

atmospheric

window ,,,'11

i g 4 - y - '*'
solar absorbed latent heat e g “eenhouse

atmosphere

imbalance (29, 85) (o)

06 ; solar absorbed evapo- sensible thermal thermal
02,1.0) § surface ration heat up surface down surface

Figure 2 Schematic diagram of the global mean energy balance of the Earth. Numbers indicate best
estimates for the magnitudes of the globally averaged energy balance components together with
their uncertainty ranges, representing present day climate conditions at the beginning of the
twenty first century. Units W/m2. From IPCC (2014).

3. Annual mean circulation and Horizontal heating contrast

Longitudinal contrast of radiative heating is created between day and night (Fig.3). But,
generally, as compared with the annual cycle, the diurnal heating contrast does not produce
significant temperature differences between day and night and related global circulations because
a relaxation time to a radiative equilibrium is estimated as 30 days for the Earth (James, 1995),
which is much longer than a day scale. Latitudinal heating contrast on the Earth is created on
seasonal time-scale by the different incoming shortwave radiation between near the poles and the
tropics (Fig.3). Local surface temperature determining outgoing longwave radiation is not



adjusted instantly enough to compensate for the shortwave radiation contrast. A part of absorbed
radiative energy in low latitudes is transported poleward by meridional circulations and waves in
atmosphere and ocean, and these heat transports keep high-latitudes warmer than the radiative
equilibrium.

Poleward/equatorward air motions form westerly/easterly wind in the upper/lower subtropics
(Fig.4) through Coriolis force due to the rotation of the Earth (or the angular momentum
conservation about the Earth’s rotation axis). Extra-tropical waves are also responsible for
creating mid- to high latitude’s westerly jets.
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Figure 3 Horizontal radiative imbalance and
energy transport by the atmosphere and

ocean. From IPCC (1995). Figure 4 Annual and zonal mean wind.

Shade: zonal wind, and arrow:
meridional and vertical wind.

4. Seasonal change and Heat capacity

Seasonal change is definitely produced by the seasonally changing solar incidence with its
maxima at the South Pole in December and at the North Pole in June. However, zonally averaged
features of temperature are not drastically changed in the troposphere (lower than about 100hPa)
through the whole year, hot tropics and cold poles (Fig.5). This fact is attributed to basically
unchanged distribution of sea surface temperature (SST) due to large heat capacity of the oceans;
in the Earth, heat capacity of the ocean is about 1,000 times of that of the atmosphere. SSTs
roughly determine the location of deep cumulus occurrences, which leads to vertical energy
mixing in the troposphere and drives global circulations (Webster, 1994). Stratospheric climate
above 100hPa varies following the seasonal march of the sun (Fig.5) because of the seasonal
change of ozone-related shortwave heating and small heat capacity of thin stratospheric
atmosphere; cold around a winter pole, warm around a summer pole. Atmospheric circulations



also contribute to the stratospheric climate; a cold tropopause in the tropics is steadily created by
upward motion.
Heat capacity of land surface is small as compared with that of the oceans. Surface air

temperature over the northern continents is much higher than SSTs at the same latitudes in the
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Figue 5 Seasonal change of (left)solar insolation, zonally averaged temperature (middle) at
50hPa and (right) at 850hPa. The figure for solar insolation is from IPCC (1995).

northern summer (especially in daytime) and much colder in the northern winter (Fig.6). The large
contrasts of surface air temperature between continents and the oceans add a significant feature
to regional seasonal changes of rainfall and wind around the continents in low and mid-latitudes,
which is named as monsoon. A concentrated subtropical rainfall forms a typical summer monsoon
system consisting of an upper-level anti-cyclonic circulation, a monsoon trough, a low-level jet,
a subtropical rainfall band expanding north eastward (south eastward) and extensive downward
motions causing dry region in the north westward (south westward) area of the Northern
(Southern) Hemisphere (Rodwell and Hoskins, 1996), as shown in the Asian region of Fig.6 and
Fig. 7.
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Mountains have also impact on seasonal changes in local climate through thermal and
dynamical processes. A good way to understand climate system is to modify or remove some
elements of the climate system (Fig. 1). It is not easy to modify a real climate system of the Earth
by changing the Earth orbit or removing mountains. Instead, we can easily modify virtual climate
systems simulated numerically in climate models based on physics and other fundamental
sciences. From the comparison between with/without mountain model experiments (Fig. 8), we
can see that mountains would be responsible for the real world climate of humid summer and
somewhat cold winter in the eastern parts of the continents.
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Figure 8 Koppen climate maps simulated by a climate model (left) with mountains and (right)
without mountains. From Kitoh (2005) in Japanese.

6. Intra-seasonal to Interannual variability

Climate varies naturally with time. Atmosphere itself includes internal instability mechanisms,
typically the baroclinic instability around the extratropical westerly jets, so that it may be
considered as chaotic or unpredictable beyond a few weeks. However, some atmospheric low-
frequency (>10days) teleconnections are analyzed such as wave patterns along the westerly jet
waveguides and other ones from the northern mid-latitudes across the equatorial westerlies (Fig.
9), which are consistent with the Rossby-wave propagation theory. Also, teleconnections of
another type are analyzed such as meridional displacements of the westerly jet (Fig.10), which
are maintained by the wave-mean flow interaction (Vallis, 2006). Numerical ensemble
predictions from many disturbed atmospheric initials are a reasonable tool to capture mean
weathers in next few weeks.



Teleconnection and Rossby-wave propagation
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Figure 9 (Left) a teleconnection pattern of 250hPa stream function in boreal winter, (upper-right)
various propagations of Rossby-wave and (lower-right) 250hPa climatological zonal wind
in DJF. Left and upper-right panels are from Hsu and Lin (1992).
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Figure 10 (Left) positive and (right) negative phase of North Atlantic Oscillation (NAO). NAO

is one of teleconnections with meridional displacements of the westerly jet. Panels are
from http//www.ldeo.columbia.edu.



In the tropics, some peaks in spatial and temporal power-spectrums, indicating organized
atmospheric variability coupled with convective activity, are imbedded in red noise backgrounds.
Variability of outgoing longwave radiation (OLR) associated with equatorial waves, such as
Kelvin waves, equatorial Rossby waves (ER) and mixed Rossby-Gravity waves (MRG), can be
detected, in Fig. 11.
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Figure 11 Spatial and temporal power-spectrums in the tropics of (left) symmetric and (right)
asymmetric OLR variability about the equator. (From Kiladis et al. 2009).



The Madden-Julian Oscillation (MJO) is an eastward-moving oscillation of surface pressure,
precipitation and winds along the equator with the period of 30-60 days and planetary scale
wavenumbers (Fig. 12). Monitoring MJO or watching OLR and velocity potential anomalies may
be very helpful for intra-seasonal prediction in the tropics to the subtropics and even in the mid-
latitudes (Fig. 12). Improvement of MJO prediction skill is one of key topics for operational
numerical prediction centers in the world.

From Maddenand Julian (1972) - Madden-Julian Oscillation (MJO)

STV oo T S
Northern winter
2
1 o e m W m wwy
o
Q
<
o
)
=.
o
o
L
) tars [ 120 180 120 W o
250hPa stream function and OLR composites
at phases of MJO
v L= AR From Knutson and Weickmann (1987)

- s ——
AFRICA INDONESIA S. AMERICA

Figure 12 (Left) schematic time-sequence of Madden-Julian Oscillation (MJO) along the equator
(from Madden and Julian, 1972). (Right) composite maps of OLR and 250hPa stream
function anomaly at MJO phases (from Knutson and Weickmann 1987).



Atmosphere-ocean interactions are able to produce longer time-scale natural variability in
atmosphere with periods beyond months up to several and decadal years. A typical example is
ENSO (EI Nifio / Southern Oscillation) with the period of 2-7 years, which is the most dominant
interannual climate variability in the earth climate system and has huge sociological and economic
impacts globally. El Nifio events themselves, and related surface air temperature and precipitation
anomalies are predicted successfully on seasonal to inter-annual scales (Fig.13). The SST
anomalies with El Nifio tend to keep seasonally steady precipitation (heating) anomalies over the
equatorial central Pacific. The response of the upper and lower-level tropical atmosphere to these
steady heating anomalies can be explained based on forced equatorial waves or the Gill-pattern
(or Matsuno-Gill pattern) (Fig. 14). These anomalous steady heating in the tropics forces
stationary Rossby waves which propagate to mid-latitudes, and tends to cause teleconnection
patterns such as the Pacific North America (PNA) pattern and the Western Pacific (WP) pattern.
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Recently, terms of “El Nifio Modoki” or “Central Pacific (CP)-El Nifio” are used to distinguish
them from normal El Nifio events or Eastern Pacific (EP)-El Nifio. They consist of the equatorial
Pacific phenomena with warm SST anomalies and enhanced precipitation in the central Pacific,
and cold SST anomalies and suppressed precipitation in the eastern Pacific, on contrast. The
remote effect of El Nifio during the mature stage is stored in the Indian Ocean capacity and still
influential to the Indo-western Pacific climate even during summer following the ENSO (Fig.15).
A dipole mode with an east-west SST anomaly contrast sometimes occurs around September and
October in the tropical Indian Ocean, which is at least partially independent from ENSO events
(Fig. 16). Occurrence of this mode affects climate over various regions including tropical eastern
Africa and the maritime continent.

Indian Ocean Capacitor Effect on Indo—Western Pacific Climate during the
Summer following EI Nino
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Fig 1. Correlation of tropical Indian Ocean (40-100°E, 20°S-20°N)) SST (solid) with the Nino3 4
(170°PW-120°W, 3°5-3'N) SST index for Nov(0)}-Dec(()-Jan(l). Numerals in parentheses
denote years relative to El Nmo: 0 for its developing and 1 for decay vear. The dashed curve
is the Nino3 4 S5T auto-correlation as a fimction of lag. The black mangle denotes Dec(0),
the peak phase of ENSO

FIG. 6. JJA(1) correlation with the NDJ(0) Nifio-3.4 SST index: tropospheric (850-250 hPa) temper-
ature (contours), precipitation (white contours at intervals of 0.1; dark shade > 0.4; light < ~0.4), and
surface wind velocity (vectors)

Figure 15 Indian Ocean capacitor effect. (Left) lagged correlation of tropical Indian Ocean SST
with Nino 3.4 SST for NDJ. (Upper-right) seasonality of major modes. (Lower-right)
correlation of the NDJ Nino3.4 SST with the following JJA climate. From Xie et al. (2009).



A dipole mode in the Saji et al., Nature 1999
tropical Indian Ocean .

N. H. Saji*, B. N. G i, P. N. Vinay * & T. Yamagata*+
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Figure 1 Dipole mode and El Nifio events since 1958. Plotted in blue, the dipole mode
index (DMI) exhibits a pattem of evolution distinctly different from that of the EI Nifio, which
is represented by the Nino3 sea surface temperature (SST) anomalies (black line). On the
other hand, equatorial zonal wind anomalies Us, (plotted in red) coevolves with the DMI. All
the three time series have been nommalized by their respective standard deviations. We
have removed variability with periods of 7 years or longer, based on harmonic analysis,
from all the data sets used in this analysis. In addition, we have smoothed the ime series
using a 5-month running mean.

cigole mooe eveet. a-d, Eviution

wind ancmalles from May-June (a) o Nov-De )

Figure 4 Rainfall shifts northwest of the OTCZ during dipole mode events. The map
corelates the DMI and rainfall to illustrate these shifts. The areas within the white curve
exceed the 90% level of confidence for non-zero correlation (using a two-tailed Ftest).
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Fiaure 16 A dipole mode in the tropical Indian Ocean. (Upper-left) time-evolution of the dipole

7. Decadal variability

Decadal variability and climate change involve feedbacks from other elements of the climate
system. Changes of vegetation and soil moisture amplify the dramatic drying trend in 1980’s in
Sahel region, which is basically forced by a southward precipitation shift of the Inter-tropical
Convergence Zone due to cooler/warmer SST anomaly in the northern/southern Atlantic Ocean
(Fig. 17).

Decadal Variability of the Sahelian Rainfall

GCM Simulation of the Sahelian Rainfall
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The dramatic drying trend in the Sahel from

CLIVAR AV/G4/0102 the 1950s to the 1980s nitially forced by
SST (b) but amplified by soil moisture (c)
and vegetation (d).

Figure 17 Decadal variability of the Sahel Rainfall. (Left) a possible mechanism,
(Right) observed historical Sahel rainfall anomaly and GCM simulations . From Zeng et al.
1999.



Decadal variabilities are also found in SST anomaly from the North Pacific to the tropics (Fig.
18) which is named Pacific Decadal Oscillation (PDO) or Interdecadal Pacific Oscillation (IPO).
A possible mechanism of PDO is the subduction hypothesis; high latitudes’ cold surface water is
subducted in the North Pacific and flows into the subtropical deeper ocean along the surfaces of
constant density, then emerges again to the surface of the equatorial Pacific by upwelling. This is
consistent with the analysis showing that the decadal SST variability in the central North Pacific
spreads into the deep ocean. PDO has impact on ENSO characteristics and regional climate.
Several studies indicated that the negative phase of PDO played the major role in the slowdown
of the global averaged surface air temperature raise in recent years (Meehl, 2015).

Pacific Decadal Oscillation

Pacific Decadal Oscillation
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Figure 18 (Upper) SST anomaly pattern in the positive phase of Pacific Decadal Oscillation
(PDO)(from Trenberth and Fasullo, 2013) and (lower) PDO index (from
http://ds.data.jma.go.jp/tcc/tcc/products/elnino/decadal/pdo.html).

8. Summary

Unusual weather and climate are attributed to unusual atmospheric flows, storms and
convective disturbance. Diagnostic analysis shows that those disturbances are often related to
atmospheric intrinsic waves and phenomena. However, atmospheric environment is maintained
and influenced by other elements consisting of the climate system. Sometimes, and unusual and
steady convective activity is connected to long-term SST anomalies related to ocean variability.
Numerical ensemble simulations starting from many disturbed atmospheric and oceanic initials
are a reasonable tool to capture the mean state of weathers and climate in a timescale from weeks



to seasons. Radiative processes including longwave absorption by greenhouse gases and
shortwave reflection by snow, ice, clouds and aerosols determine the local Earth’s ground
temperature. The distribution of ground temperature is influential to vertical and horizontal
atmospheric and oceanic stabilities, the amount of water vapor and the speed of water cycle. Then,
those can affect atmospheric and oceanic flows, the features of storms and convections and
eventually our daily lives. Therefore, we need to continue careful watches and diagnostics for
global and local climate systems (Fig.1), as well as its prediction.

References

Deser, C., M. A. Alexander and M. S. Timlin, 1996: Upper-ocean thermal variations in the
North Pacific during 1970-1991. J. Climate, 9, 1840-1855.

Gill, A. E., 1980: Some simple solutions for heat-induced tropical circulation. Quart. J. Meteor.
Soc.,106, 447-462.

Hsu, H.-H., and S.-H. Lin, 1992: Global teleconnections in the 250-mb streamfunction field
during the Northern Hemisphere winter. Mon. Wea. Rev., 120, 1169-1190.

IPCC Second Assessment Report (SAR) Climate Change 1995: The Science of Climate
Change.

IPCC Fourth Assessment Report (AR4) Climate Change 2007: The Physical Science Basis.

IPCC Fifth Assessment Report (ARS) Climate Change 2014: The Physical Science Basis.

Kiladis, G. N., M. C. Wheeler, P. T. Haertel, K. H. Straub, and P. E. Roundy, 2009:
Convectively coupled equatorial waves. Rev. Geophys., 47, RG2003,
doi:10.1029/2008RG000266.

Kitoh, A., 2005: Climate model simulation on the role of mountain uplift on Asian monsoon.
The Geological Society of Japan, 111, XIX.

Knutson, T. R. and K. M. Weickmann, 1987: 30-60 day atmospheric oscillations: composite life
cycles of convection and circulation anomalies. Monthly Wea. Rev. 115, 1407-1436.

Madden, R. A. and P. R. Julian, 1994: Observations of the 40-50-day tropical oscillation—A
review, Monthly Wea. Rev., 122, 814-37.

Meehl G. A., 2015: Deacadal climate variability and the early-2000s hiatus. US CLIVAR, 13,
No.3, 1-6.

Saji, N. H., B. N. Goswami, P. N. Vinayachandran and T. Yamagata, 2009: A dipole mode in
the tropical Indian Ocean. Nature, 401, 360-363.

Trenberth, K.E and J. T. Fasllo, 2013: An apparent hiatus in global warming?. Earth’s Future
1, 19-32.

Rodwell, M.J. and B. I Hoskins, 1996: Monsoons and the dynamics of deserts. Q. J. R. Meteor.
Soc., 122, 1385-1404.

Webster, P. J., 1994: The role of hydrological processes in ocean-atmosphere interactions,
Review of Geophysics, 32,427-476.

Weng, H., K. Ashok, S. Behera, S. A. Rao and T. Yamagata, 2007: Impacts of recent El Nino
Modoki on dry/wet conditions in the Pacific rim during boreal summer. Clim Dyn., 29,
113-129.



Xie, S.-P., K. Hu, J. Hafner, H. Tokinaga, Y. Du, G. Huang and T. Sampe, 2009: Indian
Oceancapacitor effect on Indo-western Pacific climate during the summer following El
Nifio. J. Climate, 22, 730-747.

Zeng, N., J. D. Neelin, K.-M. Lau and C. J. Tucker, 1999: Enhancement of interdecadal climate
variability in the Sahel by vegetation interaction. Science, 286, 1537-1540.

Text books

James, 1. N., 1995: Introduction to Circulating Atmospheres. Cambridge University Press,
422pp.

Trenberth, K.E.(ed.), 1992: Climate System Modeling. Cambridge University Press, 788pp.

Valls G. K., 2006: Atmospheric and oceanic fluid dynamics. Cambridge University Press,
7454pp.

Wallace, J.M. and P. V. Hobbs, 2006: Atmospheric Science. Academic Press, 483pp.



One-month forecast



One-month Forecast

Yoshinori Oikawa
Senior Scientific Officer for Seasonal Forecast
Tokyo Climate Center
Japan Meteorological Agency

December 1, 2021
TCC training seminar

Structure

* What is one-month forecast?
* Brief introduction to climate dynamics
« Methodology for JMA's one-month forecast




What is one-month forecast ?
e

Classification of weather and climate forecasts

According to WMQ'’s Manual on Global Data-processing and Forecasting System,

Class Target forecast range
Nowcasting Current and forecasted weather up to 2 hrs ahead
Very short-range weather forecasting Up to 12 hrs ahead
Short-range forecasting Beyond 12 hrs up to 72 hrs
Medium-range weather forecasting Beyond 72 hrs up to 240 hrs
Extended-range weather forecasting Beyond 10 days up to 30 days
» Monthly, three-month or seasonal outlook for |
Long-range forecasting averaged weather parameters as departure from
climate
. . Annual, decadal and beyond, including human-
Climate forecasting : . o
induced climate change projection




®) What's different between short- and extended- range forecasts?

Short-range forecast One-month forecast

« Provides weather parameters (temperatures, * Provides expected deviations from

precipitation, ...) as they are expected climatology
« Possible to forecast in deterministic way + Possible to forecast only in probabilistic way
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@ Anomaly is what we forecast

Climatological normal: Defined as 30-year average for 1991-2020
Anomaly: Deviation from the Climatology
[Anomaly] = [Actual Value] — [Normal]

« Climate is what we expect, anomaly is what we forecast.

- It's often anomalies that matter most to industries, societies f
and economies, because unseasonable weather conditions
could bring adverse effects across multiple sectors, including
agriculture, tourism, water resource, and so on.

: M £ 1
Temperature in Tokyo for Jan.1 to Sep. 30 in 2021 Temperature deviation from climatology
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@ 3-category probabilistic forecast

« JMA provides one-month forecasts in 3 Monthly mean temperature anomalies for Aug.
et : 30 (1991-2020)
probabilistic categories, namely,

Above/Near/Below normal

» The 3 categories are defined from
historical observations for the 30-year 10
period of 1991-2020, by sorting them 2o
in ascending order and dividing into 3

categories P ST b b e b Lk ot
' bR EERR R EHE R R ERE
Sort by anomalies in |
* One-month forecasts are provided as Mont _ ascending order oo foryugustar 1991-2020
il 3.0
prObabIIIty Of Weathe.r parar‘neter. (eg Below Normal Near Normal Above Normal
temperature) anomalies falling within 20
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Brief introduction to climate dinamics
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@ Stream function & velocity potential

* In discussing one-month forecast, we often encounter these figures.

» Decomposing wind into a rotational part and a divergent part (stream function and
velocity potential) is useful to analyze atmospheric circulation.

Rotational wind blows parallel to contours of

V :va + VX stream function, with low values of stream
function to the left, regardless of the hemisphere. H: high value
L: Low value
< Rotational wind > / ——
<
0 0 —
u, = ——w,vw -V AV v, .
ay ox Anti-cyclonic
] ] circulation
Y. Stream function Rotational wind w, ik, \I ] i
< Divergent wind > A
g X122 X2 %
D A/ 4 X
X - b V4 - . . -
ox oy Divergent wind g/. T Divergonce
x: Velocity potential /"\ X2 ey

Divergent wind blows across contours of
velocity potential, from areas of low to high
velocity potential, regardless of the hemisphere.




@ Matsuno-Gill response (in the lower troposphere)

« Gill (1980) found how the tropical atmosphere responds to diabatic heating
(i.e. convective activity).

A pair of cyclonic circulation straddling the Low pressure and easterly winds
equator on the western side of the heating along the equator east of the heating
(equatorial Rossby wave). (equatorial Kelvin wave).
4 [ A\ yA s
y
Equator O )
Heat source Low-level response
ld (active convection) :

Atmospheric response in the lower troposphere to the heating symmetric about

the equator
Contours indicate perturbation pressure, and vectors denote velocity field.

Red circle indicates the position of the heating. (Source: Gill 1980)

Upper-level response shows the reverse of the low-level response.

@ Example of Matsuno-Gill response

Atmospheric circulation anomalies

averaged over 11-20 May, 2020 Stream function @850hPa NN
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- Enhanced convective activity
over the Indian Ocean

- In response, cyclonic circulation . :
anomalies formed in the lower ; = 3 TR el
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Response in the upper troposphere

* In the upper troposphere, an
anti-cyclonic circulation
anomaly forms to the north and
south of enhanced convection.

« The circulation anomaly
propagates poleward as a
Rossby wave train.

* This sometimes causes
anomalous weather conditions
in remote areas in subtropics
and higher latitudes.

Heat source
(active convection)

@ Response to suppressed convection

* Conversely, a cyclonic circulation
anomaly forms to the north and south
of suppressed convection

» This propagates poleward as a Rossby
wave train and brings anomalous
weather in higher latitudes.

* In other words, near-equator convectio A \\\—J/ AN

activity (whether enhanced or | L >
suppressed) provides a good signal for N\ a
long-range forecasts =S

* Injargon of climate dynamics, this is \ ' ;
called “teleconnection” Canyergence anomalies in

e\uppe OpOsSphere




Convection changes jet stream

"« The subtropical jet stream (STJ) flows poleward of tropics.

* Inresponse to enhanced/suppressed convection, STJ meanders

poleward/equatorward, and the wavy pattern propagates eastward along STJ.
Jet stream
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@ El Nino Southern Oscillation

* During an El Nifio episode, a significant increase in SST
over the central to eastern equatorial Pacific is observed.

* The warmer SSTs induce active convection to shift
eastward along the equator.

* These convection anomalies give rise to Rossby waves
(Matsuno-Gill!)

* Rossby waves propagate over a large distance and
influence the global atmosphere




@ Madden-Julian Oscillation (MJO)

- :
EAST LOWGITUDE WEST LONGITUDE
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®MJO is a planetary scale wave of enhanced and
suppressed convection extending east-west
along the equator

Tiopopouse

®The most dominant signal over the tropics on
weekly to monthly timescale.

®MJO propagates eastward along the equator,
taking 30 — 60 days to go around the globe.

®|n response to MJQO, circulation anomalies form
and propagate poleward or eastward. This
provides key to one-month forecasts

®MJO is monitored with 200hPa velocity ¢
potential (upper-level divergence) field =
= |
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@ How to detect MJO?

Propagation of MJO is visualized through Hovmédller diagram and phase diagram

Time-Iongitude section of chi200 phase diagram
anomaly along the EQ.

Amplitude: distance from the center
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@ Another “Oscillation” - BSISO

* During (northern hemisphere) summer,

.. enhanced suppressed
enhanced or suppressed convection is seen .
to propagate northwgrd, instead of ) o 1 sou [ [, .-
eastward, over the Indian Ocean and the « ) e "B _ My gL

western Pacific

e This is called “Boreal Summer Intra-
Seasonal Oscillation”.

* BSISO can have as much impact on __
weather conditions as MJO across Asia EQ

30N 1

* This is another factor key to extended-range ™"}

forecasts
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typical time evolution of BSISO

@ Recent notable weather events
| 060ct.2021 = 150¢t.2021 -

- Early last October, Japan experienced very —se

warm weather exceptionally for the time of _Yelocity potential anomaly at ZOOhPa %
.\)?,3:.,5 .

the year. - ! ’ Drz
. . . . / Ey
- ThlS. is due to anti-cyclonic anomalies o] ‘R\‘, «#,f/
persistent over the country RS, V. 53,\‘.‘:‘:& 3
- The cause of these anomalies is traced back b g
to enhanced convection over the South ml * 7 f}
China Sea to the western Pacific. s en‘ba n?s;ed
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@ Recent examples

Velocity potential anomaly at 200hPa | o __sow_ R =

- Dec. 2020 brought notably dry weather | =m0 ) S i%e

to the southwest U.S.

- This is attributable to intense anti-
cyclone persistent over the region.

- The cause of the anomalous anti-cyclone
can be traced back to the suppressed .
convection in the tropics. Stream function anomaly at 200hPa ’ oW 9w

x108m?/s) -

& enhanced [N
wsL1 convection J i et

Monthly Accumulation —— December, 2020
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@ Oscillation in mid- and high latitudes (AO)

- A seesaw-like oscillation of pressure anomalies between the Arctic and mid-latitudes
which dominates climate variability in boreal winter.

- In a positive phase of AO, cold air mass tends to be confined in the Polar region,
leading to a warm winter in mid-latitudes.

- In a negative phase of AO, cold air mass flows southward from the Polar region,
leading to a cold winter in mid-latitudes.

Below normal SLP

Above normal SLP

i V
More zonal and . LA .| More wavy and]
stronger jet '

' “””;q;; }«\ﬁ S k“ / LRt
AO Positive AO Negative
= 1 1=




@ Eurasia (EU) pattern

* Rossby wave train along the Polar Posmve_;EU
Front Jet (PFJ), with a ridge over
western Siberia and troughs over s
Europe and East Asia. -
* When this pattern appears, Siberian »
High intensifies and brings cold air
outbreak to East and Southeast Asia. o

Methodolo% for JIMA's one-month forecast



@ JMA's extended & long-range forecast models

1T month 3 months 6 months

Daily Forecast

One-week Forecast i_“_-_:-_-:l =
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e >-14 Every Monday and Thursday 380
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warning ahead Snowfall ( very eavy (m winter)) g Q' m
SR

Snalma v Every Thursday - 353
Forecast  |W1]W2| W34 ﬁTemp s Precip. = #. Sunshine “*% Snowfall [&3°
th )

M123 (3-month average) Around 22 Ofgje month
M1 M2 M3 f e

(]apow pajdnod
ueado-asaydsowyy) walsAs
uoIPIpald a|quasul [eUOSEaS

|

Concept of ensemble prediction

Around 25t of February
o Summer (JJA)
SEth
- Around 25 o:;:September Winter (DJF)
| Around 10t of the month up to 6 months ahead

The atmosphere and ocean is a chaotic system

- Even the tiniest error in an initial condition grows rapidly and errors are unavoidable

- This nature disrupts deterministic numerical prediction beyond about two weeks

- To produce a seasonal forecast, “ensemble prediction™ is indispensable.

- Ensemble prediction system (EPS) starts with similar, but slightly different, multiple
initial conditions, and produces multiple forecasts.

- With the results from EPS, we can get the most likely atmospheric conditions (ensemble

mean) in future, along with an estimation of degree of uncertainty (spread)

Ensemble mean
(average among members)

| |Ensemble
[ spread

/[Predicted PDF

v

The individual calculation is called “Ensemble member” and the standard deviation among all

members is called “Ensemble spread”.




@ Example of individual ensemble members

T - init: 2021/11/17/12 [1.1] from: 2021/12/04/12— (w3)
Polar stereo s . ~
projection ~ AN ; - v (8 L
/{( - == \h\‘ == . .- 0N . - | -
North Pole FLe ( A ,
\ 2
Japan here <—

Geopotential height anomalies at 500hPa for the week-3 forecast of 1-month prediction run,
initialized on 17, Nov. 2021. The ensemble mean and 13 members out of 51 are shown.

@ Products from EPS

Ensemble means of :
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@ From ensemble to probability forecast

 From results of EPS, a probability distribution can be derived

* The probability distribution can be translated into, say, a three-category forecast
in the form of above/near/below normal.

Initial

Probability Density Function

(PDF)

Forecast

@ Verification of JMA Ensemble Prediction System

In general,
- Better forecast skill in (boreal) winter than in summer
- Better forecast skill in tropics than in higher latitudes

Anomaly correlation for geopotential height at 500hPa
for week 3 to 4 (day 17-30) forecasts

<GEPS2103(13mem) : JRA-55> <GEPS2103(13mem) : JRA-55>

Z500 anomaly (with bias—correction) Z500 anomaly (with bias—correction)

Anomaly Correlation for 30 years (1981-2010) .« egs Anomaly Correlation for 30 years (1981-2010)
Initial : 0115, 14day mean : day 17—-30 Jan 15 initial Initial : 0815, 14day mean : day 17-30

60E 90 120 150E 180  150W 120W 9OW  6OW  30W 0 0  30E G0E 90E 120E 150E 180 150W 120W O9OW  60W 30W O

i T 1
—D.g—U.B—0.7—D.s—o_s—éj—t!}.:s—é_z—é_1 ol_l 0!2 0!3 0.4 05 0.6 0.7 0.8 0.9 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
Poor Perfect Poor Perfect

https://ds.data.jma.go.jp/tcc/tcc/products/model/hindcast/TmE.GEPS2103/tro_acor.html




@ Model skill gradually gets better

Anomaly correlation of Z500 in the N.H.

—— previous 52—point moving averages for ACC of 28—-day forecast —

08
Temporary increases of

predictability in association
07 with major ENSO events.

IS | " 0.6 is the limit for
e N Bl e Bt Bt B v\ deterministic
forecast.

0.5+

A temporary decrease of
[ (17 1T 1 predictability in association
A clear upward trend is seen with a unsettled ENSO event.

reflecting model improvements.

0.4

Anomaly Correlation Coefficient

0.3 is the limit for
. . | | probabilistic
2000 2005 2010 2015 forecast.

Initial date

03

30

@ Steps in the process to produce one-month forecast

~ Expected evolution of major modes o
/" Ensemble MIO__..AQ___ BSISO Official forecasts
Prediction System T g '

OLR anom WUS—IZSEKJQ\ Wi i V4
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A A 3
8588558888

60E 120E 180 120W 60W O

 , Guidance
/ CirCUIation \j Below normal{ Near normal |Above normal|

anoma“es TR Y 7T

\

forecasters

Interpretation
Explanation
Reliability
Modification




@ Steps to produce one-month forecast (in text)

0. Before starting to think about forecasts, be aware of what’s going on in the current atmosphere and ocean.

1. See results from the numerical model prediction;

- Expected evolution of the major oscillation modes; ENSO, MJO, BSISO, AO, ...

- Atmospheric circulation anomalies globally and over your country

- Degree of uncertainty (spread among individual ensemble members)

2. Think how do you interpret and explain these predicted modes and anomalies.

- Judging from the verification data, model prediction skill is sufficient or poor?

- Are you sure the model prediction is sufficiently reliable? If not, what aspect is questionable and why?
- Can the predicted anomalies be interpreted and explained in terms of climate dynamics?
3. Look to guidance (this is a topic of next day’s lecture)

4. Adjust and modify the prediction if needed.

5. Assign probability to above/near/below normal categories.

/ N

- Guidance is used to translate raw model outputs into forecasts more understandable and
manageable to human forecasters
- This relies on statistical relationship between past forecasts and observations.

OUTPUT

Probabilistic
forecast

INPUT

Numerical model

@ Objective forecast? Need forecaster’s intervention?

OWMQ'S Glulibdange Or; In the seasonal process recommended above, while it has been a
pgr&téggse Sr::;cgrle of routine practice to take forecast products from GPCs-LRF or
Forecasting LC-LRFMME and frequently modify these products manually,

this practice is not encouraged without (a) strong justification,
(b) relevant expertise and (c) proper documentation. 1f the
above-mentioned forecast products are modified manually, the
for bfecive Sessoet Forecsing modifications should be carried out using methods which have
been previously documented and have led to improvements in
seasonal forecasts. A manual modification of a forecast should
be supported by a detailed and transparent discussion of climate
drivers, and all forecasts should be verified as per standard
practices; this verification should include documenting the skill
of the MME and using statistical forecasts as the baseline over
which manual intervention shows improvement. The process of
manual intervention requires significant knowledge and
expertise to be able to improve on the MME and statistical
ffgih/ i E}’;;glg:‘g‘;;Ztl/;“iez"fig;g&r& forecasts and detailed knowledge of global, regional and local
drivers of climate variability and teleconnections.







Concept of numerical guidance



Concept of numerical guidance

Masayuki HIRAI
Tokyo Climate Center (TCC)/
Climate Prediction Division of
Japan Meteorological Agency (JMA)

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SRT
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Outline
' s A A AN

« Outline of Guidance

— Objective of Guidance

— MOS Technique

— Regression Model

— Estimation of Probability
 Verification

— Verification Score

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SET
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Outline of Guidance

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @)u%ﬁﬁ
EEEER
Guidance
INPUT OUTPUT
Numerical model
- Probabilistic
forecast

® “Guidance” is an application to translate model output
values into target of forecasting.

® Principle of guidance is based on statistical relationship
using model forecasts and observation data for past
cases.

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ [ET
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Role of Guidance
- s TSP AR |

» To extract effect of sub-grid scale Topography
‘ .. Model
topography Q , st Model

— Model may not reproduce effect of local
topography due to limited resolution, while
enable to reproduce large-scale field. 5

* To reduce imperfection of the model, such A ypyind side
as systematic error (bias error). »Model may underestimate

- To estimate degree of uncertainty, precipitation
considering prediction skKill B: Bottom of the valley
gp »Model may have warming
bias
“Guidance” enable to improve prediction skKill,
_compared with the direct model output.
TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ EERT

,,,,,,,,,,,,,,,,,,,,,,,,

Principle of Guidance — MOS Technique
ek
MOS (Model Output Statistics):

Calculation of statistical relationship between observation and
model forecast for past cases, and apply to the real-time
forecast

» Two types of the time series data are necessary
in order to produce guidance.

: I |
— 1. Past observation ~ -_Prepared by users

(Variable to be predicted; Predictand)
— 2. Past model forecast by hindcast (Predictor)

On guidance Tool

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SET
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Concept of MOS Technique (1)

- Statistical relationship is estimated using observation and model i
forecast for past cases.
Producing guidance
/ \\
! I
| 1
|
I
| Regression model
I (guidance)
|
|
! I
! I
| N
|
\
Numerical model
TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN m)u':ﬁg‘iﬁ
EEEER
Concept of MOS Technique (2)
* In the real-time forecast, predicted value is calculated applying to the i
statistical relationship.
Actual forecasting
. ﬁ> Predictand N
I
! Issued Forecast :
(Tsurf, Rain etc.) :
Regression model I
(guidance) :
Predictors :
|
: Model forecast l
! by the real-time forecast :
]
Numerical model j /'
TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SET
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Single Regression
- s s g s L |

« Single regression is modeled the relationship between
one explanatory variable (predictors) and objective
variable (ex. temp. rainfall).

» Single regression model is written as

Y =aX + b+ ¢ Y predictand X: predictor
a: regression coefficient b: constant,

€. error term

Y
objective
. ? Estimated regression line
variable ey ,ff
e~
Heall o
< T
o Tt - _
o o predictors
=
= X
b
TCC Training Seminar on One-month 1 ) 2 5T

------------------

Multiple Regression
s 2 0 S L. |

« Multiple regression is assumed that the objective variable
is the sum of a linear combination of plural predictors.

» Multiple regression model is written as

Example: two predictors
Y:a1X1+a2X2+b+ &
a,, a,: regression coefficient

b: constant
€: error term

Predictand will be
near this plane. &

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ [ET
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Translation to PDF in the regression model

» Probabilistic forecast is essential for seasonal prediction.

> In the guidance tool, Probability Density Function (PDF) is assumed
to be a normal distribution.
— Mean (x,) : prediction value by the regression model
— Standard deviation (7,) is error of the regression model, which
is assumed to be forecast error (RMSE) of the regression model
using hindcast.

Forecast error (RMSE)

of the regression model
by hindcast
Predicted PDF

y on

0 X s *— Forecast by the regression model

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN m)u':ﬁg‘iﬁ
EEEER
Estimation of Tercile probability with regression model
EEEERN

» The threshold values for tercile categories determined from the past
observation (1991 to 2020).

» Probability for each tercile category (below-, near-, above-normal) is
calculated by referring to the PDF of guidance and the threshold values
for tercile categories.

PDF of climatology Below Normal Above

! !
33%) 33% | 33%

0

PDF of guidance Tercile Probabilities

/ |
0 X

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN m)u'yﬁ%ﬁ

Below | Normal | Above
10% 30% 60%




Normalization of Precipitation Data

* Normal distribution is assumed in the
regression model.
» As for temperature, its distribution is generally

Ex. Precipitation over Japan

approximated by a normal distribution.
Meanwhile, [ e
 As for precipitation, its distribution does not . |

represent a normal distribution, and it’s usually

approximated by a gamma distribution. : i H H

« In order to create guidance, precipitation data (Taking the power of 1/4)

need to be normalized.

Bt S AT S
« Power of 1/4 for precipitation (RAIN'4) is ; 1 A
approximated by a normal distribution.
TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SRF
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Verification

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ [ET
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Verification scores for Deterministic Forecast

® Root Mean Square Error (RMSE) F.: Forecast

O;: Observation
1 & C;: Climatology

RMSE = |—> (F,-0,) N: Sample size

N 5

Perfect score: 0

® Anomaly Correlation Coefficient (ACC) Correlation=+0.77

v : |
> (F,-C)XO, -C)) . "
ACC = —= ;
N N O &
>(F~C ) [>0,-C) .
i=1 i=1 -6
1: Perfect score -9
0.31: 95% significance level of t-test (30 samples) 9-6-30 3 6 9
0: No signal ANAL
TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SRF
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Probabilistic forecast Re|labl|lty Diagram
' s A A AN

® Red line (reliability curve);
+ plotted the observed frequency (Y-axis) against the forecast probability (X-axis)

PrObabiIiStiC forecast beComeS a'eali'é%r‘:lit; ;.:]Pgr‘?rﬁo init time = 20181107(period:20181109—20181209)
better the more the reliability 100
curve fit to 45° line (perfect sof == wdiciiy Perfect
reliability). so] AR 5%i% _-reliability
701
®Green line denotes forecast & 60 Reliability
frequency (sharpness diagram); § 5 curve
«If most of the forecast probabilities £ w
are near the climatological frequency 301
(33%) => unsharp 20 Forecast
*If probabilities near 0% or 100% are o frequency
often calcurated => sharp oL

0 10 20 30 40 50 5 70 80 90 100
Forecast Probability (%)

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ [ET
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Probabilistic forecast Over/under Confidence
- s A O R

Over confidence Perfect reliability Under confidence
> 1 - 1 - 1
o o o
c c [
() Q ()
= =2 =
o o (o
2 g 2
‘@ @ ‘@
(%) o (%)
c c c
o g 2
5 5 5
S o 3 o S o
© "o 1 © "o 1 © "o 1
Forecast probability Forecast probability Forecast probability
v Predicted probabilities v Predicted probabilities
are overestimated as are underestimated as
compared with actual compared with actual
TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ S5T

Japan Meteorological Agency

- N AN B
Probabilistic forecast [nterpretation of Reliability Diagram

EEEER
Example

Surface Temperature (140E , 35N)
BSS=14.98 Brel=90.8 Bres=24.1

1.0
091 ® The forecast is generally reliable
941 for below 60%, while over-

52: confident over 70%.

§ 0.51
0.21 v" Maximum probability should be
017 suppressed under 60%

0.0
00 0.1 0.2 0.3 04 05 06 0.7 08 09 1.0
Forecast Probability

* In actual, reliability curve may not such smooth “curve”.
» If so, the forecaster should moderate the probabilities, taking account of
the other information, such as the verification scores (e.g., ACC, BSS).

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ [ET

Japan Meteorological Agency
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Probabilistic forecast Brier Score (BS)

Ts00yF...___ |
O Brier score is mean squared error

of the probability forecasts.
p; :forecast probability

N 3
_ 1 m_ 2 o," : observed occurrence (0 orl)
BS - (p, o,' ) !
2N “— = N :forecast frequency
m : category
Range: 0 to 1

Smaller score indicates better forecast (Perfect score: 0)

Forecast (Below, Near, Above): (0.1, 0.3, 0.6)
Observation: Above normal (0, 0, 1)

BS: {(0.1-0)2+(0.3-0)2+(0.6-1)2}/2 = 0.13

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SRT

,,,,,,,,,,,,,,,,,,,,,,,,

Probabilistic forecast Brier Skill Score (BSS)
s 2L |

O Brier skill score is skill relative to a
reference forecast (usually climatology).

BSS =1- 55

BS

reference BSr=—

® Perfect score: 1

® BSS>0 : better than the climatological
forecast.

® BSS<O0 : worse than the climatological
forecast.

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN @ SET
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One-month forecasting (lecture and exercise)

— Introduction of the forecast products on TCC Web —



One-month forecasting
(lecture and exercise)

Masayuki HIRAI
Tokyo Climate Center (TCC)/
Climate Prediction Division of
Japan Meteorological Agency (JMA)

@)%g‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 1

. B B
Content
' s A A AN

Introduction of the forecast products on TCC Web

* Forecast maps lecture
2 Dec. » Guidance tool
Explanation of the exercise lecture
Example of constructing one-month forecast lecture
30 6 Dec. Generating _one-month forecast_ for your own country exercise
- Preparation of the presentation
7 Dec. Presentation by participants presentation!

> Please keep in mind that toward the end of the seminar, you will be requested
to make a brief presentation on one-month forecast for your own country.

@)%g‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 2



Introduction of the forecast
products on TCC Web

m)?tg‘zﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 3

. B B
Content
' s A A AN

Introduction of the forecast products on TCC Web

* Forecast maps lecture

2 Dec. : jdance tool
Explanation of the exercise lecture
Example of constructing one-month forecast lecture

Generating one-month forecast for your own country

- Preparation of the presentation exercise

3 to 6 Dec.

7 Dec. Presentation by participants presentation!

m)?tg‘zﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 4



Operational global NWP models at JMA

Main target Integration range
Horizontal resolution
Global Spectral . up to 11 days
Model (GSM) Short-range forecasting approx. 20km
*Typhoon information
*One-week forecast o el
Global EPS *Two-week temperature

about 40 km(up to day-18),

forecast about 55 km(after day-18)
*One-month forecast

7months
Seasonal EPS S (f ¢
(JMA/MRI- .Ele;’ilﬁ?na tclareias About 110 km (atmosphere)
CPS2) Ll Lol 1.0° longitude, 0.3°-0.59,
latitude (ocean)
@)%g‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 5

Specification of Global EPS

| :
EEEEN One-month forecasting I
atmospheric initial
perturbation AGCM
AGCM b H: (up to day-18)
about 40 km (TL479),
Model (after day-18)
(JMA-GSM) about 55 km (TL319)
condition Forecast range | 34 days
two-tiered SSTs with the
SST .
lower boundary conditio operational seasonal EPS
Two-tiered SSTs prescribed sea ice distribution
Prescribed sea ice Sea ice estimated using initial anomaly
and climatology
Two-tiered SSTs; :
. \(Al:Jop l(gre:Day-ﬂl)SSFétgl_rsisted anomaly with daily Ensemble size | 50
R olon
. (CA?:r?h%gtJ)ICSelaxed to the ensemble-mean SST Freq. of model | once a week
operationally predicted by JMA's coupled product
Seasonal EPS in tropics .
creation L

- ——">>>>~
m)%%‘kﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 6



Specification of Seasonal EPS

(JMA/MRI-CPS2)

atmospheric (

initial

CGCM

~

perturbation

AGCM

atmospheric (JMA-GSM)

initial
condition

Coupling

A

OGCM
(MRI.COM)

Oceanic initial
condition adde

_

perturbation

Model

CGCM
H: about 110 km (TL159)
V: 60 levels (up to 0.1 hPa)

Forecast range

7 months

SST

one-tier method

Seaice

interactive sea ice model

Ensemble size

51

Freq. of model
product creation

once a month (around 20th
of every month)

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN
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TCC Website (top page)

>
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Japan Meteorological Agency

Telgye Clinmere Center
WM Reglional Climerte Center in RA [ (Asia)

@wMo

<y

© TCC home © About TCC © Site Map © Contact us

El Nifio
Monitoring

Climate System

World Climate Monitoring

HOME

| what are wMo rees

NWP Model
Prediction

Global Warming Climate in Japan

I Main Products

Training Module

Press release Links

| what's New 2RSS

WMO RCCs are centres of excellence...

l RCC Functions

Operational Acti ies for Long-range Forecasting

Operational Acti ies for Climate Monitoring

Operational Data Services, to support operational LRF and

climate monitoring
Training in the use of operational RCC products and
services

l Latest Updates S

World Climate Updated: 14 September 2018
Climate System Monitoring  Updated 14 September 2018
El Nifio Monitoring Updated: 10 September 2018
Monthly Discussion Updated: 25 September 2018

Monthly Discussion on Seasonal Climate Outlook
No.55 is issued on 25 September 2018.

PSIB50 & windB50 from : 2018/ 9/ 3 00Z LT=28 doys 1.0E6[mes2/s
X T
4ON 4

30N
20N
10N

EQ

Ensemble forecast for stream function and wind vector at

@) =J&IT

Japan Meteorological Agency

iTacs
iTacs, Interactive Tool for Analysis of the Climate System,
is a web-based application to assist NMHSs to analyses
extreme climate events and to monitor climate status.

GPC Tokyo
Products of long-range forecast from Global Producing
Center (GPC) Tokyo are available. These products are
based on JMA's ensemble prediction system.

Monthly Discussion on Seasonal Climate
Outlook

This is intended to assist NMHSs in the Asia-Pacific region
in interpreting GPC Tokyo's three-month prediction and
warm/cold season prediction products.

El Nifio Monitoring
"El Nifio Outlook” consists of a diagnosis of current
condition and prediction of El Nifio/Southern Oscillation.
This is issued every month around 10th.

ClimatView

The ClimatView tool enables viewing and downlozding of

| monthly world climate data, including monthly
| temperature/precipitation statistics and 30-year climate

normals.
TCC News
TCC News, a quarterly newsletter from Tokyo Climate
I Center. acauaints with sianificant climate disasters and

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN

30 August 2018 NEW
» TCC News No. 53 (Summer 2018: PDF)
- Upgrade of JMA's Supercomputer System
- Primary Factors behind the Heavy Rain Event of July
2018 and the Subsequent Heatwave in Japan from Mid-
July Onward
- Sea Ice in the Sea of Okhotsk in the 2017/2018
Winter Season
- Kosa (Aeolian dust) Events over Japan in January-
June 2018
- TCC Experts Visit the Philippines
22 August 2018 NEW
» Press release: Primary Factors behind the Heavy Rain
Event of July 2018 and the Subsequent Heatwave in
Japan from Mid-July Onward
1 June 2018
» TCC News No. 52 (Spring 2018: PDF)
- El Nifio Outlook (May - November 2018)
- JMA's Seasonal Numerical Ensemble Prediction for
Boreal Summer 2018
- Warm Season Outlook for Summer 2018 in Japan
- Summary of the 2017/2018 Asian Winter Monsoon
- Characteristics of climate conditions in Japan in
winter 2017/2018
- World climate monitoring webpage revamp
- TCC contributions to Regional Climate Outlook
Forums in Asia

17 May 2018
» Announcement: World Climate Webpage revamp
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Cllnataioystan EljNtAG NWEINMade) Global Warming Climate in Japan Training Module Press release Links

World Climate

Monitoring Monitoring Predic

/\ J \\QProducts
El Niilo
Monltorlng

Long-range Fi S 7 to analyses

Cllmate System ate status.
Monitorin

N

HOME

I What are W/ L
world )xcellence...
Climate

Operational Actj

Training
Materials

rs behind the Heavy Rain Event of July
sequent Heatwave in Japan from Mid-

Global

PDF)
System

Climate in
Japan

Operational Dat

climate monitori ea of Okhotsk in the 2017/2018

Training in the y
services [ e g obal Producing - Kosa (Aeolian dust) Events over Japan in January-
5 J | Center (GPC) Tokyo are available. These products are June 2018
| Latest Updates R based on JMA's ensemble prediction system. - TCC Experts Visit the Philippines
NEW
World Climate Updated: 14 September 2018 Monthly Discussion on Seasonal Climate 22:August 2016

Outlook » Press release: Primary Factors behind the Heavy Rain
Event of July 2018 and the Subsequent Heatwave in
Japan from Mid-July Onward

Climate System Monitoring  Updated 14 September 2018
This is intended to assist NMHSs in the Asia-Pacific region

El Nifio Monitoring Updated: 10 September 2018 in interpreting GPC Tokyo's three-month prediction and

Monthly Discussion Updated: 25 September 2018 warm/cold season prediction products. 1 June 2018

Monthly Discussion on Seasonal Climate Outlook 2 3 E » TCC News No. 52 (Spring 2018: PDF)

i El Nifio Monitoring . ,

No.55 is issued on 25 September 2018. - El Nifio Outlook (May - November 2018)

PSIB50 & wind850 from : 2018/ 9/ 3 00Z LT=28 e - "El Nifio Outlook” consists of 2 diagnosis of current - JMA's Seasonal Numerical Ensemble Prediction for
oS00 homis /.5 002 LI=28 Soys._<1.0CHwect /6 § ‘; condition and prediction of EI Nifio/Southern Oscillation. forasl Sitha. 2018
This is issued every month around 10th. - Warm Season Outlook for Summer 2018 in Japan

- Summary of the 2017/2018 Asian Winter Monsoon

Tha'cl Vi 1 bi dd — ¢ - Characteristics of climate conditions in Japan in
e ClimatView tool enables viewing and downloading of winter 2017/2018

monthly world climate data, including monthly
temperature/precipitation statistics and 30-year climate
normals.

ClimatView

- World climate monitoring webpage revamp
- TCC contributions to Regional Climate Outlook
Forums in Asia

TCC News

17 May 2018
» Announcement: World Climate Webpage revamp

TCC News, 2 quarterly newsletter from Tokyo Climate
Center. acauaints with sianificant climate disasters and

Ensemble forecast for stream function and wind vector at

@ SERIT TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 9

Japan Meteorological Agency

- _ I’ RJUIQ
TCC Website >
(NWP model prediction)
EEEEE —

Warld Global Warming Climate in Japan Training Module  Press release Links

HOME > Ensemble M

Products for Long-Range Forecasting of WMC Tokyo)

JMA's Ense

JMA, as a WHO World Meteorological Centre (WHMC), the prediction system of an atmospheric global circulation model (AGCM) for one-month prediction and
atmosphere-ocean coupled global circulation model [CGCM) for Ihree—munlh and wzrm)'mld season prediction. Ensemble prediction products, verification charts and
spacification of the ensemble prediction system are available on this page. JMA was designated as a WMC in 2017 and, as a part of its activities, the Centre conducts global
numerical long-range prediction (Global Producing Centre for Long-Range Forecast; GPC-LRF)

I Notice I Main Products
15 March 2021 |
S = " J

Cli

One-month Prediction
(Utilize in the Exercise)

Anncuncement: Upgrade of |l One-month Prediction
the Global
Prediction System for One-
month Prediction

" Ore-month Prediction (1 aus a1
2500, TES0 & SLP (Northern Hemisphere) (s agaas
+ Stream Function, Velocity Potential & Surface Air Temperature (60H-50;

i
= 15 September 2020 v Verification @z agaoet
Announcement: , Hindcast Verification
Improvement of Extrame =
Forecast Index (EFT) ¢ One-month Guidance Tool, Oommentary
prcinets [~~~ TORR regietered WANSE tan secass fhis quidance tool.)
Three-month Prediction Foracast Products in Support of Early ings for
» 16 April 2020 - Weather Events wstupasted: 28 2ag 2021
Announcement: Release of * Three-manth Pradiction (i o1}
Global Gridded Datasets for Z500, TBS0 & SLP (Northern Hemisphere] (14 s 20 Early w
two we
&-month Forecasts » Stream Function, Velocity Potential & Surfaca Air Temperaturs {60N-605) H H
s ; Three-month Prediction
- & -
v Werification e sgaoey '.51
= 16 March 2020 N = k toc@ me! v
Anncuncement: Upgrade of | Hindens: Nanfic=tio OMA/HET o520
e BIaEAl Ensarible 4 Probabilistic Forecast and Verification (14 32
Prediction System for One- # SST Index Time-series Forecast (14 fug 221
month Prediction
Warm/Cold Season Prediction I Download Products for Long-Range Forecast (LRF) of WMC Tokyo
+ 14 March 2015 4 Warm/Cold Season Prediction (11 21} + Download Gridded data Filed M
Announcemant: Neaw JMA's 4 Z500, TES0 E SLP (Northern Hemisphere] (114 2021
Bne-month Gitdsnce Toel » Stream Function, Velocity Potential 8 Surface Air Temperature (60N-60S) Wa rm /CO I d Season
{password required) is e L.
bounched Pose ferto |, venmeaman puimcmy - Prediction
" | Hindeast Varfication {(IMA/MRI-CPS2)
+ Probabilistic Forecast and Verification (11 apr e ‘
* 29 September 2017 | SST Index Time-series Foracast (11 a1
e e D D e ——
@) S5F . -
@) JBk[T TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN

Japan Meteorological Agency



TCC website >

(Focusing on one-month prediction)

IIIII—

One-month prediction

\

N

Iﬂne—month Prediction

One-month Prediction (4 Nov 2021)

3
{ Forecast E Z500, T850 & SLP (Northern Hemisphere) (04 Nov 2021)
maps -
P /"= & | Stream Function, Velocity Potential & Surface Air Temperature (60N-605)

(D4 Now 2021)

Hindcast » Verification (o7 Mov 2021)

verification T » Hindcast Verification

» One-month Guidance Tool, Commentary

Guidance b {Only registered NMHSs can access this guidance tool.)
tool

m)%gg? TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 11

Forecast Maps >
(Tropical)

v Forecast period
1st week: Day 3-9

One-month Prediction (Tropics and Asia)

This product is displaved for use by National Metearological and Hydrological Services [NMHSs). Tt does not constitute an official forecast for any natio
o E iod CHIZ00 (FORECAST) doy 3-8 Init2021/11/03 1 0ES[mas2 /. 1200 (FORECAST) », 3-0 init:2021/11 /03 +1.0E6[mes2/s:
2nd Week: Day 10_1 6 |th;E;?5i WZEE:B Vl e G 1 “ﬂ/ /\'/ — Lt f‘; PS { ) 1/11 /1 = L /8]
3rd & 4th week: Day 17-30 "‘“‘f Velomty i Stream
' initial date w @
28 days mean: Day 3-30 ) -\ potential % function
- at 200 hPa — at 200 hPa
area i T = = T WF‘;FW e i = s
E‘? E‘D_N -805 mw (FORECAST) day 39 inlt:2021/11/03 ;m..‘./a ay] ! con 51850 (FORECAST) dn: >o init:2021/11/03 -|.c|r;5[m--2/
‘/ Inltlal date . Asia N o ﬁ:/zr\/ 1;,// gf} i #‘\r‘—((o/'- R — 2 A
¢ 4 "L Stream
LI PreC|p|tat|on - 1 £ -
PSI850 : Sxl.0E6mfs =6 5 ’ { V\ﬂg\ ” 356 u nCtIon
PSEA : 4hfa S\ M \ \N i{/— “_} % t 850 hP
\/ Area ‘jﬂ';ﬂd";&ms Hhast [ 0E TRE 7 0 ms = a a
(6ON_6OS/ Asia) i zﬁoi’: st.fnm]r > s £SEA (F?ch‘i’_} day 3 s}\‘. f?oz\/n/oa Jnv ]‘ =

Geopotentlal
- height

v Ensemble mean 5 at 500 hPa
v' Contour: forecast value

v' Shading: Anomaly

m)%gg? TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 12



DEL G

Forecast Maps >
(Northern Hemisphere)
‘ygeeEyF___

One-month Prediction (Northern Hemisphere)

This product is displayed for use by National Meteorological 2nd Hydrological Sarvices (NMHSs). It does not constitut

Forecast Maps

forecast period

the first week b
initial date

2021.11.0312Z v

correspanding verification

{from top to bottom)

top : Contours show 500hPa height in an interval of 60m,
middle ¢ Contours show 250hPz temperature in an interval of 3C.
bottomn : Contours show sea level pressure in an interval of 4hPa. -

(Shaded patterns show anomalies.)

Ensemble Mean forecost ( 07 day
[l

at 500 hPa

[=]

Temperature
at 850hPa

e ok
[ O/ fe &
Wi

g \\ SN

PSEA {FORECAST) day 3-8 Init:2021/11/03 [n#

Sea level
pressure

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN

Geopotential height

13

e N N N
Hindcast verification

>

« ltis important to utilize prediction outputs taking into account of prediction skill

especially for seasonal prediction.

» In this exercise, we are going to check the verification score maps with the

hindcast.

I Hindcast Verification

Verifications of Global EPS for one-month prediction using its Hindcast

Verification score

map

® 58T

» Bias map (Mean error map)
& Morthern hemisphere map
& Global map
» Zonal mean map

+ Hindcast maps for every initial date
# MNorthern hemisphere map
» Global map

+ Werification score

» Jime ceriee Circulation [nd

» Verification Score Maps
» Variables to be Assessed: RAIN, 2500, T&850, SLP, CHI200, PSI200, PSIB50

- —oilagonostic Measures:

# Anomaly Correlation{ACOR)
» Root Mean Squared Error(RMSE)

TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN

14



EEEEN
Verification score map (Hindcast)
EEEEN

Initial date.

Verification Score Map

Note: "RAIN" is available only week-1 to 4 (4 weeks mean) forecast with the initial date of end of month.

In this seminar,

Initial date: <GEPS2103(13mem) : JRA-55>
1 1 /30 PSEA anomaly (with bies—correction)
Anomaly Correlation for 30 years (1981—2010)
initial : 1130, 28day mean : day 03-30

\ ® ACOR
ACO R O RMSE

(anomaly correlation) : s
";' PSI200
O PSI850

N © RAIN
Select parameter K O 7500

O T850
@ SLP

Lead time:

® week-1 to 4 (4 weeks mean) (day-3 to ;
Select forecast Iead BD)th {: " k (d St 9) 8es 30E 60C 90f 200 1500 180 150W  120W 0w GOW 30w
O the first week (day-3 to
tlme O Tho soeoiii wobl e’day—l{) to 16) ~0.9-0.8-0.7-0.6-0.5-0.4-03-02-01 0.1 0.Z 0.5 0.+ 0.5 0.5 0.7 0.8 0.9
O the third and fourth week (2 weeks

mean) (day-17 to 30)

(Notice)
"RAIN" is available only week-1 to 4 (4 weeks mean) forecast
with the initial date of end of month..

m)%gg? TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 15

- JRQQ 0
Example of the score
Initial date: (anomaly correlation for SLP)

H
® ACOR week-1 to 4
O RMSE

Element:

O CHIZ200
O PSIZ200
O PSI8S0
) RAIN
) 2500
O T850
@ s week-3 to -4

[ [ [
-0.9-0.8—0.7-0.6—0.5—-0.4—0.5-0.2-0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

€ For Anomaly correlation map,
blue color indicates positive correlation (high prediction skill)

m)%gg? TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 16
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Content
- s TSP AR |

Introduction of the forecast products on TCC Web

Explanation of the exercise lecture
Example of constructing one-month forecast lecture

3t0 6 Dec. Generating _one-month forecast_ for your own country exercise
- Preparation of the presentation

7 Dec. Presentation by participants presentation!

m)%giﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 17

. E E e
One-month guidance tool (on TCC web)

. s o e L___________________________________________________________|
>

® \Web-based APP operated in JMA's virtual server system.
v' Any browser plug-ins and update of the APP by users are NOT required.

I Main Products

IOne—month Prediction IMm
¥ One-month Prediction (o4 Nov2021)
» Z500, T850 & SLP (Morthern Hemisphere) (o4 Mov2021) This
# Stream Function, Velocity Potential & Surface Air Temperature (60N-605) || intery
(04 Nowv 2021) predi

+ Werification (o7 kov 2021)

Guidance ¢ Hindcast Verification
tool T
(Only registered NMHSs can access this guidance tool.)

m)%giﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 18




Overview of the guidance tool

® Set the observational data and some parameters, and the tercile probabilities
and verification results are automatically displayed.

Input by users
(observational data and some parameters)

—\

Output
(tercile probabilities)

T

il

Output
(verification of the guidance)

m)%giﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 19

Specifications of the guidance
s 2 0 S L. |

® Threshold of the tercile categories;
based on the past observation data during verification period for years
® Prediction method;
multi-regression (up to 3 elements)
® Estimation of uncertainty;
assuming PDF with the forecast error (RMSE) of the past cases (hindcast)

PDF of Below Normal Above
climatology

1 [}
[} 1
) ! ¥
Predlctgfi PDF / 33% : 33% : 33%
\ 1

1
O \RMSE of the regression model 1 !
PDF of ! . _ .
guidance | i High probability of
| 1 5 above-normal
n
0  Xj: forecast by the regression model J.‘/ i

0

m)%giﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 20



Workflow of the guidance tool

TP FyF.._______ |
1. (Preparation)

m) | 1. Create the past observation file (csv format)

® Need to prepare by users

Thank you for sending us climate
data in your country!

2. (Using the guidance tool)
1. Input data
* initial date, forecast target period and observation data

2. Produce guidance and get the outputs

» Select “predictor” and check the verification
(automatically output)

» Get the outputs (tercile probabilities)

m)?t%‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 21

EEEEN
1. Preparation
(1) Observation data (example)
EEEEN

Line.1: #elname={temperature or precipitation} (The other words are NOT available)
2: #undef={undefined value}

3: #station=,,,{station name} =
4: #lon=,, {longitude of the obs. point} (Up to 10 stations)

5: #lat=,,,{latitude of the obs. point}

After line.6: observation data
{Year},{Month},{Day},{Observational value}

<Example>

#elname=temperature,,,

#undef=-9999,,,
#station=,,,TOKYO,NIIGATA,SENDAI,NAGOYA,0SAKA,SAPPORO,HIROSHIMA, TAKAMATSU,FUKUOKA
,NAHA

#lon=,,,140,139,140.8,137,135.5,141.2,132.5,134,130.4,127.6
#lat=,,,35,38,38.25,35.2,34.6,43,34.4,34.3,33.5,26.2

1981,1,1,5,2.2,1.8,3.4,4.6,-3.3,2.7,2.8,5.3,15.6

1981,1,2,4.6,4.3,2.9,3.5,5,-2.2,2.9,4.6,2.7,13.4

1981,1,3,5.1,4.3,1.1,2.2,3,-0.3,1.2,2.8,2.2,13.3

m)?t%‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 22



- JIIIR
1. Preparation

(2) Observation data (supplement)
saeerk..____________________________________________|

® Element;
» Daily temperature or daily precipitation
® File format;
» CSV (comma-separated values)
® Period,;
« As a minimum, daily data covering the verification period (from 1 January
1991 to 31 January 2021 by default) are required.
® Observation data;
« Maximum 10 stations (possible to calculate simultaneously)
» Embed undefined value for missing data.
» Station name should be one-word
(In case of ¥more than two-words, connect with hyphen “-" or under bar “_".)

@)%g‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 23

Workflow of the guidance tool
s g O O L. |
1. (Preparation)

1. Create the past observation file (csv format)
® Need to prepare by users

Thank you for sending us climate
data in your country!

2. (Using the quidance tool
=)

* initial date, forecast target period and observation data

2. Produce guidance and get the outputs

» Select “predictor” and check the verification
(automatically output)

» Get the outputs (tercile probabilities)

@)%g‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 24



2.1. Input data

(1) Setting the initial date and the target period
saeerk..____________________________________________|

>

NWP Model Prediction (TCC Website) = IMA's One-month Guidance Tool

JMA's One-month Guidance Tool (Commentary) Updated: 31 Mareh 2021

n | Initial date: 20211110 »| The beginning and ending date of the valid time will be automatically set on 1]
IZl Forecast period: [2021 V| /[11 V| / |20 v |— 2021 ™|/ |11 | /] 26 V| ]
Predictor: |- No.1 - w| |- No.2 - v| |- No3 — v|

Station and observation data: (Sample text data: Temperature, Precipitation)
=0

1. Initial date
(Select “Initial date” from a pull-down menu)
2. Forecast period
(Select “Forecast period” within the forecast range from a pull-down menu.)

v In the below example, a target period is set as 20 to 26 Nov. 2018 (2nd
week).
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EEEEN
2.1. Input data

(2) Setting the observation data
EEEEN

( )\Y\VP Model Prediction (TCC Website) = IMA's One-montt ( ) -

JMA's One-month Guidance Tool (Comm others

E_\:] Osaka_temperature.csv
Initial date: [20211110 v |— The beginning and ending da
Forecast period: [2021 v|/ /[20 v]—[2021 ~]/ [

Predictor: [~ No.1— w| [~ No2 -
Station and observation data: (Sample text data: Temy
rowse...

&m

Select the observation file ]

[ CIICk “Browse” bUtton T7L&(N): Osaka_temperature.csv -
Cancel |

‘ Open

1881, .
1981,1,5,2.7

(3) Station and observation data: (Sample text data: Temperature. Precipitation
#elname=temperature,,,
#undef=-89%3,,, ~
#sta n=,,,05RKA
$lon »135.
#lat 34.
1381,
1981,1,2, n .
1321115, Saass File content will be ]

shown on text box
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2.1. Input data
(3) (Optional) Detailed options

| | Detailed Options | |

'Verification period: 1991 v|— (2020 v

Character size of station name: 0.09 |
Normalization of precipitation data: [0.25

|—» Power of 0.25 iz default. Power of 1 denotes non-normalization.

| 1 Close Detailed Options 1 |

® \Verification period
» Users can adjust verification period so as not to choose inappropriate
period during which most of the data are missing.
* Unless there is no particular reason, it should be recommended to leave
the verification period as the default (30-year period from 1991 to 2020).

® Character size of station name
» Setting the character size for the station

® Normalization of Precipitation
» Parameter for normalization of precipitation
(= Look at the next slide)
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2.1. Input data
(4) [Tips] Normalization of Precipitation

« Temperature is generally approximated by a Ex. Precipitation over Japan

normal distribution. ] (Raw value)

* Meanwhile, precipitation doesn’t represent a i
normal distribution, and it's usually o

approximated by a gamma distribution. ey
. To.apprOX|mate by a normal dlst.nbu.tlon, the (Taking the power of 1/4)
guidance tool performs a normalization of

precipitation data by its power of 1/4 to
calculate the guidance forecast.

H \Ng
g5
u 41:\»(1/
10 [
o
s ois s 2 2z w5 4 425 45 4 s

275 3 a2
mm"0.25/Month

v' Changing the value from 0.25 (i.e., 1/4) to 1.0,
precipitation data will be non-normalized.
Verification period: [1991 v|—[2020 V]

Character size of station name: [0.30 |
Normalization of precipitation data: 0.25

|—> Power of .25 iz default. Power of 1 denotes non-normalization.
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Workflow of the guidance tool

1. (Preparation)

1. Create the past observation file (csv format)
® Need to prepare by users

Thank you for sending us climate
data in your country!

2. (Using the guidance tool)
1. Input data

* initial date, forecast target period and observation data

2. Produce guidance and get the outputs

» Select “predictor” and check the verification
(automatically output)

» Get the outputs (tercile probabilities)

m)?t%‘iﬁ TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 29

2.2. Produce guidance and get the outputs
(1) Select “Predictor”

® Select “Predictor” elements from a pull-down menu.

. Users can set up to three predictors from the left
(No.1~3).

v" In actual, the users need to find better combination of predictors,
confirming the prediction skill (as shown below)

NWP Model Prediction (TCC Website) = IMA's One-month Guidance Tool

JMA's One-month Guidance Tool (Commentary) Updated: 31 March 2021

Initial date: 20211110 v |— The beginning and ending date of the valid time will be automatically set on t|
Forecast period: [2021 v/|/[11 v]/[20 v|=[2021 ~v]/[11 v]/[26 V]

- [ Predictor: [ No.1— v| [~No2 - v| [~No3-- v| ]

station and observation data: (sample text data: Temperature, Precipitation)
2.
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2.2. Produce guidance and get the outputs

(2) Execute calculation of guidance
saeerk..____________________________________________|

® Clicking “Submit” button, and execute calculations of the
guidance automatically.
(After a short time, output the tercile probabilities and forecast
skill according to the hindcast.)

JMA's One-month Guidance Tool (Commentary) Updated: 31 March 2021

Initial date: |20211110 v — The beginning and ending date of the valid time will be automatically set on the next pull-down menu.

Forecast period: [2021 v|/[11 v|/[20 v]—[2021 ~|/[11 v]/[26 v|

Predictor: [-No.1- V| [=Ne:2 - V] [=No3 - v

Station and observation data: (Sample text data: Temperature, Precipitation
DARFTCCITCC Semin =5,

#undef=-9908, ~

= v
(
H 13 M RL
pe— S— Click “Submit” button ]
T\
Sample image.
Station name:  TOKYO v
init time = 20181107 (period:20181109—20181208) station = TOKYD init tima = 20181107(period:20161109-20181209)
2N . Above ,
| /B 0 1oy 1
m)%gg? TCC Training Seminar on One-month forecast, 1 — 7 Dec. 2021, JMA, Tokyo, JAPAN 31

2.2. Produce guidance and get the outputs
(3) Output of the guidance tool

“Submit” button

Pulldown list of stations ] After click the “submit’ button, the
— following 4 charts are output.

Ry « i 1. Color-coded probability map
g 2. Tercile probability forecast at the
P ' I station
e T — o+ INter-annual time series of

‘“‘ tercile probability during the
— verification period
4. Verification scores and the
reliability diagram

Probability (%)

o
10 I I I l
o
§ i 4 30 4 50 e0 7o &0 a0 100
Forecas! Probobility (%)

(Color bars fencte bel and ab p obal bxhq. d lines show reliability and green bars show forecast frequency.
{timesenies of daily mean cbeervation and forecast anomaly data, re y

PProbability for each c: tngrv[ rthe m.ﬁ ation period an dn. select m“‘quiqmgm
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2.2. Produce guidance and get the outputs
Output-1; Color-coded probability map
EEEEN

1. Color-coded probability map (upper left)

 lllustrate the most —likely categories and probabilities for
all station

init time = 20211110 (period:20211120-20211126)

Above
48N
45N Iso
49N i

L 40

39N

Normal
36N 4 I

33N 1
40

30N
27N

Gf A %
FLURY OKA
l'
o
60
-I ’
i . : 80
2an{ '

Below

123E 126E 129E 132E 135E 138E 141E 144E 147E
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EEEEN
2.2. Produce guidance and get the outputs

Output-2; Tercile probability forecast at the station
s yFEyF..___________

2. Tercile probability forecast at the station (upper right)
« lllustrate the tercile probabilities for the selected station

station = TOKYO init time = 20211110(period:20211120—-20211126)

100

90

80 [ Above-normal probability of 47%.

70 —

60 —

50 —

Probability (%)

40 —

30 —

20 —

0

Below Normal
18% 35% 47%
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2.2. Produce guidance and get the outputs

Output-3; Inter-annual time series of tercile probability
sae8rk..__________________________________________ |

3. Inter-annual time series of tercile probability during the
verification period (below left)

station = TOKYO init time = 20211110(period:20211120—202111286)
orr. of Predi Nil. Nil.(No.3.

.., v Check up past
prediction result
for the noticeable
year.

Probability (%)

This year

Hindcast period
Colored-bars: Tercile probability

-O-= Anomaly of daily-mean obs.
- Anomaly of daily-mean forecast
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_ EEEEN
2.2. Produce guidance and get the outputs
Output-4; Verification scores and the reliability diagram

4. Verification scores and the reliability
diagram (below right)

(a) Check up the verification scores
» ACC (Anomaly correlation coefficient)
* BSS (Brior skill score)

; BSS: 0.06
ACC: 0.416
0 10 20 ESEC bi%y (770) 80 90 100 Jﬂilc: 1 05.31 E
e > ACC is the most important score (as an
@ﬁ% indicator of the skill of tendency forecasting)

» Nextly, BSS (the skill of probability values)

(b) Check up the reliability diagram
v" Whether the reliability curve has a positive
slope
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(Hint) Recommended combination of predictors (1)

BN O
O For Temperature forecast,

® One predictor is recommended to be set temperatures
(surface, 850 hPa or 700 hPa temperatures).
v As for the island point, to avoid using surface temp.
might be better (i.e. using 925, 850hPa temp.).
® Other predictors are selected except for temperature, such as
wind or lower relative humidity.
v' To prevent the “multicollinearity” problem, poorly
correlated predictors are recommended to be selected.

For example;
O “Surface temp.” and “850-hPa meridional wind’

X “Surface temp.” and “850-hPa temp.”

v At first, I recommend the forecast skill of one-predictor (surface
temperature) to check up a basic performance of the model.
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- _JIIfR
(Hint) Recommended combination of predictors (2)

BN I 1
O For Precipitation forecast,

® One predictor is recommended to be set to be set as “Rainfall”.
® Other predictors are selected depending on locality, such as
the lower-tropospheric wind to consider terrain conditions.

For example;
+ “Rainfall” and “850-hPa meridional wind”
+ “Rainfall” and “850-hPa zonal wind”
- (in consideration of terrain condition)

v’ At first, | recommend the forecast skill of one-predictor (rainfall) to check up a
basic performance of the model.
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Users’ Guide
EEEER

® Online user guides are also available for

more details on the guidance tool.
v

® |f you have any questions for the guidance
tool, please feel free to ask TCC staffs.

Click “Commentary” ]
/

NWP Model Prediction (TCC Website) = IMA's One—monﬂl%(fg)l

? .
? 7, JMA's One-month Guidance Tool (Commentary) Updated: 31 March 2021

Initial date: The beginning and ending date of the valid time will be autom
Forecast period: [2021 v|/[11 v]/[20 v|—[2021 v|/[11 v]|/[26 V|
Predictor: [850-hPa relative humidity | |850-hPa relative humidity | [~ No.3 —

[ | = i . ] 4 . hin S
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