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FUGI GLOBAL MODEL SIMULATIONS OF WORLD
ECONOMY AND CO2 EMISSIONS, 1990-2000

Akira ONISHI
Soka University Institute for Systems Scicnce
1-236 Tangicho, Hachioji-shi, Tokyo 192, Japan

ABSTRACT

The purpose of this paper is twofold: the one is to introduce the new generation FUGI
global model whose design concepts are reflected by the recent advancement of life frontier
sciences and Al oriented expert system in computer software technology. The other is io make
projections of the world economy under alternative policy scenarios on cutbacks of CO2
emissions against global warming in order to assess impacts of global changes in environment
on the development of the world economy using the new generation FUGI global model.

Keywords: FUGI global model, global CO2 emissions, world energy demand/supply

INTRODUCTION: OUTLINE OF FUGI GLOBAL MODEL

The trend toward greater interdependence of the world economy on the global level is
progressing. The appearance of complex and interrelated problems such as population,
environment, energy, and development etc., has posed problems whose solution is quite
impossible within the old frameworks of a single national economy. These facts help explain
why, since the early 1970s, research was begun on the design of * FUGI global model.”

In his own research on FUGI global models, Onishi has used a "dynamic soft systems
approach,” progressing from simple conceptual models to more complex theoretical ones, and
then to computer models. The “first generation” FUGI global model (1.0) in early 1970s has
developed into "seventh generation” model( FUGI global model 7.0). FUGI global modetl 4.0,
M62 which has been used for projections and policy simulations of the world economy by the
United Nations since 1981. FUGI global modelling system is supported by the development
of both the hardware and the software of high-technology computer systems.
Methodologically, the new géneration of the FUGI global model has represented a new frontier
in economics, stimulated by new possibilities in computer science and also by recent
discoveries in biotechnology and brain physiclogy.

From 1991 a newest generation FUGI global model (7.0) is currently developed at the

Soka University Institute for Systems Science (SUISS) in cooperation with IBM, Japan
introducing artificial intelligence (AI) oriented expert system for FUGI global modelling.



A characteristic is that the economic system treated in the newest FUGI model (7.0) is
extraordinarily large in scale. Not only is the world subdivided into 180 fand or 80 countries
and country groupings, but into each of these national / regional economic models are
incorporated 10 "sub-blocs,” as follows: (1) labor and production; (2) expenditures on real
GDP; (3) distributions of income: profits and wages; (4) prices; (5) expenditures on nominal
GDP; (6) money, interest rates and financial assets; (7) government finance; (8) international
balance of payments; (9) international finance; and (10) foreign exchange rates. In order to
make the computations for such an enormous global model, we require both a very high-
capacity computer and a specially designed "software package” for use in modeling. This
"software package,” developed according to concepts which we developed in cooperation with
IBM at the Soka University Institute for Systems Science, is known as "FUGI/MS” (FUGI
Modelling System).

The FUGI/MS software system allows highly efficient, large-scale global modeling. It
is designed in such a way that the following operations are consistently carried out: (1) as data
bank for large-volume data processing; (2) estimation of the model's structural parameters; (3)
dynamic simulation model testing; and (4) baseline projections and alternative scenario
simulations. By applying this software, the necessary manpower needs for global modeling
and alternative futures simulations are kept to a minimum, and the work of computation is
accomplished quickly and efficiently. In the absence of such progress in software, large-scale
econometric modeling for the global economy and reliable forecast simulation would probably
be impossible to achieve.

Another characteristic of the FUGH global model is the special attention which it gives to
analyzing interlinkages of environment, economic development, peace and human rights in the
relationships among countries.

Itis worth noting that the energy model is incorporated into environment subsystem.
Energy is classified into fossil and alternative energy. As a matfer fact, fossil energy consists
of oil, coal and gas. CO2 emissions are largely originating from the uses of fossil energy and
deforestation. In this exercise we are focusing on CO2 emissions mostly from the use of fossil
energy, in particular, coal. :

SIMULATIONS OF ENERGY DEMAND/SUPPLY AND CO2 EMISSIONS

For simulations of world energy demand/supply and CO2 emissions in the decade of
the 1990s, we have envisaged the following scenarios: (1) the baseline scenario; (2)three
alternative scenarios: (A), (B), and (C), each of which is expected to cutback CO2 emissions
starting from 1991 toward a stabilization at the 1990 level by the year 2000,
SCENARIOS
Baseline Scenario

In order to compare alternative simulation results, we have introduced a "baseline
scenario” which is based on the assumption that the policies being followed in the past by each
nation will not undergo any drastic change in the future.

Global Cooperation Scenarios

Alternative Scenario A .

It is expected that most of the member countries of the global society would (1)
introduce " carbon dioxide emission taxes” in short ” carbon taxes” of 10% on oil, 12% on
coal, and 8% on natural gas in accordance with CO2 emissions and (2) reduce their economic
growth rates by cuiting back non-housing investment so as to stabilize their CO2 emissions at
the 1990 level by the year 2000



Alternative Scenario B

In contrast to Scenario A, (1) most countries will not introduce so severe carbon
dioxide emission taxes. Instead of introducing these taxes, (2) the developed countries will
increase by 0.5 percent of GDP expenditures on R&D which is aimed at new technologies to
reduce CO2 emissions, and (3) the developed countries will intensify technology transfer to the
developing countries by increasing ODA, by amounts equal to 20% over and above total ODA
in the baseline scenario, for the specific purpose of reducing Q02 global emissions to the 1990
level by the year 2000.

Alternative Scenario C

It is expected that (1) most countries are likely to cope with global warming effects by
reducing CO?2 emissions during the coming decade by introducing carbon dioxide taxes of at
least 5% on fossil fuels, and that (2) the developed countries will increase R&D aimed at new
technologies to reduce CO2 emissions from the present average of 0.04 percent of GDP to
0.25 percent of GDP, and (3) intensify technology transfer to the developing countries by
increasing ODA, by amounts equal to 10% over and above total ODA in the baseline scenario,
for the specific purpose of reducing CO2 global emissions to the 1990 level by the year 2000.

Simulation Results
Baseline Scenario

It is assumed that the oil price increase from 17.9 dollars per barrel in 1990 to 32
dollars per barrel in the year 2000. Under such circumstances, the world economy will grow
at arate of 2.9 percent per year for the period, 1990-2000. The developed market economies
will grow at an average rate of 2.6 percent per year, while the developing market economies
will grow at a rate of 4.3 percent per year. The planned market economies will grow at a rate -
of 2.8 percent. Within this category, the USSR and Eastern Europe will grow at a rate of 1.0
percent, while China will grow at a rate of 4.6 percent. Among the developed market
economies, the average growth rate of the Japanese economy is 3.9 percent, while that of the
US economy is 2.2 percent. That of the EC s 2.6 percent.

Among the developing market economies, higher than average growth performance is
expected in the Asia-Pacific region, where the growth rate of the ASEAN countries is 6.0
percent. The rate for the Middle East countries is 2.8 percent, and for Latin America averages
4.0 percent.

In the 1990s the world population will grow at a rate of 1.6 percent per year, The rate
of population growth is only an average 0.6 percent per year in the developed market
economiies, but is a much higher 2.2 percent in the developing market economies. Therefore it
is hardly to be expected that there will be any further narrowing of the North-South per capita
income gap

Global CO2 emissions will grow at a rate of 2.3 percent per year, expanding from
6,118 MT-C (million metric tons in carbon equivalent) in 1990 to 7,674 MT-C in 2000.

CO2 emissions originating in the developed market economies will increase from 2,957
MT-Cin 1990 to 3,476 MT-Cin 2000, with an yearly average increase 1.6 percent. CO2
emissions originating in the developing market economies sharply increase from 984 MT-C in
1990 to 1,555 MT-C in 2000, with a yearly average increase of 4.7 percent. The planned
market economies’ production of 002 will grow from 2,107 MT-Cin 1990to 2,550 MT-Cin
2000, with an average yearly increase of 1.9 percent. The main reason for the relatively low
rate of increase in OO2 emissions in the planned market economies as a whole is the low rate of
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economic growth in the Soviet Union and Eastern Europe. By contrast, China’s increase in
002 emissions is 4.0 percent per year.

It is interesting to note that CO2 emissions originating in Japan will increase at an
average rate of only 1.58 percent, showing a tendency to stabilize toward the year 2000. CO2
emissions originating in the United States will, in this baseline scenario, increase at an annual
average rate of 1.75 percent, but without showing any tendency to decline toward the end of
the decade. The USSR and China are similar to the United States, but different from Japan,
are not showing any tendency for the rate of CO2 increase to decline. Even though the rate of
increase of CO2 emissions in China is relatively high, per capita emissions in 2000 are
nevertheless only 2/3 of the world average, aboutl/3 of the figure for Japan, aboutl/5 the
figure for Australia, and about 1/8 the figure for the United States. The per capita CO2
emissions in China are, however, in 2000 about twice the average for the developing market
econormies. :

Under such situations the world energy requirements for the period 1990-2000 will be
increased by an average annual 2.6 percentand coal demand/supply for the period will be
increased by an average annual 2.5 percent.( See Table 2).

Glaobal Cooperation Scenaric A

According to Scenario A, it is expected that the rate of world economic growth will
decrease by an average annual 2.6 percentage points during the decade 1990-2000, compared
with the baseline projection.. The decrease in the annual average growth rate of the developed
market economies as a whole is 2.1 percentage points (in Japan 3.3, in the USA 2.2, and in
the EC 1.7).

On the other hand, the rate of economic growth of the developing market economies as
a whole will decrease by an average annual 1.6 percentage points during the same period. Itis
of interest to note that the average decrease in growth rate for the Asian NIEs (Republic of
Korea, Taiwan, Hong Kong and Singapore) is 2.1 percentage points, and for the Latin
American NIEs (Brazil and Mexico) is 2.9 percentage.points. In the developing market
economies of the Asia and Pacific Region as a whole, the decrease is 1.7 percentage points
(2.2 percentage points in East Asia, 1.7 percentage points in the ASEAN group, and 1.2
percentage points in "Other Asia and Pacific”). In the Middle East, the decrease is 0.6
percentage point, in Africa it is 0.8 percentage point, while in Latin America and the Caribbean
itis 2.3 percentage points.

It is worth noting that the annual average growth rate in the planned market economies
as a whole will decrease by 2.0 percentage points during the 1990-2000 period. Itis expected
that the average annual decrease in the USSR will be 0.9 percentage points, while the decrease
will be a much greater 3.0 percentage points in China. The major reason for this drastic fallin
China'rts) 1gr0w1h rate is that country’s relatively higher proportion of coal as an energy source(
See Table 3).

Global Cooperation Scenario B

In contrast to the simulation results of Scenario A, the average annual growth rate of the
world economy as a whole will rise -- by 0.09 percentage point -- rather than fall, compared
with the baseline projections for the period, 1990-2000

In the developed market economies as a whole, the average annual growth rate
increases by a similar 0.09 percentage point (0.45 percentage point in Japan, 0.01 percentage
pointin the United States, and 0.02 percentage point in the EC).

In the developing market economies as a whole, the average rise in growth rate during
the same period is 0.04 percentage point. The increase is 0.07 percentage point in the Asian



NIEs and 0.03 percentage point in the Latin American NIEs. In the developing market
economies of the Asia and Pacific Region, the average increase is 0.05 percentage point (0.07
-in East Asia, 0.09in the ASEAN group, and 0.01 percentage point in "Other Asia and
Pacific”). Theincrease is 0.05 percentage point in the Middle East, 0.01 percentage point in
Africa, and 0.02 percentage point in Latin America and the Caribbean.

In the planned market economies as a whole, the average rise in growth rate during the
same period is 0.12 percentage point (0.04 percentage point in the USSR, and 0.19 percentage
pointin China)(Sec Table 1).

Global Cooperation Scenario C

In Scenario C, which is a sort of compromise between Scenarios A and B, it is
expected that the average annual growth rate of the world economy as a whole will decrease by
0.5 percentage point compared with the baseline projection during the period 1990-2000. '

In the developed market economies as a whole, the average decrease in the growth rate
during the same period is 0.37 percentage point (0.56 in Japan, 0.34 in the United States, and
0.25 in the EC).

In the developing market economies as a whole, the average decrease in the growth rate
during the same period is 0.32 percentage point. In the Asian NIEs the decrease is 0.41
percentage point, while in the Latin American NIEs it is a considerably larger 0.64 percentage
point. In the developing market economies of the Asia Pacific Region, the corresponding
decrease is 0.32 percentage point (0.45 in East Asia, 0.32 in the ASEAN group, and 0.22 in
"Other Asia and Pacific”) The corresponding drop in growth rate is 0.08 percentage point in
the Middle East, 0.14 percentage point in Africa, and 0.49 percentage points in Latin America
and the Caribbean.

In the planned market economies as whole, the average annual drop in growth rate

during the decade 1990-2000 is 0.73 percentage points (0.16 in the USSR and 1.27 in
China)(See Table 1).

CONCUSION

As seen from figures of Tables 2,3,4 and 5 the world coal demand/supply will be
subjected by alternative scenarios on CO2 cutbacks. From a view point of global sustainable
growth with environment, Scenario B where the role in technological advancement is
emphasized would be most desirable. However there will be still important role in coal during
the coming decade, although technological advancement for curbing CO2 emissions originating
from coal will also stressed.
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TABLE 1: CO2 CUTBACK SCENARIO SIMULATIONS USING THE FUGI MODEL: SCENARIOS A, BANDC

ANNUAL GROWTH RATES OF REAL GDP FOR THE PERIOD, 1991-2000 UNIT: %
DEVIATIONS FROM THE BASELINE
BASELINE 002 CUTBACKS SCENARIOS
A B s
WORLD ' 2.9 -1.978 0.089 -0.426
DEVELOPED MARKET 2.6 .2.082 0.093 -0.370
ECONOMIES :
OBD 2.6 .2.103 0.095 -0.374
THEMAJOR SEVEN 2.7 -2.281 0.102 -0.382
JAPAN 1.9 -3.233 0.447 -0.556
USA 2.2 -2.201 0.011 -0.341
B 2.6 .1.682 0.019 -0.247
DEVELOPING MARKET 4.3 -1.605 0.037 -0.312
ECONOMIES

O EXPORTING 3.7 -1.412 0.048 -0.265

COUNTRIES

NONOILEXPORTING 4.6 -1.692 0.033 -0.333

COUNTRIES ‘

NIES 4.9 -2.594 0.046 -0.557
ASIAN NIES 6.0 -2.044 0.070 -0.408
LATINAMERICA 4.4 , -2.903 0.032 -0.639
NIES

ASIA AND PACIFIC 5.9 -1.601 0.053 -0.295
EAST ASIA 6.0 -2.183 0.070 -0.440
ASEAN 6.0 -1.638 0.087 -0.254
OTHER ASIA 4.3 -1.179 0.013 -0.229

MIDDLE EAST 2.8 -0.597 0.047 -0.072

AFRICA 3.6 -0.822 0.013 -0.137

LATIN AMERICA AND 4.0 -2.329 0.024 -0.490

CARIBBEAN

PLANNEDMARKET 2.8 -1.972 0.121 -0.727
ECONOMIES

USSR AND EAST 1.0 -1.050 0.043 -0.197

BUROPE

USSR 1.0 -0.896 0.038 .0.161

CHINA AND OTHER 4.6 .2.882 0.191 -1.232

ASIAN PMES

SOURCE: PROJECTIONS AND SIMULATIONS USING THE FUGE MODEL.



TABLE 2: BASELINE PROJECTIONS OF WORLD ENERGY REQUIREMENTS AND 002 EMISSIONS
ANNUAL AVERAGE INCREASING RATES FOR THE PERIOD, 1990-2000

UNIT: %
TOTAL
ENERGY FOSSIL ALTERNATIVE  CO2
REQUIREMENT ENERGY  ( COAL) ENERGY  EMISSIONS
WORLD 2.6 2.3 2.5 4.3 2.3
DEVELOPED MARKET 2.3 1.7 1.9 4.4 1.6
ECONOMIES
ORD ! 2.3 1.7 2.0 4.4 1.7
THEMAJOR SEVEN 2.1 1.7 1.7 4.1 1.6
JAPAN 2.5 1.8 2.5 5.3 1.6
UsA 1.7 1.8 1.9 0.2 1.7
K 3.2 1.7 1.9 6.2 1.7
DEVELOPING MARKET 4.9 4.7 5.3 5.9 4.7
ECONGMIES
OIL EXPORTING 5.0 5.0 4.7 5.2 4.9
COUNTRIES
NONOILEXPORTING 4.9 46 5.3 6.0 4.6
COUNTRIES
NIES 5.6 5.5 6.3 6.1 5.5
ASIAN NIES 5.9 5.6 6.5 7.2 5.7
LATINAMERICA 5.4 5.4 6.0 5.6 5.3
NIES
ASIA AND PACIFIC 5.4 5.3 5.6 6.2 5.3
EAST ASIA 5.9 5.6 6.5 7.2 5.7
ASEAN 6.1 6.0 8.6 7.8 5.9
OTHER ASIA 4.8 4.8 5.0 4.2 4.8
MIDDLE EAST 3.7 1.6 3.3 4.8 3.6
AFRICA a7 47 4.8 4.6 4.6
LATINAMERICAAND 4.9 4.3 5.2 6.1 4.2
CARIBBEAN
PLANNED MARKET 1.8 1.8 2.3 1.8 1.9
ECONOMIES
USSR AND EAST 0.9 0.9 0.2 1.3 0.8
EUROPE
USSR 1.0 0.9 0.8 1.7 0.8
CHINA AND OTHER 3.9 3.9 4.0 4.4 3.9
ASIAN PMES

SOURCE: PROJECTIONS AND SIMULATIONS USING THE FUGI MODEL.



TABLE 3: ALTERNATIVE PROJECTIONS OF WORLD ENERGY REQUIREMENTS AND CO2 EMISSIONS
ANNUAL AVERAGE INCREASING RATES FOR THE PERIOD, 1990-2000

SCENARIO A UNIT: %
TOTAL
ENERGY FOSSIL ALTERNATIVE  OO2
REQUIREMENT ENERGY  ( COAL) ENERGY EMISSIONS
WORLD 0.9 0.8 0.9 1.4 0.8
DEVELOPED MARKET 0.4 0.2 0.3 0.9 0.2
ECONOMIES
ORD 0.4 0.2 0.3 0.9 0.2
THE MAJOR SEVEN 0.2 0.1 0.1 0.3 0.1
JAPAN 0.4 0.3 0.4 1.0 0.3
UsA 0.1 0.1 0.0 0.1 0.1
B 0.8 0.5 0.5 1.4 0.5
DEVELOPING MARKET 3.2 3.0 3.7 3.9 1.0
ECONOMIES

OIL EXPORTING 2.8 2.7 2.0 4.1 2.6

COUNTRIES

NONOILEXPORTING 3.3 3.2 1.8 3.9 32

COUNTRIES

NIES 26 2.4 3.6 33 2.5
ASIAN NIES 1.8 1.6 4.0 5.0 3.6
LATIN AMERICA 1.6 1.4 2.4 24 1.4
NIES -

ASIA AND PACIFIC 3.8 1.7 1.9 43 3.7
EAST ASIA 3.7 1.5 4.0 5.0 3.5
ASEAN 4.4 43 73 5.8 43
OTHER ASIA 3.5 3.5 35 29 15

MIDDLE EAST 3.0 3.0 3.5 3.9 2.9

AFRICA 3.7 317 3.8 3.8 3.6

LATINAMERICAAND 2.3 1.5 1.9 3.8 L5

CARIBBEAN

PLANNED MARKET 0.5 0.5 0.7 0.2 0.5
BOONOMIES

USSR AND EAST 0.0 0.0 -0.1 -0.2 0.0

EUROPE

USSR 0.2 0.1 -0.0 0.1 0.1

CHINA ANDOTHER 1.5 1.5 1.5 1.9 1.5

ASIAN PMES

SOURCE: PROJECTIONS AND SIMULATIONS USING THE FUGI MODEL.



TABLE 4; ALTERNATIVE PROJECTIONS OF WORLD ENERGY REQUIREMENTS AND C02 EMISSIONS
ANNUAL AVERAGE INCREASING RATES FOR THE PERIOD, 1990-2000

SCENARIO B UNIT: %
TOTAL
ENERGY FOSSIL ALTERNATIVE 02
REQUIREMENT ENERGY  ( COAL) ENERGY EMISSIONS
WORLD © 0.8 0.1 0.2 1.9 0.1
DEVELCPED MARKET 04 - 0.6 0.7 3.8 -0.6
ECONOMIES
OED 0.5 -0.5 .0.6 3.7 0.6
THE MAJOR SEVEN 0.2 .0.6 0.9 1.2 0.7
JAPAN 1.3 .0.1 0.5 5.9 -0.3
USA 0.5 .0.5 0.6 0.2 -0.6
B 1.3 .0.5 -1.0 4.8 -0.6
DEVELOPING MARKET 33 2.4 3.0 6.0 2.4
ECONOMIES
OIL EXPORTING 2.9 2.7 2.5 5.2 2.7
COUNTRIES
NON OIL EXPORTING 3.2 2.2 3.0 6.1 2.3
COUNTRIES
NIES 3.9 32 4.0 6.2 32
ASIAN NIES 4.0 3.4 4.2 7.3 3.4
LATIN AMERICA 3.7 3.1 36 5.6 3.0
NIES
ASIA AND PACIFIC 3.4 3.0 1.3 6.3 3.0
EAST ASIA 4.1 3.4 4.2 7.3 3.4
ASEAN 4.0 1.7 6.2 7.8 3.6
OTHER ASIA 2.6 2.5 2.6 a4 2.5
MIDDLE EAST 1.5 1.4 1.1 4.8 1.4
AFRICA 2.7 2.4 2.5 4.6 2.3
LATINAMERICA AND 3.5 2.0 2.9 6.1 1.9
CARIBEEAN
PLANNED MARKET 0.1 -0.3 0.1 1.9 -0.3
ECONOMIES
USSR AND EAST L1 -1.3 2.0 1.4 1.4
FURCPE
USSR -1.0 1.3 2.3 1.6 -1.4
CHINA AND OTHER 1.9 1.8 1.8 4.6 1.8
ASIAN PMES

SOURCE: PROJECTIONS AND SIMULATIONS USING THE FUGI MODEL.



TABLE 5: ALTERNATIVE PROJECTIONS OF WORLD ENERGY REQUIREMENTS AND Q02 EMISSIONS
ANNUAL AVERAGE INCREASING RATES FOR THE PERIOD, 1990-2000

SCENARIOC UNIT: %
TOTAL
ENERGY FOSSIL : ALTERNATIVE  0O2
REQUIREMENT ENERGY  ( COAL) ENERGY EMISSIONS
WORLD 0.7 0.1 .0.2 3.5 0.0
DEVELOPED MARKET 0.4 0.3 .0.8 3.2 0.4
ECONOMIES
OKD 0.5 -0.3 -0.7 3.2 -0.4
THEMAJOR SEVEN 0.3 0.3 1.0 2.8 -0.4
JAPAN 0.8 0.3 0.2 4.6 .0.5
USA 0.1 0.2 0.7 0.8 0.3
K 1.1 -0.5 1.2 41 -0.6
DEVELOPING MARKET 3.0 23 2.8 5.7 2.3
ECONOMIES
OIL EXPORTING 2.7 2.5 26 5.0 2.5
OOUNTRIES
NONOILEXPORTING 3.1 22 2.8 5.8 2.2
COUNTRIES
NIES 3.4 2.7 3.5 5.6 2.8
ASIAN NIES 3.8 3. 3.7 6.9 3.2
LATINAMERICA 3.1 2.4 2.9 4.9 2.4
NIES
ASIA AND PACIFIC 3.3 3.0 3.0 5.9 2.9
EAST ASIA 38 3.1 3.7 6.9 31
ASEAN 41 3.8 6.7 8.0 3.7
OTHER ASIA 2.6 2.4 2.4 3.8 2.4
MIDDLE EAST 1.8 1.7 21 4.6 1.7
AFRICA 2.7 2.4 24 - 4.4 24
LATINAMERICAAND 3.2 1.6 22 5.9 1.6
CARIBBEAN ‘
PLANNED MARKET -0.4 0.6 -0.6 1.6 -0.6
BCONOMIES .
USSR AND EAST -1.0 1.2 2.0 1.3 1.4
EUROPE
USSR 0.9 11 2.2 1.3 1.2
CHINA AND OTHER 0.8 0.6 0.6 3.2 0.6
ASIAN PMES

SOURCE: PROJECTIONS AND SIMULATIONS USING THE FUGI MODEL.



Tablaez 02 Cutback Scenario Simulations using the FUGI MODEL: 100% Carbon Tax

Annual Growth Rates of Real GDP for the period,1991-2000Q ) Unit: %
Deviations from the Baseline Rate of
Baseline 100% CO2 Emission Tax Achievemant
1991 1992 1993 1990-2000 (€02 in 2990/2000)
world R 2.9 -2.320  -4.13¢  -1.995  -1.120 89.5
Developed Market Econcmies 2.6 -3.411  -5.976  -2.333  -1.115 96.1
OECD ‘ - 2.6 -3.426  -6.068  -2.368  -1.132 95.6
The Major Seven. 2.7 -3.199  -5.838  -2.856  -1.156 97.0
Japan 3.9 -1.747  -2.454  -0.871  -0.220 86.3
usa - 2.2 -4.197  -6.780  -2.603  -1.503 986
EC ' 2.6 -2.920  -6.535  -3.580  -1.233 93.6
Devaloping Market Economies 4.3 | ~0.596 -1.074 -0.812 -0.543 67.4
011 Exporting Countries 3.7 -0.039  -0.576  -0.970  -0.330 66.9
Non 0il1 Exporting Countries 4.6 -0.863  -1.310  -0.732  -0.611 §7.6
HIES 4.9 -1.570  -2.407  -1.307  -1.060 : 66.5
Asian NIES 6.0  -4.912  -6.342  -0.721  -1.35& 66.7
Latin America NIES L 0.0 -0.550  -1.531  -0.905 79.2
* asia and Pacific 5.3 -1.614  -2.441 -0.701  ~-0.677 4.7
_ Bast Asia 5.9 -5.469  -7.140  -0.635  -1.398 §7.1
ASERN 5.0 -0.575  -1.943  -1.576  -0.849 64.9
Othar Asia 4.3 0.0 0.036  -0.032  -0.058 §3.3
Middle East 2.8 0.0 -0.367  -0.735  -0.229 71.1
Africa .5 0.0 0.327  -0.316  ~0.113 65.2
tatin America and Caribbean 4.0 0.0 -0.445  -1.119  -0.672 71.8
‘ Planned Market Economies 2.8 0.0 -0.452 -1.980  -1.740 95.3
USSR ana East Europe 1.0 0.0 -0.289  ~1.400  -1.191 103.8
T UssR 1.0 0.0 -0.227  -1.166  -0.910 102.7
China and Other Aaian PMEs 4.5 0.0 -0.641  -2.613  -2.267 82.0

Sourca: Projections and Simulations using the FUGI MODEL.
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Cat. Catalyst {Molar Ratio) Method . Conversion  Selectivity (%) Yield of
No. of CU, (%) MeOH CO H.C. MeOI (%)

1 Cw-Zn-Cr (3:20:10) A 13.7 49.1 50.9 0 6.1

2 Cu-Zn-Cr (2:2:1) A 18.8 45.8 542 0 8.6

3 Cu-Zo-Cr (3:3:1) A 14.8 44.0 56.0 0 6.5

4  Cu-Zn-Cr (4:4:1) ' A 14.0 440 56.0 0 6.2

5  Cu-Zun-Cr (3:20:10)Y A 12.7 30.6 69.4 0 3.9

6 Cu-Zn-Cr (6:14:5)" B 9.6 93.1 . 6.9 0 8.9

7 Cu-Zo-Cr (6:14:5) C 18.7 51.2 48.8 0 9.6

8 Cu-Zn{3:7) - 3) 19.4 345 655 0 6.7

9  Cu-Zn-Cr (2:2:1) 4) 16.1 45.0 55.0 0 1.2
10 Cu-Zn-5i0, (5:4:1) 4 13.2 39.3 60.7 0 5.2

Conditions: 250°C, 50 kg/em?, SV=3 Ih'g?. 1)Cu-Zn-Cr catalyst (No.1} was calcinated at 350°C. 2)200°C.
3)Coprecipitation, - 4)Precipitation deposition,

(%) |
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]
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8
z 20
g Co
té: Cu-Zn-Cr(No.6; method "B")
Z 10
5 Conditions: 50 kg/em?, SV=3 uﬂg-{

150 200 250 300 350 400 ()
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MeOH+McOMe

Cu-Zn-Cr(2:2:1)/HY co |

Cu-Zn-Cr(3:3: 1)/HY

Cu-Zn-Cr(6:14:5/HY

Cu-Zn{3:7)/HY - l

Cu-Zn-Cr(2:2:1)/HY g ' | ]

Cu-Zn-Cr(3:3:1)

0 10 20 30 40
CO, CONVERSION(%)

Conditions: 400°C, 50 kg/em?, SV=3 Ih"'g™", Hy/CO,=3, HY (Si/Al=4.8) was used.

M4 HWEMEC LBk ROER

T2 HADYPAS A bk BHE

run Hybrid Catalyst Conv. of  Sclectivity (%) ‘
CO, (%) CO <, G, G, c,’ MeOIl  McOMe

I CuZn-CyHY - 37.4 690 L1 62 105 60 07 6.5
2 Cu-Zn-Cr/NaY 34.) 967 15 02 00 0.0 1.6 0.0
3 Cu-Zun-Cr/H-ZSM-5 34.0 8.5 L8 15 00 00 ) 0.0
4 Cu-Zn-Ce/lIM 34.8 948 1.9 07 06 00 2.0 0.0

Condilions; 400°C, 50 kg/cmz, SV=3 Ih"g", Cu-Zn-Cr(No.3) was used.
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T, MAGEHCETHHD. HIC, BEHOBRAS, S RBFEFECL L. Thid
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MEIND. VIRSIE, FIRIF + I3 p nRUFENAIF v R (. 6um 6. 7um 10
dun 2umEZHALETETHUn 07 T U R £51° OEEAREED. E&HEQ,
1100 knTdHB. VIRS ODEXEHTERI1(CTT.

3. 2 ZAOHHEHE (M)

TRMM(C ( DMSP BT B4R #E D SSM/11C10. 65 GHzZEfTIMULIcTMIEFIIN D 7 4 & OB ETEE
MIERINSD. TMI [, 10,65, 19.235,22. 235, 37, 85~ 1GHz T 2R, SHIF v v R
(22. 2356HzIZ VRO H) T, B/IFI5km (B5~916Hz ), BMAKI4Skn (10. 856H) D 7 w + 7
Uk, £10° OEBBEED. ITIMMTOBATREMEHEONFE I -HILEE (I
BICEOA#EO—MEASALL TiEEEE) 5. EEEBE 650 km THS. THIHC
10. 65 GHzAXRIANE M AcDiE, 10.65 CHz ORMEREHHETRMA ST Linear (CHEML,
BACRELBREEDI A F I v oL v INLNIERRED. M OFERTER2L
=Y.

3. 3 BEL—¥(PR)

BERAT R AEREFER IV — FFRERTE VY —EHECDHOLURERE
BOL-FLSBERORTRAEZRETILERBEEHEOBRL -V ELTIC L —
SERW-TBAOBER[TOT7 A WEEFEOAREIT> TE/-. BERSHRAIE,
BEZoNEBEN. BEEOFBOL ETCNADRIBRBC L> TRENLBIA LOERS
HEBRTAL—FELTILGMIBORBH 7T CVF 454 TORBL—FERTLT
D, BEFETHIND Ty FTU VR, 250nDIEREDREE 220 knDEEBIEEFD. @
BIEBAOBTFL—YEIEEERALTELT, TIMMEEOBERL —YHYERDORMER
BBOBHFL—FEEED.

MEL-FOF¥ATIL20 TR, HREH. BE S, ZREH, BELESFE
ERUELMV—EABREHCLIYFERE 7 v FFLEHEBIRREHASE 7O T7
VA L—¥ 25 L5 FERTAZEICUE. BYAFLRERENEL, T-biEDH
BOBHAEETAERRFEAVRIENTEATGRHCHIEL. BHEL-YOTEH
TTEXRIICTT.

ERCHMBHEHIRVF— 225 4 (CRES) RUBREE Y (LI OZRETE KA
[CRd.
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BAF— S F— YR BEETRSSE BB L TNMSATY — RFHERITEZ VS —-ILH B~
A0~ FKERER L/ F—ICEEEINB. BAF—-HY0F7—% L — FEERBETHIT0k
bps, T LA/Cy ZRTLMpsTHD. —HEIVUWNICE Y FOF—NERENEHY
K. 6RANTTT LAy T END. HEHINSCODF—SERNBINILANILODFTF—5 LR
5. LRIVODF—%I(3, BEF—5YOKRE REFT—ISABEFOREREEZET-> L&
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CADT—EHRELNB. RICLURIWTI BOF—INLNILTI ADF—FELUEBICHES
3. LRWVWIBOF—FUETR, +HCHBEINW B LtOMNBT—%, BEAF
—4, BEFR7NIVIL2E->THMNT—y2REEE, RHABHEZOECEXR
R3S RMV—ZAEMICO2UNAZT—INEINEL, ZOF—FEFT ClonE
INYEBHNSA—FOEEELEBLVRIV2ADFTF—FELD, LRIV2 AF—%(ZTRMM
OHPHBMOLEDICRATREERBNOLNILOFTF—4 &35, LRIL2OF— 4%
, BRSO MEEZOFFRIFILET—F(2A) &, FHEEELET—4(2B)
EEahh s,
L2 TRONDIPEBELLTE,
(1) 7I48 « FRAHSET - B HETHERSR
()4 5 0RMMHE : SAFHYERAE
BERL—Y  BRERERESD. BKE BREEE NITEHEFHAE,
R 05 &
() TRIMD ERRIRBB DS BHEE (SRIBBOHAY) ,
BREERESH
TSR PML—ZF—9%F BREEMLL—¥, @WEHxRy FO—S#),. 88
WMES—SMEBITEZENTES.
LRILIDFT—4E, R ITORESICTv PV Y LESLLEF—9DPEZI LTS
LOELES. BRES XV OXBOATYHERERSBET—YOBAELSD. LA
ADF—YBTRMNF—SEANLIEHBEFRBEFIOBITERETHS.

5. BbyIC

TRMMETEEI D IRARIC DOV THER U Jo. TRMMETEI (3 KE Tid, 19904108 & Y PhaseC/D (T
Aoz, HDAETHR, WBEIUREHL—YOEBEL I VRV FOEENEE - T
BY, FLEINEEHISCRFHEMRAEERMACI YL —YELHE HEEOY v DA
VEH—T 1 —RAOBEDBITEPNTWS. i, T—5EiIF - FRAKHNOREEXEHEBAE
NTWB. EISHCINEBLYBMRERARCA-TSY, WIEFIAITELITA &% B
BLELTLNS. Sk, TRINBERBOBRRL—Y ORREMSH, TRWN ICHELBZFH OO
EFHEMARBEAANEBITLTITCIELEAS S,

TRMMET IR (SWCRP D BIEHEI T BOEWEX (2R T RILF — EXKBIRER). (DNOR (B BEBAK
DO+F), |GBP (EREHHEE «- £WBHE) ZECEBRACKILTENTXIH0 &G
EhT3.

&5

(1) Report of the Science Steering Group for a Tropical Rainfall :
Measuring Mission {TRMM), edited by Joanne Simpson, NASA, p.94, 1988,

{2) J. Simpson. R.E. Adler, and G.R. North,”A Proposed Tropical Rainfall
Measuring Mission (TRMM) Satellite”, Bul.Amer.Meteor.Soc., Vol. B9,
pp. 278-295, 1983,

(3) Tropical Rainfall Measuring Mission(TRMM) Feasibility Study in Japan, TRMM
Feasibility Study Group, March 1988.

(4) AEERBNGHELE (TRW) HEBES, BELAHERER Vol. 36
Special Issue No, 11 June 1990 P. 125
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K2 TALOREMHY (M) OZR

‘1 A - RAMEHSF(VIRS) DE T
B &= 0.63(D), 1.6(D),6.7(D, N) BRE (GHz: M) 10.65(H, V), 19.35(H, V)
{mum:Day/Night) 10,7 (D, N), 12(D, N) 22.235(V), 37(H, V),
B2 61 kg B5-91(H, V)
HEBEH 40 W gy 93 kg
F—HL—F 50 kbps HER®ND 87 W
RErR A +0.105° T i& 61 cnX 66 cm(7 5= F),
Ty bFUYE 2 kn F—% L —k 8.8 kbps
REFA +57,12° WEFR AR 3.8, 1.9°, 1.6', 1.1°,
EEIG 1100 km 0.42-0.39°. _
EEFAFR BEAEE PERNWANA 45 km, 21 km. 17 km,
Fe R IUE 1 11 km, 5-4.6 km
RNEAE +70°
Fesx Y 9
EEE 650 km
EEBEAFR BEMES
(RAG  OA#EIKESR)
=3 BERL—Y PROITEET
B R e (Agility) 13. 796, 13.802 COHz
1 365 kg
HEEAN 224 W
<ti 230 ¢mx 230 ¢mx 65 cm
R 5 B RE 250 m
Ty bFTUTE 4.3 kmx 4.3 km{nadir)
4. 5kmx 5.0 km (GEZ %)
*E M OTET0.5 nn/h
Ll E oMb e 3 =] &
BRHL D 15km + 5 km{nadir)
15 km/cos® (EEAO)
EE El 1B 1528 (GaAs FET)
E—UZEEED 578 W
NAAEER U ERE 2278 Hz (Agility)
{3 75 1805 28 MEIEE 2.3 dB(HEMT)
TS (FI000vY 70 dBRLE (RS
EERE +17°
EEE 220 km
Wiy v TIVE 64 (32X 2)
EEFK BTEE
F—& L=} 85 kbps
R4 BEUHMHBHFIRINFE—2ZF 4L (CERES)
BRUBMEGEE VY (LIS)OFTERT
BR UMK S IV -9274 Bty
HWE(un) 0.3~3.5, 8~12, 0.3~>5) 0.78 .
i 45 kg 17 kg
HBEAH 45 W 33 W
F—&FL—F 9 kbps 6 kbps
Ty FTU LR 25 kminadir) 5 km(nadir)
R A +382° +37.5°
EEIE 2K #1550 km
Fy s RIVY 3 1
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197-203

Absolute gravity values reduced to the floor.

Effect of polar motion was corrected. No Honkasalo correction was applied.
No correction for effects of changes in the atmospheric pressure was applied.

Site Date Number of Gravity values Standard deviation
' Measurements (mGal) of single measurement
Tsukuba Jun,, Aug., 1985 178 979 951.246 0.005 0.064 mGal
Kakioka Sep., 1985 82 979 966.829 0.005 0.047
Kanoya Jan., 1986 82 979 443.682 0.007 0.056
Shintotsukawa | Aug., 1986 63 980 495.599 0.005 0.039
Kyoto Dec., 1986 126 979 707.687 0.003 0.036
Esashi Tul.,, 1987 144 980 121.797 0.003 0.036
Omaezaki Dec., 1987 129 979 741.122 0.006 0.065
Naha Jun., 1988 99 979 096.024 0.006 0.061
Matsue Dec., 1988 100 979765.103 0.011 0.106
Hirosaki Jul,, 1989 51 980 261.186 0.008 0.055
Kushiro Jul.,, 1990 202 980 634.741 0.003 0.041
Kochi Dec., 1990 102 979 470.613 0.004 0.044
% 2. Resultsof comparison measurements of absolute gravity at Kyoto
Effect of polar motion was corrected. No Honkasalo correction was applied.
No correction for effects of changes in the atmospheric pressure was applied.
Instrument Date Gravity values on the floor
(mGal)
GSI Dec., 1986 979707.687  0.003
Jul.,, 1991 979 707.678  0.003
Mean 979 707.683
NAOM Mar., 1990 979 707.685
Mar., 1991 979 707.697
Mean 979 707.691
Discrepancy between the means - 8§ uGal
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First-order gravity network of Japan

Double open circles, single open circles and solid cireles mean absolute
gravily stations, first-order gravity stations and first-order bench marks
used for first-order gravity measurements.

Lines show observation routes of gravity.

First-order gravily network in Hokkaido island, . ]
(a) {left figure) Network. Each symbol has the same meaning as 1:‘:3. 4
{b) (right fizure) Equi-error contour map of gravity value d'etermmed.
" Error values are given as the standard deviations of stations.
Solid line shows the contour line of 10 microgals.
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