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Fuel-Energy Problems under the Political Administration of
M. Gorbachev.

Hiroshi Iwata

Owing to the second oil shortage in 1979, world oil prices rose to their high-
est level in 1981. They then began a slow decline to about 30 dollars per bar-
rel in 1984 and suddenly dropped to below 15 dollars at the end of 1985. As a
result, the amount of hard currency that the Soviet Union received through
foreign trade with Western countries was severely affected.

Let us consider this fact in detail. The Soviet Union received over 18 bil-
lions dollars in hard currency from oil exports to Western countries from
1982 to 1984. This amount, however, violently decreased to 13.9 billions dol-
lars in 1985 and to 8.6 billion dollars in 1986.” In 1985 the dollar began to
fall against other major currencies. Soviet terms of trade in 1986, in terms
of crude oil versus West German manufactured equipment, dropped 60 per-
cent from the 1983 level and, " As a result, the Soviet leaders faced a famil-
iar conflict between near-term and long-term policy, but even more
pressingly than eight years before...”.?

Moreover the Soviets had to inrease fuel and energy output to accelerate
economic growth. They also were forced to import more farm products on
account of stagnating agricultural yields in 1984 and 1985. In addition they
had to generate hard currency to import technology from developed
Western countries in order to be competitive internationally. They contin-
ued to export fuel and energy to keep the CMEA under the control of the
Soviet Union, and they had to deal with the Chernobyl’ nuclear power plant
accident.

All these circumstances forced Soviet leaders to increase fuel and energy
outputs as had been the trend in the past. Let us consider the following

points more closely.
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I Factors Influencing Fuel and Energy Output

(1) Increasing Internal Energy Consumption.
According to "Plan Econ”® estimates based on Soviet government data,
the energy /GNP ratio, expressed in oil equivalent, declined in the 1980s

due to efforts to conserve energy (cf. Table 1.1). Western data, on the

Table. 1. 1 Energy Unit/GNP Ratio Based on Soviet Data
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

gll‘jll:s(inbiﬂims of 1988 ¢ro6 6753 701.3 7332 7625 780.0 806.0 829.5 8750 $01.0

GNP (1980=100) 100.0 103.8 107.8 1127 117.2 119.9 1239 1275 1345 1385
RATIO OF ENERGY
/GNP (1980=100 100.0 983 96.7 940 932 947 942 936 91.1 883

ELASTICITY OF R
ENERGY/GNP N/A 053 058 035 077 172 084 076 048 -0.06

SOURCE : Plan Econ (Mar. 7, 1990}, pp. 6—7.

Table. 1. 2 Energy Unit/GNP Ratio Based on Western Data
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

GNP(in a hundred 2181.0 2197.0 2251.0 2319.0 2348.0 2368.0 2450.0 2492.0 2535.0 2510.0
thousand of 1988 doifars)
GNP (1980=100) 1000 1007 103.2 1063 1077 1086 1123 1143 1162 115.1

RATIO OF ENERGY
/ GNP (1980=100 100.0 101.3 101.0 99.7 101.5 104.6 1039 104.4 1054 1062

ELASTICITY O
ENERGY/GNP N/A 273 091 053 246 465 081 130 152 017

SOURCE : Plan Econ (Mar. 7, 1990}, pp. 6—7.

other hand, shows that the energy,/GNP ratio had in fact increased
slightly, reflecting energy waste (cf. Table 1.2). The same tendency de-
scribed above was also indicated by "Plan Econ” with respect to the same
ratio calculated in coal equivalent (cf. Figure 1.1). Even if we recongnized
the data of the Soviet Union government as accurate, we could not con-
clude that the Soviet Union had succeeded remarkably in conserving en-
ergy.

In short, the more the Soviet GNP increased, the more the absolute vol-

ume of apparent energy consumption increased throughout the 1980’s, with
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increased or decreased according to the decresae or increase of agricul-
tural yields as they had in the 1980 s (cf. Fig. 1.2 & 1.3, Table 1.4).

In 1981 grain production declined to 15.8 million tons while meat and
meat products production increased marginally, resulting in imports val-
ued at 14. 5789 billion rubles (cf. Table 1. 5). Failure to reach the target lev-
els of the 11th 5 year plan (except in egg production) from 1981 on forced

Soviet leaders to spend more than 14 billion rubles on agricultural imports

Fig. 1.2 Soviet Grain Production and Grain Imports and exports
(millions of tons)
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in 1984 and 1985 (cf. Tables 1.4 and 1.5). Although grain production in-
creased in 1986, allowing a four billion ruble cut in agricultural imports, de-
creases in both the value and amount of hard currency hindered existing im-
port efforts : the Soviets were forced to replace non-socialist trading part-

ners with CMEA members (cf. Table 1.5).

Fig. 1.3 Soviet Meat, Meat Products Production and Imports
(millions of tons)
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Table 1.5 Imports of Farm Products, 1979-1988
(millions of rubles, number within {( ) shows %)

<. From Non-
e ™ From Socialist Socialist
1979 8,296.0(100.0) 3,988.7(48.1) 4,307.3(51.9)
1980 10,760.0(100.0) 4,398.8(40.9) 6,361.2(59.1)
1981 14,578.9 (100.0) 4,760.1(32.6) 9,818.8(67.4)
1982 13,369.4 (100.0) 5,793.4(43.3) 7,576.0(56.7)
1983 12,215.8(100.0) 5,526.1(45.2) 6,689.7 (54.8)
1984 14,709.0 (100.0) 6,657.4(45.3) 8,051.6(54.7)
1985 14,649.5(100.0) 7,606.0(51.9) 7,043.5(48.1)
1986 10,702.2(100.0) 6,987.1(65.3) 3,715.1(34.7)
1987 9,779.3(100.0) 6,781.5(69.3) 2,297.8(30.7)
1988 10,276.3(100.0) 6,506.0(63.3) 3,770.3(36.7)

SOURCE : Statistical Yearbook of Foreigh Trade in the Soviet Union(Various Years)

I am fully convinced that the Soviet government must obtain hard cur-
rency, in order to have the massive imports of form products amounting
to over 14 billion rubles in 1984 and 1985, on account of stagnating agricul-

tural yields.

(3) The Need to Obtain Hard Currency in order to Obtain Advanced
Western Technology

How much did the Soviet Union depend on imports of advanced technol-
ogy from Western countries? The value of these imports recorded their high-
est level in 1984 when the share of machinery etc. in total imports
amounted to 29.5%. Since then imports of machinery etc. stabilized at a
level of over 5.4 billion rubles.

Let us analyze which kind of the machinery the Soviet Union imported
fr(?m Western countries (cf. Table 1.6,1.7,1.8,1.9,1.10). Since 1981 the im-
port value of pipe increased, continously. Imported machinery for drill-
ing, well deveolpment and geological exploration increased remarkably

from 1982 (cf. Table 1.7). In addition the Soviet Union imported most of
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Table 1.6 Machinery Imports of the Soviet Union from Western Countries,
1980-1988 (millions of rubles, number within ( )shows %)

1980 1981 1982 1983 1984 1985 1986 1987 1988

15,721.3 18,111,7 18,8924 18,718.8 19,679.1 19,268.2 15,853 13,812.9 16,320.6
Imports (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

. 4,655.8 43446 58710 67463 57782 54200 5665 47219 5666.2
Machinery (29.6) (24.0) (3L.L) (36.0) (29.5) (28.1) (35.7) (34.0) (34.7)

SOURCE : Statistical Yearbook of Foreign Trade in the Soviet Union (Various Years)

Table 1.7 Soviet Imports of Equipment Related to the Gas, Qil and Qil-
Refining Industries, 1979-1988 (millions of rubles, number within
() shows %)

Category 127 Category 128 Category 266
Total CMEA WEST | Total CMEA WEST | Total CMEA WEST
19791 1785 1525 B4 1000) 619 69| G000 w6 6o
190|189 145 LS Qo gih  (s| (ooo)  GH (119
w18 L4610 w0y g Gen) G000 GO (609
) osee 2 sT| dut Grg 09| (000 dom @)
s ses o3 ses| ) Ggh Gam| 000 (20 610

1,031.2 267.9 738.1 | 1,851.4 233.0  1,556.3

1984) LT 524 63 T100.0)  (260)  (715)| (10000  (12.6)  (84.0)
5] 10906 104212 Qoh Gan  uso| oo (3% (29
86| 122 917 23| Q06 (61n)  (20)| G000 (53 (629
197|928 8L T3 QoiG) (a7 (4| o00) (4 (@3
8] 919 w1 13 Qo Gra ee| oo (20 1o

SOURCE : T. Gustafson ; Crisis amid Plenty, pp. 197-199. and Statistical Yearbook of
Foreign Trade in the Soviet Union (1988).
Noto : Category 127 is defined as “equipment for the oil-refining industry”. Category 128 is
“machinery, etc., for drilling, well development, and geological exploration”.
Category 266 is pipe, of which about two-thirds is destined for the energy sector.

its steel rolling facilities and chemical industry related equipment, because
Soviet technology in these fields was inferior to that of the West (cf.

Table 1.8, 1.9).
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Table 1.8 Soviet Imports of Rolling Facilities in Steel Branch,1979-1988
(millions of rubles)

Total ?;%frg WEST Share of WEST
1979 1,161.5 2.9% 911.9 78.5%
1980 1,336.6 2.9% 1,015.1 75.9%
1981 1,278.6 2.4% 978.7 76.5%
1982 1,312.9 2.3% 893.5 68.1%
1983 1,363.0 2.3% 929.8 68.2%
1984 1,525.7 2.3% 1,055.5 69.2%
1985 1,791.7 2.6% 1,288.6 71.9%
1986 1,370.3 2.2% 747.3 54.5%
1987 1,351.9 2.2% 755.6 55.9%
1988 1,382.5 2.1% 801.1 57.9%

SOURCE : Statistical Yearbook of Foreign Trade in the Soviet Union (Various Years)

Table 1.9 Soviet Imports of Equipment Related to Chemical Industry,

1979-1988 (millions of rubles)

Share of

Total Imports WEST Share of WEST
1979 1,753.6 4.6% 1,301.2 74.2%
1980 1,243.9 2.8% 779.9 62.7%
1981 852.5 1.6% 455.6 53.4%
1982 852.6 1.5% 426.7 50.0%
1983 1,042.5 1.7% 473.1 45.4%
1984 1,176.3 1.8% 590.0 50.2%
1985 1,042.5 1.5% 440.3 42.2%
1986 864.9 1.4% 258.3 29.9%
1987 701.5 1.2% 209.0 29.8%
1988 867.7 1.3% 405.6 46.7%

SOURCE : Statistical Yearbook of Foreign Trade in the Soviet Union (Various Years)
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Table 1.10 Soviet imports of Equipment for Motor Industry, 1979-1988
(millions of rubles)

Total %}x%fr?sf WEST Share of WEST
1979 144.8 0.38% 134.0 92.5%
1980 139.8 0.31% 133.4 95.4%
1981 132.5 0.25% 127.2 96.0%
1982 164.9 0.29% 156.1 94.7%
1983 219.6 0.37% 211.9 96.5%
1984 137.4 0.21% 130.5 94.9%
1985 775 0.11% 69.2 89.3%
1986 70.8 0.11% 64.5 91.0%
1987 2.1 0.04% 19.5 75.0%
1988 35.8 0.05% 30.0 84.0%

SOURCE : Statistical Yearbook of Foreign Trade in the Soviet Union (Various Years)

Finally, although the share of motor industry equipment in total im-

ports was remarkably low, the share of such imports from all the Western

countries was extrimely high. Although these imports have recorded low lev-

els recently, in the 1970s they had at times amounted to 300 million ru-

bles. This equipment subsequently contributed to passenger car and truck

production (cf. Table 1. 10).

Table 1.11 The Energy Gap in Eastern Europe

(1.000 barrels in oil equivalent/day, Gap shows %)

Primary Energy Output | Primary Energy Consumption Energy Gap

1960 1970 1980 1986 | 1960 1970 1980 1986 | 1960 1970 1980 1985
Bulgaria 109 151 181 227 131 391 668 715| 16.8 61.3 729 683
Czechoslovakia 761 906 963 987 798 1,136 1,466 1,517 4.6 202 343 349
German Dem. Rep.| 1,027 1,172 1,213 1,471 1,166 1,491 1,827 1,978 119 214 336 256
Hungary 207 277 278 311| 270 431 602 648| 233 357 538 52.0
Poland 1,278 1,895 2,446 2,514|1,050 1,653 2,479 2,420 (1.3) -
Romania 487 879 1,102 1,187| 376 844 1,338 1,444 - (17.6) 17.8
Eastern Europe 3,870 5,280 6,180 6,7003,790 5,950 8,380 8,720 11.3 262 232

SOURCE : J. M. Kramer : The Energy Gap in Eastern Europe (1990), p. 2.
) is calculated by me.(H.IWATA)

The number within (
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(4) The Need to Maintain Export Levels to CMEA Nations

The member nations of the CMEA, especially the Eastern European coun-
tries, showed remarkably increased fuel and energy consumption in 1970s.

As these countries, however, could not meet this demand with their insuf-
ficient supplies,they had to turn to importing energy.

This is referred to as "The Negative Energy Gap”, (defined as the ratio
of the supply deficit to internal consumption). The size of this gap is differ-
ent for each country. The table 1.11 shows various patterns regarding the
gap. It increased continuously in Bulgaria and Hungary since 1960, but ap-
peared only recently in Romania, while Poland showed an energy surplus.

Table 1.12 The Oil Energy Gap in Eastern Europe
(1,000 barrels in oil equivalent“day, Gap shows %)

Output Consumption | Energy Gap

1976 1986 1976 1986 1976 1986

Bulgaria 3 6 265 295 98.6 98.0
Czechoslovakia 3 3 353 358 99.1 99.2
German De. Rep. 1 1 315 333 99.7 99.7
Hungary 43 40 227 204 81.0 80.4
Poland 9 3 322 351 97.2 99.1
Romania 308 212 319 324 3.4 34.5
Eastern Europe 367 265 | 1,801 1,865 79.6 85.8

SOURCE : J. M. Kramer ; op. cit p. 3.

The energy gap for oil and natural gas, moreover, was significantly
larger than the gap for primary energy (cf. Table 1.12, 1.13and 1, 14).

Let us next examine how much of a part the Soviet Union played in cover-
ing this gap. In 1970 Bulgaria, Hungary and Czechoslovakia had to meet, re-
spectively, 63%, 43%, and 29% of their internal consumption needs with im-
ported energy, while Romania had to meet only 11%.

In 1970 Bulgaria, Poland and Czechoslovakia had to depend on the Soviet
Union for 86%, 87% and 80%, respectively, oftheir total primary energy im-
ports, while Romania was only 19% dependent (cf. Table 1.14).



Fuel-Energy Problems under the Political Administration of M. Gorbachev. 163

Table 1.13 The Energy Gap in Natural Gas
(thousands of barrels in oil equivalent“day, Gap shows %)

Qutput Consumption | Energy Gap

1976 1986 1976

1986 1976 1986

Bulgaria
Czechoslovakia
German Dem. Rep.
Hungary

Poland

Romania

Eastern Europe

- - 5.7
2.8 2.0 14.2
22.7 23.0 34.0
17.0 19.0 19.8
17.0 16.5 25.5
93.4 101.5 93.4
152.9 162.0 | 192.6

16.0 100 100
32.0 | 80.3 93.7
40.0 33.2 42.5
31.0 14.1 38.4
315 33.3 47.6
107.5 0 5.6
258.0 | 20.6 37.2

SOURCE : J. M. Kramer ; op. cit. p. 3.

In 1980, while Poland and Romania depended on the U.S.S.R. for 83,6%

and 13.8%, respectively, of their total imports of primary energy,

Bulgaria, Poland and Hungary depended on the Soviet Union for over 90%

of their primary energy needs.

From these facts we can conclude that, on the one hand, the Eastern

European countries had been included in the fuel-energy supply system of

the Soviet Union and, on the other hand, the Soviet Union had to increase

its output and export of fuel-energy to link up with, and subordinate these

countries to Soviet leadership.

Table 1.14 The Energy imports of Eastern Europe(1970) (%)

Importation as
Share of Consumption

[mportation from Soviet Union
as Share of [mportation

Bulgaria
Czechoslovakia
German Dem. Rep.
Hungary

Poland

Romania

63
29
26
43
14
11

86
80
66
66
87
19

SOURCE : J. M. Kramer ; op. cit. p. 14.
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(5) The Effect of the Chernobyl’ Nuclear Power Plant Accident

The energy specialists of USA® have analysed the short term effects and
long term effects of this accident. If all plants at Chernobyl’ stop generat-
ing electric power (29 billion Kw in 1985), the short term effects would be:
(1) the Soviet Union would have to increase output and consumption of fos-
sil fuel by 9, 5 million tons; (2) energy exports to Eastern European coun-
tries (especially Hungary) would be decreased; (3)electric power deficits in
Ukraine would increase; (4) closure of the RMBK type nuclear reactor, repre-
senting 49.5% of all the nuclear reactors in the USSR (as of Jan. 11,
1986), because of structural faults, would cause immeasurable economic
losses to the country.

The long term effects would be: (1) a delay in implementing planned
atomic power generation for at least five years; (2) the necessity to in-
crease fossil fuel transportation from Siberia for use of traditional ther-
mal power stations; (3) possible negative effects on the development of
atomic power in Eastern and Western countries would force the Soviets to
increase exports of fossil fuel, especially natural gas.

How accurate were the U. S. analysts ? The short term effects have not
been as severe as predicted. Nevertheless, the Soviets had to decrease ex-
ports of Electricity to Czechoslovakia and Hungary because of decling inter-
nal electric power generation.®

The long term effects have become more serious than predicted:has oc-
curred such cases as the construction of nuclear power plants has been
halted. In conclusion, the Chernobyl’ Accident has seriously affected the

Soviet energy policy.
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II Perestroika and the Future Task of the Fuel-Energy Sector

Let us consider the energy policy of past Soviet leaders in order to clar-
ify the Gorbachev government’s policy.

First, the main points, regarding energy output, of the 11th five year
plan are as follows.

(1) To increase the output of natural gas and coal to lower the use of
oil fuel.

(2) To endeavor to rapidly develop atomic power generation, includ-
ing a high-speed nuclear reactor.

(3) To rapidly increase the production of natural gas in Siberia as a
major economic and political goal.

(4) To investigate the production of synthetic liquid fuel using the
KanskAchinsk Basin coal field as a prototype.

Secondly let us turn to the Gorbachev long term energy program, estab-
lished in March 1989 to run until the year 2000.

The essential points are as follows:

(1) To stress energy conservation.

{(2) To stabilize crude oil output at the level of 625 million tons per an-
num beginning in 1990, and to increase natural gas output and promote
atomic power generation.

(3) To reach peak natural gas output in the mid 1990’s while increas-
ing utilization of fissionable material coal resources by implementing
open-air mining techniques and new energy sources (e.g. Solar, geother-
mal, wind, tidal and magnetic field energy) at the second step of the
plan from the mid ’90’s to the year 2000.

Now, what kind of fuel-energy policy did the Soviet leaders under

Gorbachev decide on ? They were forced to follow in the footsteps of the
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old fuel-energy policy under the pressure of external and internal events, de-
spite the environmental destruction that accompained the development of
oil fields, the decline of investment efficiency, rising costs, and the
Chernobyl’ accident.

We can clearly demonstrate this by analyzing the target deta of the 12th
five year plan of the Gorbachev government (cf. Table 2.1). What kind of
Prestroika then, was carried out in the fuel-energy sector ?

First, a fully self-paying system, thought to be the most advanced sys-
tem in the Soviet Union, was introduced, but only in the Ministry of the
Gas Industly and the Ministry of the Petroleum Industry, in 1988. This sys-
tem was also widely introduced in other government sectors, enterprises
and combined enterprises outside the fuel-energy sector.

In other words, they introduced the fully self-paying system into only
two of the ministries related to the fuel-energy sector while continuing

old energy policies and reshuffling the Cabinet, as in the case of V.A.

Table 2.1 Soviet Fuel-Energy Production Targets in 1990

1990
Volume of
Goal of the 12th
Unit 1985 five year plan growth

actual final | 1981 1986-

basic aim |7, 1985 |1990
generation of electric billions of -
Chk KWh 1,544 1,840—1,880 | 1,860 251} 315
items : atomic power R 167 390 390 94| 9223
generation
hydro power _ 215 — 245 30| 31
generation
thermal power - 1,162 _ 1,225 127 61
generation

crude oil (inclusive of gas| millions _ _
condensate) of tons 595 625-640 635 8 40

natural gas billions | 643 g35-850 | 80| 208| 207
coal fgiflg)‘;gs 796| 780—800 | 795/ 10| 69

SOURCE : K. Ogawa ; Economics of Perestroika, p. 118.
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Dinkov.® In spite of the limited application of a self-paying system, the en-
ergy conservation expected by M. Gorbachev has not been reached.
The reasons for this are as follows:

(1) Industry has shown little interest in energy conservation in face
of the remarkably low cost of energy compared to the prime cost of
manufactrued goods. There is little economic inducement to encourage en-
ergy conservation.

{2) There is a shortage of energy saving machinery.

(3) An inadequate system exists for monitoring and calculating fuel-
energy consumption.

{4) The present system of inspecting the technical performance levels

of energy related equipment is also inadequate.
M The Soviet Investment Policy Problem

Finally, I would like to mention the investment policy of the Soviet lead-
ers and its weak points. The new investment policy of the Soviets is to dis-
tribute investment into renovation of existing enterprises (technology up-
grades and equipment reconstruction), rather than into new construction
and new egipment as has been the case to date™.

How did, and will, the position of Siberia change in industrialization proc-
ess of the first half of the 1980s as well as in the future ?

A. G. Granberg has demonstrated that the position of Siberia has deterio-
rated in the process of industrialisation as indicated in Tables 3.1, 3.2,
and 3.3.®

Primarily, the extractive industry has developed rapidly since the end of
1960 s while the manufacturing industry had developed at a slower rate
than the average rate of the country as a whole in the 1980s (cf. Table
3.1).
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Table 3.1 Annual Average Growth Rate of Extractive Industry &
Manufacturing Industry in the Soviet Union and Siberia %

1968—1970 1971—1975 1976—1980 1981—1982

Extractive industry

Soviet Union 5.2 4.6 1.9 1.0
Siberia 7.8 8.1 5.8 4.4
Manufacturing industry
Soviet Union 8.4 7.7 4.6 3.4
Siberia 9.4 8.3 44 2.9
SOURCE : A. G. Granberg; Structural Change and Intensiveness of Siberia Industry,
“EKO” No. 6,

Table 3.2 The Share of Manufacturing Industry in Industrial OQutput in the
Soviet Union and Siberia

1970 1975 1980 1983
In Current Price
Soviet Union 8.9 8.1 7.3 9.0
Siberia 16.7 17.1 17.3 28.0%
In 1 st Jul. 1967 price
Soviet Union 9.4 8.9 8.0 7.5
Siberia 18.8 18.7 19.9 21.0

SOURCE: A. G. Granberg ; op. cit.
NOTE : Despite the figure 28.0 for 1983 in Siberia is extraordinary, I'11 guote sic((L)).

Secondly, even if we trace the development of the manufacturing indus-
try through a macro index, only such subsectors as machine making, metal
manufacturing, chemical, petrochemical and the other manufacturing indus-
tries showed an above average growth rate. Almost all other subsectors,
aside from the above-mentioned, showed a growth rate below the average
rate (cf. Table 3.2 & 3.3).

What will be the results of a change in investment policy 2% If the
Soviet leaders carry forward Siberian development from the view point of
preferential development of Central Western part of the Soviet Union as be-

fore, and continue to transport greater amounts of materials, energy and
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Table 3.3 Sectorial Structure of Total Production of Industry in Siberia
(1975 price), Share of Siberia in the Soviet Union

1970 1980 1983

Electrical power energy 5.4 5.2 5.0
Fuel 12.6 17.0 18.5
Steel 5.0 3.8 3.6
Chemistry and Petrochemistry 6.6 7.3 7.7
Machine making and metal manufacturing 19.8 23.4 24.2
Wood, wood precessing, cellalose and paper 9.3 6.9 6.8
Construction materials 4.4 3.7 3.4
Light industry 10.8 10.7 9.9
Food processing 17.4 11.9 10.3
Other 8.7 10.1 10.6

SOURCE: A. G. Granberg ; op. cit.

goods from Siberia to western USSR instead of reconsidering the develop-
ment of Siberia from the point of view of the long range global develop-
ment of Siberia, the deterioration of extraction efficiency and investment
one in fuel-energy sector will continue permanently into the future. (9.
December 1991. At Institute of Economics, Hungarian Academy of

Sciences)
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