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TRAINING TEXT

LONG-RANGE WEATHER FORECASTING

HIDEO WADA
Hakodate Marine Observatory, Hakodate, Japan

Abstract. This article describes long-range forecasting, examples in Japan being mainly quoted.

The article stresses the approach with which the author is most familiar, namely that used in the
Japan Meteorological Agency; it employs statistical, synoptic, and physical techniques which contain
implicitly many of the considerations used in long-range forecasting in many countries.

After World War II, with an increase in quantity of upper-air data over the Northern Hemisphere,
many studies of long-range forecasting were made in relation to the general circulation of the atmo-
sphere. For the past several years the studies of long-range forecasting in Japan have been especially
concentrated on the development of the techniques of seasonal weather forecasting.

The relevant approaches to long-range forecasting are now being developed from synoptic and
dynamical viewpoints in many countries, by the use of data in both the troposphere and the strato-
sphere over the globe and electronic computers.

1. Introduction

In recent years, short-range weather forecasting methods have been improved con-
siderably by direct numerical solution of the equations governing atmospheric motions,
by the advent of high speed electronic computers, and by the development of sophis-
ticated numerical models. In addition to short-range forecasts, two categories are
usually recognized at present: extended and long-range. The extended forecast gives
prediction of weather changes on a day-by-day basis over a period of say, 5 to 10 days.
1t is now well recognized that recently developed numerical prediction models have a
potential value for extended forecasting. These models, however, have not been
developed to the stage where they might produce forecasts of departures from normal
weather over a month or a season.

Long-range forecasts, which are defined in this article as 1-month, 3-month, and
seasonal weather forecasts, are at present one of the most important aspects of applied
meteorology and climatology. These forecasts become increasingly important with
agricultural, industrial, and commercial growth, and their utilization increases in each
country. Especially, the importance of long-range forecasts to civilian economy is
highlighted by long term losses suffered by adverse trends in weather, such as famine
due to droughts or floods due to persistent heavy rain.

Although numerous efforts have been made to develop long-range forecasting
techniques in many countries around the world, there is no universally adopted
methodology and many of the requirements relating to long-range forecasts cannot be
fully satisfied at present. It should be noted here that the object of long-range fore-
casting is not to predict the weather changes on a day-by-day basis over a long time
period, but to predict the departures from climatic normals, using a variety of methods
which will provide some clue, better at least than sheer climatological probability, to
the nature of the weather expected several months ahead. '

The purpose of this article is to describe, in general, the nature of long-range
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forecasts, the basic methods used to forecast mean temperature and total precipitation,
and the various methods of long-range forecasts currently used. Examples in Japan
are quoted. ‘

2. Historical Review

A brief review of development to date of long-range forecasting techniques, and an
introduction to their origins, is given.

Teisserenc de Bort (1883) first pointed out the existence of macroscale, time-
averaged pressure patterns and developed the concept of centers of action. These are
statistical aggregates of daily sea level pressure cells, such as the Bermuda high,
Aleutian low, etc., which are closely related to long term prevailing weather conditions
of certain strength and position. After a number of investigations on the development
of weather types had been made it became clear that long term weather anomalies were
linked to the behavior of centers of action and that it would be necessary to forecast
their behavior in order to predict the weather.

During the early stages of practical long-range forecasting, pure statistical methods,
such as simultaneous and lag correlation, were applied to the prediction of the behav-
ior of centers of action. Walker (1910) studied the relationship between the SW
monsoon precipitation in India and the sea level pressure over different parts of the
world. Thus, Walker’s North Atlantic, North Pacific, and Southern Oscillation be-
came common knowledge to the world meteorological community. However, his
study did not provide the key to predict the behavior of the three centers of action
over periods of a month or more.

Multanovsky (1933) developed the concepts of natural synoptic period and natural
synoptic season. During the natural synoptic period a series of disturbances, such as
cyclones and anticyclones, tracks through prescribed areas. During the natural
synoptic season the natural periods would be fairly constant in length.

Baur (1936) introduced the term grosswetterlage, which is defined as the mean
pressure distribution (at sea level) for a time interval during which the essential
characteristics of the atmospheric circulation over a large region remain unchanged.
He proved, statistically, the existence of large-scale meteorological systems which
steer the cyclones and anticyclones toward preferred directions. He also suggested that
the cyclones and anticyclones might be steered by currents in the stratosphere.
Multanovsky and Baur, and their followers, established many useful catalogs of
circulation and weather types in the practice of long-range forecasting.

Rossby and Collaborators (1939) formulated a theory of planetary flow pattern in
the atmosphere, which established a relation between the variations in the intensity of
the zonal circulation of the atmosphere and the displacement of the semi-permanent
centers of action. This work casts considerable light on the objective prediction of
centers of action through the concept of vorticity redistribution.

During World War II, in the United States, sufficient upper air data became
available for the systematic study of the relation between the behavior of centers of
action and that of long waves in the upper westerlies. An effort was made to show that
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mean patterns had physical meaning and represented a class of planetary waves.
Moreover, it was demonstrated that these mean circulation patterns led to fairly
unique patterns of temperature and precipitation. Namias (1953) reviewed the 30-day
forecasting experiments over the past 10-yr period in the United States.

After the War, with an increase in upper-air data, 5-day and monthly mean charts
in the troposphere over the Northern Hemisphere have been constructed in many
countries, and a remarkable development in long-range forecasting techniques has
been made, mainly in the field of synoptic methods. Since the International Geo-
physical Year of 1957 special efforts have been devoted to the study of stratospheric
phenomena relating to long-range forecasting, especially to seasonal weather
forecasting.

In recent years, Namias (1968) made a historical review of long-range forecasting
over the past century, which is a good reference on this subject.

3. Some Features of the General Circulation in the Troposphere

As stated previously, at present there is no universally employed distinct methodology
of long-range forecasting. Although methods vary in weighting factors, they all have
points in common and use the general atmospheric circulation as a foundation. What
lines of attack should we pursue in order to improve our tools? It is obvious that a
better understanding of the behavior of large-scale patterns in the general circulation
is very important for more effective long-range forecasting. Fortunately, many theo-
retical and observational studies of the general circulation have increased our under-
standing of the causes of maintenance and fluctuation of the large-scale circulation
patterns in the atmosphere. It has become evident that the grosswetterlage, including a
prolonged, abnormal weather situation, is greatly affected by the behavior of the
large-scale motion in the general circulation of the atmosphere. Accordingly, the
‘ultimate purpose of long-range forecasting is to make a prediction of the variation of
the long term general circulation.

The characteristic features of the general circulation in the troposphere are described
in order to understand the so-called physical-synoptic approaches concerning long-
range forecasting techniques.

3.1. CIRCULATION PATTERN IN THE TROPOSPHERE

At present in routine long-range forecasting it is customary to prepare pressure
contour charts for any given level in the troposphere, e.g., 70 kPa (700 mbar) or
50 kPa (500 mbar), because these are less complicated in appearance than surface
maps as a result of the diminished effects of land masses. Here, a pressure contour
chart for any given level denotes a weather chart on which are drawn the contours of a
specified, constant isobaric pressure surface, say 50 kPa.

Figures 1 and 2 illustrate the monthly mean, 50 kPa contour charts for the Northern
Hemisphere in January and July. The contours are labeled in geopotential metres
(gpm). Some features may be noted here. The vortex in winter splits off into two cells,
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Fig. 1. Monthly mean 50 kPa (500 mbar) contour charts for January, in geopotential metres,
(gpm). (After Wada, 1969.)

with a main center over the eastern Canadian Arctic and a secondary one over
eastern Siberia. The former corresponds to the Iceland low and the latter to the
Aleutian low on sea level maps, respectively. The sub-tropical high pressure cells are
well developed over the Atlantic and Pacific in July, whereas in January the sub-
tropical high pressure belt has a pronounced east-west axis along about 10°N latitude.
The two major troughs at about 70° W and 150° E are thought to be induced by the
combined influence on upper-air pressure and winds of large orographic barriers, like
the Rocky Mountains, and heat sources such as warm ocean currents (in winter) or
land masses (in summer). Wind speed is greatest where the contours are closely
packed. Inspection of both charts reveals the existence of a broad westerly flow and a
meandering flow, encircling the globe at mid-latitudes. Generally, the mean zonal
westerlies in the temperate zone reach their maximum speed at an altitude of 10 km
in winter.

The charts also show that the westerly current is not purely zonal but contains
waves. In general, there are usually 3 to 7 long waves (Rossby waves) around the
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Fig. 2. Same as Figure 1, but for July. (After Wada, 1969.)

Earth in the westerlies, with a rather stable number of 3 or 4 being common on a
monthly mean 50 kPa contour chart. In some cases, 1 to 2 long waves, which are
usually seen in the stratosphere, are called u/tra-long waves (very long waves).

3.2. ZONAL INDEX

The strength of the westerlies in the atmosphere is expressed in terms of zonal index.
From the 50 kPa height it is possible to calculate indices expressing the strength of the
zonal circulation in various wind belts. For example, the zonal index expresses the
strength of the mid-latitude westerlies (computed between latitudes 35° and 55° N);
the subtropical index (35° to 20° N), the strength of the east-west component of the
trades or the components aloft; and the polar index (70° to 55° N), the speed of the
west wind aloft. To simplify calculation of the zonal index, it is defined here as the height
difference between 40° and 60° N at the 50 kPa level over the Northern Hemisphere.
Generally, strong zonal westerlies are representative of a high index, and marked
meandering or cellular patterns occur with a low index. A roughly cyclic variation in
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the zonal index is called the index cycle, the period of which generally varies from 3 to
8 weeks. The index cycle is a fluctuation of the general circulation between high and
low zonal index situations. An extremely high- or low-index situation rarely persists
for over a month, resulting in abnormal weather throughout the world.

At present, one of the most important problems in long-range forecasting is to
predict the future stage of the index cycle over the hemisphere, although the cause of
the variation in index cycle is still uncertain.

3.3. POLAR VORTEX

The principal low in high latitudes or in the arctic region as revealed on the mean
Northern Hemisphere 50 kPa charts is called the polar vortex. The month-to-month
variations of the polar vortex in location are very complicated, but normally in mid-
winter the center is located over low latitudes near North America; it moves northward
until it approaches the North Pole in May and then retrogrades southward along the
same course. '
In general, the behavior of the polar vortex plays a leading role in the features of

e N : ' 10

Fig. 3. Probability, in percent, of departures from normal of sign of the 50 kPa height for winter,
with negative centers at 60° N, 60° W. (After JMA, 1962.)
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mean surface temperature distribution in mid-latitudes. Furthermore, the polar vortex
sometimes plays an important role in the combination of the pressure pattern over the
Northern Hemisphere, as indicated by the following example.

Figure 3 shows the influence, on the circulation elsewhere, of an Icelandic negative,
mid-tropospheric, height anomaly, particularly in Europe, the Florida peninsula,
Central Asia, and Japan to the North Pacific area. The figure also indicates a similar
pattern when the polar vortex is located in its normal position, the Davis Strait, in
winter. In order to use the combination of pressure patterns in practice as a guide in
the preparation of the Northern Hemisphere prognostic charts, a catalog of correlation
fields between the monthly mean 50 kPa height at selected grid points and other points
over the entire Northern Hemisphere is constructed for every season.

The polar vortex is one of the great centers of actions in the atmosphere over the
hemisphere.

3.4. CLASSIFICATION OF THE CIRCULATION PATTERN

The circumpolar current of temperate latitudes usually is not symmetric about the
Earth’s axis of rotation. This asymmetry, which varies with time, is frequently so large
that the zonal index no longer represents the true features of the current. Various
classifications of the circulation pattern in the atmosphere have been proposed by
many authors. For example, Girs (1960) made a study of the circulation pattern over
the Northern Hemisphere and offered three basic circulation types, W, E, and C. W
corresponds to a high index pattern, and the others to low index patterns.

In recent years, Wada and Kitahara (1971) made a detailed classification of the
circulation pattern over the Northern Hemisphere. The entire Northern Hemisphere is
divided into four quadrants, as shown in Figure 4, and the zonal index anomalies on
the mean 50 kPa charts are calculated both for each quadrant and for the Northern
Hemisphere. The patterns are classified into three types: two basic types Z (high index
pattern), M (low index pattern), and sub-type S (mixed type). Types Z and M are
defined as patterns in which three or more quadrants of the Northern Hemisphere
have, respectively, either positive or negative values of zonal index anomalies, and

0-80°E I80-100' W

o0k 90~I70°E 180°

Fig. 4. Definition of quadrants used for the classification of circulation patterns over the Northern
Hemisphere. (After Wada and Kitahara, 1971.)
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type S as one in which two quadrants have positive and the others negative values.
These three circulation types are further classified into 16 sub-divisions in all, with
10 basic types and 6 sub-types.

Following the definitions of classification, the monthly and 5-day mean 50 kPa
height patterns over the Northern Hemisphere are classified objectively for the
period 1946-1970, and model patterns for the classified types are constructed by
making use of the composite maps of 5-day mean 50 kPa height anomalies.

Thus, the tropospheric circulation patterns over the Northern Hemisphere are
classified by zonal index anomalies in each quadrant, resulting in a marked feature in
the pattern for each classified type. Then, even if one only knows the classified type,
one will be able to easily presume the outline of the circulation pattern over the
Northern Hemisphere.

Furthermore, if there exist some regularities in the time series of classified patterns
one may also be able to apply them to long-range forecasts in practice.

3.5. SEASONAL CHANGE OF THE GENERAL CIRCULATION

In general, the seasonal changes of the general circulation in the troposphere are very
complicated. The upper westerlies vary in strength and extent according to the season.
In summer their mean velocity is only half that of winter. Moreover, the westerly belt
expands far into the tropics in winter, while in summer, subtropical high-pressure cells
are situated near 30° latitudes at about 10 km altitude. It is understandable that
seasonal processes in the general circulation are not continual and that they proceed
in different ways during different years.

There exist, however, certain features in the seasonal change of the circulation. First
of all, it seems probable that the complex changes in mid-tropospheric circulation may
be obtained from the normal month-to-month changes in zonal index, 50 kPa height,
or temperature. .

It is known that the change of the zonal index from winter to spring shows a con-
siderable peculiarity from year to year, and there is a remarkable irregularity in March
in a long-term mean value; the zonal index gradually decreases with the passing of
mid-winter, the decrease stagnates from the end of February through March and then
in April it begins to diminish again. What significance is shown by the features in
March from a synoptic viewpoint? The stagnation of zonal index in March has a close
relation to the final warming in the stratosphere, as will be stated later.

Generally speaking, there is some tendency for a seasonal change in height of the
troposphere over the Northern Hemisphere. With the passing of winter there is an
increase of height around the pole, which reaches a maximum over the Pacific Ocean
in summer. This process is reversed from summer to winter. However, the annual
height changes in the troposphere over the Northern Hemisphere do not occur uni-
formly but show certain peculiarities. As an example, Figure 5 shows the normal
changes of the 50 kPa height from March to April over the Northern Hemisphere.
There -are seen three marked positive regions in the figure: the Okhotsk Sea, Baffin
Island, and Eastern Europe. This pattern is quite similar to that of June-July 1954,
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\

180
Fig. 5. Monthly mean normal 50 kPa height change from March to April (gpm). (After Wada, 1969.)

when abnormal weather persisted over many regions of the world, showing a large-
scale blocking action in the troposphere. The blocking action leads, for an appreciable
length of time, to meridional deviations of the normal-zonal, middle-latitude current
of the general circulation, the zonal current being thus interrupted.

This fact gives a clue for summer weather forecasting; worldwide abnormal
summer weather in mid-latitudes may be brought about by a time lag of seasonal
change of height patterns in the general circulation, resulting in a large-scale blocking
which should occur normally from March to April.

Wada (1971) pointed out some peculiarities in the seasonal change of temperature
in the troposphere. There is a small decrease in the upper tropospheric temperature
over the Tibetan Plateau from March to April, in striking contrast to the marked
increase of temperature over high latitudes for the same period. However, a remark-
able increase in temperature occurs over the Tibetan Plateau from April to May, and
continues into August. This peculiarity gives some suggestion on the structure of the
so-called Tibetan High, which has a great influence upon the weather in the Baiu
season (rainy season from June to July) in Japan.
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4. Some Features of the General Circulation in the Stratosphere

The stratosphere is defined as the regime of the atmosphere situated between the
tropopause (10 km) and the stratopause (50 km), in which temperature generally
increases with height. In the stratosphere the circulation patterns are less complicated
in appearance than in the troposphere, and there only ultra-long waves are significant
throughout the year. If the variations of circulation patterns in the stratosphere had a
close relation with the grosswetterlage on the Earth through those in the troposphere
then their relation would be a powerful tool for long-range forecasting.

4.1. CIRCULATION PATTERNS IN THE STRATOSPHERE

The flow at 3 kPa (at about 23 km) is mainly treated here because it offers the most
nearly quiescent region of the atmosphere, with a persistent wind minimum which
represents an effective decoupling of the tropospheric and stratospheric circulation
systems.

Height : gpm.

Y
o 3 kPa
2 |Jan. 1967

Fig. 6. Monthly mean 3 kPa chart for January 1967 (in gpm and °C). W and C show the centers of
warm and cold cores, respectively. (After Freien Universitit, Berlin, 1967.)
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Figure 6 shows the monthly mean 3 kPa chart of the Northern Hemisphere for
January, 1967. A well defined valley (L) of low pressure centers near the pole and is
elongated in a particularly interesting fashion, resulting in almost complete coverage
of the continental areas of the Northern Hemisphere by the cyclonic circulation. This
low is called the polar night vortex. A high pressure system, considerably smaller than
the polar night vortex, is observed over the comparatively large Pacific region. This
high is called the Aleutian high.

It should be noted here that the Aleutian high in the stratosphere exists right
above the Aleutian low at sea-level, and that the Iceland low at sea-level extends
up to the stratosphere with a vertical conjugate through the mid-troposphere to the
stratosphere.

From April to May the circulation pattern at the 3 kPa surface indicates a complete
breakdown of the polar night vortex which has dominated the Northern Hemisphere
winter.

In July the circulation pattern shows a stabilized situation in which a high-pressure
warm-air core has developed over the polar regions and undisturbed easterlies cover
the whole hemisphere, with a simple circular pattern. Quite similar patterns persist
during the summer season. o

The autumn chart for the Northern Hemisphere shows an asymmetry which is
reminiscent of the 50 kPa-mean chart. The polar night vortex is usually established in
September and is centered around the pole, with a cold center.

Thus, the seasonal changes of the general circulation in the stratosphere are not so
complicated as in the troposphere. However, there are some dramatic events in the
stratosphere which are never seen in the troposphere.

4.2. SUDDEN WARMINGS AND 26-MONTH OSCILLATION

One of the events in the stratosphere is a sudden warming, defined as a dynamic event
in the stratospheric circulation. It is characterized principally by a temperature
increase in the polar regions immediately above the stratonull level, greater than 50°C
over an interval 10 days or less, and accompanied by a disruption of the usual
westerly zonal circumpolar flow of the stratospheric winter circulation. (The stratonull
represents the level at which the meridional temperature gradient is most nearly zero
in the lower stratosphere).

Sudden warming usually occurs with an elongation or a large displacement of the
polar night vortex, which sometimes is accompanied by a large-scale blocking in the
troposphere. Furthermore, in the Northern Hemisphere there occur two or three cases
of sudden warming in mid-winter before the final warming from winter to spring. The
timing of final warming, with a stagnation of zonal index in the troposphere, is
extremely different from year to year, which sheds some light on the study of summer
weather forecasting.

The other event is the 26-month oscillation of the tropical stratosphere. In the tropical
regions of the stratosphere the zonal wind alternates between easterly and westerly
with an average period of about 26 months. The periodicity of 26 months in the
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stratosphere seems to be well established, though varing slightly in length of period.
On the other hand, a biennial cycle has been found in many climatic series of meteoro-
logical elements in the world. It is quite interesting for long-range forecasters that
these similar rhythms raise the question of whether these rhythms pertain to the
26-month oscillation in the tropical stratosphere.

5. One-Month Forecasting

The basic problems of long-range forecasting and the methods of routine practice of
one-month forecasting are described in this section.

5.1. BASIC PROBLEMS

5.1.1. Normal Values and Forecast Category

The purpose of a long-range forecast is to give an estimate of the departures from
normals of atmospheric circulation and weather. For this reason it is necessary to
have available climatological normals for all elements considered, weather as well as
circulation. The normals of surface meteorological elements are calculated for a 30-yr
interval (1941-1970) based on the World Meteorological Organization (WMO)
recommendation. However, the definitive normals for upper-air elements are not yet
computed because the interval of observation is less than 30 yr.

In Japan the expected mean temperature and total precipitation are categorized
into 5 categories: much above normal, above normal, near normal, below normal, and
much below normal. The limits for the categories have been chosen so that they occur
with unequal frequency ; much above (or below) normal, 0.1, above (or below) normal,
0.2, near normal, 0.4. The category boundaries therefore vary a little from month to
month and from one part of the country to another.

5.1.2. Forecast Areas

Long-range forecasts may be aimed at specific locations such as cities, geographical
regions, countries, or even the entire Northern Hemisphere, depending on the user’s
requirements. It is quite natural, however, to settle the forecast areas for long-range
forecasts in each country under the consideration of climatic conditions. From this
viewpoint, a country should be divided into several areas with climatologically similar
characteristics for monthly mean temperature and total precipitation by using statis-
tical methods. Under a homogeneous climate for example, Japan is divided into
3 main divisions for long-range forecasts, with 12 subdivisions.

5.1.3. 50 kPa-Height Pattern and Grosswetterlage

The fundamental part of the one-month prognosis is the mean and anomaly contour
patterns of the 50 kPa surface, for those largely determines the prediction of prevailing
temperature, total precipitation, and general weather. Hence, it is very important to
study the relationship between the mean 50 kPa height, or its anomaly pattern in the
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broad areas, the mean temperature anomaly, and total precipitation in the country.
Some examples in Japan are introduced here.

Basic flow patterns at a 5-day mean 50 kPa height in the Far East are divided into
three types: trough, zonal, and blocking. Figures 7 and 8 show a trough type for
temperature and precipitation, respectively. To the east of the trough type where a
SW wind flows, surface temperatures are higher and precipitation is heavier than
normal. But within the trough, cool weather and little precipitation are expected.

Fig. 7. A model pattern of the relation between the 5-day mean, 50 kPa height of trough type over
the Far East and the 5-day mean, surface temperature anomaly over Japan (after JMA, 1962). 8,
much below normal; 9, below normal; 0, near normal; 1, above normal; and 2, much above normal.

Fig. 8. A model pattern of the relation between the 5-day mean 50 kPa height (solid line) and its
anomaly (broken line) of trough type over the Far East and the 5-day total precipitation over Japan
(after JMA, 1962). 0, near normal; 1, above normal; 2, much above normal; others, below normal.
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Fig. 9. (a) Monthly mean 50 kPa height distribution for January 1964 (gpm): (After Wada, 1969).
(b) Monthly mean 50 kPa height anomaly distribution for January 1964 (gpm). (c) Monthly mean
surface temperature anomaly distribution for January 1964 (°C).
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An example of a monthly-mean 50 kPa chart and the grosswetterlage around Japan
is shown in Figure 9. The mean planetary flow at 50 kPa for January 1964 indicates
that a meridional flow prevailed over the Far East with an S-type pattern over the
Northern Hemisphere; the circulation over the Pacific consisted of broad cyclonic flow
with a deeper than normal trough over Kamchatka. At the same time, the subtropical
high in the southern part of the Pacific was stronger than usual. As a result, a fast
westerly flow prevailed over the North Pacific (Figure 9a).

The height anomaly pattern shows an extensive positive departure, as much as
100 m above normal, centered over the northeastern part of China (Figure 9b), while
a large temperature departure, as much as 10°C above normal, was observed around
Lake Baikal (Figure 9c).

Under this flow pattern, a pronounced warming trend continued in Japan during
January, with much precipitation over the Pacific side and light precipitation over the
Japan Sea side. It should be noted in Figure 9 that the anomaly pattern of height is
remarkably similar to that of temperature, although there is some discrepancy in their
positions of centers.

5.2. TECHNIQUES OF ONE-MONTH FORECASTING

The approaches of one-month forecasting techniques may be considered most con-
veniently in three categories: (1) purely statistical, without physical interpretation, (2)
physical-synoptic, involving the interpretation and understanding of the normal inter-
nal mechanics of the operation of the general circulation, and (3) hydro-dynamical,
applying numerical prediction of the general circulation. The practical methods in
each category are described, with some examples.

5.2.1. Correlation Method

It has long been recognized that a great deal of coherence exists in meteorological data,
not only in space but in time as well. In general, the relation between two variables can
be expressed by a linear correlation coefficient. As an example, the linear correlation
coefficients between monthly, mean-surface temperatures at some selected stations in
the world and monthly, mean-zonal indices at the 50 kPa level are calculated for
January and July, as shown in Table I. It is found from Table I that in many cases the
monthly mean temperatures have a significant relation to the zonal index for the
Northern Hemisphere, with a better relation to the zonal index for the quadrant
where the respective station is located. Especially, it is noticed that the correlation
coefficients for January in Lyon, Kew, and Moscow, which are located at high latitudes,
have significant positive values not only for the indices of each quadrant but for those
of the Northern Hemisphere generally. This result lends support to the use of the zonal
index in classifying the circulation pattern over the Northern Hemisphere.

Figure 10 indicates the simultaneous correlation field between the monthly mean
temperature at Tokyo and the monthly mean Northern Hemisphere 50 kPa height for
February. This pattern means that there is a close relation between the temperature at
Tokyo and the 50 kPa height situation over the Northern Hemisphere. When the
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TABLE I

Correlation coefficients between monthly mean temperature and monthly mean 50 kPa zonal index
over each quadrant and the Northern Hemisphere for January and July (1946-1968)

Station Month 0-80°E 90-170° E 180-100° W 90-10° W Over N.H.
Helwan Jan. 0.46 —0.29 —0.09 —0.22 —0.15
29°52’'N, 31°20'E Jul. 043 0.13 —0.26 —0.01 0.15
Tokyo Jan. 0.19 0.27 —0.01 0.18 0.25
35°41’N, 139°46’E Jul. 0.03 0.69 0.22 0.24 0.49
New York Jan. —0.34 —0.05 0.32 0.26 0.16
40°42'N, 74°01'W Jul. —0.51 0.24 0.41 0.16 0.09
Lyon Jan. 0.51 0.40 0.16 0.12 0.41
45°44'N, 4°55’'E Jul. —0.26 029 - 0.61 0.30 0.34
Kew Jan. 0.38 0.57 0.22 045 0.66
51°28'N, 0°19'W Jul. —0.44 0.19 0.54 0.28 0.19
Moscow Jan. 0.48 0.42 0.18 0.12 042
55°49'N, 37°33’E Jul. —0.66 0.00 0.06 0.35 —0.12
Oslo : Jan. —0.06 0.27 0.25 0.55 0.49
59°56’'N, 10°44’'E Jul. —0.35 0.33 0.22 0.17 0.14

polar vortex exists at higher latitudes over Central Asia, i.e., when the high index
pattern predominates over the Eastern Hemisphere, the temperature at Tokyo is very
high because of a significant negative correlation, as shown in Figure 10, and vice versa.

The correlation method is very convenient, not only for monthly mean temperature
forecasts but for monthly total precipitation forecasts. In Japan, lag correlation field
maps between monthly mean temperature or total precipitation at 10 representative
stations and the 50 kPa height over the Northern Hemisphere are constructed for
time-lag series, 1 month to 11 months, and also linear regression equations are con-
structed for monthly mean temperatures and total precipitation at the representative
stations, using significant high correlation coefficients on the lag correlation field
maps over the Northern Hemisphere.

In addition to simple correlation, partial and multiple correlations are also applica-
ble to long-range forecasting. In particular, a technique which has shown considerable
and practical value in long-range forecasting is the screening method. A machine
computation screens for the point (or element) of highest correlation. It then removes
the effects of this correlation, finds the highest remaining correlation, and so on. This
method is used to produce a multiple regression equation which expresses a predictand
as a function of predictors. (When one knows X and would like to forecast ¥, X is
called the predictor and Y the predictand.) The techniques have been generalized so that
it is possible to test up to several hundred predictors, by advanced computer
techniques.
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W 7N >~ 80 .~ February

o,

Fig. 10. Simultaneous correlation field between monthly, mean temperature at Tokyo and monthly,
mean Northern Hemisphere 50 kPa height for February (1946-1965). (After Wada, 1969.)

An application of simple correlation methods to long-range forecasting was
originated by Walker. However, such simple statistical methods have almost always
produced disappointing results. This is due to the essential instability of the relation-
ships between predictor and predictand in the long term. In other words, relationships
that may hold at a high level of significance during a period of years, or even of
decades, may become completely insignificant or even reverse themselves during another
such period.

It is recognized today that searching for correlations without good physical reason
to guide one is a hazardous undertaking, easily leading to discoveries which later turn
out to be accidental coincidences of no prediction value.

5.2.2. Periodicity Method

The study of periodic variations in the weather has attracted many meteorologists and
some major efforts have been made to find them. Thus far, however, no period has
become firmly established other than the two obvious ones, the day and the year.

17—
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However, most meteorological variables show some periodic variations, which are
sometimes referred to as rhythms, related to the basic period of a year.

In general, the periodic component can be estimated in advance from past values of
the variable concerned, by using harmonic analysis, and the prognostic values can be
extrapolated to the future. For the purpose of a one-month forecast it is known that
there are 4 to 6 day, 10 to 12 day, and 20-to 30 day periods in meteorological elements.
Especially, the 20 to 30 day period is found in the index cycle during wintertime, which
occurs accompanied by the invasion of a cold air mass from the arctic region into
middle latitudes.

This method is very useful when a dominant period continues for a long time.
However, a weak point in this method is that there is no physical basis to decide
whether a periodicity which appears can be extrapolated to the future.

5.2.3. Analog Method

Finding analogous situations to the current one in a space or time series is one of the
practical long-range forecasting techniques. If there is available a data bank giving a
most detailed description of past weather situations in a way which facilities compari-
son, it may be possible to select a past situation which in certain respects shows the
closest agreement with the current one.

At present, the selection techniques are embodied by advanced computer techniques.
In Japan, the most recent monthly mean 50 kPa height anomaly over the Northern
Hemisphere is considered towards the end of each month by a forecaster who selects a
group of analogs subjectively by comparison with the charts for the same calender
month since 1946. A method of measuring the similarity between two charts is a
measure of agreement in sign of height anomalies at each grid point (216 points). The
agreement is expressed in percent and is calculated for both the entire Northern
Hemisphere and the Far East area.

As an example, Table II shows the result of selected analogous months to the
current chart of the 50 kPa height anomaly over the Northern Hemisphere for April
1972. As an example the circulation in 1946 shows a Z-type pattern, and the best
analogy to the current circulation in April 1972. The agreement is 68 % in sign of
height anomalies over the Northern Hemisphere and 94 9 along 80° N. The 50 kPa
patterns for 1946, 1948, 1967, 1962, and 1970 have high percentages of analogy; their
patterns are quite similar to the one for April 1972, although the patterns are not
presented here. These lists are then compared with the actual chart of April 1972 and
differences between them are reconsidered. This examination may result in some years
being thrown out and often results in some years being put in a different order of
preference. Moreover, the most recent chart sequences of the 5-day mean 50 kPa
height anomaly over the Northern Hemisphere are also compared to those of the past
period since 1946, so that it is possible to select subjectively the 5-day mean 50 kPa
height pattern sequences in past months which most nearly resemble those of the
period just completed.

This method of selecting analogs is used effectively in the monthly routine; it often

—18—
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gives forecasters information of unusual grosswetterlage in advance. However, it
should be kept in mind that an analogous method is applied to long-range forecast
under the hypothesis that if the present state of the circulation in the troposphere is
any indication of the future, then cases which are similar in their large-scale pressure
patterns should tend to evolve in the same way.

5.2.4. Synoptic Method

The large-scale pattern on the mean charts changes relatively slowly and determines
the trend in the general types, whether stable or unstable, usually warm or cold. Thus,
it is quite possible to make a one-month forecast from a synoptic viewpoint. For the
one-month forecasts the 50 kPa fields of height and height tendency make it possible
to compute kinematic displacements of singular features on the charts such as troughs
and ridges, thereby assisting in preparing prognostic contour charts. In this case,
suitable mean distributions, for example 5-day mean heights, are used, and it is

.q ’ .O'\

—— 10~ [50kPq

Figs. 11a—c. Model patterns of 50 kPa height anomalies over the Northern Hemisphere for heavy
snowfall in Japan. (After Wada, 1969.) (a) Pattern for 25 days preceding heavy snowfall (Z-type).
(b) For preceding 15 days (M-type). (c) For same day.
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S50kPa

Fig. 11b.

assumed that the troughs and ridges shift in a nearly normal manner. In general, the
troughs and ridges may be traced with consistency as they form, develop, move, and
decay on the 5-day mean 50 kPa charts. However, a simple tracing of shifting troughs
or ridges is not always effective for one-month forecasting.

On the other hand, it is quite effective to construct a model pattern for abnormal
weather. As an example, the model patterns of 50 kPa height anomalies for heavy
snowfall in Japan which is caused by cold air intrusion are introduced in Figure 11,
where composite maps of 5-day mean height anomalies over the Northern Hemisphere
are shown for the preceding days, based on heavy snowfall months in the past. In (a)
the polar vortex with a negative anomaly is located over the Kara Sea. This pattern
shows a high index one (Z-type). (b) The pattern shows a low index one (M-type),
resulting in blocking highs over the north of the Atlantic Ocean and Taimyr peninsula.
An extensive cold air mass, expressed by a negative anomaly, dislocates to the Far
East and centers over Kamchatka. (c) The pattern shows a remarkable blocking situa-
tion over the Northern Hemisphers. As a result, the cold air mass invades Japan,
resulting in a cold wave over Japan and heavy snowfalls along the Japan Sea side.



Fig. 11c.

Also, in Japan some practical techniques of one-month forecasts have been explored,
using the synoptic features of stratospheric circulations. For example, the date of
onset of the Baiu (see Section 3.5, end of ) is found to be closely related to the date of the
first occurence of easterly winds in the stratosphere over Marcus Island (25°17'N,
153°58'E); it is found statistically that the Baiu sets in over West Japan about one
month after the stratospheric westerlies over Marcus Island switches to an easterly
flow in May. This relation suggests that the beginning of the Baiu in Japan has a lag
relation with the northward shifting of the easterly jet stream in the subtropical
stratosphere.

5.2.5. Dynamical Method

Fundamental research in the dynamics of the general circulation during the past years
indicates the applicability of purely hydrodynamical and thermodynamical methods
to the long-range forecasting problem. The methods are basically designed to answer
the question as to how solar energy is ultimately utilized and how the atmosphere
responds in order to transfer heat most efficiently. The answer may require more exact
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knowledge of such elusive physical processes as release of latent heat, momentum and
water-vapor changes, internal turbulent exchanges, radiation transfers and, in fact,
the entire gamut of meteorological processes.

Attempts have been made to provide useful long-range forecasts by a combination
of hydrodynamical and empirical methods. E. Blinova has made a study of experimen-
tal forecasts of winds and temperatures over large areas for periods of 40 to 70 days
(Blinova and Kibel, 1957). The wind forecasts were prepared by applying a linearized
barotropic model to each of the principal harmonics of the true 50 kPa height field.
The temperature near the ground was extrapolated using a modified thermodynamic
equation. In recent years, Adem (1962) attempted to formulate a numerical prediction
model for periods of a month or a season. The basic equations used are those of
conservation of thermal energy at the surface of the Earth and in the mid-troposphere.
The model predicts the anomalies of temperature at the underlying surface and in the
mid-troposphere.

However, the dynamical methods mentioned above have, so far, met with little
success in long-range forecasting practice and, at present, an accepted dynamical
method of long-range forecasting cannot be said to exist.

5.2.6. Other Methods

Persistence tendency. The persistence of monthly anomalies of circulation and weather
has been recognized. The persistence tendency varies during the season, and the
verification percentage of forecasts in some season can be considerably higher than the
percentage obtained by chance. In general, adjacent months have some degree of
persistence, with summer having a higher persistence than winter in both upper air
pattern and temperature, but lower persistence in precipitation.

Singularities. The relative frequency of meteorological events counted for a long
climatological period varies, day by day. For example, the grosswetterlage has different
frequencies throughout the year. The most frequent types are called singularities. A
characteristic example is the severe typhoon landfall in Japan, late in September.

Contingency tables. The whole possible range of the predictand is divided into a few
broad classes, with the predictors also classified, and the frequency of occurrence of
each predictand class contingent on the prior occurrence of each possible combination
of predictor classes is found.

Pure climatological probabilities. The forecaster has available for reference a hand-
book in which numerous climatological statistics are displayed.

Forecaster’s judgement, based on experience. This is also quite important under the
present status of long-range forecasting techniques.

5.3. ONE-MONTH FORECASTING PROCEDURES

The final aim of the one-month forecasts is to prepare a mean 50 kPa prognostic chart
from which temperature and precipitation can be estimated by using methods described
earlier. In order to arrive at a prediction of the 50 kPa pattern for a month ahead,
numerous tools which have their bases in synoptic, statistics, and large-scale physics
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are employed. The practical methods for preparing prognostic charts employed by
Japan Meteorological Agency (JMA) are as follows:

(1) Significant periodicities are derived from the current 5-day 50 kPa height data
at each grid point around Japan, using harmonic analysis, and their amplitudes are
estimated. The significant waves at each grid point are extrapolated into the future,
and from this the 5-day mean 50 kPa prognostic charts with anomaly patterns are
constructed for a month ahead.

(2) A monthly mean 50 kPa prognostic chart is prepared, using regression equations
derived from 50 kPa data for past years over the Northern Hemisphere. The equations
for each grid point around Japan are based on local month-to-month or season-to-
month autocorrelations with significant coefficients.

AV N "
\ N~ L= s\ /%
\ AN N\ \
% X - - / X
& ) >~
N R )(6
© &
, §
) 5700
Pl 7
Ud
/ 4 /,O
7/
A /
/

Fig. 12. Prognostic and actual charts of the 5-day mean 50 kPa height (solid line) and its anomaly
(broken line) during 2 to 6 November 1966 (in gpm). (a) By harmonic analysis and (b) actual
situation. (After Wada, 1969.)
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(3) A tracing method of positive or negative anomalies on the 5-day mean 50 kPa
charts is applicable to the construction of prognostic charts for a month ahead.

(4) The selected months analogous to the current 50 kPa height pattern also give
information for constructing prognostic charts.

In general, it is not easy to construct a one-menth prognostic chart because the
method seems to reduce in the end to that of a subjective judgement by the forecaster,
based on his experience supplemented by a number of different methods. Especially,
the current sets of daily or 5-day mean 50 kPa charts and those of the daily 3 kPa
charts over the Northern Hemisphere present much valuable information for one-
month forecasting. Forecasters pay attention to the following points:

(1) The behavior of the polar and polar night (in winter season) vortices over the
Northern Hemisphere. Toward which of the Hemispheres (Eastern or Western) is the
vortex displaced?

(2) The process of the zonal index in the troposphere over the Northern Hemi-
sphere and the Far East region. What kind of index pattern can be expected in the
future?

(3) The situation of blocking over the Northern Hemisphere. Are there any signs of
onset of a blocking situation?

(4) The development or decay of the Pacific and Tibetan highs.

(5) A possibility of typhoon genesis.

The above information is highly useful in constructing a mean prognostic chart. An
example of a prognostic chart is shown in Figure 12, with an actual 50 kPa chart.

The final forecast is usually drafted after a lengthy technical meeting has been held
amongst a number of workers. The information obtained from many methods is
reviewed, and general agreement is reached on the conclusions which can be justified
by the evidence. The final stages include the drafting of the forecast and its routine for
printing and dispatch. The forecasts in Table III are issued by the JMA. An example
of a 1-month forecast is given in Annex 1.

TABLE III
Forecasts issued at forecast centers in Japan
Type of When issued Period of
forecast validity
Nationwide, issued at Tokyo 1-mo. 10th and beginning of each 1 mo.
month
Regional, issued at each center 1-mo. End of each month 1 mo.
Nationwide, and Regional 3-mo. 20th of each month 3 mo.
Warm season  Beginning of March 6 mo.
(summer)
Cold season Mid-Oct. 6 mo.
(winter)

.
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6. Seasonal Weather Forecasting

For longer ranges — for example, 3-month or seasonal - the use of kinematic techniques
has not been successful because of the importance of seasonal change. Therefore, the
use of other techniques, particularly statistical ones, become more desirable for 3-
month and seasonal weather forecasting. However, atmospheric circulation seems to
behave coherently over a long time period, and this then is a proper target for seasonal
weather forecasting.

Recently, it has become clear that there are many characteristic features in the
seasonal changes of general circulation over the Northern Hemisphere, and that they
give some clues for the seasonal weather forecasting techniques from a synoptic
viewpoint. In this section practical techniques of seasonal weather forecasting are
described, giving examples used in Japan.

6.1. BASIC APPROACHES

6.1.1. Climatic Change in Recent Years

A survey of the regional climatic change, which of course is closely related to the
hemispherical or global climatic change, is of vital importance for seasonal weather
forecasting. In general, the climatic fluctuations show appreciable horizontal differ-
ences, which indicate the dominant role of a redistribution of temperature, precipita-
tion, and atmospheric pressure. Such changes are generally affected by certain aspects
of the hemispherical circulation pattern.

World-wide changes of climate are associated with variations in the general vigor
of the global atmospheric circulation. For example, from about 1890 to 1940 the
general but irregular trend was toward intensification of the global atmospheric
circulation: northward displacement of the polar fronts in both the atmosphere and
ocean, northward displacement of ice boundaries in the arctic, weaker development of
anticyclones over the continents, and more northward cyclone paths. Conversely,
recent decades have exhibited opposite trends: weakening planetary circulation,
southward shifts of ice boundaries and cyclone paths, sharp cooling, and different
rainfall patterns over continents.

Hemispherical or global averages of surface temperature have been available only
since about 1870. Mean annual temperatures for various latitude bands are shown in
~ Figure 13. The figure reveals a slow rise of temperatures up to about 1940 and then an
apparently more rapid drop. It is stressed that since 1964 a marked cooling has been
going on in the higher latitudes, and that in winter a remarkable decrease in the
monthly mean temperature of about 3°C was observed between the decades 1951/60
and 1961/70 in the polar region, with its center at the Barents Sea.

Under these circumstances the horizontal distributions of seasonal mean tempera-
ture in summer in Japan have shown a marked trend in recent years, with hot summers
in western Japan and cool ones in northern Japan. Furthermore, such a change of
summer temperatures in North Japan is explained by its relation to the variation of the



LONG-RANGE WEATHER FORECASTING

! T T I I

O O O O

H O o N 8

T T Y T T
1 1

© o
T

TEMPERATURE CHANGE (°C)
o
ol
T

— 0-80'N
— 0-60°N
--- 0-60'S
1 1 1 | 1 1
1860 1880 1900 1920 1940 1960

Fig. 13. Mean annual temperatures for various latitude bands, 1870 to 1966. The horizontal bar
shows the mean value of temperatures in the 0° to 80° N band for 1931 to 1960. (After Mitchell (1961)
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Fig. 14. Temperature anomaly in North Japan (solid line) and frequency of zonal type patterns over
the Eastern Hemisphere (broken line) for summer (3-yr running mean).
(After Wada and Kitahara, 1971.)

zonal index over the Eastern Hemisphere, as shown in Figure 14. The relationship is
that a high index pattern in the Eastern Hemisphere brings a hot summer to North
Japan while a low index pattern brings a cool summer, because the frequency of the
meridional type pattern is the reverse to that of the zonal one.

It is emphasized that there are some systematic features in climatic changes which
should be explained from a synoptic viewpoint, and that it is very important for
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seasonal weather forecasting to grasp the features in recent climatic changes. Anomaly
sequence graphs for monthly mean temperatures and total precipitation at representa-
tive stations in a country should be available for seasonal weather forecasting.

6.1.2. Solar Activity and Climate

If irregular solar activity exerts a decisive influence on large-scale changes of general
circulation it is important for seasonal weather forecasters to be aware of this possibility
and of the effects to be expected. Usually, sunspot counts (e.g., Wolf number) remain
as the common indicator of solar activity because of the long history of observation
since 1610. The number of sunspots varies, with a mean period of about 11 yr. The
sunspot cycle, as is well known, disturbs the upper atmosphere, including the iono-
sphere, during periods of high solar activity.

It is evident that sunspot cycles are far too large in scale to apply directly to seasonal
forecasting. On the other hand, it is known that the grosswetterlage varies greatly
within the same phase of the double or single sunspot cycle. Thus, the selection of an
analogy period for seasonal weather forecasting should be based not only on the
sequence of the Northern Hemisphere general circulation anomaly patterns, but also
on the seasonal sequence of sunspot activity, for such sequences vary greatly at the
same phase of the double sunspot cycle.

In Japan, the relation between the solar activity index deduced from long records
of sunspot numbers and the characteristics of the general circulation was studied
statistically. It was demonstrated that cool summers in North Japan are apt to occur
within a few years of the year with the minimum sunspot number, and that abnormally
cool summers persist within a few years of the year with the minimum number
immediately following the year with the extreme maximum number. Especially, it
should be kept in mind that the world-wide abnormal weather in winter in 1963-64
occurred within the minimum period of the sunspot number immediately following
the highest ever observed solar activity in 1957.

If solar activity is indeed a controlling factor of the general circulation, then it will
be necessary to determine the specific nature of the pertinent emissions involved and
to establish reliably the physical linkage between solar emission and the ultimate
reaction of the general tropospheric circulation.

6.1.3. Sea Temperature and Climate

Sea surface temperatures in the open ocean areas are important in connection with
both the generation and suppression of storm systems, and otherwise affect the
general circulation. In general, it is recognized that if sea temperatures are much
warmer than normal, cyclones will develop very rapidly into intense storms. Low
temperatures in the same area will, conversely, result in weak lows or, in special cases,
anticyclone development.

It is presumable that anomalies in the heat received by the atmosphere from the
oceans may be of major importance in the production of anomalies in the general
circulation, and that an anomaly of the general circulation results in climatic change.



LONG-RANGE WEATHER FORECASTING

On the other hand, because of the large heat capacity of water, sea temperatures
change slowly and anomalies tend to persist; they thus have some predictive value in
the seasonal weather forecasting. However, at present, there are many difficulties for
the application of air-sea interaction to seasonal forecasting. The difficulties stem
from the fact that the feedback mechanism between them has not been made suffi-
ciently clear to be applicable to seasonal forecasting.

Besides sea temperatures, studies should be made of the time-lag mechanism
between ocean currents, ice distribution, snow condition, and atmospheric circulation.
For example, the extent of the arctic ice may be important; a larger than usual cold
source region is likely to have an effect on wind flow and temperature distribution in
middle latitudes through the behavior of the polar vortex. Furthermore, in winter,
anomalies in the depth of snow cover on land must similarly be taken into account.

6.2. SUMMER WEATHER FORECASTING

6.2.1. Seasonal Change of the General Circulation and Summer Weather in Japan

The weather in summer season in Japan is greatly affected by the behavior of the polar
vortex and the subtropical high over the Northern Hemisphere. The subtropical high
over the Northern Hemisphere is generally composed of 6 cells in summer, each of
which has a peculiar feature in its vertical structure. For example, a cell called the
Tibetan high which is most noticeable in summer in the upper troposphere, is composed
of warm air throughout the troposphere. On the other hand, one called the Pacific high
is distinctly noticeable in the lower troposphere as a cold air mass. The behaviors of
the Tibetan high and the Pacific high are closely related to the dates of onset and end
of the Baiu rainy season in Japan.

On the other hand, it is very important for summer weather forecasting to know,
with a conception of dynamic climatology, the seasonal change of the general circula-
tion over the Northern Hemisphere from winter to summer. The mean circulation in
the troposphere in winter is characterized, as mentioned earlier, by the westerly flow
around two polar vortices over eastern Canadian Arctic and eastern Siberia. The
circulation in summer is such that the polar vortex weakens with the center located
around the North Pole. The subtropical high has 6 centers along 30° N latitude,
through which the weather in middle latitudes is greatly affected.

The change of circulation over the Northern Hemisphere from winter to summer on
the normal mean charts goes through four stages of height increase of constant
pressure surfaces in the troposphere as follows. (1) The winter circulation of the
3-wave type breaks down, coincidently with shallowing of the polar vortex (Jan.-Mar.).
(2) A blocking high forms in Europe through which meridional heat exchange be-
comes active (Apr.—May). (3) A blocking system forms over the Okhotsk Sea, with
which meridional heat exchange occurs in the eastern coast of the Asia Continent,
resulting in a rainy season in Japan (June-July). (4) The intensity of the subtropical
high reaches its maximum, while that of the westerly flow reaches its minimum
(July-Aug).
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The Tibetan Plateau forms a heat source during spring, becoming intense by summer,
and together with a cold source over the Okhotsk Sea plays an important role in the
circulation over the Far East. Furthermore, the seasonal variation from winter to
summer of the circulation in the troposphere has a close connection with that in the
stratosphere. In particular, the process in which the collapse of the polar night vortex
generally occurs during March to April, and the one in which the transformation of
stratospheric winter circulation pattern to spring pattern takes place, are deeply
related to the tropospheric circulation features of the coming summer season.

6.2.2. Cool Summer in North Japan

As summer weather is a very important factor for the rice harvest in North Japan,
long-range forecast studies for summer weather have been made since the early 1900’s.
The temperature during a cool summer in North Japan generally has a close connec-
tion with the geographical features there and also with the tropospheric circulation
situation around Japan. From this, the characteristics of weather conditions for cool

a N

—>—.— 180 | July 1954

Figs. 15a—c. Monthly mean surface pressure anomaly (0.1 kPa) with typical cool summer in North
Japan for July 1954 (a), 1931 (b), and 1957 (c). (After Wada, 1969.)
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summers in North Japan were analyzed synoptically in relation to the circulation
pattern at the surface and 50 kPa levels over the Eastern Hemisphere. It was found
that the circulation pattern for cool summers is divided into two types: one under a
marked low index pattern with an M-type circulation (1st class), and the other under a
high index pattern with Z-type circulation (2nd class). Especially, the 1st class type
brings an unusually cool summer to North Japan, accompanying a marked blocking
situation over the Nothern Hemisphere.

Of unusual weather occurring throughout the world in recent years, the summer of
1954 is given as an example. During this summer, Great Britain and Central Europe
experienced cold and stormy weather, and floods were reported from Iran, East
Pakistan, and Eastern India. North Japan also was dominated by abnormal coolness
and persistent rain for nearly two months, and in China hundreds of kilometers of the
Yangtze Valley were flooded, while the central part of the United States was plagued
by hot weather and drought.

Analogous examples of unusual weather were observed during the summers of 1931
and 1957, bringing cool summers to North Japan. The distributions of pressure

b . T e July 193
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anomaly during these summers, seen in Figure 15, are extremely analogous to one
another, showing a so-called 3-wave pattern with positive anomalies in Baffin Land,
Kamchatka, and the western part of Asia. Thus, it is clear that the abnormal summer
weather took place on a world-wide scale during these years, and it should be under-
stood that an abnormally cool summer of 1st class type in North Japan occurred as a
link in the general circulation of the atmosphere over the Northern Hemisphere.

Figure 16 shows a lag correlation field between monthly mean temperatures at
Sapporo, in North Japan, for July and a 50 kPa height for May. In spite of a two-
month lag, it is found from the figure that if low pressure persists over the Okhotsk Sea
in May then the temperature at Sapporo in July will be very low because of a high
positive correlation around the Okhotsk Sea. The relation is explained synoptically by
the behavior of the polar vortex in the troposphere; the displacement of the polar
vortex toward the Okhotsk Sea in May is a symptom for a cool summer in North
Japan.

As mentioned earlier, North Japan suffered from abnormally cool weather in 1954.
During this year, world-wide blocking occurred from March to May as is seen in
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Fig. 16. Lag correlation field between monthly mean temperature at Sapporo (43°03’ N, 141°20" E)
for July and 50 kPa height for May (1946-1965). (After Wada, 1969.)

Figure 17, which shows the origin of a large-scale blocking pattern on the northern
part of the Pacific Ocean, leading to a markedly cold outbreak to Siberia in April and
pushing the polar vortex to the Okhotsk Sea in May. It is an important fact for
forecasts of cool summer in North Japan that such an extensive cold air mass
(represented by a remarkable negative anomaly), pooled over the arctic region during
wintertime, gradually invades the mid-latitudes after about three months in spring.

It is also found that there is some relation between the time of final sudden warming
in the stratosphere and the summer weather in North Japan. The final sudden warming
generally occurs during early spring, but the time varies quite a bit from year to year.
For example, in 1955 (hot summer in North Japan) it appeared in early January but
in 1954 occurred in mid-March. It may be said statistically that a cool summer in
North Japan occurs when the final warming is late compared to other years. If this
relation holds in the future it may be a very useful symptom for summer weather
forecasting in North Japan.

In addition to the synoptic methods described so far, many statistical long-range
forecasting techniques are put to practical use for summer weather forecasting in
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Japan, taking into consideration the trend of climatic changes and also the trend of
solar activity in recent years.

Typhoons are one of the most terrible calamities which strike Japan. On the other
hand, Japan suffers from a drought when no typhoons are observed. Therefore, it is a
matter of great concern for summer weather forecasting to know beforehand whether
typhoons will approach Japan or not. In recent years, new techniques have been
developed on the basis of the general circulation. Of course, it is very difficult to make.
a long-range forecast for typhoon occurrences. However, it is quite interesting to note
that the annual frequency of typhoon genesis is closely related to the frequency of the
zonal type pattern (Z-type) in summer in the Eastern Hemisphere, as shown in

Typhoon
35
] Z-Type
] 10
30 r
1
/70
-
-5
25 -

Fig. 18. Annual number of typhoons (solid line) and frequency of zonal type patterns in the
Eastern Hemisphere (broken line) for summer (3-yr running mean). (After Wada and Kitahara, 1971.)

Figure 18; more typhoons are generated with high index pattern than with the low
index pattern. This relation gives some light upon future studies of long-range typhoon
forecasting from the synoptic viewpoint.

An example of a summer weather forecast is given in Annex 2.

6.3. WINTER WEATHER FORECASTING

An important requirement imposed on winter weather forecasts in Japan is to predict
whether the coming winter will be very cold or not, because an abnormal cold winter,
which usually brings heavy snowfall to Japan, greatly affects human welfare and
transportation networks. Winter weather in Japan is decisively affected by the be-
havior of the polar vortex in the troposphere and the polar night vortex and Aleutian
high in the stratosphere (Wada, 1968, 1970).

In general, a warm winter in Japan is associated with a high index circulation



HIDEO WADA

pattern, which is characterized by a strong but shrunken polar vortex centered over the
Taimyr Peninsula. The existence of the vortex results in a cold outbreak into Central
Asia and the Near East. In this case, wave number one of the harmonics of the upper
westerly waves is often predominant both in the troposphere and the stratosphere. On
the other hand, a cold winter is associated with a low index circulation pattern of a
weak but expansive polar vortex. In this case, wave number two or three of the
harmonics of the upper westerly wave is predominant. The stratospheric Aleutian
high shifts to the west from its normal position, and the ridges at the 50 kPa level
develop over Kamchatka and the Bering Sea. As an example, a composite 50 kPa
anomaly map for a cold winter in Japan is illustrated in Figure 19, which shows a
remarkable low index pattern over the Northern Hemisphere with an extensive cold
pool around Japan.

In general, a seasonal process of circulation pattern in winter does not always take
place smoothly, but changes rhythmically with the accumulation and dissipation of a
cold air mass over the Northern Hemisphere. For the purpose of predicting winter

R
/

——— 180

Fig. 19. Composite map of monthly mean 50 kPa height anomalies (gpm) for winter low tempera-
ture over Japan. (After Wada 1969.)
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temperatures it is necessary to pursue the seasonal change of the circulation pattern
from summer to winter. An approach to grasping a precursory tendency for a cold

winter in Japan is summarized as follows:

(1) Composite maps of the seasonal mean height anomaly of 50 kPa for the summer
and autumn preceding a cold winter in Japan are constructed. The result shows for a
cold winter that a reversal of height anomaly sign take place over Europe, Central
Asia, the Far East, and Alaska in each season. In addition, some maps are constructed
with trajectories of significant lag correlation points between the 50 kPa height for
preceding months and winter temperature in Japan, which also proves a reversal
process from summer to autumn. As an example, Figure 20 shows lag correlation
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Fig. 20. Lag-correlation profiles along 50°N (60°N for July) between 50 kPa height and the mean
temperature at Tokyo for winter. (After Wada, 1969.)
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profiles along 50° N (60° N for July) between the 50 kPa height and the mean tem-
perature at Tokyo for winter. From this figure it is seen that a significant positive
correlation area is located at about 40° W in July, but changes to negative in September.
Thus, a significant positive correlation area grows over Europe in November, which
results in a negative one over Central Asia. These significant correlation areas can be
traced with a synoptic meaning in relating to the cold winter in Japan. Thus, it may
be possible to predict a winter temperature tendency by taking these correlations into
consideration.

(2) From the trace of migrations of the polar vortex on the monthly mean 50 kPa
map it is found that the polar vortex changes its position considerably from September
to October, and its displacement toward the Far East can be a clue to a coming cold
winter in Japan.

(3) An early formation of the polar night vortex in the stratosphere, with its dis-
placement to the Far East in autumn, is an indicator of a forthcoming cold winter
in Japan. ’

These are some of the practical methods, from the synoptic viewpoint, used for
winter weather forecasting in Japan, along with statistical methods.

The circulation of January 1963 was quite abnormal, world wide, as stated earlier.
Especially near the Japan Sea, an unprecedented heavy snowfall took place during the
last 10 days of January. On the other hand, it is well known that during this winter a
dramatic, explosive, stratospheric warming occurred in the beginning of January, with
a large-scale blocking in the troposphere, and that the amplitude of wave number 2
grew remarkable only in the stratosphere at the end of December 1962, about one
month previous to the heavy snowfall. Furthermore, during this January, the Aleutian
high in the stratosphere shifted considerably westward, with a marked elongation of
the polar night vortex. This suggests that the prediction of the behavior of the strato-
spheric circulation is very important from a synoptic viewpoint for the development
of winter weather forecasting.

It is emphasized that, in general, a large-scale pattern in the troposphere has a
close relation with the change of that in the stratosphere, bringing about abnormal
weather over the world which persists for a month or two.

6.4. VERIFICATION OF LONG-RANGE FORECASTS

In general, it is difficult to rate the skill of long-range forecasts adequately or fairly
with single numbers. In Japan, as stated earlier, the expected monthly mean tempera-
ture or total precipitation is given as one of 5 categories. The degree of forecast
accuracy is given by the contingency table shown in Table IV.

The one-month forecasts are verified for each of three areas in Japan: Northern,
Eastern, and Western Japan. For each area there are 5 verifying stations. From the
results for each area an average for the entire nation was calculated for three years
from January 1964 to December 1966. The number of forecasts totaled 72, since the
forecasts are issued twice a month. The mean number of forecasts in the various
categories of success for three years is shown in Table V. It may be said that the A and
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TABLE 1V
Verification of forecasts

Forecast ‘ Much Below Average Above Much
Actual | below above
Much below A B D E E
Below B A B D D
Average C B A B C
Above D D B A B
Much above E E D B A

TABLE V
Mean number of verification result in the various
categories for one-month forecast (1964-1966).
Temperature Precipitation

A (No serious error) 2 2
B (Good agreement) 6 5
C (Moderate agreement) 3 3
D (Little agreement) 0 2
E (No real resemblance) 1 0

B forecasts are forecasts which are better than pure chance. For this table, the
percentages for temperature and precipitation become 66 and 58, respectively.
Verifications of seasonal weather forecasts are also made, but the method is com-
plicated compared with that of the one-month forecast. Only the result of the verifica-
tion of seasonal forecasts for summers and winters is shown in Table VI, in terms of

TABLE VI

Verification of seasonal weather forecast

Year

Category

Summer weather 1963
forecast 1964
1965

1966

Winter weather 1963/1964
forecast 1964/1965
1965/1966

1966/1967

THWY AWWwW
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the 5 categories. This table shows poor results for the winter of 1963-1964, when
Japan had an unusually warm winter.

7. Summary

Because of the availability of extensive data and high speed computing methods,
long-range forecasting techniques have recently been developed much further than
ever before. Especially, the relationship between long-term weather anomalies, which
is an important target of long-range forecasts, and the features of circulation patterns
over the hemisphere has been clarified from the synoptic viewpoints, so that long-range
forecasting techniques have been greatly improved in the field of synoptic methods.
However, the improvements are far from perfect at present.

What kind of research is needed to make further improvements in long-range
forecasting?

It is evident that any reasonably satisfactory long-range forecasting technique will
have to make allowance for the changing pattern of the behavior of the general circula-
tion. From the theoretical viewpoint, to do this it is necessary to formulate a complete,
fluid dynamics problem and use the laws of conservation of momentum, mass, and
thermal energy. However, the solution of the complete problem is very complex and
there exists at present no satisfactory general theory, although extensive studies are
being carried out on the theory of the general circulation. It is necessary in the search
for the cause of long-term weather anomalies that one should include and examine
such factors external to the atmosphere as sea surface temperature, snow and ice
cover, soil moisture, and possibly solar variations.

In any case, it is obvious that a better understanding of the internal mechanics of the
general circulation is a first requirement for more effective long-range forecasting.

Fortunately, a long maintained observational programme to monitor atmospheric
and meteorological parameters is being organized by the World Weather Watch
(WWW), in which artificial Earth satellites provide a powerful new means of global
observation. Also, a vast research effort, GARP (Global Atmospheric Research
Program), has been mounted as a companion of WWW. Thus, it is expected in the
near future that the accumulated global data by WWW will contribute to the further
study of long-range forecasting through a better understanding of the internal mechan-
ics of the general circulation.

It is stressed that the author has not tried to depict a rosy picture of long-range
weather forecasting, but has made an effort to describe its factual status, and to point
out that the improvement of long-range weather forecasting is one of the most
important tasks of contemporary meteorology.
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Annex 1. Example of 1-Month Forecast
1-Month Forecast
August 10, 1972

Issued by Forecast Division,
Japan Meteorological Agency

GENERAL OUTLOOK

It is anticipated that the Pacific High will shift somewhat to the north and develop.
Temperatures can be expected to be high, with many sultry days. However, over
North Japan there may be unstable weather from the last 10-day period due to frontal
effects, and temperatures may drop temporarily. Further, two to three approaching or
landfall tropical storms (or typhoons) may be expected.

(1) Weather

Second 1/3 of August: The Pacific High will develop, and hot clear days over the
entire nation are expected to continue. A tropical storm may approach close to or
come onshore.

Last 1/3 of August: There is a possibility of frontal activities over North Japan and
the Japan Sea coastal region, resulting in heavy rain due to the appearance of a cold
high to the north. There is also a possibility of a tropical storm coming close to or
tracking onshore, and, in general, bringing unstable weather over the entire nation.
The area from the Kanto Region westward can expect many hot and sultry days.

First 1/3 of September: West Japan will be under the influence of the Pacific High
and continue to be hot. However, with a high to the north of Japan, making frontal
and low passages readily over North Japan, the areas from the Kanto Region north-
ward can expect to see changeable weather.

(2) Temperature and Precipitation Outlook

\ Period
Parameter \

2nd 1/3 Aug. Last 1/3 Aug. 1st 1/3 Sept.

Temperature Somewhat higher North Japan - normal | North Japan — normal
than normal. to somewhat lower. to somewhat lower.
Other areas — normal East Japan — somewhat
to somewhat higher. higher.
Precipitation West Japan — normal | Japan Sea coastal North Japan — normal.
Amount Other areas — some- areas — normal to Other areas — normal

what less than.

somewhat more than.
Other areas — normal.

to somewhat less
than.
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Annex 2. Example of Seasdnal Forecast
Seasonal Forecast for Warm Period

March 10, 1972 Issued by Forecast Division,
Japan Meteorological Agency

It is expected that large variations in weather will be seen again this year during the
warm period (April-September).

There will be many warm and clear days during April and May. However, a low
temperature period may come about temporarily, bringing a possibility of late frost
over the inland areas.

The onset of the Baiu over West Japan may come somewhat earlier than usual, and
over other areas, normal to somewhat later. The Baiu front is expected to be active,
bringing much cold and unfavorable weather. Precipitation will be normal to some-
what greater than normal. Heavy rain will be apt to occur during the latter half of the
Baiu period. Ending of the Baiu will be normal to somewhat later than normal.
Weather during the summer season will be quite variable, but on the average, high
temperatures will be the same as for an average year. Over North Japan there will be
times when very low temperature periods may occur.

The onset of autumn weather in September may come earlier than normal.

There will be approximately 30 tropical storm developments (28 for a normal year)
and of these it is anticipated that 4 to 5 will affect Japan.

Note: The variation of weather this year is very large, due to the high intensity of the
Arctic cold air and the subtropical high. This trend will continue further for some
time, and as for weather and for temperatures, there may be extremes. For instance,
there are concerns for high temperatures during late spring, late frost over North
Japan, bad weather and heavy rain during the Baiu period, summer typhoons, low
temperatures over North Japan in summer, and the early onset of low temperatures in
autumn. Please consult the monthly issues of the 3- and 1- month forecast bulletins.
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