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Abstract
Cold northeasterly winds, called Yamase, which cause the summertime weather of northern Japan

to be unusually cool, have often damaged the rice crop in northern Japan, both historically and recent-
ly. To estimate future Yamase event occurrences, we used the new version of the MIROCS atmos-
phere-ocean general circulation model and predicted the frequency of future Yamase events from the
pressure difference index (pressure difference between Wakkanai and Sendai; PDWS). In a 20th-
century experiment (1980-2005), the PDWS simulated by the MIROC5 model reproduced well the
Yamase events in the JRA-25 reanalysis data. In a future climate experiment (2006-2100), the pre-
dicted occurrence frequency of Yamase events is low around the 2030s and from the 2080s onward,

but in other periods, Yamase events are predicted to occur at about the same frequency as during the

20th-century experiment (1980-2005) . Therefore, even under global warming, Yamase winds can be

expected to affect agriculture in northern Japan in the 21st century.
Key words: Cool summer, MIROCS, Northern Japan, PDWS, Yamase wind.

1. Introduction

Cold northeasterly winds, called Yamase winds,
sometimes blow across northern Japan from the Bai-u
season (Japanese rainy season between spring and
summer) through the following summer. The continu-
ously blowing Yamase winds cause the summertime
weather to be cool, which reduces rice production.

During a typical Yamase event, the temperature in
northern Japan is lower on the eastern (Pacific) side of
the central mountain range than on the western (Japan
Sea) side, because westward movement of the cold air
mass is blocked by the mountains (Kudoh, 1984).
Moreover, because Yamase clouds are also blocked by
the mountains, few clouds are observed on the western
side of the range (Bokura, 1975). Yamase winds are
produced by a characteristic atmospheric pressure pat-
tern in which an anticyclone is located over the Sea of
Okhotsk and a cyclone and front are located along the
southern Japanese coast. In July of a cool summer year
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(Fig. 1), a polar maritime (Pm) air mass extending
from the Sea of Okhotsk to the Bering Sea moves
across northern Japan, causing Yamase winds and low
temperatures, and a frontal zone forms where the Pm
air mass encounters the tropical maritime (Tm) air
mass. Above northern Japan, the Pm air mass is char-
acterized by a thin lower mixed layer and an upper
stable layer, and because its height is less than about
2000 m (Kanno, 1997; Kodama, 1997; Kanno et al.,
2000), it is easily blocked by the mountains, which are
1000-2000 m above sea level. Yamase winds are re-
sponsible for large summer weather variations in
northern Japan (Ninomiya and Mizuno, 1985), and
cyclic variations in summer temperatures, with fre-
quent cool summers caused by Yamase events, have
been observed in recent years (Kurihara, 2003; Kanno,
2004).

Rice productivity in northern Japan is high, account-
ing for 34% of the total Japanese rice production, and
the rice from this area is famous for its delicious taste.
Therefore, future climate changes, especially whether
Yamase events will continue to occur, are of particular
interest from the point of view of northern Japanese
agriculture. Endo (2012) used the Coupled Model
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Monthly mean temperatures (K, contours and shading) and winds (vectors) at 1000 hPa during a cool

summer (July 2003). Contour interval is 1 K. The large white arrow indicates Yamase winds. Pm, polar mari-
time; Tm, tropical maritime. JRA-25 data were used in this figure.

Intercomparison Project Phase 3 (CMIP3) multi-
model to investigate future changes in Yamase events
and reported that future Yamase seasons over northern
Japan would be delayed, occurring more frequently in
August. Kitoh and Uchiyama (2006), using almost the
same CMIP3 data set as that used by Endo (2012),
also found that the Bai-u rainy season would be de-
layed in the future. These findings indicate that future
summers in northern Japan will be characterized by
less sunshine and more precipitation, which will lead
to more crop pests and reduced harvests. However,
Endo (2012) focused on the far future (2081-2100).
From the viewpoint of the development of agricultural
technologies to prevent weather damage under climate
change, however, the likelihood of Yamase events in
the near future is of greater importance, because im-
provement of available technologies to cope with ab-
normal weather is feasible on a decadal time scale.
Moreover, understanding year-to-year variations in the
occurrence of Yamase events is very important for
agricultural technology in both the near and far future.
Recently, a new version of the Model for Interdisci-
plinary Research on Climate (MIROCS5), an atmos-
phere-ocean general circulation model, has been coop-
eratively developed by the Japanese research commu-
nity. In MIROCS, many schemes of the old version
(MIROC3.2) have been improved, including the dy-
namical core and radiation, cumulus convection, cloud
and cloud microphysics, turbulence, aerosols, and
ocean components (Watanabe ef al., 2010). As a result,
treatment of climatological precipitation and sea sur-
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face temperature (SST) has been improved by the
incorporation of a single Intertropical Convergence
Zone, by more realistic treatment of the zonal SST
gradient at the equator, and by topographic anchoring
of precipitation associated with the Asian monsoon.
Thus, MIROCS simulates El Nifio—Southern Oscilla-
tion (ENSO) notably more realistically than earlier
versions of the model (Watanabe er al., 2010). This
more realistic simulation of ENSO is very important
because a cool summer in northern Japan is sometimes
produced by fluctuations in Rossby wave propagation
caused by ENSO variations. These improvements sug-
gest that MIROCS is suitable for the analysis of future
occurrences of Yamase events. The objective of this
study was to use MIROCS to examine the likelihood of
future Yamase events. We expect our results not only
to contribute to a better understanding of the improve-
ments in agricultural technology necessary to adapt to
these events under future climate change, but also to
try to estimate the reproduction of future climate con-
necting to the climate system.

2. Materials and Methods

For surface air temperature and air pressure observa-
tions, we used data from the meteorological observa-
tion stations of the Japan Meteorological Agency
(JMA) ; for the current 1000 hPa temperature and wind
analyses, we used the JRA-25 reanalysis data (Onogi
et al.,2007) ; and we defined Yamase events in simula-
tions on the basis of the first-run results of MIROCS.
MIROCS simulations were performed with T85L40
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resolution (about 150 km square mesh size and 40
vertical levels using a hybrid o - p coordinate) for the
atmospheric component and a resolution of approxi-
mately 1° for the ocean component. For the atmospher-
ic concentrations of well-mixed greenhouse gases and
surface emissions of tropospheric aerosols from 2006,
we used data provided by the International Working
Group on Representative Concentration Pathways
(RCP), specifically the RCP 4.5 scenario (Allison et
al., 2011) . In his recent study of future Yamase events
employing a multi-model ensemble analysis with
CMIP3, Endo (2012) found that the differences in the
ensemble results were not small. However, we believe
that although a multi-model analysis can represent
general features well, it at the same time includes sta-
tistical uncertainties derived from the differences
among the models. Therefore, in this study, we present
the simple result of a single model analysis to contrib-
ute to the present discussion about the future climate.
A multi-model analysis is planned as the next step for a
future paper.

To define Yamase events in northern Japan, we used
temperature data from the Hachinohe meteorological
observation station (Fig. 2), because the Yamase wind
strength at this site is representative (Kanno, 1993).
Nevertheless, each climate model has its peculiar bias-
es, which are commonly corrected by using dynamical
or statistical downscaling methods (e.g., lizumi et al.,
2012). To address the uncertainties introduced by dy-
namical downscaling, a multi-model analysis is strong-
ly recommended (lizumi et al., 2012). However, in
this study, we used single-point temperature data from
Hachinohe only to confirm the future increase in tem-
perature, so it was not necessary to apply dynamical
downscaling with a regional climate model. Instead,
we directly adopted the T85 grid data nearest to Ha-
chinohe station as the Hachinohe temperature data and
then statistically compensated for the temperature bias
between the observation data and the simulation data at
Hachinohe as follows. First, we conducted a 20th-
century experiment (1980-2005) with MIROCS5 and
used the averaged data as “normal in the 20th-century”
data. Next, we calculated the daily difference between
the simulated 20th-century normal values and future
values (from 2006 to 2100) to determine the increase
(or decrease) rate. Finally, we added these rates to the
observed normal values at Hachinohe (1981-2010) .

Kanno (2004) has shown that the pressure differ-
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Fig. 2. Locations of meteorological observation sta-
tions (@) and MIROCS data points (X). Thick X
marks indicate the data points used as the observa-
tion station data.

ence between the Wakkanai and Sendai meteorological
observation stations (PDWS; Fig. 2) can be effectively
used to define a Yamase event. Therefore, we used the
PDWS index to confirm that MIROCS5 could simulate
cool summers due to Yamase events. To calculate the
PDWS, the sea level pressure data in the T85 grid cells
nearest the Wakkanai and Sendai meteorological ob-
servation stations were used directly.

3. Results

3.1 Time variations in air temperature at Hachi-
nohe

First, we examined the time series of air temperature
from the present to the future at the Hachinohe mete-
orological observation station (Fig. 3). During the
20th-century experiment (1980-2005), the MIROCS
June-July-August (JJA) mean temperature varied over
nearly the same range as the observed values except
during the extremely cool summers of 1993 and 2003.
Thus, the reproduction of northern Japan’s summer
weather by MIROCS is adequate. In the time series of
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Fig. 3.

Time series of July and June-July-August (JJA) mean temperatures at the Hachinohe meteorological

observation station from 1980 to 2100. Observed temperatures (red curves) and normal mean values (gray hor-

izontal lines) for 1981 to 2010 are also shown.

air temperature in July (Fig. 3), however, the most
important month for rice productivity in northern Japan,
MIROCS did not reproduce the observed temperatures
in the years in which extremely low temperatures were
found. In particular, the observed temperatures during
the cool summers of 1993 and 2003 were much lower
than those simulated by MIROCS, whereas the simu-
lated high temperatures agreed well with the observa-
tions. Summer temperatures in recent years, especially
since the late 1970s, have tended to fluctuate greatly in
northern Japan (e.g., Kanno, 2004), and such large
fluctuations might be difficult for MIROCS to simulate.
From 2006 to 2100, the simulated temperature at
Hachinohe increased at a rate of about 3.3°C (JJA)
and 2.9°C (July) per 100 years, based on fitted linear
regression equations. A few extremely cool summers
were simulated in the 2020s, with low temperatures
nearly equal to the recently observed cool summer
temperatures, but no such extremely low temperatures
were projected to occur after that, although the simu-
lated temperatures occasionally fall below normal until
about 2050. Therefore, from an agricultural perspective,
cool summers that might damage the rice crop are a
possibility until about 2050.
3.2 The PDWS index and temperature relationships
We next examined the relationship between the ob-
served PDWS and the Hachinohe observed tempera-
ture and that between the observed PDWS and the
MIROCS-simulated temperature (Fig. 4). From 1980
to 2005, the observed PDWS and Hachinohe tempera-
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Fig. 4. Scatter plots of temperature at Hachinohe
versus the PDWS during JJA from 1980 to 2005.

White circles, observation data; black circles, MI-
ROCS5-simulated data.

ture in JJA were significantly and positively correlated
(r=0.77, p<<0.01), consistent with the results report-
ed by Kanno (2004). The correlation between the
MIROCS5-simulated PDWS and temperature, however,
was much stronger (r=0.83, p<<0.01). This finding
suggests that MIROCS can adequately simulate the
relationship between a Yamase-type pressure pattern
(i.e., a positive pressure gradient between a northern
high and a southern low) and low temperatures at Ha-
chinohe.
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We regressed the present observed (JRA-25) and
MIROC5-simulated PDWS against the 1000 hPa tem-
perature and wind fields (Fig. 5), and both the JRA-25
and MIROCS results showed that significantly low
temperatures around northern Japan and northeasterly
Yamase winds were correlated with high PDWS values.
In other areas, temperature and wind distributions dif-
fered greatly between the two analyses. In the JRA-25
result, significant positive temperature correlations are

seen southwest of Japan (Fig. 5a), reflecting a Pacific-
Japan teleconnection pattern (Kurihara and Tsuyuki,
1987; Nitta, 1987; Nitta and Yamada, 1989) , whereas
the MIROCS result showed positive correlations with
temperature and southwesterly winds southeast of Ja-
pan (Fig. 5b). Thus, although the general temperature
and wind distributions differed, the distributions of
Yamase winds and low temperatures over northern
Japan were well simulated by MIROCS, which indi-
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Results of the regression of the PDWS against 1000 hPa temperature (°C) and wind fields during JJA. a)

JRA-25 data from 1979 to 2011, b) MIROCS5-simulated data from 1980 to 2005. Contour interval is 0.2 “C.
Shading indicates PDWS-temperature correlations significant at the 5% level.
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cates that, for the present climate, the PDWS can be
used as a Yamase index in MIROCS.

In the MIROCS simulation results for the period
from 2006 to 2100, the correlation between the PDWS
and Hachinohe temperature (+=0.61), although lower
than that for the period before 2005, was still high and
significant at the 1% level (Fig. 6). Regression of the
PDWS against the simulated 1000 hPa temperature and

25

24 -

23

22

21 A

20 A

Hachinohe temperature (°C)

19 4

18 T T T T T T

PDWS (hPa)

Fig. 6. Scatter plot of MIROCS-simulated tempera-
ture at Hachinohe versus the MIROCS-simulated
PDWS during JJA from 2006 to 2100.
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wind fields (Fig. 7) also showed that low temperatures
and northeasterly Yamase winds over northern Japan
were correlated with high PDWS values. Low tempera-
tures (negative correlation with the PDWS) extending
eastward from northern Japan showed that westward
movement of the cold air mass was blocked by the
central mountain range, an important characteristic of a
Yamase event. Watanabe et al. (2010) has reported
that MIROCS simulates topographically anchored
precipitation well, and our result indicates that the
blocking of the cold air mass is similarly well repro-
duced. Therefore, in terms of the PDWS index, MI-
ROCS is very capable of simulating cool summers in
northern Japan caused by Yamase events.
2.3 Time variations in the PDWS

As described in Section 3.1 (Fig. 3), the tempera-
ture increases in the future in the MIROCS simulation.
Since the Yamase effect on summer weather each year
in the future will be influenced by the rising tempera-
ture trend, to characterize the Yamase effect quantita-
tively, the long-range trend of rising temperature must
be removed before further analysis. Therefore, we first
fitted an equation by linear regression to the yearly
temperatures during JJA from 2006 to 2100 at Hachi-

nohe as follows:
Y =0.0327X +20.135 (1)

where Y is the linearly regressed temperature and X is
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Fig. 7. Regression of the PDWS against the MIROCS5-simulated 1000 hPa temperature and wind fields during

JJA from 2006 to 2100. Other information is as in Fig. 5.
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the number of the year from 2006. The correlation
coefficient of this regression is 0.70, and it is statisti-
cally significant at the 1% level. From this equation,
we estimated that the rate of temperature increase will
be about 3.3°C per 100 years at Hachinohe. Next, we
calculated the temperature deviations from the rising
temperature trend estimated by using Eq. (1) and ex-
amined the relationship between the calculated temper-
ature deviations and the PDWS (Fig. 8). The correla-
tion coefficient of this relationship is 0.71 (p<<0.01),
compared with 0.61 for the MIROCS-simulated tem-
perature and PDWS (Fig. 6), indicating that the tem-
perature deviations might be more appropriate than the
simulated temperatures themselves for analyzing Ya-
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Fig. 8. Scatter plot of MIROCS-simulated tempera-

ture deviation at Hachinohe versus the MIROCS-
simulated PDWS during JJA from 2006 to 2100.

mase phenomena.

This negative correlation between Hachinohe tem-
perature deviations and the PDWS is also obvious in
the time series of these data (Fig. 9). However, be-
cause the linear regression of the PDWS was not statis-
tically significant, we examined the PDWS trend over
time by calculating the 13-year running mean. The
result showed that from the 2080s onward, the PDWS
trend is decreasing, but during other periods, except
around the 2030s, the mean value of the PDWS re-
mains at about the same level as during the 20th-
century (1980-2005). Consequently,
around the 2030s, Yamase winds can be expected to be
less frequent than before or after that period, and the
summertime temperature at Hachinohe will be relative-
ly higher. Subsequently, however, Yamase winds can
be expected to recur until the 2080s.

experiment

PDWS (hPa)
Hachinohe temperature deviation (°C)

Fig. 9.

64 Hachinohe temperature deviation = PDWS
== PDWS (13-year running mean) — PDWS(1981-2005mean)
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Time series of PDWS and temperature deviations at Hachinohe during JJA from 2006 to 2100. The dou-

ble line indicates the 13-year running mean, thin solid line indicates 1980-2005 mean of the PDWS.
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4. Conclusion

In a 20th-century experiment, MIROCS, the newest
version of ‘this atmosphere-ocean general circulation
model, was able to reproduce Yamase events over
northern Japan and simulated well the topographic
blocking of the cold Pm air mass associated with Ya-
mase events, indicating that this model is likely to be
useful for predicting future Yamase events.

We interpreted the PDWS time series obtained from
a future climate analysis (2006-2100) to infer the fu-
ture likelihood of Yamase events. Although around the
2030s and from the 2080s onward, the occurrence
frequency of Yamase events should be lower than at
present, in other periods, it is likely to remain about the
same as during the 20th-century experiment (1980-
2005) . Therefore, even under global warming, Yamase
winds can be expected to affect agriculture in northern
Japan during the 21st century. Indeed, even though the
temperature will rise continuously into the future, the
results of this study suggest that a Yamase-type pres-
sure pattern will also continue to appear. As a result,
relatively cool summer weather will continue to occur
frequently in the future. Our results also suggest that
switching to crops and varieties adapted to rising tem-
peratures may be dangerous, because such crops are
more likely to be damaged by the continuing large
temperature variations brought by Yamase winds.

In the future, increasing populations and food scarci-
ty are expected to be serious problems worldwide.
Therefore, models that can be used to predict danger-
ous weather patterns affecting agricultural productivity
will become even more important. Our results show
that MIROCS has this predictive ability and should
thus be useful for estimating the likelihood of crop
damage caused by future adverse weather conditions
and assessing the necessity of improving agricultural
technology to prevent such damage. As a result, esti-
mation of regional food production seems likely to
increase by using the newest climate model, and so
adapting the methods in this study, including atmos-
pheric circulation analysis, to the other areas implies
that the potential practical use of the climate model
will increase.
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