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GLOBAL WARMING

M. I. Budyko, K. Ya. Vinnikov

Causes of air temperature rise, which began in the mid-1960s of the current century,
arc analysed. Estimates of probable change in air temperature for the future are given
taking hinto account the anthropogenic incrcase of carbon dioxide concentration in the
-atmosphere.



Summary of "Modelling, Simulation and Prediction

of Climatic Change and Crop Production"
T. Asakura

Crop production in relation to climatic change has been discuss-
'ed in this symposium and are summarized in this meeting. This may
well be said as a diagnostic study. There is a another side of this
problem. That is, prognostic study of crop production relating to
gmw climatic changes. This study is rather difficult but very important
for a mankind to alive. It must be emphasized here that this sym-
posium has attached this difficult problem. On the 3rd day of this
symposium are the Modelling, Simulation and Prediction of the Cli-
matic Change and Crop Production.

Five papers are presented. T. Takakura and H. Van Keulen
discussed a simulation of influences of climatic factors on food
problem. T. Asakura and Y. Tﬁnaka presented an effect of Solar
activity on the climatic change using a statistical-dynamical model.
Other two papers are the climatic forecast by R.A. Bryson for monsoon
and by H. Wada for summer weather in North Japan.

Summary of these papers is follows. -

%mw T. Takakura discussed a food problem by Forester's model and
through energy analysis.

An analysis is made to identify the effect of these growing
stresses on the agricultﬁral production system by means of Forrester's
model and through energy analysis of Japanese agriculture.

In the modefied model, the original agricultural subsystem is

divided into arable land agriculture and industrialized agriculture
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such as greenhouse production. The effect of mean air temperature
on crop yields in arable land agriculture is taken into account.

One of his simulation results shows that rather drastic changes
of rates such as birth rate are required in order to get an equi-
librium state of the world behavior, and also shows that the increase
of industrialized agriculture such as greenhouse cultivation is
recommended under inevitable stresses. |

However, it has been revealed recently that industrialized
agriculture is more energy intensive. Therefore he calculated the
energy balances of several crops cultivated in greenhouses as well as «/
open field crops.

It is surprising that none of the energy ratios for these crops
exceeds 100 %, that is, input energy is more than output. The larg-
est is 80 % for wheat, the second being tomatoes grown in the open
field crops exceed 20 % but crops grown in heated greenhouses are
less than 5 %. 1In order to obtain one mg of vitamin C by cucumbers

grown in the field, overall energy of 4 Kcal is used. On the other
| hand, input energy of 110 Kcal is required in the case of greenhouse
production because of almost a 50 % decrease in vitamin C in green-
house cucumbers and mainly the cost of heating.

H. van Keulen presented a paper on modelling and simulation of
the influence of climatic factors on rice productipn. -’/

When we want to get any insight in the consequences of climatic
changes on food production, it is obvious that we must be aware-of
the relations between weather and food production.

The yield however evenfually obtained by the farmer is the
result of the interactive effects of the properties of soil, plant

and the environment modified by management practices, such as



irrigation and fertilization. It is, generally, difficult to analyse
such complex systems by means of statistical analysis,as the large
number of feedbacks contained in them, tends to obscure .causal relaj
tions.

Dynamic simulation models are a powerfull tool. In the paper
presented here a model is described, simulating the dry matter
production of a rice crop and the partitioning of that dry matter
between the various plant organs.

Some results of so-called "calibration" runs are-shown in dicat-

%Wwing that the model yields results, which are, are least semi-
quantitatively in good agreement with experimental evidence.

However, a rigid evaluation in which the results of carefully
planned experiments with the model, are compared with real world
behavior, is necessary before the model may be used for predictive
purposés. In that case it is possible to use the model to forecast
rice production.

Next three papers are simulation and prediction of climatic
change. T. Asakura and Y. Tanaka discussed the effect of solar
constant to the atmospheric general circulation using a Kurihara's
statistical dynamical model.

Changes of solar constant ranging from +3 % to -3 % vary the

k""Wai:mosphe.x:ic heating through the variation of atmospheric motion and
temperature field. The changes qf solar consfant.by 3 % makes the
variation of diabatic heating rate by 7 % to the normal case.
The maggitude of changes in the diabatic heating rate, due to
changes of solar constant, differs in each latitude. With the de-

crease (increase) of solar constant, the heating rate decreases

(increases) in lower. latitudes, while increases (decreases) in higher



latitudes.Thus, the intensity of heat source and sink weakens
(strengthens) with the decrease (increase) of solar constant (which
appears most pronounced in June).

. Changes of solar constant by * 3 % cause hemispheric meaﬁ
temperature to change by * 0.4°C. But extents of the temperature
chage undergo a seasonal march and has maximum in August and minimum
in December. The temperature drop by the decreasing solar cohstant
isn't uniform but varies by latitudes through atmospheric motion. The
larger values are found over both the polar and subtropical latitudes.
. Energy of the general circulation also varies in accordance with wwﬂ
variations of heating rate and temperature. Az, Ae, Ke and Kz de-
crease with the decrease of solar constant, and vice versa, and their
values are large in winter and small in summer. In short, general
circulation becomes in active when solar constant decreases, and vice
‘versa.

However, the Jet stream doesn't change it position by the changes
of solar constant. Wind speed of subtropical Jet stream decreases
a little by the decreases of solar constant.

Results thus gained show good agreements qualitatively with
previous study but quantatively, many differences are found. This
seems to be brought about by an ignorance of feed-back mechanism
and other restrictions in this model. ~/

A. Bryson has discussed the possibility for year-in-advance
predictions of monthly total:precipitation.

Several authors, as Spitaler and Matsukura, have suggested that
small motions of the axis of rotation of the earth may have large

meteorological effects. More recent work on the pole motions has

shown that the motion may be resolved into five component oscillations



known collectively as Chandler motion.

By using spectral analysis, he examines the question of whether

or not there are atmospheric effects of the same frequencies as the

polar motions.

Examination of the monthly rainfall spectrum for Poona, in

July, for example, shows that essentially all peaks of variance are

either at Chandler motion frequencies, harmonics of those frequencies

or beats of the Chandler frequencies with each other.

The nature of the non-linear response of the various atmospheric

%Wwparamgters to the Chandler motion, and the associated theory, are not

yet known fully. However, a few empirical determinations of the

relationship have yielded significant skill scores for year-in-

advance predictions of monthly total precipitation at a variety of

stations.

In the last, ultralong-range weather forecasting and food

problem is presented by H. Wada.

It is evident that ultralong-range weather forecasting is a

quite difficult problem at present time.

The ultralong-range weather forecast is tried here, applying

long-range weather forecasting techniques used in Japan. That is,

1.

Climatic change

Climatic trend of recent years

Time lagged relationship between Central England temperature

and cool summers in North Japan

Long-term variafions of the circulation pattern over the Northern
Hemisphere

Some features of circulation pattern in recent years

Long-term trends of the centers of action

Prognostic charts of summers in North Japan



3. Relationships between sblar'Activify.and summer weather in North
Japan
The result shows that unusually cool summers in North Jaﬁan will
be.anticipated during the 1983-1988 géars. This sort of prediction
seems to have a serious threat not only to Japan food supplies but
also to world food supplies, with the potential for disruping worid

food trade patterns.
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Climatic Change in South, Southeast

and East Asia: A summary
M.M. Yoshinoae

1. Introduction

On the first day, October 4,'1956;'of ﬁﬁé ihternationai Symposium
on Recent Climatic Change and the Food Problems, fdufteeh paéefé were
presented under the thema of climatic change in East Asia as well as

wa in Monsoon Asia and the world. The present paper is a summary of
their results and points out the problems drawn. On the other hand,

I hope that today's discussion will start from this summary.

2. Main Evidences Reported

(1) Precipitation

As the facts that the half of the fourteen papers presented on
October 4, concerned with precipitation changes show, the most
important climatic element is precipitaion in this regions.

T. Yamamoto reported the changes in the winter and summer
precipitations in Japan. He showed that the winter precipitation
change in Kyushu, Southern Japan, has a close relation to the pre-

ceding summer and autumn pressures in tropical Asia and Australia.

It was revealed also that the July precipitation in the Izu Island,
south of Japan, has a good correlation with that in Sudan, Afriqé.
It is interresting to note that the lowest trough of the curve
obtained from the maximum Nile gauge readings at Aswan seems to

be occurred around the period from 1785 to 1835, coincident with
the "Little Ice Age" in Japan, in which the climate was exceedingly

disastrous due to the series of cool, rainy or stormy summers and
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the Lake Suwa in Central Japan froze earlier than before and after
that period.

H.K. Cho presented a paper on the‘secular variation of pré-
cipitation in Korea. He compated the recent precipitation (1908-1975)
with the historical one (1770-1907) in Seoul and showed that the
recent annual precipitation has decreased 19.1 per cent against the
histofical one the spring and winter precipitations 38.0 per cent,
"which is the greatest decrease, and the summer 9.5 perAcent. The
mean annual variation fo; the 10 stations has major peaks around 1934 7
(excegt Inéheon and Seoul) énd 1956-1957, and a major trough arouhd wmy
1939-1944. | o |

In Seoul, the historical annual records.show no appreciable
trend during 1770-1878, but minor fluctuations w1th peaks around 1789,
1805, 1817-1821, 1828-1832, 1846-1847 and 1877 1878, followed by
a decreasing trend with a large major trough around 1886f1910.. This
trough is clarified by the earlier analysis of Arakawa as a dry
period of Seoul.  In addition to the historical recqrds, the obser-
vations in recent years indicate a slight increasing trend with two
peaks around 1924 and 1969, and two minor troughs around 1936-1943
and 1949-1950. The Seoul data also indicates that the summer trend
together with its fluctuations are concéivablg similar to.the annual
patterns. The results indicate that the dominant periods‘of the -/
fluctuations appear to be at interval of approxima¥ely 10-15 years.
Seoul shows significantly a low frequency cycle, a cycle of 88 years
or more for annual and all seasons. _

S.E. Moon stuied the occurrence frequency of anomalous weather
during thé historical age and found out very interresting evidences

as follows: The various phenomena such as heavy rain, heavy snow,



great drought large hail, extraordinary warm winter, and unusually
cold summer Are found to fall into four distinct periods rainging
from the 8th to 17th century. There were far more data for this
era than for either the period before or after.
These four periods are:
(1) First period, A.D. 740 to 850, centering around A.D. 800,
(II) Second period, A.D. 1080 to 1190, centering around A.D. 1130.
(III) Third period, A.D. 1310 to 1420, centering around A.D. 1380.
(IV) Fourth period, A.D. 1580 to 1690, centering around A.D. 1630.
gww These facts lead us to the conclusion there might be a climate
that can be called the "Disturbance Age" which is described as cold,
pluvial in summer and warm in winter. The period of "Disturbance
Age“ is about 110 years and their intervals are about 250 years,
except for the first interval. Moon considered that the strength of
the North Pacific High in summer and the Siberian High in winter
were weak during the "Disterbance Ages". If there are approximately
250 year cycle in the "Disturbance Ages", there would be another
“Disturbance Age" from 1830 to 1940 centering around 1880. The
variation of Jﬁly precipitation in Seoul was very large in the period
1830 to 1940, eventhough there were minor fluctuations during this
period as pointed out by Cho. By the way, referring to the results -
ngof Manley, the rising trend of January temperature and decreasing
trend of June and July temperatures are found in tﬁe-period from
1830 to 1940.
H. Ch. Hu and J.T. Lim reported a periodicity in the rainfall
data in Malaysia and Singapore and found a quasi-biennial osciliatidn
M.A. Rouf pointed out the humidity change at Rajshahi And Ishurdi in

Bangladesh, which might be caused by the hydrological conditiohs of



the river Ganges. Ch. Nakajima analysed the time change of five-
year moving average of the annual and thé monthly rainfall of 25
stations in the Phillipine, Laos, Thailand, Malaysia, Singapofe,
Pakistan, Buruma, Nepal and India. He discussed the rainfall
variations and heavy rainfall during the short time in each region
in relation to their synoptic conditions.

I. Tsuchiya studied the year-to-year variations of rainfall

.over the so-called equatorial Pacific dry zone, which extends from
the Peru coast to 180° or further west along the equator.. He
investigated the long-period Indian flood and drought data and rain- wwy
fall data of Ocean Island and Fanning Island in the dry zone and
showed that the reverse phase of the rainfall variations between.
India and:'the equatorial Pacific. He further studied the effects
of the westeries trade winds and cross-equatorial air flows on the -
variations. In was indicated that the abnormally weak southeast
trade winds over the Indian Ocean is followed by the abnormal minus
anomaly of the monsoon rainfall over the Indian sub-continent, and
the good monsoon rainfall or the less drought condition are the case
of the strong or normal southeast winds.

M.M. Yoshino reported the regionality of secular change in
precipitation in Monsoon Asia in recent time and the historicéitime.
As a/conclusion, hé pointed out that it has a cldsg relation to “)
the positions and acfivities of the polar frontal zones, the ITC3Z,

the N-Pacific high, the Okhotsk high and the Siberian high.

(2) Air Temperature

H. Arakawa reported the secular change of the mean temperature
in the lowest 4,000 m layer over Japan during the period 1953-1974,

showing the temperature decreasing at the rate of 0.021°C/year.



S. Kanno and F. Masuda discussed the temperature change in
the geological period in East Asia in detail. For the period during
5,000 to 7,500 years B.P., called Hypsithermal (Climatic Optimum),
it can be said that Hokkaido was about 5°C warmer than the present
Kanto district about 2°C and Okinawa and Taiwan 0-1°C.

H. Flohn discussed, how far the usual assertion of more stable
and more unstable times in recent climatic history is warranted,
'according to the variability of long records of temperature and rain-
fall from western and Central Europe, as well as from India and

wa other tropical areas.

R. Yamamoto, T. Iwashima and M. Hoshiai studied the monthly mean
surface air temperture at 343 stations north of 20°S of the world
from 1951 to 1972. Negative anormaly or temperature lowering with
magnitude of 0.1-0.4°C continued over 6 months are found in 1954,
1955/56, 1964, 1965/66, 1968/69 and 1970/72. The variability of
zonal mean temperature is generally large at high latitudes. The

~maximum lowering of temperature exceeds 1.5°C in 1958/59 and 1965/66.
These two coldnesses are preceded by the eruption of Bazymianny

and Agung, with time lay of about 2 years, respectively. .

(3) Wind and Others

Q@w K. Sekihara, T.'Takeﬁchi and T. Tamura reported the élimatic
) trend of wind speed ét Tateno and its relation to solér activity..
Since 1920, measurement of wind aloft was continued by the method
of optical tracking of a pilét balloon. Since about 1940 the
technique of radiowind sonde observation was introduced and at the
same time the network of aerological observation was established.
So far as the data after 1950 are concerned, the winter wind speed.

increased or decreased apparently in accordance with the increase
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6: decrease of sunspot number.

¥. Sugimoto and E. Uchida studied the relationships between
solar activity and the variation of terrestrial polar-cyclone..
Aftgr considering the physical proceéses, they applied power
spectrum analysis of sun spot number and geomagnetism in time
series variation in 1968 (year of maximum solar activity) and 1973
kyear of near minimum solar activity). It was shown that the
terrestrial magnetic variation, which is mainly originated from
solar activity and has fhe good correlation with the change of sun
spot number, seems to be more direct agent to meteorological change.
For instance, it is indicated that after two or three days from

magnetic variation isobaric height change occurs.

3. Problems
Summarizing the results mentioned above, the following problems
can be drawn.

(a) "Little Itce Age". This was occurred in Japan during the

years from 2nd half of 18c to lst half of 19c. It is estimated
that the mean January temperature was 1-2°C lower than the present.
Was there also the "Little Ice Age” in southeast Asia? Where is the
southern boundary of the region with fLittle Ice Age"?

(b) Decreasing of precipitation in recent years. This is most

evident in Seoul in spring and winter. Are there same tendencies
in other regions in Monsoon Asia? What are the reasons for this
tendencies?

(c) Precipitation peaks are found around 1934 and 1956-1957 and

major troﬁgh around 1939-1944 in South Korea. The peak 1956-~1957

arid the troughs coincide with the abundant rainfall and scanty

rainfall in Japan. Are there similar fluctuation in Southeast



Asia? 1Is this connected with the activities of the Pacific polar
front?

(d) Correlation of climatic change between East Asia and Europe.

The variation of July precipitation in Seoul was very large during

the period 1830-1940. This period showed rising trend in January

temperature and decreasing trend of June and July temperature in
England. Both phenomena might be related to the increasing activity
along the polar frontal zones in the Northern Hemisphere. Can this

correlation be genaralized?

(e) Secular chanées of the positions or activities of ITCZ.

This has not been studied in detail. Is it needed to study them

"in South and Southeast Asia in future?

(f) Secular change of southern oscillation or Walker circulation.:
We know some evidences in South and Southeast Asia,.which were |
occurred in relation fo the southern ascillation or Walker circu-
iétion over the Pacific. Are there more posibilities to find out
further evidences of secular change in tﬁis regions?

(g) Study-of regionality of the secular change. This is very

important to make clear the problem from the standpoints of met-
eorology} climatology and agricultural planning in Monsoon Asia.

F It is difficult, hdwever, to study statistically this problem,

‘because the observed data at the stations with long-year series'a:e
not easily available for many stations. Is it needed to collect

at certain data center?

(h) Short-time cycle or trend. The general tendencies of the
cycle or tfendbin the recent, relatively short-time period (2 years-
88 years) must be studied extensively; especially for Southeast Asia.
Its time and regional relations to South Asia and East Asia must be

important to understand the climatic change in the whole Monsoon Asia.
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